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THE 'l'HALASSEl'liA SYNDROJ-IES 

Ca se #1.  Thi s 15-year ol e~  boy was referred to  ~ri th the 
diagnosi s of severe anemia and congestive heart f ailure . The pat1ent had 
been of small stature throughout . h is life and had h ad impairme nt of his 
physical capaci ty . Three months before he had noted increas~ng we akne~s! 
malaise and the onset of peripheral edema. He had seen a pr1vat e phy s1c1.an 
who had found a hemoglobin of 2 grams% and cardiomegaly. The patient was 
t ransfused and referred for diagnosis. 

An aunt was kno\t/n t o be anemic . Par-ents were unavai lable fo r examination. 

E~ical examination : B/ P 1 0 5 / 60 , P 100, R 24. 

An extremely small,  boy with lar ~;e head wi th the typical thalassemic 
contour and ·facies . We ight 57 lbs. There was neck vein d1stension at 
700, cardi omegaly, S3 gallop, hepatosplenomegaly, and peripheral edema. 
Laborat ory datf.!: Hgb. 5.1 gm%, HG..t. 16 . ~%; \VBC and platelets were nc:rmal. 
'P"er i pheral smear sho\ved two cell populat1ons (due to recent t ransfus:tons). 
The abnormal cells showed marked hypochromia , microcytos is , p o1ki locytosis 
and several nucleated HBC 1 s were present. F'BS 72 mgm%, Bil i r ub:tn 2. 4 
(0 .2 direct) mgm% 5 Alkaline phosphatase 12 B.U., Alburrn n 4. 6 gm%, Ci r c. 
t ime 11 seconds, Venous pressm·e 20 em., sm~um Iron, 213 microgm%; Hemo­
globin electrophoresj_s showed no abnormal hemoglobin bands. Alkali de­
naturation for Hgb. F was not performe d because of the recent t r ansfusion 
t herapy. Bone marrow was refused. Chest x-ray showed generali z ed cardio­
me galy. Skull films were considered d i agnostic of tl1alassemia major. 
Cours e: Patient was treated with bed rest, salt restriction and folic 
a c1d:- Hgb. stabilized and the conge stive failure became c ompensated. 
Comn]ent : Desp:i te the inability to confil·m high h emogl o bj_ n F v a lues due 
t o recent transf usions, the physical examinat ion, peripher al blood find­
i ngs and radiologic abnormalities conf irmed the diagnosis of thalassemia 
ma ,j or. A maternal aunt was shm·m to have a mild hypoch romic anemia c on­
s istent with thalassemia minor. 

' Case #2. 78-year old  woman was admitted to  for treatment o f 
acute gastroenteritfs. She g;ave a history of lmown anemia f or at l east 
17 years . Liver therapy in past had been without respons(L There was 
a strong f amily h i s tory of anemia i n cluding t h e p atient' s mot h er , b r o t h e r 
a nd two daughters. 
Physi.~ exami!wti on : There were n o a bnormalit i es except f o r some men ta l 
confus1on. 
L~orat ory d;~!_9,: Hgb. 9. 0 gm%. Periphera l smear revealed hypoch r omia, 
an 1 socytosis and poiki l ocytosis with target c e ll s and b asophilic stippling. 
Reticulocyte count was 2%; Serum Iron 260 micr ograms% wit h TlOC 388 micr o ­
grams%. Erythrocytes showed increased resistan ce to osmotic lysis. none 
marrow reveal(~d erythro id h yperplasia and increased iron stores. Hg;b. 
elect r oph oresis reveal ed n o abnormal h emogl obi n s. IIgb . F wa s 4%, Hgb. A2 
was 4-. 5% ( normal <3%). 
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Course: No specific therapy f or the anemia was recommended. Til e patient 
\vas warned against taking iron therapy. 
Comme nt: Thi s patient had an asymptomatic, mi ld anemia wit h all of t h e 
featur es of thalassemia minor of the beta (high A2) type. 

Defin i tion 

The thalas semias are a group of hereditary an emias of heterogene ous 
c linica l express ion resulting f rom the quantit at ive reduct ion in th~ 
synthesis of one or more of the normal globin polypepti de chains. 
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IIEJ'o10GLOBIN STRUCTURE - 3 -

The structure of hemoglobin has been the most thoroughly elucidated 
of any protein. The exact amino acid sequences of the several n~rmal . po.ly­
peptide chains h ave be en determined as well as the close thy·ec d1~c~s1onal 
structural relationships of the chains to each other and the s pec1flC 
attachments of their h eme groups(5). All of t he norma l human hemoglobins 
are composed of four polypeptide chains which make up the glob1n or protein 
port i on of the molecule. Each cha in is associated with a siugle h eme 
molecule. Each of the polypeptide ch a ins is composed o f a series of typical 
alpha helices which fold in a charact6ristic s hape at non-helica l areas. 
The four chains form a definite three dimensional interaction w1th t l1e 
shape of an i rregular tetrahedron. The heme groups are situated in sur­
face pocke ts in a specific st:cuctural relationship with each chain and to 
each other. 

From fetal to adult l i fe, four normal hemoglobins are recognized. 
Thes e have been named Gower-II, fetal (F), A and A2. Each of these he mo­
globins has in common a pair of polypeptide chains of identical structure 
called alpha ( o< ) chains. The four hemoglobins differ by virtue of the 
non-alpha pair of chai ns which are always identical and have been named 
epsilon ( e- ) , gamma ( ¥ ) , beta ( ~ ) and delta ( o ) respectivel.y . 
Table I shows the structural composi tion and relative levels of these 
hemoglobins. 

Table I Normal Hemoglobins 

Hemoglobin Structural %at b irth % after 
Formula age 2 yrs. 

* o{ e 2 Gower II <) 0 0 ·~ Fetal (F) 0( 2 02 60-90 <2 
A ** o<2 '?2 10-40 > 95% 
A2 Ct{ 2 ~2 0-1.5 l. 5-3.5 

chains disappear after lst trimester. * 
** Values vary depending on technique employed for determination. 

It is believed from comparison of the amino aci d sequences of these poly­
peptide ehai ns that all arose as gene dupl ications and fur ther mutat ions 
from a single ancestral polypeptide structur al gene. Thus, in terms of 
identical amino ac i ds at the same locations, the 0\ and ~'> chai ns have a 

"- 42% correspondence; the o( and 'IS' 39%; the ~ and (f 71% ; and the \~ and 
?)' 93%. 

It is apparent from the s t udy of the abnormal hemoglob in states that 
the three d i mensional integrity of the molecules and the fu11ction of the 
heme groups in oxygen transport and exchange are extremely dependent upon 
the specific amino acids present in certain key areas of t he polypeptide 
chains(G). \vith only a few e x ceptions, all of the almormal hemo[!;lob i. ns so 
far describe d differ from the normal hemoglobins in hav~ng a single amino 
acid substitution i n one type of the globin polypeptide cha1ns. In most 
instances, the substitution mainly results in a charge difference 1n the 
new molecule , but no s i gnificant functional difference . However, in certain 
cases, when the amino acid substitution site and type is pr oJwr, a critical 
abnormality in the structural integrity and/or fun cti on of the new molecule 
occurs. 
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II E~lOGLOIUN SYNTHESIS 

Ilemoglobin synthesis has been studied extensively in cell sus pensi on 
anrl cell-free systems anil in general follows the usu a l pattern demonstrated 
in un1.cellular and mamrnaJ.im! .:;:_: :~ems. Certain features are of importance 
and will be commented upon. J~A dependent messenger RN~ synt hesis fo r the 
structura l polypeptide chains occurs almost entirely in the early nucleated 
red cell and ceases at about the polychromatophilic stage. However, globin 
synt hesis continues into the ret icul ocyte s tage where poJ.ysomes can still 
b~ demonstrated. Thus the rnRNA for the polypeptide chains appears to be of 
much greater stability (hours to days) as opposed to that in most protein 
synthesizing systems (minutes)(?) . 

There is a very striking degr ee of balance demonstrated in normal 
hemoglobin synthesis which results in the prevention of excess heme or 
free polypepti de chains in the normal precursors and mature cells. In 
terms of the pathogenesis of thalas s emia, the importance ~~11 . become mani­
fest . At all times t h e ratios of alpha and beta chain synthesis remain 
eonstnnt(8) . In addit ion, it can be demonstrated that free globin can 
stimulate heme synthesis and that free heme can stimulate globin synthesis 
and also cause feedback tnhibition of its own synthesis(9). The rate o.f 
transcript ion of the polypep tide chains on the polyribosomes is not linear, 
i.e., there are relative slow areas of extension of these chains(lO). This 
may be due to the need for folding of these chains a s non-helical regions 
nrc reached or because of rate limitation of one or more species of trans­
fer W!i\ ( tUNA) for certain amino acids. In addition, the area of the 
chains to which heme is attached sh ows a slow transcriution and t his 
su~~csts that the heme pocket may be "fol<ied" while still on the ribosomes. 
Ingram has proposed that the reason for the low amounts of delta chain 
(and the llgb A2) is due to the presence of one or more extremely slow areas 
of transcription which have occurred due to the amino acid differences 
between the beta and delta chains(ll). 

The result of these interrelationships is tl1at a normal erythrocyte 
has a rather fixed amount of the normal hemoglobin types, no excess heme 
and no excess free globin polypeptide chains when maturity is reached. 

"'-.. 7. 

~. 

9. 

10. 

11. 

Harks, P. A., et al. Prote in Synthesis in Erythroid Cells. PNAS 48: 
2163(1962). 
Braverman, A. S., et al. Il emo~:;lobin Synthesis During Erythroid Cell 
Dev~lopment in Thalassemia and Other Hemolytic Anemias. Ann. NYAS 
lfi5 : 295 ( 1.969). 
Gram.ck , S., et aL Controls of Hemoglobin Synthesis. Plenary Session 
XII Congress Int . Soc. Hemnt., p . 274 (1968). 
\Vinslow, H. H., ct a.l. Peptide Chain Synthesis of Human Hemoglobins 
A and A2. J.B.C. 241:1144 (1966). 
Ingram, V. H. On t he Biosynthesis of Hemoglobin. Harvey Lecture 
Series 61 :43 (1967) . 

.. . _.GET'\ETICS OF }'HE HUMAN IiENOGLOBINS 

The description of t l1e abnormal hemoglobins has allowed n major under­
standing , not only of tl1e genetic control of protein synthesis as a whole, 
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but more specifically the details of t he genetics of the hemoglobin poly­
peptide chains. In i949, Pauling showed that patients with ~ickle cell 
anemia had no hemoglobin A, but instead had an electrophoret1.cally d1ff erent 
hemoglob1n, Hgb S(l2). In addition he noted that parents of these patients 
general ly had both types of hemoglobin, A and S. The d1.sc~very by _ Ing~am . 
that hemoglobin A and S differed only by a s1.ngle am1no ac1d subst1tut1on 1n 
the ~ polypeptide chain led to the "s ingle gene-s1ngle polypeptide chain" 
hypothesis(.l3). Detailed studies of t he i nheritance pattern of many of the 
abnormal hemo globins, the transmi ssion of these abnormaJ.ities when more than 
one occur in t he same fam i ly and the biochem1cal hemoglobin relationships 
when abnormal hemoglobins and thalassemia occur in t he same fami ly have led 
to the following conclusions regarding t he genetics of hemoglob i n( 2 ) . A 
pair of genes for each type of polypeptide chai n are inherited, one from 
each parent . Each gene of an allelic pair controls the synthes is of half 
of the total quantity of its specific peptide chain. The 6 and ~ ch ain 
genes are clos ely linked and the o< chain genes are either widely separated 
from thes e genes or are present on a separate chromos ome pair alt ogether . 
The precise location of the ~ chain genes is unknown but no close linkage 
to any of the other genes has been demonstrated. · In fact, there is recent 
evidence to suggest th~t multjple ~ chain loc i may actually exist , each 
pr oducing ~ chains differing by a single amino acid s ubst itntion(l4.). 
The abnormal hemoglobins ~1ich result from a single amino ac i d substitution 
have all been s hown to be alleles of one of the normal pept i de structural 
genes, mostly o<. or '? . Fir~ure s 1 and 2 s how diagr amat i ca lly the g;enetic 
pattern for the n ormal individual and fo r the heterozygous f orm of the 
:-Igb . S gene. 

I t is important to note that in thi s as in almost all heterozygous 
forms of abnormal hemogl ob i n st ates, the proportion of ~A chain is slightly 
greater than t he proportion of ~s chain, t hus result i ng in slightly more 
Hgb . A (55-65%) than Hgb. S (35-45%). This actually 1s due to a mor e 
efficient rate of synthesi s of ~A chai ns versus ~s chains(8). I n the 
homozygous state, no Hgb. A can be formed . 

As can be seen from this kind of model, in an eX chain s ubstituti on, 
six kinds of hemoglobi n would result because of the presence of ot chains 
in all hemoglobins , i.e. , 0( Q..._ . 0(. ~ r::::,( '6 D(~ ~ o<.x ,. o<,. 1, 

"'\. , ,_ 2..> 1. "- l 1..'\"Z.) ?_ Oz_ 1 'J.. G 7. 

12 . 

"" 13. 

14. 

Pauling, L., et al . Sickle Cel l Anemia, A Molecular Disease . 
Science 110 : 543 (1949). 
Ingram, V. N. Gene Jl.lutati ons in Human Hemoglobin. The Chemical 
Difference ilet\veen Normal and Sickle Hemoglobin. Nature 180 :326 ( 1957). 
Schr oeder , W. A., e t al. Evidence for Nultiple Structural Genes for 
the (( Chain of Human Fetal Hemoglobin. PNAS 60 :537 (1968). 

CLINICAL NANIF'ESTATIONS OF THE THALASSEHIA SYNDROJI.1ES 

In the classical sense, the cl inical patterns of the thal assemia syn­
dromes have been subdivi ded in accord ance wit h the sever:ity of the disease. 
Two large groups of pat ients are well recognized whi ch i n the majority of 
instances corres pond to the heterozygous and homozygous states of the common 
~ntity of beta thalassemia. Thes e have been termed thalassemia minor and 
thalassemia major or Cool ey 's anemia. Though in general t his divi sion 
generolly ho lds for a major ity of patients, an increasing number of patient s 
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have be en noted to eithe · fit clinically between thes e two extremes of 
disease (thalassemia 1ntermedia) or have more or les s severe fo rms of 
di sease t.han \voul d be predicted ft•om the i r appar ent. genetic pat tern. These 
observations have served t o emphasi ze that the thal a~ semias are not only 
of mul tiple t ypes , but that within any given b1ochemical/genet i c class, a 
st riking degree of heterogeneity e>'ists. Nevertheles s, for mo s t. clini cal 
purpo s es, t.he maJor manifestations of thalassemia st1ll arc bes t described 
in these gen e ral cat egor1es. 

Thal assemia Major (Cooley 1 s Anemia) 

As will be seen lat er, this di sease result s from a marked de crease t o total 
absence of beta chain synthesis and thus Jlgb . A. The initial diagnosis of 
this d i sease is often de layed six to eighteen mont llli of life becaus e of the 
normal preponder ance of hemoglobin fo' a t this age level . As the gradual 
switch from Hgb. F to A shoul d normally be taking place, the l a clc of beta 
chain pr oducti on become s manifest. Progres sive anemia becomes apparent 
assoc iated with i ncreas:t ng s plenomegaly and often hepatomegaly. As a 

_consequence of t he hematological abnormal1ti es and the therapeutic mani­
pulat i on s necessary to maintain life, several other features of the diseas e 
appear at varyi ng times. 

Skin nigrncntation_ becomes progressively apparent . 'fhj s is manifested 
initially 2n s k1 n creases but rapidly, part icularly wi t l1 transfusion 
therapy, bec ome s general i zed a n d is indistinguishable cll11ically or morpho­
logically f rom any other form of hemosideros is or hemochr omatosis . Icterus 
is almost invariably pre s ent a s well. 

Bone c~~(l5) are manifest early since they ar'e essentinlly a re­
sult of progrcss1ve medul lary expansi on due t o the massive degree of 
erythroid hyperplasia. Thus, bones of t he head expand result i ng i n promin­
ent frontal bos~ es~ pr ominent occiput and a flatt ened , Mongoloid fac i al 
contour. Rad1ologic ally, bone density decre ases resemb l i ng cystic change s , 
especially beginn1ng i n t he dis t al extremiti es. The cranial tables become 
th i ckened due to a wi dening of the diploi c space and coarse perpendicular 
trabeculae occur g1ving the tradi tional "hair on end" appearance . 

Growth retarda t ion invariably occurs so that all pati~nts demonstrate 
both reciuced staflireand decreased bone age(16) . Secondary sexual charac­
teristics almost never develop, so that by adoles cence the marke d retard­
ation in all areas of deve lopment , other than mental, are striking. The 
~hronic effects of anoxia have been implicat ed as the mechani s m although 
endocrine failure or growth hormone resistance has al s o been favored by 
some investigat ors ( l 7) . 

. Car-di_~~~la~J.~!)ormal i ti~s are often demonstrated early and progres­
S1vely increase such that heart disease is the major cause of death in 
these patients. Engle has noted that by the second decade of l ife 80% of 
these children have cardiac disease and two-tltirds manifest serious 
complicat ions (l8). After the age of 8 year s s he noted cardiac enlarge­
ment and/or ECG abnonnalities in 39/46 patients . Pericarditis, often 
refractory to treatment and occas i onally result1.ng in deat h, may occur . 
Episodes indistinguishable from angina pectoris are not uncommon. Arry­
thmias and refractory congestive failure are the most serious manifest­
ations and are as sociated wit h large, hemo siderin laden , fibrotic hearts. 
In Engle 's series, 24/25 patients with congestive fa i lure died of this 
compl i cation , 14 vithin three months of onset of the decompensation . 

. . Hepato b_!.l_iarl~_as_£ is manifested by both micros copic and often 
chn1cally apparent cJ.rrhosis(l9). In addition, 10% of patient s have 
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d emonstrable bilirubin gallstones. At post mortem stones and/ or sludge are 
seen in a majority of patients. Occasional symptomatic disease results: 

F'reqtlent infections arc a problem in these children ~hrough?u~ tl_1e1r 
cours a once ranked as a major cause of death. Now , w1t l1 ant1 b1ot1c 
therapy avai lable this form of terminal event is second to card iac disease. 

Laboratory Findings 

By definition the anemia(2 ,4 ) is a lways severe , frequently wel l below 
5-6 grams of hemoglobin v.ri thout transfusion therapy. The anemia morpho­
logically is hypochromi c mi crocytic and extremely marked anisocytosis, 
poikilocytosi s and basophilic stippling and variation in hemoglobinization 
is present. Nucleated red cells are almost invariably present, often in 
l arge number s. Even though the reticul ocyte count i.s normally elevated , 
it i.s relatively low for the degree of anemia. Thrombocytopenia may occur 
when a component of hypersplenism ensues . The bone marr m.• shows marked 
erythroid hyperplasia wi th defective hernog.l obinization of erythroid elements 
Iron stains reveal moderat e to marked degrees of iron over load as well as 
siderocytes and sideroblasts, some of the "ringed sideroblast" type. 

Table II Percentage of Different Hemoglobins in Thalassemias 

A A2 F' Other 

~ Thalas s emia 
Trait or J'vlJ.no1~ 

High A2 Decreased > 2 a5 < 5 
High F Decreased Normal 8-36 

Major 10-90 Nor 1' 10- 90 
Sickle- Thalassemia < 50 > 2.5 > 2 >50 s 

0{ Thalassemia 
Ninor Normal Normal Normal 
Hgb. H Disease '70- 90 Nor .J, Normal 5-30 II 
Major 0 0 0 100 Bart 
Sickle-Thalassemia > 50 Normal Normal < 50 .s 

Hemoglobin _!?tudi~~ reveal no abnormal hemoglobins by routine electrophoretic 
" techn iques. The classical find ing is the elevation of hcmofl.!ob~!l_f., usual-­
ly 30-GO per c0nt of the total hemoglobin mnss(20 ) . -However , values from 
3·-100% have been reported. There is no relationship betwee n the degree of 
anemia and hemogl obin 1" levels and a 9iven patient tends to ma i nt ain the 
same percentage throughout the course~21). This fetal hemoglobin is iden­
tical chemically and functionally to normal Hgb. F ( 22). Th~ l1emoglobin F 
can be shmvn to be distributed in a heterogenous fa s hion in t he red cell 
population wht ch i.s true of the normal :i.ndJviclual but is in contradistinc­
tion t o the c i rcumstance of hereditary pers istence of fetal hemoglobin(23). 
Hemoglobin A~. leve l s may not be elevat ed when calculated as a percentage 
of t he total hemoglobin mass, but when compared as a ratio with Hgb. A, 
they are usually elevate<lUH). F'essas ha s demonstrated that with supra­
vital staining tcchnjques nucleated red cells and rcticulocytes may con­
tain relatively specific inclusion bodies(25). These have been shown to 
consist of insoluble prectpl.tatcsorfree alpha chnins(26). 
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Ervthrold.netic studies reveal that t here is a significant shorten-­
ing oJ' the red cell life span of an intrinsic type. Fecal urobilino9cn 
excretion is elevated to a great er degree than the degree of hemolys1s 
would indicate, how~ver. Gabuzda, ct al , have demonstrated that t l1 ere is 
a differential s urvival of the thalassemia red cell populat1on , those con­
taining primarily Ilgb. F having a longer survi val(27) . The £lasm~ _ J:_r on 
tur nover rate i s markedly increased but the in c orporati ~!!_ of racn o1. ron 
1.nto erythrocytes i .s markedly reduced. Thus, < s:tgn:t.f1.cant degree of 
ineffective eryt hropoiesis (intramedullary death) is pr esent( 28 ) . In 
approximately 5o% or more of these patients a par adoxical increase in i ron 
absorption can be demonstrated(29). 

In summary, the anemi a in thalassemia major is a composite of defec­
tive hemoglobin synthesis, ineffect ive erythropoi esis and l1emolysis. In 
addit ion, there is an abnorma l ratio of the normal hemoglobins character­
ized by high levels of fetal hemoglobin, low levels of hemoglobin A and 
the presence of free alpha cha.ins. 

Investigation of the parents of patients with this disease reveals 
that they both usually have a~ con-dit i on of a mild nature which can be 
called thalassemia minor . 

15. 

16. 

17 . 
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19. 
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23. 
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27. 
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l'halassemia Ninor (30) --
In this country, \vintrobe and Dameshek simultaneously described a 

clinical disorder which subsequently was shO\·m to almos t always be present 
in both parents of patients with Cooley's anemia. In general, the pr?blem 
is usually i dentified when evaluating a pa t.J..en t w1.th a m1.ld hypochromlc 
anemia \vhl. c.h is unresponsive to therapy. .lllos t pntienr s are totnlly asymp­
tomat ic , although rarely splenomegaly and mild icterus may b': l?rcsent . 
None of the growth abnormal1ties or consequ ences of pro1ong~d 1ron over­
load occurs J..n these patients unless prolonged unnecess ary 1ron therapy 
is administered. Ilowevcr , many adults show mild radiologic abnormalities, 
especial ly in the skull. 

Laboratory_E,inding~ 

The anemia, if present at all is mild, rarely being below 9 . 5 grams 
of hemoglobin. The red cell indices s how a hypochromi c, microcyti c pic­
ture and morphologically there is a wi de variety of findings . Anything 
from minimally microcyti c red cells to varyi ng degrees of hypochrom1a, 
targeting and basophilic stippling can be seen. Those pat1ents who have 
a nor mal hemoglobin level usually have a true eryth ocytosis which compen­
sates for the hypochromi c erythrocyte population . Nucleated red cells are 
rare and reticulocytosis is usually absent. Osmotic fragility 1s usually 
decreased and has served as a means o.f screening large populations . The 
boric marrow shows mild to moderate erythroid hyperpl as ia, occasionally a 
ST'ight 1ncrease in i ron stores but no ringed sideroblasts .. 

Study of the lwmoglobin p_Q!_t~s has been the ma,)or means of identi­
fying these patients . Kunkel, et al, \.rere the first to note that most 
parents of patients with Cooley 1 s anemia have an i ncreased percentage of 
the minor h emogl ob i n component A2(31) . It is presently noted that about 
80% of pat ients w.i.th the clin ical picture and family hereditary pat tern 
of thalassemi a minor have an increase of hemoglobin A2 to about twice the 
normal percent age. This is mostly a r elat1ve increase due to a decrease 
in total hemoglobin A. This gr oup of patient s ("high A2 type") usually 
have a normal 11gb. F level although levels up to 5% are occasionally seen. 
About 8% of the patients with t he picture of thalassemia mj_nor have normal 
Ugh. A2 levels but demonstrate elevated levels of Hgb. F from 8 - :513% 
which .is heterogenously distributed in the red cell population ("high F 
,type" )(32). As another reflection of the heterogeneity of these condit­
ions, rare 1ndiv1dua.l.s who are parents of patients with typi cal Cooley•s 
anemia may l1 ave elevations of both Hgb. A2 and F (high A2/F typc)(33 ). 

Another group of patients with a typical picture of thalassemi a minor 
also have been described, particularly in black and oriental races, who 
have Citti.rely normal proportions of IIgb . A, A2 and F. It is of i nterest 
that when two of these individuals mate they do not have off s pring ,...-ith 
Cooley's anemia. Instead, they l1ave a high incidence of stillborns with 
hydrops .feta lls (34). Tlwse fetuses, when examined, show almost entirely 
a new non-functional hemoglobin termed Bart ' s hemoglob i n, which is composed 
of .four gamma ehains ( i) 4). In addition, if the cord blood of infants 
born of this type mating is examined, some will demonstrate slight amounts 
~up to J,.O%) of Bart 's hemoglobi n which disappears as hemoglobin A synthesis 
~ncreases. These children \vill then demonstrate the clirncal picture of 
thalasscnua minot ... (35). It is in families wit h this type of thalassemia 
minor that another disease (di scussed below) appears -- so- called hemo­
globin II disease. 

. . 
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~rythroldnetics in tha lassemia minor are generally of t h e same t~pe 
as i n tltalassemia major but much milder . I n addition, the red cell l1fe 
s pan is often normal. . . . . 

An important, and often necessary, means of conf1r m1ng the cllagn os1.s 
of thalassemia mi nor is by studying family members . At l east one parent 
of any pat ient wit h this suspected diagnosis should show a similar cll.ni­
cal and biochemical picture or evidence of its presence . In ad diti on , 
approximately one-· half of a large group of offspring of such a pat i en~ 
will also demonstrate evidence of inheritance of the genetic abnm~mall.ty. 

30 . Hammond D, et al. Def inition of Cooley's Trai t or Thalassemia Mi nor: 
Classical, Clinical and Rout ine Laboratory Hemat ology. Ann. NYAS · 
119 ;372 (1964). 

31 . Kunkel, H. G., et al. New Hemoglobin in Normal Adult Blood. Science 
122:288 (1955). 

32. Malamos , B., et al . Types of Thalassemia Trait Carriers as Revealed 
by t heir Inc i dence in Gree ce. Brit. J. Hemat. 8:5 (1962). 

33. Schokker, R. C., et al. A New Genetic Variant of Beta Thalas s em1a . 
Nature 209: 44 (1 966). 

34. Lie- In jo, L. E., ·et al. Alpha Thalassemia as a Cause of Hydrops 
Fetalis. Brit. J. Hemat. 8:1 (1962 ). 

35. v/eatherall, D. J. Abnormal Hemogl obins in the Ne onatal Period and 
the ir Helationships to Thalassemia . Brit. J. Ilemat. 9 :26S (1963). 

Thalassemia Intermedia 

As the knowledge of this group of diseases increased, it was recog­
nized th at other clinical syndromes existed which in t erms of severity 
were intermedi ate between thalassemia major and minor , namely symptomatic 
anemia with evJ.dence of the same crylhr'(Jkineti c defects as Cooley 's anemia 
but c ons istent with survival into adult life . The importance of this 
gene t ically mixed group of pr oblems has been t o help elucidate the genetic 
and biochemical defects of thalassemia and also to demonstrate tl1e marked 
heterogeneity that exists in type and severity of the various s ubclasses. 
This group of patients have been found to consis t of the .following kinds 
of d isease ( 36): 

L Inheritance l.n the doubly het erozygous state of two variants of 
~1alassemia minor. 

2. Apnnrcnt ~eneti c pattern for classical Cooley 's anem1a but with 
a milder c linical cotirse. 

3 . Double l1eterozygosity for a thalass emia ge ne and an abnor mal 
hemoglobin gene (for example, sickle-thalassemia). 

4. Hemo globin H disease. 

The la t te r t.wo c ircumstances have been mos t important i n elucidating some 
of t l1e major conc epts of the genetics and pathogenesis of t hal as semi a, 
and therefore, a few selected points will be made about them. 

Si ck k:.'fha l.J.l..:~!l_:!. a ( 2) 

Th is is a disease wh i ch consi s t s of a spectrum of great variability 
cl i nically, r anging from no symptoms to a moderate ly severe sickle cell 
ane mia syndrome. These patients demonstrate the presence of hemogl obin 
S , A and increased Hgb . F. However, unlike the patient with sickle cell 
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trait where the level s of Hgb. A exceed Hgb. S, th ere :I_s a reve rs al of 
the ratios such that Hgb . S exce ed s Hgb . A. This apparent " t nternct ion" 
of the two genes occurs , howeve r , only about 90- 95% of t he t1me when evi ­
dence for tl1e inheritanc e of both a sickl e gene nnd a t hal ass em1a ge ne 
exists. This led to the concept of two genera l type s of t h a lassemi a 
genes, the i ntera c t i ng and non - i nt eracting type? ( 37 ) . It wo.s Ic:-ce r shown 
that the int eract 1ng gene is usually the one wlnch alone s hows- ·tncr c~scd 
IIgb. J\2 leve l s a nd the non-interact i ng gene i s the one that r es ul t s 1n 
normal rat i os of Hgb. A, A2 and F . 

Ilcm,oglobin II Disease 

Anothe r group of pat ients with a moder at e l y severe t hal assemia 
pictur e occur s in whi ch the presence of an unusual hemogl ob i n is demon­
strable, Thi s hemoglobi n, called hemoglobin H, c an be demons1:r a t etl 
electrophoret :i. cally, or by its tendency to precipitat e i n t h e f orm of 
inclusion bo di es whe n the red cells arc s tained s upravxtal l y , Th is 
hemoglobin i s non-funct i onal and cons ists of four be ta cha1ns ( ~ 4). 

·This disease occurs sporadical l y i n famil i e s i n whom t he gene fo r- the 
nor mal A, A2, F thalassemi a is pr esent. Hemoglob1n II di s eas e usual ly 
appears mo r e often in s i blings (hor i zont a lly ) than be i ng transmi tted in 
the usual pat tern of par ent to offs pr ing(vert i cally) (38) . 

36 . Pearson, I-I. A. Thalassemia Intermedi n ": Gene t i c and Bi ochemical 
Cons i derat i ons . Ann. NYAS 119 : 390 (196 4 ). 

37. Ingram, V. M. , et al. Genetic Basis of the Thal as s em~ a Diseases. 
Natur e 184 : 1903 ( 1959). 

38. Nech e les, T. F. , et al. Hemor~lobin II Disease : A l"amily St udy . 
Blood 28 : 501 (1966) . 

GENETICS AND PATHOGENESIS OF THE TJIALASSEHlAS 

The detailed study of large families wi th vari ous forms of thalassem­
ia and tl1e i r associat i on al s o with st r uctural vari ants of alpha , beta 
and delta chai ns has permi tted the development of a mod e l of the geneti c 
pattern of the thal assemias. In addit i on, the development of techniques 
for measuring the rates of synthesis of the var ious hemoglob i n poly-

, peptide cha i ns ha s substantiated the validi t y of t hese models. It is 
no\v apparent that the cl i nical entities known collect.ively ns the 
thalassemi as re s ul t from a quantitative reduction i n the synthesis of 
one or more of the normal polypeptide chains and that t he con s equences 
of the imbalance of polypeptide chain synthes i s results in definable 
alterations in red cell structure and metabolism inducing the clinical 
abnormalit i es that ar e observed(39). 

Ingram and Strctton first proposed tha t the thalass emias could be 
divided int o two major genetic types as def i ne d by thc::tr "int eraction" 
or non·-· i nteraction" w·ith structurally abnormal hemoglob i n chains(37 ). 
They proposed that those "interacting" with rgb . S to cause a reversal 
of the normal ratios of Hgb. A and S were due to a quantitative decrease 
in beta ehain synthes is -- the beta thalassemias -- and the "non-inter­
n?ting" type were alpha chain synthetic defects. Figures 3 through 6 
d1agramatically ~epresent genet i c model s of some of the various 
tl1alassemius. Figure l demonstrates the normal genetic control of hemo­
globin synthesis. Figure 2 represents the g·cnetic scheme of sickle 
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P.':c; 
cell trait. Because of the slightly less efficient synthesis of v 
chains as compared to ~A chains, hemoglobin A leve l s are al-...-ays some­
what greater than hemoglobin S in this circumstance. 

Bet a Thal a s;:;eml.a 

Th e gene for beta thalassemia is an allele of or closely link~d to 
the beta chain structural gene. In the heterozygote, the abnormal1ty 
re sults in an abnormally low amount of the beta chain synthesized under 
the control of t he affected structural gene (Figure 3). Th e r e is a 
relative (and also absolute) increase of normal delta(B) chR1ns, and 
therefore, the percentage of hemoglobin A2 is increased. Th1s is the 
"high A2 type " of beta thalassemia. If a patient inherits this gene 
plus a gene for an abnormal beta chain ( e.g. ~s ) (Figure 4), the n 
th e amount of no rmsl beta chain wil l be reduced (mi ld form) or absent 
(s evere form) and a reversal of A to S ratios occurs ("interact ion 11

). 

The he terogeneity \vi thin the high A2 type of thalassemi a is apparent 
from this var iati on in beta chain synthesis. It c an be demonstrated 
by chain syrithesi::; studies to be a true phenomenon and genet ically cont ­
rolled since the amount of beta chain synthesized is quite constant by 
affect ed members of any given family (40) . 

Homozygous beta thalassemia (Figure 5) results in only small runounts 
or absent beta chain synthesis and t hus little or no hemogl ohin A. Ex­
cept for the un explained partial compensation by the continue d prolifer­
ation of hemo~lobin F containing cells, this disease would obviously be 
incompatible with life. It is apparen t that a large pool of free alpha 
chain s could exist in those cells which produce little or no beta or 
gamma chainsc These can be demonstrated to be presen t as the character­
istic i nclusion bodies and result in intramedullary or early systemi c 
dest ruction of the cells(41) . In addit ion, those cells t hat produce 
significant amounts of gamma chains fo rm hemoglobin F and these cells 
have a longer life span presumably because of the smaller pool of free 
alpha chains( 27) . Thus both increased synthesis of hemoglobin F in some 
cells and prolonged survival of these cells accounts for the high levels 
of Hgb. F J.n· Cooley's anemia. 

In summary, the pathogenesis of the anemia of thalas s emia major, 
then, is a result of decreased Hgb. A synthesis because of severely in­
adeq uate beta chain synthesis resulting in : a) hypochrom1a; b) ineffec­
tive erythropoiesis (intramedullary dea th due to free alpha chain 
precipitation) and c) hemolys is (systemic death of m~ture cells induced 
by precipitation of free alpha chains) • 

. Another form of beta thalassemia ("high F t ype") has no>v been shown 
to be due to complet e suppression of chain syntl1esis controlled by the 
linked ~ and 6 cln:dns ( l) ~ thalassemia). This explains the fact that 
this forin of thalassemia ·does "interact " with beta structural variants 
but does not h ave high A2 levels(42). 

The genes for alpha tl1alassemia also appear to be alleles of or 
closely linked to the normal alpha chain structural loci. It can be seen 
from Figure 6 that since alpha chains are common to all of the normal 
hemoglobin s , t here will be a proportional reduction in each and thus no 
characteristic elevati on of any one hemoglobin type in the heterozygote. 
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At birth, t h is circumstm1ce migh t b e expe ct ed to be assoc iat e d with some 
excess cr·amma chains. Th is does occur, and t he presence of Bart's hemo-­
globin ( ~ ~~ ) con be demonstrat ed in the effected infant( 35). Cha i n 
synt he sis b ecomes balanced suf fi c icnt ly in t h e mlul t, howev e r, that no 
significant amounts of Ilgb. II ( ~> !.,l ) oc c u n; in the adult h eterozygote. 
F'igure 7 diagrams t he concept of t h e " non-inc.GractJon " o f al pb a thal<Lsem­
ia and a b eta structural v ariant that inltiajly led Ingr am and Strett on 
to p ropose thi. s hypothesis. Subseque nt synthe;sis studies h ave proven the 
absolute de c rease i n alpha chain prod~lction(43). It i s of int erest t h at 
the e xpect e d n irn.eractio n;' does occur in the pl'Cs ence of coex1.stcnt alpha 
chain structural variants and a lpha t halas seml.a(44). 

A fo r m of thalassemia tntcrmedia, hentoglotin II disease (see page fl ' ) 
is a ss ociated with the pr esence of free b eta chain s forml.ng unstable 
llgb. II ( ~<f. ) whic h r esults i n an abnormally short l ife sp<-n of these 
cell s . The genetics o f this disorder are complicated , b ut fami ly studies 
and hemogl obin synthesis studies sugg;est that t h ese patients may be doubly 
het ero zygous for a clini c ally ''silentn alpha thalassemia gene (s il ent H 
gene) and the more severe classical alpl1a thalassemia gene(38,43 ) . 

The homozygous state of alpha t halassemia ~ight be expected to be 
incompat i b le with life , s ince a lpha c hains are n e c essary for t h e fo rmati on 
of a ll. fun cti ona l hemoglobins . The high incidence of hydrops feta l is i n 
farrn li es in \•rhich bot h spouse s are alpha thalassemic heterozygot cs is fel t 
to be a result o f th is homozygote state. The dead fetuses show 8 0-100% 
of Ba rt' s hemoglobin ( {{~J ) which subst antiat es this hypot h esis. 

It is a ls o a pparent t hat a wide variety of clinical p i ctures wi ll 
result from th e heter ozygous, homozygous and doubly het e r ozygous for ms 
of these g;eneti c a bnormalities and fr om t heir combinati ons \vi t h st r uctur ­
ally abnormal hemogl ob~ns ( 34,45 ) . 

39. Nathan, D- G. , et al. Thalassemia: Th e Consequences of Unbalanced 
ncmogJobin Sy n t h es1s. Am . J . Mcd. 41 :815 ( 1966). 

40 . Dank, A., et a l . Globin C! Jrdn .:3ynthesis in Thalas semi.a. Ann. NYAS 
165:231 (l% 9 ) . 

41 . Bank, A. Tlemogl obin Synthesis in Beta Thal assemia : The Pr operties 
of the Free Alpha Chains. JCI 47:860 (1968). 

42. Comi n gs , D. C. , et al. Abs ence of cis Delta Chain Synt hesis in 
( ~~ )Thalassemi a. Blood 28 : 54 (196 6 ) . 

43. Kan , Y. h'., et al . Glob i n Cha l.n Synthesi s in the Alpha Thalassemia 
Syndrome s. JCI 47 : 2512 (1969) . 

44 . Dormandy, K. rL, et al. Hemor;lobi n Q Al pha Thalassem:ia . Bri t . 
Med. J . 1 : 582 (1961) . 

45. Necheles , T. F., et al . The Many Forms of Thalassemia : Defini t­
ion and Classif i cat i o r1 of the Thalassemia Syndromes . Ann. NYAS 
165 :5 (l9G9). 

The Spec_i.f)c Defect 

At t!1e present time, t h e actual genetic fault resulting in these 
quanti tative bJ.o chemical abnormalit ies is unknown . Many hypot hose s 
l tave been p r opo sed a nd some exper i ment ally tested. As noted prev i ously, 
h e mogl obin synthesis appears to follow the classically defined step s 
of protein synthes is i n other systems, witl1 the exception that t he 
messenger HNA appears to b e more stnble. Th e oret i cally, several areas 
of the sequence from t h e gene to polypeiJt i.de c hain could he altered and 
cause a thalassemi a - like pi cture. Tl1e major p r oposed mech anisms include : 
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J) Substitution-rate hypothesis- Ingram and Stretton suggested t hat, as 
wi th-thes1.ngl. e ann no acid subs litutions in known abnormal hemorp.ob1.ns wh~re 
the rate of synthes1s is decreased in the presence of the mutat1on, a slm11-
ar mechanJ. sm might exist i n thalassemia ( 37). In this circumstance, the 
amino ac1 d substit u tion would be of like charge and thus resuh: in an elcc­
trophoret ically 11 silent 11 al tercd hemoglobin . Ho\>ever? stru ctural s tudi es 
have so fm~ not sho\m any abnormality in the amino acid sequence of t he 
h emogl ob1n chains in thalasscm:.Ht. . 
2) Delet1on of genetic material, e .g ., by unequal crossover, m1ght result 
in the abse~ce of a functiona l structural gene for one or mor e linked po l y­
pept ide cha1.ns . This mechanism is probably the cause of Le pore hemoglobill 
which produces a thalassemia--like picture( 46). Hcredi tary persistence of 
fet al hemoglobin could also result fro m this mcchanism(47). In the 
thal asscmias themselves , no non - functional fusion product has b een identi­
fied . Such a deletion, however, might be responsible for tl1e form of beta 
thalassemia with no polypeptide chain production and / or the ( g~ ) thal­
as semJa where neither polypeptide chain is coded for. This mechanism re­
mains a strong possibility for some of these states. 
3) !iedu ce~l transcriptiol?-_ of DNA directed mRNA synthesis could result in 
dec c ased amounts of a specific mRl\JA and thus its polypeptide chain prod­
uct. No da ta is ye t available on this poss j_ hility and it remains plausible. 
4) Unstab.l e mllliA. Differences in stability of the mRNA for the various 
normii1. po .Lyvepticle c hains has been suggested t o occur natural.ly(lO). 
Different relative rates of o( , ~ and '!$' chaJ_n synthesis can be demon­
strated at sequential stages in maturing cells f r om thalassemia patients 
(8) . Ej t,her thiR is due to rar:i.ability in mHNA stability or c erta1.n cells 
that produce one type of polypeptide chain (e.g., beta) are selectively 
destroyed result-ing i.n a preponderance at later stages of maturation of 
another cell line whj_eh proC:uces predominantl ·y ({ chains . i\ dif f erence in 
cell survival i n peripheral blood of hemoglobin A versus hemoglobin F con­
tain i ng c ells i n thalassemia has been demonstrated. Nevertheless, until 
mR.NA for the polypepti de chains c an b e isolated, the i nst ability hypothesis 
remains a possibility. 
5) Availabilit y of specific transfer RNA. If a mutation resulted in the 
coding for the same amino acid but a different tRNA for that amino acid 
( result of the known degeneracy of the nucleotide code), and if the other 
tHNA were in limited amount, then the rat e o f individual peptJ.de chain 
t~anscription might be reduced. Weatherall has found, however, that the 
rate of transcription of individual beta polypeptide chains i n \? 
thalas s cm1a appears normal (48). ' 
6) Pre~_Q_tn_r:~_.lea~$. of incomplete peptide fragments or failure of release 
of completed c h ains resulting in polysome blockade (''constipated ribosome~~ 
h as been proposed. Baglioni could f ind no experimental evidence for the 
former thc ory(49) . Th e second mechanism might be expected t o eventually 
lead to reduct ion of synthesis of other chains as well. Dank, et nl 
have shown that a l pha chain synthesis is probably normal in beta thalas­
semia U>O). 
7) f.2t.l~_rotl.;e:::..Lene hypot he~is. Ingram and Stretton a l s o propos ed a second 
mechan1 sm 01. thalasscnn.a winch related to a controlling system for peptide 
ch ain synth esis. Following the classical work of Jacob and ~lonod(51) in 
1>act ~r :iaJ protein synthesis, their model of the control of prot d.n :>yn­
,be:ns ilas been a1jpl ied in several forms of thalassemia and related disor­
ders. In simple terms, it is suggested that several genes are responsible 
for synthesis of a given polypeptide chain or protein ~ The s tructural 
gehe, wl1ich determi nes the actual amino acid sequence, is closely linked to 

• I 
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3 nother gene cal l e d the operator ge ne whi ch is resp onsi ble f or the act~vity 
of the struct ural gene . The s e genes together ar~ termed ~ h e oper on .. In 
addition, a separate regulator gene is pre sent elsewhere 1n the g~nct1c 
material. Its gene pr oduct is termed a r·epressor which is th cor1zcd t o 
combine, in its native fo rm, with its specific operat or ~jene and thus . 
inhibit t he activity of the structural gcnc ( s). A smal le r molecul~r w~1ght 
material, wh1ch 1s capable of binding to tl1c repressor and prevent1ng 1ts 
int eraction with the operator gene, would allow the correspondi ng struct ur­
al gene to be active . Tl1i v material is termed an i nducer or dercpressor. 
In one scheme, proposed by Zuckcrkandl(52), syntllCSlS of beta , della and 
gamma chains h as been inserted in this model. As proposed , a second regul ­
ato r gene f or the ~ chain structur al gene would be present in the beta 
operon. Thus in the absence of inducer, beta and delt a chain production 
would be s uppressed and also "l) chain repressor synthesj s would be supp­
ressed and the cell would make ~ chains . With the exposure to an in­
ducer substance, the repressor of th e teta-delta operon would be inact i­
vat ed1 beta and de l ta chains would be produced as well as '\S repressor. 
In turn , then '<( chain synthesis would be "turned off" . This would account 
for t h e fetal - to adult h emoglobin switch that n ormally takes pl ace. l n 
addit ion , abnormal beta operator gene activity could explain the heredit­
ary persistence of fetal hemoglobin. In terms of beta ·t h alassemia, how­
ever, this hypothesis must t ake i nt o account t ha t hemoglobin F synthesis 
is no t general l y maintained in the affected c e l ls a nd t hat the t halassemia 
defec t acts only in cis (i.e., not on its allel i c structural gene ). The 
abnormP.li ty would necessarily lie . in t he beta operon because of the cis 
1ction of the gene. One pro posal i s t l1at t he beta structural gene is un­
able to resp ond to its operntor gone. In this scheme, the beta operon 
would be turned on , little or no beta chain would be pr oduced, delta chain 
synt hesis would occur and ()" repressor would be produced and t hus '($' chain 
synthesis would be suppressed as well , resulti ng i n the classically affec­
ted low A, low F cell . Other models arc possible. It must be cautioned 
that no evidence has yet definitely shown that this lo.nd of c ontroll ing 
mecl1anism f or prot ein syn thesis exis t s i n multi cel lular organisms and 
remains only a nother theory t o explain the basic defect in thalassemia. 

Other theories can and have been p r oposed as ,,,eJ.l. At the present 
time, with the knowledge we have avai.l able regard] ng known chai n synthetic 
defects in the t halassemias m1d the variations in c omp ensat ory chain pr od­
uction, different thalassemias may aet ually resul t from various type s of 
~hese abnormalities . Thus t he controller gone hypo t hes is , genetic dele t -
1ons and formation of unstable mm\!A ar e all strong poss1bilities and each 
may be the definable abnormality in one or more of these s y ndr omes . 

46. 

47. 

48. 

49. 

jQ. 

51. 

Bagl i oni, C. The Fus i on of Tw·o Peptide Chains i n Hemoglobin Lepo re 
and Its Int erpretation as a Genetic Delet i on . PNAS 48 : 1880 (l9G2 ). 
Conley, C. L . , et al. . Hereditary Persistence of Fetal Hemoglobin. 
Blood 21 :261(1963). 
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Bank, A. , et a.l. Absolute Hates of Globin Chain Synthesis i n 
Thalass emi a . Blood 31:226 (1968) . · 
Jacob, F. ami ~·lonod , ,J. Genetic l1cgulatorv Hechm1isms in the 
Synthesis of Proteins. J. Hol. Biol. 3 :318" (1961). 
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Cont r oll er-Gene Di sea s e: The Operon f-!odel as Applied 
J . Nol.Bi ol. 8 : 1 28 (19G 1l ) . 

For the most part , it is on.ly pat i e nt s with thalass emia major in \.'hom 
treat ment i s required . The p at1ent with t l1 alassemia m" nor is generally 
asympt omati c and t he major emphas1.s in t hese pat ien.:.s is to avo i d th~ W 1-

necessary administration of .1ron or transfusions wlnch cou~d result 111. 
prevent a ble iron overload states and occasional cases of v1ral hepat1t1.s. 
Although a modest degree of rute mia exists in t h alassemia i n termedia, t h ere 
is as yet no evidence t hat chronic transfusion the r apy or other measures 
have any beneficia~ effect, and they carry t h e same possible detr imental 
consequences. 

Tha l assemia maj or, however· ~ i s a s evere disease \vhich result s in t he 
mult ip le growth and development problems , recurrent infections a nd prog­
ressive iron overl oad states, described above, with deat h u.sually occur i ng 
by age 20. The h allmark of therapy has been and remains t ransfusi on. A 
host of p ro blems exists utlliz ing t h is f or m of chronic therapy a nd the 
standard appt'onc h in th ese pati ents h as been very uns a tisfactory. The 
general practice h as been to give transfusions at a p oint at which the 
pati ent cannot carry out any s1gnificant nor mal functions or to mai n tain 
a h emoglobin leve l just above t hat \vh ich is acc omp ani ed by this degree 
of function a l impairment. Mo s t frequently this means mai n taining h emo­
globin lev el s ab ove 6.5-7 grams % and necessitates red c ell administration 
every 2-4 month s. This re g~ imen does not prevent any· o.f the gr owt h abnor­
malit ies and may actually enhance the dev E:lopmcnt of signtf icant organ 
dysfunction due to the progres s ive h emosiderosis since chron ic severe 
hypoxia still exists. Experimental d ata is available 'rl1 ich suggests that 
the hypoxia is a most important parameter f o r t he development of the 
pathological ef fe ct s o.f iron ove r load i n t h e heart an rl l iver(53 ). Thus, 
in recent years, several groups have b een evaluating the f easibil ity of 
maintaini.ng h igher h e moglobin l evel s on a chronic basi s . Th ese "hype r ­
t ransfusion rcg;imens " have not clearly d (~lineated an answer but several 
promising resul t s have been r eported( 51). \vhen these programs have been 
instituted at an age when many of t he bony defects, growth p roblems and 
organ dysfunction probl ems h ave a l ready been present, the res ults have 
be e n less clear cut t h a n \~len the pr ograms hav e been initiated at the 
flme of diagnosis in infancy. Hmvever, even then s1gnifi cant j_mpt ovements 
hove occurred. Patients with car d iac en largement and fa i lure h ave had 
impressive r e s ponses . Heart , s pleen and liver sizes a r e nrarkedly reduc ed . 
Recurrent i nf c ct:.tons bec ome almost no problem and t he childr en manifest an 
almost normal record for sciJool a ttendance. Vari able incr e ases i n growth 
p ercentiles have been obs erve d . As of yet, no reversal of the p r oblem of 
sexual development has be en noted . 

On the ot her hand, when started in infancy, normal growth and devel­
opmen t pat terns h ave been documented dur ing the first t\,·o to th re e years, 
no bone changes have a ppeared , a nd th<~ children have not yet man i fested 
any evidence of cardiac or hepatic dysfunction. None of these st udies 
have yet gone on long enou~h to say anything abo ut survival data . 

These programs have general ly becrt designed to maintain hemoglob i n 
level s above 10 grams% at all times. Tlti s r6quirc s tr ans fu si ons approxi ­
matel y one time p e r month. \·/hen the excess i ron load compared to the 
previ ous standard regimens is calculated, it is f ound thi s results in 
appro.-lmatc l y a .r;o:C·) i n crea se i n total iron a dministered per year. Of ma,jor 
signif1cancc, ho\,revc r , may be the fact that clue to the depression of 
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intrinsic crytltropoiesis, the striking increase in G. I. iron absorption 
is probably shut off and may actually make the total iron load much less 
than this fi gure. The long term effects of this increased i ron overload 
with less anemia remains the major question. There is no doubt, l1owever, 
that the pati ent has an almost normal life during this time and none of 
the psychologically devastating cosmetic problems of bone growt h have _ 
ensued since intrin sic erythrocyte production is almost totally suppressed. 

Splenect omy has been performed on a selective basis for hypersplenism 
in Cooley 1 s anemia for many years. The indications are no t p recise , but 
certain pat ients demonst rate significant benefit. If one demonstrates a 
clinical ly obvi ous increasing transfusion requi rement and can show that 
the survival of cr51 tagged no rmal donor erythrocytes is significantly 
shortened and accompanied by abnormnl splenic sequestration, tltis proced­
ure should be considered. Other consequences of this hypersp lenic state 
may he prdn and eating difficulties from the massive size of the spl een 
and thrombocytopenia with a bleeding cliatlwsis. The major drawback to 
tllis procedure is the well recogniz ed incidence of often fnta l bacterial 
sepsis in the splenectomized thalassemic individual. In one seri es , 9 of 
35 such pati~nts have experienced severe bacterial septic episodes 
(usnBlly pneumococcal or F:. eoli) and six have been fatal( 55 ). The major 
threat seems to be uui·i.ng the f:i.rst two post-splenectomy years. Anti ­
biotic prophylax is is being evaluated in this circumstGnce . Of signifj_c­
ancc is thnt this procedure p eobably will not bccOJilC necessary in the 
hypertransfusecl children since signiLicant splenic enlargement is reversed 
or prevented d u e to tlte suppression of extra medullary hematopoiesi s and 
the relat:i.vely normal s urv ival of transfused donor cells. 

}.! ''i.:...:.. ~J.l.~~~ il!Ji. Q_g__<:!!.!_~_ have been cv al uat eel in thalassemia, but the 
qu antity of iron that it has been ', ·ssible to remove on a chron:i.c basj_s 
has fot· the most part been qua nU_l-.;; ivcly j_nsip;nificant compnrcd. to tite 
transfusion j_r on load. ·-

General sup·por·tive care is required and the recogn ition of t h e 
occasional deve.loplacnt o.l' wor:~ ening anemia clue to relati vc folic nci<l 
lld)_5:_iC!]_9.:_ S llOU.lcl be kepi in mind as a possible t hcrapc utfc~iiiy rever­
sible cmnplicntion. 

5~) . Nccl1eles ~ 'r. F' .. , ct aJ. f.fyocar'dial II cn1osiderosis i 11 f-lypoxic ~iicc~ 
;um. NL',;:; 1Ci5: 1G7 (l9G9). 

~5t1. \·loln~nn~ I. J . , et al; nc.ard, ~L S., et ' a l ; Piorr\cl l i, S. ,ct al . 
t\1-111. 1\'"l/,S lGS : 407, ,l L) nnd 427 . 

;:;s. Smi.t h , C. li., et nJ.. Post Sp .l cncctnmy Inf'ec Lion in Coo .lcy ' s 
:\ncmj_n. Ann. r:¥.\S ll9:7-·18 ( l:J G,l). 
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Fig. 3 Heterozygous Dcta Thalassemia 
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