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PREFACE

KEEPING ABREAST of the } devoted to } I 1s a2 forrdable
task although monographs textbooks special journals devoted to ongnal
contributions review articles and abstracts are available to those who are
nterested However the pleasant task of teaching medical students over a
period of years has led us to conclude that there 15 2 need for a new textbook
that 15 designed for the student who 15 being mtrodueed to hemntology for
the first tme whle he 15 1n the midst of a crowded curmculum Physicians
m active practice similarly pressed for time have expressed a desire for a
sunilar book one that 1s p but not encyclopedic that could
serve for a review and reorientation in the field

Thus book has been wnitten 1 an effort to fulfill these needs Emphasxs
s placed ona deratian of the at 1 mech that are resp
for the mamifestations of the different diseases A umifying approach of this
type can provide a foundation for further development by those who are
mterested 1n the subject It can also provide a sound basis for the manage
ment of hematalogic problems that are seen 1n clinical practice

A presentation of the morphologic and functional charactenstics of the
vanous cell Ines 1s followed by discussions of the normal physiology of
ery hrop leukopoesis and k In each mstance the current

\ derations are d d with particular reference to thewr
Vi1
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appheation in dingnosts and treatment The discussions of most of the clm
¢l syndromes re accompamed by short accounts of actual cases which
illustrate appropritte pomts Specinl constderation has been gien to the
diagnosis of patients who present the problems of anemn hemorrhagic
diathesis or lvmphdenopathy A separate chapter 1s devoted to hematologie
techniques

The authors express their appreciation to the following members of the
Faculty of the School of Medicine of the Unnversity of Virginia who gen
erously helped us n many w1ys particularly by their suggestions and ent
asms Drs Willam Parson Thomas Hunter Charles Crochett Donald
Shotton | T Carpenter and William Herring of the Department of Internal
Medicine Drs O B Bobbutt and Cecil Hougie of the Department of Clu
¢l Pathology Drs Morns Lambdin and Audrey Brown of the Department
of Pedittnes Dr George Cooper Jr of the Department of Radiology Dr
Dawvid Smuth of the Department of Pathology Dr D R H Gourley of the
Department of Pharmacology Dr R W McGilvery of the Department of
Biochemistry Dr Edward Cawley of the Department of Dermatology abo
to Dr Allan Sharp of the Radchiffe Infirmary  United Ovford Hospitals Our
thanks 1lso go to Miss Barbara Marshall Miss Peggy Parker Miss Anme
Lipscomb Mrs Rilph Ditzwater Mrs Charles Mahon and \Mrs Anma
Dabney for thar hddp m prepung the materinl and to Miss Anne Russell
and Mrs Hope Ansbaclier of the Department of Mcdieal Hustration who
prepwed many of the illustrations for us The authors are lso grateful for
the help and encourgement they have recenved from the editorial stff of
the W B Saunders Company

By § [ cavriy

Oscar A Trorup Jr
Charlottesulle Virginia
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CHAPTER 1

The Morphology,
Orign, Chemistry

and Function of Blood Cells

THE IMPORTANT contributtons made by Ebrlich can be considered the begin
ning of modern hematology #* The staning, methods which he ntroduced
became the of morphologic gy and cytoch y With
the use of the new techmque Ehrlich described many cellular details and
developed a lassification of the blood cells He recognized that the granu
locytic senes of cells arose from a non granular precursor in the bone
marrow and thought that lymphocytes arose from the lymph “glands ™ This
distinction formed the basis of his theory of the dual ongimn of the whte cells
Although Ehrlich considcred this duahistic doctrine to be one of the most
important results of tus long continued studies 1 hematology # this theory
was not d by many h ! and controverses fol
lowed The dualistic theory was supported by Banti Turh Naegeli and
others ** * and was opposed by the monophylehcrsts Maximow Jordan
Bloom and others who believed that myelod tissue could anse postem

1







GRANULOCYTIC SFRIES 3

lus has been correlated with active celfular prolferation 8 133 According to
Thorell cellular proliferntion ceages when the nucleolus disappears and 15
replaced by the more deeply basoplulic heterochromatim 121

\veloblasts vary m size and other details The pucleus 15 sometimes
shghtly indented and m acute leukemia it 15 occastonally deeply indented
or 1obulated The cytophism of myeloblasts and monoblasts somehmes con
tawns Auer bodies These structures which appear red with Wnght s stam and
reserrible a stained tubercle bacillus give positive peroudase and ovidase
reactions, H ¥} 1 study has led that these rods contain ribo-
nucleic acid and a hipord matenal possibly a mucopolysacchande ! When
myeloblasts are stamed supravitaily with neutral red and Janus green nu
merous small mitochondna can be seen 1n the cytoplasm Recent studies have
shown that the mitochondna which may contain a complete hrebs cvcle
are a source of sucaimondase and cytochrome padase actinty ¢ 3

2 Progranulocyte (Promyelocyte)

The progranulocy te 1s the ne <t stage m deyelopment after the myeloblast
and sompe may resemble myeloblasts with the addition of azurophilic evto
plasmc granules Other cells at this stage have a coarser nuclear structure
than the myeloblast are quite large and contain numerous nzurophihic gran
ulc_s m the eytoplasm and in the region overlving the nucleus Nucleoh may or

[ ]

Froi e 1 Ealy ¢ Usof the granulocytic senes A Mvelotlast B Promyelacyte

€ Myclocste (early) D Metamyelocyte

o
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2 FUNDANMFENTALS OF CLINICAI HEMATOLOCY
bryomealh from hmphocytes 1 © * Sull another theory the pohphiiet
has been wdvanced by Cunmnghm Sabin ind Doan who concluded bt
exch type of 1dult ced) has its onn particular blast ol precursor ™ Detaled
discusstons of the different theones of the ongm of the vanous cells ane
prescated m Downey s Hindbook of Hematolom *t and an review ar
cles ' ® et

Dcsprte an enormous 2mount of studs the question of the ongm ard
mterreitionshp of the cclls remams unsettled after more than half a eer
tur Vuch of the confuston rcgarding the identity of cells has been caused
by the hick of 2 umform termmolomy Different techniques wd differes!
tvpes of maternl have buen used by nvestigators who have guen dufferent
names to the sime cclls wnd have emploved the same term for dfferent aulls
Fortunitel unanimity of hemtologic apmion s to the ongin wd reltbon
stup of the cclls 1s not ¢ssentral for the successful management of most chnt
cal hematologie problems There are enouch points of agreement to allos
the development of the workible concept of cllular reltionships thit 8
needed for an orgamized pproich to chimceal problems A Knowledee of
morphology 1s necessany for the diagnosis of mamy hematologie discases and
2 termunolom 1s essentral for communicition

In selecting the terms to be used i this text the wuthors have chosen
those that are uscd most commonh 1n the chissification of cells the termt
r ded by the C ¢ for Chinficition of the Nomenelture of
Cells md Prseses of the Blood Forming Organs have been included 1 event
mstwnce *

I THE GRANULOCYTIC SERIES

VORPHOLOCY
1 Myeloblast

The myeloblast occurs 1 normal bone marrow but s not found m th
circulating blood except m certun diseise states In fived smears the diam
eter of s eloblasts manses from 1) to 18 mucrgns Watk Wnghes stamn i
nuclear matersal assumes 1 deep purphsh blue color the chromatin 15 fnels
divided, punctate or strandhike and appers condensed onh around the 1m
of the nucleolt Several hght blue stammg nucleol are usually, visible Tht
non granular_cytoplism which stams the same light blue color s tl
nncleolus 15 varble i amount and often forms little more thap 5 nim abou
the nucleus Mycloblnsts generally gue 4 negatne reaction when 4 peros
dase stain 15 used but some cells that e classed as my cloblusts wagh 1y rght:
st:nn.g“c 4 posttine reaction with peroudase sr:;m The Stunng properties
of the cells are related to the nucleoprotems *** Ribonuclete aepd (RNA)
oceurs both 1n the nucleolt and 1 the cytoplasm while deowannudem acic
(DNA) 15 found onh n the mxclfus Proteim synthesis i the cell 15 thought
to be under the controt of the T and the p Of the nueieo.




CRANULOCYTIC SERIES 3

lus has been correlated with active cellular proliferation ® 1 3 According to
Thorell cellular proliferation ceases when the nucleolus disappears and s
replaced by the more deeply basoplilic heterochromatin 1

Mseloblasts vary m size and other details The nucleus 1s sometunes

shehtly indented and m acute Jeuherma 1t 1s Ily deeply wnd: d
or lobulated The cytopl of myeloblasts and blasts sometiiies con

tams Auer bodies These structures which appear red with Wnght s stain and

ible a staned tubercle bacillus guve positwe perovidase and oudase
reactions, Histoch I'study has Jed that these rods contam Filio
nucleic acid and a hpord matertal possibly a mucopolysacchande ! When
myeloblasts are stamed supravitally_with neutral red and Janus_green nu
merous small mitochondria can be seen n the cytoplasm Recent studies have
shown that the mitochondnia which may contam a complete hrebs cycle
are a source of succinoudase and cytochrome oudase activity © 33

2 Progranulocyte (Promyelocyte)

The progranulocyte 15 the next stage i devel after the Joblast
and sompe may resemble myeloblasts with the addition of azurophilic cyto
plasmic granules, Other cells at this Stage have 2 coarser nuclear structure
than the myeloblast are quite large and contan numerous azurophihic gran

ules 1n the cytoplasm and m the region overlving the nucleus Nueleoli may or

= D

Figure 1 Tarly cells of the granulacytic senies 4 Myeloblhst B Promyelocyte
C Myelocyte (carly) D Metamyelocyte
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may not be visible at this stage The ppearinee nd devclopment of the
granules ﬁp—ﬁmn‘d@l)—rcl ted to the differentintion of the cytoplasmc
protans Thorell has shown that the myeloblist has 1 hugh concentration of
¢y topl ismie poly nucleotrdes and 1 prominent nucleolus 13 When the cell ma
turcs to the progr mulacy tie stage the eytoplsmic poly nucleotides decrease2s
the granules appear Further development of the granules 1s assocrted with
continued deereise mn the polynucleotide content ind none 1s demonstrable
by the time the myclocyte stige 15 rerched The nudleolus which has been
thought to have considerible mfluence over the differentiation of the cyto-
plismic protuns cont uns nbonuclerc waid this matenal decreases gradually
and 15 no longer detectable n the myclocytic stage When the nucleolus
disappears further differentiation of the cytoplismic proten cannot take
place

3 Myelocyte

Mselocytes are the first cells of the granulocytic series that contam spe
afic yranules which wre etther neutroplulic, eosmophilic_or basophilic Bolb
neutrophilic ind eosinophilic granules give 1 pusmvve"pe&ldase reactiol
As the myelocyte develops from the progrnulocyte 1t | “smaller and
the nuclewr chromatin becomes cowser When suprvatal sEains are used
numerous smnll mitochondrin wnd 1 varnble number of neutral red bodies
cu be demonstrated in the cytoplasm The number location and arrange
ment of the neutral red bodies have been employed s ~ basys for classifying
myclocy tes according to different stages of development ¢ mvelocytes A B
md C ¢

4 Metamyelocyte (Juvenile)

As the myelocyte matures the chromatin structure of the nucleus be-
comes coarser speaific _gmnulngm_nwpeflsts and the nucleus%e&ﬁe's’ﬁ
dented At this stage the cell 1s termed 7Tt M} elotyts ——— e

5 Band Cell (Stab Cell)

According to the Committee on Nomencliture of Bloog Cells any cell
of the granulocytic senes 1s classed s 1 bwd cell whicp has a : ycleus
wwhich could be descnbed as a curved or coted band, 66 Matter ey “ia
the mdentation 1f 1t does nof complétely segment the rutley; mun:clt;_h_ o

commected by 2 filament
et B o

13 Segmented Gell (Pol)marplmnuclmr)

These are the fullv dev eloped cells of the granulocytic series whose
nucler contamn two or more lobes that are jomed by filamentoyg connections
The nuclewr chromahn 1s cowse and has the appearance of blacy or Lo
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connected by strands The cytoplasm contamns numerous granules that stam
specifically wx\h anhts stun
The

d cell { 1) ges a posine peroudase
reiction In supravital prep small refractile hodies Bl the
cstoplasm and active unebord 1P At tames phl
are unusually Jrge and have nucles cnnsmmg of Ryve to ten Jobes Such cells
termed Iyeytes o 1 cells anemua type ” oceur

most often 15 8 resur' f a deﬁcxenq of vitarmin B, or fole aad

The t WE luny de\ elaped cell The
nucleus daes not stam as he:wxh as that of the hal 1s
charactenzed by the presence of large g7 wuiles that ﬁlf thc cytoplasm and
stain 3 bright yellowish red ealor with Wrights stam. When stawmed supra
vitally with neutral red and Janus green the granules appear large veny
refractidle and yellow Thege cells give a postive perouidase reaction His
tochemncal studies mdxca(e thnt the eosmoph! gmnu}rs are composed of
protem and ded b, hobiprd 1 ¥ dase 15 also pres
ent ® Eosmophﬂs contamn 2bout one-third of the hustarmne found m normal
blood #

The basophat segmemed cell (basoplal) 15 somewhat smaller than the

1 and The ch featuze of this cell 15 the pres

enge of targe purphsh black granules that appear to 1lmost completely 5
the.ccl The granules apperr red when stuned suprasitally with neutral
red The cells are peroxsdase negatie Basophils contam rehitively large

) T2 T T

QL0 i
X (‘i :
a‘;‘}‘ﬁ e ;
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Later cclt of the granulocytic senes A I\m%ruphds B Basophil £ Eosino
phid D Companson of lymphoey te neutrophil monocyte
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4 FUNDAMENTALS OF CLINICAL HEMATOLOGY

m1y not be visible at tlus stige The appearance and development of the
granules apper to be tloselj related to the differentiation of the cy toplasmic
protemns Thorell has shown that the myeloblist has a ligh concentration of
cytoplasmic poly nucleotides and a prominent nucleolus 3t When the cell ma
tures to the progranulocytic stage the ey toplasmie polynucleotides decrease 1s
the grinules appear Further development of the granules 1s associated with
continued decrease 1n the polynucleotide content and none 1s demonstrable
by the tume the myelocvte stage 1s rexched The nucleolus which has been
thought to have considerable mfl over the diffe 1ation of the cyto-
plasmie protemns contamns rtbonucleic acxd this matenial decreases gradually
and 15 no longer detectable 1n the myelocytic stage When the nucleolus
disappears further differentiation of the cytoplasmic protemn cannot take
place 8

3 Mjyelocyte
Myelocytes are the first cells of the granulocytic series that contam spe

aific granules which are either neutrophihe_eosmophilic_or basophilic Both
neutrophiltc and eosmophiltc granules gne a positiye_peroudase reaction
As the myelocyte develops from the progranulocyte 1t becomes srﬂlﬁa‘n}j
the nuclear chromatin becomes coarser When supravital stiins aré used
numerous small mitochondrta and a vanable number of neutral red bodies
can be demonstrated 1n the eytoplasm The number locatton and arrwnge-
ment of the neutral red bodies have been employed as a basis for classifying
myelocy tes according to different stages of development as myelocytes A B

and C ¢

4 Metamyelocyte (Juverule)
As the myelocyte matures the chromatin structure of the nucleus be

comes coarser specific granulation persists and the nucleus becomeés m

dented At this stage the cell is termed a fotam €locyte

5 Band Cell (Stab Cell)

According to the Committee on Nomenclature of Blood Cells any cell
of the granulocvtic senes 1s classed as a band cell “which has a nucleus
which could be described as a curved or ig@hw matter how marked
the mdentation, 1f 1t does not comp! -et:r_\’sg_grnent the nudeus mto lobes
e —

connected by a filament
e

6 Segmented Cell (Polymorphonuclear)

These are the fully developed cells of the granulocvtic series whoge
nucler contain two or more lobes that are jomed by filamentous connections
The nuclear chromatin 1s coarse and has the appearance of blocks or knots
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enzyme m the granulocytes has been found to be mereased m mnfection and
m polyeythemit md decreased m ms dlocy bie Jeuhema 1t has bheen reported
that allabne phosphbatase actinsty panflels clycogen concentrition
Nesther the function of this cellulwr enzvme nor the mechanism underbying
the v nations that he been found m + inous disease states 15 known * 87

4 Ard phosphatase actvty has ilso boen demoustrated in the lewho
eytes Unlike alknlme phosphatise sinch n confined munly to the genulo
¢ytes BT acid phasphatase occurs wm all types of leuhoovtes The wid phos
phatase uctivity of the lenhocytes 15 hagh i chrome myclogenons lend tmn
and normal i the lenhory tosis of mb cion

Among the other substanees that hwe been identified m leudoesytes are
fustumine ! which 1s confined Tugely to the gewulocytes * {prodamintntly
the bisophls'™) dipeptidases tripeptidases St sulfhydry) groups ®  hipase
and maltase ™ betr glucuromdase 3 peroudise® and glucurome wd®
Phospholiprds are present m the grnules i grmulocy tes 1

FUNCTION OF TRF €1 INULOCYTTS

4lthough the reconntie n oF 2 hrrge rumber of envymes wd other cheme
cal substances m granulocytes sugsests that these cells hwe multiple func
tions at the present hime the primary function of the loukoovte 15 conmdered
10 be concerned wath the defense of the body waunst v wous noxous agents
The wmportance of phagocytasis as one of the main defense mechimsms of
the body was suggested by Metchmbhoff an 1882 fter he had observed the
accumulation of mabile cells 2bout 1 thorn placed under the skan of the star
fish larva ¢ The stmulvs responsible for the mavement of the leuhocyte
into the proximty of the offending, partiie 1 beheved to be chemicil
nature and 15 termed chemot vas while the actual engulfment of the particle
by the leuhacyte 15 termed phagocytosis

Chemotvas 15 sud to b positive 1f the lenboeyte moves toward the
particle negatve if repctied and mdifferent of 1t 1s unaffected by the pres
ence of the particie The termi 15 wpplied only to the dircetion of movement
md not to the specd of movement ™ Numerous mmvestigrtors have tred
to wlentify the speufic substance or substances responsible for chemaotaxis
It has been demonstrated that erystalling mirogenous matern} from wlfam
mory exndates ttrcts Jeubhocytes m Tie numbers when pliced m the
cutancous tissue of wn_wmm ¥ F F This substance winch has heen
termed leuhotaxine appears to be 1 polypeptide © It has also been suggested
that the attrweting substance 15 glycogen

After the granulocyte has been attracted to the site phagocytosis ocenrs
The nevtrophul 1s more adept than the_eosmophil or Basoph at this apera
ton The vounger granulocytes bands and metamyelocytes are more aad
than the segmented cells m attacking, bacterna i the presence of opsonms 12

Vanous factors mftuence phagocytosis 1t Appe us to be enbianeed jn some
types of themsa ' possibly as a result of pteroylglutamic wad dt-ﬁucn‘c;‘ »
and by an scranse m temperature from 0° C to 35 C# 1t 15 reduced by
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amounts of lustumime © ! 13 qbout one half of the listimme content of
normal blood “ The presence of heparm has been suspected but not
praved

ORIGIN OF THE GRINULOCYTLS

Under normal conditions the older granulocy ti cells the bands and seg
mented cells develop from the myelocytes mz the bone marrow Various cells
hwe been considered to be the non granular ancestors of the granular
myelocytes ° 6% 20 Although these theories differ n detuls all agree that
m the adult under normal circumst wces the older cells of the granulocytic

senie§ anse o the bone murrow and arc dernved Fromi thie mycloeytes and

their precursors, which are_etther mycloblasts 6t cells thit \ave an identicdl
appearance m fixed smears

CHEMISTRY OF THE GR{NULOCYTES

Advances m bioch Al nd | h 1l methods have revealed 1n
teresting information 1bout the chenustry and function of the gr:muloc)"es
Although the functional sigmficance of many of the enzymes and chemical
substances that have been 1dentified n the granulocy tes 1s 1s yet unknown
a brief diseussion 15 presented m order to indicate the extent and complextts
of this rapudly expanding field Many of the studies have been conceme
wath vanious aspects of carbohydrate metabolism Some have been under
taken mn an effort to determine 1f metabohic pathw 1ys 1n normal granulocvfes
differ from those found in certun duseases particularly leukemia ?

1 Glucosc® ¥ and other hevoses?™  are metabohzed by the granulocytes
to lactic acid Immature forms have 1 pred: Iy oxidatrye metabolism
and do not form Ietic wad under aerobic conditions swhile mature forms
have high Jactic acid production uminfluenced by the presence of oxygen ’
The presence of the mtact cellulwr membrane 1s believed important to the
metabolic activity of white blood cells® because m broken cells absolute
sespuration drops to one half and the glycolytic rte to but one fifth that of
mtict cells Several enzymes and a number of phosphorylated intermed:
\tes!t 146 ymportant 1 glucose metabolism* hive been identified Recent
work suggests that glvcolysis may follow more than one pathway 1 the
mature leuhocyte 7

2 Glycogen has been demonstr ited 1 the cytoplasm of granular leuko-
cytes and 1ts concentration 1s thought to increase as the phagocytic and
amebord ctnvities of the cell mcrease ™ 12 The glycogen content of the
leuhocytes from children with glycogen storage disease has heen reported
to be mncreased 1% The possibility has been sugpested that the leuhocy tes
act as a transport system for delvery of glvcogen to arcas where 1t 1s

143
neegei‘he Jetermm ttion of alkaline phosphatase actvity which has been
demonstrated 1 both normal and abnormal cells of!l‘lnumzm blood and bone
marrow M1y prove useful m chmical hemtology *° The activity of thys
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and the 1dentity of a blast cell usually 1s assumed from the recogmtion of
the older cells that sccompany 1t The nucleus of the lymphoblast 15 round
and has a fine chromatin structure 1 winch Several niucleoli are often visible
The cytoplasm stuns pale blue and contuns 7 graniles

2 Prolymphocyte

Lymphocytie cells that are mtermediite between lvmphoblasts and
lymphocytes are termed prolymphocytes Although the nuclear chromatin
appears coarser than that of the blast cells 1t 15 ner than that of the lympho

cytes™ At frmes nucleoh or nucleolar remmnants are vistble Usually the diam
eter of these cells 1s greater than 15 microns

3 Lymphocyte

In dry smears the diameter of small lymphocytes vanes from 7 to 10
mucrons but the less common large lymphocytes may have a diameter of 20
microns When Wright s stamn 1s used the nucleus of the small lymphocytes
whuch 15 usually round but_sometimes_mdented appears almost to fill the
entire cell The nucleus has 1 prominent membrane stams déeply and con
tamns large masses of chromatin No nucleolt can be 1dentified In the large
lymphocytes the nuclear chromatin stams less deeply and appears somewhat
less compact The cCytoplasm which 15 much more abundant m the lirger
Iymphocytes stams pale blue A small number of reddish violet_granules

are scattered through the cytoplasm of many of the cells of this sertes The
Scattere 1 the cytoplasm of m,

tymphocytes _d’ozlo_t_g&;w%mﬂﬂhe peroadase stamn_ When
stained supravitally with Janus gréen an m—rlmﬁhﬁtes are
seen to contain & variable number of short rodlike mitochondra that usually
appear cluymped m one part of the cytoplasm often opposite the nuclear
mndentation A few small neutral red vacuoles are also seen

Lymphocytes at times show defimte stumng abnormalties m disease
states particularly m virus ifections The cytoplasm of the larger cells 1s
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Figue 3 Lymphacytes A small B large
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Ingh concentration of_glucose,” and by _malautrition ¢ The nppheaton o
rgents whuch alter the surfrce charge of the cells or the particles alters the
phagocytic activity ! These results are mn agreement with other obsena
tions™ ¥ that rcdate phagocytosis to surface charge However other results
stem to mdicate 1 chemical relationship between the particle and the
CC” 04 07 08

The important rol that the propesties of the particles to be cngulfed play
1n the process of phigocy tosis 1s demonstrated by studtes that utilized wnert
solid particles*™ and Dactersa 7 Many bactena produce tiphagoeytic sub-
stanceg which we toie for the phagoestic ccll®) Among these are the

Visomitic “0__antigen on the surface of many gram negative species exotouns
»hnd leuhociding The growing type III pneumococcus resists phagocyfosts

m 2 different manncr It produces 2 polysacchande “slme” Iyer composed
of long chaned crbohy drate polymcrs of glucose and glucuronic acid which
protects the organism from phagocytoss and contributes to the virulence
of this orgamsm U7

The enhanced phagocytosss of orgamusms which occurs in the presence
of ser1 nd 1 1s known s the opsonie function of the
antibody ** The manner by which opsonmin renders MICroorganisms more
susceptible to destruction 15 incompletely understood In the absence of
opsomn phagocytes are unable to engulf bacterr flotting free 10 2 hqud
medum In such csreumstances cells can phagocytize orgamsms fter they
have succeeded i trapping them agamst 1 convenient surfice such as the

wall of an alveolus or another leukoevte This process has been term
surface phagocytosis 1618

'

Studtes i patients with evelic neutropentt and 1n patients with perﬂstem
agranulocytosis wssociated with asplastic anemin mdicate that the grmulo
cytes ply t minor role 1t most in defense mechamisms other than phagocy
tosts ¥t Such studies indicate no influence on antibody production the
tebnle vesy to end d ed mirnenously or the local res®
tions to endotovin or bactersal allergy The responses (n"lppru nate stumult
i the form of mcreased production of C reactive protemn -mdpmucopmtem
apper to be ummpured m the absence of granulocytes Perhaps the most
sigmificant observation such patients concerns the deficien X:\ot only of
granulocytes but also of lymphocyvtes m cutancous mﬂamr?ulon which
suggests that the neutroplulic granulocytes (or a product of their reaction
swith fhie tissue) afford the stimulus for the migration of lymphacytes to the
aren of inflammation nd their subsequent transformation into mqi-mplnges

JI THE LYMPHOCYTIC SERIES
VMORPHOLOGY
1 Lymphoblast

The lymphoblast occurs 1n the peripheral blood rarely sf 4t 4] cxcept
in cases of Jeuhemia It s d hed from the myeloblast with dufficulty
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LYNPHOCYTIC SERIES g

and the wentity of a Dlast cell usunlly 1s assumed from the recogaition of
the older cells that sccompany it The nucleus of the lymphoblast 1s round
and has a fine chromatin structure i wiieh 5evcral igleoli a76 olten visible
“Fhe eytoplasm stamns pale blue 1nd contans po pranules.

2 Prolymphocyte

Lymphacytic cells thit are diate between lymphobk and
lymphocytes are termed prolymphocytes Alhough the nuclear chramatin
appears coarser than that of the hlast cefls st 15 finer than that of the lympho
cytes At times nucleoli or nucleolar remnants are vishle Usuaily the diam
cter of these cells 1 greater than 15 microns

3 Lyinphocyte

In dry smears the dimeter of small lymphocytes vanes from 7 to 10
wuerons biut the less common Jarge lympt may have a dsameter of 20
microns When Wright s stan s used the nucleus of the ssnall Iymphocytes
which s usually round but sometimes wndented appers almost to §li the
entire cell The pucleus has 4 promment membrane stamns deeply and con
tams Iarge masses of chramatin No nuclech can be wentsfied In the lrge
tymphocytes the nucewr chrom wm stams less deeply and appears samewhat
fess compact The cytoplasm which 15 much more aburdant n the larger
tymphocytes staxns pale blue A smull number of reddish violet granules
are scattered through the cytoplasm of many of the cells of ths series” The
tymphocytes do not gne a pusnme rcaction with the perovadase stamn_ When
stained supravstally with Janus green and newtdal red the Tyfmphoc hocy tes are
seen to contam a vanible number of short rodiihe mitechondna that usually
appear clumped m ane part of the cytoplasm often opposite the nuelear
mdentation A few small neutrad red vaeuoles are so seen

Lymphocytes at times shos, definte stamng abrnormalities m disease
states parbenlarly m virus wfections The cytoplasm of the larger cells 15
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Figure 3 Lymphacstes A small B large
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sometimes deeply basophilic and opague and at other trmes 1t 1s almost
colorless Nuclear fenestrations and cytoplasmic vacuoles are often present

ORIGIN OF THE LY VI HIOCYTES

Lymphocytes are produced gymph nDchn the perrarterial pulp of
ythe spleen, 1n nodules of the tonsili3in the mucous membranes of the gasqu
~ wntestiny s@]‘ft_o‘!:"ﬂ'l_mwmﬂnd possibly m the lymph
:Qnod(ul the bone murow ' ¢ ¥ 118" Vargyis Cellalar_origing of the
lymphocytes have been_suggpested _Among_these are_preexisting_Iympho
cytes 18 8 reticulum cells 19 32 138 hemocytoblasts 10 8 and “primutive white
cells intermediate between retxcullmm?mphobhs(s 9 Much'en
dence suggests that the lymphocyte 1s not an ureversible end cell” such as
the granulocyte but mstead 1s a cell that retains the potential for further
differentiation  at least under spectal crcumstances The lymphocyte has
been considered to be the source of plasmn cells™ 2 and also of wandenng_

tissue_phegacytes ¢ 1" The conclusion has also been r¢ached by some i
vestigitors that lymphocytes can produce myeloid cells® ¢ 6 and ery thro-

eyte precursors®™  * under the specific simulus of spicial environmental
tactors

CHEMISTRY OF THE LYVIPHOCYTES

Most of the studies on the quantitative and qualitative chemistry of the
leuhocytes have been performed on mixtures o granulocytes and Iympho
cytes What 1s known of the chemustry of the lymphocyte has been deter
rmned Irgely by the apphication of nstochemical methods By such methods
a number of enzymes and other chemical substinces of uncertam function
have been 1dentified in the lymphocytes Actd phosphatase!™” and gly cogen?™®
have been identified in the Iymphocy tes 1n the arculating blood These cells
have been found to cont un more dipeptidise wd less tripeptidase than the
granulocytes ! When the IJymphocyte migr ites o a site of nfimmaton 1ts
morphologieal change mto 1 macrophge 15 wcompanied by changes m 1ts
cytochemustry ¢ These are the acquisition of vudase and perovidase activ
ity the appearance of alklme phosphatise ind in merease i sud nophulic
cytoplasmic constituents These changes occur when the lymphocyte 15 un
dergong hy pertrophy at which time there 1s both 1 relative and an absalute
increase 1n mitochondna

FUNCTION OF THE LYMPIIOCYTES

The function of the lymphocyte in the arculition nd 1n ather tissues
hout the body to be the subject of considerabl, contto

\ersy It has becn considered by many to be n dult el perhaps more
vestigial than functional because 1t was thought to possess nerther nucleolr
nor powers of movement Others have alnays considered 1t to be 4 young
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cell capable of forming other cells normally or in the times of stress The
obseryation that enormous_numbers of lymphocytes enter the crculation
each dww via the thoriaie duct _the visualzabion of Tuéleoh by ieans of
supravital stains and the newer types of microscopy, the recognition of a
charactenstic_type of motility and the demonstration that these cells con
tam a large arsount of deoxynbonucleic acid have all combined to produce
a reawakemng of interest m IymphoCyEes T AT the present time most of the
intercst and controversy related to the lymphocyte 1s concerned with its
possible function as a hematopoietic cell or as a wital part of the defense
mechanism of the body

The a‘ﬂW@mﬂmw
plastically Is” considercd st ibhshed by some because of the demonstraton
oF mtoses 1 material from lymph nodes bone marrow and spleen 1° How
ever mtoses are seen much more often i large and medium sized lympho-
cytes than m small lymphocytes 1n the germmal centers of lymph nodes
The discrepancy bets cen the large number of lymphacytes present m the
body and the imfrequent acourrence of mitosts 1 ymphoid tissue may be
expluned bv a heteroplastic ongin from reticulum cells and by a long hfe
span of at Tewst twenty ong days 1s measured by studies with DNA lnbeled
with 1116 ictive phosphorus 1% Yoffey has calculated that for every lympho-
cyte normnlly present mn the airculation three lymphoevtes Ehter the circu
latiofi each day-from the thar e duct and 23 are present in the bone mar
row %2 The ongin of the marrow Iymphacy tes 1s thought to be hematogenous
rather than myelogenous The function of the large number of lymphocytes
contained in the marrow but not orgamzed mto lymphod tissue rematns an
unsettled problem According to one concept these are resting primitive cells
able to be transformed into blast cells of vanous types mch\ig\fm“\m_czw
précursors and thus the man function of the small Iymphocyte 15 celfular
Production® *"Ihas also been suggested that the Farge number of lympho
cytes m the tissues and thewr reaction to adrenal cortical steroids ndicate
that these cells have a role 1u proten metabolism* 2

The tole of the lvmphoevte 1n defense depends m large measure on its
ability to be transtormed into other cells_such as macrophages and plasmd
cells The lymphocytes possess hmited but definifte’ power of phagacytosss.
FHowever £ 10n of lymphoeytes Tito macrophages at a site of tissue
inflammation 15 accompanied by a marked enhancement in phagocvtic abil
1ty 17 Magrophages, sluch wiee_stso from monocytes and histiocytes of the
cannective fissue are probably the most powerful phagocytes in the body
1t his been suggested that the small lymphocyte 15 simply a small edition
of the macrophage and that thowe i the crenlating blood constitute a re
serve of potential macrophages 343

a bod
e, bmphacte rmed with y § Results

queé are with the
hypothesis that a small amount of antibody 15 formed m lymphocytes 3

However these stuches show that the major portion of the antibody forma
tion takes place 10 _plasma_cells _and 1t 35 possible that the ISt Tmportant

g, e
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functron of the lymphocy te 1n this connection 15 m the production o{zlﬁm:
_cells” Lymphocytes may_be_transformed jnto_plasind_cclls difecthior b
directly bv becoming lustioeytes which sn turn @Qﬁn@bmw
The Ivmphocyte 1sassigned to shll anothéF Tole 1n antibody production »
the reutihzation hypothesis * Antibodtes are not scIf replicating and it has
been suggested that the transfer of immune reactions by the lymphoid tissue
oceurs because the nucleic 1cids of the Iymphocytes which provide templates
tor the protems concerned m antibody synthesis act as mediators when
large fragments of the nuclerc raids of small lymphocytes are phagoeytzed
by retrculum cells which later become transformed mto new lymphocyte
or plasma cells ¢ It has also been_postulated that the rmutral step X
antibedy_formation 1 the phagocytosss of the antigen by macrophrges » huct
become transformed mto plasma cells ag%ﬂﬂ%}?@@
bot}y_ﬁ\‘—'T———‘_'iwlncl ‘WWS e heteroplasti
type of anttbody formition which ncludes the concept of reutilization ©
antibodv cells or of thesc cells apparently predomt
nates wm acttve ymmunizatton A hom(uﬂamua_mx_bog’_/dywolmlﬂﬂ
the passing on to daughter cells of mcrements of mtbody By_prolferatio!
gf/antﬂw_hmphwmn {which may also molve 2 reutihizatio
process) may be important mn certan crcumstances such as the prohfera
tion of lymphoid tissue and sensttization by the transfer of antibody cor
tamung cells
Views of the lymphocyte that are contrry to those presented above hav
been expressed by Gowans  Gowans states that the smalil Iymphocyte has
long life span perhaps measured i months and its Wansformation ot
another cell type exther m the Hofig Marrow or in areas of nflammation b
fiot been demonstrated unequnocally From his own studies he conclude
that the large number of small lymphocytes that enter the venous syster
from the thoracic duct each day are cells that have recwrculated from
blood Farlure of others to find any sigmficmnt DNA production m sms
Iymphocytes n studies that utilized tutiated thymdun
which 15 incorporated solely mto DNA supports the concept that the sma
Iymphocyte does not possess sipnuificant probferitive activity 1 6
At the present hume 1t 15 apprent that many mportant detarls of tt
lymphocyte particularly the small lymphocyte remam uncertayy and cot
troversial

IIT THE MONOCYTIC SERIES
VORPHOLOGY

1 Monoblast

According to the Commuttee on the Nomenclature of Blaod Cell (1849)
the monoblast 15 any cell of the monocvtic series that lﬂs_a_ﬁnp‘chmm
e eture Nucleolt are usually visble, and such eclls found 1 assomption
i monoeytes should be tentatively classed a5 monblasts These cells go
not occur 11 the penpheral ‘blood or bone marrow under normal conditions
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but may be seen in patients with monocytic leuherma In such circumstances
muny of the blast cells appear sdentical with the myeloblst

2 Promonocyle

Promonocytes are cells that have an indented nuclens and appear younger
than the monocytes m that the nuclear chromatin appears more finely
diided and contains nucleoh or nucleofar remnants Thest cells are thought
to bo intermediate between the blast cells and aduit monocytes They are
not scen in the penipheral blood normatly but 2t times do oceur m dissernt
nated tuberculonis and other diseases mvolving the reticuloendothehal sys
tem as well 15 1n monoevtie leuke mia

3 Monocyte

‘

The monocyte 15 m‘%:gl_x_l_:xgggr,than the other cells of the peripheral

blood In dned smears the diameter measures from 16 to 22 microns Yhen
stamed with Wnghts preparation the monocyte posses.cs.an_abundant pale
bluish gray cytoplasm shich appeas hat mor_apague than the cyto
plasm of the lymphocvtes The evioplasm contams numerous fine reddish
blae granules wd vacuoles are often present The nuclens wiuch 1s often
but not mvanably mdented wghrow appears
wriore condenscd where the strwds of chromatin meet When these cells are
stuned supravitally with neutra] xed and Janus green, Jarge numbers of
short mitochondna en be seen 1n the cytoplasim Neutr o red regularly stams
2 group of ovtoplasmie vacuoles near the dentation of the nuclens This
rosette of red vicuoles has been dered by some authors to be a chirac
tenstic_pecubar to monocytes 2% but others do not share tius opimon $t
Although monocytes are usually easily distinguished from lymphocytes and
myelocytes by their size and the appcwrance of the nucleus and cytoplasm
at times atypical cells are seen that cannot be 1dentified with confidence
by any of the staimng methods

ORICIy OF THE MONGQITES

In 1924 Maximow stated that of all the cells m the circulatmg, blood
the monocvtes offer the greatest dufficulty to elucidation of thewr relahonship
and ongm  * Three decades later both their ongm and therr relationship
to the hustiocytes (macrophages) renawn uncertamn At vanous times mono-
¢ytes have been considered to arise from lvmphiocytes 18 93 endothebia) celis ©
N » Joblasts® and Blastg 138

A relationship between monocytes hustiocytes and lymphocy tes 1s shown

by the study of the reaction i nflammation Mavimoy, ¢ d 1t proved
that the tissue macrophages (polyblasts lear phagocy tic el )
arise partly through direct transformation of the free hustiocytes of the tissue

by mobilization and also through changes that occur 1n monocytes and
tymphocs tes that migrate from bload vessels mto the feld of wiammation
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buck and Crowley who recently published n extensive yevien of e
itk on this subject studied the cellulir rerctions pccurmng 1 stenle o
mmation of the human shin and conduded tint the mam source ¢
rcrophages in the mflammation 1s the emmgrated lympho'c'x(_gs whale the
onocytes and tsstirs cells play 3 subsidi iy TolC bec Juse_qf ther limtee
imbers *°

CHEMISTRY OF THE MONOCYTLS

sufficient numbers of monocytes h1ve not been obtuned for any Qo
.ative chemical determmations However Iustochermeal methods have 1
vealed the presence of nucleic acds glycogen a dehydrogenase gt
and phospholiprds ** The monocytes do not contan alkaline phosphataseb r
do contan 1cid phosphatase, oxdases_and peroudases ! Fabonucleie 20

(RNA) and deoxynbonucleic acid (DNA) are also present 18 UL

FUNCTION OF THE MONOCYTES IND M {CROPHAGES

The monocyte s considered to be a young cell that 15 capable of maty
rologie activities % Normally it develops intg a macrophage 20 occurrery:
which mndicates that the monocyts ﬁ@iﬁy—ﬂmfﬁs for grow ﬂh A
%@oﬂ_ “Recent studies

v el@ﬁe@i@",m@em}ﬂﬁwcy tosis_and;
that vtlized tntium labeled thymudine indicate that monocvtes m the &
calation are capable of synthesizmg deoxynbonuclese 1ad an ohseryabal
that suggests that the cell 1s destined to dnade *? It 15 not hnown whethtt
this actvity m a curculating cell indicates merely 1 capacity to pmpilgﬁ‘ie
wtself or the wider capactty possessed by a totipotential mesenchymal celi ©
fced tissue The monocvte has the ability to synthesize proten and 1t hat
been suggested that these cells produce antibodies and other substances th?
are released by eytoplasmic shedding and cellular disruption 32 113 Others
who believe that antibody production occurs almost entirely m the plast
cells and to a small extent in hmphocytes consider that the evidence I
antibody production by monocytes 15 mdirect or negative  The monocyte
and macrophages POsSess great capacty for Ph“gOCytOsxs and m certal
disease states they respond to specific stmuh by the formation of epitheliot
cells and multmucleated giant cells * ® The monocyte responds to E;]\e e
ence of the tabercle mn 1 chractertstic fashion  Multinucleated Cel]sp m
formed and are believed to be the eprthehiond cells of tuberculogs 17

1v THE THROMLOCYTIC SERIES

AGRPHOLOCY

1 A[,gakaryoblast
whach are found only m the bone marroy, 4 spectal

Megalaryoblasts
areumstances are larger than the other Blast cells The eytoplasm 15 pale

y
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Figurn 4 Megihryocyte

blue The nuclens which 1s round or oval hos o fimly dorted chromatin
structure and a varnblo number of small nucleolt muy be apprent

2 Promegakaryocytc

Promegaharyocytes re considered to be antermedite hotwcen e
Raryoblsts and meg haryoeytes The nuclcus winch has a shape simfhr to
that of the megakwnvocyte contuns nuclegly surronnded by a rather oo
chromatin structure The cytoplasm cantuns & number of Gne pueplish ved
granules

3 Megakaryocyte

The megaharyocytes do not accur m the parapharal blood uormally but
are found in the bone marrow They e very Twge cells that often have g
duameter that vanes from 50 to 100 mwrens The nuckeus which fs usinlly
multilobed stans dark blue with Wrights stun ond contang na visilly
nucleoh The bundant ¢y toplasm stms helt Muc and contvins numcrows
purphsh red granules These granules often apper I e tes

4 Thrombocyte (Platelet)

Thrombocytes or blood platelets arc the smallest stained ¢ Jements in thy
peripheral blood Ordinanily they have a diimeter of from 9 1o microns
but 1n some diseise states and on smairs made from blood collected witly
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Rebuck and Crowley who recently published an extcnsive review of the
work on this subject studied the cellular re1ctions occurnng m stenle
flammation of the human skin and concluded that the mun source of
macropl m the mil 15 the 1 lymphdcytes while the
monocytes and tssTEs cells play_a subsidiary 1ole because of their limued

numbers 1%

CHELMISTRY OF THE O\NOCY TES

Sufficient numbers of monocy tes have not been obtamed for any quantt
tatnve ch I deter However hstoch I methods have re
vealed the presence of nucleic acids glycogen™ a dehydrogenase hpids
and phospholipids ** The monocy tes do not contam alkahine phosphatase but
do contain ac1d phosphatase, oxidises_and peroudases 1 Ribonucleic acid
(RNA} and deowynbonucleic acid (DNA) are also present 18 3 11t

FUNCTIOY OF THE MOMNOCYTES IND ACROPH {GES

The monocy te 1s considered to be a young cell that 1s cpable of many
brologic actvities **3 Normally 1t develops intg a macrophage n occurrence .~
wiuch indicates that the monocyte E:{Eﬂ&ﬁ?ﬁ@z& for growth dek2.
\elopnﬁnt’@ynie}fsf@m@})hagoq!usxs and?digestion Recent studies
that ufilized tntum Jabeled thymidine mdicate that monocvies 1 the cir
culation are capable of synthesizing deoxyribonucleic acid an obsery ation
that suggests that the cell 15 destined to divide ** It 15 not known whether
this activity 1n a cireulwimg cell mdrcates merely a capacity to propagate
atself or the wider capacity possessed by a totipotential mesenchymal cell of
fixed tissue The monocyte has the ability to synthesize protemn and 1t has
been suggested that these cells produce anttbodies and other substances that
are released by cytoplasmrc shedding and cellular disruption 22 138 Others
who helieve that antibody production occurs almost entirely m the plasma
cells and to a small extent m Ivmphocytes conssder that the evidence for
antibody production by menocytes 1s indirect or nepatne  The monocytes
and macrophages possess great cap ity for ph 1gocytosts and m certam
disease states they respond to specific sumuli by the formation of epithelioid
cells and multinucleated grant cells 12 The monocyte responds to the pres
ence of the tubercle n a charactenistic fashton Multimucleated cells are
formed nd are behieved to be the epitheliond eclls of tuberculosis 1+

1V THE THROMPOCYTIC SERIES
VORPHOLOGY

1 Megakaryoblast

ly in the bone marrow in special
\fegakaryoblasts which are found only
cu—cumss!{.\m.es are larger than the other blast cells The cytoplasm s pale
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e P
Figure 4 Megalunyocyte

blue The nucleus which 15 round or oval has a finely dinded chromatin
Thucture and a vanable number of small nucledh may be apparent

2 Promegakaryocyte

Promegakaryocytes are considcred to be mtermediate between mega
karvoblasts and megakaryocytes The nucleus which has a shape similar to
that of the megakaryocyte contams nucleoh surrounded by a rather coarse
chromatin structure The cytoplasm contams 1 number of fine purphsh red
granules

3 Megakarocyte

‘The megakarvocyt¢s do not occur 1 the penpheral blood normally but
are found i the bone marrow They are very lirge cells that often have a
diameter that vanes from 50 to J00 mcrons The nucleus which 15 usually
multilobed stams dark blue with Ynghts stan and contamns no visible
nucleoly The abundant cytoplasm staws light blue and contains numerous
purphsh red granules These granules often appear 1 aggregates

4  Thrombocyte (Platelet)

Thrombocytes or blood platelets are the smallest stamed elements m the
penipheral blood Ordinanly they have a diameter of from 2 to 4 microns
but m some disease states and on smears made from blood collected with
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Rebuck and Crowley who recently published an extensive review of the
work on this subject studied the cellular reactions occurning m steride 1n
flammation of the human skin and concluded that the mam source of
phages n the mfl 1on 15 the emigrated lymphatites while the
monocytes and tisstieS cells play a subsidian, Tole because of thew luntted

numbers 109

macr

CHEVISTRY OF THE MONOCYTES

Sufficient numbers of monocy tes have not been obtamed for any quanti
tative ch 1 deter 1ons However histoct 1 methods have re
vealed the presence of nuclerc acids, glycogen ™ a dehydrogenase lpids
and phospholipids 1* The monocytes do not contamn alkaline phosphatase but
do contam acrd phosphatase, oxidases _and perovidases 140 Ribonucleic actd
(RNA) and deoxynbonucleic actd (DNA) are also present 13 3 111

FUNCTION OF THE VONOCYTLS AND VACROPHAGES

The monocyte 1s considered to be a voung cell that 1s capable of many
bialogic actrities 3 Normally 1t dev elops intg a macrophage an occurrence.=,
which mdicates that the monocyte has grea ibotfghahu—ésifor growth de@/
velopment of énz _ﬁ’f@};}ﬁgac} tosis 'md’j igestion Recent studies
that utilized tntwum labeled thymidine mdicate that monocytes m the ar
culation are ¢apable of synthesizing deoxyribonuclerc acid an obseryation
that suggests that the cell 1s destined to dnide 17 1t 15 not known whether
this activity m a circulating cell mdicates merely a capacity to propagate

1tself or the wader capacity p 1 by a toty 1 hymal cell of
fived tissue The monocyte has the ability to synthesize protein and it has
been suggested that these cells produce antibodies and other sub: that

are released by cytoplasmic shedding, and cellular disruption 3 113 Others
who believe that antibody production occurs almost entirely in the plasma
cells and to a small extent in lymphocytes der that the evids for
antibody production by monocytes 1s indirect or negitive  The monocytes
and macrophages possess great capacity for phagocytosis and i certain
disease states they respond to specific stunult by the formatton of epitheliod
cells and multinucleated guant cells 133 The monocyte responds to the pres
ence of the tubercle in a charactenstic fishion Multnucleated cells are
Formed and are believed to be the epitheliond cells of tubereuloss 17

IV THE THROMBOCYTIC SERIES
WORPHOLOGY

1 Megakanyoblast

\legakary oblasts which are found only 1n the bone marrow mn special
circumstances are larger than theiother blast cells The cytoplasm s pale
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cthmohimmnt phospliatide) that 1s essential 1 the first phase of blood
cogul tion

Y THL PLASMAGYTIC SERIES

MORPIIOLOCY
1 Plasmablast (Myeloma Cell)

Plismblasts do not oceur normally s the penphieral blood or w the
bone murow wd are seen only i phsmacytic leukerma or multiple mye
loma The nucleus wineh 1s nsually eceentric; Tias fine chromatin structure
ind contuns one or Morc large nucleoli The cytoplism stains blue and 1

more opaque than that of the myeloblist or_fymphoblast -

2 Proplasimacyte

fhese cells are intermedinte betw cen the plasmablasts and the plasma
ytes The chromatin of the nuclens appears more coarse than that of the
phsmablast but 1s defimtely more 1mmature than that of the plasmacyte
Usuilly 1 single nucleolus 1s present but 1t times more than one are seen

3 Plasmacyte (Plasma Cell, Marschalko s Plasma Ceil)

n fixed smears the phisma cells v iy considerably i s1ize and diameters
rnge from 10 to 20 microns The chwactenstic feature of the cell 1s the.
ceeentrie location of the round or ool nuclens which has extremely coarse
chwomitin The chromatm consists of blocks which stan deeply The ar
rangement of the chromatin 1 the nucleus has been compared m appear
weg to the spokes of a wheel The cytoplasm which often has an wregular
border s Abindantstams dark blue and s charactericed by a permuclear
we of hghter staming, The cytoplsm 1s non homogeneous and small vacu
oles e often present When supruatal stamns are used numerous small
mitochondria can be seen m the cytopl ism of the cell

Plismacytes are not usuilly secn mn the peripheral blood but may appear
n serum sichness _nl@g mfectious mononucleosis, nfectious_hepattis
mulfiple myelomt plisma cell leutamii,_wd other conditions Normally
phismicyfes ar_present m the Jymph nodes. the connective tissuc_nd the |

Lone marrow

ORICIN OF THE PLASMACYTES

Michels reviewed the rather extensive hterature on the plasma cell that
wppered prior to 1931 and noted that at least four different cellular origms
hd been sugpested  These were (1) histogenpus ohgm from connective
v 1ls including tissue lymaphocytes fibrobl MAHEE@AQQE
{2) ongm from emigrated 1)1‘@\_@mmmmed Tympho
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an anticoagulant the platelets appear much larger In such errcumstances
they may approach the small lvmphocs te 1n size or may form 2 strand that
stretches cross an entire o1l field These_el contaun_no
nucler and Lhenystamed)vnthm\ynghtsﬁshmgpmrar to_consist of a pale
<y tﬁg)l—smlvaL contains numerowﬂwﬂgc&, e

ORIGIN OF THL THPOVBOCYTES

Megakaryocvtes are thought to arise fro ne_mesenchymal cells

by way of the hemocytoblast that is the precursor of the megakaryoblast ¥

Wright's hypothesis of the ongin of the blood platclets_1s_fragmented
portions of the ¢ mmm&gm
¢rilly accepted *1 More recent studies that utiized antisera® and the elec
tron microscope’ ® support the same concluston

CHEMISTRY OF THE THROMBOCYTES

The chemustry of the megakarvocytes and the platelets has been mvestt
pted extensively The cells are metabolically active and have a considerable
turnover of phosphorus? t Peptidases nucleotdase acid phosphatase and
alkahme phosphatase occur 1n substantial amounts The granulations of both
thrombocytes and megakaryocytes e polysiechandes Ribonucleie acrd
(RINA) 15 present only n the megahar ocytic nucleus 1 1 8 Investigation of
the lipid content of platelets has revealed that the largest percentage of the
total ipid fraction consists of phospholiprd 68 per cent of which 1s cephalin 4%
It 1s mnteresting that the platelets contain the stme amount of Iprd by werght
as the leukocytes Delnvdrogenase activity shich ordinanily disappears with
the destruction of the mtegrity of the cell structure 15 present i the plate
let? Platelets contun pyrophosphatase which 1s Itherated before evidence
of platelet dimige becomes appirent 5! Cytoplasmic nucleotides are present
m the megakaryocytes and are broken down as the cell grows older The
finding of therr degradation products 1 the phelets 1s mterpreted as evt
dence that the older cells e responsible for the formation of platelets 3>

FUNCTION OF THE THROVBOCYITLS

The chief function of the platelet 1s 1n_hemostasis However there 1s
increasing evidence that the platelet like other formed elements n the blood

may serve as part of a transport system, that carries enzymes or other chem

cals from one part of the bos another
Tr hemostasis the platelet serves i both a mechanical and 1 chemical

role 1t acts mechamcally to seal defects m the vascular endothchum and
also to promote clot retrachion by its mfluence on the strinds of fibnn
Platelets contam serotonm (5 hvdroxy try ptamime) and may 1ct chemienlly
to promote vasoconstriction of the small vessels They cxert 2 more impor
tant influence on blood corgulation by releasing, a substwnce (probubly
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cytes or preevisting tissue lymphoeytes (4) ongin from.xmm\atuar;_ﬁooil
cells such as myeloblasts or erythroblasts, through aberration Sundberg his
recemtly reviewed the subject of the engin and function of the plasma cellst ?
and pomted out that while studies on the production of anttbodies empha
size a close rehtionship between the plasma cells and the lymphocytes the
concept of multiple ongms of plisma cells from lymphocytes, pervascular

cells mesothelal cells_macrophages and fbroblisks,—w. '\\vamd’
by Downey3n 1911 cannot be exclided with certanty 1)
CHEMISTRY OF THE PLASMACYTLS

Although both nbonucleic acid and deoxymibonuclerc acid have been
identtfied n plasma cells the small number of these cclls that are available
has limited the study of their chemical composition

FUNCTION OF THE 1 LASW{CYTES

Since the discovery of antibodies by von Behring, in 1890 a great body
of data has been accumulated as the result of attempts to find the site of
therr production The Ively discussions which have resulted*” may be due
mn part to the confusion ansing from the morphologic stmilanties of the
young lymphocyte and plasma cell and to the varations 1 experimental
methods used by vanious investigators Recently the cvidence that the plasma
cell 15 the major site of antibody production has become almost indisputa
ble * 37 It has been demoustrated that a marked increase m plasma cells
occurs 1n_the_spleens of animals FeCeivingTepeat otis_of antigen
tissue explants from the spleens of these ammals continue to produce anti
body 1 vitro These tissue explants contam plasma cells By means of the
[il labeled antibod hmque 1t has been shown that the antibody
develops 1n response to the second mjection of antigen The production of
antibody m the plasma cells 1s associated with a marked increase m the
number of plasma cells

The plasma cell 1s only rarely phagocytic® and the vanous melusion
bodes that sometimes occur 1n the cytoplasm are probably formed intra
cellularly

VI THE ERYTHROCYTIC SERIES
MORPHOLOGY

The terminology that has been used 1n discussions of the nucleated cells
of the erythrocytic senes has been the source of considerable confusion
Because different defimtions have been given to the same term by different
authors the Commuttee for Clanfication of the Nomenclature of Cells and
Diseases of the Blood and Blood Formung Organs has recommended an
entirely new termmology for the nucleated cells of the erythrocytic sertes 22
The terms recommended—rubnblast prorubncyte rubneyte and metarubn
cyte—have not been used widely The C: felt that the ded
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names indicated stages of differentiation in development of the adult erythro
cyte They recommended that the qualifymg phrase “permcious anemia
type be used to indicate the cells that showed the morphological charac
teristics seen m patients with untreated pernicious anernia

Usually the type of erythropoiesis 1s described as bemng either “normo
blastic or megiloblishe, The term megaloblast™ has becn used with
different meanings m the hteriture Ehrhich mtroduced the term to indicate
the large nucleated precursor of the erythrocy tes that 1s charictenzed by its

much weaker 2ffimty for nuclear stams +* He thought that the presence of
this cell m(m erythroporests that was seen in adults
almost exclustvely i permicrous nemia, wnd that 1t represented an embry
onic type of cell He considered it a line of cell maturation different from
the normoblastic type which was seen m nearly all other types of anemia
The normoblastic type of maturation was charactenized by erythrocyte pre
cursors that contuned 4 nucleus that gave an mtense color with nuclear
stans Doan Cunnmgham and Sabin used the term “megalobhst to ind:
cate the first generation of cells m the red blood cell series that could be
distinguished from endothelial cells m exther the embryonie or adult fypes
of erythroporesis 3 Thus according to one usage of the term megaloblast
wndieates an 1bnormal type of erythroparests that occurs only i special dis
case states when seen n postnatil human bemngs according to the other
usage the term indicates a very young erythrocy te precursor that may occur
whenever erythropolesis 1s marhedly increased but otherwise normaf The
term “erythroblast has been used by some nuthors to refer to all forms of
nucleated red corpuscles but Doan Cunmngham and S1ibin have used this
term to indicate an intermediate stage n the development of the erythro-
cyte The term  megaloblast 15 used m this text as it has been used by
Ehrlich Downey Jones and Wintrobe 4t 43 1

Erythropoiesis 1s considered as bemg norm1l i type when the normo
blastic series 15 present and rbnormal when the megaloblastic series 1s pres
ent Smmar stages 1n the development of the nucleated red cells can be
recognized 1n both serics In normoblastic maturation the cells of the differ
ent stages are termed pronormoblast besophilic normoblast polychromatic
normoblast and orthochromatic normoblast In the megaloblastic type of
maturation the corresponding cells are termed promegaloblast basophihe
megaloblast polychromatic megaloblast and orthochromatic megaloblast

1 Pronormoblast (Rubriblast)

The pronormoblast 1s the s oungest recognizable precursor of the erythre
cyte Its drameter varies from ]2 to 19 microns The nucleus which 1s round

N bl ! lasia In hemolytic anemia

Figure 5 (oppostte page — upper)
Figure 6 {opposite page — lower)  Megaloblastic hyperplasia n pemiclous anemia
¥ I and H 1 hen H: 1

{Both figures from - Atlas der k
und Cytologie Springer 1953 )
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certam condk catalase fi asap dase and this may be the
role 1t pluys i the red blood cells *7

Acetylcholinesterase has been the subject of widespread ntercst recently
That which 1s present m the erythrocyte 1s firmly fixed to the stroma' and
may mfluence the permeability of the cell to potasstum and sodum 10ns *
1t may serve also 1n the protection of the body agamst excessive acetylcho
line production The acetyIcholmesterase content of reticulocytes and young
red cells 15 increased and measurement of the enzyme m the erythrocytes
can serve as an ndex of marrow activity 105 119 -3 Markedly reduced actiy
ity of erythroc)le Ichol has been d d i patients
withp I nocturnal b ot

Carbonic anhydrase catalyzes the formnhon and dissocration of carbome
acid It makes possible the rapid removal of carbon dioxide from the tissues
and 1ts release from the lungs 115 The observatton that this enzyme was par

tiily mnhibited by the sulf des led to the devcl of the more
potent carborue anhydrase inlubitors
of red cell glutat) has been found m persons sensitne

to primaquine * Admimstration of primiquime results in destruction of the
older red blood cells perhaps as the result of oudative damage to the
hemoglobin or the stroma which 15 evidenced by the 2ppewrince of Hemz
bodics The appearance of Hetnz bodies will also result from the exposure of
sensitive cells to acetylphenylhydrazine m vitro A deficiency of glucose 6
phosphate dehydrogenase has also been demonstrated mn primacuine sensu
tive cells It has not heen demonstrated that either deficiency 1s the primary
defect 1n these cells but it has been postula!(d that glucose 6 phosplnte

dehydrogenase defi results in aimp 1 1dine nucl
teduchon which in turn results m a defiiency of xed\met\ glutnthione Pa
tients tive to pr have been d d to be sensitive to

acctanilid furadantin sulfarslimide napthalene and other substances This
defect 15 transmitted by a gene which 1s se< linked and has vanable expres
sty It occurs m approuimately 10 per cent of Negroes and 1 per cent of
Caucastans Fava bean sensitive subjects have also been demonstrated to
have deficiencies of the same factors but other factors may be operatne
as well
Two enzymes have recently been isolated from mammalian erythrocytes
which are believed to be 1 wlth of hemoglobm 1n a
functional state \leth lot % 15al with a mo
lecular weight of approximately 185 000 It has been postulated that together
mth reduced mphnsphopyndmc nucleoude and possibly reduced dnphos
lobin reductase the I
of the mtact red blood cell 1 the reduced form Glutathione perotidise®®
1s a heat ]ablle and non dialyzable enzyme 1solated recently from mammalian
erytk ) whuch catal the oxidation of reduced glutathione
b) hy drogen peroude It has been suggested that this enzyme functions with
i to protect h lobin from oudatne damage i the tact
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oo

Th or ex all uerobic react m prod 35 moles of ad iphosph.te
and 15 mneteen times as faent as the anzerobic pathway which results m
st 2 mofes of adenosine tnphosphate

It has been shrren that the ervihrocvtes consume munute quaptities of
uxy2en I thns represents true resprraton actnaty it could contnbute to the
eneTyy production of the ll® 1~ This important pomt has not been settled
bt the arrobie mechamsm appears unlilehh because the mature red blood
eIl contains no mitochondna, which arc thought to be essential to the aero-
bic paths ay of JJucose metabolism® 1= The available evidence mndicates
that aneerobic glycolysis but not the tncarbowlic aeid evele 15 important
for the metabolism of Jlucose by the erythrocyte The enzvmes mecessan
for the operation of the phosphogluconate oudatne pathway are present
in the red blood ecll As a result of the operation of this shunt reduced tn
phosphopyndine nucleotide 1s made available m the red blood cell Ordi
nandy plucose 1s broken down through a senes of reactions to lactic aod®
The rate of glycolysis by the mature erythrocyte 1s from 03 to 04 mz.
glucose/ce of packed cclls/hr The enythrocyte 1 contrast to other cells
utilizing, anacrobic glycolysis contamns an unusually large amount of 23-
diphospho,lycerate and no glycogen Some consider that 2 3.diphos
phoalycerate serves as a carbohydrate storage compound 1n place of glyco-
gen It s utihized when the supply of glucose to the cell 1s exhausted. This
substance 1s also an important catalyst i glycolysis 132

During, glycolysis for cvery mole of glucose degraded to lactic acid there
i a nct g, un of two moles of ATP Hydrolysis of a mole of ATP to one mole
of ADP and onc mole of inorgame phosphate results in the release of the
equivalent of 7000 calones The utilization of this energy 1n the red blood
ecdl1s poorly understood It may be concemed with the mantenance of the
cllutir membrane and with transport of matcnals across the membrane
The mechanism by which 1ons and molecules enter and leave the erythrocyte
s not been dearly defined in any mstance but there 1s general agreement
that in active process ss nvolved  Insulm has not been demonstrated to
phy a ol 1 the transport of glucose across the red blood cell membrane

With the cxeeption of the ¢ nzymes that are involved m ghycolysis catalase
Iy perhips been more extensivdy studied than the other erythrocyte en
smes It s sumilir to homoglobm in ats structure and 15 composed of a
protan moicty ind four iron contaming heme groups Al of the heme com
pounds—c talisc hamoglobink myoglobin the cytochromes and peroxidase
~have in common the porphysin ring, structure with complexed ron atoms
but they contun duffcrent protun frictions All are mnvolved m essentil
metibolic ativities The synthesis of ¢atilase remains at normnl levels even
when rron defieney 15 severe cnough to produce ancmia The catalise con
tent of the crytlirocytes hias not yet been shown to vany sufficiently in dis
ises to be dngnostic of any puticular disorder !t Catalase 15 a potent
catalyst for the decompostion of hyvdrogen peroxide The function wsually
aseribed to ¢ italise 1s that of protecting, hemoglobin against decomposition
by ydrogen pe roxide 97 31 however 1t has been pomted out that under
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certam d catalase f as ary dase and thus may be the
role 1t plays m the red blood cells 77

Acetylcholnesterase has been the subject of widespread nterest recently
That which 15 present m the erythrocyte 1s firmly fixed to the stroma'® and
may mfluence the permeability of the cell to potassium and sodwum 1ons ®
It may serve also i the protection of the body agamst excessive acetylcho
Ime production The acetylchol ase content of reticulocytes and young
red cells 15 mcreased and measurement of the enzyme mn the erythrocytes
can serve as an mdex of marrow activaty 18 1 1-3 Markedly reduced activ
ity of erythracyte acetylchol has been d ted n patients
with paroxysmal nocturnal hemoglobmuna

Carbomc anhydrase catalyzes the formation and dissociation of carbonic
acid It makes possible the rapid remosal of carbon dioxide from the tissues
and 1ts release from the lungs 13 The ohservation that this enzyme was par

trally nhibited by the sulf des led to the development of the more
potent carbomc anhydrase inhibitors
Ad of red cell glutatk has been found m persons sensitive

to primaquime 3 Admmntration of pnmaquine results 1n destruction of the
older red blood cells perhaps as the result of oudatne damage to the
hemoglobin or the stroma which 15 evidenced by the appearwnce of Hemnz
bodies The appearance of Heinz bodies wall also result from the exposure of
sensittve cells to acetylphenylhydrazme m vitro A deficiency of glucose 6
phosphate dehydrogenase has also been demonstrated m primaquine senst
tve cells It has not been demonstrated that either deficrency 1s the pnmary
defect m these cells but 1t has been postulated that glucose 6 phosphate
dehydrogenase deficiency results m imp ured triphosphopynidine nucleotide
reduction which 1n turn results m a deficiency of reduced glutathione Pa
tients sensnme to pnmaqume have been demonstrated to be sensitive to
hal and other sub. This
defect 15 transmitted by a gene which 1s se‘( linked and has varable expres
snity It occurs m approximately 10 per cent of Negroes and 1 per cent of
Caucasians  Fava bean sensitive subjects have also been demonstrated to
have deficiencies of the same factors but other factors may be operative
as well
Two enzymes have recently been 1solated from mammalian ery throcytes
which are believed to be concerned with mamtenance of hemoglobin m a
functional state Methemoglobim reductase® 1s a hemoprotem with a mo
lecular weight of approvimately 185000 It has been postulated that together
mth reduced tnphosphopyndme nucleotide and possibly reduced diphos
dine nucleotide lobin reductase theh ot

of the mtact red blood cell 1n the reduced form Glutathione perovdase?
15 aheat labile and non dialyzable enzyme 1solated recently from mammalian
erythrocyvte hemol which \) the oudation of reduced glutathione
by hydrogen peroude It has been suggested that thus enzyme functions with
h to protect h lobm from oudative damage m the mtact
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erythrocyte Complete understanding of the role of these enzymes erythro
¢yte metabolism must await further study

Ergothionemne$ and a number of enzymes including phosphatases 10 1 »
urease! ¥ peptidases ! argmase ** glyovalase 4 lactic dehydrogenase 1914
and gl oxlacetic t * have also been 1dentified n the
erythrocyte Whether they play a role m the metabolic life of the mature
erythrocy te or are merely remnants of the metabohic functions of the normo
blast 1s unknown It has also been suggested that the red blood cell may
serve to transport these substances from one area of the body to another

The Stroma

The stroma 15 the msoluble portion of the erythrocyte wiich remains
after the cell has been hemolyzed and washed frec of hemoglobin The
stroma 15 frequently referred to as a “ghost ” It 1s composed of 40 to 60 per
cent protemn and 10 to 12 per cent pids The iprd fraction consists of 60
per cent phospholiprds 30 per cent free cholesterol and 10 per cent choles
terol esters and neutral fats 46 The free cholesterol 15 1n dynamic equilibnium
with the cholesterol of the plasma The blood group substances A and B
and the Rh anhgen are located 1n the stroma

FUNCTION OF THL ERYTHROCYTLS

The function of the erythrocyte 1s o carry oxygen from the lungs to the
cells of the bodv-and to transport_carbon dioude to the lungs The hemo
globin molecule 1n the mature erythrocyte 15 1n a stable state and there 1s
no degradation or resynthests dunng the life span of the cell However
hemoglobin does change constantly from the reduced to the oxidized state
When the on 1s m the reduced form hemoglobin c1n bmd and transport
oxygen Fernc or oudized hemoglobin which 1s known as methemoglobin
15 not ble to function as part of an oxygen transport system As the reduced
form 1s auto-oudized to the fernc form special reactions re necessary to
reduce methemoglobm as rapidly as 1t 1s formed These reactions function
50 efficiently that not more than 1 per cent of the hemoglobin 1n the erythro-
cyte 15 1n the oudized state It 1s probable that reduced triphosphopyridme
nucleotide which arises from the phosphogluconate ovidative pathway and
the enzyme methemoglobin reductase are mnly responsible for the reduc
tion of methemoglobin 42 ¢ 8¢ 149

Patients with congenital methemoglobmema have a defect in the methe
moglobin reductise mechamism leading to a concentration of methemo
globin much higher than normal and to secondary polyeythemia ¢ These
patients hue been successfully treated with methylene blue an auto-
oudizable dye which functions as an electron carmer This compound greatly
accelerates glucose oudation via the phosphogluconate oadatve pathway
and the reduction of methemoglobin i the mature erythrocyvte Ld

An elevated level of methemoglobin 1s also found following the introduc
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tion mto the body of ds which prefe Ty oadize b Tot
and exceed the cipacity of the normal red blood cell reducing systems
Among the most important offenders are mtntes, sulfonimdes, and ambine
denvatives * This secondary methemoglobmemia 15 usually mild but sen
deryat
ous cell damage and hemolysis may occur Treatment with methylene blue
15 usually successful

Sulfhemoglabin 15 another compound which 15 not capable of carrying
oxygen Its formanion represents an wreversivle change m hemoglobm and
it persists until the destruction of the red blood cell 1t 15 unaffected by
methylene blue or ascorbic acid Some source of sulfur such 1s a sulfur
contmning drug or chronic constipation plus the mgestion of 1 drug which
will oudize hemoglobin ts thought necessary for its production The svn

drome of 2 cyanosis 15 probably related to the formation of
erther h Tobin or sulfh lob: dary to disturbed bowel
function ¢
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penpheral destruction At present 1t appears that tissue oxygen tension
controls ervthropoesis this control bemng mediated by o humoral factor
which has been named erythropotetin 11 3 7 ™ Despite the efforts of numer
ous investigators the biochemical nature of this substance has not been
charictenzed * 3 Erythropotetin mcreases red blood cell production by m
creasing the rate at winch celiular dvision proceeds m the marrow The rate
at which the erythrocyte matures or 1s released mto the circulating blood
does not seem to be affected 67 If the stinulus 15 sufficiently mtense the
rate of ervthrocyte production may be mcreased six to eght times normal 7

Figures 8 to 11 indicate how a simple negative fcedback system mght
operate to control erythropaesis

The physiological control of erythrop 1n the normal person assum
g an adequate supply of necessary protein vitamins and minerals 1s de
picted m Figure 8 The dmly destruction of approumately 2 X 10 erythro
evtes must be compensated by the release of un equal number of erythrocytes
from the marrow ‘The location of the cells which produce erythropoetin m
response to oxygen deheit 1s not yet known * though there 1s evidence which
suggests that the ladneys are myolved 4

Hemorrhage or an increase 1n the rate of destruction of erythrocytes re
sults in an anemia 1f uncompensated The total quantity of otygen reaching
the tissue cells is reduced because of the decreised number of cells An
increase - erythroporetin actvity of the plasma has bren demonstrated
under such conditions and 15 thought to be responsible for the ncreased
cryth which ) for the loss of red blood cells (Fig, 9)

0, Tension Normal

Erythropoietin 0, Sensitive

Tissue

Cell
Proteln ~+\a
Vitamins —»}o

Mizerals ~w{e

Normaf Cefl Number
Normal Oxygen Saturation

Daly

Figure &  Schemauce represer tation of the control of erythropolesss under normal
conditions



CHAPTER I1

Erythropmesis
and the Metabolism

of Hemoglobm and Iron

ERYTHROPOIESIS

THe PRIMARY FUNCTION of the red blood cell 1s the transport of respiratory
gases In order to fulfill this function there must be suffictent circulating
ery throcy tes to meet the metabolic needs of the body There 15 a compensa
tory ncrease mn the number of peripheral red blood cells when there 1s 2
decrease m the amount of oxygen reaching the tissue cells of the body If
there 1s a surfeit of oxygen wailble there occurs a decrease m circulating
erythrocytes

THE CONTROL OF ERYTHROPOIESIS

The phystological control of the number of circulating erythrocytes 1s
mamntamed by regulation of erythropoiesis and not by regulation of their

38
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peripheral destruction At present 1t appears that tissue ovygen tension
controls erythropowesis this control being mediated by a humoral factor
which has been named ergtltropotetin 11 3 50 ™ Despute the effarts of numer
ous mvestgators the biochermcal nature of this substance has not been
characterized ¢ 3 Erythroporetin mcreases red blood cell production by i
creasing, the rate at which cellular division proceeds in the marrow  The rate
at which the erythrocyte matures or 1s released mto the arculating blood
does not seem to be affected 3 ¢7 1f the stimulus 1s sufficiently intense the
rate of erythrocyte production may be increased six to eight times normal ?

Figures 8 to 11 indicate how a simple negative feedback system might
operate to control erythropoicsis

The phystol 1 control of ery m the normal person assum
mg an adequate supply of necessary protemn vitumns and minerals 15 de
preted in Figure 8 The daily destruction of approximately 2 X 10' erythro
cytes must be compensated by the releast of an equal number of erythrocytes
from the marrow The location of the cells which produce erythropoletin 1
response to oxygen deficit 1s not yet known 7 though there 15 evidence wiich
suggests that the hidneys are imolved ¢

Hemorrhage or an ncrease 1n the rate of destruction of erythrocytes re
sults 1 an anemia 1f uncompensated The total quantity of oy gen reaching
the tissue cells 1s reduced because of the decreased number of cells An
mcrease mn erythropoletm activity of the plasma has been demonstrated
under such conditions and 15 thought to be responsible for the mcreased
erythropotesis which compensates for the loss of red blood cells (Fig 9) 2

N

0, Tension Normal

Erythropoletin 0, Sensitive

Issue
Morrow

Cell
Normol Cell Number
Profein —+ Norma! Oxygen Saturation

Vitamins ~—=}o

Minsrols —=(0

Figure 8 S hematic of the control of eryth under normal
conditions
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0, Tension Decreased

Erythropoietin 0, Sensltive

Tissue
Cell

Decreased Cell Number
Normal Oxygen Saturation RE
System

Primary
Increased
Destruction

Increased
Production

Figure 9 Schematic representation of the control of erythropoiesis with increased loss of
red cells by bleeding or increased destruction
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Increased Cell Number
Decreased Oxygen Saturation

RE
System
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Increase in
Destruction

Increased
Production
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Disease

Frgure 10 Schematic repr of the control of erythropo esis 1 cardiopulmonary
disease with decreased arterial oxygen saturation
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Decresed artenal oxygen satarition 1 from diapull y
conditions has been found to merease erythropmetn activity and to be asso
crted with hyperactive erythropoesis (Fig 10) A secondary pobvevthemia
results from the sustamed shmulus? A sumilar situation 15 thought to be
)i d when cobal chlonde 18 ad d to a patient Increased
Yevels of erythrop have been d d following ad of
cobalt ¢ but the mechamsm through wluch this effect 1s produced s
vnknown *

0O, Tenslon Relatively increased

0, Sensttive
[ eatanamtmatehendad - Tissue
Celt

Oecreased Cell Number

. Relative Oxygen Surfelt »
~ ~
N 7
s

N\
Secondary
Decreased Decrense n
Production Destruction

Frgure 11 Schematsc representation of the control of erytliroporesis under conditions of
oxygen surfeit

Anemua 15 associated with hypothyrorhism $n 2 hugh percentage of cases
Decreased oxygen demind by the tissue cells mybt be expected to be
reflected by d hed erythrop prod and mema (Fig 11)
The red blood cell count stabalizes at a level sufficient to meet the dimimshed
metabolic demands of the body It has been shown however that further
reduction of the circulating red blood cells by hleeding results i 2 prompt
retsculocytosis wath a seturn of the red blood cell count to the prebleeding
fevel m a normal penod of time These studies sugeest that the anemia of
myxedema ocenrs as the result of dummshed mctabolic demands rather than
as an abnormahity of the erythroporetic system

THE ROLE OT HEMOGLOBIN

Hemoglobm 1s formed by the developing, ervthrocyte 1 the bone marrow
‘The most rapid hemoglobin formation 1 1n the cliss 11§ (polvehromatophilic
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normoblast) red cell when approumately 80 per cent of the hemoglobm
carrted by the mature cell 1s formed ™ Though hemoglobin may be formed
m the reticulocy te and under cveeption ] ercumstances the mmature non
reticulited erythrocyte ats tormation under normal conditions 1s confined to
the developmg, normoblasts in the marrow %

The leve] of hemoglobin m the blood represents the balance between
production and destruction of the hemoglobin molecule In the normal per
son the hemoglobm level 15 constmt as production and destruction are
nicely balanced

The total quantity of hemoglobin m the hlood may be determined by
multiphing the concentrition of hemoglobmn by the blood volume simce
hemoglobin production and destruction are m 1 state of equilibnum If the
concentration of hemoglohim 1s 15 gm per cent (mean m1le equals 163 gm
per cent mean female 145 gm per cent) ! and the total volume roughh
5000 m]  the totl quantity of hemoglobm 1s caleulated s follows
Total hemoglobin = concentration of hemoglobin {gm /ml ) X blood solume (ml)

Total hemoglobin = 015 X 5000 = 750 gm hemoglobin

The bife span of the hemoglobin molecule 15 approsimately 120 davs ats
destruction oceurs comadent with that of the erythroeyte If the total amount
of hemoglobin 1n the body 2t any one time 15 750 gm  and the hie span of
the red blood cell 1s 120 days the tmount of hemoglobm formed each day
can be cilculited since 1/120 of the total amount must be formed daily

Total hemoglobin
hie span m duys
750
&= 625 gm hemoglobin/day
Under normal conditrons the body produces approumntely 625 gm of
hemoglobin per dvy The mrumum effort of the body s for example in the
event of hemolvhie disease has been cilculated to be approumately 40
gm , d1y *¢ This means that the survival time of the erythrocyte may be
reduced to 18 or 19 days without the occurrence of anemia if the bone mar
row functions at maximal capacity

= rate of production/day

Total hemoglobn

= rate of production ‘day
Lfe span in days

E"Xﬁ =40gm day x =188days

When hyperhemolysis 1s compenstted excessive destruction of red blood
cells ewsts without the development of memra It 1s generally felt that the
merease 1 the production of red blood cells and hemoglobin 1s brought
about by merease m the mss of ery throwd precursors rither than an increase
i the rate of maturttion in the mdividul red blood cell 1* though the latter
has not been ruled out as a contnbuting factor

If the destruction of red blood cells exceeds the maumum effort of the
bone marrow nemia dev elops The anemia becomes stabthzed when eryth
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racyte production and erythirocyte destruction proceed at a constant rate
While the values found for hemoglobm and red blood cells are not normat
they do not decrease progressinely unless the e span of the cell 1s further
shortened or unless there 1s mtcrference with marrow actwaty The laboratory
findings of panents with ncdlde cell anerma dlustrate these ponts The life
span of the ervthrocyte 15 shorter than can be compensated for by maumal
marrow activity and in usual Grcumstances the subnormal hemoglobin value
stabilizes at a level that depends on the hie span of the erythrocyte and the
maarnal marrow output This anemua 1s made more severe by a sudden
merease m hemolybe actnaty or by a decrevse i erythrocyte production
Fither mechanism results m 2 further reduction of enculating ervthroevtes

THE CHEVISTRY OF HEMOGLOBIN

Hemoglobin has 2 molecular weight of 66700" * and 1s thought to he
cllipsord m shape*® *° The results of xray crystallographic studies bave
idicated that the bemoglobm molecule 15 composed of two identical half
molecules™ and this has been confirmed bv the analysis of tryphe hy
drolysates *! Each half molecule has now been shown to contun two different
peptide chans which have been desinated o and 87 The orgamzation of
the approvmately 300 ammo acids which comprise the a and B peptide
chams 15 under genetic control and their synthesis occurs carly m the devel
opment of the blast 2* The wmp of the proper or of
the amino acids donng the synthesis of these proteins has been demonstrated
recently by companng the molecular structure of the hemoglobin from
normal persons with that obtamed from patients with one of the hemo-
slobmopatiues ¢

Of the approximately thurty peptide spots obtamned from heat and
trypsin dhgested b lobin by el ot and ch phy only
one peptide from sicle cell hemoglotin differed from normal ¥ Analysis of
the abnormal peptide revenled that a glutimic aaid re 1dve bad been re
placed by salme* A sumilar studs of the C hemoglobin moleculc mdicated
that the same peptide was 1gain abnormal but mn this mstance the normal
lutamie 2ad had been replaced by lysine # In both instances the abnormal
peptide was a component of the 8 peptide chamr Subsequent mvestigations
of hiemoglobms E D and I have revealed sumlar amino acrd substitutions
m other peptides of hoth the a and B chaws ** These brifhunt studies have
rerealed that a varration of but one amine acd out of more than 300 1n the
half molecule can men the diffcrence between normal health a moderate
disabibty or a fatal illness

It has beun suggested® that the chemcal structure of the two genes
which appear to be imvolved m the production of hemoglobin determunes the
aminy acid sequence of the peptide chans Any alteration of the chemical
structure of the genes wonld alter 1 turn the scquence of the amino acids
of the hemoglobin molecule Since the genes are self replicating macro
mofeculus anv structural ab hity would be

d from one gen
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eration to the next Whether or not the cffect of such an abnormality 15 chm
eally mnportant 15 beheved to depend on the portion of the peptide cham
mvohed

In addition to the protein moiety the hemoglobm molecule contamns four
heme groups These groups are believed to develop comeident with'® or
shghtly Inter than™ the protemn portion of the molecule The four heme
groups arc thought to be arringed mn two pars related by the dyad axis «©
Their exact loction on the molecule ramains unknown # On the basis of
data obtuned from studies of oxy gen equilibrium 1t has been suggested that
the four hemes form 1 conjugated system each heme connected to two
others ® They are the site of the reversible binding of the respiratory gases

Heme 1s 1 porplvrn ring structure contuning a chelated rron atom and
h1s been found to be part of the moleculnr structure of myoglobmn the cyto
chromes peronidase and catalise as well 1s hemoglobin  Porphyrms are
widely distributed 1n nature and are found 1n both plants and animals where
they serve many vatal metabolic processcs Chloroplyll which 1s essential
for photosynthesis and thus far the eustence of life on earth 15 a magnesium
porplyin compound A porphyrin structure with 1 complexed cobalt atom
torms part of the vitamin B,» molecule® %

The Chemstry of Porphyrms

Porphynins differ from one another and are classified according to the
nature and order of the side chuns which may be substituted for the eight
beta hydrogen toms One important group of porphynns 1s that which has
the stme two side chamns substituted for the replaceable hydrogen atoms m
the 3 and 4 posttions n ech of the constituent pyrroles Such an arrangement

br A pr A
A 1 n Pr
s 1 u Pr
Pr v m Ac \
A v m Ac
P \/
Ao Pr Pr

Uropo phyrin T ¥ oporphyria 11

b dugram of y I and I acetic acid and propionic
acsd side chains

Figure 12
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allows four possible 1somers the notations of which are 1 1I III 1V Uro
porphynn and coproporphyrin are examples of this group Only types I and
111 are important to man
Note that the structural difference between uroporphyrmn I and uro
porphynn 111 lies 1n the position of the acetic and propiome acid side chams
m pyrole ring IV ‘(Fxg 12)
1 duit

1

e between cepraporp I and III also hes
the position of the side chawms located on pyrrole IV and the difference be
tween the uroporphynins and coproporphyrins 15 mm the p of a methyl
group 1n the coproporphyrins in the position occupied by the acetic acid
side chamn n the vroporphynns (Fag 13)

P M Pr M
M<\/I>P M<\/}>"
,’<v/<>m MQ/OM

M 4 Pr Pr

Coptoporphyrin 1 Coproperphyrin I

Tegure 13 Scl ematie divgram of coproporphynns I and 11T methyl and propronic acud
side chams

Uroporphyrin and coproporphyrm each occur m both urine and feces
despite the impression to the contrary given by thewr names The unine con
tuns small amounts of uroporphyrn (5 to 10 ug /dvy ) with both 1somers
present !4 Larger quantities of coproporphyrn ire found n the urme (160
to 300 pg/day) and the type III 1somer predommnates™ ¢ 1t% Inade
quate data re avaihble to determine a normal range of fecal uroporphyrin
excretion The quantity of fecal coproporphynn excreted duly 1s from
150 to 400 g%

When there are three different side chans substituted for the repliceable
hydrogen toms of the constituent pyrroles « larger number of 1somers are
possible Mesoporphynin 1s 1 tetramethyl diethyl dipropionic 1eid porphynn
and fifteen isomers have been enumerated Protoporphyrn 1s similar but
two vinyl are substituted for the two ethyl side chuns The 1somer which 1s
found i the hemoglobin molecule 15 classified as protoporphyrin I\ type 111

Porphynn 1s composed of four monopytroles The elucrdation of the
synthesis of porphynn has made 1t clear that glyeme and sucanyl Co A
are the basic bwlding blocks ¥ 9 #9497 11 Gueemy] Co A from the
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From the Tricarboxyllc Acid Cycle coo ('300
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Figure 14 of hobils from succiny] A and glycme

tricarbovy lic acid cycle wath the addition of glyeme forms o ammo B heto
adipic aad Pyndoxal phosphate® Co A 7 and ferrous won'® are required
for the reaction as well as enzymes which appear to be localized mn the
mitochondra # « Ammo  § keto adipic acid 15 then decarbovylated to
form & ammolesulinie 1eid Two molecules of § ymmolevulinic acid con
dense to form porphobillinogen 1 pyrrole which contuns acetic and
propionte 1ctd sidc chamns®'  '® This reaction has been shown to be
catalyzed by an enzyme which contuns —SH groups * and wlich has
been recently shown to contam copper s well # A dietary deficiency of
copper results 1 a reduction of the concentration of this enzyme m the
blood and Iner of duckhings

A cell free extract of erythrocytes 1s capable of comvertmng porpho
bilmogen to uroporphyrm ® % 0 An cnzyme porphobilmogenise  has
been described which s capible of catilyzing tlus transformation The
normal result of the reiction is the production of the type III isomer but
after heating the type I 1somer is produccd It 15 felt that the macrocvehie
structures which are formed from porphobil are porph ens
and that the porphynns result from 1uto ouidation of these compounds * 7
1o Whle uroporphynn 1s poorh utihized by hemolvsates to form copropor
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phynn uroporphynnogen 11 15 easily transformed to coproporphyrmogen
111¢ 7 The conversion of coproporphyrnogen III to protoporphynn re
quires enzvmes located 1n mitochondna and oxygen * The biosynthesis of
heme from protoporphyrin and 1ron 1s also enzvme dependent *

The 1ntermediates 10 the biosynthesis of heme are then uro and copro-
porphyrinogens and not uro and coproporphynns It appears however that
1ron 15 incorporated mto protoporphynn and not protoporphyrmogen *

/ PORPNOBMNOGEN\
L — Uroporph 1

m 1
I = Ct n{ T4=C ; 1
CH.
B o

H.
H
HyC C=CH,
++
Protoparphyrn + Fe ' 7 nnamm—

] 1
P
COOH COoH
HEME
Fiourels ¥ of heme from porphobil

Free protoporphyrm and coproporphyrn have been demonstrated n
both the nucleated and non nucleated erythrocvtes The cencentration of
both compounds mcreases just prior to reticulacytosis 1° 8 #5 It has been
suggested that they represcnt mcomplete hemoglobin synthesis' ® or resid
uals left after hemoglobin synthesis ®* The level of frec erythrocyte proto-
porphynn s from 13 to 139 micrograms, 100 ml of erythrocytes '3 Erythro-
cyte coproporphynn concentration has been found to be from 05 to 15
micrograms per 100 ml of erythrocytes 10 10

HEVOGLOBIN CATAPOLISM

Followmng 1ts release from the red blood cell none of the hemoglobm 15
reutilized as such and each of the component parts of the molecule goes 1ts
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separate way The protemn fraction retums to the general protem pool where
frigments may or may not be incorporated mto future hemoglobsn mole
cules %3 102 110 Tron returns to the 1ron pool 1nd 1s probably quickly reutilized
m the formation of hemoglobin The porphy nin fraction 1s not reutilized at all

The destruction of the hemoglobm molccule begins m the reticulo
endothelial cell under normal condihions  Following rupture of the methene
bridge bilirubm 1s formed from the heme fraction This fragment 1s carned
i the plasma in an msoluble form to the liver There 1t 15 conugated with
glucuronic acid and a water soluble compound results which 1s excreted 1n
the bile ? 8 Should the Iner be unable to carry on tus conjugation 1 the
normal manner 1 lngh mdirect actng  bihrubin level m the blood would
result Should there be obstruction to the excretion of the conjugated form
vin the biliary system an increise m the direct acting bilirubin m the
blood would result Whether the bilrubin gives a direct or “indirect” van
den Bergh reaction depends on the presence or ibsence of the glucurome
acid conjugition The enzyme transforase found m the microsomes of the
Iver cells and unidine diphosphoglucuronsc actd are both necessary for this
reaction to occur It has been suggested that the excess unconjugited bih
rubtn found m the newborn is due to madequate development of the
glucuromde comugatimg system ®

In the bowel the action of the intestmal bacterrn on bilirubm leads to
several degradition products which ire known collectively as fecal uro
bilirogen Approumately 50 per cent of the urohnogen 1s reibsorbed from
the gut and recwrculited n the blood to be reexercted by the hver This 15
the source of urobilinogen i hiver bile and of the small amount lost through
the hidney that 15 termed unnary urobilmogen Normal duly excretion of
urinary urcbtimogen 1s from 0 to 35 mg

The amount of fecal urobilimogen 1n the stool may be measured and has
been found to vary from 40 to 280 mg, /day Swnce the amount of fecal uro
bilinogen excreted depends on the amount of bihrubin secreted by the ver
mto the bile 1t has been used 1s wn mdex of hemoglobm breakdown Hemo
globin from destroyed red blood cells 1s not the only source of urobilinogen
however and the excretion of fecal urobilinogen does not always measure
red cell destruction accurately Studying the excretion of stercobilin one of
the of fecal urobil nv have found that as much
as 11 per cent must come from sources other thmn the breakdown of mature
red blood cells ® Whether this represents 1 breakdown of developmg cells
while still in the marrow or some non hemoglobin porphynn pithway 1s not
known In certam diseasc states the amount of non hemoglobint stercobilm
r1ses to as lugh as 50 per cent # &

ABNORMAL PORPHYRIN METABOLISM

‘There are several disorders associated with abnormal porphyrin metabo
Ism Despite their rarty these disorders have evoked widespread interest
and have afforded umque opportuntties for the study of porpbynin metabo
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hism A new approach to the mnvestigation of protemn synthesis was recently
opened when 1t was established thit § ammolevulinie 2e1d 15 4 common
mtermedhate 1 both porphynin and purme synthesis ' ? Already the sug
gestion has been m1de that the porphynin “bnormahties found m 1 vanety
of disease states my be a reflection of <bnormal punine metabolism
There 1s no doubt thtt continued mvestigation of these disorders will widen
our knowledge of both protem and porphyrn metabolism
The disexse states which result from disordered porphynin bol,
may be classified as follows &
1 Porphyna {congenital) Erythropoietica
2 Porphyna Hepatica
a Intermittent acute
b Cutanea tarda
¢ Mixed

1 Porplynia Lrythroporetica

Porphyrit erythroporetica 1s 1 rare metabolic chsorder of the ervthroevte
which 1s probably trinsmitted 1s 1 recessive genctic abnormahity ! Patients
with this disorder appear to have both normal nd abnormat erythroid cell
lies m the marrow * The nucler 1nd to = Jesser extent the cytoplism of cells
of the 2ffected hne show a charactenstie red fluorcscence when studied with
the fluorescence microscope In addition they may have a dark nuclear m
clusion body contuning hemoglobm As destruction of circulating erythro
cytes cannot account for the quantity of porphyrn excreted by these pa
tients 1t has been postulated that uroporphyrin may be released into the
plasm at a rapud rate dunng the maturation of the nucleated red cells mn
the marrow  The red fluorescence wlnch has been demonstrated in the
spleen 1s thought to result from the local destruction of red blood cells con
taming the abnormal porphyrm The 1somers found n the urme and blood
of these patients are copro and uroporphyrin I These poerphyrins are not
complexed with a metal and the monopyrrole porphobilinogen 1s not found

Recent work™ suggests that the metabolic error of the abnormal erythroid
precursars tn the marrow 1s ocewsioned by the genctically wnduced loss or
alteration of an enzyme essential for the formation of uroporphyrin Itl from
porphobilmogen The alternate formation of excessive quantities of uro
porphynn [ which cannot be used 1 heme synthesis 1s believed responsible
for the chimceal manifestations of the disorder® & 11

The clmical picture 1s characterized by photosensitivity which leads to
erythema blisters ulcer formation and ultimate mutilation of exposed
areas Hemolytic anemia 1s usually present and splenomegaly 15 expected
Because of the deposition of uroporphynn 1 1n the bones and tecth these
structures are often red brown and will fluoresce under a Wood's ight 101

Treatment 15 non speaific Sunhght must be avoided Splenectomy has
‘been demonstrated*® to relieve the hemoly tic anem:a 1n a number of patients



50 TUNDAMENTALS OF CLINICAL HEMATOLOGY

2 Porphyria Hepatica

The site of deranged porphynn metabolism in this disorder s not the
bone marrow but the lver ** Porphyna hepatica may be the result of a
metabolic defect m the synthesis of heme protemns other than hemoglobin
Catalase synthesis has for example been shown to be abnormal 1 expen
mental porphyrn1® These disorders are more common than the erythro
poretic type

a TIntermittent Acute Type The mtermittent acute type of porphyrta
hepatica 1s a famihal disorder mhented as a autosomal dommant It usually
appers ter puberty though m rare cases 1t may be cvident in chuldhood 1!
In this disorder the crythrocyte porphyrins are normal but excessnve quantt
tres of zmc¢ complexed uroporphvrn I and III and coproporphyrin II are
found m the urme The porphyrin precursor porphobilinogen, 1s found 1n
the urme during the acute attacks and the finding of this monopyrrole 15
diagnostic The Inver contains large quantities of porphynn precursors and
mereased amounts of porphyrin \farrow porphyrms tre normal

The chmeal mamfestations of the mtermittent acute type of porphyna
hepatict are varied but abdomnal colie—which can be of extreme severity—
weakness and paresthesia of extrcmities constipation convulstons coma
psychoses and hypertension m1y occur Fatalites are gencrally due to
respiratory paralysis but may occur during coma or from eachexia 19

Treatrment 1ncludes wvadanee of aleohol barbiturates or other lnver
touns Recently ™ chlorpromazme has been reported effective in rehef of
symptoms and this has been confirmed 1°! Splenectomy 1s not indic ited

b Cutanea Tarda Type  As 1ts name suggests this disorder beguns later
m Iife and ats svmy nclude ph tvity It 1s a farmihal disorder as
socrated with parenchymal hver disease 1n a high percentage of cases The
photosensitnaty 15 moderate 1 seventy The disease runs a mild course if the
patients protect themselves from exposure to sunhght and hepatotouns A
Istory of chronic wcobolism 1s not uncommen The porphyrins cxereted are
the zinc complexed uroporphyrin 1 and HI and coproporphyrm III Por
phynns may be found m the blood and are elevated in the Iner Porpho-
biltnogen 1s not found mn the urme of these pattents The prognosis 1s gen
erally good but depends on the degree of Iner damage

c Mixed Type There 1s considerable disagreement'® regarding this
designation It mcludes those patients with cutinea tarda who develop m
addition symptoms of the acute ntermittent vanety The unne contans
uroporphyrn I a type III porphynn and porphobihinogen as well

Porphyrinunias

There are a number of conditions 1 which increased porphyrm excretron
may occur The mereased excretion of porphynn i these vared discase
states may reflect disordered hemoglobin or protein synthesis or disordered

synthests of heme comy ds other than } Tob
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IRON METABOLISM

fron 15 an essentra] element m many of the physiologieal processes i the
body It combines with protoporphynn and vanous protems to farm hemo
globin and many mportant enzymes such as c'ttalase cytodxrome and
peroxxdnse Swice won piuys an tia} role m ¥

some knowledge of won holism 15 y for the und ding and
proper management of many of the problems of anem seen an chncal
practice The history of won m medieme has been reviewed by Fowler! 3
and excellent summarses of the current views on sron metabolism have been
published by Moore and Dubach 12¢ Gubler! 7 and Demulder 10

SQURCES OF [RON

The average daly diet of healthy adults m the United States contains
1210 15 mg of sron whach 15 mawly m the fexric state. %% As the normal sdult
absorbs less than 10 per cent of this amount the quantity of won absorbed
each day 15 1 the range of 08 to 15 mg ** Good dietary sources of won are
bver beef muscle eggs molasses dried frnts and spinach Bread fortified
wth won 15 another effective source 136

ABSORFTION OF IRON

Yron i the Jumen of the gastromtestmal tract 15 shil outside the body an
a physiologieal sense and the factors that influence its absorption e proba
bly mare umportant than the quantity of sron that s mgested In 1933 Lantzel
demonstrated that won 15 absorbed from the gastromtestmal tract mn the
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ferrous form' When 003 to 020 per cent of alphialpha dipynidyl a
compound that reacts specifically with ferrous wron to form 2 complex that
15 red 1n color was added to the dict of young rats 1t was observed that
binding of the ferrous won occurred in the pyloric area at the pH of the
stomach The won that was bound in this manner was excreted mn the feces
The growny, rats which were depnved of ferrous 1ron by the alpha alpha
dipyridy! binding became anemic and it was concluded that no signiBicant
amount of on was absorbed m the fernic state Other investigators have
concluded that m man 1ron 1s absorbed from the gastromtestinal tract almost
entirely 1n the ferrous form 137 143 The conversion of the ferric ron of the
food to the availble ferrous forms occurs manly m the stomach or upper
smll mtestme Certan protemns and ascorbic acid promote won absorption
becuse they are capable of reducing fernc sron to the ferrous state at an
acid reaction other ) Is such as phosphatides an 1
hinder 1ron absorption 143

The quantity of iron m the body 1s regulated by the amount of 1on that
15 absorbed There 1s no balanced mechanism of absorption 1nd excretion
hke that which ewsts for many mctals such as caleim and sodum This
was first shown s 1937 by Widdowson and \eCance who studied the
urmary and fecal excretion of ron by twe men and two nwomen on a low
won mtake on a very high 1on intike of 1000 mg 1 day md when they
were agam placed on a low ron mtake ! ® It v s observed that on the low
1ron wtake practically all of the ingested 1ron was recovered 1n the feces and
the subjects were considered to be “in balance  Durmng the high iron mtahe
pertod when each subject ingested 1000 mg per day for 36 to 40 days 1t was
calculated that each mdnidual absorbed from 2000 to 5000 mg of sron
without any significant merease 1n the hemoglobin levels YWhen the subjects
were agam placed on a low won intake of 7 to 10 mg a day for a period of
cight to ten days they excreted all of the ron mngested during that time but
none of the 1ron that was absorbed duning the preceding period of hugh won
mtake From these studies 1t was concluded that the intestine has no power
to regulate mon by varying the amount excreted m the feces nd therefore
the amount of 1ron 1 the body must be regulated by the amount that 1
absorbed

A smmilar conclusion regardmg the important role of the mucosa of the
gastromtestmal trict in sron absorption was reached m 1943 by Hahn Bale
Ross Balfour and Whipple who utiized radiactine on to study tron
metabolism 1n dogs * 8 The effects of vanous factors on won absorption were
studted The amount of the radwactincly tagged won thit appeared m the
red cells was considercd to be a mesure of wron absorption They found
that when acute anemi1 ws produced in the dogs by bleeding there was no
1ncrease m the 1bsorption of ron until more than seven davs had elapsed
In contrast chronically anemic dogs promptly absorbed tron at from ten to
twenty tumes the normal rate Another expeniment suggested that the low
ered ovygen content of apemuc blood was not the factor responsible for
ased absorption of 1ron m anema anoxia produced by breathing a gas

nere:
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that contuned only 50 per cent of the normal concentration of oxygen for
48 hours did not have anv significant effect on the absorption of wron A lack
of control of absorption of won by the state of the wron stores was suggested
bv the observation that admmstration of colloidal won mtravenously m an
amount suificient to saturate the body store s did not block the won absorption
from the rastromtestinal tract three davs later Collowdal won given orally
acted differently Tron admmustered orilfy produced a partial block to the
absorption of radioactive 1ron when the latter was admustered orally from
one to six hours later From these studies 1t was concluded that “physiolog

cal saturation” with won 15 a term that could be apphed to the mucosal
epithelium of the gastromtestinal tract to expl un one phase of the acceptunce
or refusal of on In these expeniments desaturation” appeared to be a
matter of days while “saturation” was a matter of one or two hours Althongh
these experiments of Hahn et 1l are 1mportant certamn details of the methods
restnict the conclusions that can be drawn Al of the expenments were done
with metallic ron not food iron The amount of radicactive 1ron that ap

peared 1n the erythrocytes was used s a measure of wron absorption but 1t
1s really 2 measure of both 1ron absorption and ervthropoesss The, conclu

sions regardimg the effect of anemia on wron absorption were drawn from
test ammals that were deficient i wron

The Mucosal Block Theory

In order to explan the mechamism whereby the gastromtestinal tract
mucosa regulates iron absorption Gramck has proposed the mucosal block”
theory of the regulation of absorption of wron by ferritin m the mucosal
cells ! 9 Ferntin 18 a compound of sron and a protein apofemtin Iron which
occurs on the surface of this compound us small micellar umts of fernc
hydrouide can make up as much as 23 per cent by dry weight of this com
pound Ferrittin was )dentified 1 the duodenal mucosa of gumea pigs and
1t was obsened that varittions n the quantity of ferntin present m the
mucosa parallcled the increase or decrease of resistance to won absorption
Tt was also found that the amount of apoferntin in the mucosal eells paral
leled the amount of ferntin an obsers ion which suggested that the ab
sorphion of wron stmulated the formauion of the specific protem, apoferntin
These observations form the basts of Gramck s theory that ferrous iron from
the lumen of the gastrointestinal tract enters the mucosal cells untd all the
apoferritin 15 converted to fermtin The ferrous iron 15 then considered to be
m equilibrium with the fernc iron of femtm In thus circumstance a state ef

physiological saturition wath the forrous wron evists and no more ron 1s
absorbed Only when 1ron has passed mto the phsma does the ferrie 1ron of
the mucosal femtin decrewse When this oceurs  physiological saturation”
no longer exists and more ferrous won can be absorbed The outline of this
theory 15 shown 1n the accomp inymg, dagram (Figuse 16)

The ferritin mucosal block theory appears to be the best explanation for
many of the details of wron absorption that have been demonstrated but not
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ferrous form 3 ¥when 005 to 020 per cent of alpha alpha dipynidyl a
compound thit rects specifically with ferrous won to form 1 complex that
1s red 1n color was added to the diet of young rats 1t was observed that
binding of the ferrous 1ron ocenrred n the pyloric aren 1t the pH of the
stomach The iron that was bound m this manner was excreted i the feces
The growng, rits which were deprived of forrous wron by the alpha alpha
dipynidyl binding hectme anemic and 1t was concluded that no significant
amount of iron was absorbed in the ferne stite Other mvestigators have
concluded that in man 1ron 1s absorbed from the gastrointestal tract almost
entirely 1n the ferrous form 3 143 The converston of the fernc iron of the
food to the avaihble ferrous forms occurs maunly in the stomach or upper
smll mtestine Certun protems and ascorbie acid promote won absorption
because they are capable of reducing ferne mron to the ferrous state at
acid reaction other compounds such as phospltides and phosphoproteins
hinder 1ron absorption 3
The quantity of on m the body 1s regulated by the amount of wron that
15 absorbed There 15 no balnced mechwnism of absorption and evcretion
hke that which exists for many metils such as ealeum md sodum This
was first shown i 1937 by Widdowsen 1nd McCance who studied the
urinary and fecl excretion of iron by two men and two swomen on 1 low
on mtake on a very hugh wron mntake of 1000 mg 2 diy md when they
were again pliced on a low mon mtike * © It was observed that on the low
1ron mtake practically 11l of the mgested ron was reeovered m the feces and
the subjects were considered to be “mn balance ” During the high ron mt1ke
period when each subject mgested 1000 mg per day for 36 to 40 days 1t was
ealculited that each indvadual absorbed from 2000 to 5000 mg of mon
without any significant increase m the hemoglobm levels When the subjects
were agnn placed on a low 1ron mtahe of 7 to 10 mg ~ dry for 1 penod of
erght to ten days they excreted Il of the 1ron ingested durng that time but
none of the iron that was absorbed durmng the preceding pertod of high won
mtake From these studies 1t was concluded that the intestine has no power
to regulate won by varying the amount excreted n the feces and thercfore
the amount of won 1w the body must be regulated by the amount that 1s
absorbed
A suilar concluston regardmg the important ok of the mucosa of the

gastromntestinal tract m iron absorption was reached m 1943 by Hahn Bale
Ross Balfour and Whipple who utihzed radionctive rron to study 1ron
metabolism 1 dogs * ® The effects of various factors on tron absorption were
studied The amount of the radioachively tagged wron thit appeared sn the
red cells was considered to be a measure of won absorption They found
that when acute anemn w 1s produced 1n the dogs by bleeding there was no
increase 1 the absorption of wron until more than seven days had elipsed
In contrast cl lly anemic dogs promptly absorbed ron 4t from tcn to
twenty times the norm1l rate Another expermment suggested that the low
ered oxvgen content of nemr blood was not the factor responsible for
sncreased absorption of ron m nemia noxia produced by breathing a gas
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that contamed only 50 per cent of the normal concentration of oxygen for
48 hours did not have any sigmficant effect on the absorption of ron A lack
of contro! of absorption of 1ron by the state of the 1ron stores was suggested
by the observation that ad tion of collondal iron 1ntr: sly m an
amount sufficient to saturate the body stores did not bloch the won absorption
from the gastromntestinal tract three days later Colloidal wron given orally
acted diff ly Iron ad d orally produced a partial block to the
absorption of radicactive 1ron when the latter was admimistered orally from
one to six hours later From these studies 1t was concluded that “physiologt

cal saturation with 1ron 1s a term that could be apphed to the mucosal
epithelium of the gastromtestimal tract to explam one phase of the acceptance
or refusal of won In these experiments desaturation” appeared to be a
matter of days while “saturation” was a matter of one or two hours Although
these experiments of Hahn et al are important certam detals of the methods
restnict the conclustons that can be drawn All of the experiments were done
with metallic iwon not food on The amount of radioactive wron that ap

peared n the erythrocytes was used as a measure of won absorption but 1t
15 really 1 mesure of both wron absorption wd erythropoiesis The conclu

swons regarding the effect of anemia on 1ron absorption were drawn from
test anmals that were deficient i 1ron

The Mucosal Block Theory

In order to explamn the mechamism whereby the gastromtestinal tract
mucosa regulates ron absorption Gramich has proposed the “mucosal bloch”
theory of the regulation of absorption of won by ferntin in the mucosal
cells 1  Ferntin 1s a compound of 1ron and a protein apofernitin Iron which
oceurs on the surface of ths compound as small micellar units of ferne
hydroude can make up as much 1s 23 per cent by dry weight of this com
pound Ferntin was 1dentified m the duodenal mucosa of gumea pigs and
it was observed that vanations 1n the quantity of ferrttin present 1n the
mucosa paralleled the merease or decrease of resistance to ron absorption
It was also found that the amount of poferntin in the mucosal cells paral
leled the amount of ferntin an observation which suggested that the ab
sorption of 1ron sttmulated the formation of the specific protem, apoferritin
Thesc observations form the basis of Gramick s theory that ferrous wron from
the lumen of the gastromtestinal tract enters the mucosal cells unti] all the
apofernbin 1s converted to femtin The ferrous iron 1s then considered to be
in equihbrium wath the fernic iron of ferntin In this circumstance a state ef
“physiological saturatron” with the ferrous won ewsts and no more 1ron 1s
absorbed Only when 1ron has pssed mto the plasmn does the fernc won of
the mucosal ferntin decrease When this oceurs physiological saturation
no longer exists ind moare ferrous won can be absorbed The outhne of this
theory 15 shown 1n the accompanying diagram (Figure 16)

The fernitin mucosal block theory appears to be the best explanation for
many of the details of iron bsorption that have been demonstrated but not
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Ferritin (Fet+4)

Fett Fet+ Fet+4
(Ferrous iron} . {Ferric fron)
Apoferritin

Gastrointestinal
Mucosal Cell Plasma
Tract

Figure 16 Schematre representation of the mucosal block theory (after Granick)

all of the observations are explamed by tins theory Dubach Callender and
Moore who utihized radionctive 1ron to study sron absorption s well as ron
utihzation found that the level of plasma won and the presence of anemia
per s¢ did not influence 1ron absorption they were unable to demonstrate
the presence of any 1ron absorption prometing factor” by the injectron of
plasmn of pattents with 1ron deficiency * © In addition Przio-Biroh Both
well nd Finch have shown in both expennmental ammals and human sub
1ects that lrge iron storcs cause @ diminution m the absorption of on white
mcreased erythropotesis 1s assocrated with an mmcrease i absorption 3% In
these studies mduviduals who were 2pparently normal showed considerable
varation 1w absorption that could not be explaned

In 1diopathic hemochromatosis there appears to be a breakdown m the
regulition of on absorption and as a result there 1s an increase m the b
sorption of rron which leads to a reat increase in the stores Seyveral observa
tions indicate that the control of won absorption 1s only parbal or even
mcffectrve at times in other conditions as well as m idiopathic hemochroma
tosts In paticnts with rdiopathic hemochromatosis and large 1ron stores tron
absorption meretses when erythropoests mcreases followng phlebotomy 17
It has been demonstrated also thit won will be absorbed n spite of adequate
stores by normal indniduals and by patients with refractory memia per
niclous anemia in selapse and hemoly tic anemin even though the wron 1s not
used tor hemoglobm production 3t 1 ¢

The lack of bsolute control of absorption by the mucosal cells when
faced with a large amount of 1ron 1n the lumen of the gstromtestial tract was
alse shown by Whipple and Robscheit Robbms ¥® It ws observed that
where1s the percentige of ron absorbed was high with small deses of won
the 1ctual amount used m hemoglobin production was larger when large
doses of tron were 1dministered even though the percentage of utilization
was smiller A smular observation was reported by Hegsted Finch and
Iunney who found tht wron wncreased n the Iver m ammals on 2 normal
diet when won was wdded *** They concluded that the normal regulatory
raechamsm 15 cffective only when the wron phosphate ratio of the diet is
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withm normal limits and at low levels of 1ron ntake since both the absolute
amounts of rron and phosphate and the iron phosphate ratio m the diet
mfluence the amount of won that 15 absorbed The studies that have been
reported on factors mfluencing yron absarption were the subject of a recent
critical review 13%

Absorption of Iron in Food

Most of the studies on 1ron metibolism have been concerned wath the
action of morgane wron salts Moore and Dubach have investigated the m
portant problem of the absorption of won contuned i foodstuffs 3* They
studied the effectiveness of bread fortified with radioxctive won spmach
grown n nutnient solution contaiming radioactive iron as well as egg Iiver
and muscle from hens that had been njected with radioactive 1ron Normal
mdviduals rarely absorbed more than 10 per cent of the iron in the food
Iron deficient patients absorbed some types of food wron better than normal
mdiiduals but this increase in absorption did not occur with ron ncorpo
rated 1n eggs Bread fortified with vanous iron preparations was effective
smee normal mdividuals absorbed 1 to 2 per cent of the won while three
patients with ron deficiency nnemia absorbed 45 to 64 per cent The effect
of other foodstuffs on the absorption of the won contuning foods was tested
and only ascorbic acid was found to produce a marked increase m won
absorption It 1s interesting and somew hat surprising that no increase n the
absorption of iron could be demonstrated after the addition of dilute hydro
chlonic acid to the diet of pattents with hypochlorhydna

Although the pitient with rron deficiency anemia absorbs more 1ron from
the normal diet than the normal ndividual does 17 338 339 dietary. 1ron may
be madequate when the anemit 15 severe It 1s very difficult for even the
severely anemic patient to absorb more than 5 mg of iren from a normal
diet? and wsually the amount of food won absorbed by an iron deficient
patient 1s considerably less than 5 mg per day In such circumstances supple
mentary medicmal wron 15 generally necessary to correct the deficiency m
stored 1ron 117 The absorption of food tron 15 less than normal even though
anemin 15 present m patients with 1diopathic steatorrhea mnfection and
myxedema ¥° After partial gastrectomy the ability to absorb food 1ron 1s
lost or senously dummshed but the ability to absorb oral iwon salts 1s
mncreased as w anv patients with won deficiency 117 139

TRANSPORT OF JRON

On lewing the mucosal cells tron 1s trapsported n the plisma in the ferric
form attached to 4 beta 1 globulm fraction of protemn vanously termed trans
ferim siderophilm won binding proten or metal bmdmng globuln This
binding component of the serum was reported in 1945 by Holmberg and
Laurell who utlized alpha alpha dipyndyl to demonstrate that normal
serum could contan only about 000 micrograms per 100 ml of won i a
firm binding 132 They concluded that the tovic effects of mtravenously ad
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minsstered won wiich had been observed by Waldenstrom occurred when
the saturation limut of the plasma was excceded and the surplus 1ron left the
blood stream At about the same time in 1946 Schade and Carolme reported
the presence i human plasma of a protemn fraction that possessed the
capacity to bind won at physiological pH and identified 1t as bemng in the
beta 1 globulm fraction 14 Each molecule of this protein combines with two
molecules of ferric ron 1 7 13 The protectnve effect of the proten binding of
the 1ron m the blood has been demonstrated by means of intras enous mjec
tions of 1ron preparations Poorly dissociated 1ron compounds such as ron
siccharide can be given m large 1mounts intravenously whereas the easdy
dissocrated 1ron compounds can be given only 10 small amounts of 5 to 10
mg Larger amounts of easily dissoeiated iron compounds quickly saturate
the total won binding capacity of the serum and the excess wron causes
flushing nausea vomitmng shock and even death
The normal plasma 1ron level mn mcrograms per 100 ml has been re
ported to be 50 to 160 1% 80 to 160 1% nd 43 to 210 In the latter study
the mean was 1047 == 84 In some scries the plasma wron values for males
have been higher than those for females 1n others there has been no sigmfi
cant difference In one sentes the mean serum 1ron for men was 1196 = 67
micrograms per 100 m! (range 61 228) and for women was 1019 = 55
micrograms per 100 ml {range 35 246) **3 1n another the ranges were 81 to
162 mecrograms per 100 m! m men 1nd 64 to 128 micrograms per 100 ml 1
women 3! Large unsystematic daily variitions in the serum 1ron levels that
amounted to 100 per cent were noted in some patients i one senes 3 The
serum 1ron level 1s usunlly lghest i the mommng and falls in the evening
m one study mean changes were —353 = 60 for men and —161 = 36
mecrogrims per 100 m! for women 4% A mean serum level of 107 6 micro
grims per 100 ml has been reported mn a group of boys and girls four and
a balf to eight years of age 1% In chuldren two to four and a half vears of age
the mean for boys was 959 micrograms per 100 ml and for girls 59 7 micro
yrams per 100 m] 143
Plasma won which has 1 complete turnover every two or three

hours 114 33 1 the wron that 1s being transported to the storage areas and to
the marrow for hemoglobin production and also wron that may be destmed
for other use Studies with ridionctive won have mdicated that the plasma
won turnover rate 1s 056 mg per hilo per day and the red cell 1ron turnover
rate 15 052 mg per kilo per day mn n adult male 14 In 2 70 kil man this
represents 4 plasma rron turnover of 39 mg per day with 36 mg being used
for hemoglobin productron Others have found the plasma turnover rate to
be 375 mg a day and the 1ron utihizion for hemoglobin production to be
29 mg per day These values exceed the theoretical figure of 185 to 228
mg per day for hemoglobin production * ¢ From these studies 1t w1s con
cluded that measurements of plasmn won utihization do not measure effectne
erythropoiesis and 1t was supgested that the excess tunover m the plisma
may represent evchange of rron with other tissues or the production mn the
marrow of hemoglobin which does not enter the circulation the form of

viable erythrocytes 34
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The studies of Jandl and others indicate that plasma won which1s firmly
bound to human 1ron binding protem 1s transferred preferentially to immn
ture but not mature erythrocytes This transfer which 1s related to metabolic
energy prod p 1s dependent upon the extent of saturation of
the 1ron binding protemn and 15 maximum n the normal range of 20 to 60 per
cent saturation '3

The total rron binding capacity of normal serum has been reported to be
m the range of 300 to 85913 micrograms per 100 m! or as lugh as 42013¢
Normally the proten 1s about 33 per cent saturated ¢

Plasma wron levels and the amount of ron binding protein m the plasma
vary 1n certain disease states The serum won level 1s mcreased m hemoly tic
anemia permcious anemia aplastic anemia, hemochromatosis and hemo
siderosis 11 Under such circumstances the total ron binding capacity of the
serum 1 not mereased The serum ron level 1s ncreased 1 nfectious hepa
tiis and the nise appears to be correlated with the degree of parenchymal
necrosis 1 147 In iron deficiency anemra the plasma iron 1s decreased while
the total ron binding capaqity 1s usually greatly elevated Sumlar changes
usually occur dunng the latter part of pregnancy In infections both the
plasma 1ron 1nd total 1ron binding capacity are usually lower than normal A
decrease 1n the plasma iron may be noted within 24 hours after the production
of fever!! 1% A nse wm the plasma ron may be noted in less than an hour
after 1ron 1s gven orally {Values for the serum wron and latent wron binding
capacity observed 1n various disease states are shown in Table 2 )

Table 2 Actral Values of Sersm Iron and Latent Iron Bind ng Capacity Observed m
Patients utth Various Dusorders
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STORAGE OF IRON

Iron 15 stored mn the fived phagoeytic tissues of the reticuloendothehal
system of the Iner spleen and bone marrow and also m the parenchymal
cells of the hiver and glandulw tissues such as the pwncrets and adrenals
mainly m the form of ferntin and hemosiderin?  Ferritin contans up to 23
per cent of iron m the ferric form and } dermn also a pound of
fernc hydroxide wnd protem contuns from 9 to 55 per cent Studies of
patients with excess iron stores who have been subjected to repeated bleed
mgs hive demonstrated that iron from both these compounds can be used
for hemoglobm formation The relttionship of these compounds to each
other 1s still not certan but some authors state that hemosiderm and ferntin
are intimately 1ssociited and functionally indist hable and der 1t
Itkely that the compounds differ only mn physical form 1

Finch et 11 1n 1950 studred the wron absorphion m dogs by determining
the distribution of radioactive won given orally and mntravenously ¥ They
found equal amounts of radiowtivity per gram of tissuc 1n the hver and
spleen after adminustering, racinactive wron 1 the food and a sumilar distrr
bution as soon as a few hours and s long as twenty one days after mtrave
nous injecttons They observed that small or large nmounts of won were
thstnbuted simtlarly but most of the won gaming ¢ntrance to the body by
erther the oral or intravenous route was stored mn the liver because of its size
In hemolytic wemr1s and after blood trinsfusions most of the won 1s found
m the spleen probibly becausc this orgmn 1s the mam site of erythrocyte
destruction

The total amount of won 1 the body m adults 1s between 30 and 50
grams 318 119 1°7 19 336 Some authors state that about 73 per cent of this iron
15 contamcd i the hemoglobm 1% 1 7 while others give figures of 55 per
cent 13 nd 15 to 30 gm? ? The amount of won contamed 1n the body m
the form of myoglobin catalise and cytochrome his been estimated as 100
to 300 mg '8 or 85 per cent ! 7 The remunder of the iron 15 storage iron
which constitutes from 16 to 23 per cent of the total about 10 to 15
grams 118 1 0 138

Table 3 Iron Yalues m tle Human 1dult fccording to Vanons
fytho s11% 119 17 19 138

Daly dietary mtake 12-15 mg
Duily absorption 06-15mg
Total body 1ron 30-50gm
Hemoglol i 1ron 15-30gm
Storage wron 10-15gm
Parenchvmatous aron 01-03gm
Daily Joss males 05-15mg
Duly loss females 10~25mg

Dailylo s pregnant females Toms
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Ether a deficiency or an excess of storage wron may be mmportant chmt

cally In sevcre wron deficiency the 1ron stores are largely depleted and are
d only with difficulty by the ad of oral wron since the

mcreased absorption of 1ron that exists when won deficiency anema 1s pres
ent seems directed toward hemoglobm production and absorption decreases
markedly when the hemoglobin level 1s restored to normal®  For this
reason e xtra won must either be gnven osally for long penods or admimstered
parenterally in erder to restore the mon reserves

Iron excess occurs in the form of b d or In
the former abnormally large amounts of wron are deposited i the reticule
endothe lal cells of the spleen liver and bone marrow This situation which
1s not associated with serious physiologic derangement 1s seen cluefly m
hemolytic anemra and after numerous blood transfusions In “idiopathic”
hemochromatosis which results from mcreased iron absorption from the
gastromtestinal tract there 1s an excess of tisstte won associated wath fibrosis
of the liver and pancreas and also mcresed wron 1n the parenchymal cells
of the lner Chmeal fetures such as portil currhosis cirdie fallure pig
mentation of the skin and drabetes mellitus often occur Finch and Finch
have published a comprehensive review of their work and the hiter iture on
the subject of won storage disease ! ! Whether or not 1ran excess per se
exther as a result of increased absorption from the gastromtestinal tract or
as a result of numerous trsfusions can produce tissue damage that occurs
m both  1diopathic” hemock and “ hemock
remains an unsettled pomt 1 1 4t

1 5

EXCRETION OT IRON

The amount of iron 1 the body 15 determmed largely by regulation of
absorption The body seems to conserve 1ron 1n a tenacious fashion and a very
small amount 15 lost daily Thus occurs by desquamation of cells of the skin
and 1tract by the of leuhocytes into the gastrointes
tnal tract by the shedding of hair and by excretion of bile unne and sweat
Moore and Dubach found the fecal excretion of normal persons to be 03 to
05mg per day whereas in iron deficiency the amount may be only one tenth
as much % Thus the average adult male loses about 05 to 15 mg per day
and the female loses an average of 10 to 25 mg per day because of menstrua
tien Dunng pregnancy the female loses an additonal 1 mg per day since the
fetus 15 furmished a total of 03 to 05 gram and other wron 1s lost at delwery
The normal excretion of only 10 mg per day mdieates that 1t would require
many years for a deficient diet to produce iron defictency anemta m an adult
male for this reason therefore won deficiency 1n the adult male should be
considered primanly as a sign of chronic blood loss Whereas the consenation
of 1ron 1s generally ady antageous to the body the mability of the body to ex
crete more than around 1 0 mg a day 1s a factor that promotes the merease of
body aron when excessive amounts are admmstered by any route At the
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present time bleeding by phlebotomy or by some other means, 15 the only
known way to reduce the 1ron stores

SUMMARY

The metibolic pathwavs of won are shown schematically m Figure 17
The duly diet of the werage adult in the United States contamns 12 ta 15
mg of won which 15 present mamly 1 the ferric form Reduction to the
ferrous form the ty pe of iron that 1s tbsorbed 15 promoted by the acid reac

METABOLIC PATHWAYS OF JRON
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Figure 17 of the \; pathways of ron

tion of the stomach and upper small intestine by ascorbic acid and by certain
protems Iron 1s absorbed mamly 1 the upper portion of the smail mtestme
and the amount of wron that gams entrance to the body s largelv controlled
by regulation of the absorption of won through the mucos1 Normally less
than 10 per cent of the mgested 1ron 1s 1bsorbed Vartous factors such as the
amount and form of 1ron n the mntestne the 1ron phosphate ratio and pos
stbly other details of the diet the status of the wron stores the degree of
erythroporetic actruty and perhaps other factors influence this absorptive
mechanism After absorption the tron 1s transported mn the plasma in the
ferric state m combmation with 1 beta 1 globuln fraction to the reticulo-
endothelial cells of the Iiver spleen and bone marrow where 1t 15 stored i
the form of ferntin and hemosidern From these stores the ion s mobilized
for hemoglobin production n the bone murow The body has no means of
excreting sigmficant amounts of won and only mmnute amounts of ron about
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1 mg per day are lost by cell desquamation and other means Reduction of
the amount of ron m the body occurs mamly as the result of bleeding and
pregnancy

ADDITIONAL FACTORS
NEEDED FOR ERYTHROPOIESIS

In addition to an adequate balance of won and protein other metals and
certan vitamins must be present if normal erythropoiests 15 to continue

Copper  Although anemin due to copper deficiency has not been pro
duced 1n adult humans 1n expenimental ammals a defictency of copper leads
to the development of an anermn that 1s sumilar to 1ron deficiency anemia
The adult human body contawns 100 to 150 mg of copper** The plisma
level has been found to be 105 = 16 micrograms per cent in males and 116
=+ 16 micrograms per cent 1n females Ninety per cent of the copper in the
plasma 15 bound to the alpha 2 globulin ceruloplasmin 3 Copper appears to
function 1n the absorption mobihizatton and utilization of iron 1 hemo
globm synthesis and in the formation and mamtenance of the cytochromes
t The metal may exert an effect on hematopoesis through an effect on
the function of resparatory enzymes Recently copper has been shown to be
a component of an enzyme essential for the synthesis of porphobilinogen
from & levul aad* thus bhist its role 1n heme synthesis

Cobalt  Cobalt 1s known to play a role m ammal nutmtion and the
admimstration of cobalt 15 known to stunulate erythroporesis m man and mn
ammals ¢ However the mechanism by which cobalt effects an increase 1
red blood cell production 1s not understood 5 It has not been established that
cobalt has any role in normal erythropolesis aside from its importance as a
part of the vitamin By molecule

Pyridoxmne  For many years 1t was hnown that a deficiency of pynidox
me (vitamn Bg) m anmals would produce a severe hypochromic micro
cytic anema but only recently has a similar disorder been descrnbed in
man® The deficiency which 1s corrected by the admimstration of pyn
dovine 15 ct d by spl 1y h ly hypoct micro
cytic anemia elevation of serum iron level and saturatron of the won binding
capacity The mability of thesc patients to metabolize 1ron normally 1s asso
cated with disturbed tryptophan metabolism and the excretion of xanthu
reme acid.

Vitamm B, and Folic Aad Both vitamm B, and folic acid are
necessary for the normal maturation of the red cells A deficiency of ether
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results mn 1 defect in nucleic acid metabolism that 1s reflected by the develop
ment of the megaloblastic type of erythrocyte maturation Vitamin B, has
now been 1dentified as the extrinsic factor of Castle An mtnnsic factor m
the stomach 2 mucoproten 1s necessary m order that the vitamin By
mgestcd m the diet be nbsorhed 3 The chemical characterstics of the
mtrmsic factor have becn worked out i considertble detul3! 98 11t An
absence or deficiency of the mtrmsic factor 1s responsible for pernicious
anemia The mode of action of the intrmsic factor 15 not known thouch 1t
1s suspected that 1t acts to catalyze the absorption of vitammn B; 1! Folie
acid also present m the ciet does not require the mtrnsic factor for its
absorption The functions of these two vitimins are not completely under
stood Both are concerned with the formation of purme or pynimidine bases
which are constituent parts of the nucleic veids There seems to be a recipro
eal relationship between vitamin B, and folie acd n the synthesis of
nucleic nerd 1n mny tissues of the body particularly these with rpid turn
over such as the hematoporetic and gastromtestnal cells ® ©

Ascorbic Aard  Ascorbic acid appenrs to participate 1 metabolic tctiva
ties which affect both vitamm By and fohe acid It 1s important m the
conversion of folic acid to folmic acid nd there 1s some evidence that 1t
stimulates the formation of folic acid This vitamin has mtense reducing
properties and must plyy a sigmificant role in oudation reduction reactions
m the body © 3¢

Other vitamins may possibly play a role m erythroporesis Nicotune acrd
1s thought to be essential for the synthesis of coenzymes m the developing
erythrocy te but 1ts role i hematopoiesis 15 not clearly established 3 Ribo
flavin deficiency hns been reported to be responsible for anemin m ammals
but no anema of this type has been recogmzed i man It 1s thought to exert
its influence by taking part in cellular ouidations *
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CHAPTER 111

Mechanisms and

Diagnosis of Anemia

THE CLASSIFICATION OF ANEMIA

ProsuEAs related to anema constitute a large segment of mvestigatve
hematology and an appreciable part of anv chimical practice The present
chapter 15 devoted to the classification of anemn and to bnef discussions of
the underlymg mechamsms that are mvolved 1 each type of anema The
different mech, are d d at this time to h the importance
of these fundamentals and to provide a basis for the development of a um
fymg systematic approach to the vanous <himeal syndromes More detaled
of the physiology of most of the mdmidual syndromes that

are assoctated with anemia are given in Chapter IV

Anemia may be defined as a reduction in the circulation of esther hemo
globm or erythrocytes It occurs whenever the hematopoietic equiibnum s
dxstu?ﬁﬁﬁllo‘ss of erythrocytes or hemoglobin from the circulation
exceeds production

Anemia 1s usually classified ding to either causah

factors or mor
69
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phologic charactenstics Both elssifications are mmportant because neither
1s entwrely satisfactory Classification according to causatinve factors may be
somew it ambiguous becruse v nous detuls of 2 disease may be considered
as causes Thus anerma may be caused by chrome blood loss the blood! 1)
loss may be due to several causes ™ such s excessive vaginal blcedmg anda)y
hemorrhoidal Plecdlig Each of Fhese by pes of bleeding may arise from one
of several ciuses such as functional menorrhagia or utenine malignancy m
one arcumstance and simple hemorrhords or hemorrhoids associated with
cuthosis of the hver m the other Difficulty 1n classification also anises if the
mechamsm 1s viewed as a “cause when anemta resu]ts from more than one
factor such as mereased destruction and dumnished production of erythro
cytes Clisaification nccording to the morphologle charactenistics of the
cr}tllrocytes 1s not entirely satisfactory erther becquse the same underlymg
disease may produce more than one tvpe of anemia “Aplastic anemir may
be normocy tic or macrocytic chrome bleeding may produce 1 stmple micro
cytic type of anemia at one stage and 1 hypochromie merocytic type of
anemn at another Although each classification has shortcomings when used
alone both are very helpful m clinical hematology when they are used
together Determuinations of the morphologic charactenstics of the anemia
and of the mechantsm of 1ts production are both important steps toward the
sdentification of the underlymg cause which 15 the objective of diagnosis

Morphologic Classification

mmﬁcmmn of anemua 1s helpful in diagnosis because
the chircterization of the anemia accordng to the size and hemoglobm
content of the erythrocvtes directs the future mvestigation toward a defimte
group of possible causatine factors or climerl syndromes and elimmates
others from consideration In order to classify anemia morphologcally 1t 1s
necessary to determine the size 1nd hemoglobin content of the erythrocytes
With the proper experience abnormalities m these details can be detected
when 1 well prepared smear of the peripheral blood 1s examned carefully

In other the size wd | Jobmn content of the erythrocy tes
can be determined most satisf: Iy by the fi lae devised by
Wintrobe 87
Vol packed red cells
Mean Corpuscular Volume (MCV) __ {in ¢cc per 1000 cc blood)
{1n cubic microns c# ) - RBC (inmul percumm }
Mean Corpuscular Hemoglobin {MCH) Hb {mngm per 1000 cc biood)
(m mwromicrogram YY) = RBC (in ml per cumm )
\tean Corpuscular Hemoglobin Cone (MCHC) _ Hb (ingm per100cc) x 100
(in per cent %) = Vol packed R B C (ince per
100 cc blood)

Wintrobe s classification of anema according to cell size and hemoglo
bin content 1s guen m Table 4 with shght modifications
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Table 4 Class ficotion of Anemia Accovding 3o Ste and Hemoglobin Content
of the Erythrocytes®

TP ey (g'.:g i3] )xm%é %
1 \Macrocytic > >
4 2 Aormocytre 8054 >30
, 3 Sumple Microcytic < 80 >
3 Hypochromae Microcytic <80 <3

Classification According to Mechamsm

If “cause” of the anemu 15 thought of n the restncted sense of the

drate cause or “mech " a warkable class:fi of anerua can be
dewised Such a dlassification helps the physician focus on this aspect of the
problem and pmwdes a sound basis for further systematc 1 estigabion or
i of anemia ding ta e h 18

presented m Tab!e 5

Yable 5 Class fication of Anera Accord ne to Wechanom of Froduction
IISEAVE OB CLISICAL
MECHANISS CATSE SYNDROME
3 Doirisues Ervrsroromsss
A, Sointonal Defiaency

1 Diet Tnadequate intake fultple deficiencies
2 Defectine abmorption Falure to secrete ttamin B; deficency
Stomach winnsie factor {Pernzcious anema}

Total gastrectomy
Partaal gastrectomy fron deficiency

Intestine Duarthea Folic acd, stamin B or
™ erticula won deficrency
Frtulas (Sprue mahbsmptxm o
Strcture drosue or pernicwus ane-

auz}
3 Increased demand Pregnancy (Fabic and, vitamm By or
won Qe

Crowth Iron deficrency

B Bone Marrow Fa lore 1 Associated Primary disease

Dhsease
2 Drugs Aplastic anemicz
3 Cherucals Aplastic anemua.
4 frradsabon Aplastic anemia
$ Endocnne \fyzedema, na, piutary disease
& Iiopsthae Aplastie
11 Buoon Loss
A Acute Trauma or dsease  Shock or anemia
B Chronic Lesion of yastro- ton deBaency anemua or
antesymal tract or prunary & sease
Bynecologic

disturbance
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Table S—(Contumed)

DISEASE OR CLINICAL
MECHANISM CAUSE SYNDROME
I Increasep Henorysis
AL [ 1 defects Hereditary sph

Sichle cell and other hemo
globinopathies

Thalassemta

Drug sensitmity

Parotysmal nocturnal hemo

globinuna
Congenttal  non spherocytic
anema
B Extracorpuscular Acquired Defects
1 Iso bod! Erythrobl. fetahs trans
fusion reaction
2 Auto antibod: Tdiopathic  an d:
auto immune  hemolytic
sease
3 Auto hemelysis Paroxysmal cold  hemoglo
binura
4 Infections Malana septicemnn etc
5 Chemcals Phenylbydrazine ete
6 Physicil agents  Bums
7 Vegetable poisons F.x)vnm (also intracorpuscu
ar)
8 “iscellaneous Splenomegaly liver dnerse
hemopathic hemolytic
anerma

MECHANISMS RESPONSIBLE
FOR ANEMIA

I DIMINISHED ERYTHROPOIESIS

When anemea results from dwmimishedt blood produchon study of the
penpheral blood usually reveils 1 normocyvtic or macrocytic anema 1sso
ciated with a lows or nermal les Al of the reticulocy tes Leuhopena and throm
bocytopenta e often present If the dimmished blood production 15 the
result of vitamm B, or folic 1aid deficiency enythropotesis 1s megaloblashic
m tvpe if the anemn 1s due to other causes ervthroposesis 15 normoblastic
Blood production may be madequate because thire 1s () a deficeency of
the factors that e essential tor ery thropotesis or (b} a failure of the bone
marrow to utilize the essential substances although they are available

A Duirntional Deficiency

The factors essential for normal erythropotesss are  metals (cobalt iron
copper} protewn (certan amuno 1ads) and sitammns (vatumin B;  folic
acid ascorbic actd pyndoune nuran and possibly riboflavin pantothente
acd and thrumme) #9 A deficiency of any one of these factors might be ex
pected to produce anemrt 4 Jack of ammo 1cids appears to be an unlikely
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canse of anema m man smce amounts of these substances sufficient for
erythropoiesis become available from some body source esen when the
serum protem levels and the protemn wmtake are esceedmgly low ¥ In man
only defictencies of folic acid vitarmn B, 1ron, and ascorbic acid are 1m
portant 1n the productton of anemia * A defi of these essential factors
may anse m vanous ways such as (1) faulty diet (2) defective absorption
or (3) excessive demands for erythropoiesis

1 Faulty diet 15 responsible for anema m various parts of the world
usual or unusual crrcumstances In the Umted States except 1 food fad
dusts or alcoholics nutntional deficiency 15 rarely a cause of anema unless
other factors operate to produce a d d or
‘When anema occurs m adults because of faulty diet the anerma 1s usually
the result of folic acid deficiency possibly because of the large bods reserves
of vitamin B, and wron

2 Defective absorption 1s 2 common cause of nutritional anerua m adults
In anemi vitamm B, defl anses m this manner as a result
of defective gastnc function and the fadure to secrete the “mtnnsic factor”
that 15 essential for the normal absorption of vitamun B, 8 A simular dis
order 1s produced by total gastrectomy a procedure that removes the tissue
that secretes the intnnsic factor In this circumstance the deficrency does not
appear for several years after gastrectomy because the normal bedy reserves
of vitamin B; do not become depleted for some hme \Iﬁgwma

d with a Jobl. type of erytt that 15 ch 1c

of vitamin By or folic acid deficiency sometimes occurs 1n sprue or other
diseases accompamied by severe diarthea or other abnormalities wHich may
lead to malabsorption A similar anemia due to vitamin B; deficiency that
1s refractory to oral yet top 1 therapy has been
reported 1n patents with diverticula stnctures_and fistulas of _the small
mtestine In such crrcumstances the bactertal flora of the gut seems to play
an important role it some way possibly by mlubiting the absorphon of
wvitamm By or by competing for thrs vitammn smce treatment with antibi

otics mav induce a d by a refmﬂ@i to
absorBVitamn B, that 15 admmistered ogally 41 Although total gastrectomy
15 rarely followed by an irom amerma this type of anemia often
oceurs several years after partial gastrectomy Inveshgaton of such patents
has shown that the ron defi m this 15 probably at least

partly the result of an mabihty to absorb iron that 1s contamed m food
while the ability to absorb medicmnal wron may be rormal 7

3 Excessite demands for erythropoiesis may produce a deficiency of
essential factors if the reserve stores of the body have been depleted even
though the normal dretary ntake has been mamtamed Dunng pregnancy
anemta sometimes occurs because of_gron deficiency that 15 the result of the
added demands of fetal erythropotesis a similar type of anenua 1s seen m
some children because of the increased need for rron to meet the merease
m blood volume that accompantes body growth A deficiency of folic actd
or more rarely of vitammn B, develops i some \\ommﬁncy
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particulurly n those who hive a poor diet or suffer from severe gastro-
intestinal upsets Depletion of the body reserves of folic actd mav be a factor
n megaloblastic anemia of pregnancy but it has been pomted out that m
man nerther the daily requirement of folic acid nor the quantity of the body
stores 1s known 7 The existence of some reserves of fohc acid 15 shown by
the observ wtion that some expectant mothers do not develop megaloblastic
anema despite extremely poor diets

B Bone Marrow Failure

Evenif adequate amounts of all the substances required for erythropotesis
are sngested nd absorbed normally crythrop may be madeq be
cause of defective function of the bone marrow Inadequate erythroporesis
1s responsible for the occurrence of anema m a number of circumstances
such as (1) m the presence of other disease (2) after the ingestion of drugs
(8) after exposure to chemicals (4) after uradiation (5) m endocrme
diseases (6) 12 many patients the disease 15 1diopathic

1 Duseases of long duration such as chronic mnfections particularly if
accompmed by fever and vanous metabolic disorders, such as the nremic
state often depress erythropoicss 'The decrcased marrow actwvity 15 re
flected by dummished tron utilization and reduced production of young red
cells 3¢ Although all of the factors that are responsible for the depression of
marrow activity are not hnown some important details have been estab
hshed The plisma of uremie ribbts has been shown to contam a lower than
pormal quantity of the erythropotetic factors and uremic rabbits have been
shown to be less responsive than normal to mjection of plasma rich i eryth
ropoietn ® Bone marrow cultures from uremic patients have been shown
to have lower won utilization than caltures from normal indviduals ** In
other diseases such as_car d ated_tubercul and leu
kemia, actual mechantcal encroachment on the erythropoietic tissue m1y beé
a factor in the anemia ilthough it 1s rarely the sole mechanism

2 &l’lguct to depress the bone marrow_m virious ways Anemia may

occur alone but more often 1t occurs m combmation with leukopensa or
thrombocvtopema Some drugs depress the bone marrow which ss 1 tissue
composed of rapidly dividing cells by therr pharmacologie action which
mterferes with nucleic acid metabolism and mhibits cell drviston or matura
tion In this categon are benzol the plhyliting agents (mtrogen mustard
chlorambucil traethylene melumine (TEM ) Myleran) folie acid antago
nists (aminoptern  amgthoptenn)  the purme mtagomsts (b mercapto
purine) and urethme The cffects of these drugs which are discussed m
more detail in Chapter I\ are predctable wnd ¢ h indi
vidual paticnts vy considerably with regard to the amount of drug that 1s
required to produce the effects Other drugs produce depression of hemato
poests only m certain susceptible indnaduals Marrow depression which
may be temporary or permanent may occur without warnmg even after
only 2 very small dose of the drug particularly af the mdivadual has been
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exposcd to the drug previously Reactions of thus type have been reported
to follow exposure to a vancty of coal tar products antibiotics anticon
valsants and heavy metals ® 8

3 Chemicals that are employed 1 vanous industries and accupations
miv damage the bone marrow m the same manner as chermicals used as
drugs Usually an element of mdindual susceptibibty 15 a facter The
chemucals that have been menmmated most often are organie solvents par
ticularly benzal and its dernatives ¢ Fxposure to chemucals often occurs
through the, use of clewning agents or msecticide spravs

4 Tomzing rad from x ravs or rad ls causes anemia
bv depression of ErvEhTopotesis if the bonc muraw 18 exposed sufficiently
Dunng roentgen rry therapy or after the use of ridiactive satopes the
full hematologic effect may not be evident unhil several weeks afier ex
posure With the carefully calculited darlv and total dosages that are used
m uradation therypy permanent damage rarely results becanse therapy 15
rarely continued for more than several weeks at a time However of large
doses of wrradiation wre used as 1s sometimes the case when carcmoma 18
treated or 1f courses of therapy nre repeated frequently over a penod of
years as happens in some patients wath diseases of the lymphoma group
the effects on the marrow may be so marked and persistent that they may
Iimt or preclude further therapy of this type Although the exact mechamsm
of action of d 15 letel il q at present 1t 15 known
that cel) multiphcation 1s supp d possibly by mhat of nudlerc actd
synthesis ¢ (See also Chapter I\ )

5 Hormones Both the pihntary gland and the thyro:d gland are wnpor
tant m erythropoiesis This 15 shown by the development of anemma after
removal of either of the glands m ammals and by the oceurrence of anemia
in patients with hypopituttanism and myvedema ¢ It Bias been postulated
that the anemia in myvedem which 15 rarely scvere represents an adjust
ment to the decre wed body metabohism camparable to the effect produced
by exposure to increased oxygen tension rather than a deficiency of the
thyroid hormone per s¢? The demonstration that patents with myxedema
and wnemua respond 1n a normal fashion to bleeding wathout thyroun ad
mmistration favors this interpretation € as does the observation that patients
who have m associated defimency of vitamm B, or mon can respond to
some extent to these substances without the admuustration of thyroun ®
1t has been shown that some indiduals with myvedema absorb vitamin
B, ® and won poorly *

6  Idwgpating” splasticanenua. In some patients no explanation can be
found for the bone marrow fadure that 1s responsible for severe ancma
There 15 no history of unusual exposure to drugs ¢} s or urad
and no evidence of an assoctated disease that mught cause bone marrow de
pression A c(m&emhl defect has been postulated for the disorder that accurs
m infants and very”Youdg cluldren but aplastic anema also develops
adults The marraw }wns usually assoorated with pancytopema but
w some patients anemit occirs Wlone 1 others the ANGRII s Beeompanied
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by either leuhopenra or thrombocy topenta Theoretically the marrow failure
mav be due etther to the lack of some factor necessary for erytliropoesis or
to the mabihty of the cclls to respond to the factor or factors that normally
stimulate erythroporesis Agamst the first possibility 1s the evidence that the
plisma of at le1st some adult patients with aplastic anemn contams large
1mounts of erythropotetin such plasma nduces 1n erythropatetic response
when mjected mto hypophysectomized test anumals 2 These observations
suggest that the hemtopoietic cells have becn dimaged i some way and
e unable to respond normally to sttmuli The observation that extramedul
lary hematopotess rarely oceurs 1 aplastic anemia and occurs often when
there 1s encroachment on the marrow by other tissue such as carestoma or
fibrosss also tavors this interpretation -

II BLOOD LOSS

A Acute blood loss usually results in a normocytic, normachromue type
of anemua -Althongh the total blood volume falls immediately after hemor
thage the hematoent deterrm ition may not reflect the degree of blood loss
until 48 hours have elapsed In persons with a responsive bone marrow acute
hemorrhage which affords a well know n stimulus to erythroporesss 1s usually
followed by 1n increase in platele!s—lculnﬂms.‘_wlggf_ﬂ_ﬂle Tise
n platclets and Teukogy fcs which 15 grenter with internal hemorrhage than

with external hemorrhage oceurs i 1 few hours The rebiculocytes begin to
mcmwmmmwn

B Chronic Plood loss 1s 1 common cause of anemi1 Bleeding of this type
newly J]ma m 1 defictency of won which when severe 1s charac
terized b?ﬂfW ytic anemya assocnited wath normoblastic

erythropotests n e Gone marrow_ In mulder degrees of anemra due to
deﬁmﬁ iypochromia and microcy tosis may be absent ¢ The reticu
locyte count serum bilirubin level platelet count and leukocyte count are
usuilly normal Any disorder_which Jeads to_chronse_or repeated gastro

)_or tenne bleeding may_ produce ron deficiency If the wren stores
hayve been reduced previously by growth menstruation or pregnancy the
actual blood loss neclz)l not be)t ¥ 1n order to produce ancmua Even
the phy siologic bload loss of menstruation may be sufficient to cause anemin
tn young girls with borderline stores of ron Mild menorrhaga at the meno
pause may produce the same result in older women

III  INCREASED HEMOL1SIS

The normal surviv 1l tume of the crrealating erythrocy te as determined by
the Ashby chromum ! N! glhone and dasopropyl fuorophosphate
methods 15 about 120 diys  The icturl mechamsms by which the erythro
cytes we destroved even m normal arcumstances are poorly understood

The following mechinisms hue been considered (1) ery%hgpll_lgn;ymsxs
by cells of the reticuloendothelt 1l system (2 osmotic Iysis (3) dcjtﬂutmn
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by tissue Jysins (4) 1 1 fr 10n of old_or dwmaged cells or
{5) dwmage by aggl 3 In normal and in most

of hemoly ic disease destruction of the erythrocytes or at least the comversion
of hemoglobm mto bilirubin apparently takes place m the cells of the
reticuloendothelal system In certam hcmolytic anemuas the erythrocytes
4re fragmented or lysed intravascularly and hemaglobin 15 released into the
plasma Hemolytic anemia occurs whenever 1 decreased survival time of
the erythrocytes 1s not bal d by d erythropoiesis A decrease in
survival time of the erythrocytes to less than}20 davs may be necessary to
produce anema 1f the bone marrow 1s funchoning normally since the bone
marrow has the capacity to incrense 1ts production of ery throcytes six fold
Unless erythropoiesss 1s depgessed for some reason hemolytic anemia 15

REMOyIC ANEMA,
characterized by both mcreased hemolysts and indreased enythropoests Evi
dence ©of increaspd hemolysis 15 found 1n the mc&gﬂ_ﬂ_cmm; of ]e(a](‘.‘)
urohilmogen andSirnary urobilinogen and n the elevation of ndirect rg@

acting bilrubin m the serum T d erytl Y fested by

pefplasia_of_the bone marrow, reticulocytoss in the penpheral blood and
mcreased iron utilizajon

Several different pathogeme mechanisms may cause a dimmution 1n the
survival time of erythrocytes These mechinisms can be conyentently clisst
fied as tracorpuscular” or “extracorpuscular” “Intracorpuscular defects
which are mtnnsic 1n the erythrocytes produced by the patient result in a
dimimished sunvival time of the pitients erythrocytes m his own circulation
and also after mto a normal bl “Extracorpus
cular” factors are different in that they are part of the enyvironment that the
erythrocytes encounter m the patients circulation normal erythrocytes have
2 diminished survnal when transfused into the patient while the erythro
cytes produced by the patient survive for the normal time when transfused
mto a normal reciprent # Intracorpuscular defects are generally congenital
the result of some mherited disorder Extracorpuscular defects are usually
acquired as the result of some associated disease or disorder In some
patients the hemolytic ancrma 15 the result of a combmation of mtracorpus
cular and extricorpuscular abnormalities

A Intracorpuscular Defects

1 ¥ Iitary sph ( 1 hemoly tic jaundice) 15 mherited
as a Mendehan d and 1s ct 1zed by enythrocytes that have
a thickness/dimeter ratio-greater_than normal The cells_are abnormally

stisceptible to hypotonic saline'® 7 and the tendency of the cells to undergo
Iy 5 Tncreased by incubation * * Perfusion expenments hive demon
strated that the mcereased thickness of the erythrocy tes leads to their seques
tration 1 the spleen where they are destroyed 3 1 9 These studies have
demonstrated that although there 3s n imhented “ntrinsic” defect m the
ey fhirocytes 1o hereditary spherocy tosts, the decreased surenal time of the
red cells 15 the resnlt of therr scquestrition and destniction by the spleen
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and fpx_t]usr&sﬁpllenecmm) cures the hemaly tic-anema 1 nearly all
patients even though the defect 1n the ery throcy tes—spherocy tosis—persists
The actual spherocytosis may be 2 reflection of an irhented abnormality in
! partitioning d with dermng; m epergy yielding
gheolyhic reactions ! 7 The finding of mcreased sodwm transport across
the surface membrane of the crythrocy tes m hereditary spherocy tosss—w hich
did not correlate with the osmotic fraglity autohemolysis or other tests—
has led to the suggestion that hereditary spherocytosis 1s a composite of
genetrcally determined biochemical abnormalities ©
2 MI_ME (Cooley s anerma Mediterranean anemia) 1s a rare m
hented disorder that 15 found most often in families of \IEdllt’n’dm
It may be manifested by different syndromes that vary m seventy from mild
hematologic abnormalities tg Sévere anemia Stadics offamiflies with this
disorder led to the suggestion that tho severe form of the disease represents

homoz; of the genetic factor (thalasserma major) while the milder
sfﬁ@mmm Ty of Tlie Fanelic Tactor {Thaldssemia mmor) * ©
A promment feature of the disorder 1s the ocourrence of hypochromic mero
cytes that are abnormally thin (leptocy tes) These cells have the appearance
of target cells on the staned blood smear and are abnormally resistant to
hypotonic saline * * The alter \tions that are responsible for the leptocytosis
and the method of destruction of the cells m the patient which occurs m
the absence of the spleen are unknown Although the mamn defect 1 this
disease 1s mtricorpuscular m some patients there 1s an additional extra
cory tf h d with the spl Iy that leads to pre
mature destruction of even normal cells that are transfused ® Hemoglobin
analysis has revealed an increascinfetal hemoglobm (HbF) and hemo
globin A_1n the different thalassemic syndromes The percentage of hemo
globin F does not correlate with the chncal seventy of the disorder ™ ;rl]e
hemoglobin F mn thalassemia m yor has been found-toran, ¢ from 40 to alimgst
100.per cent In other mulder cases the hemoglobin F usually ranges from 20
to 40 per cent 3 In some patients with only minimal evidence of thalasserma
i the penpheral blood the level of hemoglobin F may be as high as 80
per cent ! while 1n other stmilar ¢ 1ses it may not be detectable ™8

3 Hemoglobmopathies  Pauling Itano Singer and Wells made the
mmportant discovery that the sichling phenomenon 1 sikle cell discase 1s.
due_to 1 pithologic difference m_the hemoglobin_molecule_that could be
der Ll eley ! 70 The difference betw een these hemoglobin
molecules 15 m the globin portion and not mn the heme fraction Ths new
concept that @ disease can be an expression of 2 molecular disorder that 15
genetically controlled has opened up an entirely new field of mvestigation
1n hematology ¢ ¢ Several excellent reviens of thus important and ripidly
changing field have been published 1% 5 6 24

The determinition of the tvpe of } lobin 15 1 ted
and for a sahsfactory explanation of the varions combmations of normal and
abnormal hemoglobmns thit have been reported 1t may be pecessiny to
postulate at least three differcnt genetic loct ¥ 5 When the abnormal hemo

.
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A M J)
C ({patient}
S (L J)
A (C J)
A (FJ)
Figwe 18 Evample of Femoglobun electrophorests sk awng ch mobaliics

of homozygous hemoglobins A, C and § using hiter paper as a supporting medium wath
a veronal buffer at pH 86 Cathode to the nght.

globn occurs m the heterozy gous state along with normal adult hemoglobmn
a non symptomatic “trait” condition usually results When the abnormal
hemoglobin 15 present 1n the homozygous state or when an individual 15
heterozygous for two abnormal hemoglabin types a clinical disease charac
tenized by a hemolytic disorder of the mtracorpuscular type usually oceurs
{Fig 19) In addition to the normal adult hemoglobin™ and fetal hemo
globin, F the followmg el h 1ly ab 1h lobins have been
reported S CHD EB®S(VHMIMORUYL N 38 Q85 “Nor
folk *“Barts™ HemoglobiisD G H I J K,1 N Q “orfolk ” and “Barts”
have been found only 1n the heterozygous or trut condihon Disease states
charactenzed by hemolytic anemia have been reported i the following
hemoglobin combtnations SS (sickle cell anemia) SC (sickle cell-hemo-
globin C disease) S thal (mcrq d disease
sickle ccll disease) S D (sicMle cell-hembglobin D disease) CC (homory
gous C disease) C Thal (h labin C~thal. disease) EE
(homozy gous E disease)

e ch 1 duff betweent lobin S (and the other abnrrmal
hemoglobins) and hemogiobin A are shght It 15 now known that of the

hal
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Bl=M B-M
O=F 8-F
Figure 19 Heredity 1 sickle cell disease Study of the hemoglobin types in a family

which ilustrates the results that occurred from the mating of parents who were
heterozy gous for hemoglobin S

} SCTr } SCA

nearly 300 ammo acids present n each of the 1dentical half molecules of
hemoglobin only one 1s 1bnormal 1n hemoglobin § In each half of the
hemoglobin § molecule one normally occurrmg glutamuc acid s replaced
by valine with the net loss of two carboxy ] groups by the entre molecule 3
Luttle 15 known about the mechanism of mncreased cell destruction m the
disease states charactertzed by abnormal hemoglobin Sickle cell anemi:
hs been studied more extensnely than the others The amount of hemo
globin § m individuals with sickle cell trait varies from 22 to 45 per cent of
the total the remamder bemg hemoglobin A In patients with sichle cell
anemt1 no hemoglobm A 1s present the predomunant hemoglobm 1s of the
S type and the remainder up to 20 per cent of the total is hemoglobm F %
It 15 hnown that the capaaty of the erythrocytes to sickle 1s a property of
the hemoglobin of the erythrocytes rather than 1 peculianty of the plasma
or the stroma of the celis* The utual development of the sickle form
appears to be related to the d lubility of unsaturated § hemo
globin molecules which causes the appearance of S shaped tactoids which
1n turn cause the ccll to assume the charactenstic sichle cell shape @ Sickling
oceurs untler conditions of reduced oxygen tension and less reduction m
ovygen tension for 1 shorter perod of time 1s requrred to produce sickling
1n ery throcy tes of ptients with sichle cell anemia than in those of individuals
wath the sickle cell trut * It has been demonstrated that phystologie oxygen
tenstons that may be encountered in the body are low enouph to produce
sickling of the enythrocvtes m sichle cell anemia 47 It has been postulated
that the cell destruction results from mechanieal trauma since st has been
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! ted that the mech ) fragihity of the erythrocy tes m sickle cell
anemia 1s mnereased wlien the celfs ave i the sichle form 3 ¥
4 ¥ i\ Pr tivity lias been studied ex

tensin(ly and it Bas been sl\own th.xr the hemolytic anerma mduced by the
drug 1s due to wtracorpuscular defects that reader the rells susceptible to
the drug, ** This drug sensshwty which has a fammbal distnbution 15 seen
but rarely i Caucasians hut occurs m 2bout 10 per cent of the Amencan Ne
groes ! The pnmaquine induced hemalytic wnemia 15 eharacterized by an
acute hemolytic phase of abont eight days duration which 15 followed first
by a recovery phase and then hy 2 phase of equilibrom when further ad
munistration of pnmaquine m large doses does not produce further hemolysis
Survival studies mn whach young erythrocytes tagged with zadiorcthve won

were ublized d d that the hemolytic action of pr affected
only older erythrocytes 7 The mtnnsxc defect m the enythrocste »s charae
terized by several bioch The foll have been dem

onstrated (1) Jow reduced glutatinone (2} unstable reduced glutathione
that falls when a hemolytxc dmg s admxmstered m o or when the eryth
rocytes are b \mh Iph yd m vitro (3) deficrency
of glicose 6-p b i {4) d ghotathone reductase
{5) merease m aldolase 3 A defictency of glucose 6 phosphiate dehydrogenase
has also been found m 7 2 per cent of healthy Negroes and 1 18 per cent
of healthy Caveasians %

The studtes on prmaqume sensttisaty have an smpaortante beyand the
problem of primaquine herolytic anemsa These myestigations have estab
hshed that an wherted abnormality n ceffular physiology 1s responsible not
only for pnmaqune sensitivity but also for the sensitinty that is concerned
i the lyte anerma m some mdivduals after the
of sullonamde drugs fasa beans and other compounds such as phenyl
hydrazane and napthalene ™ The chinical disease oceurs s a result of the
action of one of the extrimsic factors on erythrocytes thar are susceptible
because of an wmtinsic kereditary defect

5 Paraxysmal Nocturnal Hemoglobmura (Matchiafava Michel: Syn
drome)” Paroxysmal nocturnal hemoglobimun 1s a rare hemolytic disorder
that 1s characterized by mtravaseular hemolzsxs and hemoglobinuna which
s usuaﬂy more marked durng or Iy_after sleep* It has beep
demonstrated Uitk the Ticre wsed hemoalysis 15 due to an mtricorpusenlar de
fect since erythrocytes from pattents with paroxysmal nocturnal hemo
globmuna bhave a diminshed survnval hme when transfused mto norm
subjects while erythrocytes from normal indesidanls survive normally when
transtused mto patients wath parovysmal nocturnal hemoglobmura 2 7
Autosurvival studtes on three patients utthzing Cre! tagged cefls have
shown half survival hmes of £ 7 wnd 17 days however m erch mstance a por

tion of the cell g sarvived for prok d perrods and suggested the
presence of a double population 5 Ahhough the erum of patients with ths
dasease 1s normal hemalysis of the at 1 erythrocytes occurs when the

pH s reduced to 2 fevel of 67 to 71 This has suggested that the mereased
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Figure 19 Heredity 1n sickle cell disease Study of the hemoglobin types in a family
which illustrates the results that occurred from’ the mating of parents who were
heterozy gous for hemoglobin §

} SCTr } sca

nearly 3060 ammo acids present in each of the 1dentical half molecules of
hemoglobin only one 15 bnormal i hemoglobin § In each half of the
hemoglobin S molecule one normally occurning glutamie acid 15 replaced
by valine with the net loss of two carbovy] groups by the cntire molecule *
Lattle 1s known hout the mechanism of increased cell destruction 1n the
diserse states chricterized by abnormal hemoglobin Sickle cell anemia
s becen studied more extensively than the others The amount of hemo
globin S 1 individuls with sichle ccll trart vanes from 22 to 45 per cent of
the tota) the remunder beng hemoglobm A In patients with sickfe cell
wen1 no hemoglobm A s present the predominant hemoglobin s of the
S type wnd the remunder up to 20 per cent of the total 1s hemoglobin F
It 15 known that the capaaty of the erythrocytes to sickle 15 1 property of
the hemoglobim of the erythrocvies rither than 1 pecuhanty of the plasma
or the strom1 of the cells? The 1ctual development of the sickle form
wpeus to be relited to the dimmished solubility of unsaturated § hemo
¢Jobin molecules which causes the appearance of S shaped tactoids which
i turn cansc the Il o assume the charsctenstic sickle cell shape 8 Sickling
occurs under conditions of reduced oxygen tension and less reduction 1n
oxygen tension for t shortcr pertod of time 15 required to produce sickling
1 erythrocvtes of patients vath sichle cell anemin than in those of ndviduals
swath the sickle cdJl teut 47 It has been demonstrated that phystologie oty gen
tensions that m1y be encountered in the body are low enough to produce
sichling of the erythrocytes i sichle cell anemia 47 It has been postulated
that the cell destruction results from mechamenl trauma since it has been



MECHANISAMS RESIOASIBLE FOR ANEMIA 83

countered 1n the circulation may Jead to mncreased destruchion It has alco
been suggested that the presence of the antibody on the ccll membrane
alters the metabohsm at the cell surface and thereby causes wreversible
changes m the membrane with the production of spherocytosis that leads
to erythrocvte destruction 1 the spleen or 1n the cirenlation ¢ The speed
with which hemolysis was found to occur i some studies 1s evidence agamst
the occurrence of this mechamism®  Another possible explanation s that
spherocytosis in vivo 1s cused by auto-agglutination and stagnation leading
to 1schema of tissue cells which release substances that further damnge the

ryth 1 Ervthropt by the lenkocvtes of the penpheral blood
and by cells of the reticuloendothelial svstem mav also be a mechamsm of
cell d It scems probable that the mech of destruction of the

red cells 15 not the same m everv case of auto-mmune” hemolvtic disease
1t has been suggested that three pithways eust (1) mtrnascular destruc
tion due to the presence of a complete “antibody ” a hemolysin (2) Tysis
after sequestration primanly 1n the Iiver or lungs that occurs hecause of
the presence of a complete “ntibody an agglubmn (3) lysis prmanly
m the spleen after that follows aggl produced by n
mcomplete agglutmin plus other factors 57

2 150 immune Hemolytic Disease  Iso-antibodies are the naturally oc
curring anhbodies such as antt A and ant1 B and thosc that develop
response. to the stimulus afforded by exposure to erythrocytes of other blood
groups These antibodies do not affect the pahents onn erythrocvies Iso
anmune Bemolytic disease eccurs as a result of the mcompatiblity of the
blood group anbigens 3t occurs &s a result of mismatched trinsfusions m
volving the ABO system the Rh system and other groups when the m
dividu il's serum contams antibodies for the othes blood group agglutinogens
A simular mechamsm 1s responsible for the hemolhvtic disease of the new
born erythroblastoss fetahs Ths disease most commonly occurs when the
mother 15 Rh negative {lacks the D antigen) while the fetus 15 Rh positine
(has the D antigen) but 1t also occurs m some, mstances of ABO mcompats
Bilty The mother develops antibodhes agamst the red cells of the fetns and
the antibodies pass through the plwenta to destroy erythrocytes in the fetal
arculation: The exact method by which the immunizing antigen enters the
mother s circulation 15 not hnown but 1t 1s hikely that the event occurs at
parturthon smce the disease generally spares the first born child and affects
fater childeen Senstization may also be present m nulliparous women be
cause of previous blood transfusions Howeser in incompatibihty of the
blood groups of mother and ciuld does not necessanly mean that hemolytic

disease will develop since antibodies are not alwavs formed 1 suffctent
quantity

3 Paroxysmal Cold F P. 1 cold b lob
;: 2 Very TaretisCme Characterzed By sudden attacks of mtrayascular
emolysts and hemoglobwuria 1t has been considered to be a manifestation
?f syphilis but ats occurrence m patients in whom syphilis has been excluded
has led to the snggestion that 1n some patients the positive serologic tests
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hemoly sis that oceurs dunng, slecp 1s duc to earbon diovide retention Studies
have shown that for the i vitro destruction of cnvthrogytes in nocturnal
haneglobmuri the following ire essentnd scrum complement magnesiim
ton (Mg++), pH between 67 wd 71 propardim Properdin 1s 1 normal
constitucnt of scrum: distinet from complement that is coneened 1n patural
immune actnaties thit do not require scrum ntibodies The ytic wction of
serum parallcls the properdin content but the other factors are essential
for the rewction ¢+ M

B Lxtracorpiscnlar Defects

1 lutoammune Hemolytie Anemias  Auto-ummune hemoly tie anemias
are ehariiAzed T production of “antibodies” that have the abdity te
act on the patients own corpuscles It most inst inces these “auto-1ntibodies™
also wct 1s 150 antibodies nd re it with other normal human eny throcytes
to some degree Hemolytie anemis of this type are 2equired  and from a
cmical staindpomt mayv be clissthed as (1) dwopathue (cause unknown)
or (2) ssmptamatic (eceurning, 1 1ssocsation wath some other discase such
is mabmant hmphomt lcukemit sairus preumonit collagen disease )
Irom a serologte standpomt the tibodies mas be classified as “cold” mt
bodics which re markedly potentiated by cold or “w ym” antibodies wlich
act in vitro 1t 37 at lowut as well as at lower temperatures ¥ The presence
of the anto antibodics of both the warm and cold types (which are ab
sorbed on the patints erythroevtes) 1s shown best by the wtiglobulin
(Coombs} test  Durning, chiical remssion the presence of auto-antibodies
m the pitients scrom cm sometimes be demenstrated by testing with
trypsinized cells when the mdirect itiglobubn test 1s negatne ®

The Factors that Iead to the form stion of the wto-antibodies i hemolytie
ancmia are not well understood Two mechanisms have been sugrested (1)
an alteration 1n the patients eny throcs tes that ¢uses them to act as antigens
and lc 1ds to a specific immunc response by the pitient nd (2) the produc
tion of wtibodies or substances thit rescmble antibodies as part of an out
pourmng of globuln from the intibody forming tissue of the patient m rc
spouse to some other non specific: stanulus The oceurrence of this tvpe of
hemoly tic anemn 1n patients who hwe disorders of the reticuloendothelia)
system the frequent issact ion of wcreases m the serum globulin level and
the frequent occurrence of other positne seralo_te roctions favor the pro
duction of abnormal protein as the fundwnental disorder 3 * Furthermore
classic types of smmune red cell reactions have been obsert ed when st was
clear that an antibody had not deseloped agunst the unaltered red eell 7

The mechamsms by which the erythrocytes are etaalhy destroyed are
not known with certunty The first phisc m the destruction of the cells ap
pears to be fixation of the globulin to the cell membrane 3 Since most auto
antibodies are not lyte destruchion probably occurs through other mech
antsms The demonstration that agglutinated erythrocvtes coated with ant:
body have an d h 1 fragibity that the trauma en
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countered m the circulation may lead to mcreased destruction It has also
been suggested that the presence of the antibody on the cell membrane
alters the metabolism at the cell surface and thereby causes ureversible
changes 1n the membrane with the production of spherocytosis that leads
to erythrocyte destruction 1 the spleen or mn the ewrculation * The speed
with which hemolysis was found to occur 1n some studies 15 evidence agamst
the occurrence of this mechanism3  Another possible explanation 15 that
spherocytosis in vivo 1s caused by auto-agglutination and stagnation leading
to 1schemna of tissue cells which release substances that further damage the
erythrocytes 1 Erythrophagocy tosis by the leulocytes of the peripheral blood
and by cells of the reticuloendothelial svstem may also be a mechamsm of
cell destruction It seems probable that the mechamsm of destruction of the
red cells 15 not the same m every case of “auto-immune hemolvtic disease

It has been suggested that three pathways exist (1) mtravascular destruc

tion due to the presence of a complete “antibody ” a hemolysm (2) lysis
after sequestration primanly m the hver or lungs that occurs because of
the presence of a complete “antibody ” an agglutnm (3) lysis primanly

n the spleen after seq that follows aggl 10n produced by an

mcomplete agglutinin plus other factors 57

2 Tsoammune Hemolynic Disease  Iso-antibodies are the naturally oc
curnng antibodies such as ant1 A and anh B and those that develop m
response to the stimulus afforded by exposure to erythrocvtes of other blood
groups These antibodies do not affect the patients own erythrocytes Iso
immune hemolyhc disease occurs as a result of the mcompatbility of the
blood group antigens It occurs s a result of mismatched transfusions
volving the ABO system the Rh system and other groups when the m
dinidaal s serum contams antibodses for the other bloed group agglutmogens
A simtlar mechanism 1s responsible for the hemolyhic disease of the new
bom erythroblastosis fetahs This disease most commenly occurs when the
mother 1s Rh negatve (lacks the D antigen) while the fetus 1s Rh positine
(has the D antigen) but 1t also occurs m some mstances of ABO mncompatr
bility The mother develops antibodies agamst the red cells of the fetus and
the antibodies pass through the placenta to destroy erythrocytes m the fetal
circulation The evact method by which the immunizing antigen enters the
mother s circulation 15 not known but 1t 1s hikely that the event occurs at
partuntion since the disease generally spares the first born child and affects
later cluldren Sensitization mav also be present in nulliparous women be
cause of previous blood transfusions However an mcompahbility of the
blood groups of mother and child does not necessarily mean that hemoly tic

disease will develop sice antibodses are not always formed mn sufficient
quantity

3 Paroexysmal Cold H 1a P, 1 cold | lot
Is a Very “yare-diseasechmracterized by sudden attacks of intravascular

h;‘moly sis and hemoglobmuna It has been considered to be a mamifestation
lo1 syphilis but its occurrence m patients m whom syphilis has been excluded
as led to the suggestion that n some patients the positive serologic tests
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for syphihis are falsc positne rexctions that hne ocenrred 1n the presence
of the antibody of proxy smal cokd hemtuna * The sttacks e precipitated
by elulling, of the body and hemolysis occurs during the subsequent warmmg
Donath and Landstcncr demonstrated th it hemoly sis oceurred in paroxy smal
cold hemoglobmuri becse of the presence of 1n aatohemolysm i the
prtients blood?® The hemolysin s the patients plisma umtes with the
pitient s erythrocytes in the presence of complement at temperiture of 15° C
or less In the presence of complement hemolysis oceurs on warming at a
pH of 7010 80 The hemolysm 15 not active 2t body dmperiture or 1t room
temperature 4 The paroxysmil cold hamoglobimun s antibody wluch is the
hemolysin 1s 1 gunma globulin and cnthrocytes that e scnsmzul by
neubation m dilute proxssmal cold hemoglobmune serum are agy )
by antiglobubin (Coombs) scrum It has been suggested that the dimaged
erythrocstes are removed by enthrophigocytoss since this re iction has
been demonstrated i vitro ¢

4 Infectious \gemts Tlanohytic mnemm mey oceur as 1 result of a
ety of Ty Among these e septicemin due to C welchn stiphylo
cocer streptococer and mfcctions duc to Vibrio cholorw Hamolytie ancmia
has also been reported an v artous ty pes of tubcoreulonis: bacten endocarditis
nd mflucnzal memingtis In mahirst destruction of the envthroeyvtes oceurs
s a consequence of the locihzition of the pirisites withun the red «dis The
severe fulmmatig hemolytic wnemin - blackw ater fever ™ that sometimes
oceurs 1 nfections with Plismodiim fileiparum may be due m part to
antibodies that e produced 1 a result of qumne ngestion * A severe
wute hemoly tic inema occurs i Oroy 1 feser which 1s cused by mfection
with the Bartonella bacilus The mechrmsm by which cortmn virnses cavse
hemolytic inema wppears to be through the production of tto intibodics
rather than by 1 direct action of the virus on the enthrocytes

5 Chemical Agents A variety of chemical agents have been menme
nated 1s ciuses of hemoly e incmia Thirty one different compounds hwe
becn histed by Wintrobe * With some such as phenylhydrizine and naph
thalenc (present m mothblls) the cffect 15 rcdated ta the smount of the
compouud that 15 wyested Other compounds such s sulfonwmdes quinine
and prmiqume cause hemolvtic nemit beetuse of diosynerasy on the
part of the patient [t now appears that in most indn rdu s the susceptibihity
of the erythrocytes to these drugs and chomenls 1s the result of an mhented
tracorpuscular defect ¥

8 Physical Agents  Hemobytic inemia which 1s sometimes scvere oc
curs 1n extenstve burns s 1 result of demage to the erythrocytes by heat
the red corpuscles become more susceptible to the trauma m the cucu]zmon
and to stignation i the tissues ¥ Incre sed hemolysis has been &
durmg the first week i burns nd 15 severe m tlurd degree burns of more
than 20 per cent*  In addition N' glvcie studics of humoglobin preduc
tion have shown tht muked depression of erythropoiesis oceurs about 10
days after the mjury at 2 hme when the hemoly ic anemia mght be expected
to lead to mcreased ery thropoiests * ©
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7 Vegetable Porsons A severe hemolytic memis known as favism o
curs m some mdnaduals as the result of the mgestion of the bean Vica fava
Mast of the cases have accurred i Ttaly and Sardimia but cases have also
been seen 1n other Mediterrancan countnes and the AMnddle East The he
molytic episodes often acute are sometimes fatal The direct and mdirect
antiglobuba (Coombs) tests are often postive at the time of an wtack
mdicating the presence of incomplete warm antibodies on the erythxoc; tes
and i the plasma % Favism was formerly dered to be a
of allerge sensitization * Recent studies mdicate that mdniduals who are
susceptibly, to the fava bean have a constitutional anomaly of the erythro
cytes glatathione deficiency similar to that found in patients who are sensy
tue to prunaquine 2ad other drugs ™ Since some parsons apparently do not
develop the hemolytic anemia untl after the second exposure to the offend
g drug or the fasa bean st has been postulated that at times both 4 gl
tathione deficiency and the sensibization to the noxious agent are necessary
to produce hemalysis *®

8 AMiscell Types of Hemolytc Anemua  Hypensprensye  He
molytic anemia sometimes deve fops 1n patients who have splenomegaly when
no auto-antibodies or other abnormal hemoly tic mechanisms can be demon
strated by the usval tests The usual featores of hemolviic anerma may be
present, but on occasions dunng the ranasement of 4 patient with ancma
by means of transfusions an mcreased demand for transfusions 15 the mam
clnial evidence of the hvperhemolysis In some patients leukopema and

tirombocytopenta of derable seventy also occur The reductions m the
cellular el of the 3 blood are d mlh an apparently
actve bone marrow Spl s beneficral and the

has been terined  hypersplemsm ™ A promary disorder of this tvpc nppears
to be extremely rare if it exots The synd: 15 seen with

that occurs m many different diseases such s eurhosis portn! sem throm

bosis diseases of the lymphoma group collaten disorders fungus disease

and tuberculo n The mechamsm of the hyperbemolysis 15 vnknown The
mcreased destruction of the ervtbrocytes may be related to the errculatary
stasts wt the enfarged spleen in some way but the possiihity of some humoral
mechanism cannot be excluded

Heworarne Hvonymic Asevia The term hemopatine bemolyhie
ancmn has been sugge sted for the hemoly re anena that occurs i various
dhse 1se states such ds uremta carcinoma leukernia and infections when no
abnorm i antibodics can be demonstrated* The anemia 15 the result of a
shortened survival time of the eryvthrocytes wsociated with an madequate
marvow response The presence of a hemolytic element has been established
by <l survinal studies and the subnorm:d response of the marrow has buen
shown by th  absence of or ron util The
surea il curve of the envthrocytes m thus type of anemua 1s liner nd resem

bles a normal curve exct pt for 1ts slope For thus reason 1t has been postulated
that the mercased cell destruction yeflects premature senescence of the
erythrocytes as the result of abnormal metabolism which oceurs n the pn
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mary discase It has been suggested that such metabolic abnorm ilities may
Iead to an early dissipation of the enzymes that ire responsible for mam
tuning, the normal mtegnty of the red blood cells® Incrcrscd hemolysis
also oceurs m some patients with “plistic” or “rcfracton” anema but n
such patients the hemoly tic ekoment 1s 2 mumor £1ctor comp wed to the failure
of the bone marrow 10 66

HintoLymic ANMUA AsSoCiATFD witit Liven Distase  An acute type
of hamolytic anemia has boen observed in acute hepatie necrosis without
evidence of auto immunization ** Chronie hemoly tic anemin that s due to an
extracorpuscular mechinism has bean found to be the commonest type of
anemiy n chronic hnver disese 1 7 The splecn 1s ipparently the marm site
of hemolysis 1n these patients

DIAGNOSIS OF THE
PATIENT WITH ANEMIA

The objectives n the manmgement of the patient with anemia are first
the discovery of the cwse of the mnemin and second correction of the
underlying defect It 15 mportant to rcmember that the demonstration of
“inermia does not constitute a drgnosis but mercdy the recogmtion of a
sign compairable to fever or edema For this reason the seriousness of the
mem1 m any paticnt depends on the underlymg cause of the e rather
than the severity of the mumir A mild degrec of memua cqused by a carct
noma of the gastramntestinal trict 1s 1 scrious affur for the patient while a
severe deprec of wemit from hemorrhad ] blecdiny, 1s not Treatment of a
patieat with wron or vitamms  or blood trwsfusions without first making a
diagnosts othcr thw ey my Jeopwdize s chnees of recovery
Anema that 15 the result of ron deficiency secondany to blood loss from
carcmoma of the cecum my respond to won silts orally or to blood trans
fustons wlile the ciranoma changes from a curible to an meurable lesion
In situations where the underlving cwse cinnot be corrected  accurite
dragnosts 15 still essentnil for propor manigement Unless this fact 1s recog,
mzed a patient with a macrocytic wemy mu be “caredd of hn awema by
treatment with the fohic acad present m many mutbvit amin preparations but
the central nervous system lesions m1y progress and become irreversible 1f
the patient 1s suffermg from the vitam B, dcficrency of permicious anema
A systematie nvestigation of the pitient with suspected anemra nearly
always provides the informatton necessary for the correct drignosws and
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proper treatment This inyestigation mims to provide answers to the follow
mg questions

Does the patient have anemia?

What are the morphologic charactenstics of the anemia®

What 15 the mechanism of the anerma®

‘What 1s the underlving cause or disease that 1s responsible for the
abnormal mechamsm?

S What 15 the best form of treatment?

FNETRERY

Although 1t 15 at times mmpossible to establish 4 complete diagnosis i a
patient with anerma 1 myonty of patients 1t 15 possible to classt
the GHEW&FMM
=€ anti
cient production blood loss or mncreased hemolysis This 15 usually possible
by the use of relative ly simple Iabortory procedures that can be performed
m the physiciins office or the hospital laboratory If the physician under
stands the mechanism that 15 responsible for the anemia he 1s 1n a position
to manage the paticnt ntell ly by ad 1ng the proper
or by plannmg any further mnvestigahon that may be necessary to sdentify
the disorder that 1s responsible for the abnormal mechanism

‘The answer to the gquestion Does the patient have anerma®  often cannot
be yuned from the story or the physical examination Anemia of moderate
severity may not be detected even by careful inspection of the shin and
mucous \ In another circumstance a h mdividual with
pallor of the skan and mucous membranes may report all of the symptoms of
anemt even though the blood 15 entirely normal The_presence of anema

can be estabhshed only by lat y § d The simple<t and mast
pe estab whed Ony Dy Jaborafory procre
rehable 15 the | d ® The normal H

s
range for adult males 15 40 to 54 (47 0 = 70) per cert and for adult frmales -
87 to 47 (420 = 50) per cent ¥ The hemoglobin determuation which has
an accuracy comparible to that of the hematoent if 1t 1s performed properly
15 also advocated as a screening procedure by some awthors # In.ovr expen
ence the hematoent determimation 15 morse accurate than the determmations
but even this dure 15 far from infallible Musleading vafues may be
obtamed 1f the blood 15 drawn from a ven subjected to too much stasis 1f
The valume of packed cells 15 niso mfluenced by (?\mh—cs};mﬂ W)

plisma low levels of serum clectrolytes canse 3 nse in the hemafoent whild o)
elevations cause o Fall {Fig 207 Exven f the technigues are not fanlty values
in the normal ringe may be obtamed occasionally n patients with esther
macrocytic anema or wron deficiency nemia of mild degree We have seen
a patient with pernucious anenua and involvement of the central nenous
system who had 2 hem itocnt of 42 per cent a hemoglobin of 148 gm per
100 ml and an erythrocyte count of 33 mul per cumm An amalogous
ificulty has been encountered 1n patients with won deficiency when the
hematoenit was 40 per cent red blood count 50 mil per camm and the
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Fugure 20 Fifect of changing 0 motie pressure on the licmatoent A single sample
of hlood was centrfuged and the plasma was removed and discarded The red cells were
drrded 1nto six aliquots and the samples were restored to the ongmal volume with vary
ng saline concentrations as noted

hemoglobin 80 gm per 100 ml Such unusual occurrences do not detract
seriously from_the uscfulness of the hematocrit as 1 screening test because

the_use of wther the hemoglobm determmation or ery throcy te count alone

as 1 screcning, procedurd 1s subject to the same Imitations

In order to wnswer the question “Whnt 15 the mechanism responsible for
the ancmia? 4 carcful lustory physieal exarmnation and certun hboeratory
tests that reveal the morphologic and other charictenstics of the blood are
necessary Laboratory procedurcs have assumed the most prommnent place
n the dragnosis of hem itolo, 1 problems but this does not mean that a care
fully taken hustory 1s not import mt V¥ ithout the benefit of 1 complete hustory
the laboratory results may be puzzing or even misteading

The History W hen the hustory is obt uned the patient should be allowed
to gve lus account of his rllness first and then he should be questioned about
svanous details A famiby history_of inemua or splenectomy or 1 &hégogx
of recurrent episodes of anemit may be helpful particularly of the patient
has he_xﬁ__cﬂw}jc_aggr_nmi The dictwy history 1s important m children m preg
nincy and i chrone ilness Tor 775 T these circumstances that a dictary
defictency 15 most likely to become manifest The listory of the use of
“tomes” and vitamuns may help clanfy an anerma that 1s difficult to classify

—_—
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because the hematologic features charactenstic of the underlying disease or
syndrome have been altered by such prepirations Repeated exposures to
dmgs or ¢hemicals encountered n the patients oceupation or m the pursmt
of a hobby may be a factor in the causation of anemuia A careful review of
the body systems should be part of the lustory taking becansc systemanic
questiontng of tlis type may eheit important symptoms such as paresthesias
mild taxa_excessive menstrual bleeding or ev Pmo'ls'ﬂmrln\ m\ot
_been voluntecred by the patient

Physical Examunation  Although the physical examination alone rarely
1f ever suflices for the complete diagnosis of anemia nearly any part of the
exammation may contribute unportant nformation  The appearance of
hemorrhages and exudates m the fundi may be the first mdication that the
patient has bactenal endocarditis euKemn uWn The
presence of tumor mssGs thy hep ly or_spleno
megly.may bring the diseases of the retlculnendmhelml systern anto con
sideration for the first ime Most hemolytic anemias with ch evccphon of
sickle cell anemia are s ted with sph ly § 15
unusual m untreated aplastic anemta and the detection of an enlarged spleen

makes <ome_other d11gnosis more hkely An apprasal of the nutnitional state
of the patient the color of the tongue the appearance of the papillae the
presence of fissunine of the hips and the texture of the fingernails may give
clues to the presence of a deficiency of folic acid, vitamin B, or won_The
detection of telnngwctases on the slin or mucous mcmbranys may gne the
first clue to an e of g 1 h Even the general
appearance of the patient the tone m\s manner of speaking
may lead to the recogmtion of myxedema as the cause of an undiagnosed
case of anerna that has proved refractory to the usual forms of antianemic”
therapy The demonstration of mild atavia or decreased vibratory sense mn
the extremuties muay be the first indication that the patint has permeious
anemia particularly af the hematologic picture has been altered by made
quate specific therapy or by coeusting iron de ficzency

Lab y Studies E of the penpheral blood by 1. y
methods 153 most important step wn the \dentificatton of the mechanism that
15 xespnns\h]e for the nnemm 1f the hematoent value 1s low  the following

are d ation ot the hemoglobin ery throcyte

count leukocyte count and a’study of the_stuned 1 bloMnr The study
of a film of blood that 1s properly made and stamned gives valuable informa
tion about the size sl

hape and hemoglobin content of the erythrocytes the
level of the bload pk

atelets and the type of leuhoeyte reaction A stan for
reticulocytes affords a generally relable imdication of the erythropoetic

activity of the bone marrow With the results of the hemoglobin hematocnt
and erythrocvte determination the mean corpusculir volume MCV), mean

corpuseular hemoglobin {MCH), and mean carpuscular lemoglobm con
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centratton (MCHC) can be determined and the tnemia can be classified
accordmng to el size and hemoglobin content 1s

v

macrocytic (MCV > 94 ¢ u ) (MCHC > 80%)
normocy tic (MCV 8094 cp ) (MCHC > 307)
microcytic (MCV < 80 cp (MCHC > 5307)
hypochromie (MCV > 80cp MCHC < 30%)
hypochromic microes tie (MCIHC < 807) (MCV < §0cp )

Table 6 Laboratary Irocedures Often Helpjul an the Study of a Patient uith Anema

USUAL INITIAL $TUMIFS
Hemntocnt detennination

Hemoglobin determination

Enythrocyte count

Hetieulocy te count

Study of stuned blood smear

Leukocyte connt wnd diffcrential count

Plutelet count (or estimate from 1lood smear)
SUSPECTED IMON DEFICIFNCY

Stool for occult blood

Serum tron and latent iron binding capicity

Stan of martow preprations for wron

Roenty, hic study of the g tinal tract

SUSILCTED VITAMIN B] O }OLIC ACID DEFICIENCY
Bone marrow

Gastnie analys: after In tamine injcction

Vitamin By absorption test (radoactive cobalt)
Serum vitamin By Jevel

Rox hic study of the g al tract

SUSPECTED HEMOLYTIC ANEMIA

Bone marrow

Serum bilirubin Jesel

1 ecal urobilinogen excretion

Test for sichling

Hemoglobin electrophorests

Antighbulin (Coombs) test

Hypotome salme fragility test

Alkah depaturation test

Hemoglobin determimation plasma and urine

SUSPECTED A1 LASTIC ANEAIA

Bone maryow {aspirition or biopsy )

Skeletal roentgenograms

Serum wron and latent yron binding capacity

Medr tinal roentgeno,rams for thymoma

OTHER1ESTS OFTI'N USED ES] ECIALLY 70 DIAGNOSE TIHE PRIVIARY DISEASE
LE preparation

Blood urea

Tisste biopsy (shin Iymph node hwver)

Peroudase stan

Plasma elegtrophoressy

Unme electrophoresis

Bone marrow
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The method of calculating these values 1s given on page 70 The char
actenzation of the anema as macrocytic normoceytic mucrocytic or hypo
chromic mrcrocytic provides a guide to other appropnate studies that are
necessary to determine the mechanism and cause of the anemia The deter
munation of the cell size and hemoglobmn content by such caleulations does
not mean that a careful studv of the blood smear 1s ununportant study of
the smear grves valuable mformation thit may not be apparent mn the
calculations A list of the studies that are often helpful is presented m
Table 6

MACROCYTIC ANEMIA

If the pattent 15 found to have macrocytic anemia of significant degree
(MCV > 100 c g ) 1t 1s unlikely that acute hemorrhage has occurred and
for practical purposes chronic blood loss may be elmnated from considera
tion A macrocytic anema 1s usually due primanly to deficient blood produe
ton Less often a hemolytic mechanism 15 responsible Macrocy tic anerma
15 most hikely to be seen 1m the following circumstances (1)} deficiency of

vitammn B, or fohe and (2) “aplastic” anemia (3) myxedema, and (4)
hemoly T aretia

Deficiency of Vitamin B,y and Tolic Acid

If the toss 1s due to a defi of vitamin B, there 15 usually

k and throm} D often of mild degree If the anema 1s
moderaté 6r severs T depres study of the blood smear reveals considerable
amsocytosis and potkal and the of large mulb d
neutrophils In the untreated patient The normal or sibmur] reticulocyte

2t reffects the fuluso of 2 nomal susponse to anomun The guehtly el
vated Ievel of indirect reacting serum bilrubm and the mueaﬁhﬁ)
bwm&m‘ﬂawmwesxm}he
penpheral arculation or i the bone marrow The occurrence of the megalo
blastic type of erythropoiesis 1n_the bone marrow_establishes the presence
of a deficiency of vitamin B, or folic acid almost unequn acally

Smee deficiencies of vitammn B, and of fohc actd can give 1dentrcal
hematologic pictures further study 1s necessary to determine which 1s re
sponsible In this connection the gastric analysis is a very helpful procedure
With but rare exceptions patients with pernicious anema do not-secrete_

of h

hydrochlone 1c1d after the ad and the presence of
free in the pastric analysis Can almost be considered to_exclud

de_perm
ctous anemia from considerition The other causes of vitamin B, deficienes
such as total mtestinal shunts fistulze and malabsorption syn
dremes are usually suggested by the history and confirmed by appropriate
exarunations If the patient has evidence of posterolateral sclerosis assocrated |

3 with a normocytic or macrocytic_anemi: and histamine fast achlorhydna 2
the diagnosis of permicious anermta should be strongly suspected even though

the marrow 1s not megaloblastic
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Folie 1aid admimistration ¢can modify the appearance of the bone marrow
nd the penpheril blood i - ptient with pernicious anem:y wiile allowing
the central nenvous system lestons to progress For this reason me ssurement
of the Ievel of vitamun By the scrum or usc of one of the tests of vitamm
By absorption such as the Schilling test that utibze vitumin By labeled
with ridioctie cobilt may be necessary 1o ¢stablish the draguosis In the
Schulling test™ a_measured amount of ridivactine By s administered b
mouth wmd 1 ]"me-rfl grims) of non radiotctive
‘MTMMan, Ugmne is collected nd the amount
of vitamin By ~bsorbed from the 1.,1stnm 15 measured by
detenmming, the amount of r_umw_llwf%c_d’ﬂ
the unn¢ If subnorm1l wmounts of B, arc absorbcd 1nd cvercted  the
test 1y repeated and mtrinsic factor 1s admimistered wath the oral vitamin
B; The addition of the intnnsie factor lcads to substantial mmproycment
m absorption of YT By i pitients—withr Pomicions ancmit but has
little or_nio_effect In those with ml:bsorption syndrom¢_shunts,_and,_fis
tulyc If the patient has inemi and v megaloblastic bonc marrow that are
due to 1 defictency of vitamin B, the fict can be established of the admin
sstraion of vitamm B, prantarilly produces 1 comversion of the megalo
blistic ervthiropuesis to the normoblistic type followed by a reticulocy tosts
wnd 1 nse of theshemoglobin and anvthrocyvte leseds to normal

When fole acid ddficrenay 1s responsible for the macrocy tie anema there
is usutlly a &th or some disorder such as a maiahsorp
tion syndrome that produces v secondary deficency A dictary deficiency
sufficiint to produce this type of nemia 1s rare m the United States except
mn infaney during, pregniney n fpod faddists -and m aleoholics Tohe acid
deficency m iy prodiEcc the sime homtologie preture as vitvmin B, defi
cieney but the peurologieal Jestons that are so common n vitumm By
defierencs are ugually_thsent or mildn folic reid dckcicics The oceurrence
of l’ymn:rocym memia and 1 megloblistic_ marrow 1 an adult who has
retuncd The abiiyt03cTrete frce HOI strongly sugtests the possibility of
folic 11d defiency

Aplastic Anesnia

AMuld or moder ite macrocytosis 1s shightly more common than normocy tic
anemit in aplistic memia Although memn of this type 1s usually iccom
panied by defimte leuhopenny ind thrombocytopensa wncmia may occur
alope The term  chronic erythrocvtic hypoplisia 18 sometimes wsed to
distinguish patients of the hitter tvpe The reticulocyte count and serum
bilirubin level are usully normal or subnormil m chronie envthrocytic
hypoplsty the reticulocyte count ss often B or 01 per cent A shght ncrease
w the percentage of reticulocy tes 1s occastonally seen but when thus occurs
the absolute value (the number of reticulocytes per cumm ) s usually
nommal The macroeytic ancma of aplastic anemmn even if severe Is rarely
actompamed by a sugniﬁi,m\t degree gf poskifocy tusw;rhe
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hone magmt_fi1mmu@MjMyrsBjL~_w‘m&h!hemmxﬂﬂgm_eﬁgf
gj\lu’oimcs)s but m rare cases a meg, dabiastic marrow occurs Usually the
ma@wmmw%ﬂﬂm}@:m__%ﬂz
but_the p of normal or_ncreased ceflulanity does not_exclude the
diagnosis Recognition of the cause of anemi 1 of this type usually comes from

DPIOp lat y ex At umes_the lustorv of exposure to
uradiation chemicals or drugs 1s belpful On occision exammation of the
bonhe marrow i a pabent with suspected aplistic anemia establishes a definite
dagnoss of some other primary discase such as multiple myeloma leukerma

carcmomatosis or tuberculosis In the majomty of pattents with aplastic
ancmia the cause Temats obscure and the anemia 15 classified as idiopatine ™

My xedema

A rmld or_moderately severe macroevtic_anemi: oceurs commenly n
patients Yith my<ederms The red blood count usually 15 over 30 il per
cumm The penpheral blood shows no appreciable porkilocs tosis or amsa
cytosts and 15 generally normal m other respects The erythropoicsis 1 the
bone masrow 15 normoblastic and the celtulanty 1s exifier normat or shhtly
reduced The dipnosis of myxedema 1s usually suggested by the climcal

entures of the disease and 1s confirmed by the appropriate laboratory tests

such as 4 of the serum cholesterol level hasal metabohe rate
radwactive Jodwe upt ke ngd measurement of the plasmn bound iodine 3t
vitammn By, defi oceuts tion with the myxedema the anemia

m
15 more severe and the cimeal and hematologic features of permeious anemia
are found

Hemolytic Anerma

A macrocyhe type of anema 1s not m ) lytic 4
particalarly m the extracnrpuseniar or scquired type. The diagnosi€ of the
patient with hemolybe anemia 1s considered m the discussion of hemolytic
normocytic anemas

NORMOCYTIC ANEMIA

1f the patient 15 found to have a normoeytic type of ancmia (MCV 80 94

cp ) hyperhemolysis acute blood Joss and deBicient blood production must
be considered

Hj perkemalysts
A retrenlogy te count greater thau 4 per cent u1 t patient who has neither
had a recent hemort nor recenved, therapy should raise the

suspieion of a hemolytic anemia Often the rebsculocyte count 1s over 10 per
cent, and sometunes 1t 1 33 per cent or mare Study of the stamed smear
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often revels suggestive evidence of 1 hemolytic process m the form of

nucleated red eclls pol chromatophilin punctate basophilin_target cells or
spherocytes Leubocytosss 1s often present These bnormalities i the pe
npheril blood reflcct the Tporplast: that 1s evident on exammation of the
honc_snarzon At timcs the WrORC 1 €5y heapowcns 5 30 SRt
differcntial cell count of the marrow reveals that the myeloid erythrod
(ME rtio) 1s 1] or luss (normal 31 to 10 1) In some patients with
hemolybie memey stohng, by perplasia occurs and the early forms of normo-
blists become so numerous that the normoblstic nature of the enythro
potesis m1y be misinterpreted as meg oblistic beewse of the morphological
similinties betw cen the voungest cells of both scries However eareful study
of the cclls 1t all different stages of devdlopment particularly at the poly
chromtophilic stage ncarly alwnys enbles onc to nterpret the mamow
properly

Evidence of the hyperhemoly sis is found in the moderate elevation of the
mdirect rexcting biltrubin (10 to 40 me per 100 ml ) and in the increased
fee il urolilinogen exeretion Measurement of the fee ) urolnfinggen may be
2 very useful test n suspected hemolytic disease even though the wide
normil range of duly vimations from 40 to 280 me  senously Limts the
uscfulness of the test as an wccuraite mosure of hemoglobin destruction
When the mechamsm of the anemin 1s not appirent particularly in patients
with mild degrees of anemi the demonstration of 1n increase in the nernge
24 hour fecal urobihnogen excretion over 1 three or four day period may
establish the presenee of ncrewed hemoglobin breahdown In mterpreting
the v ilues obt uncd for the 24 hour fecal urobilinogen excretion 1t 1s 1mpor
tant to remember that the feci1l urobilinogen excretion my be reduced by
wntibiotics tht chnge the bactenal flora of the intestinal tract and m1y be
increased by recent blood transfusions The amount of urobilinogen excreted
n the fcces 1n 24 hours also depends on the total amount of circulating hemo
globin becwse 1 fived pereentage of the airculiting hemoglobin 1s destroved
ech diy 15 1 rule The mass of the arculiting hemoglobin e be approxt
mated by determming the number of grams of hemoglobin per 100 ml of
blood nnd the body weight The follow ing formula suggested by Dameshek *
15 helpful in mterpreting the sigmificance of the average daily fecal uro
hilinogen excretion 1n patients with anemit

Normal Hb Normal werght
_(I5gm 100ml) o (T0R2) o gy fu output (mg) = comected daly
Frs b (gm /100ml) * Pts woight fecal mrobilwogen output (me )
The hemolytic index was also devised by Miller Singer and Dameshek®*
to relate the fecal urobilinogen excretion to the circuliting mass of hemo-
globm It 15 crlculated 1s follows

avg (of 4 days) daily output of fecal urobilinogen (mg ) X 100
total 1Ib (HB gm 100ml) X total blood sclume /100
The hemolytic index ndicates the wmount of urobihimogen derved daly
from 100 grams of hemoglobn The normal mdex 1s from 11 to 21
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Although recogmtion of the hemolytic process 1s easy as a rule it 1s
sometimes difficult because all the signs of mcreased hemolysis and merensed
erythropotesss My be absent or wconsprevous if the pitient 15 seen dunng
an aplastic cnsis which occasionally develops dumng an intercurrent
mfection

1f the anemi 1s established as hemolytic in type further tests are neces
sary to determme the nature of the hemolytic disorder These mclude the
antiglobuln (Coombs) test hypotomie salne fragiity test tests for sickling
and h lobin electroph dly erythrocyte survaval determ:
nattons and other studies may be employed Most of the important hemoly tic
anemias due to mtracorpusculir defects are mhenited and can be identified
by the demonstration of chiractenstie abnormalities 1n the erythrocytes At
tumes the study of parents or sibhngs 1 helpful m estabhishing the diagnosis
Most mstances of hemolytic anemia of the extracorpuscular varety are
acquired 1nd can be d by the d 1on of an auto immune
mechanism or the coeustence of some other disease

Stckle cell discasc 1s a discase of the Negro race almost exclusively
Splenomegaly 1s rarely seen 1n adults with this discase The presence of the
abnormal hemoglobin HbS can be demonstrated by placing the erythrocytes
m moist preparations under 1 cover shp on a glass slide and sethng the cover
ship by nmming the edges with petrolitum or by exposing the erythrocytes
to freshly prepared reducing agents such as 2 per cent solution of sodium
hisulfite (NatSO;) Sichle coll trat the heterozygous condibon can be
distinguished from sickle cell inemi1 the homozy gous state by the lack of
evidence of hyperhemolyss i pitients with the trut and by means of hemo
globin electrophoresis By this techmque the hemoglobm of cells from ndi
viduals with sichle cell trait can be shown to contun both normal hemoglobin
(HbA) and sickle cell hemoglobin (HbS) while the erythrocytes of patients
with sichle cell anema appear to contam only sickle cell hemoglobmn (SS)
By means of hemoglobmm electrophoresis patients with sickle cell-hemo
globm C disease (SC) homozygous hemoglobn € disease (CC) and
other disorders can be identified Sickle cell-hemoglobin D disease can
not be distingmshed from sichle cell disease by ¢lectrophoresis as usundly

performed becwse hemoglobn S and hemoglobin D mugrate similarly

The presence of 1 lobin C  thal or | lobin D 1s often

suggested by the presence of 1 large number of target cells n the stained
smear of penipheral blood The seventy of the anemua that 1s found m a
patient who has a positn e sickling test suggests vanous diagnostic posstbili
ties Indiiduals with sickle cell trut have no anemia unless there 15 some
associated disorder  patients wath sickle cell anermn usually have a severe
degree of ancmia (Hb 651075 gm per 100 ml ) 1 moderate anerma (Hb
80 to 100 gm per 100 ml) 1s usual in persons with sichle cell memi—
hemoglobin C disease and other double hetevozygous conditions
Heredutary spherocytosts 1s rare i Negroes Splenomegaly 15 nearly al
ways present The ery throcy tes in this disorder the “spherocytes ” are thicker
than normal and have a decreased dixmeter The diagnosis frequently can
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often revenls suggestive evidence of a hemolvtic process in the form of

nucleated red cells polychrom itophiln punctate basoplubia_target cells or
spherocytes Leuhocytosss 1s often prescnt These bnormalities in the pe-
npheral Blood reflect the Typerplasi that is evident on examimation of the
bonmagron At times thm
differential cell count of the murow revenls that the myeloid erythrod
(ML ratio) 1s 11 or less (normal 31 to 10 1) In some patients with
hemalytic memin striking b perplasia occurs and the early forms of normo
blsts hccome so numerous thit the normoblastic nature of the erythro
poiesis may he masinterpreted as megaloblastic because of the morphologieal
stmularitics betw cen the voungest eells of both series However careful study
of the cells at all different stages of development particularly at the poly
chromatophilic stage nearly always enables one to interpret the marrow
properly

Evidence of the hyperhemolysis 1s found in the moder ite elcyvation of the
mdirect roacting bilimbin (10 to 40 mg per 100 m! ) and m the ncresed
fec \Lurohilinoge n excretion Me tsurement of the fecal urobilinogen may be
1 very useful test 1n suspected hemolytic disetse even though the wide
normal range of duly varations from 40 to 280 mg  serously limits the
usefulness of the test ns an 1ccurite mcisure of hemoglobin destruction
When the mechntsm of the anemin 1s not apparent particularly i patients
with mild degrees of anemin the demonstration of 1 merease 1n the wverge
24 hour fecal urobilinogen exeretion over 7 three or four d1v peniod may
establish the presence of mncreased hemoglobin breaihdown In mterpretmg
the values obtamed for the 24 hour fecal urobilmogen excretion 1t 15 1mpor
tnt to remember that the fecal urobilinogen excretion may be reduced by
antibiottes that change the bacterntl flor1 of the mtestmnl tract and may be
incresed by recent blood trinsfusions The amount of urobilegen excreted
1n the feces 1 24 hours lso depends on the total amount of circulating hemo
globin because a fived percentage of the circulating hemoglobm 1s destroved
each day s a rule The mass of the crrculating hemoglobin can be approxt
mated by determinmg the number of grims of hemoglobin per 100 ml of
blood and the body werght The followng, formula suggested by Dameshek *
1s helpful m interpreting the sigmficance of the averige daily fecal uro
bilinogen excretion m patients with anerma

Normal Hb Normal werght
_(15gm 100ml)  (0kg) o gu1y fu output (mg) = comected duly
Pts Ab (g /100 ml) * Pes weight fecal urobilnogen output (g )

The hemolytic mdex was also devised by Miller Singer and Damesheh®
to relate the fecal urobilimogen evcretion to the circulating mass of hemo-
globmn It 15 calculited as follows
avg (of 4 days) daily output of fecal urobinogen (mg ) x 100
Total Hb (11b gm /100 ml ) X total blood volume/100
The hemolytic mdex indicates the amount of urobilmogen derved daily
from 100 grams of hemoglobin The normal index 1s from 11 to 21
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Acute Blood Loss

The anemza that follows tcute blood loss 1s neuly Always normocytic
If the acute hemonlmge 1s external and results from trauma or chsetse 1ts
18 d 1n the history If the hemorrhage occurs
from the gastrowntestinal tract the event may not be noticed by the patient
and the fnding of anemi1 may be the first clue to its occurrence In some
patients hemorrhages from a duodenal ulcer or a lesion of the small intestine
recur over a penod of years and cause anemia that can be puzzlmg 1if the
patient does not consult hus physteian until after the occult blood has dis
appeared from the feces An elevated reticulocyte count m the absence of
an ncrease 1 the serum bilrubm suggests recent hemorrhage 1f the patient
has not recently been given speaific theripeutic agents such as ion or
vitamn B, Leulocytosis and thrombocytos:s 1n the penpheral blood and
marked normoblastic hyperplasi1 in the bone marrow m'l) also nfford clues
to 1 recent hemorthage The d of s ding 15 usually
made from the history and by the deteetion of blood i the feces The dem
onstration that 4 gastrointestmnl lesion 1s the source of the bleeding s not
always easy and may not be possible without repeated roentgenographic
study of the gastromntestinal trict or periodic observation of the patient
In the unusual circumstances where the hemorrhage occurs mto the muscles
or other tissues 1s a result of trauma or ascorbic acd deficiency reticulo-
cytosts may oceur 1n assoctation with an elevation of the serum hilirubin and
suggest the presence of hemalyhic anemia

Deficrent Blood Production

Anemt that 15 the result of deficient blood praduction 1s nearly Always
normocytic or macrocytic but occaswonally 1s shightly mcrocytic If the anc
mia 15 due to diminished er)thrnpmesls alone or to mild hyperhemolysis
assoented with d d i as occurs 1 patients
with malignanaies and olher dlse-ncs only the erythrocytes are reduced
The leukocy tes and platelets are usually normal unless altered by the primary
disease It 15 unusunl for anema of this type to be the pnmary problem n
hagnosis because the underlying discase such as chrome mfection arthnitis
renal disease malignancy or endocmne disturbance 15 usually apparent
More important 1s the fact that nemia of this type 1s sometimes the first
clmien] indication of the underlying diseisc Some ambulatory patients with
renal disease present as problems of 1nemia because the slowly progressing
renal insufficiency has not been gmzed or d uremia 1s probabl
not the explanition of anermin unless the rentl dlse\se 15 chromic and severe

The diagnosis of aplastic anemia which 15 often normocytic s discussed
with the microeytic anemis

A normocyvtic anemi1 also occurs 1 some patients with mild anemin
associated with won deficiency Tlus ™ay occur as n intermedinte stage m
the development of severe won deficiency that 1s charactenzed by hypo
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be suspected after an cximmition of the blood smear since the eells often
appear smaller than normal show Iittle or no pothilocytosis and have httle
or no centril pillor However the dirgnosis of hereditary spheroey tosis cm
not be made with certamty from the blood smear alone hecause spherocytes
may also be scen m other types of hemolytic anemia. The osmotic fra
wility test 1s employcd to demonstrate the meretsed osmotie fragibty that 1s
charactenstic of spherocytes In this test simples of blood from the patient
and from a normil control subject arc placed 1n tubcs contaming agueous
solutions of sodiwm chlonde of different concentrations The concentrations
of saline 10 the tubes where hamohvsis begans and where 1t 1s complete are
noted Because of their shape spheroovics begm to hemolyze at ugher con
centrations thin normal biconene erythrocytes do In the vast majonity of
ptients with hereditary spherocytosis hemolysis begms and 1s complete at
ngher dilutions than 1s the eise in normal blood In norm! blood hemoly sis
usually begns at @ 44 per cent and 1s complete at 0 32 per cent m heredttary
spherocytosts hemolysis often begns in coneentrations of 050 to 070 per
cent and 15 complete at 040 per cent A twenty four hour penod of incuba
tran mray be necessary to demonstrate the mereased osmotie fragility m some
patients with hereditary spherocytosis* The demonstration of an abnormal
osmotic fragility test in other members of the fumly may be hedphul in estib
lishmg the diignasis in some patients with equnocal findigs The presence
of mere1sed susceptibility to Iy potonic siline 1s not diagnostic of hereditary
spheroavtosis the test may be positas e in other hemoly tic disorders of sphero
¢ytes are present in appreciable numbers

Hemolytic wemin duc to an ostracorpusculir defect my be merocytic
or normocyhe In some patients the disese appeus to be due to an auto
immune mechinism nd 1 athers to some ather mcchamsm If the antt
globulin (Coombs) test 1s posiive auto-immune hemoly tic disese 15 hikely
even though the osmotic fragity test reveils abnormal susceptibibity to
by patonte siline In such circumstances further study 1s necessary to deter
mune 1f the hemoly tic process 1s 1diopathic or secondany” to some under
Iving discase such as one of the hmphom group cranom, sarcordosis
or one of the collagen disorders A circful dirgnostie study that may melude
roentgenographic examinitions scrum protem studies 1 seirch for LE
cells md biopsy of 1 lvmph node or other tissue 1s often necessary A diag
nosis of the idwpathic type of disease 15 reached by evclusion At times the
dragnosis of auto mmune hemolytic discise as cither idropatiuc or sympto
matte can be established enly fter a prolonged period of observation wnd
repeated exuminitions The macrocytic memit of chrome hiver disease 1
usually due to an extracorpuscular ty pe of hypcrhemolysis but the Coombs
test 1s usually negative When the hemolvtic anem 1s due to chronse Iner
disease abnormal Iner function tests and chimcal evidence of hver discace
are usually present In other diseasc stites @ hemolstic element may be
present but demonstrable only by carcful study m these patients the hemo
lytic process 1s usually mild and inrdequate blood production is the most
umportant mechamsm



DIAGNOSIS OF THE PATIENT WITH ANEMIL 99

blood loss Blaad lass asually occurs hecause of some uleerated Jesion i the
£ 1 tract Esoph 1 Jesions heatus hemma gastnc carcinoma
betitgn gastric uleer duodenal ulcer tumar of the small mtestne carcmorma
of the calon and hemarrhods are alt posstble sources of chrome blood loss
Should the reveal no tactory source of bleeding the panent
stiould be r d perradically and the aplue studies re
pested because any of the lesions particwdarly carcinoma of the ecum and
stomach and tumors of the small mtestne may be = source of bleeding even
though they are not recagnized on the mttal roentgenographic stady A
daphragmatic hermia can be responsible for chrome blood lass but this
tesion 15 found so frequently i patients m the muddle aged and older groups
that 3t should riot be accepted as the explanation of the anemia unless careful

study of the der of the 3 tract has disclosed no other
fesion Although won deficienicy can oceur as the result of repeated bleeding
from the g 3 or y tract Dbleedung from these sites of

sufficient degree to cause anemsa s unustal When bleeding of dus type
occurs 1t 1s readily apparent fo the patient
In women menstruation and pregaancy afford added opportumties for
the development of won deficiency swce the meresed need for won i
these ecumstanices may not be met by micrersed absorptwon of dictary won
Even wnldly eccesstse menstrual Meeding may lead to swan deficiency if the
1ron stores are Jow If the mdividual has low won stores early 1 e the won
reserves may not be restored to normat by the diet duning growth and ado-
lescence In some premenopausal women it may be difficult to decide whether
the number of pregnancies and the amount of menstruy bleeding can be
nted as a 3 ) of the won d 1f there 15 any
teasonable doubt repeated tests for occult blaad m the feces und study of
the gastromtestmal tract for a possible source of bleeding are ndwcated

TREATMINT IN RELATION TO DIAGNOSIS

The purpose of the diagnostic study 1s to enable the physicran to decide
what 1s the best farm of treatment for the patient The most destralile form
of treatment 18 the remoal or correction of the cause When this cannat be
arcomphshed therapy s diected toward the disordered mechnusm Far
exther form of therapy 2 15 smportant to establisk an acenrate diagnasis be
fore treating the anemma unless the patients condition demands immediate

such as £ P t may be ¢ t to
the pansent The use of complex preparitions that contam won vitamun B,
folie acxd and other substances under the impression that such therpy will
afford adequate. treatment for all types of anemia may confuse the mterpre
tation of the dragnoshic studses without correcting the anerma  Then more
important 1s the fact that treatment may produce 2 false sense of security
when it corrects the anerma which 1s but one aspect of the disorder without
affecting other more senous aspects of the diserse When no dugnosis has
been established often the best course 15 1o withhold treatment unts} the
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chromie microeytic anema or 1t may oceur duning the stagc of meomplete
recovery ® In patients wath this type of nemin the lustory often suggests iron
deficrency  but the demonstrition of 4 low level of serum 1ron and/or an
mercased ron bindig eaprcity or the demonstr ition of reduced sron stores
by exammation of an appropriatcly stamed specimen of marrow or even 1
theripeatic tral wath 1won m1y be necessry to estiblish the diagnosts

SIMPLL MICROCYTIC ANEMIA

Sunple microcey tic memin (MCV < 80 ¢ e MCHC > %07) 1s most often
seen m associttion with s arions chromie diseses  crrcumstances where 1
normoey tic 1NGmI 1S more common

HYI OCHROMIC MICROCYTIC ANLCMIA

The finding of 1 by pochromic microcytic type of memi (MCV < 50
cp MCIHC < 307) lmost ms arnbly mens won deficieney  The erythro
cytes on 1 stuned blood smerr hve 1n increase m central pallor and show
considerible porkifocy tosis wd amsocyvtosis Elongited agir forms rie
quet cells and microcytes are often numerous The leukoeytes and platelets
arc usually normal The cellulity of the bone marrow mw be subnormal
norm=] or mtrensed crythropowsis 15 normeblistic in type The existence
of 1ron dcficiency cin be established definitely by finding 4 subnormal level
of the serum iron 1ssociated with an increase in the latent won binding
epaaty of the serum or by the demonstration of reduced iron stores in the
bone marrow &

The other diseascs that mmy be confused with wron deficiency occur much
less commonly and usually ¢ be distinguished without difficulty The rare
wema that 1s due to pyndowune deficiency 1s hy pochromte and microcytic
but the serum 1ron level 15 eley ited rather than reduced *% In thalasserma
the ery throcy tes are hypochromic tnd microcytic but the conditton e gen
ertly be distinguished from 1ron deficiency by the Famuly hustory reticulo
¢ytosis marked splenomegnly the presence of alhih resistnt hemoglabin
the elevated level of the serum iron and if necessary by the farlure to re
spond to theripy with on preparttions When the scrum sron level 1s Jow
m thalissemtt mior s his heen demonstrated n some cases the dufferen
il diagnosis may be difficult and eximmation of the sternal marrow for
stunable ron may be helpful ®

When anemin 1s due to wron deficteney 1t 1s important to determine the
cwse Except in mfints and young children a dretary lack should not be
1ceepted 1s 1 explanition of wron deficicncy unless there are modifying fac
tors Among these we the mereised need of won durmg pregnancy and
growth Howcver iron deficiency may develop despite 1n adequate diet af

absorption 15 impaired because of 1 mihibsorption disorder or partial gas
trectomy In an adult male unless there 1s some absorptne defect wron
deficiency anema can be considered as practically synonymous with chronic
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nature of the anemin 1s better understood It 1s rare that a delay in treatment
until the necessary diignostic studies are performed works to the disadvan
tage of the patient
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CHAPTER 1V

Clinical Syndromes

Associated with Anemia

PERNICIOUS ANEMIA

Synonyms Primary Anerma, Addison's Anemua,

Biermer s Anemia

Pernic1oUS AMEAtIA 15 2 disease that has intrigued numerous 1nvestigators for
many years The lustory of pernictous anemtias an “tlustrative cise of the
development and procress of medicme First centuries of almost complete
ignorance then the slow accumulation of chmical information from many
scattered sources over 1 period of ibout 1 hundred years a pertod which
was followed by the rapid progress in the past few decades The disease
affords an example of the successful combmng, of informition gamed from
ammal experiments with careful chinical obsery itions to discover the chineal
cure of a previously fatal discase It s also an illustration of the w1y m which
a sigmuficant contnbution to chmic il mediane stimultes further more basic
mvestigation This i turn leads to a better understanding of human phys

ology and chemustry that has a sigmficance tar beyond a partrcular disease
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HISTORY

The history of pernicious anemnt has been reviewed by Haden ™ Credat
for reporting the first case of permaous anemt 1s generdlly gnen to Combe
for tus report to the Medico Cbirurgieal Society of Edinburgh on May 1

1822 Thomas Adduson of Guy s Hosputal 15 gnven credit for recogmizing, the
disease as a chineal entity  Addison described a progressive fatal type of
anemua of unknown ¢ wse that occurred m both seves enerally beyond the
middle persod of bfe e ohserved the siions onset the wcreasing weak
ness and pallor and commented on the remarkable ahsence of wasting de
spite the fatal outcome of the extremelv debnlitating diserse ' Biermer
1571 independently described 15 eases of severe anema to whach he gave
the name progressive permeious anemia  Interest n the disese was stimu
Iated and pumerous papers followed Lhrhch desenibed the mepaloblasts
which he d of anema® and provided = subject
of mterest and contros exsy for those imterested in morphology that has con
tnued to the present une The importance of the gastic scerction of od
m various disewses was studied by Cahn and von Mermng mn 1856 and m
1821 Levine and Ladd dananstrated the almost constant occurrence of
achlorhy dna m pemicious anemia m 1 study of 107 pitrents with the disese
The relation of the gastric defect to the cousation of permicious et was
demonstrate d by Castle n 192846 ©

The stuches of Winpple and Robschest Robbns demonstrated the wpor
tance of food factors particulurly hner 1o correction of posthemorshagie
anerma m dogs and sugaested that such therapy desenved senious considera
fion 10 other morc. complex anemas such as permerons anema * Manot and
\Murphy s dramatic report on “The Treatment of Permcious Anemia by a
Special Diet followed soon fter 1* The excellent results obtuned wath hiver
m this series of 45 patrents with perx 1ous anema were soon confirmed The
spmificance of this contrbubion has been cmpbasized by Haden  There 1s
nothing more drumatic w medicime than the effect of hver therapy on 1
patient with permcious anermia Ounly the use of sulfa drugs ind other ant
brotics such 1s perucrllim afford such brthant results "

The use of whole Iver by mouth led to the development of liver extracts
of mereasing potency that could be admmstered parenterally The search
for the active prinaiple of Iver extract culminated in the discovery of vitarmn
B; by Faches and calleagues m 1948 2 Subsequent myestig ons by nmmer
ous workezs have demonstrated important roles of vitamm By nd fohe aad

m nuclerc 1eud metabohsm i the body

MILCHANISM OF VITAMIN B, DETICIENCY IN
PFRNIGIOUS AN AITA

The relationshup between the abnormal gastnc secretion and the effec
tveness of the bver diet m permicious aneria was shown by Castle wd
Towmsend > who utilized beef muscle normal gastrie juce hydrochlone
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acid and gastric juice from patients with permicious anemia m therr myvests
gation In a sertes of classic expeniments they studied the hematologic cfects
of vrtous combmations of these substances on paticnts with perneious
anemra in relapse ‘They demonstrated that patients with pernicious anemia
Tack a substance m the gistric jurce that 1s necussary for the absorption of
some factor prescnt 1n met that ss essentnl for normal cry thropotesis 1t was
shown that this gastnic factor which could be destroyed by heat 15 not
hydrochlone acid These studies thus established that the pumary defect in
purnicious anemia 1s the farlure of the stomach fo secrcte a substance proba
bly an enzyme that 1s necessary for the absorption of a dietary element
essenti?l to normal hematoposesis As a result of these obsersations it was
postulated that an extrinsic factor  present in the beef musele reacted with
an mirmste factor " scercted i the normal gastric juice to form an “ervth
rocyte maturation factor which was the 1ctne princrple that was stored m
the liver After vitamin By was 1solated Castle and coworhers repeated
these expeniments but substituted vitamn B, for the beef muscle ! The re
sults demonstrated that vitwmun By 1s hoth . “extrinsic factor” and an
“erythrocyte maturation factor ” The function of the mtnnsic factor 1s that
of malung possible the 1bsorption of vitymun B, from the dict for utthization
1n the bone mrrow and for storage in the Iner

The problem of the identity and method of action of the intrnsie factor
has been reviewed rceently ¢ Investigations have shown that in man the
mtninsic factor 1s secreted only by the glnds of the body of the stomch
and that there 1s no secretton of this factor n the pyloric end of the stomach
or 1n the small mntestine s 15 the cise in swine The intrinsic factor which
15 water soluble but not non dialszable 1s destroyed by heat or boihing and
can be precipitated with ammonum sulfate These charactensstics mdicate
that it 1s 2 protem probably an enzyme Other studies have shown that it 15
2 mucoprotem which s capable of bmding s1tamin B; * Several theones
hwve becn advanced to explam the action of the mucoprotein It has been
suggested that it functions by binding vitamun B, and proventing the ab
sorption of the vitimun by the bactenia i the intestine This explmation
ippears unhhely because 1t has been demonstrated that patients wath megalo-
bhistic memia associated with abnormalities of the intestime respond to antt
microbial therapy but not to added “mtrnsic factor ™ Another possibality
also considered unhikely 1s that the ntrnsic factor actually unites with the
vitamm B; 1n order to form an wctne product * A different role 15 suggested
by the concept that mtrinste factor acts on the mtestinal mucosa rather than
onvitamm B, to facilitate the 1bsorption by the mucosal cells

Although both vitamin B, and folc 2aid are hnown to be important 1n
normal hematoporests the role of these vitamins and their relationship to
each other remun uncertun despite considerable study An mteresting hy
pothes:s that would explun many of the observitions has been presented by
Nieweg et al®® According to tlns theory vitymm B, and folic acd act at
diffcrent steps m the metabolism of the nucleic acids Thrs theory 15 shown
in the following diagram
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RNA {Nenous)
{system)
P Uracil Thymme - DNA (Bone marrow}
Vitamn Fohe Acid {GT tract)

1

If vitamun B, 1s necessary for the synthesis of both RNA {ribanuclesc acid)
and DNA (deosyrbonuclec acid) and fohe acid 15 necessary only for the
synthesis of DNA many of the chinseal evidences of the deficsencics of these
vitammns eonld be expluned DNA which 15 an essertal constitvent of
chromosomes 15 ntthzed by hissues such as the gastromtestmal tract and the
bone murow where cell division 15 active RNA which occurs in the cyto
plasm and the nuclechus of the cell 15 not mvolved with the chromosomes
or e}l dmsion ang ss most important m cells that have a large amount of
cytoplasmic substance wathout very active cell dmsion In such awrcum
stances pne would expect that the greatest demand For RNA would oceur
in the eentrdd nervous system of the adult where the nerve cells do not
dinade but are the site of active protem synthess that s necessary to main
tam the function of the avones Thus theory which postulates that folic aad
1s concerned mamly with DNA metabohsm would explan how gastro
intestinal and bone marrow Jesions mught eccur wathout any neurclogie
disturbance as a result of a deficiency of folic acsd Tt would also explam
how a deficiency of witamm B, could cause neurologe disetse as a result
of RNA deficiency as well as changes m the bone marrow and gastromtests
nal tract as a result of DNA defictency This theory would further account
for the effectiveness of thymine m correcting the aneria m patients with
combined fohe acid and vitamun B, defimency and the meffectiveness of
uracal m & patient with doblastic anemun of p due to folic acrd
deficieney 12 The importance of these vifmms n the metabolsm and growth
of cells m many purts of the body ss shown by the mereased size and altered
appearince of the nucler wm the gastnic mucosil cells abtamed by gaste
lavage of patients with pernscious anema ®

¥ wtamm By hsorpaon s impasred safficeently from any cause a
macrocytic anemst and the chmical prcture of pemicious anemua will de
velop Such a nituation oceurs after total gastrectomy i€ the patient survnves
the three or four ye v mterval thit 1s usually necessary to deplete the body
stores of vitamun By A defiaency of vitamin By also occurs m certamn
patients wath fistulae divertiesla and other lesions of the small intestine
even thaugh wchlorhydra 1s not present In these conditons the cause of
the vitamn B deficiency s not clearly understood  but it appears to be
related i some way to the bacternal flor of the mtcshie since the ability to
absorb vitamm B; s restored by treatment with eral antibotics but 1s not
corrected by the admmuistration of the mtrnsic factor ®

A disease with hematologie and neuralogie mamfestations identical to
those 1n pernicious anemma oceurs 1n some mdviduals swho are nfected with
the fish tapeworm Diphy Hobothnum latum ¢ The disease 15 found mamly
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n Finland Norwry and Sweden Only about one in five or ten thousand
carriers mfected wath the tapeworm devclops anemin® The pathogenesis of
the disease 15 not Fully understood but the tipesorm appears to compete
suceessfully for the wulable vitamin B, or interfere with the absorption of
vitamin B, because ltmmation of the parasite wathout other therapy s
followeed by recoveny

The occurrence of 1 macrocyvtie anemua wath the hematologie charac
tenistics of permcious nemra has becn reported 1 patients treated with
anticonsulsant drugs ® Only 4 small percentage of the prtients so treated
develop anemi of this type and the mechanism has not been established

CLINICAL MANITESTATIONS

Permicious anemin fects individunls of ether sev occurs most often
after the age of forty nd 1s rire before the age of thirty  Although perm
cious anemia has been considered rare 1n Negroes and i drk shinned white
races ¥ the madence 1 Negroes in the United States approaches that in
Caucastans 1

The chinieal picture of pernicious anemra s vannble Patients wath un
treated pernicious anemia usualh complun of an msidious onset of weak
ness anorexin pallor indigestion ind numbness and tinghng, w the ex
tremitics In older persons dyspnea palpitition dizziness and angina of
effort often develop because of the effcct of anemia on the arculatory svs
tem Soreness of the tongue and drarthea may be present Although seldom
severe some lass of weight usually occurs i a1 senes of pattents seen by
the authors the werage weight loss before treatment was 25 pounds mn
Negroes and 15 pounds in Caucasians °

In some patients with pernicious anemra particnlarly since the advent
of folie 1ad and the widespread use of multnitamin preparations the hema
tologic abnormalities are mild or tbsent when neurologie mamfestations are
prominent Subjective and objectrve neurologie findings have been reported
m 80 per cent of prents and were severe enouph to cause some degree
of mcapauty m about 50 per cunt ! The most common mamfestations are
paresthesias incoordmation disturbance of motthty 1mpurment of position
and vibratory sense and absence of reflexes The symptoms range from
subjective numbness and tingling of the extremities 1n the mildest form to an
unsteady gut difficulty i locomotion and dufficulty mn buttoning the
clothes 1n the more severely affected pttents In the most severe form of the
disease the pitient 15 unable to w ik and voluntary control of the bladder
and rectum 1s impaired or lost Some pittents undergo marked personahty
changes associated with memory loss impured judgment disorentation
hallucinations and delusions

At times the diagnosss of permicous nemia is suggested by aspects of the
patient s appearince such as gray hur sillow sk shght scleril icterus and
atrophy of the papillae of the tongue The spleen 1s usually enlarged m
hematalogic rehipse and 1s often palpable In most patients neurologic ¢x
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reseals ities of the p 1 nenves and p
columns that are most marked m the lower extremities The earliest signs
are usually some loss of vibratory sense mn the lower extrenuties wnd m
pawrment of sensation to pm prick and touck thit may be erther spotty or of
the “stockmg” type With mote severe changes the Romberg test 18 positne
posttion sense 1s impaired and the deep tendon seflees are lost at the ankles
and hnees Further progression of the disease in the spinal cord 1s assocrated
with the development of lyperrefleca and the presence of pathologic re
flexes such as an extensor plantar response Paraplegia and loss of sphmcter
control are late mamfestations The neurologic dysfunctions in pemicious
anerma have been classified as (1) cerebral (2) olfactorn (3) penpheral
nerve and posterior column of the spmal cord {4) penipberal nerve poste
nor and lateral columns of the spinal cord * The distinction between periph
eral neuropathy posterior column di ease and combimned svstem degenera
tion 15 useful as an sndication of the seventy of the disease but classification
m this way 1s not always easy For this reason some authors quantitate the

extent of the process by gradmg the seventy of 1l the objective changes a<
TIE T oriV2

LABORATORY ENAMINATION

In nearly every patient with licated and d p
anema macrocvtic anerma occurs Erythrocyte counts range from less than
a mitlion to near normal values The MUV 1s nearly always over 100 cu
microns and 15 often 1n the range of 120 to 130 cu mucrons The hemoglobm
values are not reduced as much as the ervthrocyte count and the MCH 15
usually mereased (over 33 yy) The bleod smear shows considerable amiso
cytous and pothilocytosts of erythrocytes that appear to be well hiled with
hemoglobin 1f the anemia 1s severe stippled red cells and nucleated red
cells of the megaloblastic senies mny be seen In the untreated patient the”
reticulogyte count 15 esther normal or subnormal

Leukopema and thrombocytopema occur commenly m pernicions ne
rua Leukocyte counts of 3000 ta 4000 per cu mm are common and levels of
1600 to 2000 per cu mm sometimes occur The leuhopenia s due munly to
arcduction in the granulocytes Some of the granulony tes show abnormalities
such as hypersegmentation and an mcrease in size these cells ire called
“macropolvevies (Fig 211 In patients with severe anemua the platelets
often number less than 100 000 per cu mm

The gastnic secrction 1n permcious anema 1s abnormal 1 several re
spects The total quantity of the gastrc puce 1s greath, reduced and wchlor
hydna s an almost constant finding These abnormalities persist fter treat
ment Beeause exceptions occur so rarely failure to secrete free hydrochlone
acxd after the injection of b sub ly can be dered
almost essential feature for the diagnosis of permicious anemia

The bone marrow m relapse 15 usnally hvpercellular The charactenstic
feature 15 the occurrence of the lobl tvpe of eyl {Fag

an
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Figure 2] A Peripheral bluod and B bone marrow from a patient with untreated
permctous anemia The peripheral blood smear shows macrocytoss annocytosis potkalo
cvtosis and a macropolycyte The bone marrosw shows the megaloblastic type of matura

ton

10b1 are

21) If anema 1s severe promegalobl and brsoplul,
creased i number and mitotic figures are numerous The polychromato
philic megaloblasts which e the casiest cells to 1dentify m this series
persist exen after the anemia in the peripheral blood has been abolished by
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£ 818 The ervthrocyte p m the marrow arc extremely

sensitnve to specific therapy and the parcnteral admmistration of even a
fon mucrograras of vitamm B, ar the ingestion of a few mithgrams of fohie
actd 15 sufficeent to change the megaloblashe picture m the marrow to a
normoblasti. one withm a dav or two In such crcumstances the appeirince
of the bone marrow ma not be diagnostic Howeser the mcrphologic «b
normahties 1 the marmow in permelnus anerma are not confined to cells of
the erythrocytic series Deficiency of vitamin By or fol 1od also leads to
the production of glant metamy elocytes and multisegmented macropolvey tes
These abnormalities m the granwlowy tic senes do not disappear as promptly
as the megaloblasts do after spevfic therapy and thewr pressnce may be
Telpful in diagooss when the pabent 15 seen for the Brst fime soon after
speaific therapy has been started

Other laboratory tests m the untreited patient generally reveal an sn
creased level of the mdirect reactmg nbrubin 1 the plasma (1015 mg )
an elevation of the serum won an increase mn fecal urobihnogen excretion
a decreased blood volume and an merease 1 the plasma lactic acid dehydro-
genase (400 to 4000 umts) A dmmnubon of the plasma protem 1s not
unusual

DIFTERENTIAL DIVGNOSIS

The diagnosss of ptrmeons anemia m the untreated patient »s usually
made without dsficulty ‘The presence of macrocy ic anemia assouated wath
tustamine fast aclilothvdna and a megaloblastic bone marrow practically
cstablishes the diagnosis The divgnosis 1s proved when the parenteral ad
minustration of vitamn B, produces the charactenstic hematalogic changes
These are the comersion of the megilobl type of enthror to the
normeoblastic type within a day or two 1 1se in seticuloevtes dunng the first
week and a return of the hemoglobin and red count to normal levels m
succeeding weeks The magmitude of the reticulocyte response depends on
the degrec of anemta and vanes mverselv with the erythrocyte count The
maxunum reticulocyte count {R) that 1s expected to follow the mtramusca
far injection of hner extract or vitammn B, 1n adequate amounts can he
calculated from the formula

R2— 22E0

1 +05Ea

where B represents fhe retiewdocy te count m per cent and Eo represents the
tmitral erythrocyte count m mithon per cumm ' For example if the mstial
erythrocyte count 1s 15 ml per cu mm

R S2=(2x15) 8233 4

T Y0515 = TH07 © 195 = 29 per cent
In our expertence 1t 1s not for the locyte count
to Lall shghtly short of the expeted maamum even when the reticulocy tes
are counted twace a day (Fig 22)

R =
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Figure 22 Retrculocyte response of a patient with untreated permicions anemsa to
treatinent with vitamin By The miumum reticulocyte response which was reached
about the end of the first week 1n thes patient depends on the level of the erythrocytes
before trestment

At tumes permicious anermma must be differentinted from other conditions
charictenized by the joblastic type of ery throp The most
disorders 1n this category are folic 1ad defictency due to sprue and other
dietary deficiencres and vitamun B, deficiency secondary to intestmal fistu
lae shunts and drerticula The fact that most conditions associated with
folic acid deficiency do not produce histamme tast achlorhydnia often helps
to distinguish permicious anemut from folic nad deficiency In 1ddition the
disorders associnted with folie aeid deficiency are often manifested by rather
severe gastromntestinal disturbance accompanted by only minor neurologic
symptoms while the reverse 1s more likely to be the case m pernicious anerma
In doubtful cases the determination of the serum B, level or the use of some
test of vitamm B, 1bsorption such as the Schilling test may be necessary
m order to establish the diignosis 3

The term “achrestic 1nemi1 was proposed for the group of patients with
a megaloblastic bone marrow and a peripheral blood picture identical with
that of pernicrous anemta who responded poorly or not at all to parenteral
therapy with Iver extrict of known potency ¥ 1* The pattents that were
reported had free HCI m the gastric secrehion The morbid anatomy closely
resembled that of pernicious mema Known causes of macrocytic anemia
such ns dietars deficiency pregnincy sprue mntestnal partsites and gastric
operations were excluded m the reported cases Because extracts made
from the Invers of fatal cases were shown to gie excellent hematoposetic
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when ed to patients with pernictous anerma
m relapse 1t was suggested that the disease 1n these patients was due to a
farlure to utihze or mobilize the anttanemtc prmeiple that was present m the
tissue stores ! Sternal marrow biopsies show ed various degrees of conversion
from the megaloblastic to the normoblastic type of erythropotesis after treat
ment with Iner extract but usually resembled the marrow from an inade
quately treated patient In our expenence cases that £t this description are
even rarer than the reported mcidence of one per 100 patients with per
niczous anema '¥ The report of Davidson suggests that at least some patients
whose symptoms fit the description of achrestic anerma may well represent
mstances of folic acid deficiency In a group of 375 patients with macrocytic
anemia associated with a megaloblastic bone marrow 25 with unesplaned
megaloblastic anemia (15 with achlorhy dna) were refractory to therapy with
potent extract  The 15 who were treated orally with folic acid or proteolyzed
liver responded to the treatment

‘When the pattent with perntcious anemia has the neurologic features of
the disease without the charactenstic hematologic abnormalities the diagno-
s1s may be difficult In such arcumstances usually the patient has recerved
vitamin B; or folic acid 1 an amount that 1s sufficient to convert the megalo
blastic type of erythropoiesis to the normoblastic type and raise the erythro
cyte count to near normal levels If exammation of the peripheral blood and
bone marrow does not suffice for the diagnosis a gastric analysis should be
done If free hvdrochloric acid 1s secreted after the histamne mjection the
diagnosis of pernicious anemia can be discarded with considerable assur
ance If hustamine fast achlorhydna 1s present the Schulling test for vatamin
B, absorption or some other simlar test should be performed smce 1t will
often clanfy the diagnosis

‘The tests of vitamn B, absorption are also helpful in the evalvation of
patients without neurologic disease who have receved treatment with vita
mun By, or hiver extract before the diagnosis was established By such means
the diagnosis can be venfied or corrected without waiting months or years
after specific therapy 1s withheld to see whether hematologic relapse occurs

TREATMENT

Prior to the report of Minot and Murphy in 1926 on the efficacy of hver
the treatment of pernicious anemia was unsahsfactory and the disease was
wvaniably fatal ¥ Since that time more efficient preparations have been
developed but all are forms of substitution therapy that must be contrnued
for the Life of the patient Vitammn B, 1s the essential factor and the paren
teral admmistration of as hittle as 1 microgram each day to a patient m re
lapse 1s sufficient to restore the blood to normal and prevent the develop
ment of neurologic lesions if these are not already present In practice 1t 15
customary to admimster larger amounts at longer intervals and to err toward
an excessive dose rather than nisk an amount that may be suboptimal

Although the selection of the details of the schedule may be somewhat
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arbitrary some definite program of treatment should be followed The fol
lowng, schedule has been found sitisfactory for patients m relapse i our
cxperience vitumin B, 30 micrograms antramuscularly three tumes duning
the first week then 30 micrograms once a weck until the blood returns to
norm1l This schedule produces the expected reticulocyte response wathm
the first week or ten days and 4 return of the erythrocyte level to normal
withn six to ten weeks Thercafter the patient recewes mjections of 30
micrograms cvery four wechs or 60 micrograms every two months This
program has muntaned pattents m hematologic remission and prey ented
the development of neurologic lesions However mn one reported series of
51 pattents trcated with o0 micrograms of vitymm B, parenterally each
month definite neurologic relapse occurred 1 the absence of hematologic
relapse three of these patients improved when the amount of vitamn By
was mereased and one responded to Inver extrict ¢ Such reports appear to
confirm the chnical mmpression that not all patients with pernicious anemia
require the same maintcnance dosage For this reason it 1s advisable to check
the hematocnt levels every few months and the neurologic status at regular
mtenals so that the dosage of vitimm By cn be adjusted of the therapy 1s
not adequate Although effectrve oral preparations arc v ailable parenteral
therapy 15 preferred because of greater rehiability less expense and better
supervision of the patient Unless cireful supenviston 1s muntamed some
patients will develop hemtologte or more importint neurologie relapse as
a consequence of midequate theripy In one report of 41 patients treated
orally with vitamun B;_ and folic wad 5 fuled to return and 1n 14 others oral
therapy was discontinued becwse of neurologte or hematologic relapse
When an elderly patient 1s serverely meme the circulation 1s sometimes
compromised by the low levels of the crrculating hemoglobin When this
occurs transfusions may be admmuistered if 1t 1s considered inadvisable to
wait for the erythroporetic effect of the vitamin B, The use of packed cells
1s preferred to whole blood because the former gives the desired increase m
arrculating, hemoglobin without as great an mncrease i blood volume
When severe neurologic complications are present vitamm By 1 often
admimstered 1n amounts larger than those that ire usually given to the
patient with uncomphicated 1nemia This prictice 15 based on chmeal ob
servations which led to the belief that the optimil therapeutic dose of vita
min B, may not be the same for both the hematopoetic ind nervous sys
tems It hny been recognized that there 1s little or no correlation between
the severity of the wnemia and the extent of the neurologic lesion because
some patients present with scvere anemt and little or no neurologre m
volvement swhile others huve severc neurologie diseise wnd only mild ane
mia Although neurologic complications rarely 1f ever develop if 2 normal
hematolostc status 1s m untuned with parenteral viewmn B, 1t has not been
established that one microgram a day 1s the optimal mtial treatment for the
patient with evisting neurologic imohement of sigmficant degree The
neurologic response to therapv 1s much slower than the hematologic and
improvement may continue for several months after the blood has returned



PERNICIOUS ANEMIA 118

w0 normal Some patents who show httle neuratoic mprovement duning
the frst month or twao of therapy show gratfyme wnprovement between the
thud wnd srdh month Apparently httle or to wnprovement can be antics
pated nfter ten 1o tnelye months of therpy !

Beetuse of these considerahions we employ a hger dose of vitamn By
1n patients with nerologie iy olvement {100 microgramms three times 2 week
for three months then 100 micrograms weekdy for three months} although
1t 15 recogmized that the v ke of ¢ dase Iarger than thit vecessary to produce
hematolugie rerussion has not been established Although prsesteral vitamun
B, 1s the most smportant trettment for patients with neurologic dhsease
physiotherapy 15 often very helpful m patients who are severely affected 1t
bs been shown clewrdy that whale folic actd therapy my mamtam the pa
tient w ~ nagmal hematologie status it does vot prevent the development of
neurologie lesions 2

Vitarme B, appears to be a complete therapy n permeious Anema
Diute hvdrochione 1eid folic aad md ner extract e umecessars Like
wase 1ron 15 not micuted unless there 1s an ssocated won defiewncy from
some ather cwse

Fulure to respond to therapy or the oceurrence of a hemntologse redypse
while the patient 15 recening adequte amounts of vitarnin By should rase
the suspicion of the development of sume wiection rerra} msufficney gas
tromtestinal bleeding or the appearance of a carcinomn of the stomach In
former years the presence on the market of effectn e Iiver preprrations was
responsible for some therapentic fulurcs

COURSE AND PROGNOSIS

I the patient does not have sigatficant newrologic myolvement when he
i first seen the prognosis s excetlent He should be restored to his previaus
status and with proper mamtenance therpy lus outlook showld be that of
Yus 2ge growp with the possible exception of A gre wer hhebhood of develop
g carcmoma of the stomach The reported medence of cxromoma of the
stomach i patients with permaons anems v wnes considerably One report
placed the mncrdence m ving patients at 17 per cent ® while another roent
gen study of 211 patients found gastrie caranoma w § per cent and bemgn
palyps i 71 per cent  Seweral reports place the frequency of carcmoma
of the stomach at autapsy at from 8 4 per cent to 12 3 per cent * # fures
that we three to tour tmes the mowdence m mdnaduids of the swme age
wroup who do not hive pesmcions anemia @ The mereased fsequency of
< suggests the d bihty of perrodic ex i 1w effart to
detect the carcmoma m w ewly stage It has been recarmmended that the
stoal he evimined for occult blood each month and that gastne cytolory be
studied every three o six months Sospiczous ces shoutd. hase gastrascapy
and rountge nographic studs of the upper gastromtestinal tract 9

1§ neurologic compheations are present the prognosis 16 related ta the
extent wnd daration of the manfestations I symptoms Frave been present




114 FUNDAMENTALS OF CLINICAL HEMATOLOGY

arbitrary some defimte program of treatment should be followed The fol
lowing schedule has been found satisfictory for patients m relapse m our
cxpentence vitwmmn By 30 micrograms miramuscularly three times during
the first week then 80 micrograms once a week until the blood returns to
normal This schedule produces the expected reticulocvic response within
the first weck or ten diys and a return of the enythrocyte level to normal
within si¢ to ten weeks Thercafter the patient recerves njections of 30
micrograms every four wecks or 60 micrograms every two months This
progrun has muntamed patients 1 hematologic remission and prevented
the development of neurologic lesions However 1a one reported series of
51 patients treated with 30 micrograms of vitamin B, parenterally each
month definite neurologic relapse occurred in the absence of hematologe
relpse threc of these patients improved when the amount of vitarmin By
was wmercased and one responded to hyer extract ¢ Such reports appear to
confirm the cliucal impression that not all paticnts with pernicious anemia
requrre the same maintenance dostge For this reason it 1s advisable to chech
the hematocrit levels every fow months wnd the nenrologic status at regular
tervals so that the dosage of vitamin By ¢ be adjusted if the therapy 1s
not adequate  Although « ffectrve aral preparations are walable parenteral
therapy 1s preferred because of greater redinbility less expense and better
supersision of the patient Unless careful supenvision 1s mauntaned some
pitients will develop hematologic or more mmportant neurologi. relapse as
a consequence of madequate theripy In one report of 41 patients treated
orally with vitamin B, _ and folic naaid 5 farled to return wnd n 14 others orat
therapy was discontmued because of neurologic or hemtologic relapse ©
\When an clderly patient 1s severely nemic the curculiton 15 sometimes
compromised by the low levels of the crculiting hemoglubin  When this
oceurs trinsfusions may be 2d d af at s dered madvisable to
watt for the erythropoietie effect of the vitamm B,  The use of packed cells
1s preferred to whole blood becuse the former gives the desired increase m
crrculafing, hemoglobm without as great an mercase m blood volume
When severe neurologic compltcations are present vitarmn By 1s often
admmnistered mn amounts larger than those that are usually given to the
patient with uncomplicited mema This prachice 15 based on chmeal ob
senvations which led to the belief that the optimal therapeutic dose of vita
nun By may not be the same for both the hematoporetic and nervous sys
tems It has been recognzed that there 1s Ittle or no correlation betseen
the seventy of the anema 1nd the extent of the neurologic lesion because
some patients present with scvere anemit and little or no ncuro!ogxc m
volvement while others hne severe neurclogic discase and only mild e
ma Although neurologte complic wtions rarely if ever develop if a normal
hematologie status 1s mamtaimed with parenteral vitain B, 1t has not been
estabhished thit one microgram a day 1s the optimal imial treatment for the
patient with existing neurologtc mvolvement of sigmbBicant degree  The
neurolo,ic response to therapy s much slower than the hematologic and
improyement m1y contintue for several months after the blood has returned
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to normal Some patients who show lttle neurologic improvement durng
the first month or two of therapy show gratifing improyement between the
third and sixth month Apparently httle or no improvement can be anticr
pated after ten to twelve months of therapy  *

Because of these considerations we employ a larger dose of vitammn By
m patients with neurologic mv olvement {100 micrograms three tumes a week
for three months then 100 microgrims weckly for three months) although
1t 1s recogmized that the value of 1 dose larger than that necessary to produce
hematologic renussion has not been established Although parenteral vitamin
B; 1s the most mmportant trextment for pitients with neurologic disease
physsotherapy 1s often very helpful 1n pitients who are severely affected It
has been shown clearly that while folc acid therapy m1y mamtam the pa
tient m a normal hematologic status 1t does not prevent the des elopment of
neurologie lesions ™ 3

Vitamm B, appears to be 1 complete therapy in permicious anema
Dulute hydrochlonc acid folic acid and liver extract are unnecessary Like
wise 1ron 1s not indicated unless there 1s an associated won deficiency from
some other cause

Failure to respond to therapy or the occurrence of a hematologic relapse
while the patrent 1s recening adequate amounts of vitamm B, should rase
the susp of the devel of some nfe renal i gas
tromtestinal bleeding or the appearance of a carcmoma of the stomach In
former years the prescnce on the market of ineffectiv e Iiver preparations was
responsible for some therapeutic “failures ”

COURSE AND PROGNOSIS

1f the patient does not have si,mificant neurologic mvolvement when he
s first seen the prognos:s 1s excelient He should be restored to his previous
status and with proper maintenance thertpy his outlook should be that of
tus age group with the possible exception of a greater hkelthood of develop
ing carcinoma of the stomach The reported mncidence of carcmoma of the
stomach n patients with permicious anemia varies considerably One report
placed the mcidence 1n lving patients at 17 per cent * while another roent
gen study of 211 patients found gastric carcinom? m § per cent and benign
polyps in 71 per cent  Several reports place the frequency of carcmoma
of the stomach at autopsy at from 84 per cent to 123 per cent 1 #1 figures
that are three to four times the mcidence 1 mndnduals of the same age
&roup who do not have pernicious anemia # The increased frequency of
caremoma suggests the d bility of penodic m an effort to
detect the carcmoma m an early stage It has been recommended that the
stool be examined for occult blood each month and that gastric cytology be
studied every three to sic months Suspicious cases should have gastroscopy
and roentgenographuc study of the upper gastromtestinal tract 3

¥ neurologie complications are present the prognosis 1s related to the
extent and durabon of the manifestations If svmptoms have been present




116 FUNDAMENTALS OF CLINICAL, HEMATOLOGY

for only a few months the outlook 15 excellent particularly it the indivsdual
1s Jess than 50 yeirs old  °* Signs of an upper motor neurone lesion such
as the Babmsh sign wsually persist despite treatment but sometimes dis
appear Absent deep tendon reflexes usually return Marked mprovement
may accur promptly and mramal improvement oceurs within ten or twebe
months ” 1+ If parplegia and loss of sphincter control have developed the
outlook for recorery 15 poor However many patents who are severely atave
and unable to walk improve after months of treatment wnd cventually re
cover sufficiently to resume most of thetr previous activities even though sub
Jectine and objectn e neurologic "bnormalities persist

ILLUSTRATIVE CASES
Case 1

A 56 year old v lute housewife was admitted to the hospital for the evalu
atton of progressie numbness and pam 1 her hands and feet of two years
duration In the last few weeks before admission her gart had become un
steady She had been taking “sitamn pills™ 15 a torue for many months On
an admisston thirteen years previously she was found to huve histamme fast
achlorhy dria and hypochromic anemia the anemra responded to treatment
with iron

Physical Exammauon  The patient was an obese white woman n no
apparent distress Pertment abnormnahhes were found only on the neurclogic
exumnation These were 1bsent gag reflex moderate spastic paraparests
and ncreased tendon reflexes 1 the lower ectremties abnorma) Babunshs
sius bilaterally mmpairment of position sense mn the bands and feet and
absence of vibratory sense m khc feet and legs

Lab ry E d, blood studtes disclosed the follow
mg het 42 per cent hb 143 gm per 100 ml rbe 43 mil per cumm There
was moderate amsocytosis of the red cells both microevtic and macrocytic
forms were present Lxammation of the urme stool and spmal flud was
normal Gastric analy sis on two occasions revealed the absence of free hydro
chlone aaid after the mjection of histamme  Examunation of the bone mar
row showed a normoblastic type of erythropoests A Schilling test for radto-
actne vitamm B, (B, Co™) absorption was performed No symficant
absorption of vitamm B, occurred (0% excretion) When the test was re
peated with the addition of intrmsic fctor absorption of the orilly admin
sstered vitumn By occurred (9% excretion )

Diagnosss and Treatment A diignosts of pernicions anemia with sub
acute combined degeneration of the spmal cord was made The patient was
treated with vitamn B, intramuscularhy During the next ten months her
gast tmproved gridually and rcturned to nomal Impured vibratory sense
and paresthesias persisted

G The \! festations of permetous anemsa occurred
1 this patient m the absence of anemia The diagnosis w1s suggested by the
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1y m 1d t hea # The relatin e importance of the differ
ent mechamisms that are responsible for the deficiency vanes m different
patients Poor absorption 1s usually the mam factor but mn some pahents
deficent diet or failure to secrete the gastue mtnnsic factor s wnportant
1f the absorption of vitamn By or folic aad 15 mmpared sufficiently a
hematologic prcture 1dentical with that scen m untreated permaions anerma
occurs  The anemia 1s macrocytic the erythrocytcs mamfest considerable
amsocytosts and poikilocytosis and examination of the bone marrow reveals
2 megaloblastic type of enythropeesis associated with the abnormal leuko-
cytes that occur in pernicious anemia When a megaloblastic anerma winch
15 the commonest tvpe of anerma found 1n sprue$ occurs m patients with
the malabsorption synd a defi y of folic acad 15 usually responsible
The admistration of folic acsd orally or wmtramuscularly i doses of 10 to
30 mg per dav usually produces a good hematologic response that s fol
lowed by marked cli cal improvement 34 ¥ 4 Some pahients are refractory
to treatment wath vitamin By parenterally®? ¢ svlule others respond at Jeast
partially #* The mw the individual patient probably depends on the
state of the vitamm B, stores and the degree of folic aad deficiency When
hoth substunces are deficient both fohe acid and parenteral vitarmn By are
niccessary In some patients the pastromtestinal symptoms persist or recur
despite unprosement 1n the blood after admmistration of both fohe amd and
vitamun By
Iron defiency ancma also devclops i some patients with tlus syn
drome as a result of blood loss from the gastromntestinal tract or because of
umpatred absorphon of iron from the alimentarv tract When wron deficicncy
1s severe the anemma 15 hypochromic and microcytic but 1 mulder degrees
of wou defiency the anemia 18 normocytic microcytic or hypochromie
Anema of this tvpe responds to wron admnustrated orally in the usual dosage
but 1n some patients parenteral admimstraton is necesswy A combmed
defictency of won and folic acid or ron and vitamun B? may result i a
normacy tie ancmia that requires both won and folic atid or won and wvitamin
Bjz in treatment 3
Impared absorption of vitamn By occurs in other conditions not assa
ciated with diarrhea or other evid of the malabsorption synd. Such
has been d d m patients with bhnd wtestinal loops
fistulae stnctures and diverticula of the small bowel ¢ A severe deficiency
may cause a megaloblashc anemia that responds to parenterally admms
tered vitamin B,p but does not respond to the oral admuustration of bath
witamin B, and mtnnsic factor The wmproved absorption of vitanin B,
that follows the ad of ct chne and tetracycline suggests
that mn some wav the abnormal ntestinal flora mhibits absorption of the wita
mn By *® Impaired vitarmn B «bsorphon occurs regularly after total gas-
trectomy because of the absence of the gastne intrinsic factor ¥ Vitamun B,
deficiency rarely occurs after partial gastrectoray®® ¢ but sometimes do
velops after resection of the small bowel for regional ententis or other
similar disorders 4
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Comment  This case llustratcs many tercsting pomnts that are con
sidered typical of purnicious anemia When first scen the patient was an
elderly man with a severe anemia without significant weight loss The
anuma was macrocybic and was d with leuhop hrombocyto
penia 1 megaloblastic bone marrow  and histamune fast achlorhydna The
dagnosis of pumicious anemia was established by the response to speaific
therapy Neurologic disease was never a problem After being well for nearly
eight years the patient developed a carcinoma of the stomach which proved
fatal in less than two years The madence of carcinoma of the stomach
patients with pernicious anemita has been reportcd to be sevcral times that
m the general population The difficulty in dealing wath the problem s
shown by this patient Radiographic study of the upper gastromtestinal tract
was performed every 12 to 18 months and yct the pitient had an incurable
carcmoma when 1t was recognized only one month aftcr the onset of vague
pastromtestmal complamts

ANEMIAS ASSOCIATED WITH
DEFICIENT ABSORPTION FROM
THE GASTROINTESTINAL TRACT
(SPRUE AND OTHER SYNDROMES)

In the clmical entities charactenized by malabsorption 1 the small bowel
(sprue non tropical sprue 1dwpathic steatorrhea cchac discase lympho
sarcoma and intestinal ipody strophy ) the most promncnt symptoms usually
are flatulence anorenia diarthea bulky stools weight loss and glossitis
Neurologic signs and svmptoms other than tetany occur only m a minonty
of patients* Disturbed ntestmal absorption 1s usually mamfested by the
presence of mncreased fat mn the stools A flat oral glucose tolerance curve
lowering, of the serum calcum and rocntgenographic abnormalities in the
small bowcl Although diarthea occurs frequently m patients with these
syndromes malabsorption also occurs m the absence of duarrhea

Various types of anermia develop as the result of the defective absorption
of the factors essential for normal erythropotesis In one group of 25 patients
with idiopathic sprue 20 were found to have impaircd absorption of vitamin
B, that did not inprove when mtrinsic factor was admimistered * In another
study lowered serum vitamun B, levels were found in about one third of the
pahents sth steatorthea ™ The absorption of vitamn By the presence
of added mtrmsic factor has been found to improve after the admmstration
of corticotropin * Impaired absorption of folic actd has been shown to occur
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1of, 1

some degree of won the preguancy ¢ ¢ Severe ron
defivency 1s evidenced by the occurrence of a hypochromie microcytic type
of ancma but a yulder degree of won deficiency may be associated with
only muor changes m the mdices 1d i the appearance of the erythra
cytes * 47 When won deheiency 15 present the serum won level is reduced
ta less than 60 micrograms per 100 ml + nd the latent won bindwng, capacity
15 mereased exythropaiesss 1s hormoblastie i type

Other types of ancrma are much Jess common than that due to won de
heiency Macroeyhic ancmia attributed to dietary deficiency was observed
m 8 410 257 per cent of the patients m one scries* The hugher inaidence of
this type of anenua occurred m a group of 70 panents of a distnetly low
economuc status Anemia associated with a megaloblastic type of erythro
powsis sometumes ocenrs during pregnancy or the puerps num, In one series
of 15 patients with megaloblastic eryth 15 1k h from that
seen m permgous anemia the mean corpuseular volume was greater than
100 cu mcrons m only one half the patients The changes w the blood
smtars were sunilar to those sten m permcsous anenua but were less marked
Free hydrochlors, acid was present in the gastne sceretion 1 three fourths
of the pabients Megaloblastic anema 15 usnally the result of a deficiency of
fohc and but the factors re ble for its develop are not app
m all patients who develop tlus type of ancmia known dietary deficencies
vombng and altercd gastne secretion  do not seem to afford adequate
explanations and 1t has been suggested that multiple factors are concerned #

Recogmtion of the factors responsible for anemia dunng pregnancy 1s not
always tasy because won deficiency occurs m assouation ssith normal i
dices* and mepaloblastic anemia occurs with normal wndrces or €ven wath
mcrocytoss * Determmation of the serum won level which 1s reduced m
won deficiency and normal or elevated m other types of anemia and a study
of the bone marrow usually enable one to establish the diagnosis Even wath
the benefit of the bone marrow exammation recognition of the type of ane
mua may be dfficult if the pattent has taken multivitamun tablets These
often contain amounts of fobe acid that may be sufficient to convert a

Tobt type of erytluop to the nonmoblastic type and yet be

madequate to correct the anema

When the patient with anenua 15 seen for the first time duning pregnancy
the possibility that the anemia my be the result of some coexisting disease
rather than the preghaney must be considered. Leulenwa diseases of the
tymphoma group renal disease or ulmost any other causc of anemia may
be recogmzed for the first ime dunng pregnancy The occurrence of preg,
nancy 1w a patient with oue of the hemoglabmopathues may be serious be
cause of the ygh madence of compheatons m the mother or the child
When one of the h lob thies is dered n the &

itis
portant to differentiste the bemgn combimation of a trait condition and un
ancmia of pregancy from the more senaus homozy gous or doubly heterazy

gous abnormalties
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ANEMIA ASSOCIATED WITH PREGNANCY

Durmg normal pregnancy reductions mn the hematoent hemoglobm and
erythrocyte count are found The maxtmal decrease occurs durmg the last
tmmester when the reduction may amount to 15 or 25 per cent 4 46 1 These
changes are due at least m part to hemodilution since the plasma volume
increases by 800 to 1300 ml while the red cell volume increases by only
about 300 ml ** Because of these disproportionate changes decroases m he
matocnt, erythrocytes and I lobin Ievels can be dered to be physio
logic to a certamn extent

Not all changes that occur m the blood during pregnancy <an be ex
plamed by hemoddutron because the level of the serum won fallst® 47 50 ylile
the values for the free. erythrocyte protoporphyrms? © and the latent won
binding capacity rise *2 In non pregnant patients elevations of the free eryth
rocyte proporphyrin and latent won binding capacity are most often scen
m wron deficiency More direct evidence of the frequent development of
actual won defictency durmg pregnancy 1s the observation that the serum
won level fell 1n about 80 per cent of 2 group of pattents who recewved no

pl I 1ron during p. but d normal m 80 per cent of
those who recen ed 1ron salts orally 47 1

The mother loses 1ron to the fetus and also with bleeding during de
hvery The 1ron requirements for the fetus which will be met at the expense
of the miother amount to about 400 mg As the absence of menstruation dur
g pregnancy allows the mother to conserve 325 mg of on that would ord1
nanly be Jost through menstruation the net added requirement of pregnancy
1s about 75 mg However the loss of won 1n the placenta and m bleeding
at the tune of parturition has been estimated to average about 325 mg Cal
culations from these figures therefore mdicate that the net additional wron
necessary for pregnancy 18 400 mg or more 47

There 15 disagreement concerming the normal range of the blood values
during pregnancy The following values have been said to represent the
lower normal lhmits of hemaglobm and erythrocytes dunng pregnancy
hemoglobin 10 gm per 100 ml erythrocytes 85 mil per cumm ¢ hemo-
globin 118 to 115 gm per 100 m! rcd cells 37 mil per cu mm hematoerit
35 per cent # 5 The reported frequency of anemia i pregnancy varies from
30 per cent*? to 80 per cent !

TYPES OF ANEMIA

ron deficiency 1s the commonest cause of anemia durng pregnancy It
occurred m about 75 per cent of one series of patients 44 5! In many mstances
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The anemus associated wath chrome renal disease 15 nearly alw ays normo
chromic and normocy tic s type but a macroey b anemta ocours cecasionally
in onc senes of pabents with uremia secondary to wanous types of rendd
disease the hemoglobm levels ranged from 56 to 84 gm per 100 ml and
the erythsocytes counts ranged from 15 to 35 mul per cumm ¢ In the same
senes varymg degrees of renculocytosss 24 to 225 per cent occurred o
vegutarly The leuhoeytc and platelet counts are usually normal Exammns
tion of the bone marrew zeveals crythrocytic by poplasia nermal cellulanty
ot enythrocytic hyperplasia The scrum wron level and the unsaturated wron
buschng eapaaty are usnally normal ur shghtly decreased unless sigmficant
blood loss bas oecumred The astiglobubs {Coombs) test hypotonse sahae
fragihity test mochameal fragility test and serum bilizubsn lovels are wsu
ally normal ® The fecal urobshinogen excretion ss mereased when hyper
hemolysis 15 present,

For many years the snemia of uremia was ascribed to an accumulation
i the blood of powsons secondary to defectnve renal funstion * It was noted
that whatever the nature of these “powsons” nnght be the action on the mar
row app 1 to be selectnne because eryth te p seemed to be
depressed while actwity was nonnal or mereased i the other marrow ele
ments * Hastologie evidence of hypoplasia of the erythrord senes was found
on esanunation of the marrow only when the non protewn mtropen level of
the blood was above 150 mg per 100 ml Complete aplasts was not found
and it was supgested that a defect i the debvery of recl blood cells to the
peripheral blood from the bone marmrow mght be a factor m the anemsa

1In 1049 kmerson and Burroughs ¥ published the first of a sertes of reports
mdiating that hemolysis contrbutes to the production of agemia w ureaua
w some curcumstances When the survisal time of erythroeytes was measured
by the Ashby technique of duff } agglutmation ot was found that nor
mat donor cells were destroyed m the reospient urenue patient at one and
a half to three tunes the nommal rate Erythrocy tes from wreme patients
susvaved normally 1 the normal recaprent X¢ was concluded that some extza
corpuscular factor present m the plasma of wemuc patients was responsible
for the premature destruction of red blood cells Other muestigatars dem
ounstrated that this hemaly e activity was not found in all patients and was
ot constant 1 the sae patient ® The occurrence of hemoly sis appeared to
comerde with the periods of rapd progression of the underlying renal dis
ease Ho at1s apy that byperh Iysis 15 ot the only mechamsm
concerned 1w the anenus of uremia Even dunng penods of wereased hemo
Iytic activity the decrease 1 the Ife span of the red blood cells 1s not suff
cient to produce anewua of the marrow responds normally * Thus whde
hemolysis contributes to the anewua 1 certan patients at appears that de
pression of hrop 15 the most and most common factor

The dnmshed ery thrapoiesis 1n wremne has been demonstrated m sen
eral ways It has been reported thet w patients with urermia there 1s a de
sreased rate of utilzation of radwactine won # € and an mncreased storage
of won 13 the liver and spleen @ I satso studies of bone marrow celis sus
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TREATMENT AND PROGNOSIS

The best therapy for the anemia of pregnincy is presentive In most
patients on deficiency ancmia can be provented by the ingestion of an
wdequate dict or by supplementation with 03 gm of ferrous sulfate three
times a day A single 08 gm tablet taken at bedbme 1s also effective Most
macrocytic anemias can be prevented by a hberal daily diet wlich contams
onc quart of milk one fourth pound of Jean meat and onc egg a day or by
supplementing the dict with 5 my of fohcacid  If an won deficiency anumea
has developed 1t can generally be corrected by the administration of 08 gm
of ferrous sulfate three times a day In the occasional patient who does not
tolerate oral iron because of gastromtestinal symptoms parenteral wron may
be required Most patients with megaloblashc anemia do not respond to
vitamin BBy or concentrated hver cxtract'® 2 but usually respond to fohe
actd in a dose of 20 ng a day The unusual occurrence of a response to the
combmnation of vitamm B, and ascorbic acid after the farlure of each prep
aration singly has been rcported ¥ As 1s true m other ewrcumstances the
pregnant patient who is scriously 1l with a severe degree of anemra may
need blood transfi before the drag of the type of anemia can be
establishcd Even m this sitnation 1t 1s rare that the necessary hematologic
studies cannot be imtiated or the nccessary specimens obtamed before the
therapy 1s started

The prognosis of the patients who develop anemua during pregnancy 15
excellent when proper trettment 1s given if no sertous comphcating dis
orders are present If won deficiency develops therapy with won may be
necessary for some months fter the pregnancy i order to replemsh the iron
stores Megnloblastic anemia rarcly relapses ifter \dequate therapy but may
recur i subsequent pregnancies 3

ANEMIA ASSOCIATED WITH CHRONIC
RENAL DISEASE

The majonty of patents with chrome renal msuffictency develop a sig
nificant degree of anera some time dunng the course of the discase Anemua
1s not a common chinieal feature of nephrosts but 1t occurs in nearly all pa
nents wath chronic renal ansufficiency if uremia is present The mechanism
by which this anemua 1s produced has been the subject of a number of n
veshigations but 1s still incompletely understood The subject bis been e
viewed recently by Loge Lange and Moore ®
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g surgical removal of the thyrod gland ™ Swmce that bme anemia has
been recogmzed as a frequent desclopment m patients with spontancaus
myaedema and also 1 those who develop thyrod deficiency following sur
gery The wadence of anemia was reported as 52 per cent m one senes of
patents 7 and was found to be about 60 per cent an a semes of 50 patents
1eviewed by the authors

MECHANISM OF THE ANEMIA

There 13 no evidence that the ancrmua i myacdema 1s due to blood loss
and studies of the survival tme of the erythrocytes m mysedema have
revealed no evidence of hyperhemolysis 8 The anemia which results from
dimumshed biood production appears to be an mdireet effect of the lack of
the thyroid hormone rather than bewng due to a deficiency of some speaific
factor necessary for erythropoiesis The anemua 15 of only moderate seventy

Retics. Rbes
% xig*
_ Phlebotomy
1 soom SM
CONTROL
50f
Phlebotomy
49 | sooms EF
\\/\/\/ UNTREATED
604304 MYXEDEMA
504
40420
304
204101 \/\/\/\/
104

e
05 IG5 26 30 95 40 45
DAYS

Figure 24 Response to bleeding of 2 nonna) patient and 2 patient with untreated
my xede ‘The of the enyth count to the pre-phlebotomy Ievel within
the :grmal period {:’i tu?e indw:&tles that the bone marrow of patients with untreated
myxedema is capable of re ponding fo 3 stmulus for erythroposesss (From Lea
Thorup and McClellan Tr Am Cln & Chm Assoc vol 68 1956 ) ¢ el
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Fiygure 233 Schematic representation of the factors thought to be concerned n the
production of ancmia i chrome renal disease Despite the presence of anemia and the
reduced oxy gen curying capaaty of the blood there 1s a failure of the factors whuch nor
mally operate to compensate for this deficiency

pended 1n culture media contaming uremic serum have revealed a decrease
mn the rate of maturation of crythrocyte precursors®* and a2 dimmushed rate
of removal of won from the culture media ¢ The mechanism by which eryth
ropoiesis 1s depressed i urerma 1s st} uncertain It has been suggested that
uremia i some way interferes with the produchon of erythroporetin # Jacob-
son etal concluded that the kidney 1s the site of production of erythropoietin
or a precursor © but it 1s difficult to distinguish the hematologic effects pro
duced by nephrectomy from those that are caused by azotemia Another
aspect of tlus complex problem has been indicated by the studies of Rees
ctal which suggest that a disorgamzation of metabolism oceurs 1n red blood
cells that are suspended 1n uremic serum ¢ The transfer of won mio the
developg erythrocyte secms to be energy dependent and 1t 1s possible that
a metabolic dysfunction wlich alters energy output intcrferes with iron
uptake 1n vivo and m vitro

Frgure 23 summanzes the vanous factors thought to play a role in the
production of anemia 1 decompensated renal disewse

ANEMIA ASSOCIATED WITH MYXEDEMA

The occwrrence of anemia m myxedema was first noted by Charcot 1n
1881 # and 1n 1883 hocher reported that anemia appcared gradually follow
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to Y9 pg per 100 ml (normal 60-150) Three of the patents with low
serum wron levels were women who had mild normocytic anemi and the
fourth was a man with a hematoent of 40 per cent i whom no chrome
blood loss could be dumonstrated Whether these values ndicate undetected
blood loss or the poor absorption of food 1on thit hns been reporte d to occur
m myxedema 1s uncertam ® Leukocyte counts vaned from 3400 to 13000
per cumm but were usually normal The platelet counts were also normal
Althongh bone marrow bvpoplasia has been reported to be a feature of
myxedema® bone marrow aspiration m this senes revealed the cellulanty
of the matrow to be witlun normal limts m slightly more than one balf the
patients and hy pocellular 1o the der Fr throp was
in Cvery mstance

The results of the other laboratory tests are sunilar to those that are
usually found m any patient with mysedema, such as a low basal metabolic
rate elevation of the serum cliolesterol decreased uptake of radioactive
iodine and Tow plasma bound odme The plasma bilirubin 15 normal
although the plasma may appear shightly ictertc because of carotmerma

DIAGNOSIS IAND I ROGNOSIS

If myaedemn is cousidered mn the duff 1 diagn s p can
usually be cstabhished or excluded without difficulty by a consideration of
the cluncal fertures and by me 1ns of ppropriate Iboratory tests Myaedema
\s sometimes mistaken for permcious anemia because the patlor and yellow
sh tint of the shan of patients with myxedema suggest permcious anemia,
as does the macrocytesis An mcorrect diagnoss of aplastic anemia 15 also
made at tmes because of the fulure of the anemit to respond to treatment
with wron itamin B, and other preparations

The anema of mvsedema generally responds to the idmnistrabion of
thyroid substance i the usuil dosage {desiceated thyrod 003 to 01 gm
per day) by 1 gradual nise m the hemoglobn and erythroeytcs to normal
levels in from three to mne manths The prognosis 1s excellent as long as the
patient continues treatment 1f there 15w associated deficiency of won or
vitamn B, the appropriate preparation must be given in addition to desie
cated thvroid in order to restore the blood to normal

1LLUSTRATIVE CASE

A 42 vear old wiite housewife was seen wath the chicf complant of
swelling of the eyelids Dunng the preceding six or scven years she had
noticed increasimg fatigue achng n the arms legs and back and severe
constipation She had noted marked intolcr ice to cold and stated that she
“could wear a swieater even 1 the summer ™ Dunng much of this bme she
had been treated unsuccessfully for ancmia” with vanous drugs

Physicat exannn wion res caled the face to be pale and puffy The upper
eyelids were edunatous The paticnt spoke slowly and her voice was hoarse
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and responds but slowly to the admuustration of thyrad substance without
the occurrence of reticulocytosts Bomford postulated that the anemua m
myacdema represents an adjustinent to the decreased metabolic necds of the
prtient and compred it to changes that occur when there 1s an eacess of oy
gen % The demonstration that thy rordectomized ammals respond to bleedsng
and exposure to Jow tmosphenc pressures by mncreased erythropotesis mdt
cates that the thyroid hormone per se 1s not necessary for mereased erythro
posesis 7 ? Enadenct that a sumlar situation exsts m man 15 afforded by
the observation that patients with myedema recaver from bleedung, without
the "dmmistration of thyroid substance (Fig 24) %+ The same conclusion
can be drawn from the response of pients wath myxedema and coeassting
permicious inemia or aron deficincy because the anemia responds at least
partilly to speaific treatment with vitumin By or won without the admuus
tration of thyroid substance % Impurcd 1bsorption of uther dietary ion or
sitamin By which bave been demonstrated i myaedema  © 40 may be
wmportant m the production of "ema mn some pattents

CLINICAL MANIFESTATIONS

‘The onset of the symptoms m mysedemn 15 often msidious with ncreas
g weakness muscular aches lack of eneryy mcreased tolerince to heat
and mtolerance to cold Severe constipation 1s often 2 troublesome sy mptont
Pufbiness of the eyelids and swellmg, of the face wnd extremuties are often
apparent to the patient Contrary to the popular lay opion weight gam s
by no means a umversal symptom m thyroid deficiency

When the patient 15 exammed the drigposis may be suggested by the
appenrance of the patients face which 1s often pile puffy dull and expres
sionless The trunk and estremutics frequently appear edematous but the
edema does not pit on pressure Much of the hair normlly present on the
head and body may be lost and that whicl remams 15 course in texture
In severe cases the shin 15 dry and scaly and has a pale yellow tmge The
voice 15 usually hoarse and deep and speech 1s slow and dehberate In many
patients the tongue 1s enlarged The recovery phase of the deep tendon
refleses 1s sluggish In addition to the signs charactenstic of myzedema the
patient may have the signs of associated crdsovaseular disturbance such 15
edema asates and pencardial effusion

LABORATORY EMAMINATIONS

The anema 1s not severe 1 the uncomplicated case of myxedema The
lowest erythrocyte count observed in the authors scries of 50 patients was
30 ml per cumm 3 The MCV rnged from 81 to 110 cu microns and was
over 94 en microns mn 60 per cent The blood smears showed httle or no
poikalocytosts or  amsocviosis There was no mstance of hypochromic
‘microcytic nemsa m this group but the serum iron level was found reduced
1n four of ten patients 1 whom st was measured The values ranged from 32
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of an illness charactenzed by menorrhagta retinal hemorrhages and marked
pallor The penpheral blood which showed marhed anenna and leuhopenia
was considered unusual 1 that no nucleated red cells were scen despite the
severe ancmia This apparent lack of increase in blood production 1n re
sponse to the anemia was explaned by the fatty wactin¢ appearance of the
bone marrow at autopsy Following Ehrlichs descriphion sumilar cases of
this acute fatal iliness were reported It was recogmzed also that a clinical
picture 1dentical with these 1diopathic” cases occurred 1s a result of ex
posure to toxic agents such as benzene arsenicals and roentgen rays The
concept of the disorder was broadened further by the inclusion of patients
with the chnical picture and penpheral blood charactenstic of “aplastic”
anemia even though the bone marrow showed normal or increased cellu
lanty *' In addition cases have been considered to belong in this category
if the anemma resulted from a falure of erythropoiesss when the anemia
occurred alone or was d with either P or tl
pema

The syndrome of “aplastic anerma  occurs i chidren as wcll as adults
In 1927 Fancom desenibed three siblings with bone marrow hypoplasia
pancytopenia and congenital anomalies® In a review of the 31 cases of
Fancom s syndrome reported up to 1955 small stature and hypogenitahsm
were found to be the most frequent of the twenty abnormalities that oc
cutred Anomahes of the thumbs strabistnus and renal defects were next
w order Both hypoplastic and normally celfular marrows have been noted
m patients thought to have the Fancom syndrome #* Other syndromes that
have been descnbed i wfants are the farmlial hypoplastic anenua charac
tenzed by pancytopema without d 1 and a

type of hypoplastic anerma which affects the red cell senes solely or pre
dominantly %

MECHANISM OF THE ANEMIA

The pnmary defect 1 patients with this type of anemia 15 the failure of
the bone marrow to produce erythrocytes m normal numbers m spite of
adequate amounts of all the known hematopoietic factors The defect may
be erther an cness of the enyth tissucs to ad stim
uli or the lack of some necessary stimulus ! The presence of a defective
response of the ¢rythropotetic hissue 15 indicated by the reports of the pres
ence of apparently adequate amounts of erythropoletn m the plasma of
patients with hypoplastic anemi1°* % However 1t has been suggested that
m children with congemtal hypoplastic anerma there may be a congemtal
deficiency of erythrapoictin because the infusion of “anenue plasma”™ (con
taming, erythropoietin) 1nto a patient of thus type was followed by reticulo-
cytosis ¢ On the basis of the evidence available at present 1t appears that
the defect 1 most paticnts 15 an mabibty of the erythropaetic tissuc to
respond to adequate shmult

Causative \gents  The defective erythropoiesis may be the result of
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and deep The hair of the scalp was dry and axllary and forearm harr was
scant The shin over the arms was dry and somewhat scaly The palms ap
peared yellow and the fingernails were soft and spoon shaped The remam
der of the physical exammnation was within normal lumits

Laboratory Exammation  Admission blood studies showed the follow
mg hb 113 gm per 100 ml het 33 per cent rbe 30 mil per cumm whe
5000 per cumm  retics 06 per cent The 24 hour radicactive 10dine uptake
was 10 per cent (normal 12 to 42 per cent)

Treatment and Course A diagnosis of myxedema was made and the
patient was advised to take desiccated thyroid 82 mg a day On thus therapy
there was marked symptomatic improvement and five months later the
hematocrit was 87 per cent, hemoglobin 11 4 gm per 100 ml red count 38
mul per cumm The dosage of the desiccated thyroid was increased to 64
mg per day Within another three months the patient was entirely asympto
matic the physical ex 10n revealed no fi abnormalities but
mild anemia persisted The hematocrit red count and hemoglobm values
did not return to normal until nine months after treatment was started

Comment This patient illustrates most of the classic features of
myxedema A diagnosis of myxedema was not madc for some years because
the presence of the disease was not suspected The history the abnormalities
on physical examination and muld or moderately severe macrocy tic anemia
are all charactenstic of myxedema As would be expected the anemua did
not respond to mjections of wron vitamis B, and liver extract After the
correct diagnosts was made the symptoms and objective signs of the disease
disappeared gradually over a period of six months but the perspheral blood
did not retum to the normal range until nme months after treatment was
started This slow response to specific treatment 1s charactenistic of the
anemia of myxedema

APLASTIC ANEMIA

Synonyms Refractory Anemia Chronic Bone Marrow
Faillure Hypoplastic Anemia  Adynamic Anemia
Aregenerative Anemna, Panmyelophthisis  Aleukia
Hemorrhagica Toxic Paralytic Anemia Hypoplastic
Normocytic or Macrocytic Anemia due to Unknown Cause

Ehrlich described the first case of aplastic anemta mn 1888 * This patient

was a 21 year old white woman who died about one month after the onset
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1s the occurrence of a hereditary defect 1n the bone marrow that renders 1t
more susceptible to enther exogenous or endogenous toums n later hife?
In some patients who present mamly or solely with chrome erythrocytic
hypoplasa the presence of a thymoma has been considered to be a possible
causative factor but at most tumors of this type can eaplam only a small
proportion of the cases ®! 306 113

Hemolyuc Aspects  Although the mam feature of this syndrome 15
deficient erythropoiesis a hemolytic element 15 also present i some pattents
who are usually included m this category Tlus 15 shown by the demonstra
tion of ncreased fecal urobilnogen excretion A decreased survival tume of
the erythrocytes has also been reported '+ When increased hemolysis s
present m patients who have not been transfused the hemolyfic ¢ lement 1s
of such nunor degree that 1t would not result n memua if the bone marrow
were able to funchon m the normal manner Not infrequently ncreased
hemolysis becomes a more important feature . pabents who have been
treated with transfs In thus pl ly s
often present

CLINICAL MANIFESTATIONS

Aplastic anemma may occur at any age In one senes about half of the
patients developed the disorder after the age of 50 years 't ‘Men were af
fected more often than women possibly as a result of a higher mcidence of
¢xposure to chermcals 10 occupations Aplastic anema 1s yare 1n the Negro
as compared to the white and this 15 espcially true of the “idiopathuc”
type '

The onset of the dusorder 15 generally gradual and 1s charactenzed by
increasmg weahness and other evidences of ancmia such as exertional
dyspnea palpitation and pallor Weight loss 1s mfrequent In about one
third of the patients abnormal bleeding 15 the mitial complamnt Although
the onset 15 usually msidious mn some patients the disorder begms abruptly
with marked weakness feser other evidence of infechon and hemorthagic
manfestations

On physical exammation the most striking abnormality 1s the pallor of
the slun and mucous \ There 15 no yellowish hinge of the shin or
sclerae Cravish brown pgmentation of the skan and tesucular arophy
occur m an appreciable percentage of patients with this disease these ab
normahities are found particularly 1n those who have been transfused and
it seems likely that they are due at least 1n part to transfusion hemosiderosis
In about one half of the patients there 1s evidence of abnormal bleeding
the shin mucous membranes or retnae at the time of the mibal examina
tion Although cnlargement of the spleen liver and lymph nodes 1s unusual
n the untreated patients these organs have been found to be enlarged
about one third of one group of patients who had been under obsenvation
and treatment for some tine 12
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varous forms of ijury te the blood forming tissue [n some patients the
fatlure of crythroporesis 1s clearly due to the effect on the hone marrow
tissue of agents that are hrown to produce ecllular damage if given n suff
crent quantity Included 1o this categary axe ». rays chemcals such as hen
zene and drugs such as mtrogen mustard TEM (tnethylene melamne)
urethane and the ant bolites (anttfolic cc ds 6 mercaptopurme)
Prolonged nmitrous oxide anesthesia (five or six days) may also belong m thus
category ¥ %9 In other circumstances the damage to the bone marrow occurs
as a result of some indnidual idiosynerasy to drugs or chemieals that are
ordnanly mnocuous Although it 1s possible that almost any drug or chemical
mav produce this reaction 1 2 susceptible patient some drugs e more
Likely than others to be offenders In one review of 349 cases of aplasne
anemia 137 ssere classed as idiopathic 80 were associated wath the use of
chloramphenicol alone or m association with other drugs and 132 follow ed
esposure to other drugs chemicals or therapentic wradintion ' The fol
lowmg exposures to drugs or chemicals were found in these 132 pahents
(1) antibioties (oxvtetricychine chlortetractchine stieptomycn) 27 cases
{2} coal tar products (annlgesics untipyretics sahcylates) 92 cases (8)
antconvalsants 10 cases (4) antthistamimes 6 cases (5) barbiturates 16
cases (6) heavy metals (pold mercury bismuth) 4 cases (7) msecticides
or weed hdlers § cases (8) orgame solvents 15 cases 10 of which were
eaposed to benzol (9) sulfonamdes 26 cases (10) muscellaneous assoc
twons {mcluding mtroghcerin hair dye or nnse chemicals furnsture was
or lacquer 32 cases The authors emphasized that 1t cannot be stated eate
goncally that any of the drugs actually caused the aplastic ancmua that
followed their use because of the possibiity that the patients may have
represented 1diopathic cases of 1plastic anenma m whom the association of
the drugs was merely comeadental

Idopaiue Cases  In 1 Yurge pereentage of patients with s syndrome
no acceptable cause for the marrow farlure can be found These cases are
classified as “idopathic  Although the mechamsm of the anemut m this
group 15 abscure varous possible explanations have been advanced Bom
ford and Rhoads suggested that «ry throposesis mught be damaged as « result
of the falure of the Iiver to mactivate completely hormones and other chemt
cals m the body with the result that a chemical compound toare to the bonc
marrow might be produccd by the abnormal metabolism of normal or n
nocuous conpounds * Another possinhity  damnge to the bone marsow b
an auto immune process has been suggested as a resolt of the recogmtion
of the role of wntihodies in the productton of hemoly tre ancmia and thrombo
cytopenie purpura ** ¥ Auto antibadies aganst ery throcy tes Yeukoeytes and
platelets hay e been reported 1n 2 patient wath aplastic anems who had never
been transfused ® A possible ctiolagic reltionshup between leukemn and
aplastic nemiz must alse be dercd because leuk e
velops 1n patients Wwath 1plastic nemia ind both discases have been reported
to occur after exposure to bunzol* or srdittion Still another possitbility
swhich 1s suggested by the racial mesdence and reports of a famihial tendency
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even though a definite diagnosis cannot be made If what 1s considered a
satisfactory marrow sample 1s not obtaned after needle aspuration at several
different sites surgacal trephining should be done to obtan a sample Al
though leukenua sometimes becomes manifest onty months or years after the
appearance of anemia, the disunction can be made 1 most patients after a
relatnely short penod of observation In the 14 autopsied patients n one
sertes the diagnosis of aplashic anermia was confirmed n all but one patient '
In thus patient, who had aplastic anemia while under observation for fve
years the p of acute myelobl leukerma became mamfest si
weeks before death When leukemia appears some years after the onsct of
the anemua i a patient diagnosed as having aplastic anenua, a question as to
the relationship of the two diagnoses anses The question 1s whether or not
the patient has both aplastic anemia and leukemsa, possibly from the same
or related causative factors or only Jeukcmea that has masqueraded 4s
aplastic anemia

Aplastic anemia must be disunguished from permucious anemta but this
15 usually not difficult because of the differences in appearance of the shin
and the tongue and the absence of central nervous system involvement in
aplastic anemia  Most patients with aplastic anemma retain the ability to
secrete hydrochlone acid and this finding 15 sufficient to prachcally exclude
pertcious anema from constderabon Exammation of the bone marrow
even though hypocellular generally permits the 1dentification of erythro
potesis as the normoblastic type rather than the megaloblastic type seen m
untreated pernicious anemia Eaamination of the smear of penpheral blood
also helps to distinguish between the two diseases even when the anemia
1s severe and macrocy tic in aplastic anemia a smear of the penpheral blood
usually shows but little pollocy tosis and anisocy tosis

At times the problem of the differential diagnosis between the 1diopathue
aplastic. anemia and anemia due to generahized carcinomatosis may arise
The finding of young leukocytes and nucleated red cells 1n the penpheral
blood suggests the possibility of carcmomatosis of the bone marrow The

of can be established by a bone marrow

aspration which reveals the malignant cells and at other tumes by radio-

graphic study of the sheleton which discloses evidence of osseous mvolse
ment

TREATMENT

The treatment of this disorder 1s unsatisfactory in general but neverthe
less the patient 1s treated as effectnely as possible m the hope that recovery
or remission will oceur The most effective form of treatment 1s the remos al
of the cause Jor this reason patients should be questioned carefully about
exposure to drugs or chemicals and should be removed from contact with
any suspicious offenders

In most patients particularly with disease of the diopathic type the
most tr 1s blood £y Although the decision re
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LABORATORY EXAMINATION

In  senies of 50 patients studied at the University of Virguma Hospital
the following peripheral blood conditions were noted pancytopenta 37
anemia alone 7 ancmia with leuhopema 4 anemia and thrombocytopenia
21 The wemia was macrocytic {(MCV 2> 94 cu microns) i 60 per cent
and normocytic n the remainder A muld reticulocytoss of 3 to 5 per cent
occurred at some time during, the course of the disease mn 21 patients but an
absolute mcrease n reticulocytes was rarely seen Only 9 patients had reticu
locyte counts that were persistently 0 1 per cent or less In the same series of
50 patients 41 had leulopema There was a relative lymphocytosis i 37
and an absolute lymphocytosis (over 3000 per cumm ) m 6 Only 5 had an
absolute decrease m lymphocytes (less than 1500 per cumm )} The platelet
counts varied from practically zero to normal levels but were markedly
reduced m the majonty of the patients

The marrow specimen obtamed by aspuration or surgical biopsy usually
shows decreased cellulanity In the authors senes the marrow was hypo
cellular 1n 7:4 per cent normal m 16 per cent and hyperecllular m 10 per
cent® Similar discrepancics between the cellulanty and function of the
bone marrow have been reported by others® 1 11 In the bone mamow
of many patients with this disease there 1s n mcrease m mononuclear cells
that generally are classed as lymphocytes although their 1dentity and ongin
are uncertam The differential count of the cells in the bone marrow often
reveals increased percentages of plasma cells and reticulum cells

The results of other laboratory procedures are often mteresting and some
times are helpful 1n dagnosis The level of the serum iron may be mercased
and the Intent won bnding capacity may be saturated even before the
paticnt has recewved any blood transfustons 10 297 The serum bilirubin level
1s usually normal but increased fecal urobilinogen eacretion has been ob
served 1 some patients ¢ 1 Liver function tests are usually normal unless
the patient has received a large number of transfusions which lead to m
creased wron deposition 1 the hiver

DIFFERENTIAL DIAGNOSIS OF APLASTIC ANEMIA

The disease whuch causes the most difficulty n differential diagnoss 13
leuherma Excn though careful studies of the blood and bone marrow do not
revcal leukemia when the patient is first seen the possibility that the patient
may still develop evidence of leuhenua at a later date contnues to be a
source of concern The detection of significant enlargement of the spleen
before the patient has been transfused should always raise the suspicion that
the patient has leukemia or some other disease of the lymphoma group rather
than aplastic 1nemia The distinction between leukemnn and aplastic ancmia
can usually be made as a result of the bone m urow exammation and a care
ful study of tho penipheral blood Any sigmificant increase m very young cells
1 the marrow or penpheral blood should ruise the suspicion of leukermia
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of therr effect on the capillanes esen when they produce no change 1 the
cellular ¢lements Pred: 15 usually ad J mn a dose of 20 to 50
mg per day a dose larger than 50 mg may be advisable in veute hemor
rhagic episodes but the effects are of short duration

Antibiotic drugs should be used when infection 1s present but their use
as prophylichic agents appears inadvisable because of the emergence of
resstant strains of bacteria and the development of fungus infections

Both thymectomy and splenectomy have been employed m treatment
In some patents with thymoma and pure red cell anemia thymectomy has
been folloved by mprovement i the anemua *! 198 13 Splencctomy has
been effective m some patients with chromie erythroeytic hypoplasia and
some with pancytopema Although there are exceptions ® the expenence of
most chinics 15 that few panents respond well to splencctomy and for this
reason the operation cannot be ] a standard method of
Splenectomy 1s most hikely to be helpful if there 1s an associated hemolytic
component * 3% Hyperhemolysis may be a feature of the disease mtially
but 1t is more likely to become promment after the patient has recenved
numerous transfusions 1f the patient requires a 500 ml blood transfusion
oftener than every ten days and 1s not bleeding eacessive hemolysis s
probably present ! ¥ Good results from splenectomy have also been reported
1n patients who respond to corticoid therapy with a reticulocytosis 194

CLINIGAL COURSE AND PROGNOSIS

Although aplastic anemia must be considered a strious and generally
fatal disorder the outlook 1s not as poor as 15 often thought Most of the
carlier impressions were based on single casc reports or on a senes of 62
patients reported n 1919 1n which only 3 patients sunined more than a
year ¥ A more optumistic prognosis was mdicated by another series of 66

Table 7 Proghos s n Aplastic Anera
S rvi al in 50 P tients with Aplastic An mi

Prs ng Type N Allve No Dead
of t Year S rviv 1 of Years Survi 1
Pe ipheral Blood 15 5 10 Pt 13 35 10
An mia 4 £ 2 2 1 3 T3 3
A mix Le X penta o 4 4 3
A mi Thromboeytopenia o 2 211
Pascyt pens u ju 1 1 8 J14 8 5 2
Tl 15 l1s 9 2 B 13315 8 4

Tt e e figures r late the sur 1 tune of paticnts 1 th aplastic anema to the abrormaly
tes i the penpheral blood and demonstrate t] ¢ more sertous progaosss 1 pancytopema
(From Mol ler and Leavell Ann Int Med ol 49 198)
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Frgure 25 Chart showing response of a patient with chronic crythrocy ic hypoplasia
to treatment with cortisone Although this patient requircd an average of 400 ml of blood
per week for ten and a half years no further transfustons were necessary after the mstitu
‘llggso)f treatment with cortisone {From Mobler and Leavell Ann Int Med vol 49

garding the number and frequency of transfusions must be an individual one
for each patient the hematocnt seldom need be raised to levels lugher than
33 or 34 per cent If the blood 1s returned to the normal level whatever achive
erythropolesis that 15 present may be depressed 82 ® The vast majonty of
patients accommodate to a lower than hormal level of hemoglobmn wathout
hisagreeable symp Moore has rect ded that the patient be ghven
4500 m] transfusion of blood less than five days old on three successive days
when the hemoglobm level falls below 90 gm per 100 ml ® Dangers of
transfusion that restnct thewr usefulness are hemolytic transfuston reactions
febnle reacttons to the leuhocytes n the transfusion * the danger of nfec
tious hepatitis and the long, term danger of exogenous hcmachromatosis 1
Most of the patients with aplastic anemia deserve a therapeutic trial
with corticosteroids becanse some patients appear to respond to one or the
other of these preparations ' ' A good hematologic response 1s more
Iikely to occur if ery throcy tic hypoplasi1 alone 1s present 1® 10 110 Cobaltous
chlonde m a dose of 100 to 150 mg per day has also been reported to be
effechve m a few patients 1! Iron vitamun By folie acd and thyroid sub

stances are of no value
Hemorrhagie compheations in aplastic anemia are usually due to throm
bocy topenia Corticosterords may be helpful m controlling bleeding because
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Laboratory Examinauon  Studies on admission disclosed the following
het 30 per cent hb 11 gm per 100 ml rbe 32 mul per camm wbe 3700
per cumm smear segmented cells 4 per cent lymphocytes 96 per cent
platelct count 16 000 per cumm On the second day the hematoenit was 29
per cent whbe 1600 per cumm (only 2 per cent segmented cells) the
platelet count was 16000 per cumm The stool exammation dusclosed the
presence of occult blood Several aspirations of the bone marrow revcaled
marhed hypoplasia of all the marrow elements

Course A diagnoss of aplastic anemia was made and the patient was
goven predmisone 50 mg daly He continued asymptomatic for the first 48
hours On the third day after admussion the temperature rose to 105 F
Despite bourly doses of one million units of penicillm 20 gm of strepto
myen and blood transfusions the patient developed penpheral vascular
collapse and died on the same day Blood cultures were positne for Staph
pyogenes and Staph aureus coigulase positne Death was attnbuted to
seplicemia

Post mortem  Post mortem cxammation revealed vascular congestion
of nearly all organs Bone marrow sections from nbs vertebrae and femur
showed marked hypoplasia of the myelowd and erythroid series The spleen
was congested and the lungs were emphysematous Sections of the liver
revealed diffuse peniportal necrosis with focal hemorrhage and some areas
of regeneration changes that suggested toaic necrasis

Comment This patient with aplastic anema had an acute illness mant
fested by pancytopenia and a hypocellular bone marrow Death was the
result of a blood stream 1nfe Id to a drug chl } 1
was suspected but as 15 usually the case the suspicion could not be con
firmed or disproved because the patent had recened many other drugs
Although it 1s difficult to be sure of the role of any particular drug 1n cases
of this type drugs that are known to cause blood dyscrasias even rarely
should be used with cantion and only when a safer drug wall not suffice

Case 2

A whte government offical who had been admitted to the hospital
several imes between 1920 and 1950 because of hemorrhages from a duo
denal ulcer was admitted i January 1956 at the age of 82 because of mld
congestine heart failure and was found to have a normechromic normocytic.
type of 1nemia Admisston blood studies showed the following hb 65 gm
per 100 ml rbe 25 mil per cumm het 20 per cent whbe 5500 per cu mm
retics 06 per cent differential count (per cent) segs 50 lymphs 37
monocytes 10 basopluls 2 The platelets were normal m number The serum
ron was 127 ug per 100 ml and the unsaturated wron binding protemn was
185 pg per 100 m! Blood urea was normal The bone marrow obtamed by

d active and bl No cause for the anerma was
found and he was treated wath blood transfusions

Treatment and Course The anemia recurred and faled to respond to
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patients reported by Bomford and Rhoads in 1941 many of the cases were
due to toxic exposure and complete recovery occurred mn 15# Ina group of
50 patients seen by the authors 10 per cent had a complete remission and
an additional 10 per cent had a partial or temporary of sufficient
degree that transfusions were not y - Such tc y

lasted as long as twelve years In a group of 35 patients who were followed
until death the duration of the disease varied from five weeks to twenty
years and averaged three yedars ™ (See Table 7))

The prognoss 1s best when the offending agent can be recognized and
elumnated because the marrow may recover if 1t 15 not too severely damaged
The outlook 15 better 1 patients wath only erythrocytic hypoplasia than n
those with pancytopema because the complications of nfection and hemor
rhage are less common 1n the former group Patients with pure ery throcy ic
hypoplasia generally survive for more than a ycar and often Live ten years
or more about one thurd of the patients with pancytopema die m the first
year and the five year survival 1s probably about 20 per cent!* In the
authors eapenience the outlook has been better for patients with hyper
cellular marrows than for those with hypoplastic marrows but mdmvidual
excephions occur

The clinical course of the disease 15 cxtremely vanable Some patients
have an acute illness with septicemia fever prostration and bleeding The
outlook 1 such patients 1s poor and death usually occurs within a matter of
a few weehs or months Fortunately most patients have a longer and more
bemgn course extenting, over a peniod of years When death oceurs m pa
tients with aplastic anemia 1t 15 usually the zesult of an nfection such as
septictma or pneumonia that may be due at least i part to the lcukopenia
The next most common causc of death 1s caternal or mtracranial hemorrhage
which s related to the thrombocytopena Other patients die from coexsting
disorders such as vascular disease or from complications of therapy and
a few develop leukemua as a termunal event

JILLUSTRATIVE CASES

Case 1

A 55 year old white laborcr was treated for sixteen years for asthma
emphysema and bronchiectasis During this ttme he had numerous acute
respiratory infections with normal luhocyte responses and he recened re
peated courses of antibioties Durning the two months prior to admission he
had recened three courses of chloramphenicol and also tetracycline per
allin and streptamy e for acute pulmonary wfections Because of a pete
chial rash of four or five days duration he was admitted to the hospital

Physical examination disclosed that petechial hemorrhages were present
on the trunk, extremities pilate and conjunctnac The hver and spleen
were not palpable Except for the pulmonary changes due to emphysema
and broncluectass the examination was otherwise essentially normal
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this type 1s usually gnen to Heuch who m 1879 reported two cascs that
were considered to show the chance association of myelogenous leukemia
and osteosclerosis? 1 1316 Ever smce that time there has been con
siderable confusion and controsersy concermng terminology classification
and causation of the syndrome Severl thoughtful and comprehensive re
views of the climcal or pathologic aspects of the problem that also contam

t biblhiog; have ap d mn recent years1© 111 18138 A]
though some authors duffer as to what should be classified as “pnmary and
“secondary types of thus syndrome somc such groupwng is desrable for a
better understanding of the problem The clmical manifestations of this
syndrome occur m patients known to have some pumarny disease such as
carciomatosts and also m patients m whom no prunary disease can be
demonstrated  The latter group 15 usually diagnosed myclofibrosis” or
agnogenic myeloid metaplasia ”

SECONDARY OR SYMPTOMATIC MYELOID METAPLASIA

The clincal features of this syndrome splenomegaly anemia young cells
m the heral blood and el dullary 1 have been e
ported 1 a number of diseases that arc sometimes classed as metaplasia
myelophthustic anemia and space consuming lesions of the bone marrow
The following diseses hate been found to be assocrated with the syndrome
1 multiple loma Hodghins disease septi
cemia  Gauchers disease lenkem:. fil polycyth
vera 119 1.3 180 133 The simple occurrence of nucleated red cells n the pe
tripheral blood wathout other ewid of extr h 1s
not sufficient for the inclusion of a patient in this syndrome Nucleated red
cells have been found m the cuculating blood 1 a number of disorders
They are seen most often 1n association with hemorrhage pernicious anema
hemolytic anemia leuherma and carcinoma but also occur i other disorders
such as heart farlure severe infection and cerebrovascular uceidents 134

PRIMARY OR AGNOGENIC MYELOID METAPLASIA
MYELOSCLEROSIS MYELOTIBROSIS

Most of the controversy regarding patients 1n this category has centered
around the nature of the undetlymg process It has been considered to be
(1) levkemic 1n nature (2) a probferatine or ncoplastic disorder closely
related to but different from myelocytic leuhemia and polycythemia (3) 2
response of the marrow and reticuloendothelal tissue ta injury of some sort
According to one review 9 authors considered the disorder to be leukeme
29 behieved 1t to be reactive but not 1 and 12 were undecided 136

The cvidence for the leuhemic nature of the process has been reviewed
by Heller Lewison, and Palin 1 * These authors stuched tho autopsied cases
and one splencctomized patient the bone marrow of both of the autopsied
cases showed intense myeloid hyperplasia and only one showed small widely
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oraliron folc aaid vitamin B,  or cobaltous chlonde In July 1956 examna
tion of the bone marrow disclosed almost complete absence of erythropotesis
and shghtly depressed myeloporesis Duning the peniod from January to July
he recerved transfusions amounting to an average of 1500 ml of whole blood
every month. In August 1936 when the rbe was 14 mil per cumm hb
39gm per 100ml het 11 per cent retic 0 per cent predmsone was started
m a dose of 20 mg daily Strihing improvement occurred m the anemia and
the bone marrow reverted toward normal. On a mamtenance dose of 10 to 15
mg of pred a day the } Tt d 1n the range of 38 to 11
per cent for six and one half months without transfusions

Unfortunately an esacerbation of a previously mild diabetes occurred and
the symptoms of penpheral neuntis became so severe that prednisone was
discontinued 1n February 1957 The neurologic symptoms subsided but on
Apnl 9 1957 the hematoent had fallen to 16 per cent Subsequently the
anemia failed to respond to prednsone testosterone or cobalt and trans
fustons have been required regularly during the past two years The leuho
cyte and platelet counts remain normal while the reticulocyte count 1s usu
ally zero Eatensn e studies have failed to reveal any apparent cause for this
anemit

Comment  This elderly clencal worker has aplastic anemua of the
chrome erythrocytic hypopl type This ) 1s charactenzed by
anemia with almost complete absence of reticulocytes and erythrocy tic hypo
plasia in the bone marrow the levels of the leukocytes and platelets in the
cireulating blood are normal Anerma of this type generally pursues a chronte
course refractory to all therapy except transfusions but m some patients it
responds to treatment with pred; thy or other The
symptoms generally are due to anemia bleeding and nfections are rarcly
sertous problems

MYELOID METAPLASIA

Synonyms  One review hsts twenty five different names that have been

suggested for this syndrome ! * Those that are used most commonly are

myeloid pl myelofit chronic non leukermc myelo

sis aleukemic myelosis leuhanemia leuhoerythroblastic anemia  myelo
sclerosis osteosclerosis

This syndrome 15 charactenzed bv splenomegaly anemia the presence

of nucleated red blood cells and immature granulocyvtes m the airculating

blood and the occurrence of extramedullary hematopoiesis w the hver and

spleen There 15 considerable sariation the lustological appearance of the

bone marrow 1 the reported cascs Credit for the first report of a case of
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“The most sigmficant feature of the physical exammnation 15 the spleno
megaly Palpable enlargement of the spleen 15 almost manably present and
15 somehmes so extreme that the firm spleen fills the entire left side of the
abdomen and extends into the nght lower q P Iy g Iy
occurs but 1s usually less p than the spl ly Sigmfi en
largement of the superfial lymph nodes 1s exceedingly rare Mot mnfre
quently a bleeding tendency 1s mamfested by ecchymoses and petechuae or
retinal hemorrhages Pallor of the shin and mucous membranes 15 usually
evident and jaundice of mild degree 15 sometunes apparent m the skin and
sclerae The other abnormalities found on the physical exammation are those
that aceur commonly i older persons with a chromic disease associated with
anemta, such as evidence of loss of woight cardiac enlargement and pre
cordral systolic murmurs

LABORATORY EXAMINATION

The most sigmficant hematologic feature of this disorder 15 an anema
that 15 ch d by marked ytosis and poihilocytosis associated
with the occurrence of nucleated red cells and myelocytes or myeloblasts
the peripheral blood The degree of anemia the levels of lenkocytes and

of

platelets and the \ crythrocytes and locytes vary
within a wide range Patients with normal or polycythemic blood levels
are also included as les of this synd. of cells

are present n the curculating blood t 138

In Linman and Bethells senes of 36 patients the hemoglobm rnged
from 50 to 140 gm per 100 ml and was less than 90 gm per 100 ml n
211 8 The mean corpuscular volume vaned from 71 to 103 cu microns and
was normal 1n 60 per cent of the subjects The mcan corpuscular hemoglobmn
was normal 1n 41 patents and low mn 15 Exammation of the blood smear
often suggests the diagnosis because of the presence of a marked degree of
pol t particularly “teardrop forms” and elongated cell:
sis and the presence of nucleated red cells The nucleated red cells are
usuaily few in number but lly they ber the Jeukocytes ! 7
Maost often these cclls are late normoblasts but basophilie ind poly chromato
phihe normoblasts and cells that ble megaloblasts wre seen
‘The reticulocy te count 1s often normal but mild or moderate reticulocytosis of
3 to 5 per cent 15 common When hyperhemolysis 1s present the feeal uro
bilinogen excretion 1s increased and the level of the serum biliubm 15 often
elevated

The leuhocyte count 15 usually elevated!! ! 8 but a range of 1200 to
45500 pr cumm was found m one senies Myelablasts progranulocy tes
and myelocytes are usually found in the penpheral blood It has been noted
that the number and 1dentity of the locytes n the h
blood represent a “sluft to the left” rather than a leukermic hiatus™ 3
Marked duninution and even the disappearance of the immature leuhocytes
has been observed to follow a senes of transfusions in several patients with

to
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scattered areas of fibrosis but the authors emphasized that they considered
thewr comments appheble to cascs reported 1n the hterature under the
twenty five other names as well as the term aleuherme myelosis” which they
used The authors who concluded that the syndrome 1s a form of myelo
genous leuhemia considered that the presence of fibrosis m the marrow
osteosclerosis m the bones the absence of leukemic myasion in the organs
and the appearance of the spleen were not adequate grounds for excluding
leukemin

Wyatt and Sommers'3¢ studied 30 patients 20 of whom were autopsied
and concluded that the disordcr was non leukemice 1n nature It was thought
that the primary lesion was a necrobiosis of the maturing hematoposetic
cells which was followed by overgrowth of the murow reticulum ossifica
tion and eatramedullary hematopoiesis The study of the histones and a
retrospectve analysis for possible causatne agents m these cases revealed
a list of possible fictors stmlar to those that are considered mmportant m
aplastic ancmta Thas suggested that prolonged marrow exposure to certam
substances might be an smportant factor A sumlar conclusion 1s suggested
by another report of 6 patients with 1 nogenic myclord mctaplasta It was
noted that two paticnts gave Instories of heayy cxposure to benzol two had
daily exposure to pamnt rcmovers  one worhed with earbon tetrachlonde
and one washed auto parts with Iigh test gasoline 2

Anothcr hypothesis that has been tdvanced to explam the disorder con
siders that 1t 15 one manrfestation of 1 proliferative disorder that mvolies
the multipotential primitive mesenchymal cells According to this concept
myelofibrosis myclogenous leukemia megaharyocytic myelosis and poly
cythemua vern arc similar and related processes 18 1 1933 Cases that
show varying degrees of lustologic evidence of these different disorders and
cases that undergo transition from a typical example of one condition mnto
a typical example of another are mterpreted a5 evidence of the vahdity of
tlus hy pothesis

Although 1t 1s probable that the controversy as to the nature and causa
tion of this syndrom¢ will continue 1t appears that the concept of this syn
drome 1s a proliferitive disorder which does not exclude a reaction to toxic
agents affords the best working hypothesis at the present time

CLINIC{L W ANITESTATIONS

Tlus rather uncommon disorder occurs in exther sex Symptoms generally
appear first after the age of 50 but sometumes begin before the age of
401t 18 136 The onsct 1s usunlly gradunl and the patients complam of weak
ness and casy fatigue or of upper abdommal discomfort that 15 caused by
the enlargement of the spleen and Iner Weight loss of 15 to 20 pounds s
common Aching n the extremuties leg cramps and penpheral edema some
times occur Cutancous hemorrhages either petechiae or cechymoses are
not unusual and serous gastromntestinal hemorrhage 1s not rare Night sweats
wnd shght fever occur n an apprectable number of patients
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chercals pancytopenta and hemorrhagic tendeney may be sumilar to the
findmgs m patients wath the aplastic anemia syndrome the presence of the
splenomegaly and the character of the cells i the perpheril blood suffice
to distinguish between the two conditions

TREATMENT AND COURSE

There 15 no specific treatment for this disorder wlich 1s usually a chronie
one that contimues over a peniod of one to mcnty yearsormore? 141837

Weakness recurrent anemia and compl ferable to the enlarged spleen
are the most common p but severe g 1 hemorrhages
oceur llv Blood £ which the mam form of

therapy are usnally given as often as ndicted by the patients symptoms
Neither iron nor vitamn B; s of any value i the uncomplicated case
Splenic iradiation has been recommended as a form of therapy for patients

with d fort from enlarged spleens d by leukocytosis because
of the results seen 1n seven patients ? * Such therapy has also been consid
ered d d beeause of tial damage to an area of extramedul

lary hematopotesis 1" The effectn eness of this type of therapy could not be
evaluated i one group of 14 patents ! %

For many years splenect was dered dicated because of
the hugh operabive mortality rate and because 1t appeared that the operation
removed a needed area of hematopoiesis? 3 A dufferent opmion was ex
pressed by Green Conley Ashburn and Peters?! ® who reported that m a
senes of 24 patients splencctomy was rarely harmful and sometimes pro
duced beneficial effects Splenectomy 1s most hhely to be helpful n the
patients with hemolytic aneria who require large numbers of transfusions
and m those with assocated thrombocytopema ! ¢ Since there 1s appreciable
nsk associated wath the operation n patients with this disorder splenectomy
15 not indicated m the patients who can be managed adequately by other
forms of treatment In elderly patients and those with very hugh platelet
counts splenectomy 15 contraindicated because of the nsk of operation and
the chance of ) e phecations such as thrombosis and hemor
rhage secondary to thrombosis

Corhcosteroids are sometimes very effcctive 1n pahents wath a marhed
hemolytic element and mn those with thrombocytopenia and bleeding 116 127
8 A favorable response to these drugs has been considered an indication
that splencctomy will be beneficial ¢ The effectiseness of androgens 1 6
patients with agnogeme myeloid metaplasia has been reported recently 11
Increased ervthropoests which was delayed four to eight weeks was man
fested by d uht of rad € won and an wcrease in erythra
cyte counts wd red cell volume that made transfusions unnecessary while
the patients were treated Becavse of stnihing results that were noted m
some of the patients this form of treatment ments further 1 estigation and
evaluation
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thus disorder but such a change has not been found m patients with leukemia
who hayve been treatcd sumilarly * 7 Eosinophiha monocytosis and basophilia
somctimes occur 1n myclofibrosis* 3 1%

The platelcts are often large and the total count varies widely m different
patients In the serics of 56 patients the count w1s decreased m 13 patients
normal 1n 13 and increased 1n 30 ' ¥ Nesther a marked reduction to less than
20000 per cumm nor a marked mcrease to over a millton per cumm 1s
unusual

Specamens of bone marrow obtamed by aspiration are usually very hypo
cellular }6 1 7 1 8 byt occasionally the marrow appears normal or hyper
cellular Bone marrow obtained by surgical biopsy and marrow specimens
seen at autopsy usually are hypocellular and show increased fibrosis 116 128
* However some marrows appear normal and others are hyperplastic
or contamn areas of hyperplasia? ! 1615 138 Splenic asparation''® * 8 and
hepatic puncture usually reveal extramedullary hematopoiesis m the form
of nucleated red cells youny, granulocytes and megakaryocytes

Roentgenograms of the bones particularly of the long, bones may show a
decrcased density of the mner surface of the central area of bone and
patchy uregular densities 1n the spongiosa 33 Increased bone density was
demonstrated on 10entgenograms i one fourth of the pahents m one
scnes 128

DIFTERENTIAL DIACNOSIS

When a patient presents with splenomegaly and anemia associated with
nucleated red cells and immature granulocytes m the penpheral blood the
important diff.rential diagnosss 1s betw een chronie myelocy tic leuhema and
the mycJoid metaplasta syndrome The appcarance of marked poikilocy tosis
n the smear 15 suggestne of myeloid metaplassa Failure to obtam a spee
imen that 1s consistent with leukemta by marrow aspiration strongly suggests
that leukemin 1s not prescnt however the diagnosts of leukemin cannot be
discarded m this errcumstance becausc hypocellular samples and - dry taps
are somctimes obtamed m patients with Ieuhemia ¢ven when the marrow 15
packed with cells The distinction between the Jeukemia and myclod
metaplisia somctimes cannot be made until after a surgical biopsy of the
bone mrow or a needle aspiration of the spleen or Iver Somctimes ¢ven
\fter these studics the evidence 15 nconclusive and the distmetion betwen
these two disorders cannot be mide with assurance until after a longer
period of observation

If leuhemia appe us to be cacluded further study for possible causes of
the sccondary ty pe of catr. Jullary | it such as carc
tuberculosis and othcr disorders 1s ndicated If these appear to be excluded

ind the appearance of the bone marrow biopsy 1s consistent a diagnosis of
myclofibrosis or agnogenic mydoid metaplasia 1s made A lustory of pre
vious ¢aposure to toac subst inces or of preceding polycythemia vara favors
this diagnosis Although the e of the panuent the huistory of eaposure to
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chenucals pancytopenia and hemorrhagie tendency may be sumlar to the
findings in pahients with the aplastic anemia syndrome the presence of the
splenomegaly and the character of the cells an the prnpherat blood suffice
to distmguish between the two conditions

TREATHENT tyD COURSE

‘There 15 no specific treatment for this disorder which is usually & chronie
one that continues over a period of one to twenty years ormore? # 141817
Weakness recurrent anemia and complamts referable to the mlargcd splcen
are the most common symp but severe g
oceur Uy Blood transft which o the mam form of
therapy are usually gien as often as mdicated by the patents symptoms
Netther won nor vitamsn By 15 of «my value m the uncomplicated case
Splenc 1rad: has been ded as a form of therapy for patients
with discomfort from enlarged spleens accompanied by leukocy tosis because
of the results seen in seven patrents ’ * Such therapy has also been consid
ered contramdicated because of potential damage to an area of extramedul

lary I D 17 The effects eness of this type of therapy could not be
evaluated i one group of 14 pancnts 8
For many years spl y was Jered icated because of

the hagh operative mortality rate and because it appeared that the operation
remosed a needed area of hematoporests 1 3 A dufferent opuuon was ex
pressed by Green Conley Ashburn and Peters ' ¥ who reported that m a
enes of 24 patents splenectom) was rarely harmful and sometmes pro
duced beneficial effects Splenectomy s most likely to be helpful 1 the
patients with hemolytic anemra who require large numbers of transfusions
and m those with assocrated thrambocy toperia T @ Since there 15 appreciable
risk assotated wath the operation in patients with this disorder splenectomy
1s not mdicated m the patients who can be managed adequately by other
forms of treatment In elderly patients and those with very hugh platelet
counts splenectomy 15 wnmundxcated because of the nisk of operatron and
the chance of p p such as thrombosis and hemor
thage secomian to lhmmbosxs

Corticosteroids are sometumes very effective m patients with a marked
hemolytic element and in those with thromboes topenra and bleeding 116 1 7
'8 A fatorable tesponse to these drugs has been considered an mdscation
that splenectomy will be beneficial 11¢ The effectn eness of androgens m 6
pattents with agnogemc myelord metaplasia has been reported recently 1
Increased erythropoiests which was delayed four to eight weeks was mam
fested by mereased utithzation of radactive won 4nd an merease 1n ery thro
¢vte counts and red cell volume that made transfusions unnecessary while
the patients were treated Because of stk results that were noted m

some of the patrents this form of treatment ments further v estigation and
evaluation
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ILLUSTR ATIVE CASE

A 40 year old white hibranan was largely asymptomatic when an “ab
dominal tumor was found on routme physical exammation m October 1945
At that time the erythrocyte count was 66 mul per cumm  and the hemato
cnt 62 per cent A dingnosis of polycythema vera was made and during the
next four years she recen ed a total of 8 250 r of x radiation to the spleen and
a total of 460 r over the long bones Phlcbotomies were performed at frequent
mtervals Following treatment with radiophosphorus n 1950 she had a good
symptomatic remussion and m 1953 the blood values were het 49 per cent
hb 127 gm per 100 ml rbe 6 mil per camm wbe 18000 per cumm
platelets 516 000 per cu mm During the late spring and summer of 1954 the
patient noticed progressive weakness e¢asy fatigue shght dyspnea on exer
tion easy bruisability and recurrent left upper quadrant pan Because of
these sy mptoms she v 1s admitted to the hospital on August 2 1954

Physical Examination  Loud systolic murmurs were heard 1n the aortic
area and m the mitral region The hver was palpable three fingerbreadths
below the nght costtl margin the spleen flled the entire left side of the
abdomen The remamder of the physical exammation was non contributory

Laboratory Examimation  Admission blood studies disclosed het 28
per cent rbe 28 mul per camm hb 84 gm per 100 ml reties 07 per
cent wbe 7400 per cumm differential count (per cent) myelocytes 2
Jusemles 2 bands 7 segs 638 lymphs 18 monocytes 1 eosmopluls 1 baso
phuls 1 There were 5 nucleated red cells per 100 white cells The serum
bilirubin was 0 54 mg per 100 ml Bone marrow obtuned by aspiration and
also by surgical biopsy of the iliac crest revealed marked hypoplasia

Treatmene and Course The patient responded moderately well to
steroid therapy but mn the f1ll of 1955 her symptoms and anemia increased
A hemolytic factor was demonstrated by finding an average daily fecal
urobilinogen eacretion of 245 mg per day over a four day penod 1t a time
when the hemoglobmn was 88 gm per 100 ml Eight months later the anemin
was more severc and the fecal urobilinogen cacretion was mesured at 380
mg per d1y Because of the hemolytic element splenectomy was performed
n September 1956 The splcen werghed 1975 grams Mcroscopic study of
the spleen revealed the presence of many 1slands of myelowd tissue associated
with evidence of ervthropoiests and an mcreased number of megakary ocy tes
The findings were ¢ dered to be cl wstic of myeloid metaplasia
The patient did well sy 1c1lly following spl y and s months
later m April 1957 hemoglobin was 94 gm per 100 ml red count 3 nul
per camm hem itoent 31 per cent platelets 500 000 per cu mm  and reticu
locyte count 5 1 per cent Immaturc cells of the myelocy tic senes and cosino
phiha were prescnt m the ponpheral blood Daily feeal vrobilinogen eacre
tion (average of 1 4 day period) was found to be 125 mg

In the fall of 1957 the patient s symptoms changed and from then on heart
failure was a problem In addition to the systolic murmurs at the base and
apex W Iuch had been noted throughout her course a low pitched rumbling
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presystolic murmur was heard mn the mitral arca She became increasingly
refractory to treatment and 1 Apnl 1958 she died after an episode of ab
domunal pain

At autopsy the usual mamfestations of congestive heart falure vere
present In addition there was marhcd coronary arteniosclerosis as well as
calcific aortic valvulitis and calaification of the annulus fibrosus of the mtral
valve Of particular interest was the presence of generalized fibrosis of the
bone marrow associated with areas of hypercellulanty and ewvidence of
eatramedullary hematopoiesis i the hver

Comment  This patient s course 1s sumilar to that seen 1n many patients
with myelofibrosis At one time she had w ell developed poly 3 themm vera
which was treated with phlel d and u:
About eight years after the poly c)ﬂlcmm was first recognized she developed
anema This was associated wath fibsosis 1 the bone marrow  marked

) ly the p; of leuhocytes and red cells 1n the

penpheral blood and evid of h sis 1n the spleen Spl
produced only moderate temporary benefit and the patient succumbed to
recurrence of the anemia and heart failure several years later The relation
shup of the myelofibrosis to the preceding polycythenia vera and to the
wradiation therapy 1s intercsting but difficult to interpret The occurrence
of both syndromes m the same patient has led some to consider that both
these disorders arc examples of myeloprohferative syndromes

ANEMIA ASSOCIATED WITH
ACUTE BLOOD LOSS

Anemua that 15 due to the sudden loss of a large volume of blood may
occur m a vanety of circumstances Among these are trauma postoperative

hage ruptured ectopic P ruptured aneurysm ruptured
esophageal vances and ulecrative lesions of the gastromtestmal tract Mas
snve bleeding occurs spontancously or after minor trauma 1n patients with
the vanous hemorthagie disorders The climical picture that the patient
presents depends on the amount location and acuteness of the bleeding as
well as the nature of the underlymmg disorder and the previous condition of
the patient The usual symptoms of an acute hemorthage arc sudden
weakness dizzmess pallor and sweatng The marhed vanabity m the
manifestations 15 shown by the fact that i some pahents syncope 1s the
wmutal symptom wlile in othc.rs the passige of blood) or tarry stools may be
the only mnd. thata b hage has
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Figure 26 Chart showing hematologie response to acute hemorrhage The peah
reticulocyte response of 13 per cent occurred on the seventh day The hemoglobn level
and ery throcy te counts retumed to normal dunng the £ifth week

The changes in the perrpheral blaod depend on the time that has elapsed
since the hemorrhage the size and locanon of the hemorthage and the
nature of the underlying disease The amount of blood that 1s lost can be

d better by a deter of the blood volume than by the bema
tocnt reading because the latter may not reach its lowest pomnt unt) 48 or
72 hours after the hemorrhage '** Unless preceding iron deficiency or a bnsh
reticulocytosts 15 present the anemia 1s usnally of the normocytic type
Polymorphonuclear leukocy tosts accompanted by an icrease in the younger
forms occurs after a few hours Retrculocytosis begms m two or three days
and reaches a peak 10 from four to seven days ¥3® Beticulocyie counts as high
as 12 or 14 per cent often follow an acute hemorthige severe enough to
reduce the sed blood count to bout 30 mil per cumm (Fig 26) Hemor
rhage into the tissucs or body cavities may be followed by nses in both
reticulocy tes and serum bilirubin 1f bleedmg has ccased an mcerease m the
erythrocyte count becomes evident by the time the reticulocytosis reaches
1ts masmum  the count continues to rise even wathout treatment, until the
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normal level 1s reached usually m from four to s weeks The erythrocyte
count 15 reported to return to a level of 45 mil cumm withn about 33
days after an acute episode wrespective of the size of the hemorrhage 15

There are two unportant aspects m the diagnoss of the patient with an
acute hemorthage These aie the rccogmtion of acute blood loss as the cause
of anema and the determmation of the cause of the bleeding Recognition
of the hemorrhage usually presents no difficulties but at times 1ts seventy
may not he apy d unless 1t 15 bered that the k reading
may gne hittle or no mdication of the amount of blood that has been lost
If the stool has not been examined for occult blood an elevated reticulocy te
count associated with a noymocy tic anemia or an elevation of the blood urea
level may be the first clue to a recent hemorrhage In order to determine the
cause of the hemorrhage hic study of the g | tract
Iner function tests special studies for blood dyscrasias and cven surgical
exploration may be necessary

Treatment of acute hemorrhage 1s often the treatment of shock by means
of mtravenous fluids vasopressor agents and blood transfusions Othcr
treatment 15 directed toward the underlymg discase Unless the pabients
1ron stores have become depleted because of previous bleedmg or some other
factor the hemoglobin and red cell count will return to normal levels after
a moderate sized hemorrhage without therapy with won

ILLUSTRATIVE CASE

Ths 41 year old carpenter enjoyed good health untal e1ght months prior
to ad when he developed P of a duodenal ulcer which re
sponded to diet and medication After he had been asymptomatic for six
months the symptoms of uleer recurred before hus admission to the hospital
Four days prior to adnussion the patient noticed marked weakness and
sueatmg followcd by the passage of tarry stools Two days prior to adims
sion he noticed palpitition and more pronounced weakness Following, this
he consulted lus physician who referred him to the hospital with a diagnoss
of gastromtestinal hemorrhage

Physical Exanunation  Blood pressure 128/80 pulse 8¢ weight 207
height 74 mches temperature 99 There was moderate tendemness on pressure
i the epigastric region The remamder of the physical exammation was
normal

Labasatory Exarunation  Imtial blood studies showed hb 83 gm per
100 ml het 24 per cent rbe 31 mil per cumm reties 67 per cent whe
21000 percumin platelets 760 000 per cu mm Differential count (per cent)
bands 1 segs 71 lymphocytes 23 monocytes 5 there were 2 nucleated red
cells per 100 slute cells A stool specimen was almost black 1 color and
gue a strongly posiive benzidine reachion A banum study of the gastro
mntestinial tract was performed wathout palpation and revealed considerable
duodenal scarmng with other changes that suggested active uleeration

A diagnosts of duodenal uker with hemorrhage was made The patient
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Figure 26 Chart showing hematologic response to acute hemorthage The peak

reticulocyte response of 13 per cent occurred on the seventh day The hemoglobun level
and ery throcyte counts returned to normal duning the fifth weeh

The changes 1n the penipheral blood depend on the tune that has elapsed
sce the hemorrhage the size and location of the hemorrhage and the
nature of the underlying discase The amount of blood that 1s lost can be
measured better by a determmation of the blood volume than by the hema
tocnt reading because the latter may not reach its lowest pownt until 48 or
72 hours after the hemorrhage 37 Unless preceding 1ron deficiency or a brish
reticulocytosis is present the anemua 1s usually of the normocytic type
Polymorphonuclear leukocy tosis accompanzed by an ncrease i the younger
forms occurs after a few hours Reticulocytosis begins 1 two or three days
and reaches a peak 1n from four to seven days 3% Reticulocy te counts as high
as 12 or 14 per cent often follow an acute hemorrhage severe cnough to
reduce the red blood count to about 30 mil. per cumm (Fig 26) Hemor
rhage mto the tissues or body cavities may be followed by nses in bath
reticulocy tes and serum bilirubin If bleeding has ceased an increase 1 the
enthrocyte count becomes evident by the time the reticulocy tosis reaches
1ts maamum the count continues to nse even without treatment, until the
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poral vessels and the dyspnea on dancing and chmbing staws Iron was
first used m the treatment of the anemia of chlorosis m the seventeenth
century by Thomas Sydenham an Enghsh chmuan In 1889 Hayem recog
nized that the anemsa of won deficiency 15 charactenzed by crythrocytes that
are smaller than normal and contam a smaller than normal amount of hemo
globin * ¢ Most of the progress m understanding won metabolism ad the
anemua of won defiaency has been made m the past two decades since
Widdowson and McCance showed that the body normally does not excrete
sigmficant amounts of won* ® Many of the advances have been possible
only because radicactive wron has been avaulable as an mvestigatne tool

MECHANISM OF DISEASE

Iron metabolism wlich must be understood 1f the patient with won
deficiency anenua 1s to be managed properly 1s discussed i Chapter IT

Iron deficiency occurs in a number of clmical conditions and various
metharusms may be mvolved An amproper diet 1s rarely the sole cause of
won deficiency except n mfancy However an inadequate mtake may be
an unportant contnbuting factor m certan situations particularly dunng
the growth of children and m pregnaney when there 15 an ncreased need
for wron The cause of wron defi anemia n both men and
women 1s chrome blood loss In adult males hy pochromic microcytic anerma
s nearly always the result of chronte blood loss from the gastromtestnal
tract In women gastromtestinal bleeding excessive vagmal bleeding and
pregnancy are the commonest causes of wron depletion Patients who have
undergone partial gastrectomy form a special category that may develop
won deficiency for 1t has been demonstrated that in such patients the ab
sorption of dietary on 1s marhedly reduced and over a penod of years the
won stores may become depleted ™t 1 3 The state of wron stores 15 an impor
tant factor mn the development of anemia The loss of small quantties of
blood such as occurs m normal menstruation may produce sexere anemia
n a patient whose wron stores are low yet much more severe bleeding may

produce only trinsient anemia i another patient whose reserves of won
are normnal

Abnormalitics other than ancmia occur at tunes i patients with won
deficiency \Most common among these, are fissunng about the mouth trophic
changes 1 the fingernuls and dysfunction of the ¢ sophagus These abnor
malities have been reported as f of iron defi m the
Wbsence of anemia because these lesions have been found 1n non anemic
batients and mprovement 1 the lesions has followed promptly after the
admmistration of iron salts* 3 A similar response to treatment with won has
been reported w non anemic patients who hid normal levels of serum 1ron
Even the correction of achlorhydna vwhich 1s present in about 50 per cent of
Ppatients with won deficiency anemua, has been reported after won therapy M9
A different result was found m a more recent study of a group of patients
with wron deficiency anemua! No mmprovement 1n the histologie appear
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was treated with uleer diet sedatives dhali and antispasmodics No oceult
blood w15 demonstrated in the feces after the thud day i the hospital
Transfustons nd tron were not admmistered When the patint was dis
charged on the aghth day the hematoent was 28 per cent red count 36 mil
per cumm  leuhocytes 14 000 per cumm  reticulocytes 83 per cent The
response of the penpheral blood to the acute hemorrhage while in the hospi
tal and after discharge s shown m Figure 26 Six weeks after the hemor
rhage the hematoenit hemoglobin and erythrocy te count were nomnal.

Commant  This middle-aged man who had previously had symptoms of
1 duodenal uleer was admtted four days after the onset of an acute hemor
thage At this ime mcreascs m reticulocy tes leukoeytes and platelcts were
already evident The patient mide a good spontancous recovery without
trwnsfustons or other ntranemic theripy The reticulocy tes reached a peak
of 13 per cent (425000 per cumm ) on the thurd day after admussion the
seventh day after the onsct of Ius nente hemorrhage A nise in urythrocyte
count was evident on the ffth day after adnussion (minth dav after the
hemorrhage) and contnued mn an umnterrupted fashion untl the count
reached normal between five and six weeks after the imtial hemorthage The
level of 45 mullion red eddls was reachied by the thurty sceond day after the
hemorrhage

ANEMIA OF IRON DEFICIENCY

Anemua that 1s due to won deficiency has been descnbed under vanous
names Many of the terms that at present appear to be no more than differ
ent names for on deficiency m special crrcumstances were used to indicate
the vanous svndromes before the nature of the mechanism responsible for
the anemia was apprectated The following terms have been used secondary
anemn idopatine hy pocl anermia chl hl; anerma hvpo
chromic anemin of pregnancy hypochromic anemia of prematunty and
adalescence ron defictency anenma

An interesting account of the history of wron m medicine has been pub-
Iished by Fowler'* Accordmng to this account the presence of won m the
blood was first discorered by Lemen and Geoffrer in 1713 This discovery
&id not come untl sometime after ron deficiency wnemia had been de
scribed and 1ron had been used as a therapeutic agent Iron deficiency
anemia was first desenibed by Johannes Lange of Basle in 1554 as “De Morbo
Virgmeo ™ ! In this description of the syndrome that was later called “chlo-
rosis” Lange noted that the disease was peculiir to virgins and described
the change from rosiess of the cheeks to pallor the pulsation of the tem
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poral vessus and the dyspnea on dancing and clmbing staws Iron was
first used i the treatment of the anerma of chlorosis in the seventeenth
century by Thomas Sydenham an Enghsh chnician In 1889 Hayem recog
muzed that the anemia of wron deficiency 15 charactenzed by erythrocytes that
are smaller than normal and contan a smaller than normal amount of hemo
globin * © \Most of the progress m understanding won metabohsm and the
anemia of won deficiency has been made 1 the past two decades since
Widdowson and McCance showed that the body normally docs not excrete
significant amounts of won! $ Many of the advances have been possible
only because radioactive won has been available as an mvestigative toof

MECHANISM OF DISEASE

Iron metabohsm which must be understood 1f the patient wath wron
deficiency anema 1s to be managed properly 1s discussed i Chapter 1T

fron deficiency occurs in a2 number of climcal conditions and various
mecharusms may be mvolved An mmproper daet 1s rarely the sofe cause of
won deficiency except m infancy However an mnadequate intake may be
an important contrbuting factor 1 certam situations particularly dunng
the growth of children and in pregnancy when there 1s an increased need
for wron The commonest cause of wron deficiency anerma in both men and
women 1s chrome blood loss In adult males by pochromic microcy tic anemia
1s nearly always the result of chrome blood loss from the gastromntestmal
tract In women [ bleed vagmal bleed: and
pregnangy are the commonest causes of uon depletion Patients who have
undergone partal gastrectomy form a spec] category that may develop
won deficicney for 1t has been demonstrated that in such pahents the ab
sorption of dictary won 1s markedly reduccd and over a penod of years the
ion stores may become depleted * 1 3 The state of won stores 1s an impor
tant factor 1 the development of ancmia The loss of small quantities of
blood such as occurs 1 normal menstruation may produce severe anemia
n a patient whose 1ron stores are low yet much more severe bleeding may

produce only trinment anepna 1 another patient whose reserves of iron
are normal

Abnormalities other than anemia occur at tunes mn patients with wron
deficiency  Most common among these are fissuring about the mouth trophic
changes 1n the fingemails and dysfunction of the csophagus These abnor
mabties have been reported as £ of won def m the
absence of anemia because these lesions have been found 1 nom anemic
patients and improvement m the lesions has followed promptly after the
admnistration of wron salts ™5 A similar response to treatment with won has
been reported 1 hon anemic patients who had normal levels of serum ron
Exen the carrection of achlorhydna which s present in about 50 per cent of
patients with won deficiency anemia has been reported after won therapy 1%
A different result was found m a more recent study of a group of patients
with ron deficiency anemia!  No mprovement i the Iustologic appear
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ance of the pastne mucosa or 1w the nad sierction occurred after a year of
treatment with wron Further ¢uadence of 1 duscrepancy between the wron
content of the blood wnd the iron content of the tissucs particularly won
contamnmng enzymes 1s dforded by the work of Beutler who found that 1n
rits that were made ron defieent by blecding and speal duets the decrease
m the cytochrome C of the Iner ind hidney greatly eaceeded the decrease
m hemoglobin 3+ Other studics have shown th it not all ron containng, en
zymes e 3o depandent on adequate supplis of ron The concentration of
catalise hus becen found to be nonnal m human sed cells cven under conds
tions of scvere wron need MO

CLINICAL MANIFESTATIONS

The symptoms that occur 1n the patient with wron defictency anema may
be rdated to the pnmary diseise or to anuma Some patients consult a
physicran because they have noticed bnomal blood loss such as menor
rhagia or reetal blecding Other patients who hive not noted any abnormal
blood loss visit 1 physiaan beeruse of symptoms thit are rdated to the
anemia per s¢ such s weakness casy fitigability dyspnet on exertion and
pipitation In awddition to the usuil symptoms of anenua patients with won
deficrnty sometimes complun of dysphigia sore tonguc sore mouth and
brnttle nals Stll other patients scek hedp beeause of symptoms that are
causcd by a lesion of the gastromtestinal tract such as a duodenal uleer or
carcmnoma of the bowel and the presence of wnemia 1s not suspected until
1 blood count 1s donc

Physical exanmnation 1n some patients reveals no abnormality and 10
others simply pallor of the shin and mucons membranes At tunes fissunng
at the angles of the mouth atrophy of the papilae of the tongue and glos
sitis are evident In severe longstanding won deficiency the nails may be
spoonshiped” and abnormally brttle The spleen 1s often palpable m chil
dren and adults with won deficiency but does not catend more than a fow
centimeters bcdow the Icft costal margin n the uncomphicated case Throb
bing heidaches somctimes occur when the hemaglobin 1s greatly reduced
and disappear when the ancmsy 1s corrected When the Anemua 1s moder
atcly sevcre an apical or precordral systolie murmur 1s usually present Other
cardiovascular ibnorm thities such s cardine dilatation wd congestise fail
ure occur most often i vounger children and n older persons with some
coeasting heart disease

LABORATORY EXAMINATION

The anemta of scvere won deficiency 1s chracteristically hy pochromic
and microcy tic (MCV 1s less than 80 cu microns MCH less than 30 micro
micrograms ind MCHC less than 30 per cent) Much lower values are often
found In the majonity of patients with won deficiency study of a staned
smear of the peripheral blood reseals that most of the enythrocytes are
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smaller than normal and show an mcrease i the central pallor that may be
extreme {hypochromic mucrocytes) other erythrocytes appear normal
color and some show polychiromatopiulia 1f erythropaesis 1s acve Pokdo
cytoss 15 often endent and clongated agar forms” are seen frequently
Oceasion illy nucleated red clls are present The leukocyte count, platelet
count and reticulacyte counts are usually normal Erythropotesis 1s normo
blastic in type but the cellulanty of the marrow may appear normal reduced
or mereased

In patients with less severe wron deficiency the anemia 1s not afways hypo
chromic and microcytic 1t may be hypochromic and normocytic or normo
chromie and normacytie In such paticnts other laboratory procedures may
be helpful i estabhishing a d of won defi The of
o deficiency usually 1s 1ccompamed by a reduction 1n the level of the
serum sron generally to less than 40 pg, per 100 ml (normal 56 150) and
an ncrease m the latent won bmding capacity of the serum to two or three
tunes the normal value {normal 200 300 ug per cent) Study of bone mar
raw that 1s obtained by aspiraion and stained for ron may also provide a
reliable ndex of the statc of the won stores patticularly if the stores are
Jow 1 When anetma 15 due to won deficiency the serum biiruba 1s not
elevated and the 24 hour fecal urobilinogen cacretion 1s usually lower than
normal because the mass of the circulating hemoglobin 1s reduced Achlor
hydna oceurs commonly n patients with this disorder The free erythrocyte
protoporphynn 1s mereased in won dehciency 44

DIFFERENTIAL DIAGNOSIS

The first step in making a diagnosis of this type of anemua 15 to establish
the presence of 1ron deficiency and the neat is to determuine the cause If the
anemia 15 hypochromic and microcytic the commonly seen won deficiency
must be d hed from the thal and the rare pyn
doxine deficiency Thalassemia 15 charactenized by a famly hustory of ane
ma the occurrence of many target cells on the staned smear and an ele
vated retienlocyte count the spleen 1s usually enlarged nd may extend
below the level of the umbilicus Determination of the serum won level and
exanunation of properly stamed marrow preparations fal to reveal any wran
deficiency Fetal hemoglobin is usually found Pyndoxine deficency which is
rare m man s charactenzed by a hypochromic microcytic anermia but even
though the erythrocytes appear hypochronuc the level of the serum ron 15
clevated and ad of wron prod no 1mp t m the ane
tma ' I the milder degrees of won deficiency the unemia may be hypo
chromic normochromie normocytic or shghtly microcy hie rather than hypo
chromic microcytic Thus 1s most hikely to occur when severe deficiency has
not developed or when the severe deficiency has been only partly comrected
In such circumstances the demonstration of 2 low serum 1ron level and/or
an mcrease in the lateat iwon binding capacity or a hustologic demonstration
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of low 1ron stores m the tissue often estiblishes the presence of wron de
ficiency

If the presence of ron deficiency his Deen ¢stabhished an effort 1s made
to find the cwise of the difiaeney This aspect of the dragnosis 1s discussed
m Chapter I Twity diet may be i weeeptible caplnation m infants and
very young children but in adalts 1 search must be made for the cause of
the blood loss The absence of oceult blood from a single specimen of feees
does not crvclude chrome or recurrent g, istromtestinal blecding from con
sideraton Unless the cause of the ron deficency 1s cle ir cut most patients
particularly those who are nuddie aged or older will nced a roentgeno
sraphic study of the upper wd lowcr gastromtcstinal tract Almost any
ulcerative lesion in the csophigus stomach small mtesture or lrge bowel
¢ be responsible for chrome bleeding ind iron defictency If a lesion of
tho gastromtestnal trict 1s suspected but not demonstrated 1t the tme of
the mmtial ex umnation the wpropriate studics e often repeated hecause
of the importwnce of demonstrating wy leston particularly a ncoplasm that
mght require surgical corrcetion In women  particularly those of cluld
beaning 1ge the deession must be made whether or not the history of vagmal
bleedmg and pregnancies gives an adequate eaplanation of the anemia
Roentgenographic i cstigation of the & wtromtestin il tract 1s often indicated
but the nish of iridiation to the ov wries or to in unsuspected erly pregnancy
should not be ignored

TREATMENT COURSE \AND PROGNOSIS

The most umportant aspect of the trcatment of won dcficiency anemia 15
the correction of the cause Thus 1s much more mportant thin the correction
of the anemia unless the patient 1s cniticilly 1l The prognosis 1s related
more to the underlyng disense than to the seventy of the anemia which
may have hittle or no mfluence on the outcome

In patients with anemra that is due to wron deficieney the adnunistration
of ferrous salts 1s followed by a retteulocy tosis during the first week (Fig
27) The migmtude of reticulocs te response wlich 1s usually m the rmge
of 4 to 10 per cent depends on the mitial hemoglobin levcl and not on the
level of the erythrocyte count Unlss complicating factors are present the
reticulocy tosts 1s followed by the return of the hemoglobm nd red cells to
normal levels withm 1 peniod of six to ten weeks If the therapy with won
15 successful the hemoglobmn ley el should increase 20 gm per 100 ml mn the
first three v ceks of treatment 146 14 The levels of wron and latent on binding
capacity wluch probbly reflect the state of the stores of wron, return to
normal much more slowly Treatment probably should be continued untl
tlus occurs but such complete therapy may require small amounts of won
salts orally for a long period particularly if the patient 1s either a premeno
pausal woman or has had a partial gastrectomy Prolonged treatment of this
type 15 considered impractical by some 133

The anemua of ron defi 1s usually 1 by the oral ad
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ton of 02 or 08 gm of ferrous sulfate or ferrous gluconate three tumes a
day If a small amount of the drug 15 gven mutally and the dosage 1s
creascd gradually pastromntestnal upsets rarely occur Some patients tolerate
one preparation better than another and if one preparation 1s cavsing un

desirable gnping diarthen or other symptoms ancther compound should
be substituted. Iron 1s less hikely to cause gastromtestinal symptoms af it 1s
given after mcals Although tlus 15 not an optimal time for won absorption

ad¢guate absorption usually occurs if the medication 1s gwen 1t this hme

A single tablet of ferrous gluconate or furrous sulfate at bedume generally
produces a satistactory response and many patients &ind it simpler and more
o, t to follow thus schedul

Although won salts admmstered orally correct the anenna n most pa

tients the method of treatment 15 not an efficient means of correcting the
won stores because won absorption decreasts when the blood retums to
nommal In order to replenssh the won stores by the oral route it 15 often
necessary 10 continue treatment for months or years Tor thus reason paren

teral preparations are sometmes employed Saccharated won oxde gnen
wtravcnously m an imbal dose of 20 to 50 mg and 1n subsequent daily doses
of 100 to 200 mg produces exccllent therapevtic results 42 \More recently
the intramuscular therapy with wron destran which has been found to be
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Figure 27 Chart showing hematologe re ponse of a patient with won deficiency
anemia to treatment with won The reticulocyte peak which 15 not as great as that seen
after speuific treatme st v permcious anuma, ocenrs before there 1s an tncrea o 1 the
1 vels of E emoglibin and serum wwon and a decrea e 1n the latent 1o binding capacity
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lnrgely fre from loctl reactions has gamed mn favor ! ¢ Injections of 100 to
500 mg m1y be grven weelly or severtl times a week The total amount
siven i 1 course of mtrunusculir tretment as usually between 1500 and
5000 mg an unount sullicient to corrcct the anamia and replenish the ion
stores

ILLUSTRATIVE CASLS
Case 1

A 74 yaar old white housewife was reforred 1 Apnl 1956 for evaluaton
of wnemia and waght loss of 20 pounds dunng the preceding year About one
and a half yeus prior to admussion she had 1 episode of constipation
crampng midabdomunil pun and vomutmg, Roentgenographie camma
tions of the gillbladder and upper gastromtestinal tract were negatine Her
attacks recurred with mercasing frequency and about s wecks before ad
musslon wore ocewrning once or twice & woek At this trme the patient was
found to be wmeme and was treated with aron

Physical Exammanon  The shin ind mucons membranes were pale
The nght side of the abdomen was modcratcly tender and a irm movable
6 by 10 em mass was felt i the nght lower quadrant The Incr edge was
papible 2 am badow the nght costal mirgin

Laboratory Studies  Admussson blood studics disclosed the following
het 26 percent hb 87 gm per 100 ml rbe 34 il pur cumm whe 4900
percumm scrumron 115 pg per 100 ml - unsaturated ron bmding protem
455 pug per 100 ml The feces give 1 strongly positine benzidine reaction

Bartum nema o imination resealed a 5 or 6 em constrcted arca in the
seendiny, colon and another fihng dufcet m the siymord colon After bloed
transfusions operation w 1s performed A carcmoma of the 1scendumng colon
wd t caremomatous poly p i the descendmng, colon were found Both Jestons
were resceted and convalesecnce w s uneventful

Three months Iter the het wis 48 per cent b 126 gm per 100 ml
rbe 44 mil percumin plasm i ron 99 ug per 100! and unsaturated won
binding protem 270 pg per 100 ml

Comment At the ime of admussion tlus patrent hid evidence of severe
won deficiency m the form of hypochromic microcytic anemn assoctated
with 1 decrease m the lovel of scrum aron 1nd an mncrease i the unsaturated
1ron binding capeity The most import int aspect of the drignoss in a patient
with memr1 of this type 1s the demonstration of the cause of the anemia
Usually 1s w1s the case an thus patient the won deficiency 1s the result of
chrome blood loss In 1dult males and elderly women chronic unrecogmzed
blood loss 1s ncarly always the result of a lesion 1n the gastromtestinal tract
This patient hid two prumary malignant lesions m the colon It appears
likely that the lesion m the ascending colon was responsible for the blood
loss while the tumor m the symotd colon was 1esponsible for the symptoms
of partral mtestinal obstruction In all probability a more thorough exammt
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tion at the time her symptoms began a year and a half before 2dmussion
would have revealed a lesion m the colon Fortunately thuis patient appeared
to have no metastases when her bowel resections weie performed despite
a delay i diagnosis that might well have been fatal

Case 2

This 63 year old white housewife was admtted with the chief complaint
of “anemia of two years duration She related that for two years she had
felt weak nervous and shghtlv dizzy She had been treated wregularly for
two years with Iiver extract and won Despite this therapy some degree of
anerma persisted and she was referred for further study Careful questioning
elictted no history of weight loss gastromtestinal symptoms or abnormal
bleeding

Physical Exammation  The patient was well developed well nourished
and somewhat obese General examimation res ealed no specific abnormalites
but the pelvic exammation revealed an erosion of the cervin

Lab Yy E Ad blood studies hb 91 gm per
100 ml 1he 38 mil per caumm het ol per cent reties 19 per cent The
leukocyte count platelet count and differential count were normal Bone
marrow exammation disclosed a hypercellular marrow with a normoblastic
type of erythropolests Repeated stool exammnations were consistently post
twe for occult blood

Gastromteshnal » ray study revealed a hatus herma that was about 10
cm m the greatest diameter Banum enema examination reveiled a lesion
at the hepatic fleaure which was associated with some narrowing, over an
area of 2 or 3 cm P P disclosed no leston Bropsy of
the cervix was reported as showing an epidermoid carcnoma

Treatment and Course  The paticnt was transfused with three umts of
blood and was operated upon nine days after admission A right colectomy
was performed and the patient stood the procedure well At the time of
operation there was no evidence of metastases from the lesions 1 bowel or
cervin Histologie study of the bowel tumor revealed mucmous adenocar
cnoma grade 111 extending through the thickness of the wall The regianal
lymph nodes were free of tumor The patients convalescence from the
laparotomy was uneventful and snmteen days after her nght colectomy
radm was applied to the cervin She recewed 6000 mg hours using six
sources and the following month she recerved 6000 r of eaternal radiation

Comment This patient ilustrates many mstruchve pomts She was
treated for two years for anemua with won and liver extract without any
effort being made to discover the cause of the anemia This treatment altered
the morphalogic charactenstics of the red blood cells without correcting the
anerma Ths case 111 the imp: of del the cause of the
anemia before When the ! tract was mvestigated
tw0 possible bleeding sites were found The hiatus hermia was found frst
but this lesion occurs so frequently m this age group that it was thought
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umportnt to study the Jowcer gastromtestipal tract This was done and the
cwemom of the colon was discovered Fortumatcly the lesion was operable
despite the duration of the dlness The finding of 1 caremoma of the corvix
on the rontine Ly umnation emphisizes the import mee of a complete examy
n1tion i all patients

HEREDITARY SPHEROCYTOSIS

Synonyms Congcmital Hemolytic Ieterus, Acholuric
Jumdice Congemtal Hemolytic Anemia, Fanulnl
Spherocytosis, Spheiocytic Ancmin

HISTORY

The lustory of this disorder his been reviewed recently by Dreyfus 190
Lommerly audit for the fisst detuled cimieal descnption of “congemtal
hemolytie eterus was usually ghven to Mmbowshis report n 1900 1 8 Be
cwse of Chwffurds discovery of two of the chuactenstie features of the
discase namcly reticulocy tosis und the mereased hypotonic saline fragibty
of the red cells 12 13 the disorder was somctimes referred to as the
hunolytic ancmia of the Chiwffud and Mmhowsks type  Vanlnur and
Misius rcport i 1871 an wlnch spherocy tes were descnibed has been re
discovered only recently!™ and as 1 result credit for the first clear descrip
tion of this disease has been ghven to these athors e 3 8 16

MECH ANISM OF DISEASE

Tereditary spherocy tosis 1s believed to be inhenited as a Mendchan dom
nant ' 1 According to this concept at Jeast one parent and one half the
offspring, of the patrent should be affected However apparent exceptions
hive been obscryed m fumlies that were studied carefully ' ¥ ¢ Considera
tion of these app went exceptions s led to the suggestron that they may
be capluned m one of the followmg ways (1) the testing, method may be
madequate to dctect the wmomaly m the parents and siblings possibly be
cause of factors of gene penetrance or evpressivity  (2) some patients may
develop the spherocytosts as 1 result of gine mutition (8) the disease
the exceptional cases that appears to be heredit ary spherocy tosts 1s i reality
stmilar to 1t but 1s not wdentic\l with st (4) the legal pirents are not the
biolomical puents ™ ¢ The fst nd third posstbilitics are considered most
TiLaly 17 15 186
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Patients with hevedstary, spherocytosts mandest the evidences of 1 hemo
fytic process such as 3 fecl urobil elevaton of the
ndirect reacting serum hihrubin m the plasmr splenomegaly reticulocyto
sis and normoblastic hyperplasia i the bone marrow  Although the ancma
15 cured by splenectomy an mtracorpuscular defect has been shown by Dacie
and \ollsoni® to be the pnmary factor mn the acreased hemolysis They
demonstrated that erythroeytes from normal donors survived from 100 to
130 day s when transfused into patients with heredatary spherocytesis m con
trast ery thiocy tes that were obtamned from a patient with hereditary sphero
cytosis four days prior to splenectomy and one year after splenectomy dis
appeared from the crculation m 14 days and 19 days respectively when
transtused mte normal recipients

Erver smee the mereased osmotie fragility of the enythrocy tes 1n hereds
tary spherocytosis was fisst dosenbed” efforts have been made to find some
Ik between this pecuhanty and the increased destruction of the enythro
cytes m vive Haden & d that the d ptibility of the
enthrocytes i the disease to hypotore saline 1s related to thewr ncreased
thickness and “microspherocytic” shape ! The observation that micro
spheroeytosts and ancreased osmotic fragilty persisted adter splenectomy
suggested that the defects 1 the red cell were the result of 2a inhented
abnormality of erythropoests ! * ¥ Ham and Castle found that stenle men
bation caused an merease m the spherosdicity and esmotic Eragility of human
erythrocytes and postulated that abrormally susceptible erythrocytes would
be hemolyzed more eastly than normal cells by erythrostasis m the spleen
wheeh tught be compared to mcubation 1 vitte®  This concept imphes
selecin e seqs of the ab 1 “spherocytes 1 the spleen because
normal erythrocytes suvive normally an patents with hesedstary spherocy

tosis 199 38 173 Snch selective sequestration has been demonstrated m ex
penments that utdized mustures of diffurent fypes of cells that could be
wentfied by differential agg! Identifiable normal eryth were
transfused wnte patents with hereditary sph pror to spl y
when the spleen was studied after its removal it was found that the patents
cells had been selectnely retaned by the spleen In another expenment
spleens that had been semored from patients with hereditary spherocytoss
were perfused waith muxtures of normal erythrocy tes and spheracytes from
patients with hereditasy spherocytosss™® ¥ agam 1t was found that a dis
propostionately hugher number of spherocytes were retamed by the spleen
Tl‘ms 1t appears tha‘t the d ¢ hack of the eryth which 1 an
1 uot only for ther mereased osmotse
fragihity but also for thear sequestration m the spleen where they are de
stroy ed at an excessne rate
The bented defect i the spherocytes of this disease 15 complex Ab
normalities m the ghealytie cyele of the cell have been demonstrated by
Pranterd Alman and Young who found a smaller flux of P mio AT;
and 23 DPG assoctated with an tnerease m the Aux wto orthophosphate 17
These authors postulated that the susceptibility of such cells to hemalysis




158 FUNDAMENTALS OF CLINICAL HEMATOLOGY

may be @ consequence of a deficency of Tugh encrpy phosphate bonds Aa
ncresed rate of the transport of sodmm across the ccdl membrane has also
been dumonstrated i the crythrocytes m this discase 1 ° Whether or not the
ibnormal rates of sodium transport ire due to the defectine glycolysis of
the «clls 18 uncertun The fict that quantitative dufferences were found
different paticats with hereditary spherocytosis as well as i asymptomatic
hindred has led to the suspicion thit paticnts wath hereditary spherocy tosis
m 1y not form a homogcncous group but may vary in the number of genctt
cally determined biochamcal abnormalities that are present ! ¥

CLINICAL MANIFESTATIONS

Hereditary spherocs tosis occurs in both scaes, but 1t 1s rare 1n Negroes 1%
Chnscal evadence of the diseasc may appe wr soon after burth or not untl after
muddle age 10 146

The scventy of the discase vanes greatly i diffcrent patients In some
the chinreal mamifestations wre so nuld that the discase 1s asymptomane and
the patients lewd 1 active normal Ife In such indiaduals the dugnosis
cwn be established only after a carcful study of the blood because the
ancma my be muld or even absent of the bone marrow 1s able to com
pensatc for the by perhemolysis More often the pitient has the symptoms of
a muild chronic illness Some paticnts do not reabize that they have been
feeling, subnormal until after splenectomy produces an mcreased sense of
wdll bemng

In many pitients the cousse of the discase 1s associated with «pisodes of
scverc allness the so called “enists ™ These attachs are characterized by the
sudden onset of fever abdonunal discomfort nauser vomiting and rapidly
increasing, weakness and pallor Tachycardia and low blood pressure are
usually present and shock may develop Some paticnts ippear severels il

ind lethargie and lapse mto unconscrousness ¢ It was formerly thought
that the ¢pisode of crisis was caused by a marked wncrease i the severity
of hemolvsis but the recent studies of such episodes indicate that at least
the majority wre the result of @ combination of decreased ery thropaiests and
a continuation of the usual degree of hemolysis T # 198 15 Qwren descnibed
the occurrence of an “aplastic cnsts  charactenzed by rapidly mcereasing
anemia lukopema and thrombocytopenta that accompamed a fall i the
reticulocyte count and a decrease n the plasma bilwubin and the deselop
ment of an aplastic picture 1 the bonc marrow 7 The occurrence of epr
sodes of thus tvpe 1n several members of a family at the same tune suggests
that some mtcrcurrent infection 1s the causatne factor* * 198 1 Other at
tacks lubeled as crsis that are assoctated with increasing jaundice may be
i reality attacks of bihary colic and infection In these crrcumstances the
features of obstructss e jaundice and mfection are supenmposed on those of
hyperhemolysis Cholelithuasis occurs i over half the patients over the age
of 10 and mn only about 5 per cent of those under 10 years of age * 7 In one
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group of 14 patents over 11 years of age cholelithiasis occurred m 12758
The most constant abnormalty found on physical esammmation s
1 Iy of mild or mod: degiree ¥n most patients the spleen ss frm
and does not cdend below the level of the umbiieus but 1 some patients
it Hifs the entire Jeft half of the abdonunal cavsty %7 1% The Inet 15 often
palpable but s rarely sxgmﬁcmlh cotarged The patient with hereditary
osis has been deserthed as “more hiced than sk ™ but the
degri‘e of clinscal jaundicy 15 usually meld unloss there 18 associated dysfone
tion of the biliacy tract Both the palior and the jaundice may be so muld as
1 be overlooked on the physical examunation Chrowe leg ulcers i the
region of the malleoh are reported to oceur m 6 per cent of patients * © hat
are also said to be rare t ¢ 22 ¢ The ylcers are usnally several centimeters
m diameter and are surrounded by an are of hyperpgmentation In patients
with heredstary sphierocytows growth and development are usually normal
Atmonmahties such as tower shull, polydactyly sheletal defeets and mfan
ulism have heen reported 1o this disease but appear to be uncommon

LABORATORY EMAVMINATION

The anernia ss usually moderate and erythrocyte counts of 30 to 35 mal
per cumm are common The erythrocs te count may be normal of the hemo
tytic process is fully compensated or maskedly reduced if there 1s an eprsode
of tnwis In one serics the erythrocyte counts ranged from 15 to 50 mal
per cumm ¥ The \MICV s nearhy always normal or sbghtly reduced and the
MCH and MCHC are generatly normal because the erythrocytes have an
mereased thickness as well as a redoced <l diameter On a stamed blood
smear many of the ery throcy tes appear small and heavily stained because of
a marhed dimtnution or abscnce of the central pallor that 1s seen i normal
cells VMacrocytes which are probably the sounger cells are wlso present
as ayule A reticulocs tasis of from 16 to 20 per cent or more 1s found regu
larly unless erythropoiesss 1 depressed because of an aplastic cnsis or for
some other riason In one senes of patients the reticulocyte count ranged
from § per cent to W88 por went! Dungg an aplastie enus reticulacy tes
may disappear fram the penphiral Wood 8t In the usval pabent the bane
marrow undergacs hyperplasia of the normoblastie tvpe Dunng an aplastic
casts the marraw may be ather aplastic of unusually <ellular the appear
ance depends on whether the specimen 15 obtained near the omet of crists
or dunng, the recovery phase ¢

Study of the panent discloses other features common to hemolytic ane
wuas of all types such as an eles stron of e level of serum bdgubin an
mcrease w the excretion of fec | usobal and aanary urobid and
normal or elevated levels of the scrum iron In onc scnes the serum biloubn
level ranged from 04 t0 37 wmy, per E00 ml but 1 80 per cent 1t was befow

30 mg ¢ Levels ngher than 10 mg per 100 mi are snosual unless comph
cations are present '™
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Increascd fragthity of crythrocytes in hypotonie s iline solutions has been
recogmzed as a charictastic faature of hereditan, spherocytosis When
normal i throtyies arc tosted m salne sotutions hemolysis begins m con
ccntrations of bout 045 per cent ind 1s complete 1t 030 per cent In most
patents with hereditary spherocy tosis hemolysis begins at concontratrons of
from 050 pur cunt to 875 per wunt md 1s complete at 040 per cent The
test has been modificd so that results may be capressed quantitatively 146 1%
When imcubated for 24 hours at 37° C crythrocytes from patients with
hercditary spherocytosss show 1 preater inerease m osmotic fragihity than do
norml cells ¢ In mildly affected c1ses the abnormal osmotie fragiity may
not be evident until after incubation Microspherocytes have not only an
mereased hypotonte saling fragality but also i incrcased mechanical fra
pility 1% 3 * The Coombs antiglobulin test 1s usually negatne cven durmg
cpisodes of cnsis

DIFFTERENTIAL DIAGNOSIS

The dugnhosis may be difficult if the patint 15 seen for the fisst tme
duning an epsode of 1plastic erisis or duning an attack of bihary colic when
the hiemoly tic nature of the underlying disorder may not be suspected As a
rule the presence of mild namnia splenomegaly and shght icterus suggests
the diagnosis The presence of hy perhanoly sis 1s confirmed by finding reticu
locytosis mcrcased urobilmogen eacrction and elevation of the indwect
reacting bilirubm an the blood

Hercditiy spheracytosis 1s generilly distinguished from other types of
hemoly tie anemia by the family history and the hypotome fragility test If
the results of this test are not clear cut incubation at 37 C for 24 hours may
be hedpful ™ However the presence of microspherocytes id ncreased os
motic fraghty do not cstablish the disorder as hercditary spherocytosts for
these sometimes occur m other types of hemoly ic anemia Increased osmotic
fragiltty has been found m acute hemaoly tic ancmia myelosclerosis leukenn
erythroblustosts fctihs [ymphidinoma ovanan damord st lymphosar
coma pncumonnt ind after the dmmstration of hemoly ic potsons such as
acctyIphem hvdrazine sulf imlammde and arseme ' At times study of the
blood of siblings and parcnts 1s necessary to cstablish the diagnosis of
heredatary spherocy tosts i an mdividual patient In such 1 study the mcuba
tion procedure s particularly uscful The Coombs antiglobulin test hemo
globin electrophorests and the alkali denaturation test are often helpful
distinguishing, hereditary spherocy tosts from other hemohytie nemiis such
as the hemoglobinop tthies and auto immunc hemoly tic disease Hereditary
spherocytosts must be differentiated from the unusual congemtal non
spherocy tic hamoly i emiy which 1s not benefited by splenectomy In the
latter condition spherocytes 1nd abnormal hy potomice salne fragiity do not
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TREATMENT

Splenectomy was Srst performed on a pahent with this desease by Wells
n 1887 some ycars before the disease was recognized '7 It has been estab
hshed since then that the procedure almost mvanably relieves the anemma
and jaundice 194 35 156 The serum biluubin level returns to normal promptly
and the esythrocyte count generally becomes normal m from two to four
weeks {Fig 28) Although spheracytons 1s less marhed after splenectorny
both the spherocytosis and moreased osmotic fragility persist after opera
tion?® 1% QOperation appears justified m vartually all patients wath this
dusease except these with the midest form of the disorder unless thers re
other contrund: to surgery  Sph may be done m wfancy of
the wnerma 1s severe but postponement to late chidhood if possible 1
recommended by Dace ™ 18 }f the patient has cholehthasis cholecystee
tomy may be performed at the time of splepcctomy  but at times it may be
more prudent to pesform the operations separately

Foltc acad wron and vitamin B, are without value 1a the uncomphicated

case of hereditary sph ytosis Transf may be necessary duning
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cpisodes of crists particul wly 1f splenectomy must by done at such a time,
but do not constitute a4 regular form of treatment

ILLUSTRATIVE CASE

This piticnt w s Brst scen at the Unnversity Hosputal m 1947 at the age
of 22 becausc. of acute intoxication with 1sopropyl alcohol At that time the
following abnormahtits were noted  splnomegaly icterus index 18 units
hemoglobin 70 gm per 100 ml retienlocy te count 17 per cent generahzed
hyperphista of the bone murow He rcfused further investigation and treat
ment untid 1949 when he returned for more complete studies At that time
the hver was palpable 2 an below the nght costal margm and the lower
bordcr of the spleen w s at the level of the umbiheus

Lahoratory Exammavion  Admission blood studies hb 10 gm per
100 ml rbe 36 mil pir camm  whe 6600 per cumin serum bilirubin
15 mg per 100 ml reties 49 per cent Numerous microsphcrocy tes were
secnon smear of the punpheral blood A specimen of bone marrow obtained
by asprration was normoblistic wd hyperplistic The daily fecal urobiin
ogen excrchon was 1600 mg IIypotonie silime fragdity test begmning
hemolysis at U48 pur cent complete 1t 040 per cent normal control begm
mng 044 per cent complete 034 per eent The antiglobulin (Coambs) test
wis negatine

The family lustory rcvealed that the patients father and grandfather
suffered from episodes of jaundice The father of the pitient age 75 was
studied and the charactenistic hematologic abnormalities of heredstary
spherocy tosss were demonstr ited

The patient undcrwent splenectonny and had an uneventful postoperative
course He was discharged on the seventh postoperatve day when the
hematocnit was 39 per eent two months liter it was 50 per cent Tywo yeurs
later the serum bilirubin level and hematocnt were normal

Comment This patient demonstrites many charactonsoe features of
hereditary spheroeytosis  incma  splenomegaly — reticulocvtosts  bone
marrow hyperphisia mncreased fecul urobitnogen excretion and  shight
elevation of the serum bitrubin such as this paticnt had are found n alf
types of hemolytic anemia The presence of the microspherocytes 1nd the
occurrence of 2 sumilar disorder m other members of the famiy indicated
that the diagnosis was probihly hereditary spherocytosts The diagnosis was
confirmed by the hypotonie sahine fragidity test In mamy piuents wath
hereditary spherocvtosts the results of the test are more abnormal than was
the case m this patient but 1 other paticnts with the discase incubation 1
necessary to demonstratc a definte bnormality As dlustrated by thus
patients subsequent course splenectomy cures the anemia and hyper
hemolysis 1 hereditary spherocytosts Patients wath the disc 1se not infre
quently need cholecy stectomy because the hyperhemolysis of not corrected
by splenectomy leads to an mcreased meidence of cholehthasis Aitachs of

Dbihiary colic and obstructive jaundice are not unusual
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SICKLE CELL ANEMIA

Synonyms Meniscocytosis, Drepanocytie Anema,
Homozygous Hb § Disease

HISTORY

The first case of sichle cell anemma was descnbed by Hernch m 1910
Ths patient a 20 year old male Negro from the West Indies had most of
the classic chmeal and hematologic features of the disease In addition to the
sichde cells this patent had cardrac enlargement scterns anemit normo
blasts an the penpheral blood and leuhocytosss Huck estabhished the fact
that the sichlng property resides i the cell and not i the plasma ° and
Pender showed that red cells washed free of hemaglobm do not sichle
Hahn and Gillespie demonstrated that sichling is a reversible reaction related
to the degree of oxygenation of the hemoglobm 1n the enythrocyte 2 A
most important contnbution was made by Pavlmg [tano Swmger and Wells
m 1949 when they established that uckle cell anemta 15 o molecular &
ease * They demonstrated that hemoglobm obtamed from patients with
sickle cell anerma differed electrophoretically from that present in eryth
rocytes of normal ndividuals and concluded that the abnormality resided
m the protun portion of the molecule The nature of the defect has been
tusther charactenzed by Ingram who has shown that the molecude of sichle

cell hemoglobin duffers from a molecule of normal 1 lobi only by
having glutame acad replaced by valme * The studies of Neel and
others have shown that the molecular ak Lty of h Jobun 1s genett

cally controlled 't v 1

MECHANISM OF ANEMIA

The sickling property 1 a gene transmitted abnormality that s heter
ozygous 1 persons with the asymptomatic sichle cell tratt and homozy gous
m ndivsduals with sichle cell anemia® 23 This mhented defect 15
found 1 the globw portien of the hemoglobin molecule and not i the heme
portion * Recently 1t has heen shown that sichle cell hemoglobm and
normat homoglobin differ i that the peptide chan m each half of the sichle
cell hemoglobin molecule contans vahine 1 a situation where glutamse acid
15 found  normal bemoglobin 1 Thus st appears that of almost three
hundred ammno aads present 1 each half of the hemoglobin malecule
hemoglobmn S and hemoglobun A dsffer m only one ammo acad This molecu
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lar diffrence the presence of two carboxyl groups 1 glutamie acid that
arc absent w valine appears to be adequate to ¢aplan the electrophoretic
dufferences m these two hunoglobins In addition ¢fforts have been made to
explamn the unusual chemical and clnical manifestations of the disease by
this molccular peculanty

The sichle cell hemoglobn tends to crystallize under conditions of
lowcred oxygen tension  * and both lowenng, of the pH and deoxy genation
of solutions of sichle cell hemoglobm lead to the formation of crescent
shaped tactoids * Sichling of erythrocytes which 1s reversible 1s thought
to be the result of realigmmnent of the humoplobin molccules m the cell
cvelope rather than the actual crystall of the h lobm mole
cules ¢ Lrythrocytes from patients with sichle ¢cll anemra assume the
sickle shape at oxygen tensions that are found 1n the eirculation 1n vivo but
a more markcd lowenng of the oxygen tension 1s necessary to produce
siehling 1 mdividuals with the sickle ccll trait It has been assumed that
ths dufference 1n behavior betwecn the erythrocytes that contan only sickle
hemoglobin and those that contam both normal and sichle hemoglobin forms
the basis for the different chimeil manifestations of sichle cell anema and
the sichle cell trait condibon Individuals who have the sichle cell trait are
essentially asymptomatic and remamn so unless the oxygen saturation of the
blood 1s reduced to an abnormnl degree Paticats who are homozygous for
hemoglobm S have sichle cell anenua a chronic illness characterized by
ancnua and the occurrence of infarctions mn yanous organs of the body

The anemia which 1s hemolytic 1 type 1s the result of an intracor
puscular defect 198 193 1949 Erythrocytes from normal mdniduals sunne
for about 120 days when transfused mto patients with sickle cell anemra
while urythrocytes from patients wath sichle cell anemia have a much shorter
survnal hme when transfused into normal recipicnts Studies that utilized
the analysis of N'® disappearance and fecal stercobthn N!  appearance
mdicate complete random destruction of the red cells a shortened survnval
tume of the erythrocytes (16 days 1 one patient) and no evidence of more
than one population of cells 11 It has been suggested that the excessne
destruction of the erythrocytes 1s the result of the increase m mechamcal
fragihity that has been demonstrated when the ery throcy tes assume the sickle
cell form % Accordmg to thus explanation the erythrocytes bccome sichled
under the oxygen tensions that occur i the body normally and m this form
both the mechanical fragihty of the cells and the amount of trauma that they
encounter 1n the arculation are increased The occurrence of transient
marrow aplasia 15 also responsible for a sudden increase m the seventy of
the ancmia in some crrcumstances 3

The development of the lesions that occur m the vanous organs of the
body is usually attnbuted to thrombosis and nfarction or to 1schemic
necrosis and hemorrhage'® 212 ether 1schemia or thrombosis would be
favored by the packing and stasis of the sichle shaped erythrocytes 1n the
capillanes under conditions of lowered oxygen tension 19 It has been sug
gested that the assumption of the sichle form 1s associated with an increase
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m viscosty which leads to & wwous oyele” of wmereased deovy genation
wereased sichhmy, and wcreased stasis ¢

CLINICAL M AMFESTATIONS

Sicdle cell traat and sichle cell anema fve been found almost entirely
1 the Megro race The merdence of the sickling trast vanes 1 dufferent parts
of the world and 15 about 3 per cent an Amcncan Negroes Sichle cell anenma
has a frequency of about one fortieth that of the traxx W

Sichle cell anemea 15 <l 1 by the o of g 10
wirtually any part of the body These symptoms are sometunes buarre and
vary greatly from patiert to pabent and from tume 0 tune m the syme
patent Most patients with sickle celf aneruia both children and adults con
e 1 a mild state of chrome iiness wath stable Jevels of ery throeytes and

R i
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Figure 8 Typscat leg ulcet sa sichle cell anemsa
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serum bilirubin but nearly all patients at one time or another experience
episodes of more scvere symptoms the attacks of so callcd cnsis At such
times the patient miy become suddenly il with severe pam fever and
clmeal features that suggest a localized lesion m some part of the body
Severe diseasc of the central nervous system or some complication n the
sheleton or intra abdominal organs that requires surgical treatment may be
suspected More often the onsct of these episodes 1s mild and 1s charactenzed
by shght fever mild abdonunal pan nd arthralgin However some patients
develop the stnlung changes i the symptoms that occur dunng a ensis
without wny panyng, he 1 ) of fi degree The
factors which preaipitate these wttachs are not hnown but mfection 1s often
1 preceding event The anuma and dice often porarily dur
mg thesc episodes but return to thar previous levels afterward

The most mamfy of the disease are indolent
ulcers or scars on the lower legs wluch can be found on about 75 per cent
of the older children or adults with the diseise Uleeration 1s rare m very
young chuldren 8 The ulecrs which have sharply defined edges are usually
single but may be multiple and bilateral (Fig 29)

Various types of cardiie abnormalities have been reported m from 50 to
91 per cent of the patients % 34 The commonest of these 15 an apical
systohe murmur which occurs m the mojonty Although rare mutral aortic
ind pulmomc diastohe murmurs have been reported 3 Cardiac enlarge
ment which often mvolves both ventricles 1s 4 common finding and has
been attnbuted to the chrome anemia ™3 Cor pulmonale occurs m some
patients possibly as a result of pulmonary mfarction and pulmonary hyper
tension ' ¥ Electrocardiographic 1bnormaltties such as a prolonged PR
mterval and nunor changes m the ST segment and T wave occur but are
non specific

Sy referable to the wary tract are not common but the
complications may be dramatic and serious The most frequent of these 1s
hematuria The cause of the hematuna which occurs m both sickle cell
anemia and sichle cell trait even m the absence of wfarction 15 poorly
understood The bleedmg 1s usually unilateral recurrent and may be
severe Some patients have had operations for suspected tumor because
of unil; 1 h 12 d with an abnormal mtrayenous pyelogram
Priapism has been reported m a number of patients 1t sometimes persists
from 10 to 36 days and 1s often follow ed by complete impotence '

Nearly all patients with sickle cell anemna at one ttme or another com
plam of gastromtestnal symptoms such as anorexia nausea \vomibng or
jaundice Severe pam may occur m any part of the abdomen and at
times 1t 1s difficult to decide whether or not surgical mtervention 15 ndt
cated Such pans which generally occur 1n episodes of “crisis  may be due
to wfarction of the splecn or some other organ or may be related to
cholelithiasis which has been reported to have an mcidence of 25 per cent
The abd 1 pam 1s sc ly severe At times 1t persists
over a penod of several days despite narcohics and other measures usually
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employed m the relief of pan and then disappears completely without
apparent residual damage Seserc abdominal pans have been attributed to
development of infarets in the vertebrae which may not become apparent on
- roentgenogram until several weeks after the pan has subsided 7

A wide vanety of central nervous system mamfestations has been
reported w pitients of all ages “? These mclude hemiplegla aphasta
dysphagta nystagmas drowsmess coma headache convulsions and stff
nech  Electroencephalograplic abnormalities are common m children ©
Ewidence of the neurologic inolhement may subside completely but some
patients die dunng these eprsodes and others develop a spastic paralysis that
persists The lesions m the central nervous system are presumed to be the

result of rascular s/ or latory disturk of a
nature
Siclle cell anermia 1s often d by p or signs referabl

to the jounts and sheleton Pain mn the joints 1s common and when there 1s
an associited heart murmur theumatic fever may be suggested However
in sichle cell anemia the pain 1s not usually severe and actual sw elhng of the
Jomts 15 rare Sheletal abnormalttics are usually demonstrable only by roent

Figure o0 Ro ntgenogram of the skull of a patient with sichle ecll erua sho ving the
hair on end appearance
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senogrims the commonest mamfstwions are “fish tatling” of the vertebral
bodics and radiolucent arcas of necrosis i thesc or other bones 14 18 The
hawr on end appcarance of the shull somctimes occurs but 1s not common
(F1g 30) Other abnormahtics that can be demonstrated radiologically in
some patients are gallstones pulmonary infarcts and cardrac enlarpement

LABORATORY ENAVINATION

In the usual patient with sichle cell anemia the homoglobin and eny thro-
cyte count we reduced to about half the normal values The anemia s
normocy tic and normochromie vnless complicating factors are present. On
the stamed smear of peripheral blood 4 few sichled forms may be scen but
the most promunent features arc marked amsocy tosis poikilocytosis and the
presence of $uget eclls nucleated red cells are often present (Fig 31) The
feuhocyte count s usually between 12 000 and 16000 per cumm  the re
ported counts have ranged from 4000 to 69 000 per cumm ¢ —< The platelet
count s usually normal but counts over 1000000 per cumm sometimes
oceur

The laboratory evidences of 1 hemolytic process are found unless an
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Figure 31 Erythrocytes m sicble «cll anermia W right s stan
(Courtesy of "5 E Washbum and the Vugioia Medual Monthly sol 15 1011)
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aplastic phase 15 present The scoulocyte count s often over 20 per cent
unless 1t 18 depressed by some associated disease The level of the wdirect
reacting, biltrubin m the serum 18 mcreased but it usually does not eaceed
30 mg per 100 ml unless there 15 sume assocsated hepatic or babary com
phicatrion Fecal wrobshnogen excretion 35 wereased and average datly ex
crchons between 200 and 750 mg have been reported * 7 The daily fecal

ik e\ereton Vanes 1y and after {i
of whole blood  The plasma won level 35 normal or elevated and the latent
won binding capataty 15 normal ¢ The free enythrocyte protoporphyrm s
usually elevated m a group of patients studied by the authors senal
y disclosed taned vanations that appeared to be mde
pendent of the reticulocyte count the degree of anemra or the presence
of wlettion *°

Esammation of the bone marrow usually reveals erythrocytic hyperplasia
of the normoblastic type assotiated with hyperplasia of the myeloid cells
Acute transient marrow aplasia has been reported dunng an attack of pneu
moma ¥ Swchlmng of the adult ey throcytes and of the nucleated red cells
may be observed in matenal obtasmed from the marrows  Long Alamentous
crythaocytes are observed more often n the marrow preparations than
preparations made from the penpheral blood

The sedunentation rate i patients whose red cells sschle 15 not mereased
as much as 15 vsually the case m patients with a comparable degree of
anenua Prolonged stasis of venous blood causes ax mereased retardation of
the sedunentation rate * Eaposure of a sample of bleod to carbon dionde
gas will reduce the sedumentation rate to less than 1 mm per hour whde
axy genaton of the bleod will cause an merease i the sedunentatisn rate
that amounts to from 23 to 70 mm per hour 3¢

“The enythroey tes of sickle cell anemua are abnormally resistant to hypo
tonte salime 1 one senes the average Sgure for begmmny hemolyns was
035 per cent and for completion was 022 per cent ¢ Some of the cells are
nat hemolyzed in distilled water 1 The mechameal fragibity of the cefls is
nopmal when they are i the diseord form but becomes mereased of sickhing
1s produced by exposure to carbon dionide 1

The charactenstic sickhing ph o be d 1 i miowt
sealed coner shp preparations that were first ntroduced by Emmel  The
undesirable features of the cover ship method are the tune required for the
swchling to take place even m patients with sickle cell anemsa, and the oc
currence of false negative results At least fourtcen other tests that produce
sichhig have heen desertbed * The sodium bisullite method has proved to
be satusfactory w our eapenence 2 The use of hemoglobin electrophoresis as
performed by Sruth and Confey 3 has proved to be helpful in diagnosng
mony patients wuth sickle cell anemua Tt s parhicnlarl helpul dutm’:
guashing, patsents with sickle celt anemm from these who hase the sihic colf
wait combmed with same unrelated anemua, and from those atients wh
we heterozy gous for two abnormal hemoglobins v i
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DIFFERENTI AL DIAGNOSIS

There 15 usually no drificulty 1n estiblishmg the diagnosis of sichle cell
anera if the possibility 1s considered A positive test for sichling indicates
that the mndwidual has either the heterozygous sichling trait or sickle cell
anemia The demonstration of the sickling phenomenon i a patient who has
Ancaua docs not «stablish the diagnosis of sichle cell anenua because the
sichde cell trait s common 1n Negroes who may have ancma from almost
amy cause An mcorrect diagnosis of sickle cell anemia may be made m
patients with sichle cell trut who have chrome blood loss or pernicious
anerma unless proper studics arc carned out Unless the patient has been
transfused recently the diagnosts of sichle cell anemia can nearly always be
estabhshed or excluded by hemoglobm electrophoresis The discovery of a
relatively mild degree of nemra associated with a posttive sichling test m
a pattent who has significant splenomegaly should arouse the susprcion that
the patient has 2 combmation of sickle ccll trut plus some other hemoglobin
abnormality such as hemoglobin C rather than sickle cell anemua Hemo-
globin electrophoresis 1s the most valuable method of distinguishing siclle
cell anemia from sickle cell hemoglobmn C disease and other disorders
that are due to the occurrence of sichle cdd! hemoglobin with some other
abnormal hemoglobin

1f the dagnosis of sichle cell anerma 1s not considered the disease may
be mustaken for acute rheumatic fever when the patient presents with e
ima jomt complants fever cariac enlargement and cardiac murmurs
The absence of the severe pamns swelling and tenderness of the jowts that
are usually seen i rheumatic fever may help to distngush between these
two diseases In other patients with signs of acute nira abdommal disease
1t may be difficult to make the correct diagnosis because patients with sichle
cell anemia sometimes develop acute surgical emergencies just as any other
patients do but also they develop signs of acute 1ntra abdommal disease as
the result of sickle cell anerma alone Both bilihies must be Jered
when the patient 15 seen and the decision must be made on the basis of the
evidence avalable at that time SicMle cell anema must be differentiated
from other discases that cause ulcers of the extremities and from those that
produce symptoms or signs of imolvement of the central nervous system
Sickle cell anemia which has been called the great masquerader ¥ has
been confused at times with rheumatoid arthnitis osteomy elitis poliomy elttis
menmngitis  cerebrovascular accident  nfecttous hepatiis  and  other
diseases *

COURSDE AND PROGNOSIS

Sichle cell anemmia 1s a serious disorder and few patents suninve the thurd
decade Many pruents die dunng childhood Death comes most often from
infections such as pneumonia and chronic py elonephnitis with renal failure
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Other causes of death are heart failure shock with 1bdommal enisis com
phications mn the central nervous systemn tuberculosis and sarcoidosis

The occurrence of pregnancy has been considered a senous matter i
the patients with sickle cell anemia who reach the cluldbeanng age In one
review of the subject 1t was found that spontaneous abartion occurred m 13
per cent shllbirths occurred m 17 per cent and another 12 per cent of the
chuldren died soon after delivery '* The maternal mortality rate seems to
be between 10 and 20 per cent because of the occurrence of infection heart
faure pulmonary embolism uremia shoch and cerebral vascular acci
dents The occurrence of toxemia of pregnancy 1s common Mlore recently
1t has been suggested that pregnancy 1s a more serous problem 1n sickle cell
anermia-hemoglobin G disease than 1t 1s m sichle cell anemia 3

In some patients with sickle cell anemia physical development 1s greatly
retarded and hypogonadism occurs (Fig 32) In other patients the growth
and development seem to follow a normal pattern The reason for these dif
ferences 1n patients with sickle cell anemia 1s not apparent but the differ
ences 1 development are not due solely to differences n the seventy of the
anemta ¢

Figure 32 Body habitus of the type seen frequently m sichle cell anemua
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TREATMENT OF SICRLE CELL ANEMI\

The treatment of sichle cell anemia 15 gencrlly unsatisfactory Transfu
sions are the only means of returning, the blood to normnl levels that are
availble 1t present Transfusions are not used to mamtain the blood m the
nonmal range because patients with this disease adjust very well to ther
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Figure 33 The effect of transfusion on the number of circulating sickle cells n sickle
cll anerma (From Donegan Macllwame and Leavell Am J Med vol 17 1924)

Me cell anexma
Fi 34 The eflect of transfusion on the reticulocyte count n sic|
lgurime Donegan Macll 1aine and Leavell Am J Aed vol 17 1921)
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fowered hemoglobin levels Tramsfusons are viuable dunng penods of
aplaste cnsis abdominal ensis and at any other time when the patent 15
severely il It is possible that they dso may be whanta 3Le0uS in cuTyang
patients through p or hecause mul e
press ery throposesss and reduce tixe sumber and percen!agc of sielle cells w
the penpheml umxlanon (Fxgs 33 and 34) *¢
t foal i cnldren The beneficial effect

seems to be tclatcd 1o the size of the spleen ™ In most adults wath the dis
ease the spleen 15 mackedly reduced 1 size probably because of repeated
mfasetions and splepectomy has hitle place w the treatment

Various measures have been used mn an effort to reduce the sichling and
thereby relieve or reduce the seventy of the dumcal symptoms w these pa
tients In this category are ACTH t hse {P: Line) so
dinm bcarbonate and acetazolamude {Diamox) None of these agents can
boe considered to be of proven value at the present bme

Patients may appenr cnhcally 1 dunng episodes of *eras” At such

tumes blood transf, and to relreve pam are neces
sary The shost term use of antibwtics appears justified even though the
of an nf cannot be bhshed because these episodes we

P
so often preceded by an misction

ILLUSTRATIVE CASE

This patient a male Negro was st adoutted to the haspital m July
1946 at the age of 12 because of fever tough and plenntic pam of one
weeh s duration For some years he had been troubled with recurring chrome
ulcers m the lower bl regron A bhrother 10 years of age had a simidar 1
ness charactenzed by recurnng attachs of fever and chrone niceration of the
legs One sister had died ten days previcusly of unksown cause The pa
tient s father mother and four siblings were abve and well

1hysicat Exammauon  Temperature 103 pulse 120 sespirations 26 and
blood pressure 103755 The patient was afert thm and appeared acutely af
The 1esns 1 both fundi were extremely fortuous Rhoncly were heard
taoughout both lungs and meust rales were present i the lower portion of
both lungs The heart did not eppear enfarged but a systobc murmur was
theard over the entire precordium Above the Jeft mtemal malleolus there
was an uler 4 om i drameter

Lab y L Ad blood studees hb 40 gm per
00 ml rbe 14l percumm whe 22000 per cumm reties ¢1 per cent
The leuhooste differential count was normal but a few sickled erythrocytes
and many target cells were preseat on the fxed stamed smear A moist
covershp preparation was positne for sichbing The wterus mdex was 8

umts The unme hiad a specthe gravity of 1010 and was atherwise normal A
chest ropntgenogram showed merersed brorclual markungs and an wflirate
m the left lower lobo

Treatment and Course A diagnosis of sichle ¢elt anemia with pnen
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momsa was made The patient was given blood transfusions and pemaitin
and made an uneyentful recovery Before discharge from the hospital on the
sixteenth day the Jeukocy te count had fallen to 11000 per cu mm and the
retheulocyte count had nsen to 54 per cont despite numerous transfusions

Tlus patient was observed for cight years dunng which time his course
was charactenized by chronre il health and eaacerbations of acute Mincsses
The crythrocy te count was usually i the range of 15 to 20 mil per cumm
and the reticulocyte count was usually 25 or 30 per cent On several occa
sions the fecal urobihinogen excretion was more than 1000 mg i 24 hours
The growth and devcdopment were subnormal The extremities were long
and thin the trunk was short and no sccondary sex charactenstics developed
At the age of 20 he werghed but 80 pounds and appeared to be about 10
years of age He developed repeated respuatory nfections and was hos
prtalized on four occastons because of pneumonia In some of these attacks
the reticulocyte count was 01 per ccnt and the serum bilwubm was less
than 10 mg per 100 ml in others the retrculocyte count was 18 per cent
and the serum bilirubin was 30 mg per 100 m! Dunng this time repeated
roentgenograms revealed progrcssise enlargement of the heart In December
1954 when he was 21 years old thus patient was hospitahzed with congestie
heart failure and severe ancona He failed to respond to the usual measures
and died i acute heart falure

Postmortem  Postmortem ¢xammation revealed malnutntion and gen
eralized underdeseloped musculature The over all length of the body was
169 cm 89 cm of which was formed by the Jower extremities The testes
appeared to be prepubertal nd a section through the prostate gland dis
closed only a few glands th1t appeared immature The heart was moderately
hy pertrophied and weighed 370 grams The right atrium and ventricle were
markedly dilated The pulmonary artery was greatly dilated from 1ts point
of origm but no thromb: were demonstrated m the larger branches \iero
scopic esammation of the lungs disclosed emphysema thichening of the
walls of the smaller pulmonary arterses that produced complete obliteration
of the himen 1n some areas and multiple small granulomatous lestons The
lymph nodes from vanous parts of the body were enlarged and contamed
mnumerable discrete epitheliod ccll granulomas These ) le
sions were dignosed as Boccks sarcond The Jiver was enlarged werghed
2250 grams and contamed large amounts of hemosiderin The spleen was
scarred and contractcd and weighed only 28 grams The bone marrow was
hy perplastic

Comment  Many of the commonest features of sichle cell anemiz were
cvdent 1 this patient This voung Negro had a severe hemolytic anemiz
chromie 1l health and retarded physical development The most striking
abnormalitics 1@ the physical examinations were the disproportion between
the size of the trunk and the length of the extremuties the long tapermg
fingers hypogonadism pallor of the mucous membranes ewvidence of ulcera
tron 1 the lower legs the systolic murmur over the precordium and the
tortuous “corkscrew” appearance of the retmal vems At varous tines the
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patsent suffered from leg vleess abdommal pans and attacks of prewmona
Duning lus first admission he apparently had an episode of “aplastic crisis”
although it was sot secogruzed as such at that tupe other attacks of preu
monia of equal seventy did not produce such depression of the bone marrow
He died at the age of 21 of heart faslure assoctated wath cor pulmonale
Autopsy disclosed obstruction 1 the pulmonary errculaion and cardiac by
pertrophy but no evidence of valvular disease The cardiac hypertrophy
v olved both sides of the heart and may hai e been due partly to the chrome
senere anerma As i ften the case the spleen was scarred and smaller than
normal. The presence of Boech s sarcoid that was demonstrated at the post
mortem sxarmnation was not suspected ante mortem

Electrophorests of blood from tlus patient and lus brother who had 2
strdangly sumilar physical habrtus revealed the presence of only hemoglobn
§ (homozygous SS) Study of the parents both of whom had positie tests
for sickling without anemia showed the presence of both hemoglobin A and
t tobin § 1 each {het AS)

CLINICAL SYNDROMES (OTHER THAN
SICKLE CELL ANEMIA AND
THALASSEMIA) ASSOCIATED WITH
ABNORMAL HEMOGLOBINS

HOMOZAGOUS HEMOGLOBIN & DISEASE

C was first do bed by Itano and Neel 47 Instances of
homozygous hemoglobm C disease have been reported by a number of
chservers #3223 €28 & The diseass occurs almost eaclusnely mn Negroes
where the incdence of hemoglobin C trait has been found to be about 2 or
3 per cent  The patients that have been reported have presented a faul
umform chincal preture ok d by sph galy mid or 3t }
severe hemolyhic anemia and recurrent yaundioe A report of the disease i
one patient who was 74 years of age mdicates that the disorder 1s consistent
with a normal hie spag »

‘The hemoglabun alues m the reported cases bave vaned from 87 to 125
gm per 100 ml % The most promunent feature of the stamed smear 15 the
presence of numerous target cells that often constitute from 50 to 100 per
cent of the enythrocytes The osmotie fragihity of the red cells 1s decreased
Hemoglobm electropharesis discloses the presence of onty hemoglobin C
\fid reticulocytoss s usually present The erythrocytes have a decreased
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Figure 35 Target cells and hemoglobin crystals in an 1sotonte saline suspension of
erythrocy tes from the penpheral blood of a patient with homozy gous hemoglobin C dis
ease after splencctomy Note persistence of the cellular membrane about the hemoglobm
crystalin the center of the picture

Iife span and the fecal urobilinogen excretion s increased o Intraerythro
cybic hemoglobmn crystals have buen observed 1n patients who have under
gone splenectomy (Fig, 35) # &

SICKLE CELL-HEMOGLOBIN C DISEASE

Hemoglobin C was first recognized as a new hemoglobin 1n a study of
patients who were diagnosed as atypical sichle cell anemia but mstead
proved to have sichle cell-hemoglobin C disease # The presence of both
}

lobin C and ! lobin S was di trated by electroph In
the reported patients the major portion of the hemoglobin has been of the
C type &

The chinical features of this disease have been described by several
authors #  # The disease 15 much mulder than sichle cell anemsa but severe
episodes of crisis occur m some patients pregnancy may be assocrated with
serious complicattons ¢ In adults the spleen 1s usually considerably en
Jarged 1n contrast to sichle cell anemia where a small spleen ss an almost
constant feature The anemia 15 usually mild or moderate in degree and the
hematoent and hemoglobm values range from 70 to 100 per cent of normal
except during eprsodes of crists The reticulocy te count 1s normal or shghtly
increased ® On fixed stamed smears of the penipheral blood from 50 to 100
per cent of the ery throcy tes appear as target cells  © Sichling can be demon
strated 1n most preparations The osmotic fragilty of the erythrocytes 1s
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1 d 68 The d 15 established by electropl; which reveals
the p of both | lobin S and | lobm C As mn other hemoly tic
anenuas the sunnival time of the erythrocytes 15 decreased fecal urobilino
gen excretion 1s mereased and the ery thropotetic tissue m the marrow un
Jergoes the normoblastic type of hyperplisin

THALASSEMIA-SICRLE CELL DISEASE

Thalasserma-stckle cell dusease probably was first described by Sih estrom
and Bianco m 1946 before el ) studies of 1 dobin were
made  The sast majonty of the paticnts with this disease are Caucasians
of Greek or Itahan stock * It has been possible to demonstrate that the
patient with this disease 1s a double heterozy gote for the two abnormal genes
present i the parents ©

The disease resembles sichle cell anemia but the sevenity of the clnical
manifestabons vanes greatly from one patient to another The bematologic
charactenstics are macrocy ic hypochromic anemta erythrocytie sichling
moust p and the of target cells on the fixed
smear 8 Reticulocytosss 1s usually present Patients differ m the seventy of
the anemia and n the degree of the splenomegaly

SICKLL CELL-HEMOGLOBIN D DISEASE

Hemoglobin D was described first by Itano ¢ It has been found to be
more common amon,, non Negroes 10 some parts of the world but 15 more
common m Negroes than m Caucastans in the Umted States 7 The meidence
m Negroes mn the Umted States has been reported to be 11000 7 and
4 1000

Sichle cell-hemoglabin D discase has been the subject of several re
ports * + The patients who have thus disorder are normally devcloped
often remamn asymptomatic for long penods and may hwve lttle or no
anemta ' Attacks that resemble mild episodes of sickle cell ecnsis oceur
Dufferentiation of this disorder from sichle cell anenia may be difficult be
cause 1n both discases sichling occurs m preparations of fresh blood and
hlter paper electrophorests at pH § 6 shows only a single concentration peak
that has the mobility of § hemoglobn In some mstances the dfferentiation
can be made by companny, the solubiliies of the reduced forms of the
hemoglobin because the solubility of reduced hemoglobn D 1s normal
while that of reduced hemoglobin § 1s decreased * Differeatial solubility
studies may not be conclusive and m such circumstances electrophoresis on
agar at pl{ 6 2 may be utilized to duffe te the two | L

HEMOGLOBIN H DISEASE

Hemoglobmn H was described first by Rigas Roler and Osgood t The
proportion of the abnormal hemoglobwn vanes from 10 to 35 per cent in
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patients with hemoglobin H discase. 3 The disorder 1s charactenzed by mild
hemoly tic anemua (hb 100 110 gm per 100 mL) mild retrculocytosis shight
rednetion 1 the survival tune of the erythrogy tes shight mcrease n resstance
to hypotonic saline and normal or shghtly mcreascd 1<:\els of serum bilt
rubin Although hemoglobin H disease resembl muor chm
cally m hemoglobm H disease target cells are nbsent and Hb A 15 not
ncreased =* It has been suggested that the gene for hemoglobin H does not
find eapression 1n the phenotype unless 1t 1s associated with a thalassemua
gene *® However the absence of hemoglobin A 1n the families of patients
with hemoglobin H disease has been reported

LESS COMNMON SYNDROMES

Thalassemm C dlseasc and thalassemia E discase are suniar clinieally
and | Spl galy muld hypocl anemia target cells
and increased resistance to hypotonic snlme occur m both diseases ** !
8 .63

Hemoglobin E was desenbed mdependently i 1954 by Itano Bergren
and Sturgeon i the United States ¢ and by Chernoff A Mwnich Nana
tom and Chemoff R i Thuland where 1t appeass to be much more
common * Hemoglobm E mgrates shghtly faster than hemoglobn C on
paper ot pH 86 The chmeal features of homozy gous hempglobin E disease
which has been found m patents in Thailand are sumlar to those seen 1
hemoglobm C discase Both are characterized by mild hemolytic anemia
splenomegaly  arthralgia and large numbers of normochromic target
cells # @ The occusrence of humoglobm E trait 1s d with no
disability ¢

Homozy gous hemoglobmn D disease has been reparted 1 a 40 year old
Negro This patient had erythrocyte counts that vaned from 535 to 65 ml
per camm and hemoglobmn values that ranged from 125 to 135 gm per
100 ml The MCV was 67 cu mucrons from 60 to 70 per cept of the ervthro-
cytes were target cells A shght decrease m survnval time of the erythrocytes
was demonstrated *

THALASSEMIA

Synonyms Mediterranean Anemta Cooley s Anemia
Herediary Leptocytosis Erythroblasnc Anenmn

al entity
Thalassemua or “Cooley s anemia” was first recognized as a clic,
1w Cooley and Lee who descnibed five cases of this disorder 1 1925 814



THALASSEMIA 179

sumilar but much less severe discase found n adolescents and adults was
reported 1n 1840 by Wintrobe Matthews Pollack and Dobyns 8 As a result
of studies on the genctics of the disease Valentme and Necl concluded that
these disorders were related and suggested that the term “thalasseria major”
be used to denate the sescre form of the disease whuch appeared to be the
homozy gous condiion and the name “thalassemia minor be gnen to the
mulder form wluch appeared to be the het: gous state 7
The numerous hematologic and genetic studies that have been camed
out 1n recent years in families with thalasserma, with and wathout other
hemoglobmnopathies indicate that the problem 1s a complex one The duff
culties that are encountercd m classifying and recogmzing, all the vaneties
of thalassemia have been discussed ©  * Although thalassemua 1s associated
with three abi ' of 1 glob hesis—the presence of hemo
globin F the suppression of hemoglobin A production and an incredse m
the proportion of hemoglobm A —none of these abnormalities 15 i anably
present Hemoglobm F occurs regularly m paticnts with thalassemta major
and 1t occurs often but not invanably in heterozygotes ' The occurrence of
the suppression of hemoglobm A production without the presence of any
d morphol features of thal has been reported Such cases
have been gruzed by of other bers of the family Hemo
globin A bas been found 1n nearly all heterozy gotes and 1s valuable as con
firmatory evadence m the diagnosis but the failure to find any increase n
hemoglobin A, does not eaclude thalissemia 8 It 1s also recognized that all
patients with thalassemia do not conform to the pattern of a sexvere disease
n the homozy gous state or a mild disorder m the heterozygous condition
mtermediate forms occur For these reasons 1t appears that there 15 more
than one kind of thalasserma and probably more than one hind of thalas
semia or thalassemia like gene ¢

MECHANISM OF \\EMIA

The anemia 10 thal. 1s classified as the antr: type of
hemolytic anema because erythrocytes from patients with the sesere form
of the disorder have a shortened survival time when transfuscd into normal
reapients while normal ery thracytes surmy e for the normal span when trans
fused nto patients with the disease ®  Transfusion studies have also
shown that the Lfe span of the erythrocytes of patients with the milder or

trait forms of the disorder have a normal survnval time The presence of
an additional extracorpuscular mechanism has been demonstrated m some
patients « hio have marked splenomegaly and have recened numerous trans
fusions  * The naturc of the mechanism that 1s actually responsible for the

d Jysis 15 unk The sh d Lfe span of the cells ap

parently 1s not due solcly to the morphology of the erythrocytes because
normal survival of the red cells has been demonstrated an some patients who
have similar morphologic at il such s leptocytic ery and
hypochromic microcytes % ®1tis not clear that the presence of hemoglobin
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F 15 of any mportance i the pathogenesss of the disease because there ap
pears to be no correlition 1n the indvidu il patient between the amount of
thus hemoglobm and the scventy of the chmeal manifestations

The shortened survival time of the crythrocytes i thalassermia shphtly
less than half that of normal cells *  * 15 ncarer normal than the survival
time of the erythrocytes of pitients with hereditary spherocy tosts and sickle
cell anema The issocration of a moderate reduction m the survival tume
of the cells with a severc degree of anemia i some patients strongly suggests
that erythroporcsis 1s defective ™ Other observations have been presented
as evudence of such 1 defect These mclude the failure to find any correla
ton between the degree of hypabibirubimemin and the hfe span of the
erythrocytes and the vanation m the reticulocyte counts The latter suggests
that the severc form of the anemn 1s related prmarily to the state of the
bone marrow function which has been reported to undergo penodie de
presston and 1cceleration of erythroporesis In addition Iistologic study of
the bone murrow has been mterpreted as nd defective
because the maturation of the nucler 1ppeared to be normal while the cyto
plasm remaincd basophilic The occurrence of a hy pochromse type of anema
despite norm! 1ron storcs andicates that erythropoicss 15 also associated
with some defect in won metabolism «¥

CLINICAL MANITESTATIONS

Thalassemia occurs manly 1 families of Mediterranean ongn particu
larly those from Italy Creece Sicily and Syria but it also 1s seen m Negroes
and 1n Southeast Asia 3 In a lwrge Italrn population 1n Rochester N ¥
the mcidence of thalassemia minor has been cstimated at one m 25 persons
and of thalassemia major as one in 2368 births ¢

Thalassenma mmor the heterozygous form of the diseise 1s largely
1symptomatic It 1s the type seen most often m dults In 1ts muldest form
wiich may be found by chance or m the study of the family of 1 patient with
the major form of the disease the only apparcnt abnorm ility 1 the routne
laboratorv tusts may be the prescnce of leptocytosis Other patients with this
mild form of the diseasc have more pronounced hy pochromme mrcrocytosts
and mild reductions i hemoglobin and hematoent issoerated with an ele
vated red cell count In patients wath thalissema mimor approprate studies
oftun demonstr ite an increased osmotie resistance of the red cells associnted
sith mere wes m the hemoglobin F and hemoglobn 4 Splenomegaly shight
reticulocytosts and mild 1cterus are sometuncs present The occurrence of
“intermediate” forms of thilassemia with moderatcly scverc anumia 1s not
well understood It appears Iikcly that many mstances of the mtermediate
form are n reality patients in whom the heterozygous thalssema gene 1s
associated wath some other unrecogmzed hemoglobin abnormality

Thalassenua major the homozy gous form of the discase 1s 1 scvere dis
order that generally bcomes mamfest carly m childhood newly always m
the first decade Pallor and casy fatipue often ippear m the first few yeurs
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of hfe As the discase progr the d may be d by the
pahents appearance The head oiten appears unduly large The prommence
of the malar d with dep of the bndge of the nose
and the muddy yellowish color of the shin was termed “Mongohan” by
Cooley and Lee ® “Marked spl galy and hep Iy are usually
present The abdomen often protrudes because the spleen may £l the left
half of the abdonunal cavty Chrome leg ulcers sometimes occur but are
not common * Ewidence of abnormalities of the cardiovascular system
the form of cardiac enlargement edema pleural effusions and ascites is not
unusual, Sheletal defects may be prominent but they are not pathognomome
of thalasserua The changes m the skull consist of a thmnwg of the mner
and outer table associated with a widening of the diploe wluch may contamn
promunent vertical stnations that produce the hair on end” appearance of
the shull Alterations n the long bones wlich are less striking consist of
widening of the medullary canals thinnng of the cortices osteoporosis and
heavy trabeculations near the ends of the shaft

Thalasserma mujor must be considered a fatal disease at present because
the majonty of patients do not survive to adult hifc The prognosis appears
worse if the disease becomes manifest early 1 lIife Death 1s usually caused
by an mtercusrent mfection

LABORATORY ENAMINATION

Thalasseria major 1s charactenized by o microcy ie hypochromie type of
anerma % The anemia s usually scvere but the erythrocyte count may range
from 10 mil per camm to 40 mil per cumm The MCV 1s often less than
60 to 70 cu mucrons ™ The reduction 1 the MCHE 15 not as pronounced
as the lecrease i the MCH  Stained films of the penipheral bloed show a
severe degree of poihilocytosis amsocytosts and polychromatophilia  [he
erythrocytes appear small and hypochromic \any stippled cells and “tar
get cells are present Nucleated red cells which are almost unanably pres
ent are often and ber the leukocytes Reticulo-
cytosts 15 usually present and is accompanied by normeblastic hyperplasia
m the bone marrow  Leuhocyvte counts 1n the range of 10 000 to 23000 per
cumn are common and unmature forms sometimes appear i the penpheral
blood The platelet count 15 generally normal

In thalastemia mmor the erythrocyte count 1s often normal or mereased
cven though the hemoglobm and hematoent are reduced In some such cases
there may be a mild rn.uculoqma\s and shght hypefb\hmbmkmm Target
cells anisocytosis poikilocytosss polych and stppling arc ev
dent on the blood smear and are much more promment than one would
expect from the degree of anemia that s present

Othcr featurcs common to most hemolytic anemuas are usually present
10 thalasserma major 'l'l\cse are elevation of the indirect reacting bilirubm
m the serum tion of urobil w the feces and unne
elcvation of the serum 1ron, and decrease in the Jatent wron binding capacity
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[ 15 of any importance 1n the pathogencss of the disease because there ap
pears ta be no correlation m the individual patient betw cen the amount of
this hemoglobm and the scventy of the clinical manifestations

The shortened sunaval tunc of the erythrocytes mn thalassemia shghtly
less than half that of normal cclls 9 ¢ 1s nearer normal than the survial
time of the ery throcy tes of paticnts with hercditary spherocy tosis and sichle
cell ancma The association of a moderate reduction . the survival tme
of the cells with a severc degree of anemin i some patients strongly suggests
that erythropoicsis 1 defective ©* Other obscrvations have been presented
as evdence of such a defeet These mclude the fatlare to find any comela
tion between the degrce of hyperbihrubmemia and the Lfc span of the
erythrocytes and the varation in the reticulocy te counts The Itter suggests
that the severc form of the anemia 15 related primanly to the state of the
bone marrow function wlich has Leen reported to undergo penodic de
pression and 1ccelcrition of erythropoiesis In addition histologic study of
the bone marrow has boen interpreted as indicating defective maturation
because. the mturation of the nucler appeared to be normal while the cyto
plasm remamed basophilic The occurrence of 1 hy pochrome type of anemia
despite normal wron stores indicates that erythroporesis 15 also associated
with some defuct in ron metabolism ©»

CLINICAL MANITEST ATIONS

‘Thalissetma occurs munly i families of Mediterranean ortgin particu
larly those from Italy Greece Sialy and Syma but it also 1s seen i Negroes
and n Southeast Asia # In a large Italan population 1 Rochester N ¥
the ncidence of thalassemia minor has been estimated 1t one 1 25 persons
and of thalasserma major 1s one 1 2368 births *

Thalassemia munor the heterozygous form of the disease 1s Targely
asymptomatic It 15 the type scen most often 1n adults In its mildest form
which may be found by chance or 1n the study of the family of a patient with
the major form of the discase the only apparent abnormality i the routne
laboratorv tests may be the prescnce of leptocytosis Other paticnts with this
muld form of the disease have more pronounced hypochromic microcy tosis
and mild reductions 1n he lobip and } 1 with an ele
vated red cell count In pitents with thalassenua mmor ippropnate studies
often demonstrate 1 increased osmotic resistnce of the red cells associated
with mcreases 1n the hemoglobin F and hemoglobin A Splenomegaly shight
reticulocytosss and mild icterus are sometimes present The occurrence of

mtermediate  forms of thalissema with moderately severe anemaa 1s not

well understaod It appears likely that many mstances of the ntermediatc
form are mn reality patients i whom the hetcrozygous thalassemia gene 18
associated wath some other unrecognized hemoglobin abnormality

Thalasserma major the homozy gous form of the disease 15 1 severe dis
order that generally becomes manifest early in childhood nearly always n
the first decade Pallor and easy fatizue often appear in the first few years
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anerma but this form of therapy 1s considered as a symptomatic measure
Transfusions are given when the symptoms w arrant but are not used to mawn
tan the hemoglobin 1 the normal range \Many patents adjust fauly well
to thewr low | lobin levels for derable periods and unnecessary
transfusions mncrease the danger of h d The ad of
won pyndoxme folic aud vitamin B; and crude liver extract produces no
improvement 1n the anemia  and the needless admmstration of won may
promote the development of hemosiderosis When the spleen 1s greatly en
larged and associated with an estracorpuscular hemolytic mechamsm
splenectomy may be beneficial even though 1t does not completely correct
the anemia

ILLUSTRATIVE CASE

A 60 year old wlite housewrfe who was largely asymptomatic was
admutted for evaluation of anemia She stated that her hematocnt had been
about 35 per cent for a number of years and previous examinations had
disclosed no cause for ber anemia The physical examnation was consid
ered to be within the lmits of normal for a person of her age

Laboratory Exammations  Hct 36 per cent rbe 50 mil per cu mm
kb 106 gm per 100 ml (MCV 72 cubic microns MCH 21 upg MCHC 28
per cent) reticulocyte count 24 per cent leuhocyte 6100 per cumm Dif
ferential count of the leuhocytes was normal Study of the staned smear dis
closed hypochromic microcytosis anisocytosts and poiklocytosis A mod
erate number of target cells and a few stippled cells were present Total
serum bilirubin was 4 mg per 100 ml Osmotic fragility test patientss cells
mntial 042 per cent complete 030 per cent control mtial 043 per cent
complete 030 per cent Examination of the bone marrow disclosed a hyper
cellular marrow with enythroid hyperplasia of the normoblastic type The
granulocytic series and megakanyocyhic senes appeared normal and the
M E ratio was 1 1 Hemoglobin electrophoresis on filter paper showed only
hemoglobin A The alkali denaturation test disclosed 10 per cent of the
hemoglobin to be alkali resistant presumably hemoglobin F The serum
1ron level and the level of the unsaturated tron binding capacity were within
Limits of normal.

Famutiaf Inadence A diagnosis of thalassemia mmor was made The
patient's 28 year old daughter who also gave a hustory of unexplaned ane
mia, was studied and the laboratory findings were almost wdentical with
those found in the mother s blood The hemoglobin was 103 grams per 100
ml rbe 51 mul per cumm het 38 per cent The reticulocyte count was
15 per cent. Leuhocy te count and differential leuhocy te counts were normal
Study of the stained smear disclosed antsocytosis poihilocy te target cells
and stippled cells The scrum 1ron level was 112 pg per 100 ml The osmotic
fragility test patients cells mtial hemolysis 0.39 per cent, completed 021
per cent control beginming hemolysis 046 per cent, complete 032 per cent.
This patient (the daughter) was follow ed for several months during which
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In nddition the erythrocytes are abnormally resistant to hemolysis m hypo
tonic saline hemolysis may not be complete at 02 per cent sahme or even m
distilled water ©t

One of the characterstic | )| featurcs of thal. 15 the pres
ence of large of } lobin 1 Hemoglobm of this type constt
tutes from 50 to more than 90 per cent of the hemoglobin n some patients
with thalassemn major It may or may not be demonstrable i the milder
syndromes but often amounts to 20 to 40 per ccnt of the hemoglobin in the
mtermediate forms The alkak resistant hemoglobm cn be demonstrated
by the alkal: denaturation techmque  The presence of hemoglobm A
usually 1n mcresed amounts 1s found 1n nearly all patients with thalassemia
mumnor when hemoglobin electrophorests 1s performed on starch slabs ™

DIAGNOSIS

The appear nce of the typical paticnt with thalassenua major may sug
sest the diagnosis In thalasserma major the diagnosis usually 1s not difficult

because of the evident } 1 paly the | of pothilocy
tosis target cells and normoblasts on the blood smear ¢vidence of hemolysis
and the f of d amounts of I lobmn b

Although the dragnosis of thalassemia major 1s rarely duficult the distine
tion betwecn the milder forms of thalasserma nd other types of hemolytic
anemi: and hemoglobmopathies 1s not 1lways easy The occurrence of hypo
chromie microcytosis~with or without anemia—twuget cells nucleated red
cclls and stippled cells in the penpheral blood of a young person with
hepatosplenomegaly suggests the diagnosis At other times  the presenting
problem may be a hypochromic microcytic ancmia that must be distingushed
from won deficiency In doubtful cases wther the determmation of the
plasma won level which 1s low 1 won deficicncy and normal or ligh in
thalasserma or an cvaluation of wron stores m the bone marrow 1s helpful
The finding of microcytic polycythema 1 a patient 15 sometumes the first
mdication that the patient has thalwssemsa The demonstration of ncreased
resistance of the ervthiocytes m the hypotonie saline test supports the diag
nosis The demonstration of an mcrease of homoglobin Az by electrophore
sis wnd the demonstration of mcreased wmounts of hemoglobm F can be
considered s ¢stablishing the diagnosis The recognition of the presence of
1 thalasscmiy gene 1 patients who luve some other mhented hemoglobt
nopathy may be very difficult For cxample a person who 1s heterozygous
for hemoglobin S and the thalassemia gene may appear to have sichle cell
anemia chimeally and show only hemoglobmns § and F on electrophoresis be
cuse of the suppression of hemoglobm A Studies of other members of the
familv may be nccessany to estiblish the true nature of the disorder

THER \P}

Patients with thalassemia minor rarcly need trewment In thalassemia
major blood transfusions are the only «ffective means of correcting the
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stuched the mcidence of the Rh fictor in mothers and fathers of patients
with erythrobl They luded that 1s0 with Rh ex
planed 91 per cent of the cases and thought that other factors were responst
ble for § per cent They also concluded that the Rh factor was hmited to the
red cells and was not present in the saliva and other tissucs * *¢ In 1943
Mollison demonstrated that Rh positne red cells were chmmatcd rapidly
after transfusion mto mfants with erythroblastosis dunng the first fourtecn
days of hfe while Rb negative cclls were elumnated at the nommal rate
The value of exchange transfusion with Rh negatn e blood was demonstrated
by Wallerstemn 1n 1946 #° The value of tlus form of treatment i pres enting
the most sertous aspect of the discase lermcterus was shown in 1950 by
Allen Diamond and Vaughan *2 who have made numerous other contnibu
tions to the understanding, nd management of the disease

MECIHANISM OF DISEASE

The anemia 1n erythroblastosis fetalis 1s hemolytic i type 8¢ 5 26 99
The destruction of the fetal red cells 1s caused by the presence m the fetal
crenlation of 150 antibodies that are formed in the mother 1n response to a
blood group antigen that the mother lacks Agglutinogens A B and D are
strongly antigenic and the others are less so * Allen and Diamond list 49
blood group factors that were known i July 1957 to be mhented charac
tenstics They state that A and B mcompatibilities are responsible for about
two thurds of the cuses of erythroblastosis fetalis D (Rh) for about one third
and other blood factors for 2 or 3 per cent *® The oceurrence of ABO hemo
Iytie diseise 15 vartually lumted to group A or B offspring of group O
mothers 3 There 15 considerable mdividual duff m the ability to form
antibodics and less than 10 per cent of the Rh negitive mothers who have
Rh positive husbands become sensitized even if the husband 1s homozygous
Rhposine (DD) the wife may have many children without becommg
sensitized 80

The method of sensiization of the mother to the fetal red cells i the
casts of Rh (D) mcompatibilibies 15 an mtnguing problem  Although the

d of mcompatible blood by f; or by

mjection may be responsible for sensiization 1n women prior to pregnancy
the 150 antbody formation 1 mothers 1s usually the result of pregnancy
Fctal red cells may gan entrance to the mother s airculation dunng delnery
Allen ind Diamond report that quantitics of blood as small as 01 to 10 m]
may be sufficient to produce sensiization and suggest that just as the normal
idney allows the passage of red cells into the urine so the placentt may
allow slow leakag,e of red cells into the mother s circulation 5 As evidence
to support this hypothesis they aite the observation that ABO incompatible
fetuses almost never sensitize the mother to Rh presumably because the fetal
eclls are destroycd too rapidly to act as efficient antigens Also compatible
with the hypothesis 15 the fact that the anti Rh titer of the mother s blood
falls after pregnancy and nses agan dunng subsequent pregnancies with
R positiv ¢ fetuses
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tume the crythrocyte count vined from 49 mul per cumm to 61 mil per
cumm The feeal urobilinogen cxeretion was measured on several 4 diy
puniods and was found to be normal ik ime An Ashby survival tume
study patient to normal recipient rovealed that the patients cells survived
for a normal time 120 days

Comment  These patients dunonstrated the occurrence of thalassera
munor or the mtermediate form 1 two generations of the same famly The
mild hypochromic microcytic type of anemna assocrited with crythrocyte
counts that reached polycythemic levels t times the ippearance of target
cells and other abnormal forms m the pcnpheral blood the normal values
for the serum 1ron the mnere 1sed resstance of the ervthrocytes to hypotontc
salme the presence of fetal | lobin e findings 1n such pa
tients The homozygous type of disetse thilassemii major becomes evident
culy in ife and 15 mumfested by  severe hypochromic microcytic heme
lytic anemia assocated with a marked dimunution 1n the survivl time of
the erythrocytes In thal 1 minor hypocl mucrocytes occur but
anemm 1s mild or absent and the survival time of the ery throcy tes 1s normal
The ancmit can be distinguished from won defictency by the normal values
of the serum iron and latent wron binding capacity

ERYTHROBLASTOSIS FETALIS

Synonyms Hydrops Fetalis, Icterus Gravis Neonatorum,
Anemia of the Newborn Hemolytic Disease of the
Newborn Causcd by Rh and ABO Incompatbility

HISTORY

The term erythroblastosis was first used by Rautman m 1912% In
1932 Diamond Blackfan and Bty reviewed 2 cases wath umyverst] edema
12 with icterus gravis neonatorum and 6 with anema of the newbom and
concluded that these three disorders were closely relatcd and dependent on
the same underlymg process * In 1939 Levine tnd Stetson reported the
case of a group “O 25 verr old sccundipara who dunered a maccrated
stillborn fetus and suffered a severe hemolytic reaction when transfused
with her husbands group O blood the mother was shown to have an 150
agglutmn independent of M N and P blood factors that reacted with the
blood of 45 of 50 group O donors % In 1941 Landstemer and Wiener re
ported therr studies of the Rh agglutinogen i human blood these mdicated
that the factor 15 nherted as a Mendel 3! t independent of the
blood groups and factors \and N % In the same year I evine and coworhers
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studted the merdence of the Rh factor i mothers and fathers of patients
with enythroblastosis They concluded that 150 ynmumszation with Tth ex
plauned 91 per cent of the cases and thought that other factors were respons:

ble for @ per ccnt They also concluded that the Rb factor was linuted to the
red cells and was not present 1n the salnva and other tissues 98 In 1943
Vollison demonstrated that Rh poatise red cells were elimnated rapidly
after transfusion nto wfants with erythroblastosis dunng the first fourteen
days of hife while Rh negative cells were ehmnated at the normal rate #
The value of exchange transfusion with Rh negative blood was demonstrated
by Wallcrsten i 1946 8 The value of thus form of treatment m presenting
the most serous aspect of the disease hermicterus was shown 1 1950 by
Allen Damond and Vaughan * who bave made numerous other contribu

nions to the understanding, and management of the disease

MECHANISM OF DISEASE

The anema 1 crythroblastosis fetalts 15 hemolytic n type ss 08 @
The destruction of the fetal red cells 15 caused by the presence in the fetal
arculation of 150 antibodics that are formed 1n the mother mn response to a
blood group antigen that the mother lacks Agglutinogens A B and D are
strongly antgense and the others are less so > Allen and Diameond list 49
blood group factors that were known 1n July 1957 to be mhented charac
tenshies They state that A and B incompatibihtres are responsible for about
two thuds of the cases of erythroblastosis fetalis D (Rh) for about one third,
and other blood factors for 2 or 3 per cent  The oceurrence of ABO hemo-
lytic discase 1s virtually lumted to gioup A or B offspning of group O
mothers * * There 15 considerable mdividual difference m the abihty to form
antibodics and Jess than 10 per cent of the Rh negatne mothers sho have
Rh positive husbands become sensiized even af the husband 1s homozy gous
Rhposiive (DD) the wife may have many cluldren wathout becommng
sensiized >

The method of sensitization of the mother to the fetal red cells in the
cases of Rh (D) incompatibihities 1s an mtmgwing problem Although the

d: tion of patible blood by f or by 1.
mjection may be responsible for sensitization 1n women prior to pregnancy
the 1so-antibody formaton m mothers 15 usually the result of pregnancy
Fetal red cells may gain entrance to the mother s creulation during delisery
Allen and Diamond report that quantities of blood as small as 01 to 10 ml
may be sufficient to produce sensiuzation and suggest that just as the normal
kidney allows the passage of red cells mto the unne so the placenta may
allow slow leakage of red cclls mto the mother s circulation ** As evidence
to support this hypothesis they ate the obscrvation that ABO mcompatible
fetuses almost never sensitizc the mother to Rh presumably because the fetal
eclls arc destroyed too rapidly to uct as wffcicnt antigens Also compatible
with the by pethesis is the fact that the anti Rh titer of the mothers blood

falls after pre sancy and nses aum duning subsequent prcgnancies with
Rh prutive fetines
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Edcma which may be severe in babies with erythroblastosss 15 associated
with an clevated venous pressure and 1s considered to be a mamifestibon
of heart failure that 1s secondary to ancmia

Kernicterus circumsenbed areas of yellow colonng i the bramn that
volve the nuclear areas particularly 1s one of the most serious manifestabions
of erythroblastosis fetalis It causes death withun scven days m 70 per cent
of the babies who have this complication *! The bram damage which 1s not
present at buth has been shown to be related to the lesel of the serum
bilirubin since kermicterus oceurs in 50 per cent of babies whose level of the
serum bilirubin 1s over 30 mg per 100 ml In newbomn babies the ability of
the hiver to convert indirect reacting bilwubm (unconjugated bilirubin) to
the direct reacting form (bilirubm glucuromdc) for exeretion 1s poorly de
veloped the deficiency 15 even more marked 1n premature infants 3 Defects
m the gl 31 transf and undy Idiphosphog dehydrog
activity that 1s necessary for the synthesis of biirubin glucuronide has e been
demonstrated m the livers of fetal and newbom guinea pigs and support
the hypothesis that the glucuronide conjugating mechanism 1s madequately
developed n human newbomns and prematures When this mechanism 1s
defcetve even though the level of serum bilirubin may not be greatly ele
vated 1t birth probably because the placent m some way aids n the ex
cretion m utero the level of the serum bilirubin nises rapidly after bisth if
hemolytic anenua 1s present Unconjugated bilirubm has been identified as
the pigment present i the bramn mn nfants dying with kernicterus That
bilirubm 15 toue to cells 15 supported by the findings that this pigment 1n
hibits oudatn e phosphorylation dep I of hner and bram tis
sue and n vitro 1s an mhubitor of heme svnthesis ™ Inlubition of heme
synthesis 10 vivo might interfere wath the formation of heme contamnmg
wnzymes

Tt 15 also possible that other pigments may be important in hermicterus
Fatalines from kerntcterus have occurred mn patients with serum bilirubm
levels of from 1 to 6 mg per 100 ml 1n such patients the plasma has been
shown to have mncreased levels of heme pigments with an absorption max
mum 1n the rainge of 405 to 415 mu  wluch 1s different from the absorption
maxumum for bilrubin 460 mp @ It has been suggestcd that in patients with
early hermicterus and relatnvely low serum bilirubia lesels methemalbumn
may interfere with the ability of the bihrubin to concentrate on the serum
protems ¢ ! Brown Zuelzer and Robinson have demonstrated that the serum
bilrubtn concentration 1s not alwavs a gauge of the diffusible or total body
biirubm ¢ If the biirubin cannot bind with the protem i the vascular
spaces the plasma level may be low even though bilnubin has diffused mto
the cells 1n appreciable quantities Ths sluft may be of special importance
wn premature nfants who have lower serum albumin levels than full terxs
nfants 57 Odell has also demonstrated that orgamc amons sahicylate an
sulfisorazole can uncouple protein bound bilirubn and allow 1ts passage
through semipermeable membranes v
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CLINICAL MANFESTALIONS

Erythroblastosts 1s reported to occur m about one per cent of preghan
ces * About on Bith of the affected fants die i utero or are bom entr
cally 31 with anemia at the time of birth

Many erythroblastotic infants appear normal at buth Jaundice 1s sad to
be imvanably absent at buth  but 1t may appear with twa or three hours
and may ncrease rapdly thereafter unless treatment 1s istituted Petechial
hemorrhages sometimes develop oon after buth Hepatomygaly and spleno
megaly occur almost 1mvanably n Rly disease When erythroblastosss 1s due
to A or B meompatibility the splecn 1s often cnlarged but to a lesser degree
than 1 Rh distase Pulmonary edema pleural effusions ascites and ederma
may be mamfestabons of heart falure Kermcterus which usually becomes
manifest Jate m the second day of lfe 1s rare in the absence of conniderable
jaundice ® *' Anv mfant with erythroblastosts should have frequent and
careful newrologic exammations In the carly stages hernicterus may be ac
companied by no more than minmal neurologie signs that are casidy missed
When the kernicterus 1s more pronounced, the ffected wfant has a hagh
puched ory mtabibty tremor and an ovcractne but mcomplete Mora
reflex opisthotonos twitching convulsions and respiratory distress may also
accur 1If the chuld has hernictcrus and survinves sequelac such as deafness
mental yetardation athetord movements and spastic atana develop

LABORATORY ENAMINATION

Anemia 1s considered to be presunt 1f the hemoglabia level of the cord
blood 1s less than 130 gm per 100 m) ** if the hemoglobin level of the
venous blood is Jess than 15 gm per 100 ml * or 1f the hemoglobin level of
capillary blood 1s J¢ss than 160 gm per 100 ml on the frst day ** A hemo
globin Jevel of less than 90 gm per 100 m) at irth indicates anemia of severe
degree Reticulocytosis 1s usually present A Ingh percentage of reticulocy tes
indhcates a severe hemolytie process even f assaciated with a normal level
of hamoglobin  Nuclcated red cells are commonly present i the penph
eral blood but may be absent in one thurd of the cases on the fisst day
Licvated Icuhocyte counts are the rule and have hittle prognostic value
Thrombocy topenia often occurs m sevcre cases

The normal level of serum biirubin on cord blood 15 considered to be
from 08 to 26 mg per 100 wl * The level of mdwect reacting serum
bilirubin m niewborn babies at $8 hours rarely exceeds 13 mg per 100 ml
In envthroblastosis the level of the serum bilirubin may be normal at buth
and nse rapidly thereafter For thus reason trequent determinations are most
unportant in the management of these patients

DIAGNOSIS

Lrythroblastosis fctahis mu t be distinguished from other causes of ane
mia such as hereditary spherocy tosts and hemorthage and from other causes

—
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of jaundice such as infectious hepatitis bactenal mfections syphilis cyto
megalic iclusion disease and fungus nfection that occur during, the first
days of hfe *¢ Nucleated red cells occur mn the penpheral blood 1n 4 number
of disorders but the occurrcnce of large numbers of normoblasts or reticulo
cytes usually mdicates that the prescnce of hemolytic disease of some type
1s probable

The possibility of erythroblastosis particularly Rh disease should be
suspected 1 pregnant women who give a lustory of a normal pregnancy
followed by pregnancies that ended with jaundiced mfants abortion or stll
burth, In about 40 te 50 per cent of the cases of ABO hemolytie disease the
firstborn child 15 affected ** The presence of marked edem or pallor at
burth or the appearance of jaundice dunng the first 24 hours may be the
first indication of the disease m the infant However all the abnormal clmt
cal findings charactenstic of the discase are sometimes absent at birth and
for thus reason the laboratory exammations are often of greater importance
than the clinical features

Every effort 1s madc to make an of erytt
by the use of appropnate laboratory procedures whenever possible All
pregnant women should be typed to determimne the ABO group and tested
for the Rh factor routmcly if the prospective mother 1s Rh negatne the
father should be tested for Rh factor and the mother should be tested for
possible Rh sensitization at seven months and within two or three weeks of
delivery ™ If ant1 Rh antibodies are not detected at that time ery throblasto
sis 1s unlikely 1f antibodics are present regardless of the titer the physician
15 alerted for the possiihty of the discase A positive Coombs (antilobulin}
test on the fetal red cells (cord blood or infants blood) definte Iy establishes
the diagnosts If the husband 1s Rh positine the wife should be cheched
carefully for sensiization 1 each pregnancy because a normal course m
preceding pregnancies 1s no guarantee that 1so mmune disease will not
develop n subsequent pregnancies

Agglutinogens A and B were formerly considered to be responstble for
from 3 to 9 per ceut of the cases of erythroblastosis ¢ “8 but more recent
studies place the madence at about 66 per cent * Erythroblastosts due to
ABO incompatbility 15 usually much milder than that due to Rh incompats
bility ABO mcompatibility betwecn mother and fetus exists in 20 per cent
of pregnancies but erythroblastosis fctahs occurs m only $ per cent of these
(one per cent of the total) A possible explanation for the lower wmerdence
and mulder nature of ABO disease as compared to anti Rh disease 1s that the
agglutinogens A and B occur on other tissue cells of the fetus as well as on
the urvthrocytes In such a arcumstance the other tissue cells may take up
the anttbodies and spare the envthrocytes Rh agplutinogen apparently 1s
largely or eaclusively confined to the erythrocytes and consequently this
situation the red cells alone suffer from the reaction wath antibodies *° *¢
Eny throblastosis due to ABO mcompatibility 15 rarely associated with severc
anema. Marked hepatome galy or splenomeyaly 1s unusual The most sigmfi
cant chimcal feature 1s the occurrence of jaundice during the first 24 hours
When crythroblastosis 1s suspected an antiglobuln (Coombs) test should

14 1l
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be done on the babys blood and tests for AbO and Rh factors should be
done on the blood of the mother and the baby The accurruice of A or B
incompatibility betwecn mother and chuld accompimed by reticulocytosis
and elevated scrom bilirubin an the chuld 15 strong presumptne evidence
of erythroblastosis 2% The ndirect antiglobulin (Coombs) test performed
an the mfants serum 15 neasly always postive m discase of this type 2

TREVTMENT

Infants with ery throblastos:s should be treated in 2 bospital that 1s prop
erlv equipped and staffed to follow the course of the disease and carry out
exchange transfusion at anv time of day or mght Once the diagnosis of
hemolytic disease of the newbom has becn established the treatment will
depend on the seventy of the duscase VMdd forms of the diseasc may need
no treatmuent other than careful observation Therapy 15 directed toward
preventing hermeterus that »s due to the toue action of the unconjugated
ihrubin on cells mn the bram. The md for exch fi m
erythroblastosis fetabis hsted by Allen and Diamond are *0

1 Anemua hcmoglobin of fess than 130 ym per 100 mi on venous blood
or less than 15 gm per 100 ml 1n capillary blood

2 Increased serumn bibrubin {indirect reacting type) over 70 mg per
100 m! on cord biood a rapidly nsing serum level exchang¢ transfusion 1s
performed as often as necessarv ta heep the scrum lfevel less than 20 g
per 100 m}

3 Prematunty cacept m the middest cases

4 History of a previous baby with hermicterus

5 Reticulocyte count above 15 per cent

6 Maternal ant: Rh titer of 1 64 or ugher

Zuelzer and Colien state that as a general rule eachange transfusion
1 performed 1f the scrum bidwubin fevet i full term nfants exceeds the
following 101ng per 100 mi 1n the first 24 hours 14 mg, per 100 mi in the
second 24 hours 17 mg i the thard or fourth day 3%

The exchange transfusion performs several important functions In ad
dihon to low ening the level of serum balirubin 1n the nfant s blood 1t removes
cells that are susceptible to hemalysis lowers the antibody content of the
blood and supphes albumin that enables the mfant s blood to bind a larger
amount of bilrubin Repeated exchangt transfusions may be requured to
Reep the serum bilwubin level below 20 mg per 100 mt Follow g an ex
change transfusion the nfant 1s observed carefully and the serum bilirubin
level 35 measured as often as 15 considered necessarv

Fresh blood 15 used for transfusion whenever possible It 1s preferable
to obtam the blood for transfusion prior to the birth of the mfant In cross
ratchung for transfusion the prospective donor cells should be tested agamnst
the mothers serum % % Prospective donors should be of the same Rh
and ABO groups as the mother Rh negatne blood of the mothers graup 13
used if it 15 fauly certan that the discase 1s due to antt Rh agglutinins
Group O blood 15 used when the destruction 15 thought to be due to ant1 A
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or anti B agglutmins ** ABO agglutmins m the donor blood mcompatible
with the baby s cclls should be of low titer and should be neutralized with
A and/or B specific substances If no compatible donor can be found the
mothers red cells separated from her plasma that contams the antibodies
may be used " When the mother s blood 1s not av atlble for cross matching
1t 15 probably best to select a group O Rh negative donor to cross match with
the baby s blood

If edema of congestive heurt farlure sccondiry to anemia 1s present
phlebotomy 1s often necessiry m order to lower the venous pressure The
oxy gen carrying capacity of the blood can be increased by means of trans
fusion with packed red cells which only partially replaces the blood volume

Induction of labor at 87 weeks or later has been recommended m an
effort to prevent stillbirth 2% Before advising this course the dangers of pre
matunty must be considered In one study the fetal mortality rate was higher
m the group with ;nduced Iabor than m the group with spentancous labor 3%

PROGNOSIS

The lugh mortality rate of erythroblastosis fetalis has been reduced by
modern treatment and m1y be about 5 per cent ¢ Proper treatment of heart
fallure m the mfant wnd judicious nduction of labor hwe mmproved the
prognosis m tlus disease The most scrious complication  hernicterus s
largely preventable by the use of exchange transfusions that heep the serum
bilirubin level lower than 20 mg per 100 ml 1 °% %8

The factors entering nto the prognosis for future babies have been
reviewed # The prognosis for subscquent babies after an mstance of
erythroblastosis that 1s due to ABO mcompatibility 1s excellent because still
birth 15 rare and kernicterus can usually be prevented In Rh icompah
bilities 1f the husband 1s heterozygous 50 per cent of the offspring will be
Rh negative and compatible with the mother If the husband 1s homozy gous
all babies will be Rh positive and the prognosis depends a great deal on the
tuter of the antibodtes 1n the mother s blood If there 15 no hustory of previous
stillbarth the prognosts even m heavily immunized mothers 15 generally good
1f the baby can be treated promptly

ILLUSTRATIVE CASE

The patient was the product of the seventh pregrancy of 1 38 year old
white female The mother was type A Rh negatrve and father was type A
Rh positwe There had been two presious neonatal deaths due to erythro
blastosis Saline antibodies w ere positive m 1 4 dilution and mdirect Coombs
test was posive m dilution of 1 64 Pregnancy was uncventful labor lasted
6 hours and 21 mnutes and termmated m 1 normal spontaneous dehvery

The baby appeared to be in good condition m the delivery room He
was well developed and weighed 2700 gm The sk was grayish m color
and was covered with multiple small ecct The umbilical cord was
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awteric The baby was actine when stimulated and ened sigorously The
spleen edge extended 5 am over the Ieft costal margw ind the hner 7 am
below the nght costal margm

Laboratory Exanunation and Treatment Imtial blood examination
total bilrubin 4 mg  het 25 per cent hb 70 gm per 100 ml whe 13000
per cumm  nucleated red cells 150 per 100 leuhocy tes

A duagnosis of erythroblastosts was made and an exchange transfusion
was performed After exchange transfusion the serum bilirubin level was
24myg per 100 ml and the hematocnt 29 per cent The leuhocyte count was
4500 per cumm Fne hours later another eachange transfusion was per
formed at a time when the serum bilirubin had nsen to 6 mg per 1006 ml
and the nucleated red cell count had re whed 337 per 100 feuhocy tes After
the sccond exchange transfusion serum biirubin Ievel was 27 mg per
100 ml and the hematocnt was 36 per cent No further eschange trans
fusions were necessary and the patient was discharged on the thurteenth
day at which time he was eating well and appeared healthy At this time the
hematocrit was 46 per cent the white count was 12,000 per cu mm and the
blood smear contamed 5 nucleated red euls per 100 white cells

Comment This patient 1llustrates many of the common features of
envibiroblastosis The father was Rh positne the mother was Rh negatne
Two siblings had died previously 1 the neonatal penod because of erythro
blastosis The discase was anbapated in this pabent At buth pallor
ecchymoses splenome aly and hepatome galy were present the antiglobulin
test was positine Because of the previous Tustory in the family and the
severe anemia eachange transfusion was performed even though the serum
bilirubun Jevel was only shyhtly elevated at the time of birth The necessity
of the sccond exchange 15 debatable Although the level of the serum
bilyubin level was not greatly elevated exchange Tansfusion was considered
to be the safest course mainly because of the rate of micrease m the bikrubmn
level The patient made an uneventful recosery

ACQUIRED HEMOLYTIC ANEMIA

Synomyms  Auto immune Hemolytic Discase Acquired
Hemolytic Icterus, Subacute or Chrome Idiopathic Hemolytic
Anemia Lederer s Anemta

HISTORY

The lstory of acquired” hemolytic anemia has becn reviewed by
Damesheh and Scliwartz3" The Srst sccognizable deseription of this type of
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ancmia has been credited to Hayem 30 312 The “non congenttal type of
hemolytic icterus which appeared either during the course of other illnesses
or without known cause was also descnibed by Widal Abrami and Brule
in 19083 3 The name acqured” hemolytic icterus was given to these
cases The occurrence of reticulocytoss and auto agglutmation the absence
of app hereditary infl and the absence of siymficant abnormal
tties 1n the hypotonic saline test werc noted As a result of these obsersations
the “acquired type of hemolytic icterus of Hayem and Widal was dis
t hed from the I type of Chauffard and \inhowshi Acute
subacute and chrome cases were recogmzed and hemolysins were some
times demonstrated i the acute cases Lederers anerma” an acute
hemolytic anema of short duration 7 appears to be an example of the
ncute type of this disorder rather than a scparate discase 310 9t

The redemonstration of spherocytes and hemolysins m acute cases of
the acquired type by Dameshek and Schwartz i 1940211 and the discovery
of the antiglobulin or Coombs test i 1945 by Coombs VMourant, and Race 3
were followed by a marked mcrease m interest n tlus syndrome This has
led to numerous studies on the demonstration production action and
nature of wto antibodies ™ Most of these studies have been reviewed by
Dncie #!* At the present time thus type of anemin 1s often spoken of as aute
mmmunc hemoly hic disease ”

PATHOGENLSIS

Nether the cause nor the mechanism of hemolysis m this disorder 1s
known but several possibiliies have been considered The occurrence of
abnormal agglutmation tests such as the Coombs antiglobuln test has been
interpreted as an ndication that auto antibodies are produced as a response
to an antipen that consists of the patient s own clls or parts of cells that have
been altered n some way While 1t appears possible that drugs viruses or
metabolic products mught alter an mdniduals erythrocytes sufficiently to
make them antigenic and lead to the production of auto antibodies” the
action of these antibodies agamst normal erythrocytes as well as those of
the patient makes this thesis appear somewhat doubtful 10 Another possi
bility 1s that the auto antibody rcaction 1s an meidentd property of a
globulin produced by the rcticuloendothchal system that 1s ivolved 1n some
disease such as lymphosarcoma or infection * 3% The abnormal prolifera
tion and destruction of the cells m the protem forming, tissue might con
cavably lead to the production of protemn that 1s abnormal quahtatively as
well as quantitatively The report that chromie and forme 1ons n the presence
of globulin or serum whether autologous homologous or heterologous
could bind globulin to the erthrocyte and produce a positve antiglobulin
(Coombs) test appears to support the second possibility 3'* The balance of
the evidence at the present ime appears to be 1gamnst the concept that the
antibodies are produced i response to an antigen derved from the patients
own cells but the possibihty that bhodics of low specifi are formed n
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response to mutant erythrocytes or agawst abnonnal or damaged lympho
cytes or agamst matenal denved from both lymphocytes and erythrocytes
cannot be dismissed entirely 31%

Although the mechamsm of the actual destruction of the crythroeytes
¥1vo 1s not entrely understood the ability of antibodies to cause auto
agglutmation  spk tosis and erythropt appears to be m
portant ** Auto agglutimation may play a role by causing stasis of blood
in the spleen that leads to destruction of the erythrocytes by lysis or
phagocytosis 3 2 © It has been estabhshed that the spleen hver lymph
nodes bone marrow and lungs are the organs that are most concerned m
the actual destruction of the erythrocytes 3@ 314 The results of splenectomy
1n thus disorder probably depend on the relatn e importance of two functions
of the spleen which may act as an organ of cellular destruction and as a site
of antibody production

CIINICAL MANIFEST ATIONS

Auto mmmune hcmoly tic anenua may anse in association with some other
disease when 1t 1s termed  secondary” or “symptomatic” It may also occur
1

when no other disease 15 d ble m which itas
as “pnmary” or “idiopathuc  In one group of 57 paticnts 34 were classified
as1d; thic and 23 were classified as 16 of the 23 symptomatic

cases had some form of mahgnant discase® ® In a semes of 49 pahents
most of whom were ambulatory 89 were of the idiopathue type and 10 were
sccondary 7 of the 10 secondary cases followed virus poeumoma ®° In
another report of 166 patients the ancmua was considered to be “secondary”
to other diseases mm 85% ° The symptomatic or secondary cises have oc
curred most often m assoctation with prumary atypical preumoma chronc
lymphocytic leul Tymph Hodghins disease  dissermnated
lupus and infectious mononucleosis ® ¥ 3 319 Tess common 1ssociated dis
cases are sarcordosis tuberculosis 3% Felty s syndrome®® and carcinoma 3

The 1diopathic disorder occurs at any age m esther sex but females are
affected more often than malcs 342 310 The seventy and duration of the dis
east may vary greatly At times the onset of the disease 1s sudden and the
course as raprd and fulmnating In such patients the course 1s charctetized
by lugh temperature rapidly progressing weakness and dyspnen Anema
becomes more severe teterus is usuilly apparent and hemoglobmuna some
tumes oceurs 1t 1s in this type of patient that hemolysins arc more Likely to be
demonstrated \More often the course of the disorder 1s a chronic one that
persists with varying degrees of scventy over a penod of months or years
S oceur ® 4 T xacerl of the discase are
said to occur more often 1n the winter months 3* When the disorder 15 asso
ciated with the <old type of aute antibodies Raynauds ph and
hemoglobinuna may appear on eaposure to cold 3® A subacute form that 15
mtermediate in seventy between the acute and chrone form also occurs

In symptomatic autoummune hemolytic disease the chnical features are




192 FUNDANENTALS OF CLINIC AT HLMATOLOGY

wemtt his been endited to Higem 39 33 The “non congemtal type of
hamolytic icterus which ppearcd ather dunng the course of other illnesses
or without known cusc wis also desenbed by Widil Abrami and Brule
m 19082 33 The nune wquired  hemalytic iterus was given to these
cases The occurrened of reticulocytosss wid wto g lutination the absence
of appurent herediting mfluences ind the aibsence of siymficant abnormal
tties n the hy potome s thne test were noted As 1result of these obscrvations
the “wquired type of hunolytic icterus of Miyam nd Widal was dis
tguished from the “congemtal type of Chiaffard and Minkowshi Acute
subiwute nd chrome cises were recogmzed  nd homolysins were some
times demonstrited n the wute cwses “Ledaras mana” an acute
hemolytic wemin of short duration 37 appeirs to be an ¢xample of the
wute type of thas disorder rather than vseprate discse 319 311

The redemonstrition of spherocytes and hamolysins i acute cases of
the acquired type by Duncsheh md Schwartz in 194031 and the discovery
of the itiglobul or Coombs test n 1945 by Coombs Mourint, and Race 37
were followed by v marked mere ise i mterest i ths syndrome Thus has
led to nuncrous studics on the damonstribon production action and
nature of wto- intibodies * Most of these studics hase been roviewed by
Dacic 3 At the present tune tlus ty pe of incmi s often spoken of s “auto
mmune hamolytic dise ise ”

I \THOGLENLSIS

Nuather the cuse nor the mechimism of homolysis m this disorder 1s
Rnown but scveril possibihities e been considered The oceurrence of
bnormal glutination tests such as the Coombs antiglobulm test Tas been
mterpreted 1s i mndication that “auto mtibodics™ are produced as a response
to m antigen that consists of the pitient s own cclls or parts of cells thit have
been altared m some way Wiale 1t appcrs possible that drugs viruses or
metabolic products might alter an mdiaduils «ythrocy tes sufficientls to
make than antipenic ind 1 to the production of “wto antibodics ™ the
wetion of these ntibodics 1y, unst norml crythrocytes s well as those of
the patint mikes this thesis ppear somewhat doubtful 31 Another posst
bility 15 that the  uto wtibedy”™ reiction 1s i madental property of a
globulin produced by the reticulocndothehal system that 1 mvolved m some
discase such as lymphosircom or mfection® *° The 1bnormal prolfera
tion wnd destruction of the eclls m the protan formmg tissue might con
cnably lad to the production of protum that 1s abnorml qualitatively as
well as quuntititinedy The report that chromie wd fumc rons m the presence
of globuhn or serum whether autologous homologous or heterologous
could bind globulm to the crythrocyvte nd produce a positise antiglobulin
(Coombs) test ppears to support the sccond possibility 24 The balwnce of
the evadence at the present tune appe us to be 1 unst the coneept that the
ntibodies are produced n response to m antigen denived from the patient s
own cclls but the possibality that wtibodies of low specifimity are formed n
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inadequately diluted serum because of the prozone phenomenon from the
use of msufficiently washed red cells ? ¢ and probably from othcr causes The
Coombs test may be positnve for as Jong as one year before the ancima be

comes evident 1n patients with lymphosarcoma 4% The mdirect antiglobulin
test 25 usually postise dunng active hemolysis and usualfy negative during
chimcal rermssions 3 2 It has been re commended that tests for free auto ants

badhes as well as the Coombs test be carned out, particularly on patients who
bLave recened corticosterords 2 Cold agglutimns are usually demonstrated
without dyfficulty 1f they are responsible for the anemia siice the titer 15 usa

ally lugh m tlus arcumstance #¢ The chnwcal sigmficance of the cold agglu

taimins 1y be related more to thewr ability to agglutmate or sensitize the
patient s erythrocytes at relatively lngher (37° C) than to the
heght of the agglutinin titer at low temperatures (2° C} 3¢

DIAGNOSIS

The dagnosis of auto immune hemolytiec anemia must be considered m
previously well patrents who present because of memia and 5o «x pateents
who develop anema while they are under treatment for some previously
diagnosed pnmary disease

The anenua 15 Srst 1dentified as the hemolytic type by the appropriate
tests such as the reticulocyte count the serum bilirubim determination the
bone marrow ex and the of the urobl excre
ton Additional more spuafic tests such as the antiglobulin (Cooinbs)
test hemoglobm electrophorcsis and the osmotsc fragility test are performed
m order to categonize the anemia more accurately If the Coombs test 1s
postive the diagnosis of auto immune hemolytic disease can be considered
as virtually established 1f this test is negatne and the other speaial pro
cedures do not indicate any other d auto immune 1 lytic disease
15 not excluded In exther circumstance af 1t 1s deaded that the patient has
auto mmune hemolytic chsease a thorough i estgation 1s made for some
primary disease such as malignant lymphoma carcmoma and the other
acute and chromic disorders known to be sometimes associated with thus type
of anemya If no pnmary disease 1s demonstrated, a tentatve dagnosis of
primary or whopathic auto immune hemolytic disease 15 made with the
realization that some underlyng disease mav be present but mav remain
unrecognized for months and even years Because of this possibility periodic
follow up exannations are deswable

When auto unmune hemolytic anemia appears m patients who are under
treatment for some hnown disease the onset may be abrupt almost cnsis
hke or inndious When the hemolytic process 1s severe the diagnosis 1s
usually estabbshed by the evidence of hyperhemolymis assocated with a
positine antiglobubin test When the process 15 less severe and the evidences
of hemolysis and blood re are not so apparent the p of a
hemoly tic process may not be suspeeted I the antiglobulin test 1s negative
1t may be difficult to determine whether the anemia 15 the result of auto
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thosc of the underlymg disordir plus those wsociited with the hemoly e
wemia At tuncs the homoly tic denent may b so sevese that it dominates
the chmc il pacture ind at other times it my be merely an inaidental finding
When hanolytic manty follows virus pnecumomt the anemia, which may
be severe usundly ippe s suddenly at the cnd of the second or third weck
of llncss and disippc ars spont incously 1 one or two wechs ¥ In discases
such 1s lymphos ircoma the hemoly tie anania may precede other evidence
of the pnmany discse by months or 1t may not appear until after the
underlying, discse his been under obsen ton wnd tee tment for several
yeus ¥ The davelopment of wito snmnne hemolytic discase may be the
first manifcstation of 1 recurrence of caranom of the bowel 3¢

The mun ibrom hities on physical ex umnation 1 the idiopathic cases
wo pullor and splanomegly In wdiion paents with the symptomatic
typc may mamfost cvadence of the underlymyg, disewse such as Jymphadenop
athy Dipatomegdly or cadunee of disc ise an the shin fongs ind gastro
mtestina} trict

LABORATORY ENAMINATION

Any degree of wemin may oceur i ather the idiopathie or symptomatic
forms of discasc In onc scnes of 57 cases the hemoglobin vaned from 25
em 10125 gm par 1003 The wmomruis uwsually macroeyvtic (MCV > 94
cu nucrons) but 1 st uned smear of the penpheril bloed often reveals many
mucroeyvies polychromatophilis porhilocytosis ind the presence of normo
blists Spherocytosis 1s oftcn prosent dunng penods of ensis and s usually
absent durmg, quicseence ') Retreulocy tosis 1s usually present but retic
ulocytopenrt oecurs 1 some priunts ¥ Leuhocytosis 1s common dunng
pertods of 1ine hamolysis ind the count nry eveced 30 000 per cu mm  the
merewse s meunly 1w the grnuloeytic scres and myclocytes may be found
m the peripheral blood ! ? Neutropcna sometunes occurs 1 chreme cases® ?
but 1s unusu il during, <psodis of crists " Ly throph wocytosis by monocy tes
1s sometunes ¢vident on plun smcars or on smears mide from the buffy coat
and may suggest the dugnosis * * - *® The phitelct count 1s usutlly normat or
modcratdds reduced but severe thrombaes topemt 1s found m some patrents

The othcr ¢vidences of 1 hemolytic process such as mncreased phsm
balirubin mnerc sed feel urobthnogen exerction and normoblistie ery throid
hyperphsia of the bonc marrow can usually b demonstrated  Osmotic
fragtity and mech mcd fragihty arc arregululy incre wed durmg cnisis but
are usually normal during periods of quicscence * + Hemoglobin electro
phorcsis reveals the norml A type of bemoglobin

One of the most mportnt examnations 15 the direct antilobuln or
Coombs test °7 In some lnboratories 1t 1s positive with but very rare exeep
tions in auto mmune hemoly tic wemt of both the wnn and cold antibody
types *® Howover the percentige of positive tests on patients who appear
to have this svadrome varcs greatly from onc hiboritory to another Falsc
negative tests may result from the use of 4 weak serum fiom the use of
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nosis could be estabbshed Accordingly the patient was gwven predmsone
20 mg every 8 hours begmning on June 24 On June 26 this was reduced to
10 mg four tunes a day and at discharge on July 3 the dose was reduced to
5 mg three times a day There was a stokng improvement m her blood
count and on September 16 her hematocnt was 42 per cent and the
reticulocyte count had fallen to 15 per cent On November 4 one month
after her predmsone dosage had been reduced to 25 mg three tumes a week
the pathient was asy and the b it Wwas 39 per cent

Comment This patient had evidence of a bemolytic anerma and the
posihve direct Coombs test indicated that the anemia was of the extra
corpuscular or auto immune type No prunary diagnosis was established and
the case might be considered to be “idiopatiuc ” However vanous features
strongly suggest the presence of some underlyg disease and m this arr
cumstance the patient must be exarmned penodically for additional evidence
of some primary disorder The anemia has responded well to treatment with

pred for two years although the Coombs test remaims positive

HEMOGLOBINURIA

Hamoglobinuna 18 an abnormal chmeal sign that 1s found n a number of
different diseases Excellent reviews have been published by Ross®¢ and
Ham ® Ham has ¢} d the Cimcal cond 1m wich b rlob
oceurs as follows
1 strenuous exercise such as runmng from two to twenty six miles
2 march hemoglobmuna where a lordotic posture appears to be of
some tmportance
3 mfusion of hypotonic solubons by intravenous mjection or i per
fornung transurethral resection
4 wtravascular hemolysis im transfusion verctions and severe erythro-
blastosis fetahs
5 thermal wjury
6 njury from chemicals such as arsine (arsenuretted by drogen)
7 action of hemolytic drugs such as acetylphenvihydrazine beta
naphthol and sulfopanides
8 favism
9 infested red cells {(malana Oroya fever)
10 paroxysmal cold hemoglobnuna
11 p \] nocturnal b ot 1a
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The prognosis of paticnts with the symptomatic type of anemia 1s manly
that of the underlymg disc 1s¢. The prognosts 1s generally favorable when the
disorder follows a virus mfection ind 1s poor when 1t 1s associated with
mlignancy or onc of the collen disc ises In the idiopathic types sponta
NICOUS TECOVLTY 1S TITe (WPt n acute ¢ses of the “Lederar” type n the
chronie cses complite recovery rirely occurs but the prognosts is better
than in patients with malign it discase The occurrence of severe anema,
rcticulocytopann thromboeytopenin and leukopemy appeirs to be asso
ciated with + poor prognosis % The commonest ciuses of death n one
group of 18 paticnts wath aidopathic wto immune hemolytic discase were
cudine fulure cwsed by ancmia acute renal falure and septicemia
Curdiie fulure nfections and hunorrhages were the commonest causes
of 14 deaths i the symptomatic cses

ILLUSTRATIVLE CASE

This 53 yer old white housewife had been under observation for five
years 15 a tubereulous suspect but the dignosis was never ¢stablished Ona
penodic chest roantgenogram it w s noted that hular adenopathy had de
veloped and the patient was wdmtted to the haspatal for investigation The
patient dmitted v ague chest puns nd srregulir cough on oceasions She
demied waght loss pruntus or other symptoms

Physical Exammnation  The postenor convic! and asallary Iymph nodes
were enlarged and maisured 05 to 1 an i diameter The spleen was felt
two fingerbredths below the Jft costal margin Physical cxamination was
othenwise within normal lomts

1 y Ex Ad blood studies hb 71 gm per
cent hanatocnit 27 per cent the 19 mil per cumm  reties 22 3 per cent
whbe 18 000 per cu mm Dufferential count (per cent) bands 4 segmented
50 lymphocytes 40 ytes 1 phils 4 b luls 1 The serum
protein was 89 gm per 100 ml albumin 85 gm per 100 ml globulin 54
om per 100 m! The direct antiglobulin (Coombs) test was posittve and the
Wassermann test was anticomplementary Blood cultures tuberculn shn
test platelet counts and examimation for LE cells were normal Plasma
electrophoresis indicated increased total protemn increased gamma globulin,
decreascd albumin and beta globulin with two peaks the pattern was con
sidered suggestve of Boecks sarcoid Bone marrow aspiration revealed
marked normoblastic hyperplasia plsma cells and cosnophuls appeared to
be shghtly ncreased

Regular roentgenograms and laminograms of the chest suggested a shght
enlargement m the nght hilus area On bronchoscopy no mass was visualized
Buopstes of the nght prescalene node and nght aullary node were nter
preted as “hyperplastic lymphadenitis ”

Treatment and Course The patient was thought to have a hemolytic
anemia of the auto inmune type Although sarcoid, lymphosarcoma and

d d lupus were suspected as underl prumary diseases no diag
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test can be demonstrated duning an attach More specific tests establish the
diagnosis In the Rosenb ich test an attack 1s reproduced by immersing the
hands or feet 1n 1ce watcr for ten to twenty minutes 3% 3 In vanous modt
fications of the Donath Landstemer test hemolysis 1s demonstrated after the
blood has been chilled m witro 3%

PAROVISMAL NOCTURNAL HEMOGLOBINURIA

P 1 1t glot 1s a rare disorder of unknown
cause that occurs 1n both sexes 8372 38 Althongh the disease has been
reported m pahents 55 and 52 years of age 1t usuallv appears dunng the
thurd or fourth decade s The discase 15 charactenzed by chromaty spon
taneous Temussions and exacerbations and refractoress to therapy The
factors that are concerned m the excessive hemolysis found m this disease~—
the defect m the crythrocyte the essential plasma factors and the influence
of pH~are discussed 1 Chupter I It has been reported recently that a
muarhed reduction of the acetylcholingsterase activity i the erythrocytes 1s a
consistent finding i ths dhsease # 3 Thas defect 15 located w the stroma of the
cell

M. ytie b lytic anerma of or severe degree occurs The
erythrocyte count 15 usually from 20 to 30 mil per cumm Leudopema and
thrombocyvtopena of moderate degree are charictensic The usual ev
dences of hemolytic anema such as reticulocytosis (20 or 30 per cent)
elevated level serum biwubin (5 to 6 mg per 100 ml ) and normoblastic
hyperplasia of the bonc marrow arc found ¢ The osmotie fragiity and the
anhglobulin (Coombs) tests are normal Hemosdennuna and mcereased
amounts of plasma hemoglobn are found constantly hemoglobmuna 1s
absent 1f the renal threshiold 1s not exceeded ©¢ The diagnosns 1s established
by demonstrating the crythrocy te abnormality in the acid serum test devised
by Ham % 34 or by the hewolysis test that utiizes thrombin devised by
Crosby 3 * Another test 15 performed by 1dding 10 per cent by volume N/5
HC and 10 per cent by volume of a 50 per cent suspension of the patients
washed corpuscles to serum obtaned from blood that was defibrmated
an open flash 1f the test 1s positive frank hemolysis 1s present 3%

The course of the disease 15 a chromc one that continues for many years
in some patients In the fatal cises death 15 caused not only by anemi1 and
wiections duning acute episodes but also by thromboses of the cerebral
coronary portal hepatic and pulmonary vessels When severe anerma s a

problem transfusion of red cells rather than whole blood 15 recommended
because the ad of plasma the likclthood of a hamolytie
reaction nd mercased destruction of the patients erythrocytes® 7 33
Splenectomy  the admmistration of alkali and the adrenocorticosterowds do

tiot produco significant benefit ¥7 The value of anticoagulants 1n preventing
hrombosis has not been established 3
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Detectible degrees of hemoglobmen are found in normal persons but
tho level does not exeeed 5 my per 100 ml and 1s uswally i the range of
2or3mg per 100 ml of plasm i * 3% Ineretscd amounts usually from 20
t0 60 mg, per 100 ml - were found m a number of piticnts with acquired
hemolytic wemit thalassemn myor and sickle el anemia® 8 Hemo-
sideninuny wos found m every pitient wath hemoglobmemta and in general
the unount of iron stammyg, pigment vancd with the coneentration of the
plisma hamoglobin The normal renal threshold for hemoglobun is reported
to be around 90 to 130 mg, per 100 ml ¥ 3 9 331 33 Hemoglobinuna ocours
only after rather sevcre ntrwvasculir hemolysts and 1s rarely seen in sickle
el mema, thalissemia or acquired hemolyhie anemin® 8 3 Although the
conditions arc rare hemoglobinuna occurs frequently i transfusion re
wtions fuiism blwchwater fever and m the paroaysmal hemoglobmunas

PARONASMAL COLD HEVOGLOBINURIL

Puoysmil cold humoglobinunia 1s a rare disorder The sudden attacks
of mtrav isculir hamolysis ind hemoglobinurn that occur on (posure to
cold re due to the presence of an autohemolysin in the serum The mecha
s of the production of the attacks 1s discussed in Chapter 11§ The Wasses
mann rection 1s reported to be positiv i over 90 per cent of patients with
the disordcr nd unquestionable ehinical cvidence of syphihs 1s found m
about 30 pos cant 38

The atticks we preapitated by exposure to cold but there s a wide
ringe of varability m the amount of chlling that 1s necessary  no more than
the opunmng, of 1 door from an uphcated room may be required 2 The
mterval between the chilling nd the onset of symptoms may sasy from
a fow mmutes to seven or eight hours The prodromal penod 1s apt to be
wsoctated with miluse headache abdommal erunps and pains i the back
and legs The actul parorysm as usuilly mnfested by a shakng bl
followcd by a tumperature nise of 102 or 104° F that lasts for several hours
After the chull the voided unne usually ppears dark red or brown unne of
this chracter may b passed in only the first or first few specimens after the
chall or over a penod of two or three davs Duning, the episode mild jaundice
splenomegaly  wnd hepatomegaly are often demonstrable 3 %6 Severe
Icukopenta that s the result of the virtunl disappearance of the granulocy tes
from the peripheril blood also occurs *3¢

Treatment dunng, an attwk consists of heepin, the patient m a warm
environment and  adminsterimng, transfustons when necessary  Between
episodes exposure to cold 15 woided nd any underlying disease 1s treated
Many patients remam asymptomatic durmg these mteryals 3

The dignosis 1s made by the history and by abnormalities that can be
demgonstrated m the laboratory tests The degree of the anemua and the
evidence of blood regeneration depend on the severity of the hemolysis
H 1ok 1 lok 11 and a positive antglobulin (Coombs)
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spleen was the major site of destruction A correlation was found between
the rate of red cell destruction and the degree of anemia The presence of
hemolytic anenua m hver diseasc was also indiated by the animal expen
ments of Higgins and Stasney #* They eaposed rats to carbon tetrachlonde
by whalation for short periods each day for twelve weeks At the end of this
tume the rats developed typical” atrophic curhosis of the iver and macro
cvtic anemia In addition there was associated evidence of increased heraoly
515 1 the form of icterus increased hemosidern m the organs erythrod
hyperplasia in the bone marrow and 1 increase m reticulocytes

The demonstratian of the hemolytic nature of the anemia mn currhosis of
the In(r affords the best explanation of the anemia in the majonty of pa
tients who have a macrocytic anenma associated with a normoblastic marrew
that does not respond to treatment with folic acd vitammn B, or liver ex
tract Factors other than hyperhemolysis are important i the small per
centage of patients with the megaloblastic type of bone wmarrow who have
responded to specihic treatment 341 342 34t The ancmia m most of these pa
tients has been more severe than that usually seen in airthosis The erythro-
¢yte count has been m the neighborhood of 10 ml per camm 1n most
patients and less than 20 mil per cu mm 1n nearly all the mean corpuscular
volume usually has been over 130 cu microns In such patients hematologic
recovery has followed the admumstration of folic acid 31 vitamun B, 3+
liver eatract 3 344 and ascorbic ad#*® The possibility of a coexistng per
meious ancma was excluded by gastric analysis®* or determtnations of the
serum vitamtn By, level33% 341 It appeared that deficient mtale of folic acid
vitamin B, or ascorbic acid w 1s an important factor in the defective eryth
ropoess in these patients because they gave histonies of grossly deficient
diets for long penods The recognition of at least two types of macrocyhic
anerma m cuthosis of the liver probably eaplans the conflicting reports of
the presence®® and absence®® of the antipermcious anemia factor in Iivers
of pabents who died with curhosis Stil unother possibality to be considered
15 that alcohol may directly depress marrow activity This was suggested by
the observation that a reticulocy tosis occurred 1 patients wath curhosis even
though they were kept on a dict dehcient 1n erythropoietic factors if the
mgestion of alcohol was prevented 3¢

HYPERSPLENISM

Hypersplenism 15 the term used to denote a syndrome charactenzed by
the following, (1) splenomegaly (2) ancmia leuhopemn thrombocy to
peria smgly or i combimation (3) a marrow that has normal or increased
cellulanty (1) correction of the blood picture by splenectomy 340 3w
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ANEMIA ASSOCIATED WITH
CHRONIC LIVER DISEASE

Ancmia occurs often . patints with chrome hver disease and some
tuncs undergocs spontancous renussion 34 347 In onc series of 132 patients
with diffcrent types of biver disease ey was found m 78 per cent 37 The
madence 15 even higher m patients with atrophic currhosis 3¥1 3¢ 3¢ 347
The degree of memin which s rirely severe cannot be correlated wath the
duration of the liver diseasc or with the chimel outcome 3! 3% The morpho
logic charictenstics of the wamia which may be macrocytic normocytic
or hy pochromic microcyic depend on whiit mechanisms are respensible for
the ancma Esther blood loss mercised hemolysis or deficient ery thropote
sis may be the most import int factor in a particulir individunl

The hypochromie microcytic type of nemin wis found n only 12 per
cent of one senes 3 Its oceurrence mdicates won deficieney which 1s usu
ally the result of chrome blood loss from the gastromtestinal tract [ron def
ciency my oceur as the result of repeated sexere hemorrhages from ruptured
csophageal varices or mild chrome blood loss from imtation of the gastro
mtestinal tract Increased pressure 1n the portal crrculition and a defect in
blood corgulation may be contnibuting fictors

In chronic Iiver disease the anemia 1s usually macrocytic but 1s some
tumes normocytic 3! 7 The mewn corpusculir volume has been found
to range from 95 to 160 cumicrons but is usually between 100 and
12071 % The marked amsocytosts wd pokilocytosis which are usually
s¢en n pernicious ancmia are absent mn chrome Iner disease nd nucleated
red cells rarely appear i the pepheral airculation: Erythropoiesis 1s usually
normoblastic n type **! The reticulocytes o often shphtly increased and
the leukocyte and platelet counts are normal or shghtly reduced

The mechamism responsible for the macroeytie inemn of currhosis of the
lver has been clanfied by the studies of Jandl 3 Sixteen of 20 patients with
curhosts and anemia who were studied were found to have a defimte hemo
lytic ancmia evidenced by the tnad of elevated eacretion of fecal uro
bilinogen persistent reticulocytosis and increased concentration of the
erythrocyte precursors m the bone marrow  The extracorpuscular nature of
the hemoly tic process was shown by the surnval times of transfused normal
cells that were determmed by the Ashby differentral agglutination method
The exponential type of survival curve that was found suggested a random
destruction of the red cells m a local site such as the lner or spleen Addi
tional studies that ubhzed erythrocytes tagged with Cr! indicated that the
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tinues even though a partial hematologic relapse nat infrequently develops
some months after splenectomy
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Tlus syndrome occurs 1 a v ety of disorders that are associated with
splnomegaly  Among, thise e congestine splcnomegaly associated with
portal hy purtension of cather the mtrahepatic or catrahepitic vancty chronie
mfections such as tubcreulosis kalt 1zar malina subacute bacteral endo-
carditis syplulis brucdlosis fungus discases  discases of the lymphoma
sroup particully ymphosarcoma giant follicle lymphoma and Hodghns
discase discases of ipid metabolism (Guuchcrs disease)  discases of un
cartun ctiology such as shcumatord wthntis sircoidosts and collagen dis
eases particularly d d lupus crythcma pl galy of un
determuned ongmn Usuadly  hypersplonsm s sunply one aspect of an
underlying disease that 1s not confined to the spleen In the vast majonty of
patients the diagnoss 1s cstablished before splencetomy or at the time of
opuration However 1 a small pereentige of patients the causc of the
splinomegaly remuns obscure cven after lustologie study of the spleen and
other biopsy material removed at operation Such cases are termed “idio-
pathic” or “prunary #8531

Various mechamsms hne been suggested to explun the changes that
occur 1 the peripheral blood m hypersplemsm Do w and s group largely
s the result of supravital stuming of spleme maternil have considered that
sequestration and destruction of the ccllular ddaments by the abnormal
splecn arc the important factors 3 ¢ A different concept s offered by Dame
shek namely that the enlarged spleen cxerts i mbulnting, effect on the bone
marrow by means of an umdentified humoral factor 3¢ Others consider that
ltuhocyte antibodies are mmportant m many splaue ncutropema syn
dromes 3 although diseases characterized by altered antibody production
such as wdiopathic thrombocy topemie purpurt ind auto immune acquired
hemoly tic anemia, are excluded from the “hypersplemc™ group by some 32
At the present tume the mechamsm mvolved n “hypersplenism™ cannot be

ed s definitel blished and it 1s not certan that the same
mechamism 1s the responsible one in every patient with the syndrome

The deaston regarding the advisabihty of splencctomy can be made
only after careful consideration of the individual patient When the presence
of hvpersplemsm 1s suggested because of the occwrrence of splenomegaly
cytopenia and an apparently wctive cdluiw marrow cfforts are made o
establish the 1dentity of the undcrlying discise Splenectomy relieves only
one aspect of the underlymg disorder 1nd rarclv if ever effects a cure of the
primary disease If the underlying diseisc 1s amenable to more defimtne
treatment splenectomy mav not be nccessary beeuse the hy persplenism syn
drome may disappear after such therapy When the nature nd course of
the underlying disease are such that an carly fatal outcome 15 expected
splenectomy 1s rarely a justifiable procedure If the nature of the underlying
process cannot be diagnosed, or if 1t 15 1dentified as one for wluch no satis
factory therapy 15 available splenectomy 1s 1 justifiable form of treatment
if the presence of anerma, neutropenia, or thrombocy topenta 1s disabling or
hazardous to the patient In such crcumstances grabfymng results occur
often but not mvanably Climical improvement m the patient often con
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POLYCYTHEMIA VERA

Synonyms Primary Polycythenma Vaquez s Disease, Osler s
Disease Polycythemea Rubra, Erythrema

Histonical  Vacquez m 1892 desenbed the Srst nstance of polycythenua
that was nat assocated with pulnonary or cardiie disease '™ The second
descnption of such a patient wis publshed by Cabot wm 1899° In 1903
Oslor collected 8 cases 4 from the hecrature and 4 of hes owa and pomted
out many features of the disease ¢ In 1408 he clearly defined the disorder
and discussed the course and prognoss as well as the thorapeute use of
blecting oxygen and wracdation of the spleen ** kacellent comprehensive
reviews of the disease liave been wntten by Harrop ® Lawrence Berlin, and
Huff 5 and Pie™

1ATHOGENESIS

The thology of polycythema yera is unknonn Because of the probfera
tion of all the cell hnes m the bone marrow and the frequent transformabon
of polycytherma vera mito leahomia myelofbrosis and other related syn
dromes palyeythenua vera has heen dered to be a myelaprolif: e
dsorder? 42 ¢ % According to this concept the cytoplasmic retsoudusm
retams 1ts potential for development into vanous cell hues and responds m
dufferent ways fo unknown stunuht The chineal course of the disease seems
to be best explaned by this hypothesis at the present time

Because of the fnown desclapment of poly cythemia in respense to anoxia
numerovs attempts have been made to explam palyeythemia vera by a mar
row anoaw mechanism of some sart but none has been satisfactory ® 5 The
greater freq) of leuhocytosis and thromt as well as the finduing
of normal arteral oxygen saturation 1 polyeythemia vera serve to differen
tate 1t from anoxie polycythema ©

The inereased level of crythrocytes m polycythema vera 1s due to m
ereased production of cells rather than to an imcreased life span of the cells
Studies with radieachve won showed that the plasma won tumoser 1 ths
disease 1s five hnes narmal 3 Studies on the bfe span of the cclls have shown
that st 18 normal 4 or that there s 1 dual populabien of cells with a normat
span together wath cells that have 2 very short bie span * The stumulus for
the wcreased erythropowesis in s disease has not been identified but ex
tracts of plasma from patients wath pelycytherna vera have been reported
to stumulate erythropotes:s when injected wta test ammals 10 #




CHAPTER V

Polycythemia

AN INGREASE 1 red blood cells abos e the normal number may be relatite of
absolute I the \ olume. of flnd 1n which the red blood cells are suspended 1
reduced an mcrease 1n their concentration results The number of cells per
unit volume of whole blood 1s ncrcased and this ncrease 1s reflected m the
red blood cell count and the hematocnt. The total red ccll mass remains
unchanged Such a condition of relatite polycythemia exists m any situation
wherc the plasma yolume 1s reduced without a concomitant reduction m red
cell mass This relative polyeythemia 1s most frequently associated \\lth;
sluft or Joss of body water and i such circumstances the red cell count an

hematoent determnation are valuable aids i the recogmtion and quantifica

tion of such changes In interpreting the hematocnt 1t must be rumembered
that osmotic changes associated with altcrations of flud volume may “l“:
the volume of the red blood cell Ingress or egress of water from the re

cell m response to altered osmone forces outside the cell may be sufficent
to affect the hematocnt (Fig 20) When this occurs the red blood cell count
more nccurately reflects the loss of plasma volume It

An absolute increase in red blood cell mass may occur either as the rest

of a physiologic response to tissue anoxa or i the pathologic state known
as polycvthemia vera. In the first mstance the poly cy themia 15 secondary to
some recognized naiting cause while i the second the polycy thema 1

classified as “pnman” since no meiting cause has been identfied  *
220
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POLYCYTHEMIA VERA

Synonyms Pramary Polycythema Vaquez's Dhsease, Osler s
Disease  Polycythenma Rubra, Erythrema

Historcal  Vaguez i 1682 described the Brst nstance of polycythemia
that was not associted with pulmonary or cardiac discase ¥ The second
descripuon of such a pabent was published by Cabot wn 18997 In 1903
Osler collected 8 cases 4 from the btexature and 4 of hus own and ponted
out many features of the disease ¥ In 1908 he clearly defined the disorder
and discussed the course and prognosss as well as the therapeutc use of
blceding exygen and wyadntion of the spleen ** Eacellent comprehensne
reviews of the dsscase have been wrtten by Harrop 8 Lawrence Berlin, and
Huff 5* and Pike ¢

PATHOGENESIS

The chology of polycythemua vera s unknown. Because of the prohfera
t10n of all the cel} bnes mn the bone murrow and the frequent transformahon
of polyrythemia vera wto leukemia myelobbross and other related svn
dromes polycythemia vera has been dered to bo a my el
disorder? 773 92 6 According to this concept the cytoplasmme rebculum
retams sts patentral for detclopment wato vanaus <ol lines and responds m
differcnt wass to unhnown stmul The cliucal course of the disease scems
to be best explaned by this hypothesis at the present tme

Because of the known deselopment of poly ey themta 1 response to anoxia
numerous attempts have been made to explan polycythemia vera by a mar
sow anoxsa mechanism of some sort, but none has been sabisfactory ¢ 3 The
greater frequency of leuhocytosts and thrombocytosis as well as the finding
of normal astenal oxygen saturatton i polyeytheraa vera sene to differen
tiate st from anoxie polycythemia

The increased level of erythraevtes m polycythermia vera 1s due to w
creased production of calls rather than to an increased hfe span of the cells
Stuches with radhoactine won showed that the plasma wron fumover wn this
disease is five tuncs normal * Studies on the bfe span of the ctlls have shown
that it 13 noymal ¢ or that there 1s 2 dual population of cclls with a normal
span together with cells that have a very short Iife span ¢ The sumulus for
the mncreased enythropoes:s w this disease has not been 1entified but ex
tracts of plasma from patients with polycytherma vera have been reported
to shmulate erythropoiesis when mjected into test anamals 1 4t




CHAPTER V

Polycythemia

AN inereask m red blood cells above the normal number may be relatie or
absolute If the volume of lurd 1n which the red blood cells are suspended 1s
reduced an merease 1 their concentration results The number of cells per
umt volume of whole blood 1s increased and this increase 1s reflected m the
red blood cell count and the hematocrit The total red cell mass remams
unchinged Such 1 conditton of relative polycythemia exists m ny situation
where the plasma volume 15 reduced without a concomitant reduction in red
cell mass This 1clative polveythemia 1s most frequently associated with 2
shuft or loss of body water and 1n such circumstances the red cell count and
hematocnt determination are valuable uds m the recogmtion and quantifica
tion of such changes In nterpreting the hematocrit 1t must be remembered
that osmotic changes associated with alterations of flurd volume may alter
the volume of the red blood cell Ingress or egress of water from the red
cell 1n response to altered osmotic forces outside the cell may be sufficient
to affect the hematoent (Fig 20) When this occurs the red blood cell count
more accurately reflects the loss of plasma volume

An absolute increase i red blood cell mass may occur either as the result
of a physiologic response to tissue anoxia or 1n the pathologic state known
as polycythemta vera In the first wstance the polycythemia 1s secondary to
some recognzed incitng cause while mn the second the polycythemra 15
classified as pnmary” since no mating cause has been 1dentified %
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The most common chmcal manifestations are referable to the cardio
vascular systemm Complamts such as dyspnea on exertion ankle edema an
gina pectoris palp headache d and chwud
are present mn about two thurds of the patients when first seen

In about one thurd of the patients gastromtestinal symptoms such as
cpigastne pan nausea, bloating vomiting and constipation are prominent
The nad of duodenal ulcer d ble by x ray 15 reported to be 10
to 19 per cent 38 49 % Both hematemesis and melena occur not ifrequently
and exther may be the first manifestation of the disease On occasion the
patient s lustory of severe bleeding may be doubted because of the failure of
the laboratory tests to demonstrate the degree of anema suggested by the
lustory

Other symptoms occur much less often 1n polycythemia vera but are
recognized as part of the disease In some patients severe pruritus and mght
swcats are troublesome and constitute the mam complant Patients are

treated for " for a time before the underlying dis
ease 1s d. Other less )| are those due to gout and
those related to the gemtounnary system such as hematunia dysuria and
frequency

On physical exatmnation often the most stnhing feature 1s the appearance
of the patient—a ruddy and flond face telangiectasia of the cheeks and nose
and purphsh ¢y anosis of the lips and ears The appearance frequently sug
gests the dagnosis but the countenance of the middle aged man who has
spent most of lus life out of doors and mdulged frecly mn alcohol may be
sartually ind hable Marked reddening 1s often evident m the palms
conjunctivae pharynx and vaginal mucous membranes Exammation of the
fundus frequently reveals retmal vems that are distended and dark purple
in color Hypertension is present in about half of the patients The spleen 1s
enfarged m about three fourths of the patients it 1s usually frm and rarely
extends as low as the umbilicus unless the disease has been present for some
years ® Late i the course of the discase especially when leukerma or myelo
fibrosis has devcloped the spleen may become greatly enlarged and ) most

of the abdonunal cavity Hepatomegaly occurs i about one third to one
half of the patients

LABORATORY FINDINGS

The laboratory data mn patients with polycythemia vera illustrate the
myolvement of all the marrow elements and not the red cells alone ! 4 &
The untreated patient typically has an erythrocyte count m the range of 8
to 10 mullion 2 hemoglobin between 18 and 24 gm per 100 ml and a he
matoent that ranges from 55 to 80 per cent © The total red cell mass 15 in
creased, but the plasma volume may be normal, shghtly elevated or even
decreased! 3 The leubocyte count 15 usually clevated In our senes of 50
patients a range of 5400 to 88000 per cumm was found 70 per cent of
patients had counts higher than 10000 per cumm 0 o figure comparable to
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Most of the chnical manifestations of polycythemia vera can be ex
planed by the alterations in the penphcral blood There 15 a defimte increase
mn total blood volume to two or three times the normal value that 1s due
almost entirely to an ncrease wn the total mass of arculating red cells Asso
ciated with this increase 1n erythrocy tes there 1s an mcrease 1 blood viscosity
that may be five to eight times normal ¢ #* The mcreased blood volume and
the slowed circulation mn the congested capillanes are responsible for the
plethonic appearance of the patient and the ruddy cyanosts which appears
when the level of the non oxygenated hemoglobin n the capillanies nses
above § gm per 100 ml 2 The ncreased blood volume and viscosity place
an added load on the heart with the result that enlargement of the heart
congestion of the pulmonary vessels nd evidence of cardiac decompensa
tion may develop These often wmprove markedly when the underlyng dis
case 1s treated cffectively Vascular diseasc 1s present m many patients with
tlus disease The frequent oceurrence, of thrombosis mn this disorder appears
to be related to the presence of the vascular disease m association with the
ncreased blood viscosity decreased blood flow and mcreased number of the
blood platelets

One of the puzzling features of polycythema a disease charactenzed by
thrombosis 1s the frequent occurrence of abnormal bleeding The distention

of the blood vessels has been dered 1 possible expl 8 In addition
abnormalities m the quality of the blood clot and i clot retrachon has e been
demonstrated It has also been d d that the g of very large

numbers of platelets intcrferes with the early stages of blood coagulation

Still another factor that may be important 15 the occurrence of mncreased
fibnnolysis that has been demonstrated m polycythemia vera but not m
secondary polycythemra ¢

CLINICAL MANIFESTATIONS

Polycythemia vera occurs oftener m males than i females the ratio bewng
about 13 1 or 2 116 35 38 49 & The disease appears to be more common 11
Caucasians than m Negroes m a senies of 50 patients with polycythemua
vera secn at the Umversity of Virgmia Hospital the ratio of Caucasians to
Negroes was 24 1 while in the total hospital admissions the ratio of Cauca
stans to Negroes was 45 14 Clinical manifestations of the disease appear
most often between the ages of 40 to 60 though the disease has been re-
ported mn chuldren 16 3 In the authors series the age at onset ranged from
21 to 68 years but only 10 per cent of the patents were below the age of 40+

Most of the symptomatology of polycythemia vera 1s related to the m
creased blood volume the associated vascular disease and the tendency to
hemorrhage and thrombosis

‘The onset 1s usually d and the fe 1ons vanable Weakness
casy fatigue wmtability and d are early pl: At other
tumes the onset 1s abrupt and the first indication of the presence of the dis
ease 1s the oc currence of a catastrophe such as a gastromtestinal hemorrhage
myocardial infarction or the development of hemiplegia
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13 2 years 1n patients treated with radiophosphorus and 6 7 years in patients
treated with vartous methods other than P* Sunaval tmes n mdividual
patients vary from a few months to 25 years ® The commonest causes of
death are tl b episodes | h leul and other myelo
proliferative states In one series 30 per cent died from thrombosis and 30
per cent from leukemia or some allied disorder ' In Lawrences senes the
causes of death m 57 patients treated with P3 were as follows chromic mye
logenous leukemia, 11 (8 were acute termnally) cerebral hemorrhage 7
coronary thrombosis 8 congestive heart faillure 9 carcmoma 8 postopera
tive deaths 5 muscellancous 4 unknown 538 In our own senes of 24 pa
trents who died 12 had recenved no form of rrradiation therapy and 12 had
recenved treatment with P2 or x ray The causes of death in the 12 who had
recerved no uradiation were  heart falure or cerebrovascular acaident 8
postoperative hemorrhage 1 carcnoma 1 nuscellaneous (pentomtis mul
tiple sclerosis renal msufficiency) 3 The cause of death m 12 who had
recenved P* or xray were heart failure or thromboses 3 myelogenous
leukemia (acute) 3 myclord metaplasia ¢ miscellaneous (hepatic currhosis
unknown) 8¢

Although the comphcations of thrombosis and hemorrhage are the most
€OmINON SCrous dcv.elopments m most p'mcn!s with polycythemia vera 1t
1s definitely established that leuk fil or some other myelo
proliferative disorder develops tn an appreciable number perhaps 20 to 30
per cent These complications are more Ihely to develop in patients with
long survival times If the mncidence of these disorders 15 higher m patients
treated with P* 1t 1s possible that the ncreased inadence 1s related to the
longer survival of the patients so treated as well as to their exposure to some
form of uradiabon

Figure 3™ Extensne subcutaneou! lwmunllage follo 1ng dental extraction m a patient

h poly cythema vera
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that of 74 per cent found 1 a much larger sencs % Myelocytes and meta
myclocytes e often present on the blood smear and nucleated red blood
cells occur not mirequently Platelct counts range from 100000 to 15 mil
per cumm ® In one sencs 50 per cent of the platclet counts were above
400000 pcr cumm # and 1 another 65 pcr cent were over 300 000 per
cumm

Study of fixed scctions of bone marrow 15 reported to show 1 charactens
tic pattern consisting of clumps of stam cells ind early normoblasts i about
85 per cent of patints 7 Study of smc s made from material obtaned by
aspirations was rarely hilpful i our senies smce about half the marrows ap
peared to be norm 1l and the remander showed v uymg degrees of hyper
plasia

Other l1boratory features of the discase are an mcreased basal metabole
rate an mcreased level of unc acid  ncreased plasma wron turnover * and
normal artenal ovygen situration ¢

COURSE AND PROGNOSIS

It has been pomted out that the natural history of polycythemia vera 15
virtually unknown smce some form of therapy has always been available *
Derelopments such as thrombosts hemorrhage and the occurrence of other
myeloprolifcrative syndromcs are so frequent that it 1s difficult to decide
whether they should be considered as complications of the disorder or as
mcidents 1n 1ts natural hustory

A high madence of vascular thrombosis 1s to be expected 1n a disease
charactenized by an increased blood volume mcreased viscosity of the blood,
and elevated numbers of platelets when the disease occurs m an age group
m which vascular disease is common The ncrdence of thrombosis 1s re
ported to be 22 per cent © 28 per cent % and was found to be as high as 40
per cent 1n our own serses ¥ Thrombosts probibly occurs in any of the ves
sels but appears to be most common n the coronary cerebral mesenteric
retinal and penpherl irteries and n the leg, retinal and portal vewns The
episodes of thrombosis are seen more often when there 15 imdequate contol
of the 1ed cell nass nd plitelet level by therapy

Hemorrhage 1s 2 Irequent occurrence 1n polycy themia vera: An iaidnce
of 16 per cent® 59 per cent,® and 30 per cent® has becn observed In our
eapertence the most sertous hemorrhages have been intricramal gastro
mtestnal and those occurring after various surgical procedures but ex
tensive ecchymoses hemarthroses cpistanis bleeding after dental extrac
tions and bleeding after mmor techmeil procedurcs have also proved
extremely troublesome

Peptic ulcer 15 not uncommon tn the disease and the merdence has been
found to be from 10 to 14 per cent, © 12 per cent *? and 19 per cent 3 The
madence of gastromtestinal symptoms is ligher from 17 per cent®® to 25

ent 3 and sciere gastrowntestmal hemorrhage occurs not nfrequently

er
P rted® to be

The median survival time m poly cythemsa vera has been repo
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were once considered to be the treatment of chowce such s benzol Fowlers
solution pheny My drazine spray d rad of
the spleen and bones phlebotomy and a low wom diet Some forms of
therapy such as splenect 3 dectomy and oxygen whalation never
enjoy e much populanty because they were impracycal weffectre and even
d V1 herapeutic agents have been tned m poly

cythemua and some such as mtrogen mustard, TEM Colcennde pynmetha

mine (Darapnm) and 6-mercaptopurme have been found to be wfenwr to
radiophesphorus while at feast one Myleran has pot been fully evaluated

Bleedng radicactine phosphorus and chemotherapeutic ageats are the
therapeutic methods that are used most widely at the present time

Venesection

Venesechon 15 the oldest form of therapy for polycythemaa vera Ttis a
mtans of reduemy, the blood volume promptly and often provides prompt
symptomatie rebef Becanse of the development of undeswable symptoms
when the blood volume s reduced too rapdly wm muddle aged and eldexly
patients 1t 15 desirable to remove only 500 m! of blood once or fwice a week
if the blood solume 1s to be reduced to normal by this method Altheugh
phiebotomy s an effective means of correctng the blood volume m these
patients it 15 not a satisfactory method of treatment when used alone be
cause platelct levels are not reduced and eny thropoiesss 15 not depressed

Radiwactiie Phosphorus

Radwoactine phasphorus ¥ was wmtroduced a5 a method of treatment
for polycythemia vera by Lawrence w 1938% and has many advantages for
therapy 1t can be 3 orally or mt ty It has a half hfe of
148 days and emuts only beta rays which travel less than 07 cm 1 tissue
1t 15 concentrated 10 tisswes that have o hagh rate of phosphorus turnover
particalarly the bone marrow Iiver spleen and lymph nodes In these trssues
1t produces wnization withm the cells and halts cell dnaston Radwactne

hosph 3 hrap my. and platelet production
which results 10 a reduction of these elements in the crrculating blood Smnce
radoactive phosphorus does not cause any sigmficant ncrease m the destruc
tion of mature crythrocytes a significant decrease m the red cell count does
not oceur for twa or three months

The effectiveness of therapy with rad hosph d 1 by

P us 13

reports of the reduction m the madence of th‘rmnbcpscsx m several large series
fram 148 to 274 per cunt wi patients treated with comsentional means ex
clusive of radiation to 27 te 42 per cent i patents treated with 5 2 In
anothier seres the weaidence of thramboses was 50 per cent 1 22 patients
treated with other forms of therapy and less than 5 per cent mn 138 patieats
treated with B0 * Companson of the hfe expectancy revealed an merease
from 7 years in patients treated wath drugs phlebotomy and rocntgen ray
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DIAGNOSIS

In most patients with polycythema vera the diagnosts 1s made without
dufficulty The appearance of the patient the splenomegaly and the increases
m the erythiocyte leukocyte, and platelet counts are charactenistic Occa
stonally 1t 15 dufficult to deerde if poly ¢y themua s present in plethoric appear
ing middle aged hypertensive men with borderline blood counts and it 1s
not easy to determine whether a well established poly cythemia 15 prmary
or secondary Another problem anses when the Jeuhocyte values are such
that the distmetion betwcen chromie myclocy tic leuhemia and a “leukemord
resction m polycy themua 1s not e sily made

1f the hamatoent 1s 55 per cent and erythrocyte count 1s elevated to 58
to 60 mil per cumm  the possibility of an ecarly polyeythema vera cannot
be cacluded m a middle aged man simply because splenomegaly leuhocy
tosis ind thromboceytosis we absent In such crrcumstances a determmaton
of the blood volume 1s oftcn helpful

The distinction betwecn primary nd secondary polyey themua 1s usually
not a problum beeause leukocytosis thrombocytosss and splenomegaly do
not usually occur 1 sccondary polyeythema In addition the presence of a
cardiovascular abnormality or chronic Jung, disease 1s usually evident m the
secondary type In obscure problums determmation of the artenal oxygen
saturation 15 often decisne 1s the arteril oaygen situration 15 almost m
vartably over 90 per cent i poly ey themia vera and 1s often below ths figure
when polyeythenma 1s secondary to some condition that produces anoxia

Although the presence of frank myelocytic leukemta erther acute or
chronic 1s easily recogmzed a decision as to when polycythema vera with
a marhedly elevated leuhocvee count becomes transformed mto chrome
myelocytic leuhemra mav be virtually mpossible since young cells of the
myelocytic senics 1ppear i the penpheral blood m both crrcumstances It
has been reported that metabolic differences are demonstrable between the
Jeuhocy tes m chrome myelocytic leukenna and those seen m polycy themia
vera® These consist of differcnces i alkiline phosphatase activity my eloid
leuhocyte glycogen, and blood histamne These dufferences suggest that
<onditiops that hnve been considered to be 1denhical on morphologie grounds
may be different metabolicilly Until more 1s known about this mteresting
problem often the best that one can do when ficed with this differential
diagnosis 1s to cxamme the patient periodically before making a decision

TREATMENT

At the present time there 1s no cure for polycythemia vera Therapy 1s
duected toward reducing the mereased blood volume increased viscosity
and mcreased platelet counts Since it has been recogmzed for many years
that these abnormalities are responsible for the clnic2l mamfestations of the
disease numerous methods of treatment hayve been mtroduced One author

Lists 24 methods or agents that have been tned ¥ Among these are many that
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out hospitakzation whenever posstble Because of the tendency to hoth
hemorrhage and thrombosis that eusts m polyeythema vera surgieal pro
cedures should be performed only if absolutely necessary Prior reatment
of the polycythema reduces the bhelhood of these camplicattons but does
not prevent them 1a all cases

The aun of the trcatment of polyoytherma vera m our chme 15 to heep
the hematocnit below 50 per cent and the platelet count below 400 000 pey
cumm Intally patients are bled 00 mf once or m-u:e 2 week until (he he
matoent approaches 53 per cent Radwactne p 15 dered the
treatment of choice and the patient 15 gnen a dose of 35 to 5 mullirunes
orally The patient 1s then obsen ed at monthly mtervals 1f the hematocnt
rises appreciably dunng this interval phiebotomy 1s performed At the end of
fau.r months if the desired results have not been ubtamed, a second dose of

hosph of 2 to 4 mall B ad d 1t ss unusual for a

patient to need more than two courses of treatment ¢o obtam an imbal re
nussion but shou!ld it be necessany he recenes 2 or 3 millicunes after another
four months obsenation After the wubtal resussion has been obtamed
patients are followed at regular ntenvads when possible the frequency
depending on the seventy and course of the discase

Because of the uncertain danger of an mercase m Jevhema and other
myeloproliferatn e disorders m patients treated with P2 and other forms of
radiation, control of the disarder by phlcbotomy and chemotherapeutic

agents such as My leran 15 pted before £ to rad; n patients
less than 40 years of age Should 1t be established conc]uswel) xhat radho-
therapy does not wmcrease the st of teud and ar

that even m the younger patients the rish of the development of these dis
orders 15 small compared to the beneficial effects of thus therapy a distiaction
1m the method of therapy based on the age and Ife expectancy of the patient
would not be necessany The same 1s true of the chemaotherapenuc agents
whose cellular action 15 very sumilar shauld prove to have Jate effects simdar
to those of uradi Therapy with tgen rays s rarely used w polycy

thenua at the present but lacal therapy over the spleen 1s a helpful adjunct
m patients i the advanced stages who have symptoms due to the marded
splenomegaly

SECONDARY POLYCYTHEMIA

A remashable merease m total sed blood celt mass may oocur m any
situatton whach results m tissue anoxa Currently it 1s believed that as a
consequence of ox) gen deprisation some as y et umdentfied oxygen sensitive
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to 133 years n patients treated with P* 3¢ Splunomealy and hepatomegaly
Uso often 1espond in 1 gratifying manncr to this form of therapy

Rudio ietive phosphorus 1s admmstered ather mtravenously or orally If
gnenantrvenously about 40 per cent of the dose 15 Tost in the unne 1 6
days, and if gven orally about 20 pur cent 1s lost in the feces and an
addittonal 15 per cent 1s Jost m the urine in the same perrod * It has been
found that itravenous or oral doses of 15 mthcuncs do not alter the
crythrocyte count i normal wdividuals ** The total dose that has been
roquired 1o effect a rumusion his ranged from 23 to 213 milcunes
Ihe mutral dose 15 usually from 30 to 70 millicuries and most often from
40to 45 nulhcuries ¢ In bout one half the patients a satisfactory remussion
follows the mutil dose but 40 per cent require a second treatment and 10
per cent require three treatments  Inone serses the duration of remissions
aneraged about 25 yoars but somctimes they lasted as fong, as 10 years ¥ In
another report the average intery il brtween courses was about 15 months
however the greatest number of retreatments occurred an the first 6 to 10
months Atter the pitunt had 1 satisfactory runession the nterval between
treatments anereased to about 33 months ¥

It has been strongly suspected that theripy with P and ather forms of
irradition s assocated with an ncrcased medence of leukemia particu
larly the acute vanety and other my cloproliferative disorders 7 Although
this import it matter 1s unsctiled at the prescnt tme * the mny dvantages
of therpy with P4 would seem to mike st the tre wment of chawe certanly
w patients bove the age of 50 years sinec the bencBaal decrease 1 the
merdence of thrombosis scems to outwergh by far the danger of the occur
rence of lcukema or other alhied disorders

Chemotherapy

Niutrogen mustard (HN ) tncthy] 1 (TEM) Col de and
pynimethamine {Diraprim) have been used m the treatment of polyey the
mitvera? ¢ All have a suppressive cffcct on the marrow but the short
duration of the remissions that occur 1nd the difficulty in xvording undesircd
toxic clfects on the marrow have prevented thewr gawung an important place
m therapy An mstril report of the results obtaned wath Myleran 1s more
promismg since this preprition 1s less toxe than other chemotherapeutic
agents and yet produced satisfactory reductions i the crythiocytes leuko
¢ytes and platclets 8 The danger of these chemotherapeutie drugs as leuke
mogeme agents has not been dtermined

Plan of Treatment

n the treatment of polycythemia vera it 1s importnt that the patient be
kept ambulatory if possible 1f the discase 1s even moderately severe bed
rest 1s dangerous for these patients because of the ncreased hikelihood of
thrombosis For this reason patients with the disease should be treated with
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If an mndrvidual 1s afready comp! d by lowered b 1c pressure the
occurrence of any chronic pulmonary disorder may be catastrophic Marked
polycytherua severe cyanosis pulmonary hypertension and nght heart
stram may result # Some degree of improy ement usually follows removal to
sea level 8 40§

Other Causes

In the preceding conditions polycythemia appears to be the result of
decreased arterial oxygen saturation, which 1n some fashion causes the re
lease of a humoral substance capable of stmulating erythropoiesis Poly
cytherma also occurs mn other conditions where the oxygen saturation 1s
normal and the mechamism 1s unesplamed Among these are hyper
nephroma 2 polycystic ladney disease 3¢ hydronephrosis 1! renal tubercu
Josis  bramn tumor 7 hydrocephalus 5! ovanan tumors  and uterme myo
mata * ¢ The suggestion by Jacobson® that the hidney may be concerned
with the prod or bolism of erythropoietin 15 mteresting i hght
of the association of varied kidney disorders with polycythemia

THE DI GUGLIELMO SYNDROME

(Erythremic Myelosis Erythroleukemma Erythroblastemta)

Ongually described by di Guglelmo m 1923 the charactenstic feature
of this rare d 15 marked prohfe of the nucleated red blood
cells sumlar to that of the white cells in leuherma Recent reports have em
phasized that not only the erythroid cells but other cell hnes as well are

msalved mn the disorder 48 &
Dameshek!s 14 1 has su_gested that the di Guglielmo syndrome be con
sidered together with such diseases as chrome granulocytic leukema poly
fe e

h vera, and mjyelod )l as a myeloprol
disorder and that some undiscovered shmulus may affect all of the cell lines
of the marrow to a greater or lesser extent and be responsible for the vanable
chmeal findings charactenstic of these disorders In the early phase of the
&1 Guglielmo syndrome red cell proliferation may be the only manifestation
of the dusorder but if the patient sunives my eloblastic proliferation becomes
apparent and may predomnate

The chinical features of the di Gughelmo syndrome mclude normocyhe
t anemia wath d

y er blastic hy )t unac
compamed by a commensurate nse m reticulocytes Atypical forms of nu
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b .33 1

tissue releases the humoral eryth
erythropoictin 1s thought to cause an mncrease 1n the production of red blood
cells by producing an espansion of the marrow volume<? In secandary
polycythema the mcrease n the red cell mass 1s often accompansed by 2
decrease in plasma volume wlile m primasy polyeythenua vera the plasma
volume 15 usually normal ~ In most instances the polycythemia appears to
be 1 physiologic response to decreased 1rtenal oaygen saturation. This re
sponse like other homeostatie mechamsms may harm the organism mstead
of protecting 1t 1f sufficently intensc and prolonged Excessnve elevattons of
the red blood cell mass may produce suficient alterations of the visconty
of the blood to cause circulatory embarrassment and 1ncrease the danger
of thrombous

Cardiac and Vascular Valformations

Any cardiac or vascular lesion which results i a Ingh grade veno artersal
shunt may produce polycythemia As the result of the mung of venous and
arterzal blood madequately oxygenated artenial blood reaches the peripheral
tissues An ancrease n erythropoietn s thought to occur and stynulate
erythropotesis The subsequent polycythemia mereases the oxygen carmying
capacity of the blood and affords a measure of relief to the patient

Pulmonary Disorders

Polycythema oceurs i some chronic pulmonary disorders where 1t ap
pears to be a physiologic response to the decreased arterial oxygen satura
tion The commonest pulmonary abnormalties that lead to anoxemua are

1 Perfusion of non aerated or poosly aerated alveol.

2 Altered alveolar membrane charactenstics mterfermg wath gaseous
exchange

3 Durect pulmonary arteriovenous fistulas

One end result of each of these condibons 15 decreased artersal oxygen
saturition * In the first mstance the blood flow 1s through poorly aerated or
non acrated segments and there 15 madequate exposure of the blood to
oxyzen In the second instance the pulmonary segments are well aerated but
the alveolar membranes have been so altered as to interfere with gaseous
exchange between the alveol: and the capillanies Direct pulmonary artero
venous fstulas cause anoua because the blood by passes vessels m which
gaseous exchange takes place

Low Barometric Pressure

Persons who reside at high alttude with Jowered barometne pressure
have a decreised als eolar oxygen tension which leads to mcomplete artenal
oxygen saturation The poly cythemra w hech occurs 1 response to the ;moxx;’:
appears to bear a direct relationship to the seventy of the oxygen deflcit
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Four months later the hematornt had nsen to 65 per cent crythrocyte
count was 79 mul per cumm and platelets 772000 per cumm Fre hun
dred m! of blood was removed by phiebotomy on two occasons to reduce
the red cell count aud the patient was gunen an additotial 60 mulhcunes
of P by the oral route Two and one hatf months later the spleen had de
creased markedly i size and extended only a sigle fingerbreadth below
the left costal margu.

For the next exghteen months the patsents hermatocnt remamed between
48 and 30 per cent, platelets less than 500000 per cumm  and leuhocyte
count betwcen 9000 and 13000 per cumm At the end of that persod fiow
exer it was found that her hematacnt had nsen to 55 per cent, erythrocyte
count to 66 mul cumm. and platclet count was 1200000 per eumm The
splecn had mereased w size and once agan extended to the Jesel of the
umbslicus The patient was given another 4 mitlicuries of P by the oral
raute and four months later the hematocnt was 51 per cent and platelet
count 500000 per cumm

The patient then tid well from a symptomatie point of view for the next
o years despite the fact that the platelet count Huctuated aad was some
times greater than 3000000 por cumm Duning thus tune the hemataent
remamed less than 48 per cent. Two and one half years after the third dose
of P32 the hematoent had nisen to 58 erythrocyte count to 74 platelets were
1200000 per cumm and the spleen had once again increased 1 size beng
5 or 6 fingerbreadths below the left costal margm At this juncture it was
deaded to mstitute therapy with Myleran and obsene the effect on the
course of the patents disease Phlebotomy once again reduced her hemata
cnit and the adimmstration of Myleran 2 g twice a day was mtated The
levels of the cellular elements in her penpheral bload were followed at weekly
mtervals and were satisfactory After 5S¢ days the Myleran was stopped and
three months later the hematoent was 46 per cent, platelet count 300 000
leuhocyte count 9500 per camm The spleen was still at the level of the
umbihens The remssion has lasted siv months

Comments  Asis true of the majonty of patients with poly ey therma vera
this patients imtal symptoms appewred m middle age The evidence of
snereased red blaad cell mass the presence of a markedly enlarged spleen
and generahzed marrow Iyperplasir sugeested the possibiity of chrome
m) elogenous leukerma or pehycytherma vera The duagaosis could not be
made with certunty on the wtal vist The st remassion requured 10
mdlicunies of P and lasted exghteen months Following the admsmstration

of an additonal 4 mullicunes of PS the patents hematoerit vetumed to
normal Jevels and she remained free of symptoms for thuty s months
Jonger despate the fact that her platelet rount was not adequately controlled
When the hematoent values ance agun rose to abnormal levels i was de
aded ta use the chematherapeutic 1gent Myleran 1 an attempt to obtain

a satsfactory reduction of erythrocytes leuhocytes and platelets Tius was
snecessful and for six months the b logac \ alues have
satisfactory limits

d withun
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cleatcd red blood cells may be found mn the penpheral blood and bone
marrow Some of the nucleated red blood cells appear to be megaloblastic
m character but do not respond to the administration of vitammn B, There
are a disproportionately large number of immature nucleated red blood cells
which merease as the discase progresses ¢ The white blood cell count 1s
usually low or normal wlule the platelets are often diminished It has been
reported that careful mspection of blood and bone marrow smears wall reseal
myeloblastic 1s well as erythroblastic activity !

No therapeutic procedures have proved effectne The course 1s marked
by a progressne anemia and leuhuma frequently occurs as a termnal
event?

ILLUSTRATIVE CASES

Case 1

This 53 year old white housewife enjoyed good health until 12 months
prior to admission when she had a single profuse noscbleed Six months
later she had 1 fall and examunng herself to ascertamn its effects noted a
non tender mass i the lcft upper quadrant of her abdomen One month
pror to admission she developed dyspnea and ankle edema Eaamination
by her famuly physician revealed splunomegaly and the pahient was referred
for mvestigation

1hysical Examination  The spleen extended almost to the lesel of the
umbilicus and was moderately firn The liver was palpable 2 fingerbreadths
below the nght costal margin The remainder of the physical exammation
was non contnbutory

Laboratory Studies  Erythrocyte count 52 mil per cumm hematocrit
47 per cent leuhocyte count 15000 per cumm  reticulocytes 02 per cen‘!i
Differcntial count (per cent) myelocytes 1 juvemle 1 bands 10 segmente
79 lymphocytes 4 monacytes 1 eosimophils 3 basophils 1 Platelet count
was 426 000 per cumm Bone marrow examination revenled the marrow to
be hypcreellular with hyperplasia of all cell ines

1t was thought that tlus patient had either an early polycythemia vera ot
chromic myelocytic leukemia Treatment was withheld pending further pe
rodic exammations

Treatment and Course  Six months later the diagnosts of poly cythemia
vera was evident She had a very flond complexion the spleen and liver
were unchanged The hematocnt was 59 per cent leukoeyte count I:d 0(20
per cumm platelets 580000 per ca mm The hematocnt was reduc ag
55 per cent after three phlebotomics over the neat eight days and she w

grven 40 millicuries of P orally
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confusion followed by unconsciousness She remamed uneonscious and died
a few hours after admisuion Death was atmbuted to an antracranial hemor

rhage
Autopsy showed extensive intracramal hemorrhage There was evidence
of old mf: of the my dwim and g lized arterioscl Marked

splenomegaly and hepatomegaly were prcscnt \icroscopic exammation of
the biver spleen and bone marrow disclosed chromc myelocynie feukema

Comment The patient died at the age of 78 some ten years after the
ansct of her symptoms Earlier m her illness she was thought to have myelo
cytic levhemia rather than polycythema vera because the hematologic
values wero obtamed after a massiy e gastromntestinal hemorrhage Later in her
course the diagnosis of polycythemia vera appeared to be well estabhshed
Subsequently the patient had many complications of this disease such as
angma pectons intermittent claudication cerebral thrombosis and post
operatn e bleeding Her Bnal (pisode was an tracramal hemorrhage As s
often the case 1t was difficult to determine whether these episodes were due
to her blood dyscrasii or to the diabetes mellitus and arteniosclerosis which
were present It appeared hikely however that the blood dyscrasia was a
tactor The incidence of complications of this type has been reduced by
treatment with radicactnve phosphorus and had this agent been used the
course of her illness rmght have been altercd Late n her course this patient
also developed chrome m)eloc)nc leukerma which was ewident at au
topsy This devel the led problem of the relation
ship between polycy thema vera and myelocytic leukemia and the important
question as to whether there is any relationship between wradiation therapy
of polycythemia and the development of the leukema
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Tlus patient s course has now catended over seven years durnmg which
time she has had no complications and has hved a normal Lfe The difficulty
m obtuning a satisfactory reduction mn the level of platelets 15 well illus
trated

Case 2

A 69 year old wlute housewife with known diabetes mellitus of fifteen
years duration was admitted with a lustory of passing tarry stools for four
days The most sigmficant abnormaliies on physicil examination were

pl galy ind heg galy On this ad the | lobm was 75
gm per 100 ml erythrocyte count was 28 mil per cumm and the leuko
cyte count was 22000 per cu mm Differentinl count (per cent) myelo
cytes 1 juvemle 1 bands 3 segmented 58 lymphocytes 15 monocytes 21
eosmopluls 1 No nucleited red cells were scen Occult blood was present
m the stool but binum studies of the entire g stromtestinal tract revealed
no mtnnsic lesion The stamal mamow was markedly hypercellular and the
myeloid envthroid ratio was 3 1

It w1s thought that the patient probably had chrome myelocytic leuke
mia with gastromtestinal hemorrhage She was treated wath blood transfu
sions wd had ~ satisfactary response Follow up exammations for several
months revealed normal hemoglobin and red count values leuhocyte counts
of about 17 000 pcr cu mm  and a differential count stmlar to that noted m
the hospital Sux months later the patient agam had a severe gastromtestinal
hemorrhage with melena and hematemests Following this episode the hemo
globin was 105 gm per 100 ml red count 33 mil per cumm leuhocyte
count 36 000 per cu mm

After recovery from this hemorrhage the red count rose to 63 milhon
and hemoglobn to 17 to 18 grams and 1t was apparent that the dagnosis
of polycytheria vera was the correct one Her leukocyte count vared from
12 000 to 86 000 per cu mm Because of the discomfort from the size of the
splecn she recened several courses of roentgen therapy over the spleen
which resulted m a reduction of the splenic size s well s reduction m the
leukocytes hematoent and red cell count

When she was 73 vears of age she had anga pectons and mtermttent
claudication During the neat five years the erythrocyte cell count rose to
7 7mul per cumm on several occasions and phlebotomies were performed as
indicated She fell and suffered an mtertrochanterc fracture of the lup Dur
g the operation to pin the fracture there was considerable bleeding two
davs Inter a cerebral vascular accident occurred The pabent wmproved
slowly and retumed home Six months later the patients hematocnit was
45 per cent erythrocyte count 47 mil per cumm but the levhocyte count
had risen to 102 000 per cu mm Differential count (per cent) myelocytes 5
juvemles 8 bands 7 d 70 ytes 8 phals 1 It was 'Iie
chmical impression that the patient had developed leukemia Three wee :
later the patient was admitted to the hospital after an episode of mental




1%
8

4
4

& &

45
46
47
48

50
51

52
53
&

h R

o

57

58
59

60

@
2

6,

53

6

3

ILLUSTRATIVE CASES 237

Lawrence, ] I Polycythemia Physolopy diagno s and treatment based on 303
cases Grune & Stratton New York 1952

Lawrence J 11 Nuclear physics and therapy Prehmunary report an a new mcthod
for the treatment of leukemua and palyeyt] emia Radiology 35 51 1940

Linman J W Bethd] F H and Long M ] Studies on the nature of the plasma
erythropoletic factor(s) J Lab & Chn Med 578 1958

London I M Shemn D West R and Rttenberg D Heme synthess and red
blood cell dyvnames 1 normal humans and m subjects  ith polyeythemia vera
sichle ccll ancrma and pern cious ancrma | Biol Chem 179 463 1949

Martin W J and Bayrd, B D Enythroleuherma with peaal anphass on the
acute or incomplete vanety Bload 9 321 1954

Mendlowitz M The effect of anemia and polycythemia on dig tal intravascular
bload viscosty J Chn Imet .7 565 1948

Monge € Chromc mountain sichness Physiol Rev 23 166 1943

Monge € High altude disease Arch Int Med 59 32 1937

Osler W Chronie cyanosis with polycythaemia and enlwrged spleen a new
clinical entity Am J M Sc 126 187 1903

Osfer W & chrucai fecture on erythracaua Lancet [ 143 1508

Personal observation

Pike G M Folycythema vera New England J Med 258 1250 1297 1958

Paumrose D A Pelyeyd m with hyds halus Lancet 2 1111
195;

2
Ranhard © H and Hahneman B The treatment of polycythema vera J Chron
Dis 6 332, 1957
Reissmano K R Studies on the meck of enythi b 1l n parabt
otic tats dunng hypona Blood S 37.. 1950
Roscnthal N and Bassen F A Course of polycythemia Arch Iat Med 62 603
938

1

Schwartz B M and Stats D O ygen aturaton of sternal marrow blood mn poly
cythemiavera J Chn Imet .8 736 1949

Schwartz § O and Cnichlov J  Erythremic myelons Blood 7 763 1952

Schwartz § O and khilich L™ Ile relat on p of polycytlienia vera to leukemia
A cntical review Acta haemat 4 129 1950

Selzer A Chromic cyanons Am J Med 10 344 1901

Stroehel C F Hall B T and Pease G L Esvaluation of radophosphorus therapy
i prmary polycyth mia J AMA 146 1501 1901

“Thompson A P and Marsan b G W Polycythaemia with fibroids Lancet 2 7.9
19!

Twney W S Hall B b and Cofin H £ The lver and spleen m polyeyttemua
vera Proc Staff Meet Mayo Chin 18 46 1943

Vdlentire W N Beck, W S Follette J H Aills H and Lawrence J S Bio
chemical stud es an chrome myclocytie leukerma polyeyt) emua vera ‘and ofh er
idiopathic myeloprohferative disoders Blood 7 959 1952

Videback A Iolycythumia verr Course a1 d progno 1s Acta med scandinav 138

179 1940

Wald, N Hoshino T and Sears M E  Therapy of polycythemia vera with
Myleran Blood 13 757 1958

Was ermain L R Polycythem a vera=1ts course and treatment
metaplasia ar d Jeuherma NY Acad Med Bull 30 343 19

Wseman B R Rohn R J Bouxncle B A and Myas W G The treatmert of
polycytl emia vera with rad oactnve plosphorus Ann Int Med 34 311 1951

1elation to myelo d
31



236 FUNDAMLNTALS OF CLINICAL HEMATOLOGY

10 Contopoulos A N McCombs R Lawrence J I and Simpson M E  Enth
ropaictic activaty 1n the plisma of patients wath polycythemia vera and second
wy polycythamia Blood 12 614 1957

11 Cooper W M and Tuttle W B Polycythenua associated with a bemgn Lidney
lesion Report of a case of erythrocytosis with hydronephrosis with remussion of
poly cythenua following nephrectomy Ann Int Med 47 1008 1957

12 Damesheh W and Henstell H H  The diagnosis of polycythemia Ann Int Med
13 1360 1940

13 Dameshek, W Some observations on polycythenmna vera Bull New England Med
Center 16 53 1954

14 Damesheh W  Some )l on loprolifcrative d Blood 6 372

15 Dameshek W and Baldim M The di Gugliclmo syndrome Blood 13 192 1958

16 Damon A <nd Holub D A Host factors m polycythemia vera Ann Int Med
49 43 1958

17 Elbson R R Gusberg V and Watson J Tnethylene meJammne i polycythemia
vera Cancer 6 327 1953

18 Erf L A Radioactive phosphorus m the trcatment of pnimary polyeythemia (vera)
In Tocantins L M Progress in Hamatology Vol 1 Grune & Stratton New
York 1956 p 153

19 Enlev A Humoral regulation of rcd cell production Blood 8 349 1953

20 Tisher J M Bedell G N and Sechohm I M Dilferentiation of polycythemia
ver and secondry polyeythemua by arternil oaygen saturation and pulmonary
function tests J Lab Chn Med 50 455 1957

21 Forssell J  lolycythemia and hype l Actr med d 150 150
1954

22 Gottschalk R G and Furth J Iolyeythemin with fetures of Cuslungs syndrome
produced by lutcomas Acta hacmat 5 100 195

23 Grant W C and Root W S Fund 1 stunulus for or Phystol
Rev 32 449 1952

24 Gumey C W Goldwasser L and Pan C  Studics on crythropoiesss VI Enyth
ropoictm 1 human plasma J Lab & Clin Mcd 50 534 1957

25 Halloch P Polycythemia of morbus caerulcus (cyanotic type of congenital heart
disease) Proc Soc Exper Biol & Med £ 11 1940

26 Harrop G A Jr Polycythenna Medicine 7 201 1928

27 Holmes C R kredel F [ and Hanna C B Polycythemia secondary to brain
tumor South M J 45 967 1952

28 Horwitz A and Mchelway W P Polycythemia associated with utenne myomas
JANMA 158 1360 1955

29 Hulf R L Elmbnger P ] Carcia ] F Odx J M Cochrell M C and Lawrence
J H Ferroknetics i normal persons and in patients having vanous enythro
posctic dusorders J Chn Invest 30 1512 1951

30 HWF R L etal Plima and red cell won turmover 1 nonmal subjects and m pa

trents having various hematopaictic disorders J Chn Imest 29 1041 1950
Hortado A Merno C and Delgado £ Influence of anoenua on the hematopos
etic actinaty Arch Int Med 75 284 1945

32 luacs R Treatment of pohieythemia vera with Darpnm JAMA 156 1491

1954

o
2

Jiwobson L O Goldwa ser E Fried W and Jl2tk T Role of hidney enryth
ropowesis Nature 179 633 1957

Rlem E Fuber § Freemmn C and Fuorentmo R The effects of vanng con
centrations of human platelets and their stored dertvatrves on the recalafication
time of plasma Blood 11 910 1956

35 RKlemperer P Reticuloendothelioss N Acad Med Bull o0 5.8 1954

36 humle € R A case of Caibucks discase (polycythaemia hypertomea) M J

Australa 1 777 1954

37 Lawrence ] H The control of polycythemia by marrow mhibiion JAM A 141
13 1949

Lawrence J H Berln N I and Huff R L The nature and treatment of poly
cythemia vera Mediane 32 323 1953

3

&

3:

=

3

&



BLOOD COAGULATION 239

The defense of hemostasis can then be divided convemently nto a
vaseular and a biochemucal phase The vascular phase of hemostais has
recened hitle atteption when compared to that gwen the hiochemical as
pects The response of the vessel to injury the role of the vascular endothe
hum m reparr and the factors responsible for the of the
junchional efficiency of the vascular wall are Jithe understood The wmpor
tance of the vessel wall 1 hemostasis 1s evidenced by the fact that the
platelets may be reduced and the blood made biochemucally incoagulable
wathout the occurrence of purpura or hemorrhage Thus 15 a promising area
for rescarch and deserves more emphasis

On the contrary a great deal of mformation has been gathered cancem
mg the process of blood coagulation It 1s with tins phase of hemostasuis that
this section 15 primanly concerned While much of our knowledge of blood
coagulation 1s based on empinc lab y tests 1t has heless found
extensive clmical application The theory of blood coagulation to be pre
sented 1s but an expansion of d)e classic theory developed at the tum of the
century The vanous disord £ h will sub ly be presented
within the, sime frameworh

As an aid to the reader a list of synonyms 1s given helow 39 4

TERMS USED IN TEXT SINONIAS

Autihemoplubic factor (AHF) Antihemophulic globulm (AHG)
Thromboplastmogen A
Factor VIIL

Platelet co factor 1
Anthemoplnbe factor A

Plasma thromboplastin component (PTC)  Chnstmas factor (CF)
Factor I\
Autoprothrombin 11
Antihemophalic factor B
Beta thromboplastin

Factor V Accelerator globulin ACG

Pro accelenn

Labile factor

Co-factor of thrombaoplastin

AC globulin

Serum prothrombin convyersion

accelerator (SPCA)

Pro-convertn

Stable factor

Co thromboplastin

Prothrombin accelerator

Autoprothrombmn I

Stuart Factor Stuast Prower Factor
Factor \

Factor VII



CHAPTER VI

Blood Coagulation.
Theory and
Clinical Applications

INTRODUCTION

IT 15 not surpnsing that the events responsible for hemostasis have been so
extensiely studied The process by which fluid blood becomes a solid clot
has stured the cunosity of many and the consequences of the faiure fo
mantam hemostasis m a vanety of disorders have lent further impetus to
the study New techmques for the mvestigation of these problems have
recently become avalable Application of these techmques has made possi
ble the development of a useful concept of blood coagulation and led to a
better understanding of many of the blood dyscrasias which result i abnor
mal bleeding Advances i therapy have occurred as the result and the
chnician 1s now better able to cope with these distressing disorders

Hemostasis 15 the end result of 2 senes of related but not necessanly
mterdependent events Damage to a vessel wall s followed by mmmediate
but temporary reflex vasoconstriction In some manner as yet unknown
platelets are attracted to the site of injury and agglutinate Duoring this
process of aggl ation a v setor sul 15 released
from the platelets Serotomun affords a more prolonged vasoconstriction of
the damaged vessel and causes vasoconstriction of other vessels in the imme
diate vieimty as well

This imtial defense of hemostasis 1s followed by the formation of a fibrm
clot which effectively seals the vessel Later the clot is replaced by connec
tive hssue and undergoes dissolution Reparr 15 then complete

d
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of new factors necessary for the develop of normal thromboplastm
actvity The general design of these myestigations 1s simple An vm'o test
system 1s employed The defect of the plasma serum or platelets of the
patient under mvestigation 15 wdentified by successive substitutions of the
corresponding fraction of normal blood until the coagulation defect 1s cor
rected Thus localized to either the plasma serum or platelets the defect
15 further 1dentified by companng the defective fraction with comparable
tractions from patients with known defects In this way it can be determmed
whether the defect under study 1s the result of the deficiency of a known or
previously unknown factor

The result of such studies has been an expansion of the classic theory
of coagulation ¢

PRESENT DAY THEORIES OF COAGULATION

For purposes of discussion the coagulation of blood may be considered
to occur m three stages During the first stage thromboplastin actvity de
velops as the result both of the coagulation factors n the blood and the
admuxture of tissue juices and plasma The blood (mntrnsic) and tissue
(eatninsic) systems responsible for the development of thromboplastin ac
twity may be separated in vitro and shown to be mdependent and equally
potent There seems httle doubt that they both function 1n the physiologic
defense of hemostasis The second stage of blood coagulation 1s the conver
s1on of prothrombm to thrombin The evolution of thrombin from prothrom
bm will occur m the presence of thromboplastm achwity and ealcium rons
The third stage of blood coagulation 15 the conversion of fibrmogen to
fibrm 1n the presence of thrombin Each of these stages will be discussed
separately

The Devel of Thromboplastin Actrvsty

¢ (;

The first stage of blood coagulation may be outlined as follows

Extrinsic {Tissue) System Intrinsic (Blood) System

Tissue Factors or é‘lﬂg Plgt;k's

Factor Y1 Hogeman Factor

+ +

Factor ¥
Stuart Factor
catt

Thmmboplus!hn Activity
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HISTORICAL ASPECTS

The current concepts of the process of Jation are better
when vicwed in Iustoric 1l perspective For details of the early history of the
study of coagulation the reader 15 referred to the reviews by Gamgee m
1880-% and Howell 1n 193534

In 1845 Buchanan'® noted that a substance was formed during clotting
which when extracted from the clot would cause the coagulation of serous
flurds The sub which Bucl had d ed was thrombin In
1859 Dens $ demonstrated that a material which was the soluble precursor
of the fibrin of the clot was present mn the plasma, This protemn was named
fibrmogen Schmidt,® working along similar Lines i 1872 concluded that
the formation of fibrin was due to the interaction of fibnnogen and serum
globulin i the presence of thrombm He noted that the clot promotng
substance thrombin could be extracted after a clot was formed but no such

bst: could be d ated 1n the hquud state From this observation
he concluded that thrombm was present m the cuculatng blood ta an
mactnv e or precursor state and the concept of prothrombin was evolved In
1879 Hammarsten #° using a better method of preparation of fibrnogen
demonstrated that 1t could be converted to fibrin 1n the presence of throm
bin without the parhicipation of serum albummn or globulin

In 1878 the yreat French hematologist Hayem?® first demonstrated that
the platelets are distinct from leuhocytes and suggested that they play a
role n congulaton He described the weblike fibnllar structure wlich oc
curred dunng the agglutination of platelets and postulated that this struc
ture reacted with fbrmogen,

In 1890 Arthus and Page” proved that calcium was essential for the
coagulation of blood It was shown that substances which bmd or remove
caleium from the blood prevent coagulation

At the turn of the century Morowitz © was able to formulate the classic
theory of coagulation It 1s summanzed as follows

Thrombokinase®
1ot Thromk
Ca++
Thrombin
Fibrnogen ———————————— Fibnn
The classic theory which was simple and agreed with the known facts
remawmed unaltered until recently As additional factors essential to the
process of lation were dr d of the scheme became
necessary but the classic theory remams the basis of most of the modern
theortes of coagulation

The most important contributions to the theory of coagulation have been
concerned with the development of thromboplastin achvity The exact na
ture of the matenial ble for the of prothrombm to !hr(:_m
bin 1s unknown and for purposes of d. 15 di d as “th
plastin actvaty ™

Studies of patients wil

* Thromboplastin activity

1

P

th disorders of hemostasis have led to the discovery
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of storagie at 4 C but may fall off rapudly thereafter ** Fresh frozen plasma
retans 1ts PTC acteaty for long penods

Plasma thromboplasin antevedent (FTAY! was dmeovered as was
PTC dunng mvestigation of persons with hemophaba Ihe states Itas thought
to be a globuhn, and mugrates wath the beta globubns electrophuretically €
Smce 1t 1s not consumed dunng coagulation 3t 15 present wn both plasma
and serum Unlde PTC st 15 not adsorbed by worganic precypitating com
pounds and 1 present m BaSO, adsorbed plasma PTA actoty persists
frosh frozen plasma for at least two years and for up to four months
plasma stored at room temperature ¢

The Hageman factor was teeognzed when a panent was discovered
whose blood thd not coagulate m a normal pennd of tume on contact with
a glass surface The patent had no cimeaf disorder of coagulation Hageman
factor 15 not adsorbed when plasma 15 adsorbed with BaSO, nor 15 1t con
sumed dunng ceaglaton ® ™ It has been suggested recently that the
Hageman factor may play 2 role m the mbation of the clotting process
Inhbitars m the bleod aie beheved to heep the fictor m an wmactive state
Eaposure to glass actvites the Ha eman factor wluch may imtate clotting
The active factor 15 then ensnvmincally destroyed stopping 1ts achon #

The platelets contubute to the eardy phase of coagulation m the mtrisic
s3stem > 3 The disruphion of the platclets and subsequent release of thew
granules seem of great wnportnce  The active matenal i the granules 1s
thought to be cthanolamme phosphatsde Platelety alse camry serotonmn
{8 hydroaytry ptamime) which s capable of banging about sasoconstnetion
The role of this matenal i hemostasis howeser 15 not completely de
fined.tr #

The above named factors are now known to play a role m the early
phase of the formation of thromboplastin athvity in the wtnnsic system
New factars will skely continue to be wolated and old factors redefined
resulting m a better understwdmg of corgulahion

tddisonal Factors  From this pomt the eatnnsic (tssee) and the
wtnngic {blood) systems follaw a common pathway resulting ta the develop
ment of thrombopk actnaty  Add 1 factors are necessary for enther
system to proceed

Factor V15 probably formed m the biver but 1s not vitamm h dependent
it 15 found only m the plisma as ot 15 1 dunng the ¢ \? of
bload The time at whick o onters the coagulation schieme has Been ivesty
gated.  * and at secms 1o play an important part i the later phases of
thrombop) st formation Factoer ¥ 1 not adsorbed by worganie precipstat
g compounds wnd remams 1 BaS0, adsorbed plasma It mgrates between
the beta and gamma globulms on iter paper electrophoresis

The Stuart factor-* # has but recendy had sts dentity established. It 55
found m the serum as 1t 15 not consumed dunng coagulation It 1s adsorbed
by worganse preopatating compounds and s relatnely heat stable The
Stuart factor has no doubt bien confused i the past with Factor VI since
the two have many propesties 1 common
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The two systems capable of developing thromboplastin actvity are mtially
dustinct but utihize a common final pathway Both systems develop equally
potent thromboplastin actmty though the rate of its development 1s more
rapid mn the extrinsic system 2

The Extrinsic System  The extrinsic system requires a source of tissue
factors All tissues probably contamn the factors essential to the development
of thromboplastin activity and contnibute to the physiologic defense of
hemostasis Bramn or lung tissuc 1s generally used as a tissue source mn the
performance of coagulation tests For many years it was thought that these
tissues contawned one active principle but myvestigation has now revealed
that they contain a complex of heat stable and heat labile fractions ¢ It 15
well to recogmze that the nature of this complex 1s not completely under
stood and that 1t 15 1 all probability the end result of a senes of chemical
and enzymatic reactions

Factor VII 1s one of the plasma factors essential for the development of
thromboplastin activity from a tissuc source This factor s apparently
formed in the Inver and like prothrombin 1s dependent on vitamin K for 1ts
continued production Factor VII 15 not ¢ 1 during the coagul
of blood and 15 found 1n both plasma and scrum It 1s adsorbed by 1norganic
precipitating compounds (BaSQ; ete } and 1s relatively heat stable® Fac
tor VII behaves as a beta globulin on electrophoresis It 1s not considered
to play any role mn the production of thromboplastin activity by the mtrinsic
system 2 3¢ 51

The factors y to the dev of thrombop
activity by the eatrinsic system are esscntial to the mtnnsic system as well
They will be discussed following 1 descrniption of those factors umgque to
the ntrinsie system

The Intrinsic System  Among the factors essential for the mtrinsic s3$
tem 15 the annhemophilie factor (AHF) !# *1 so named because a deficiency
of thus factor 1s responsible for the blecding diathesis 1 classic hemophilia
It 15 a globulin but the site of 1ts production 1s unknown AHF 1s relatuely
short hived mn the body wath a half life on the order of 8 to 24 hours It 1s

d dunng lation and 1s therefore found only m the plasma **

AHF 15 not adsorbed by the morganic precipitating, compounds and 15
present w BaSO, adsorbed plasma The activity of AHF i plasma or whole
blood dumimishes rapidly on storage under standard blood bank conditions
but will persist when fresh frozen plasma 1s stored at —~30° C ° It s rela
tively heat stable AHF has not as yet been obtamned in pure form

Plasma thromboplastin component (PTC) was discovered dunng the
mvestigation of persons with hemophilia hke bleeding disorders3 4 1
Ths factor unlike AHF 15 not consumed in coagulation and 15 found both
m plasma and serum It 1s adsorbed by organic precipitating compounds and
1s not present 1n BaSO, adsorbed plasma Though PTC 1s relatnvely heat
[abile 1t fares somewhat better on storage at 4° C than does AHF® P1C
actvity can still bo demonstrated i near normal amounts after two w eeks

1
P
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1t will be recalled that the comversion of Abrinogen to fibnn 1 the fnal
phase of coagulation was recogmzed n 1859 by Derus when be demon
strated the existence of brinogen

Fibrmogen 15 formed n the hyver and 1s present i the blood  a con
centration of 300 mg per 100 m} Its molecular weight 15 430 000 and 1t 35
avastable 1 a nghly punfed form

Fiban s formed when thrombu 15 added to fibimogen ¢ ©* #¢ © Thiom
bn has the abihty to spht arging Ighy cine bonds of the fbntogen moleculs to
form a monomer of fibrin and two peptides A and B * 3¥ Polymanzation of
fibon occurs mdependently of the presence of thrombin to form a fibnn
pelymer Physiologic Sbnn 1s then formed through the action of anather
plasma substance at present undefined ** i the presence of Ca+* jons
The clotting tune of Bbrnogen 1s mversely p al to the conc
of thrombmn

The schematic diagram of the theee stages of blood coagulation may
now be gathered together and considered as a whole

Extrinsse {Tissue)} System intnnsic (Blood) System

AHF Platelets™
Tissue Foctors or PTC PTA

Foctor Y1 Hogeman Foctor ..

+ *

Factor &
Stuart Factor
Catt

Prothrombin  Thromboplostin Actiity Thrombin
co¥t

. Throtbin Fibris M + Pephides AaB

A

Fibrin Polymer

Fibrin
Stadbilizing Foctor
Catt

Physiologital Fibrin
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Calcium 10ns are y for the devel of thromboplastin ac
tivity m concentrations of between § ind 20 mg per 100 ml Marked pro
longation of coagulation time occurs only when the calerum 1s below 25
mg, per 100 ml and these levels are not seen climcally  The effcctiveness
of oxalates and citrates s anticoagulants depends on thewr ability to bind
calcrum

The Converston of Prothrombm to Thrombin

The sceond stage of blood coaguliion may be outhined as follows

Prothrombin  Thromboplastin Actvity  Thrombin
cett

The conversion of prothrombimn to thrombin 1s brought about mn the
presence of thromboplastin activity and Ca++ 1ons ¢

The existence of prothrombin was suspected by Schmudt in 1892 and
smee that time this matcnal has been eatenswvely studied ¢ Prothrombin has
a molecular weight of 627003 Eightecn ammo acids and hexosamine have
been identified in the molecule Glutamic acid aspartic acid and argume
make up approxmmately 33 per cent of the protem mirogen On clectro
phoresis prothrombin behaves as an alpha 1 globuhn It 15 formed i the
Lver and 15 dependent on adequate ntake of vitamm K for its production

Thrombin 1s quite simlar to prothrombm 1n 1ts amino acid content and
the amount formed 1 the presence of thromboplastn activity and Ca*™*
vares dircetly with the amount of prothromt labl hrombun 1s not
present m circulating blood It 1s the material found i shed blood which
was shown capable of clotting flid from strous cavities by Buchanan 1
1842 The molecular weight of thrombin 15 40 000%% A umt of thrombun 15
defined as that amount of thrombin necessary to clot 1 ml of standard
fibrinogen solution m 15 sec at 28 C Thrombun has been highly punfied
Some of the preparations contan 12000 units/mg N

The Conversion of Fibrinogen to Ftbrin

The final stage of blood lation may be Jered to occur thus

Fibrinogen __T0OMbIN oy Monomer + Peptides A8B

Fibrin Polymer

Fibrin
Stabtlizing Factor
catt

Physsological Fibrin
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Recent evidence!® ¢ *8 indicates that heparmn acts i 1o and m witro
by mterfermg with the development of thromboplastn activity This 1s
suggested by the fact that neither the antihemophilic factor nor Factor V 15
consumed 1n 1ts presence There 1s also direct interference wath thrombo
plastin activity at igher conc This antithrombopl activity
may be the mamn mode of action of hepann though it 1s known to have an
antithrombin effect as well 1n the presence of alburun 3

FIBRINOL1SIS

The fibrin clot which 1s the end product of coagulation of blood must be
removed once 1ts function has been served It 1s thought that the proteolytic
enzyme plasmm (fbrmnolysm) 1s responsible for the destruchon of the
fibnn clot The mechanism by which the mert form of plasmn (plasmimo
gen) 1s comverted to the active enzyme probably entails a number of steps
and 15 not completely understood ¢ It 1s known to occur spontaneously and
1n response to fear exercise and trauma ¢ It has been suggested that certamn
types of hipids present i the plasma may affect the mechanism %

EXAMINATION OF THE PATIENT WITH HEMORRHAGIC
DIATHESIS

The most accurate chnical diagnoss in the case of hemorrhagic diathesis
1s reached when a speaific defect 15 demonstrated and 1its cause determined
To attamn this goal special laboratory techmques are often required i the
course of the diagnostic examination which begins when the patient consults
hus physician because of abnormal bleeding As wath any diagnostic prob
lem however the physician notes the character of the symptoms and signs
then proceeds m an orderly manner to a consideration of the vartous dis
orders known to produce such complamts With constant review of the
evidence collected durmng the course of his examiation the physician 1s
able to exclude certamn disorders while pursuing others with mereased mn
terest Final 1dentification of the cause of the complamnt allows mstitution
of rational therapy

History

It 15 sometunes difficult to estabhsh whether a particular patient has a
hemorrhagic diathesis or not The answer may be obwvious if the patient
presents with purpura or hemarthroses but may be elusive when a patent
with a hustory of “easy bruising 15 to be evaluated prior to electise surgery
The presence of a | hagic di 15 best d d by the history
as results of laboratory tests are often vanable during the course of these
disorders A history of abnormal bleeding 15 far more sigmficant than a
battery of negative laboratory tests
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No theory of blood coagulation may be considered fact until the chem
cal reactions responsible for the gul of blood are elucidated. The
one presented 1s but an expansion of the classic theory and remains empune
Deletions or additions must be made as old factors are reconsidered and
new factors make their appearance Despite ats defects this theory serves
as a useful chinical and laboratory guide

PHYSIOLOGIC ANTICOAGULANTS AND FIBRINOLYSIS

The mechanisms responsible for keeping the blood find within the
vascular system have not been clearly defined It seems reasonable that there
must be a delicate balance between those forces tending to produce coagula
tion nd those tending to whibit 1t There must also be measures by which
the body can dispose of a clot once reparr of a vessel 1s complete Failure of
the blood to remain flurd within the vascular system results mn a local throm
bosis which may then be the source of embol: to other parts of the vascular
system A thrombosis may bring sudden death to any patient forced to
mnactity by disease surgery or childbirth Studies of this aspect of coagula
tion are of considerable mportance mn all felds of medicine and there are
few felds 1 which new methods of approach are more urgently needed

Antithrombin

Thrombin has been noted to be an extremely potent proteolytic enzyme
and must be removed or m some manner d foll physologte
coagulation or all of the blaod mn the body would soon be clotted There
re one or more substances which may bring about progressive mactivation
of thrombm Partial purification of one such substance** has revealed it to
be a globulin This antithrombin forms a stable compound with thrombin
which has been termed metatk bin Another antitl bm 1s thought *
to be present m the albumun fraction of the serum The action of this latter
substance 1s enhanced by heparm

Thrombu 1s also adsorbed by fibrnn and thus mactivated Stll other
antithrombin activities have been postulated &

Hepanin 15 1 mucopolysacchande which 1s sular to the chondroitin
sulfuric acid of cartilage It was 1solated from the Iiver of dogs and contams
large quantities of glucuronic acid (26 per cent) and glucosamme (23
per cent) ® Hepann has not been 1solated from tissues of the human body
and its presence 1n the circulaning bleod of man 1s disputed

Heparm 1s used chmcally as 1n anticoagulant and 1ts action mav be
quantitatively neutralized by protamune ' It 1s nteresting that thus reaction
with protamine was discovered by mvestigators searching, for a materral to
prolong the action of heparm They chose protamine because of its action
1 slowng the release of msulin from subcutaneous depots
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Recent evidence?® 1 48 mdicates that hepann acts m vivo and m vitro
by mterfering with the development of thromboplastin actwity This 1s
suggested by the fact that nather the anthemophilic factor nor Factor Vs
copsumed 1 1ts presence There 15 also direct mtexferencc with thrombo
plistin activity at tugher Ths i t actnaty
may be the main mode of uction of hepann, though it 1s l\nown to have an
antithrombm effcet as well in the preseace of albumn *

FIBRINOLYSIS

The fibun clot which 1s the end product of cosgulation of bload must be
remos ed once s f\mcnun has been served Jtis thought that the proteolyic
engyme plssmn (bnnolysm) s ble for the d of the
fibnn clot The mechanism by which the wert form of plasmm (plasmino
gen) 1s conserted to the active enzyme probably entais a number of steps
and 15 not completely understoad ® 1t is known to occur spontancousty and
m response to fear exercise and trauma* It has been suggested that certuin
types of lipids present m the plsma may affect the mechanism

EXNAMINATION OF FHE PATIENT WITH HEMORRHAGIC
DIATHESIS

‘The mast accurate climical diagnosis i the case of hemorrhagie diathesss
1s seached when a speaific defect 1s demonstrated and s cause determumned
To attan this o1l special laboratoiv techniques are often required m the
course of the diagnoshe exammation which begms when the patient consults
his phiysicaan because of abuormal bleeding As wath any diagnoste prob
lem however the physician notes the character of the symptoms and signs
then proceeds m an orderly manner to a conuderation of the vanous dis
orders known to produce such complamts With constant review of the
evidence collected dunng the course of his examinaton the physician s
able to exclude certan disorders while pursumg others with creased in
terest Final xdentification of the cause of the complant allows mstitution
of ratonal therapy

History

Itss dhfficuit to establsh whether a 1 dar patient has a
hemorrhagie drathesis or not The answer may be obvions of the panent
presents with purpura or homartheoses but may be elusive when a patient
wath a hastory of “easy brutsing” 1s to be cvaluated pror to elective surgery
The presence of a hemorrhagie diathesss s best dumonstrated by the hustory
as results of labaratory tests are often vamble dunng the course of these

d A historv of ab 1 bleedmg 15 far more significant than a
battery of negatne laboratory tests
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Tho listory obtaned from a patient suspected of having a blee
diathesis should begin with a detailed revicw of the cvents of his birth
early childhood Many disorders of hemostasis are familial and mamfe
soon 1fter delivery Speerfic inquiry should be made as to the oceurn
of excessive bleeding from the umbihical cord or following circumes
Prol d bl g or ¢ bruising mn the wake of mnor trauma sh
be regarded with suspicton Tonsill y and adenod are ¢
lenges to which many cluldren are subjected and to which a chld wi
hemorrhagic diath may respond at U O 1 epistans 15
unusual 1 childhood but rep 1 or severe 1s cause for conc
Loss of the first teeth during childhood 1s often accompanied by shght ble
g but persistent bleeding 1s evidence 1n favor of a hemorrhagie diathi

On reaclung adult hfe the hemostatic defenses of the patient contt
to be challenged The female patient may note excessiv e menstrual bleed:
Pregnancy and subsequent delivery further test hemostasis In the ev
that excessne bleeding occurs with delnery or menstruation eff
should be made to determine whether some obstetne or endocrme ¢

dition rather than 1 defect n 1 could be ble for
bleeding Mimor cuts and scratches sustained n the hatchen or garc
constantly test the effi of Operatnve p 1 constit

important diagnostic tnals of hemostasis and the result of each should
recorded The oozing of blood from the gums after brushing the teeth occ
occasionally in normal persons but 1s of significance 1if severe or persiste
Men are daily eaposed to mmor razor nicks and will remember excess
bleeding because of the inconvemcnce 1t causes It 1s clear that the m
important tests of hemostasis are those afforded by the stress of day to d
lfe about the home or while at work The results of these tests are availal
to the physician for the ashing

The famly hustory is of paramount mmportance n determining if t
defect 15 congemtal or acquired It 15 essential to discover whether a
members of the patients family arc hnown to be “bleeders ™ If 1t appe:
likely that others do have a hemorrhagie diathesis the physicin shou
then examine as many members of the famuly as are available This 15 mmpc
tant not only to the patient at hand but for purposes of counseling membe
of the family group Such studies wall allow the physician the opportunt
of contributing to the general understanding of the genetic mechanist
mvohved

The onset of abnormal bleeding at burth or duning nfancy 1s stror
evidence that the disorder was genctically transmitted and a negative fam
lustory does not rule out the possitbiity Some disorders of coagulation ai
transmtted by genes that are autosomal recessnes and the patient must L
homozy gous for the abnormal gene in order that its presence be climeall
apparent The child 1 question may be the first member of the famil
homozy gous for the abnormal gene or may represent a mutation The paticr.
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may be assumed to have an acquired hemorrhagxc drathesis 1f he has reached
adult bfe befare the anset of ak ding and has a negative family
fustory

Pliysical Lxanunstion

Onee st ss estabbshed that the pattent has a defect i hemostasis it s
lmpcnant to determine what phase of hemostasss ss defectne and if the
1c diathesis 15 of the acquured type lhe nature of the underlymg
disease The physical with to the charac
tenstics of the abnormal bleeding wall usually provide helpful mformation
A dhsorder of the vascular phase of hemostas:s 15 suggested by the finding
of petechsae ecch and fesal brusing Chr ty these
lesions are found m the skn of the extremuties and over pressure pomnts The
most common sites are the lower legs and ankles but the forearms winsts
and buttocks are frequently mvohed Petechiae may also be scen m the
mucous membranes of the mouth and on ophthalmoscopis exammation of
the retma. The ecchymotic lesions of semle purpura ace located ayver the
dorsum of the hands and feet where there 1s but scant suboutaneous tssue
to provide support for the vessels The occurrence of purpunc lesions only
1 the skan of the hands fect and ears suggests the presence of a cold pre
cipitable protew or cold aggintinin as these areas are most subject to ex
posuse to the e Petechwal b h widely d over the
tronk as well as the extrermbes may be the result of a nchettsial bactenal
or viral infechon A clue as to the ehology of the purpura may be found
the associated dermatologic lessons The Schoenlem Henoch syndrome s
charactenstically associated with a vanety of shm lesions and erythema
edesma and necrosis of the shin hav e all been noted The presence of eczema
fuves or wheals may mdicate that an allergy s the mutng canse of the
purpura while the fnding of purphsh red mfiltrations of the shin assocated
with petechiae and ecchymoses might point to a leuhemse process
A disorder of blood coagnlatton i suspected m the presence of jount
b ' farge h angd post h The yomt
wie which bleeding has oceurred as paieful and swollen and the presence
of fluid 15 usually demonstrable Later there may be ankylosis and residual
bone destruction AN jomts sheuld be carcfully examined for evidence of
prior hemorthage Hematomas may develop at any site hut occur mast fre
quently w those parts of the body exposed to trouma Truly spontaneous
hemorrhage 15 very Tare but the amount of auma necessary fo produce
hemorthage may be shight indeed It has been reported, for example that
hemorrhage nto s vocal cord may occur wiule a patient 1s singing Common
locations of deep hematomas are the tongue neck, buttorks and extremties
The ce of bleeding foll 1 Opetative or dental rauma or s
hould alert the ph tothe ity of 3 bleeding dy scrasia
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Other detatls of the physical esxammation are also mportant Ophthal
moscopic examination of the retina may reveal retnopathy compatible with
the presence of leukema thrombocytopema anemia or polycythema Of
these only the lesions of leukemia are specific The pertvascular sheathing
of the retinal veins seen m ths disorder 1s thought to represent collections
of leuhocytes Subhyaloid flame shaped or punctate hemorrhages may be
seen in patients with severe ancmia or thrombocytopena Distention of the
vems and a diffuse plcthora of the retina are often present n polycytherma
The presence of hemorrhagic lesions with pale centers 1s suggestive of endo
carditis though simular lesions may occur 1n anemia and 1n tuberculosis

The gums of patients with leukemia may be swollen and cozing blood
Ulcerations of the buceal mucosa and posterior pharynx are also commonly
associated with thus disease The mouth 1s also a frequent site of the lesions
of hereditary hemorrhagic telangiectasia

Laboratory Exammnation

Following completion of the clnical exammation of the patient the
physician must tumn to the laboratory for further information as to the nature
of any defect n hemostasis which he has uncovered It 1s mmportant that he
undcrstand just what iformation laboratory tests do and do not afford The
tests which are used to identify defects m hemostasis are empinc The
reagents used m the performnce of the tests are not pure and the reactions
mvolved are largely unknown Their usefulness 1s directly related to the
expenience of the technical staff who must perform the tests and the ability
of the physician to mterpret them

The technical staff must be famihar with the range of normal results m
their own Iaboratory Results considered to be within the normal range
one laboratory may not be so considered m another The constant use of
normal controls 15 essental if meamngful results are to be obtamed The
physician should become thoroughly familiar with the laboratory tests avail
able to lum He should know somethmg of the nature and punty of the
reagents used the techmque of performing the tests and the calculations
used to derne the results recorded n the chart He will then be able to
nterpret correctly the results of these empiric procedures and so obtan
much useful information

The platelet count bleeding tme tourniquet test and estimation of re
traction all measure the adequacy of the vascular phase of hemostasis The
plaielet count 1s quantitative and affords mformation as to the number of
circulating platelets ! The factor used m calculating the result of the i
direct count 1s from 2500 to 5000 and that used i the direct count from
1000 to 1500 A vanation of 10 platelets counted by esther method may
result in a dulference of 10 000 to 50 000 platelets per cubic millimeter bemg
recorded n the chart A careful exammation of the peripheral blood smear
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often affords as much mformation as the quantitatine cnumeration of the
platelets

The bleeding fime 1s designed to test the response of small vessels to
mjury ~ It 15 immediately apparent that variitions i the thickness of the
shin and the distribution of the vesscls combine to prevent umformity of
the test from patient to pattent or mdced 1n the same patient from day to
day Tt 1s bihcly that the Ivy method of obtaming the average bleeding hime
of three uniform punctures of the skin of the inner surface of the forearm
has some advantage over that obtamed from the more commonly used single
ear lobe puncture Agamn it should be pointed out that the rehability of this
test 1s directly related to the expenience of the person downg 1t False posiive
as well as false negative results may be obtaned

The tourmquet test 1s perhaps less rehable than either the platelet count
or the bleeding time Designed to test the response of the small vesscls to
stress 1ts reproducibihity 1s depressingly rare Munor varations from normal
are unrelable and major vanations can m many mnstances be predicted in
advance When 1t scems obvious that the tourniquet test will be positive
the performance of the test with the attendant discomfort to the paticnt 1s
perhaps unwise

Both the speed and completeness of clof retraction have been correlated
with the quantity and quality of the platelets in the blood In addition to
reflecting alterations m platelet number and function clot retraction 15 af
fected by the red blood cell volume Clot retraction 1s also mfluenced by
certamn disease states among wluch are multiple myeloma pneumoma and
Jaundice 1 47

The one stage prothrombmn t1me 15 used to reveal deficiencies of those
factors essential to the conversion of prothrombin to thrombin 1n the pres
ence of fissue thromboplastn actvity The factors which influcnee the re
sults of the test are Factor V Stuart factor Factor VII and prothrombn
Since the end pomt of the test 1s the formation of a fbnn clot a deficiency
of fibrinogen will also be revealed This test despite 1ts lack of specificity
still 15 of great chnical importance *

The coagulation time 15 another non specific test which measures the
over all eff of blood Jation *@ It 1s a rather msensitine test
and moderate abnormalitres of the first stage of blood coagulation may go
undetected It 15 most accurately performed by the Lee and White four tube
method Care should be taken that an admisture of tissue Juices with the
blood daes not occur dunng empunctuse

The Thromboplastn G. Test The thrombopl
test has proved to be one of the most 1mp tests of blood \f e
It will reveal any deficency of the coagulation factors esscnbal to the
development of thromboplastin actnty 1n the ntnasic (blood) system The
test 15 based on the fact that potent thromboplastin activity develops dunng
the mcubation at 87 C of normal A1{OH ), adsorbed plasma (contamning
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AHF PTA Hageman and Factor V) normal scrum (contmmng Stuart
PTA Hageman and PTC) platelcts or a cephalin substitute together n
the presence of caleum 1ons The rate of development of the thromboplastn
activity 1s measured by removing a sample of the incubation mixture at one
munute intervals and measuring the time required for 1t to produce coagula
tion of normal platelet free aitrated plasma The rate of development of
thromboplastin achvity m mcubation mixturcs using normal components 1s
then compared to the rates obtuned when the patients plasma serum or
platelets are substituted serally for ther normal counterparts in three addu
tional incubation mustures Each of the three mirtures contams two normal
components and one from the patient Thus the defect may be localized n
the serum adsorbed plasma or platelets

If the development of thromboplastm activity 1s abnormal when the
patients serum 1s substituted for the normal scrum 1n the mncubation mn
ture the dcfect could be considered to be any onc of the factors found m
normal serum (Stuart factor PTA Hiemn or PTC) Both PTA and
Hageman factor are also present m 41(OH }; adsorbed plasma and as they
would be contnibuted by the normal adsorbed plasma m the muture therr
absence 1n the patient s serum would not be revealed Thus the defect must
be considered to be ether of PTC or Stuart factor As Stuart factor is essen
a1l to the one stage prothrombin tunc test and PTC 1s not they can be
separated by this test

Should the development of thromboplastin activity be decreased when
the patients A1{OH); adsorbed plisma 1s substituted for normal adsorbed
plasma m the incubation muture the defect would be considered due to a
deficiency of one of the factors contamed m normal adsorbed plasma (AHF
Factor V PTA or Hageman) A dcficincy of PTA or Hageman 15 ruled
out as they would be contributed by the normal scrum 1 the mncubation
muture The defect must then be one of AHF or Factor V Once 2gam the
onc stage prothrombm time test scrves to differentiate the two as Factor V
15 essential for the normal evaluation of thrombn i the test and AHF 1s not

PTA and Hageman factor are present both mn normal serum and
A1(OH); adsorbed plasma Should the patint have a deficiency of erther
factor 1t will not be revealed if normal adsorbed plasma or normal serum 15
1n the mcubation muture However when the ptient s serum and A1(OH);
adsorbed plasma are used together m the mncubation muture m place of
thewr normal counterparts the thromboplastin generation wall be abnor
mal 7 # There remams the tash of separating Hageman factor deficiency
from that of PTA This can usually be done on chimical grounds as patients
with Hageman factor deficiency have no hemorrhagic diathesis  Further
more the addition of PTA deficient plasm i or serum will correct the clotting
defect of Hageman factor deficiency and vice versa This however requires
the availabihty of abnormal serum or plasma
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Cirenlabing waticoagulants may produce abnormal results n the thrombo
plastin generation test when either the patnt s serum or adsorbed plasma 1s
substituted 1o the mcubation musture If the tifer of crculiting anticoagulant
15 sutficiently high, both the paticnts serum and adsorbed plasma will pro
duco ab 1 results As crcul anty lants are not adsorbed by
morganic precipitating agents the use of 50 per cent normal and 50 per cent
patient s adsorbed plasma and normal serum 1 the incubation muture wall
also produce abnormal results As the results of the thromboplastin genera
ton test 1n the case of Tactor V or AHF deficiency would be corrected by
such an addition of normal dsorbed plasma this manewser may be used
to 1dentify the prescnce of arculating anticoagulants

Should the platelets of the patient be deficient m factors necessary for
the development of thromboplastn actnaty 1t will be apparent when an
equal number of platelets fram the patient and from a normal donor are
compared under conditions of the test

Prothrombin Factor VII fbrinogen Factor V and Stuart factor are all
essential for the normal evolution of thrombm from prothrombin . the
presence of f1ssue thromboplastin activity A defi of any of these fac
tors results m a prol d one stage prothrombin time If a patent has a
prolonged one stige prothrombin tme and the results of the thromboplastin
gencration test ar¢ normal Factor V deficiency and Stuart factor deficiency
are remosed from consideration A thrombin titer will determune whether a

Bt deficiency 15 ble for the abnormal results of the test To
separate Factor VII defi from prott b a

of the t} bopl test may be employed The patients plasma
1s used as a sul 1o test the thrombopl activaty of a normal incuba

tion muture It has been shown that the substrate clotting time in the pres
ence of normal mtrnsic thromboplastin activity depends on the corcentra

tion n the sub of prothrombm and fit A normal clotting tune
Judes a prothrombin def 3 %
p P

Fibrinogen Co The thrombin time and titer are used to
estimate the concentration of fbrinogen 1n a patient s plasma The thrombin
used 15 that which 1s commerally available It 1s made up according to the
manufacturer s mstructions and should be adjusted so that 01 m] of throm
b will give a clotting time of 10 to 12 seconds when added to 025 ml
normal plasma Platelet free atrated plasma from the patient and a normal
control are preparcd by centnfuging atrated whole blood at 2000 rpm for
15 muwutes Senal dilutions of both normal and paticats plasma are made
and the ighest diluhion which contams a visible clot after addition of 0 1
ml of thrombin 1s determined Normal plasma should stll contan a clot
when diluted 1/64 or 1/128 The thrombin ime 15 the thrombum clotting tine
of the 1/2 dilution of patients plasma compared to that of a normal The
objection to using whole blood for these determinations 1s that 1t 15 difficult
to sec the clot This test also has the advantage over those which estumate
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the quantity of fibnnogen biocherically m that what 15 tested 15 reactne
fibrinogen while the biochemical assay may mclude mert fibrinogen or other
proteins 7

Acquired hypofibnnogenemia often presents as an obstetrical or surgical
emergency and the equipment necessary to perform the simple tests required
for the diagnosis should be convenient to the operatng theater and the
delery rooms Failure of shed blood to form a §rm clot should immediately
alert the attending physician to this emergency As acquired hypofibrno
genemia may be associated with Factor V and AHF defiaits as well treat
ment must remedy these defects as well as replace the fibnnogen

Choice of Laboratory Tests These laboratory tests are sufficient to
obtamn the information necded to 1dentify the particular defect responsible
tor disordered hemostasis n the vast majonty of patients There are many
excellent laboratory procedures availble which might serve to augment or
extend the results obtamed by those presented but space does not permit
their mclusion For details of other methods the reader 1s referred to texts
devoted entirely to the subject of blood coagulation ¥ 5¢ ¢

The physicin must determine which of these tests 1s necessary on the
basis of his climeal findings If the chintcal examination gives no clue as to
which phase of hemostasis 15 at fault the platclet count bleeding time
tourniquet test coagulation ime and one stage prothrombmn tune should be
obtamned This group of tests affords information concerning both phases of
hemostasis and if the results of each are normal 1t 1s unlihely that the patient
has a disorder of hemostasis The coagulation time however 1s an nsenst
tive test and the thromboplastin generation test will be needed to detect a
mild abnormahty of the first stage of coagulation

Should the results of the climcal exammation suggest a disorder of the
vascular phase of hemostasis the platelet count tourmquet test bleeding
tume measurement of clot retraction coagulation tme and one stage
prothrombin time should be obtaned The coagulation time and one stage
prothrombin time should be within normal Iimts if only the vascular phase
of coagulation 1s abnormal The tourniquet test should be positwe and the
bleeding time prolonged. The platelet count may be depressed and clot
retrachion may be poor or not occur at all If the bleeding time alone 15 ab
normal a thromboplastin generation test should be obtamed to be sure that
no deficiency ewsts 1n the first stage of coagulation

If the physician feels that the biocl 1 phase of h tasis 1s at fault
the platelet count bleeding time one stage prothrombin time and throm
boplastin generation test should be obtamed The platelet count and bleed
g time should be normal If the ono stage prothrombin time 15 prolonged

and the thromboplastin generation test reveals no deficiency of Factor V
d d:f d hed } bin fibnnogen

or Stuart factor 1t must be prothre £ p
or Factor VII 1s responsible A thrombin time will h th? q of
fibrmogen ation and a modifi of the thr plastin genera

tion test will separate Factor VII and prothrombin
Table 8 notes the results of vanous laboratery tests mn dsorders of
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CHAPTER VII

Disorders of Hemostasis

Tug varsors chnscal syndromes which oceur as the result of disordered
hemostasis have been defined largely by application of a senies of empune
laboratory tests

Incomplete undcrstandmg of the biochermeal reachons myvohed m these
tests makes a defi 1 of the disorders of hemos
tasis at this time Far p of & they will be 1 3 wathun
the frameworh of the ﬂ!eﬂr} presented i Chapter VEand gmuped according
to the results of the major laboratory tests w conumon use

Classification

I Vessel and or Platelet Abnormalities
A Purpura
1 Thombocytopeme purpura
a  Secondary
b Khapathic
¢ Nconatal
d  Thrombotic
2 Moo thrombocytopeme purpura
a  Allergc
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The level below which the platelets must fall before bleeding occurs vanes
from person to person Bleeding 15 rare when the platelet count 15 above
50000 per cumm but it may not occut even when the platelets fall below
thus level The hife span of the platelet has been vanously estimated at from
3 to 10 days If a stnct halance betwecn production and destruction 1s to be
mamtained, 10 to 30 per cent of the crculating platelets must be replaced
dal,

')l,'hmmboc) toperua ke anemia or fever should be considered as a symp-
tom of disease not as a disease in ttself Every effort must be made to
determine the cause

I athologic Physiology of Thrombocytoperia

The physiologic function of the platelets has been evtensnely wvests
gated ¥ 12 138 14 1 but a5 yet there 15 only mncomplete understanding,
of their role m hemostasis They are known to participate in both the vascular

and bioch 1 defense of They h 1y plug rents n the
wall of a vessel by their aggll and thromt At the same
time thev release a powerful 1ctor sul

Platelets are essential to the normal evolution of thromboplastn activity
1n the mtnnsic or blood system and in the final phase of coagulation they

it clot by ther with fbnn They have also been
demonstrated to contamn a heparm neutralzing factor
It 1s apy that a e d i cells which play an mmpor

tant mechamcal role i hemostasis and participate i at least two of the three
major phases of blood coagulation would represent a serious hazard to the
orgamsm It is not readily apparent, however why relatnely comparable
degrees of thrombocytopema are associated with such vanability m climcal
findings It has been speculated that the plasmi may contawn a factor that
15 essential to the maintenance of vascular integnty and s complementary to
the mechamcal role of the platelet The importance of such a factor m
hemostasis would be enhanced 1f the platelets were dinmished 3

The disturbed laboratory tests and climeal findmgs presented by patents
with thrombocytopenic purpura may be asenbed to a defect in Lemostasis
resulting from a quantitative decrease m platelets 1 association with some
as yet undefined change m the vascular endothelum

Cluncal Examination

Charactcnstically the clinical manifestations of thrombocytopemic pur
pura from any cause deselop over a penod of several days or weeks though
the onset may op occasion be sudden Brusing or prolenged bleeding from
mnor trauma menorrhagia, or epistans may be noted before the appearance
of petechiae which are the hallmark of the thrombocytopensc state Petechiae
vary in size from those too small to see with the unaided eye to approu
mately 1/16 ich m diumeter They are the result of tiny extravasations of
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b Infectous
¢ Other
B Hereditary Telangiectasia
1II  Abnormahtcs of Blood Coagulation

A Disorders affecting predomunantly the first stage of blood coagula
tion and resulting in an abnormal thromboplastin generation test
1 Antthemophilic factor deficiency
2 Plasma thromboplastin component deficiency
3 Plasma thromboplastin anteccdent deficiuney
4 Circulating anticoagulants

B Duisorders affecting both the first and second stage of blood coagu
lation and resulting i an abnormality of both the thromboplastin
generation test and the one stage prothrombmn ttme
1 Factor V deficiency
2 Stuart factor deficiency

C  Disorders affecting predommnantly the sccond stage of blood co
agulation and resulting 1n an abnormal one stage prothrombimn
time with a normal thromboplastin generation test
1 Factor VII deficiency
2 Prothrombin deficiency

D Disorders affecting the third stage of blood coagulation resulting
m an abnormal one stage prothrombm time and qual or
quantitative changes 1n fibrinogen
1 Congemtal afibnnogenemia
2 Acquired hypofibnnegenemia

II Disorders of both vessel function and bleod coagulation
A Von Willebrand s disease
B Thrombopathia

I VESSEL AND/OR ILATELET ABNORMALITIES
THEL PURI URAS

The term purpura ongmated from the Greek word porphyra which was
tho name of the mollusk from which a purple dye was obtamed ¢ Prior to the
sixteenth century purpunc lesions were thought to occur only during the
course of fevers” such as plague or typhus From that ime however 1t has
been recogmzed that purpura may occur in the absence of a febnle illness

The conventional classification of the purpuras into those assoctated wath
thrombocytopemia and those with quantitatively normal platelets seems justi
fied The difference 1s striling The significance of ths difference 15 not at
all clear as will become apparent from the discussion

THROMBOCYTOPENIC PURIURA

The relationship between a decrease i the number of platelets n the
penipheral blood and the oc of bleeding 15 well known
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Table 9 Causes of Secondary Thrombocylopen ¢ Purputa

1 Incasion of the marrou car ty with subsequent suppression or destruction of the nor
mal marrow elements
2 Malignant cells Carcinoma, sarcoma, leulemua, lymphoma
b Granuloma Sarcoid, tuberculosis
¢ Lipodosis Gaucher s disease, reticuloendotheliosis
4. Microorgamsms Bacteremsa, viremia
Durect suppression of marrow elements by
a Physical agents rocntgen rays radicactive 1sotopes
emical agents
(1) Unnersal susceptibibty Urethane allylating agents (mitrogen wustard
Myleran, chlorambucil, TEM) benzol antimetabolites {a methoptenn am
woptenn 6-\P)
(2) Indiidual susceptibibity
(2) Drugs Any from the group of analgesics antipyretics antibiotics, chemo-
therapy antthistamines hormones
(b} Food

{c) Inseciades DDT
(d) Dyes Orgamc
(e) Other Any nev agerts to which the patient has been exposed must be

o

suspect,

Penipheral d struction of platelets by

Excessive demands from abnormal coagulation
(1) Widespread mtravascular clottng,

(2) Bums

Hypersplenism enlarged spleen from any cawse

Hypothermma and ] eat stroke
Hemangioendothelioma
Blood transfusions.

(1) )

©
»

o oo

I bl

of platelets as well as red cells
trapping and stavis intravascular coagulation

(2) Compatible after large numbers of transfusions Mechansms unhnown

 rersa and bacterenia

g Colagen disorders

While thrombocytopeme purpura per se 1s a senous condition the ultimate
prognosis for any given patient depends largely on the underlying cause
Thrombocytop: purpura foll g measles tt as 1t may be
docs not carry so grave a p as that d with a mal
Mecuansys  Thromboey topenta 1s the end result of mcreased destrue
tion of platelets decreased production of platelets or a combination of the
two The means through which this result is reached vanes with the mciing
cause The decrease 1n platelets which eccurs as the result of the mvasion
of the bone marrow by tumor cells i! the il
lipidoses and microorganisms 15 thought to be the result of (a) physical
crowdung of normal megakaryocytes (b} competitne utilization of nutrient
substrate by the invading cells or (c) d of bolie end prod
by the mvading cells which are toac to the normal marrow clements Throm
bocy toperua that follows to 1on1zing rad and those ch ]
which unnversally depress bone marrow function 1s beheved due to the
mterference of those agents with cellular division perhaps through inlubition
of deoxynbonucleic acid synthesis  ® Vitamin B; fohe aaid and ascorbic
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blood from the arteniolar end of the capillary loop in the sk or mucous
membranes ¥ A coalescence of petechiae results in Jarger lesions of vaned
size which are referred to as ecchymoses

Purpuric lestons may occur anywhere 1 the body Those located in the
mucous membranes are not as well supported as those m the shin and free
bleeding, into the gemtourary tract or the gastromtestinal tract 1s common
The total amount of blood found n the unne or feces 1s more hkely the
result of multiple tny hemorrhages than of a large hemorthage from a smgle
petechia The occurrence of bicedmg withm the central nervous system
presents the most serous threat Once again 1t appears that the fadure of
the supporting tissues to contain the petechual hemorthage allows its progres
ston to sertous proportions The occurrence of bleeding in the optic fundus
15 not mfrequent and may result in permanent ympairment of vision

The physical findings will vary depending on the organ system myvolved
and the magnitude of the blood loss

Laboratory Exanunation

Thrombocytopena 15 the stne qua non of this condiion The degree of
depresston of the platelet count vanes and 1s not always related to the
seventy of the chinical manifestations If symptoms are present however
the platelet count 15 usually below 40 000 to 50 000 per cumm Anemia s
not commonly noted 1 these patients If present 1t 1s normochrome and
normocytic m type and the degree of the anemia usully reflects the magm
tude of the bleeding It 1s unusual for the platelets ta be sufficiently de
pressed to produce an alteration in the clotting tme The blecdwig time 15
prolonged but may vary from day to day The results of the test may retum
to normal during the course of the disease though the platelet level remams
depressed Clot retractioh 1s poor and indeed there may be no retrachion
of the clot after 24 hours The degree of clot retraction 1s usually directly
proportional to the number of platelets present The tounmquet test 15 post
trve but the performance of the test is usually unnecessary and unwarranted
m the presence of thrombocy topemc purpura

Clinical Syndromes

Four forms of thrombocytopenic purpura have been descnbed (a)
Secondary thrombocytopenic purpusa  (b) 1diopatine thrombocy topenic
purpura (c) neonatal thrombocytopenic purpura (d) thrombotic thrombo
cytopenmc purpura 4

As there 1s considerable vanation m the etiology course prognosis an
treatment of these disorders they will be discussed separately

(a) Sccondary Thrombocytopenic Purpura  Secondary thrombocyto
pemc purpura bears a clear and 1dentifiable relationshup to some primary
agent or disease Some of the diseases and chemical and physteal agents that
may result 1n secondary thrombocytopenic purpura are listed 1n Table 9
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penia Precipitating causes are legion Eaposure to any new drug chemcal
or foodstuff must be suspect The possible assocation with recent infection
should be kept in mind Accidental as well as therapeutic exposure to 1001z
ing radiation must be looked for in view of the widesnread use of nuclear
fission products m mdustry and medieme A careful history and physical
exammation will often reveal the underlying disease

T

d 1 1

of y t topenic purpura will depend m large
measure on the nature of the underlymmg disorder In addition to therapy
directed at the precipitating cause therapy to relieve the bleeding diathesis
may be ind d and will be d d under 1di e th bocy topeme
purpura
(b) Idiopathic Thrombocytopenic Purpura  The separation by Werl
hof of the morbus maculosus hemorrhagicus™ from the mfectious diseases
m 1735 was the first recogmtion of this disorder as a distinct entity It was
not until 1883 that hrauss recognized that the platelets of these patients
were deficient 1 number ® haznelson d the use of spl m
the treatment of these patients m 1916
As the term “idiopathic indicates knowledge of the etiology of this
disorder 15 still mcomplete and the dragnosis 15 made only after exclusion
of the d of dary thromb D purpura
IncioenceE  In a group of 50 pahents with 1diopathic thrombocytopenic
purpura seen at the Umnersity of Virginta Hospital m the past ten years
one half were under 20 years of age Of the remamng 25 patients 9 were
past 50 and 3 were past 60 at the onset of their illness While other series® ¢
indicate a similar preponderance in youth the occurrence of the disease m
so many patients beyond 50 years of age 15 unusual There was no significant
sex difference 1 our series though 1diopathue thrombocytopenic purpura
has often been reported to be more common i females than 1 maless 3¢
Mecuantsyt A great deal of effort has been made to elucidate the
factors responsible for the devel of 1d thic thrombocy topenic
purpura The finding that an altered immunologic response was the basis
of some of the drug mduced secondary thrombocytopenic purpuras spurred
efforts to demonstrate a sumilar mechanism m connection with the :diopathic
vanety
The evid 45 Tind that an ab 1 ! T
may be responsible for the low platelet count i many patients wath this
disorder Platelet agglutinins have been demonstrated m the plasma of some
patients with idiopathie thrombocytopema 71 ¢ and the platelet ag
glutmin has been passiely transfered In some mstances 1t 1s not possible
o d platelet d hence a d m the production of
platelets may be ble for the thrombocytop 1% The major role
played by the spleen 1s to remove the sensihzed platelets but it may lso
contnibute to the production of platelet agglutimins and m some manner
suppress megakary ocyte function in the bone marrow 5
Cunvear Exavinamiov  The disease may begin wisidiously with an
wereased tendency to bruise followed i days or weehs by the appearance
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acid deficiencies may result m thrombocytopena Sequestration of plate
lets 1 hemangioendothelioma® ¢ may render them susceptible to de
struchion Dunng, hypothernua platelets have been shown to be seques
tered 1n the spleen hiver and possibly the intestimal tract and marrow The
sequestered platclets have been shown to return to the circulation with
rewarming ¥ Increased permeabihity of the capullanes dunng heat stroke 1
thought responsible for a decrease 1n the number of platelets ! ©

Several different platelet types have been demonstrated ¢ and thrombo
cytoperna may occur secondary to blood transfusions as the result of in
compatibility of platelet types Stasis due to sludging or excessive utilizatron
of platelets 1n those cases of patible transfusion Js 1 by
travascular clotting may result in thrombocytopemn ¢ The mechamsm re
sponsible for thrombocytopema which may occur following massive trans
fusions 15 obscure ® An enlarged spleen may trap large numbers of platelets
The resulting stasis which renders platelets susceptible to destruction 1s
believed responsible for the thrombocytopcma 1 wath spl )
The possitbility that the spleen may produce a humoral factor which de-
presses megaharyocytic function also has been considered ¢ Viremia and
bacteremia are thought to causc agglutnation and destruction of platelets
mvivo @ * \egalaryocytes may appear mactive and dimmshed m number
as well Thrombocytopenie purpura may be the presenting problem of pa
tients with dissc d lupus erytt but the meck ponsible
1s unknown !

The manner 1n which certam drugs foods or chenucals induce thrombo
cytopema m susceptible mdividuals has been the subject of eatensive
vestigations 8 14 6 1 8 15 Whether mcreased destruction or decreased pro
duction 15 responsble for drug induced thrombocytopema has been for many
years the subject of a lively debate It 1s now known that immunologie factors
can affect both the rate of destruction and production of platelets ¢ To
gether a drug and platelet act as a hapten and exhibit weakly antigenic
properties Antibodies may be formed which will destroy the platelets on
the next exposure to that partcular drug The four factors necessary to
demonstrate agglutination and lysis of platelcts are (1) platelets (2) the
drug (3) serum from the drug sensinve patient and (4) complement
Agglutination alene mav occur without i ¢ The factor responsible
for the lysis of platelets 15 n the serum of the affccted patient Lysis and
complement fixation may be demonstrated 1 witro using, scrum from an
affected patient the drug, and his own or normal platclets but wall not
oceur if normal scrum 1s used The immunologic nature of the mechamsm
of this form of thrombocytopema has been amply demonstrated ¢ and the
sensitivity has been passively transferred '3 As the (xlubition of mnute
amounts of the offending, drug, after recovery may cause scyvere thrombocyto
pema to recur i thesc pitients it 1s best not to test the drug m wno to
confirm the suspicion of sensitivty

\{anAGEMENT It 1s clear in ight of the above discussion that a search
g history must be obtamned from any patient presenting with thrombocyto
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cytopenic purpura s beng of the acute or chronic vanety must be retro
spective and 1s of little help i the handling of the new patient Death may
result m exther the acute or chrome type and recurrences may occur after
many years of remussion

Trearsient  Evaluation of the vanous forms of treatment used m this
disorder 15 made difficult by ats unpredictable course ¢ 33 The rationale for
the use of adrenocortical steroids hies i the observation that thev decrease
antigen antibody reactions and protect the vascular endothchum 1n some
fashion as yet not understood Imtally one of the adrenocortical steroids 1s
admustered 1 hugh doses nd then gradually decretsed as improvement
occurs A maintenance dose 1s continued for several weeks and the dose 1s
gradually decrensed under careful observation Whole blood transfusions re
withheld unless there 1s hfe-threatening hemorrhage Platelet transfusions
may be of value diately pror to pl o 10 Tt s
essential that blood be freshly drawn m order to infuse sufficient numbers of
platelets to be effectne A number of different pltelet types hwe been
demonstrated and the survival time of transfused platelets decreases progres
snely with ech succeeding transfusion probably as the result of the forma
tion of 1soagglutimns ! ? Splenectomy 1s probably best reserved unless a hfe
threatening situation develops and blecdng cannot be controlled with
wrenocortical steroids in adequate dosage 1t has been reported that splenec
tomy has a greater likelthood of bemg cffectne 1f platelet agglutmmns are
found The results of splenectomy 1n a scries of 803 cases ® were as follows

Complete remission 81%
Incomplete remission 17%
Failure 223
\Mortality 11%

Steroxd therapy has now reduced the mortality accompanying splenectomy
to a lower figure than the one presented

In reviewng our experience 1t was apparent that failure of hormonal
therapy did not prejudice the results of spl nor did the failure to
respond to splenectomy affect the future response to ACTH or adrenocortical
steroids Both ACTH and ndrenocortical steraids produced similar results
When relapse occurred followng cessation of hormonal therapy remussion
was often obtained upon restarting therapy Capillary fragility often dimin
sshed following institution of sterord therapy without a significant alteratson
of the platelet count On the basis of these observations the following, general
plan of therapy seems indicated

1 When first scen these patients whether “acute” or “chronic  are
started on predmsone 60 to 80 mg daly by mouth Usually the dosage may
be decreased over the nest several days to 15 to 20 my, daily If there 1s no
wmprorement in one or two weeks 1215 unlihely to occur with further therapy

2 Splencctomy 1s employed i the event of failure to control blecding
with sterowds after 1 rcason ble penod of tnal

3 Transfusions may be required to replace the blood lost The use
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Figure 38 Tetechite and cechymoses 1 4 patint wath sdiopathic thrombocs topenic
purpura

of petechiac on the shin or mucous membranes In other patients there
may be a sudden onset with the appearance of petcchiae and moderate to
severe bleeding, from the gastromtestinal or genitounnary tract Neurologic
defects or death may be the result if bleeding oecurs mn the contral nervous
system The hustoncal account of the illness and the results of the physical
examation will depend largely on the site and extent of the bleedingl
Course AND Proonosts  The discase may pursue an unremutting and
fulminant course to death i a few days or stop as suddenly as 1t began
within days or weeks of the onset The designation of whiopithic thrombo
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The most commouly myvohed organs are the heart, adrenals kidneys pan
creas and bran The occlusive matenal s aadophebic amorphoss and
hyaln like % \Many beheve that st 15 composed of platclets but its exact
nature 3s wnhnown The thromboses may result m anearysmal ddatatton of
the vessel and subsequent rupture

“The hemolyhe anemia wluch occurs 1 patients with this disorder 1s of an
eatracorpuscular gype A fiuctuation wn the mtensity of the hemalytie mech
anism 1s dered ble for the ph 10515 oCCasion
ally observed An erythrocyte shich has assumed a spherical shape 15 con
sidered to be 1 a prehemoly e state The Coombs antiglobuln test 15 usually
negatine

The thrombocy tepene manfestations of the disorder are charactenstic
but the mechamsm by which the platelets are reduced has been the sovrce
of much debate 3¢ 4 A shortened survival time of normal platelets 1 these
patients bas been described while wfusions of plasma from patients with
thrombobie thrombocytopene purpura did not dummish the number of
platelets 1 a pormal recipent No platelet apglotmuns bave yet been de
senbed There 15 evadence of alteration 1 megakary ocytic function 1 some
patents the megakaryocytes beng unmature

The neurologic lesions are secondary to vascular lesions w the bram

Cuinical Aseects  While there have been chromic or relapsing forms
noted m the hterature most patients present with a dramatic and Fulmumating
discase resulting 1n death 1 a few days or weeks * The duagnosss s sus
pected 1 a young person crttically 1l wath hemolytic nemua, thrombocyto
pemic purpura, and changing neurologic signs Postnve diagnosis has been
made following the Gndimg of charactenstic leswons 1 small vessels removed
by marrow asprration and sectioned m paraffin block Muscle biopsy may
also be helpful 8

TaearsenT  Treatment 15 supportne No stmhing vesults have been
noted from the use of sterods splencctomy or antibiotics VMany feel how
ever that steroids hue not had wide enough use for final judgment to be
made Steroids are used 1 hope that they may mterfere with the underlyng
mechausm producng the disease Therr effectiveness . other forms of
hemoly tic disease justifies their use i these cases Transfusion should be used
ta replace blood foss from hemorrhage os hemolysts

Htustrative Cases

Sccondary Tlrambocytopemc Purpura A 3£ year old white gurd had
becrr well untl three or four dws prior to admwssion When she contracted
weasks which was eprdenuc 1 her commumty Jnd present in her home
Esghteen hours before admission she had a sudden epistans and lates
vomuted blood and passed tarry stoals Her mother whoe had rased
fourteen chuldren and  knew the measles™ stated that she had noted a
change s the character of the rash durng the 84 hours prior to admission
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of platelet transfusions 1s hmited beciuse of the rapid destruction of
platelcts

4 If rennssion obtamcd with sterowd therapy 1s followed by relapse
the patient may be gven nother course If fmlure recurs splenectomy 1s car
ned out

It 15 smportant to note that ahopathic thrombocytopenic purpura may
recur weehs months or even ycars after splenectomy The question as to
just when a splenectomy should be performed must be answered for each
ptient mdwvidually depending on the course of disease

{c} Neonaial ‘Thrombocytopenic Purpura  Thrombocy topenic purpura
occurring at the time of delivery may affect both the mother and baby the
baby alone or the mother alone  ® 7 31 The infant usually appears nor
wl it the time of delivery but develops purpura several hours Iter The
‘nemorrhagic mnfestations may disappear after a few days but the thrombo-
cytopema often persists for weeks or months

Mecuanisws  Investigators have ascnbed the pathogenesis of neonatal
thrombocy topemic purpura to the same mechanisms as those shown to be
optratrve m 1diopatine thrombocy topemic purpura 7 The mother may have
aurtoagglutimms (even after splenectomy) which cross the placental birner
and sensitize the platelets of the cluld 111 The platelets which have becn sen
siized by the agglutmns recened from the mother will be destroyed n the
presence of the child s spleen After deln ery the agglutinm titer will fall and
the thrombocytcs will nise to norml levels A second mechamsm has been
tikened to that of Rh sensttization Should the mother and fetus have differ
ent platelet types matemal isoagglutinins my form cross the placenta, and
destroy the platelets of the fetus Soon 1fter burth the titer falls and recovery
ensues Fnally the mother may have a thromboeytopeme purpura without
an agglutimn and may have a normal baby

Turrary  These situations are sclf hmiting and the aim of therapy 1s to
tide the infant over the davs or weehks until recovery oceurs Sterord therapy
mny be very helpful Splenectomy 15 not indicated unless there 15 a fatlure
to control symptoms with sterords and the situation 1s hfe threatening

(d) Thrombotic Thrombocytopemc Purpura  Thrombotic thrombocy
topente purpura 1s an exotic maldy first described by Moschowitz m 1925
Thie syndrome 1s now bung recogmzed more frequently though less than
one hundred cises have been reported i the hterature! 1 It occurs most
commonly 1 the femile 1 the 10 to 40 age group and 1s marked by the
stnking triad of hemolytic anemia thrombocy topeme purpura and ching
g neurologic signs

Mecnasisst The relationship of this disorder to the collagen diseises
w 15 pomnted out qurte early and the suggestion that 1t 1s primanly the result
of a vascular leston has recently recened support 47 The charactenstic
pathologic lesion of thrombotic thrombocy topcnie purpurt 1 partial or com

47
¢ occlusion of many small arterioles and capillaries (rirely venules) i
molve

plet
These lesions are widespread mn the bods and any organ may be
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blood The bleeding time was 12 minutes tourmiquet test positive and clot
retraction poor after two hours There were no platelets seen on examimation
of multiple smears The prothrombm tume and 1t time were nor
mal P made to d the lupus erythematosus cell phe
nomena were negatne on three occasions Bone marrow megaharyocytes
were dummnished n number and immature m appearance Atypical lympho
cytes and young plasma cells were seen on examnation of the bone marrow
smear and the smear of the penpheral blood A d of thrombocyto
penia secondary to measles was made

Course.  Because of contmued bleeding and low hematocnit the patient
was transfused wath 500 ml of whole blood Twenty five mg of ACTH was
given intravenously over a 6 hour penod, and prednisone was admuistered
orally in a dosage of 25 mg three times a day The patient s nose was packed
and bleeding was controlled adequately though there was shght cozing for
the first four days Platelets which were secn for the first ime on a smear
made on the sixth hospital day numbered 216 000 by the eleventh hospital
day At that time the bleeding ime hd returned to 22 minutes The patient
was discharged to be followed i the Hematology Chme Instructions were
given to reduce the predmisone gradually Her platelets remaied at normal
levels for the four months she was followed after steroid therapy hid been
discontinued

Covments  This gurl presents the classic climcal and laboratory findings
of thrombocy topenic purpura In addition to the failure to find platelets
the penipheral blood the megaharyocytes which were seen mn the marrow
preparation were mmmature and did not seem to be forming platelets L E
preparations were obtamed because purpunc lesions may be the presenting
complamt of patients who are subsequently found to have dissemmated
lupus erythematosus The presence of the atypical lymphocytes and young
forms of plasma cells suggested the presence of a virus disease In view of the
history of measles 1t was felt that this d de h b
penic purpura occurring as the result of measles

Thrombocytopema 1s a rare sequela of measles The appearance of the
purpunc rash has been reported 7 as occurnng from the third day of the
measles rash to as long as two weehs subsequent to its disappearance Con
trary to popular opmon purpura does not follow only scvere attacks of
measles and the accompanying infection may be but a mild one

The use of blood transfusion was simply for blood replacement Steroids
were used to sustan the patient through what proved to be self imited
acute thrombocy topenia secondary to an nfectious viral discase

The prognosis 15 good m this case and 1t 1s doubtful if she will hwe a
recurrence However the patient was instructed to return immeduately 3f
symptoms recurred

Idiopathic Thrombocytopenic Purpura  History A 24 year old white
marned mother had been in good health until four months prior to adnusston
when she noted bruising without recognized trauma Bruising continued
and when she sought medical attenton three months prior to admussion she
was told that her platelets were less than 10 000" Intramuscular imjections

Y
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Careful questionng failed to reveal any history of a hemorrhagic duthe
sis 1 the patient or m her fanily There had been no known exposure to
chemcals and she had recenved no drogs

Pinsicar, Exanination  There were many petechrie over the lower
legs and back and subconjunctival hemorrhages were noted i both eyes
There w15 1 small amount of blood m the postenior pharynx and mld cozing
from the nares There were small nodes m bath the postenor cervical tu
angles and the suboceipital area but the spleen was not palpable The
remander of the examination was non contnbutory
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Figare 33 loutne tourmyuet tst m a pahent with secondary thrombocytopenic
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Tigure 40 Pathologe lymphocyte penipheral blood of patient with secondary throm
oy topeme purpura following measles

Lasoratons Exavuvarion  Laboratory cxammation revealed a be
£ 26 por cent and a white blood ccll count of 11 000 per cumm

e was positive for occult

Unnalysis was negabive but the stool cxammation
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blood. The bleeding time was 12 munutes tourmiquet test positve and clot
retraction poor after two hours There were no platelets seen on exammation
of multiple smears The prothrombm tme and coagulation time were nor
mal. P made to d the lupus erythematosus cell phe
nomena were pegatine on three occaswons Bone marrow megalars ocy tes
were diminished 1n number and unmature 1n appearance Atypical lympho
cytes and young plasma cells wwere seen on examwmnation of the bone marrow
smear and the smear of the penipheral blood A d of thrombocyto
penia secondary to measles was made

Course. Because of continued bleeding and low hematocnt, the patent
was transfused with 500 ml of whole blood Twenty five mg of ACTH was
given wmtravenously over a 6 hour pentod, and predmsone was admunistered
orally 1n a dosage of 25 mg three times a day The patent s nose was pached
and bleeding was controlled adequately though there was shght oozing for
the first four days Platelets which were seen for the first time on a smear
made on the suth hospital day numbered 216 000 by the elexenth hospital
day At that time the bleeding tme had retumned to 2% minutes The patient
was discharged to be followed 1 the Hematology Clime Instructions were
guen to reduce the prednisone gradually Her platelets remamed at normal
levels for the four months she was followed after steroid therapy had been
discontnued

Cozrvents  Thus garl presents the classie elinical and laboratory findings
of thrombocytopenic purpura In addition to the fadure to find platelets
the peripheral blood the megakaryocytes which were seen i the marrow
preparation were 1mmature and did not seem to be forming platelets L. E
preparations were obtained because purpunc lesions may be the presenting
complant of patients who are subsequently found to have dissemmnated
lupus erythematosus The presence of the atypical Jymphocytes and young
forms of plasma cells suggested the presence of a virus disease In view of the
hustory of measles 1t was felt that this
penic purpura occurring as the result of measles

Thrombocytopena 15 a rare sequela of measles The appearance of the
putpunic rash has been reported * as occurning from the third day of the
measles rash to as long as two weeks subscquent to its disappearance Con
trary to popular opimon purpura does not follow only severe attacks of
measles and the accompany mg mfection may be but a mild one

The use of blood transfusion was simply for blood replacement Steroids
were used to sustan the patient through what proved to be self hmited
acute thrombocytopensa secondary to an mfectious viral disease

The prognosis 15 good 1n this case and it 1s doubtful of she will have a
recurrence However the patient was mstructed to return mmediately 1f
symptoms recurred

Idiopathic Thrombocytopenic Purpura  HisTory A 24 year old white
marned mother had been in good health unti four months prior to admission
when she noted bruising without recognized trauma. Brusmg continued
and when she sought medical attention three months prior ta adnussion she
was told that “her platelets were less than 10000 ™ Intramuscylar imections
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of ACTH gel were given with improvement The platelets returned to normal
leveds mnd bruising censed After an interval of two or three weeks excessive
bruising was agam noted and upon examintion platelets once more were
found to be low With the onset of excessive menstrunl bleeding she was re
ferred for further trcatment No sigmficant famuly or personal hustory could
be eheited There had been no eaposure to toxins nor had there been any
recent infections
Pmsicar Exarunamion  The physieal eaimimation revealed many ce
chymoses over the uppcr and lower estremities Several petechiae were
noted on the buccal mucosn The remainder of the examination was negative
No lymph nodes were cnlarged and the splcen was not palpable
Lasoratony Exavivations  Laboratory exammations revealed a he
matocrit of 41 per cent and a white blood cell count of 10300 per cu mm
Diufferential white count was normil Urnmalysis was normal and exammation
of the feces was negatne for occult blood The platelet count was 22 000
the bleeding tune 18 minutes nd the tourniquet test positne The coagula
tion time and prothrombin time wcre both normal A diagnosis of 1diopathic
thrombocytopenic purpura was made
Courst  Since the patient had responded once to adrenocortical steroid
therapy 1t w1s decided to attempt once agam to control her bleeding with
these compounds Accordingly oral predmisone 15 mg every 6 hours (60
mg 1day) was begun After four days the platelet count was 150 000 per
cumm and bruising had ceased The dose of predmsone was reduced to
10 mg, every 6 hours (40 mg a day) and improvement continued On the
suth day the platelet count wis 409000 per cumm and the dosage of
prednisone was reduced to 5 mg four times a day The patient was dis
charged 1n the care of her physician and was mstructed to take 5 mg pred
msonc three imes a day
The dosage of prednisone was decreased gradually and fter two months
1t was discontnued Immediately her platclets fell to less than 10000 In
view of the two relapses followmng withdrawal of steroid therapy it was
decided that splenectomy should be performed Accordingly prednisonc was
restarted 1n preparation for operation and contmnued through the postopera
tive period The platelet count at time of operation was 748 000 per cu mm
and on the first postoperative day was 898 000 The patient was discharged
with instruction to reducc the predmisone gradually over an erght day penod
She continued well dunng, the following year without the support of adreno
cortieal steroad therapy
Coxnvient  Careful sewrch fuled to reveal any pnmary etiology and a
diagnosis of 1diopathic thrombocy topenic purpura was made Laboratory
findings confirmed the diagnosis i that bleeding time and tourmiquet test
were both abnormal and the finding of a low platelet count revealed the
reason for the abnormal tests
Splenectomy was performed because adrcnocortical steroid admnistra
tion could not be discontinued without relapse after a six month trial pertod
The ncrease n th bocytes after spl 15 but one of the charac
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tenstic changes 1 the perpheral blood after tus operation. Others include
the appearance of target cells Howell Jolly bodies leukocytans and nucle
ated red blood cells These changes have been thought to mdicate that the
spleen eaerts some nhubitory effect on the bone marrow Another explana
won may be that remaval of the spleen decreases the penpheral destruction
of these partwnlar clements A relapse may gocur m this patent os Jong as
20 t 25 years affer splencctomy Should this occur 1 decusian must then
be made as to whether she may have deseloped an accessory spleen and
warrants re exploration

NON THROMBOCYTOPENIC PURRURA

Patents with non thrombocy topeme purpura may base all of the hemor
shage lesions noted for those with thromboc topeme purpura They differ
1 that therr platelet count remams withun the normal range Charactenstie
{esions mclude petechae cochymoses 1 or bleed
from the y tract or ttract The hemorthagic lesions
may be present mn the shin or mucons membranes

(a) Allergre Puspura

This disorder known also as the Schoenlem Henoch syndrome was ex
tenswvely studied by Osler ® and lus reports are the basis of much of our
prosent day knowledge of the vanability of the chmeal findings

Climeal E The k will depend on the
site and (xtent of the invoh ement Osler® remarked that the by o autstanding
clinieal features were recarrence at long or short mtervals and macked
vanability of the shin lesions The syndrome charactenstically recurs seseral
fumes before finaf remussion The recurrences may appear over a perod of
weehs months or m some cases yeus The underlyng pathology allows
the development of shi lesions of great varability There may be only
pwrpura with petechiae apd eccliymoses or there may be assocated effusion
erythema or necrosis of the shn Gastramntestinal imvolvement 1s marked by
cobicky abdamunal pam which 3s often of great seventy and occurs cluefly
at mght Dharthea wnd vomitng are frequent and both the vomtus and
staols may contamn bload 3 ¥ Hematuria 15 alse a frequent fiuding and
nephntis commonly accompanies the disorder* 3 ot symptoms may
be the presenting, complamt Sexeral jowts are usually imobved by pamn at
one tnme and there may or may oot be associated swelhng

The pregnosss for Ife 15 generally good unless there is unokement of
samte wnfortunate site such s the glottss The disease 1s marked by reprated
atticks Which may extend over months or years though most recover after
a month or so

There s no consitent laboratory finding, There may be an anema 3f
the bleeding has been estensise enough but this s rare Platelots of course
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are. normal or only shghtly reduced The capillary fragihty test 1s positne
1 only a portion of the cases 3

Mechamsm  The etiology of this disorder remams unknown There 1
ncreased capidlary permeabality which allows the escape of elements of the
blood nto the surrounding, tissue but the nature of the capillary leston 1s not
clear In some cases mfection may play a role Streptococcal nfection of the
throat has been implicated by some ™ but the evidence 1s weak * Hyper
sensitnvity o cortamn foods has been implicated in some mstances of tus
disorder and rucovery has folfowed the avordance of the offending, agent
Somc havc pointed to 4 resemblance between the lestons of allergie purpura
and those of the collagen diseases but agan the evidence 15 mcomplete

Treatment  The treatment of this syndrome 15 largely supportive A
careful search should he made for an offending food n the chromie cases
Throat culture should be made and dealt with as indicated The frequency
uzth which the syndronic is accompanted by nephnitis makes it mperatne
to pay close attention to the cultures Achroyd frels the patients should be
kept m bed m the hope of reducing the madence and seventy of nephrs
tis® Steroid therapy has not bad wide tnal but the results have been dis
appoimnting thus far 13

(b) Infectious Purpura

Puspura i assoaation with infection has been known suce ancient
times 7 It 1s a recogmized and expected chimeal finding i such disorders as
Rochy Mountam spotted fever typhus memingococcerma and buactenal
cndocarditis In each of thesc disorders an escape of blood dlements mnto
the surrounding, tissue follows damage to the vascular endothelium

There are mstances 1n which purpura 15 associated with sesere forms of
exanthems such as cluckenpox or smallpox In these mstances the purpura
seems to occur because of the unusual sevenity of the disease which causes
damage to the vascular endothehum ¢

Fmnally purpura may he associated with mfection m certain patients who
cxlubit what appears to be indidual susceptibility The purpura may be
thrombocytopenic or non thrombocytopemc Both types have occurred i
assocaton with scarlet fever vancella measles tubercnlosis and infectious
hepatitis * These diseascs need not be particularly severe for purpura to be
a compheation The natural hustory of the purpura in these mstances 15 suni
lar to that of idropathic thrombocy topcme puspura

The mechamsm responsible for the purpura 1s not clear Mo histologic
change m the vascular svstem bas yct been demonstrated

Trearsext  While treatment 1s directed to the underlying discase with
the use of appropnate antibioties care should be taken to tide the patient
over the humorrhagic episode  Adrenocortical steroids may be helpful but
cautson must be observed 1 bight of recent reports of the cxtraordinary
seventy and frequent deaths from vancdtla m ciddren who have been on
sterond therapy Adrenocortical sterowds should be used wath caution 1
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\mcella fatall and should be used wath cantion m other virus exanthemas
would not be mdicated eacept possibly 1 chrome cases for
example thosc assoctated with tuberculosis 1y olving the spleen

(¢} Other T3 pes

Non thrembocytopenie puspura may oceur followmg exposure to chem
cals or drugs to which the indis idual 1s susceptible 3 w vitamn C defaency
as the sesult of certam snake bites ¢ and mn hisorders charactenzed by the
presence of abnarmal serum protemns In the last case deposstion of abnormial
protems m the small vessels alters thewr permeabiity and allows escape of

Figure 41 Senile puipura

fud content Ths s seen in muluple myeloma i association wath cryo
globubns or para amyloid Waldenstrom has described™™ a macroglobuhn
era wsually oceurnng m elderly men and charactenized by the presence of
abnormal lymphocytes m the bone manrow and 3 globulin of ligh molecular
weight sn the sesum In ths disorder purpura oecurs particularly over the
lower estrenuties Purpura may also occur i assocxatmn \mh cold aggluls
nns for example fotl virus purpura

i
may be a feature of old age presumably a5 the result of ]nss of support to
the small vessels

HEREDITARY HLMORRIAGIC TELANGIECTASIA

Thus hereditary vascular anomaly was frst described i 1896 by Rendu %
In 1901 Osler®® reported several cases in detal and noted most of the chnical
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are normal or only shghtly reduced The capillary fragility test 1s positne
m only a portion of the cases 3

Mechamism  The ctiology of this disorder remams unknown There s
mereased capillary perme ibility which allows the escape of elements of the
blood into the surrounding tissue but the nature of the capillary lesion 1s not
clewr In some cses infection may play a role Streptococeal infection of the
throat has been unplicatcd by some ™ but the evidence 15 weak? Hyper
sensitivity to certamn foods has been implicated m some instances of this
disorder and recovery has followed the avordance of the offendmg agent
Some bave pointed to a resemblance betwccn the lesions of allergie purpura
and those of the collagen diseases but agam the evidence 1s mcomplete

Treatment The treatment of this syndrome s largely supportne A
careful search should be made for an offending food n the chronic cases
Throat culture should be made and dealt with as mdicated The frequency
with which the syndrome 15 accompanicd by nephntis makes 1t imperative
to pay close attention to the cultures Achkroyd feels the patients should be
kept m bed mn the hopc of reducing the inadence and seventy of nephn
tis 3 Sterowd therapy has not had wide trnal but the results have been dis
appomting thus far 133

(b) Infectious Purpura

Purpura 1n assocration with mfection has been known smce ancient
times ¢ It 1s a recogmzed and espected clmical finding 1n such disorders as
Rochy Mountam spotted fever typhus memngococcemua and bactenal
endocarditis In each of these disorders an escape of blood elements to
the surrounding tissue follows damage to the vascular endothelum

There are mstances m which purpura 1s associated with ses ere forms of
exanthems such as chickenpox or smallpos In these mstances the purpura
seems to occur because of the unusual seventy of the disease which causes
damage to the vascular endothelium ¢

Fmally purpura may be associated with infection m certain patients w ho
exlubit what appears to be ndividual susceptibiity The purpura may be
thrombocy topemie or non thrombocytopeme Both types have occurred m
association wath scarlet fever vancella measles tuberculosis and infectious
hepatitis  These diseases nced not be particularly severe for purpura to be
a comphication The natural hustory of the purpura m these mstances 1s sums
lar to that of idiopathic thrombocytopemc purpura

The mechanism responsible for the purpura s not clear No histologic
change mn the vascular system has yet been demonstrated

TrEaTMENT  While treatment 1s directed to the underlying, disease with
the use of appropriate antibiotics care should be taken to tide the patient
over the hemorrhagic episode Adrenocortical steroids may be helpful but
caution must be observed 1n hght of recent reports of the extraordmary
seventy and frequent deaths from vancella n children who have been on

steroid therapy © Adrenocortical steroids should be used with caution m
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vancella of atall and should be used with caution in other virus exanthemas
Splencctomy would not be mndicatcd except possibly in chrome cases for
example those associated with tuberculosis imvolving the spleen

(c) Other Types

Non thrombocytopenic purpura may occur following exposure to chem
cals or drugs to which the indivtdual 15 susceptible 2 i vitamm C deficiency *
as the result of certamn spake bites  and 1 disorders charactenzed by the
presence of abnormal serum protemns In the last case deposition of abnormal
proteins n the small vessels alters thewr permeability and allows escape of

Figure 41 Senile purpura

flud content Thus 15 seen n multiple myeloma n assocration with eryo-
globulins or para amyloid 14, has 4 i} bul
emia usually occurning m elderly men and charactenzed by the presence of
abnormal lymphocytes m the bone marrow and a globuhn of high molecular
wesght i the serum In this disorder purpura occurs particularly over the
lower extremuities Purpura may also occur 1n association with cold aggluts
nuns for example foll virus p Non thrombocy topenic purpura
may be a feature of old age presumably as the result of loss of support to
the small vessels

HEREBITAR] HEMORRHAGIC TELANGIECTASIA

Tlus hereditary vascular anomaly was first described 1n 1596 by Rendu %
In 1901 Osler?® reported several cases in detail and noted most of the clucal



Figure 42 Hereditary telangiectasia mvolving (A) tongue and (B) lips

findings known today \Weber!® reported an extensie family study w 1907
and two years later Hines ! made further contributions on the subject and
suggested the name by which the disorder 1s known today

Pathologic Physiology  Hereditary hemorthagc telangiectasia 1s genett
cilly transmutted by ether sex as an autosomal dommant Often the disease
m7y not become apparent untl the second or third decide when the lesions
develop md gradually mcrease m number Abnormal bleeding may be
delayed untl mddle Lfe and often grows more severe with age Some pa
tients are unaffected by the presence of telangectasia and hemorrhage does
not occur These lesions are composed of greatly dilated thin walled
vessels which are reported ! to have mdequate smooth muscle and elastic
tissues

Climucal Examination  The charactenstic vascular lesions are pin pomt
m size or severi] millimeters n diameter They wre red or purple m color
and shghtly raised from the surroundmg, surface They may blanch shghtly
with pressurc The lesions which may occur anywhere on the surface of the
body or m 1ny organ are most frequently found on the shan of the face the
ears or the hands and feet or on the mucous membranes of the nose and
mauth

The diagnosis must be suspected 1n cases of recurrent hemorrhage asso
ciated with telangiectasia and a family hustory of abnormal blecding The
most common complats are those of hemorrhage and anemia Hemorrhage
may occur as the result of shght triuma to one of the vascular lesions any
where on the body or may be spontancous Hemorrhage from the nose or
mouth 15 common but bleeding may occur from the respiratory tract gastro
intestmal tract or gemtounnary trict as well

The chief laboratory findings are those of anemia There may be wron
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deficiency wath low serum won and hugh won binding, capacity f bleeding
has been chrome Coagulation studies are completely normal

Treatment The use of clectrocoagulabion has been successful i con
troling some of the accessible lesions One of Oslers patients used a small
balloon which he mserted mto hus nose 1n a deflated condition wnd then
inflated to control nasal hemorrhage This procedure 1s used wath success
today The management of hemorrhage from the lesions of hereditary hemor
rhagic telangiectasia presents a difficult problem when they are located i the
gastromntestinal tract They are difficult 1f not mmpossible to locahze by x ray
but occasionally may be demonstrated by endoscopy *¢ While resection may
remove one source of hemorrhage the future development of sumlar lesions
remains a constant threat

11 ABNORMALITIES OF BLOOD COAGULATION

DISURDERS AFFLCTING PREDOVIINANTLY THE FIRST STACE OF
BLOOD COAGULATION
The following disorders are grouped together because of the similanty
of thewr clmical and laboratory findings Each results in a delay i the de
1 of blood thrombopl activity to a greater or less extent 3 13
but produces no afteration 1n the one stage prothrombin time
Hemophiha 15 one of the oldest recognized bleeding disorders and
affected members of several of the ruling houses mn Europe It has been
recogmized m recent years that the clinical findings of classic “hemophilia”
may result from any one of threc distinct genetic defects or from acquired
crculating anticoagulants These disorders can be differentiated only by
appropniate laboratory tests smce they present similar chimeal findings It
1 for this reason that accurite classifi of the cases p d 1n the
older literature as hemophilia” 15 not possible The three genetie disorders
now recognized with their relatne cadence i two senes 1 31 112 gre as
follows
1 Antthemophulic factor (AHF) deficiency 80-§2%
2. Plasma thromboplastin component (PTC) deficieney 11-15%
3 Plasma thromboplastin antecedent (PTA) dehciency 5-7%

1 Antihemophilic Factor ( A\HF) Deficiency

Pathologie Physiology  Anthemoplubie factor (AHF) defiency 1s
passed from one gencration to the neat as a sex hinked recessive Ordinanly
the female 1s a camier and mamfests no chimcal signs or symptoms of the
disorder

The genetic possibilibes inlierent i this and sumilar disorders are best
mdicated by the use of symbols wd diagrams By common usage the male
15 designated as Ny whale the female 15 desighated \\ In order for a male
to be concunved, the male parent must contribute the 1 chromosome wlhile
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the femalc contributes the \ Speeific genes are usually referred to by super
scnpt letters A dommant gene 1s desiynated by a capatal letter and a reces
sive by a lower case letter

The abnormal gene responsible for AHF defi y 15 and 15
designated by the lower case letter i The normal gene which 1s dommant 1s
designated by a capital H A normal female would thus be designated Y832
The camer female would be \M\b In the casc of the camer female the
dominant normal gene suppresscs any exp of the 1
gene The carrter has no symptoms The Y chromosome of the male does not
carry this gene and has neither H nor h Whether a male child has AHF de
ficiency or not depends entirely on the character of the \ chromosome he
must receive from the female If the female carner contnbutes the normal
\! to the male offspring the malc 1s normal If however the % chromosome
contnibuted by the female to her male offspring 15 that wluch carnes the
abnormal gene 1t would find expression as there would be no normal gene
{H) to suppress it

The following diagrams will illustrate the possibilities The male m each
nstance 1s designated by the rectangle and the female by the curcle

Figure 43 represents a normal family with no factor deficiency All off
spring are normal

Figure 44 indicates that a mating of a normal male and a carner female
may result m a hemophilic male or a carner female as well as normal chil
dren of both sexes Unfortunately there 1s no way to establish with certamty
whether a female 15 a carner or not There 1s evidence however that the
degree of recessiveness may vary and that some carmier females may have
depressed AHF levels

Figure 45 indicates the results of a mating of an AHF defictent male with
a normal female All of their female children must be carriers since the only

Normal Normal

xHy xHxH

Normal Normal
Figure 43
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Normal Carner

xHty xHxn?

[ I

Xy Xty
AHF
Normol Defictency Normol Carnier
Frgure 44
AHF
Deficiency Normal
xPy x"xH
Normat Corner

Figure 45

\ chromosome the male has to contribute camies the abnormal gene On
the other hand none of the male offspring can have hemopluha since a male
must recerve the lone \ chromosome from the normal mother

In Figure 46 we see the results of the matg of an AHF deficient male
and a carner female

For many years the possibiity that a female could have an AHF def
tiency was not accepted but several well documented cases have now been
reported.* The female offspring of the mating noted here would recenve an
X* from the AHF deficient male and the second \ from the carner mother
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AHF c
Deficiency arrier
xPy xHxh
X"y xHy
AHF Normal Corrier AHF
Deficiency Deficiency

Figure 46

In Figure 47 we see the result of a mating between a normal male and
an AHF deficient female

All male progeny would recene \! from the mother while all female
would recewve an \¥ from the father 1 addition to the \* from the mother
All males would then be AHF deficient and 1l females would be camers

The mating of a male and a female both deficient in AHF has probably
never occurred except i laboratory ammals All of the offspring of such a
matmg would be AHF deficient (Fig 48)

AHF
Normal Deficiency
)(HY thh
xmy
AHF carrier
Deficiency

Fgure 47
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AHF AHF
Deficiency Deficiency

[ |

xPy
AHF AHF
Deficiency Deficlency

Figure 48

As there are patients with hemoplhulia who have no family ustory of the
disorder the rate of mutation 15 thoupht to be Ingh i

The result of the genetic defect 1s known to be the deficiency of a globu
Lin first descnbed by Patek and Taylor ' In the ab ence of s globulin the
first phase of coagulation 1s impeded Since the platelets and the capillanes
are unaffected, the bleeding time 15 normal while the coagulation time s
often prolonged The more severe the deficiency of AHF the more severe the
bleedung, problem Levels of below 3 per cent are usually found in sympto
matic patients though a bleedimg, diathesis may be found n paticnts with
levels as lugh as 20 per cent The level of AHF 1n any one patient 1s remarka
bly constant throughout hus Lfe

AHF 15 one of the factors necded n the development of blood thrombo
plastin activity and i ats complete absence the only effective, hemostahie
defense left to the patient 1s that supphied by the vascular phase of hemo
stasis and the eatrnsic system In the event of a defect in the larger vessels
these defenses are not sufficient to mamtan hemostasis and extensive bleed
ing may occur

Clinical Aspects  In the past many bomn with AHF defimency died in
mfancy or mn the first five years but with modem therapy there has been
marked mproy t m the p The availability of adeq trans
fusion service has probably been the most important factor 1o the reduction
of mortality from tlus disorder

Mildly affected hemophilics may reach adult bfe before scrious bleeding,
occurs The more severely affected mdividuals may have repeated episodes
of blecding, from the surface of the body the serous surfaces the gastro
ntestinal tract the genitounmary tract or into jont spaces Bleedng does
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not often 1f ¢ver occur m the abscnce of trauma The hemarthroses which
arc suffered often result n permnent ankylosis and deformity

Elective surgery 1s denied these patients and dental extractions must be
done with great shill and careful preparation by dental surgeons aware of
the problem Unhl recently conditions which made surgery imperatnve were
catastroplue Now 1t 15 possible to prepare for such emergencies with a
reasonable chance of success 37 #

For many jears the diagnosis of “hemophilia was made when 1t could
be demonstrited m witro that plasma from the patient m question did not
correct clotting defect of a patient with known hemophiha The diagnostic
dufficulties previously ¢ d are now recogmzed to have Gecurred
because any one of several defects can produce clinical findings of classic
hemophilia These defects may be dentified only by proper laboratory tests
The platelet cqunt tourmquet test and bleeding time are unaffected as they
depend on capillary ntegnty and platclets both of which are normal Tn
AHF deficiency Clot retraction 1s hkewise normal since there 1s adequate
fibrm and normal platelet function The prothrombin time 1s normal simee
thus test system bypasses the factor deficient 1 hemophiha

The coagulation time may be prolonged owing to a decrease m the
formation of thromboplastin activity It 1s important to note however that
the coagulation ime may be normal despite relati cly severe AHF deficiency
The thromboplastin generation test ean be used to 1dentify the specific defect
m any of these disorders ** Modifications may be made m the thromboplastin
generation test which enable one to determme the percentage of AHF
activity prescnt mn the suspect plasma

Treatment The treatment of patients with hemoplha has mmproved
considerably m recent years Modern blood banking methods have made
avalable large quantities of whole blood and plasma high potency prepara
tions of AHF factor from anunal blood have recently become ayulable®
and the use of concentrates of human AHF factor 1s now under tnal © While
none of these matenals provide the answer” for hemophilia as does vitamin
B, for permicious anemia they have nonetheless proved a great boon to the
hemophuhic Blood loss 1s more quickly replaced and hemostasis secured 1f
the patient 1s properly prepared tooth extraction so often denied these pa
tients 1 the past despite desperate need 1s now reasonably safe and major
surgery though stll extremely hazardous 1s at least feasible

The use of human plasma as a source of AHF has been successful i con
trolling most hemorrhage nta soft tissues hematura, and the bleedmg which
follows tooth extraction mn those hemophilic patients with a mild deficiency
1t must be freshly prepared for 1t loses over 50 per cent of its actvaty 1n four
days if stored at usual blood bank temperatures of 2 to 4° C® Plasma
which has been quichly separated and frozen at — 30° C retains 1ts actvity
for as long as 30 days however and 1s an excellent product to have available
Unfortunately hemostatic levels of AHF cannot be obtamed m the scvere
hemopluhc using plasma alone The AHF level of human plasma 1s rela
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tively fow and the asculatory system sould be overloaded before an ade
quate concentration could be reached

The nced for a source of coucentrated AHE has long been recognized
Successful preparation of Iagh potenty matenal from ammal blood!? #t has
made it possible to give to the patient an amount of AHF equivalent to that
found 1n 8 bters of human blood 1 a smgle mfusion of small volume How
ever as these are of 1 proten they are antigemie
and are thus bouted m thew usefulness It has proved possible to gue a
sigle course of therapy to a patieat over exght to ten days but the response
1o the nf often p ly ¢ hes A second course 1s prohubited
by the possibility of anaphylaxis Simce there are only two 1wnunal prepara
tions avarlable (bovine and porcne) they are reserved for dire emergencies

The preparation of concentrates of human AHF holds considerable prom
e Wath these preparations an amount of AHF equnalent to that found in
a liter of plasma can be gven 1m 100 ml Its use 55 stlf w the eaperimental
phase and sts snhigemonty has ot yet been determmed &

Dental extractions have becn rendered more safe by the use of dental
sphnts of acrylic resn *** These sphnts protect the gum and prevent the
distodgment of a clot once formed Calonum algmate gauze soaked m Russell
viper \enom may be placed betw een the sphnt and the gum to act as a local
hemostatic agent A hiter of fresh plasma 1s grven these pahients an hour
before the extraction and thercafter as indicated Under no curcumstances
should the gum margws be sutured as bleeding may contnue beneath the
sutuzes and dissect into the fasaal planes of the nech causmg respuratory
obistruction

Hemorrhage w the hssue of the throat, at the base of the tongue or m
the nech 15 usually controlled by the wfusion of fresh plasma The posssbihty
of respuatory obstruction should be appreciated in tume to enable an endo
tracheal tube to be passed Tracheotomy should be averded of possible as 1t
mcreases the danger of serzous hemorthage The blood n these tissues does
not localize and the surgeon shiould not attempt dramage as such efforts
result only m further bleeding and nereascd danger to the pabeat The
hemorrhage will cease and the blood wall be absorhed quickly if an adequate

of AHF 15 ok 1 P hage 1 Hed by
the ummediate appheation of local pressure while the wfusion of fresh
plasma 15 started After an elevation of the AHF 15 obtamed the pressure
should be released to allow blood with adequate AHF to teplace the AHF
deficrent blood m the bloched vessels and then reapphed

Hemarthroses should be treated as conservatnely as possible Bed rest
and ice bags to the affected jomnt dunng the acute phase with cautiaus activ
Hy @y mprovement ocawss seem adicated Repeated aspirations and baage
may lead to wfection or further bleeding and should be asvorded of poss:
bl % Plasma should be gien to rawse the AHF level It is desirable to have
the jout w the most functional positton should anks Jos:s occur

Operations should be avarded 5f possible Should magor surgery be essen
tial a concentration of nat under 25 per cent AHF must be obtamed Simce
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this 1s not possible using plasma alone ammal or human AHF must be
avathible It 15 esscntal that surgery on these patients be carned out m
centers where careful laboratory control can be exeraised 37 #

Iustrauve Case  HisTory  An 18 year old white male was admitted
for the first tme because of continued bleeding for six days from the site of
a tooth extrachon Tius young man stated that he had been told by his
mother that he had been & ‘blecder” since burth He had always bled easily
from munor cuts and abrasions bruised quite casily and had frequent nose
bleeds He had suffered  bluish” swelling of the nght knee and pamful hip
jomts B of lus bleedmg tend he had ncver been allowed to go
to school S days prior to admission he had had a nght lower molar ex
tracted The yum flaps were sutured as bleeding, continued after the extrac
tion Scyveral hours later a mass was noted at the angle of his jaw and bleed
g, from the gum continued He was seen by hus physician who referred lim
for treatment

Family history revealed that has mother and father were cousins One
brother was known to have a bleeding dyscrasta Two sisters and the other
brother were normal

PrssicaL Examinamion  The patient was a thin pale young man lying
queetly 1 bed. Examination revealed a large clot m lus mouth overlyng the
nght gum from bencath which blood was stil cozing An indurated 3 X 4
«m mass was palpable below the angle of the nght ramus of the mandible
A large ccchymosts of the shin extended from the area occupied by the mass
to the witerior chest wall on the nght There was no lymphadenopathy and
no organs or masses were palpable m the abdomen

Laporatony ExavNatioNy  Laboratory examimation resealed a hemato /
cnt of 28 per cent and white blood cell count of 5600 per cumm Platelet
count bleedin, time and tourniquct test were normal The coagulation time
was 168 minutcs and the prothrombin time normal Thromboplastin genera
tion test was abnormal when the patient s plasma was substituted for normal
plasma n the mcubation muture The patients serum was normal Assay
revealed less than 1 per cent AHF actmaty No crculating anticoagulants
could be demonstrated

Subchondral cystic change and arregulanty of articulatmg surfaces of
both hips and knees were noted by a ray These changes were felt to be
consistent with hemophilic arthritis A diagnosis of antihemoplulic factor
deficiency was made

Course  The patient was transfused with 2000 ml of fresh whole blood
dunng the next 48 hours The bleeding ceased and the clottng time returncd
to 11 minutes A dentist removed the sutures from the gum flap and cleaned
the area gently after which a firm clot formed

Covvent  This case history demonstrates several features of impor
tance It 1s a classtc example of the grave nisks wlich are encountered when
tooth extraction 1s attempted without proper preparation The nisks were
compounded by the sutunng of the gum flaps This lad 15 fortunate to have
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escaped asphyxiation which might have resulted from continued bleeding
sntenorly—bencath the sutured flaps with dissection of fascial planes of the
nech

The use of fresh whole blood (or plasma) to control bieeding of thss sort
15 demonstrated to be of value The amount of bload grven would not have
been expected to raise the AHF concentration gretly but was adequate Tt
should be noted that the coagulation time retumed to normal despite the
fact that the AHF concentration was stll very low This test may not reveal
coagulation defects if they are not severe

The social problem presented by this patient 1s quute apparent Ihs
parents had been advised never to send hum to school He had had no educa
tion whatsoever and without lus parents would be unable to support himself
These children should be protected from trauma but they must not be
denied an educabion

The use of the th bopl g test clearly sep 1 this
AHF deficiency from the other defects m the first phase of coagulation

The patents brother was subsequently brought to the hospital and
was demonstrated to have AIF defictency

2 Plasma Thromboplastin Component (PTC) Deficiency

The practice of companng the coagulation charactersstics of plasma from
patients with undiagnosed hemorrhagie disease with those of plasma from
chmeally accepted cases of hemophihia n order to establish the diagnosis of
hemophilia has mn the past led to considerable confusion! 3 In 1947 Pay
losky™! reported that the addition of blood from one hemophilic patient to
that of another m vitro occaswonally resulted 11 @ normal coagulation tume
Aggeler et al 7 and Biggs et al 8 later recognized that the existence of a
heretofore unrecogmized factor must be postulated and that the absence of
this factor would produce a synd hmeally ind hable from
hemoplulia Ths factor most commonly known as the plasma thromboplas
tn component (PTC) or the Chnstmas factor has been eatensively wvesh
gated \Many patients thought to have AHF deficieney have now been recog
nized to have a deficiency of this factor

Pathologic Physiology  Thus defect 1s trinsmitted as a sex lnked reces
stve with geaetic possibilities sumilar to those descrbed above under
AHF factor deficiency The gene 16 not as recessive as that responsible for
AHF deficiency and symptoms may oceur 1n female heterozy gotes

Like the AHF plasma thromboplastin component takes part in the fst
phase of the 1. of blood A defi of thus factor impedes the
development of thromboplastin activity The platelets and capillanes are
unaffected and repair of small capallary rents proceeds normally

Chinical Findings These patents may present any of the problems
found i AHF deficsency Males are more commonly affected though PTC
deficient fomales are not as wncommon as those with AHF deficrency This
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1s perhaps 1 reflection of the fact that this gene 1s less completely recessine
than that responsible for AHF deficiency and 15 finding expression m hetero
zygotes Manifestitions of the hemorrhagic diathesis may appear 1t buth
with bleeding from the umbilical cord or followng circumcision Excessive
bleedmng, will mark mmor triuma nd surgical procedures throughout the
Iifc of the patient.

The Inboritory findings 1 this disorder follow the same general pittern
as those m AHF deficiency The platelet count capillary fragility clot re
traction bleeding time  and prothrombmn time are normal

The coagulation time 1s often prolonged smce the development of throm
boplistin activity 1s impeded As in AHF deficiency however PTC deficient
paticnts may have normal coagulation times

As PTC 15 not consumed durmg coagulation 1t 1s present m normal scrum
As 1 consequence the coagulation of PTC deficient plisma may be brought
to normal m vitro by the addition of normal serum The defect wall not be
corrected by the 1ddition of BaSO, treited normal serum or plasma since
BaSO, dsorbs PTC completely This disorder may be identified by the
thromboplastin generation test which 1s based on these facts Substitution
m the meubition misture of the patients serum for the normal scrum wall
pravent the normal evolution of thromboplastin activity

Treatment  The treatment of this disorder 1s perhaps more dafficult
than that of AHF deficiency as there ue 1t present no concentrates of PTC
availble and these patients may have 1 climceal course equally severe It s
thought that PTC 1s stable on storige at blood bank temperatures for two
or three wecks? 133 Tt has been reported that when aaid aitrate deatrose
plisma stored at 4° C 1s the source of PTC the results of the thromboplastn
generation test are abnormal withm fourteen days and normal dunng the
first four days of storagc only However plisma stored at 4° C for fifteen
days and longer has been reported to rase the PTC level of patients with
known PTC factor deficiency ! Serum which can be shown to be a good
source of PTC m vitro has been demonstrated to be meffective m the treat
ment of PTC deficiency The reason for this 1s not clear ® The comments
made 1bove on the clinical t of AHF defi apply equally
to the management of this disorder

3 Plasma Thrombopl 1 lent (PTA) Defi Y

f

Plasma th boplstin ‘! (PTA) defi was described by
Rosenthal i 1953 11 The climeal findings are similar to those of AHF and
PTC defictency but the hemostatic defect 15 usually less severe

Pathologic 1 hysiology  PTA deficiency 1s genetically transmitted as an
autosomal dommant Reception of the abnormal gene from ether parent
wall produce the disease The disorder may occur 1n either sex as the gene
1s not carried on the sex chromosome The patint will have a 50 per cent
chance of passing the disorder to lus or her offspnng The gene has a high
degree of penetrance and vanable expression This indicates tl at the gene
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will more than hkely manifest stself if present but that the senousniess of
the defect will vary 14 1%

PTA deficiency like PTC or AHF deficiency mterferes with the develop
ment of adequate thromboplastin actvaty dusing the frst phase of co
agulation

Clinical Aspects  Patients of exther sex present with a bleeding diathess
similar to AHF «nd PTC deficency The bleeding episodes are neither so
frequent nor so severe as those encountcred i patients with AHF and P1C
deficiency and there appear to be penods when bleedmg does not accur
despite major trauma

The laboratory findings follow the same general pattern as that described
tor AHF or PTC deficiency The platelet count capillary fragiity test bleed
mg time clot retraction and Bbnnogen assay are all normal The coagulation
tune mav reflect the impaired thromboplastin activity

Unhhe AHF PTA 15 not consumed durmng coagulabon and with PTC 1s
present 1n both plasma and serum PTA however 1s not adsorbed from
normal plasma by BaSO, while PTC 15 adsorbed Consequently the clotting
time of PTA deficient plasma 1s corrected by BaSQ, treated normal plasma
which docs not correct the eloting time of PTC deficient plasma it 1s also
corrected by the addibon of normal scrum which would not correct the
clotting, time of AHE deficient plasma  The three disorders may be separated
by the thromboplastm generation test the desipn of which makes use of
these facts

Treatment These patients are successfully treated with plasma stored
up to fourteen days since PTA fares well on storage The effect of the ad
mimstered plasima 1s graduilly lost over a penod of a week to ten days If
surgery cinnot be avouded these patents should be carefully prepared
Prior to operation normal plasma gwven 1 amounts equal to 15 per cent of
the plasma volume (about 450 nil ) has been reported?’ to restore chotting
time. and prothrombin consumption to normal

4 Girculating inticoagulants

Severe hemorthagie symptoms may be caustd by the development of
arculating anticoagulants They mterferc with the deydopment of thrombo
plastin actinty and may produce any of the findings not¢d to occur as the
result of deficiencies of those coagulation factors concemed with the de
velopment of thromboplastin activity When arculating anticoagulants ogcur
n patients with preessting, hemorrhagie diathesis the treatment 1s mads far
maore difficult Wile there may be no nerease 1n the number of hemorrhagie
episodes the trcatment of each episode 15 complicated by the uneed to over
cotne the effect of the csculating anticoagulant as well as treat the ongmal
defect Circulating, anticoagulants developmg duning, or subscquent to preg
nancy may produce a severe hemorrhagic diathesis which persists for months
or years® There have becn reports of ciculating anticoagulants occurrng
m association with a heterogencous group of disorders mcdudmg syphihs
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1 Tad,

chrome nephnitis  tut pathy and the collagen dis
cases™ 4 95 Rarely they may dc\dop spontancously i persons without
lnown discase

Chintcal Tindings  Thesc paticnts may have any of the physical findings
ssocated with the other disorders affeeting, the formation of thromboplastin
activity or its function Oncee agam st 15 1n the Jaboratory that positive 1denti
fication of the disorder 15 made Smce the vascular phase of hemostasts 1s
unaffected the platelet count, blecding time tourniquet test and clot retrac
tron are normal Fibrinogen assay 15 also normal as there 1s no mterference
1 the final phase of coagulation Inturference by the cireulating anticoagu
It with the formation of thromboplastin acinaty results m an abnormal
thromboplastin gencration test D hed formation of thrombopl ac-
tivity oceurs when the patients serum or adsorbed plasma 15 substituted in
the mcubation mixture The use of 50 per cent normnl and 50 per cent pa
tints dsorbed plasma with normal serum in the incubation musture results
in diminished formation of thromboplastin actnaty The presence of a ar
culating anticorgulant 15 thereby rdentified sy genetic defect Iikely to
be confused with it would have becn corrected by the addition of 50 per
cent norm il adsorbed plasma

Heparm hke B Is may be diff rated from crculating anfico
wgulants by the addition to the plasm of protamine sulfate or toluidmnc blue
which neutralizes the hepann lihe compounds and lewes circuliting antt
coagulants unaffccted

Pachologic Physiology  The airculating wnticoagulants have been shown
to interfere with the reactions leadmng to the formation of thromboplastin
activity m the mtrmsic system *° ¥ ¢ Others have suggested they may also
mterfere wath the action of formed thromboplistind ¥ *®

They are present in the gamma fraction of the plisma and e thought to
be the result of some immunologic mechamsm ® ¢ 4 The finding of
cireul 1tmg, antico ,ulnts ;n paticnts tre wed repeatedly with blood or blood
products following pregniney and in association with diseases hnown to
have deringed immunologic meehamsms Nas lent substnce to this theory
There are howcver mstinces i which such 1 mechamsm docs not scem to
aperate and the mechansm 1s aneler 7 81 Cuculating anticongulants are
relatively heat stible and fare well on storage at 0 to 4° for long, periods of
tune Circulating antcorgulwts aganst AHF PTC Factor V and Factor
VII have been desciibed as well as those reportedly mtcrfernmg with throm
boplastin activity In those mstances when circulatmyg, anticoagulants nter
fere with Tactor V. Factor VII or thromboplistin actnaty ttself the one
stage prothrombin time wall of coursc be prolonged

Treatment  Treatment of these paticnts 1s the same as that employed
m other disorders mterfering wath the formation of blood thromboplastin
activity Occasionally massive transfustons of fresh blood effect a response
when smaller ones do not Adrenocortical stcrards have not been used with
strihing success but should be tried
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DISORDLRS AFFLCTING BOTH THE FIRST AND SLCOND STAGES OF
BLOOD COAGULATION
The disordess to be diseussed below affect both the first and second
phases of blood ¢ \ The thromboplastin g test and the
one stage prothrombin tune test are abnormal Both disorders may be heredi
tary or acquured

1 Faclor V Deficiency (Parahemoplulia)

Factor V deficiency was frst demonstrated to be a distinct climical en
tity by Owren®® i 1947 The young woman whose disorder he reported
suffered from cpistans easy brusing and eacessin¢ menstrual bleeding
The on¢ stage prothrombin time was prolonged and was not shortened by
the addition of prothrombin It was corrected, however by the additon of
a prothrombun free plasma {raction obtamed from a normal source Thus
was 1t demonstratcd that a deficiency of a tactor other than prothrombin
could not only prolong the one stage prothrombin time but ¢ould produce
a senous chmeal disorder as well

Pathologic Physiology  Factor V deficiency may be congemital or ac
quired The congenital form 1s thought to be transmitted as an autosomal
recessive although the abnormal genc has 1 potency roughly equal to the
nonmal counterpart There 15 a lngh degree of vanabon m eapressivaty
which 1s thought responsible for the finding of some heterozygotes with
hemorrhagie symptoms while in others the camer state 18 not detectable
Consangumnity has been noted to be a feature of some of the family pedi
grees

The acquured form of the disorder lus been reportcd i association with
severe hiver damage and a vanety of other diseases® * 8 Notably the level
of Factor V 1s depressed 1n associahion with fibranolysis and certain instances
of acquired fibnnogen deficicney As Factor V 1s esscntial to the first phase of
bloed coagulation ats deficicney wall result 1n the madequate production of
thromboplastin activity Fantl®s has reported that abnormal bleeding wal)
oceur when the level of Factor V falls below 30 per cent of normal Serum
does not contan Factor V because 1t 15 consumed dunng, the process of
blood coagulation

Indirect evidence pomts to the liver as the normal source of Factor V

wd acquired deficiencics have been reported 1n severc Diver discase The
factor 15 not vitamun K dependent and defictency of Factor \ dacs not oceur
w obstructive Jaundice or duning, the admumstration of coumarm druj s

Chmeal Tidings  In 4 recent review of the reported cases of congenital
Factor V deficiency 3 1t was noted that blceding occurs m the first few
yews of Wfe Blecding from acadental or operative trauma was excessive
and spontaneous bletding mto the gemtounnary tract and the gastromtesty
nal tract was noted. Hemarthrosis was not common Menstrual bleedmng, 12
found to be excessne and may be hife threatening

The cliical findings of the acquired form of the disorder are sumlar to
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those of the I of course by the underlymg
hseasc

The vaseular phase of homostasis 15 unaffectcd Platclets are normal m
number and function and the bleeding time ind tourmquet test are normal
There 1s no quantitative or qualitaitive defect 1n fibunogen

Smce Fictor V deficiney iffects the first stage of coagulation 1t 1s
reflected 1n an abnormil thromboplastin gencration test The one stage
prothrombin time 1s prolonged smce Tactor V 15 essential for the normal
evolution of thrombin from prothrombmn under the conditions of the test
Inwdequate formation of thromboplastin activity 15 responable for the
1bnormal cotgulation time

The hboratory findmgs m the acquired form of the disorder will of
coursc be modificd by the ssoctited disease

Treaunent Treitment consists of the admimistration of fresh plasma by
the mtrinenous route Fantl*® hiis reported that 1t 1s necessary m the case
of complete deficicncy to 1dmunster 10 ml of fresh aitrated human plasma
per hlogrim of hody weight m order to attain adequate levels The half hfe
of the Factor V is reportcd to be approximately twenty hours

vanety

2 Stuart Factor Deficiency

In 1957 Hougie Barrow nd Grahun restudied 1 pattent thought to
suffer from a deficiency of Factor VII Therr careful work established the
heterogenerty of the coagulation defcets in the patients n this group A new
blood clottng factor was uncovered 1nd its properties detamiled m ther

report
Pathologsc Physiology  Stuart factor deficiency has been demonstrated®”
to be transmytted by an letely 1ecessive ] gene While most

severe m the homozygote blecding tendencies have been noted m the
heterozygote ind ciriers can often be detccted with appropnate tests

Recently Griham!  has described a temporary defictency of Stuart fac
tor developed presumably as the result of contict wath 1 farm msechiede

Stuart factor his been demonstrated to be essential in the first phase of
blood coagulition and 1 defictency of the factor 15 demonstrated by the
thromboplastin generation test The defect 1s app uent when the patients
serum 15 substituted for nommil scrum v the meubation miature Stuut
factor 1s adsorbed by BaSQy from norm plisma As B1SO, treated plisma
1s used m performnce of the test the dcfeet 1s not detcctable when the
patient s BaSO, treated plisma is substituted for normal Both norml and
patient phisma are defictent m Stuirt factor under conditions of the test
Stuart factor 1s present 1n normal scrum as it 1s not consumed n corgulation
and substitution of the pitients scrum for normal serum m the meubation
muture reveals the defect

The one stage prothrombin time 1s prolonged since Stuart factor as well
as Factor VII and Factor V 1s ¢ssentral for optimal development of thrombo
plastin activity from the usual tissue sources and platelets



DISORDERS OF HEVMOSTASIS 26

Stuart factor has been shown to be vitamm K dependent and 15 reduce
after several days of admimstration of coumann drugs®* The half Life
Stuart factor m the body has been reported to be 2.85 days* ®

Chmcal Fandings  The patients descnibed have had a moderate bleedu
diathesis Though hemorthagic symptoms may occur i childhood chnic
manifestation of the disorder may not appear untl later 1 life Freques
epistaxis and hematoma have been most disturbing, Hemarthrosis has bec
reported but 15 mild and mfrequent

Whle the defect 1s most severe in the homozygote 1t 1s important to no
that heterozy gotes with hemorrhagic symptoms have been reported. The
patients usually female have been noted to be bad operative nisks and
have persistent anema presumably secondary to menorrhagia

The bleeding tme tourmquet test and platelets are normal Fibrnog:
1s quantitatively and qualitabively normal The whole blood clotting tin
and thromboplast test are ab 1 due to deficient formatic
of blood thromboplastn activity One stage prothrombin time 1s prolonge
as Stuart factor 15 required for evolution of optimal tissue thromboplast
activity

Treatment  Transfusion with whole blood or plasma 1s effectve
relieving symptoms As Stuart factor 15 relatnvely stable 1t 1s not necessa
to use freshly prepared matenal The general management of these patien
1s simular to that of those with antthemophilic factor deficiency

DISOURDERS 1FFLCTING PREDOVINANTLY THE SECOND STAGE OF
BLOOD CO1GULATION

The following disorders affect predommantly the second phase of bloc
coagulation and result m an ab ! one stage prothrombm tume tes
While congemtal prothrombin deficiency 1s recogmzed, 1t 15 extremely rar
Many cases formerly thought to represent congenital deficiency of prothror
bin have on retesting n light of present knowledge proved to be defictenci
of Factor V Stuart factor or Factor VII

Factor VII Defictency

In 1951 Alexander Goldsten Landwehr and Cook rcported the fir
patient d to have a 1 defi y of Factor VII® ¢ TI
charactenstic defect noted w1s a prolonged one stage prothrombm t
corrected by normal plasma or serum but not by BaSO, treated plasma Sine
the two stage prothrombin time was normal 1t was recogmze
that the defect could not be due to a prothrombm defieiency  As BaSO
treated plasma contams Factor V ats fadure to correct the prolonged o

stage protl tune established the synd as distinct fro
m Owrer
Factor V deficiency as well i
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those of the 1 vancty pl d of course by the underlymg
disease

The vascular phase of humostasis 15 unaffected Platelets are normal
number and function and the bleeding, time and tourmquet test are normal
There 15 no quantitative or quahtative defect 1n fibrinogen

Since Factor V deficiency affects the first stage of coagulation 1t 13
reflected n an abnormal thrombophstin generation test The one stage
prothrombm ime 15 prolonged smce Factor V 1s essential for the normal
evolution of thrombin from prott bin under the 1 of the test
Inadequate formation of tl plastin activaty 15 ble for the
abnormal coagulation time

The laboratory findings in the acquired form of the disorder will of
course be modified by the assoctated disease

Treatmen:  Treatment consists of the admmistration of fresh plasma by
the mtravenous routc Fantl? has rcported that 1t 15 necessary m the case
of lete defi to ad 10 ml of fresh atrated human plasma
per hilogram of body waight in order to attan adequate levels The half fe
of the Factor V 1s reported to be approximately twenty hours

2 Stuart Factor Deficiency

In 1957 Hougie Barrow and Graham®™ restudied a paticnt thought to
suﬂ'u' from a deficiency of Factor VII Their careful work established the

y of the lation defects n the patients in this group A new
blood clotting factor was uncovered and its properties detaled m ther
report

Pathologic I hysiology  Stuart factor defi 3 has been ! d'*
to be transmatted by an pletely recesst 1 gene While most

severe m the homozygote bleedmg tendencies have been noted m the
heterozy gote and carmers can often be detected with appropnate tests

Recently Graham*  has desenibed a temporary deficiency of Stuart fac
tor developed presumably as the result of contact with a farm insecticide

Stuart factor has been demonstrated to be essential in the first phase of
blood coagulition and a deficiency of the factor 15 demonstrated by the
thromboplastin generation test The defect 1s apparent when the patients
serum 1s substituted for normal serum i the mcubation musture Stuart
factor 1s adsorbed by BaSO, from normal plasma As B1SO; treated plasma
1s used n performance of the test the defect s not detectable when the
patient s BaSO, treated plasma 1s substituted for normal Both normal and
patient plasmr are deficient m Stuart factor under conditions of the test
Stuart factor 1s present m normal serum as 1t 15 not consumed 1 coagulation
and substitution of the pahents serum for normal serum m the incubation
muture reveals the defect

The one stage prothrombmn time 15 prolonged since Stuart factor as well
as Factor VII and Factor V 15 I for optimal devell of thromby
plastin achvity from the usual tissue sources and platelets
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Prothromlnn Defictency

In 1934 Dam and Schonheyder'® * noted that chicks raised on an arty
ficsal chet had a b h diath flected by ascorbic acd The
followng ycar Dam® proposed the name vitamin k for the antthemorrhagic
factor defictent mn the diet and noted that 1t was fat soluble Many com
pounds have been found ta have vitamin h actvity All of these compounds
are essentially dernatives of 2 methy]l 1 4 napthaqunone Vitammn Ry
was solated from alfalfa and vitamin K from putrefymng fish meal} *
They differ from the synthctie menadione (2-methy] 1 4 napthaquinone)
by having a group substituted 1n the 3-position and from each other by the
nature of the group Vitamn k; wiich 1s 2methy] 3-phyty] 1 4 naptha
qunone and d are both used chmcally

Dunng this same period a number of workers were mveshgating the
hemorthagic sweet clover disease mn cattle Although first thought to be of
infectous ongin 3t was soon recognized to result from the ingestion of
spotled sweet clover The agent in spoiled sweet clover responsible for the
hemonthagic tendency was identified® *  as 3 3 methylenebis (4 hy
droxycoumarn) and its effect on the prothrombin tume test d g 108
This entire story 15 reviewed 1n excellent fashion by Link. 7

A number of “coumarin drugs” have now been synthesized and are used
m the 1 tion of thromk The 1 rel hip between the
coumarin drugs and synthetic vitarmin X 1s stnling and 1t has been sug
gested that these anticoagulants may compete with vitamun K and substitute
for 1t m reactions ordinanly leading to the formation of prothrombmn They
act then 1n the manner of bolites p ting normal util of
vitamin K * \lore recently 1t has been noted that Factor VII  the Stuart
factor® and probably PTC as well require vitamimn K for their synthesis
and are quantitatively reduced by the acticn of the anticoagulant coumann
dernabives

Pathologc I hysiology  While I h h E proba
bly exists it must be extremely rare Instances of this disorder reported before
1857 must be reevaluated 1 hght of recent advances i our understanding
of the evaluation of thrombin The present discussion will be confined to
the acquured form of the disorder

It 15 not possible to produce a sigmificant dietary deficiency of vitamin &
1n man as the intestinal bactena produce sufBerent vitamn to cover the daily
needs A deficiency will become apparent m any situation wherem the vita
mun cannot be absorbed from the wtestinal tract, however Vitamin h 1s fat
soluble and 1ts absorption from the intestinal tract 15 impaired by disorders
which result in a decrease 1n bile acids and consequent decrease 1 fat ab
sorption % Loss of large quantities of fat mn the stool wall Likewise lead to
Joss of the vitamuin The of vitamin R defi 1m patieats re
cerving wide spectrum antibotics over long periods of tme wath sterihization
of the ntestnal tract and loss of vatamun R producing bactera has been
reported when associated with a vitamin h-deficient diet.
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Since 1951 a number of casc reports have appeared m the literature de
senbed as Factor VII defictency All had prolonged one stage prothrombun
times uncorrected by BaSO, treated plasma but results of other coagulation
tests v uied Recent work® has now cstablished a thurd factor (Stuart factor)
necessary for optmum development of thromboplastin activity under the
conditions of the onc stage prothrombm tume test Some of the cases formerly
destgnated Factor VII deficiency have now been reeximmed and found to
be dedicient not m Factor VII but i the newly described Stuart factor Much
of the confusion i the ltcrature prior to 1957 relative to Factor VII defi
clency can now be resolved

Pathologic Physiology  The mode of mhentance of congemtal Factor
Vi1 defimency 1s not known for certain but the gene 1s thought fo be an
autosomal recessine ** It scems clear from the studies camed out on the
blood of patients with Factor VII deficiency that this factor while neces
sary for optumal deselopment of extrinsic thromboplastn activity 1s not
required for the devel t of mtrisic thromboplastin activaty Normal
clotting time wid thromboplastin generation test we therefore understand
able The prescnce of hemorrhagic symptoms m these pitients attests to the
mmportance of the development of optimal catrinsic thromboplastin actnvty
m the physiologic defense of hemostasis +

Factor VII 1s thought to be formed m the hver and 1s vatamin k depend
ent It may be dunmished m severe Iner discase and 1s rapidly reduced
dunng the admimstrition of coumann drugs 3 Recent studies* wndicate
the half Lfe of Factor VII i normal man to be 7 2 to 10 § hours The chacal
and laboratory findings 1 acquired Factor VII deficiency would of course
reflect the primary disorder 1 addition to presenting, those of the congenital
deficiency

Clnscal Findings  Patients wath Factor VII deficiency may have the
onset of abnormal bleeding mn mfancy and hemorrhage from the cord has
been noted Gastrointestina)l hemorthage casy brusing and frequent epr
staxis are common These patients may also have mud hemarthroses The
tourniquet test and platelets are normal In the majonty of the patients
bleeding tume 15 normal but m as many as one third 1t may be prolonged
This finding cannot be explamned at present The thromboplastin generation
test 15 normal 1 Factor VII deficiency but abnormal m Stuart factor def
ciency The one stage proth hm tume 15 prok 1 and not corrected by
the wddition of BaSO; treated normal plasma (contmmng Factor V) The
laboratory findings of acquired Factor VII deficiency will of course reflect
the underly mg pathology mn addition

Treatment Admumstration of fresh blood or plasma to pattents with a
congemtal defect of Factor VII has been cffectrve The effects are short
Iived and the prothrombm time returns to pre transfusion levels withn 24
hours *

Factor VII deficency sccondary to anticoagulant coumarnn drugs will
respond to vitamm k, adminmstration
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cutaneously wiramuscularly or wtravenously 4 2l arpule contuning
75 mg 1s wailable for intravenous adnumistration in emergency s
uatrons

Hlustrative Case

This 10 year ofd chnld was admtted to the hospital for smveshgation of a
hemorrhagre dtathests At buth she had a severe hemonhage from the
umbiicus and over the succeedmg years recurrent episodes of epstaus
gastromtestinal hemorrthages and multiple hematomas Eacessive bleedmg
often followcd mmor trauma but hemarthroses had not occurred

Physical exummation revealed only the presence of multiple bruises on
the lower legs

Lazoraromy Fxavumarion  Enythrocyte count 353 mu} per eumm
leuhocyte count 9380 per cumm  hemoylobin 105 gin per 100 ml Tourm
quet test bleedin, time clot retraction and coagulation tume were nosmal
Platelet count (anchreet) 261000 per cu mm Quick one stage prothrombm
time was 34 sceonds with a control of 14 seconds

On fier Brst admission it the 1ge of 5 years 1t was thought that she had
1diopathic hypoprothrombinenua on the basis of the data then asailable

Dunng a subsequent admission 1t was found thar when normal plasma
was mixed with that of the patient the prothrombia tume was reduced but
did not retum to normal The additton of “punfied protbrombin did not
result m a normal one stage prothrombm time One part of serum when
med with three purts of the panent s plasm resulted 1 a normal one stage
prothrombin tme On the basis of these studies 1t was felt that the pabient
probably had a Factor V deficiency

‘The patrent was then followed at another hosprtal wliere t¢ was realized
that she could not represent a Factor V deficiency sunce the one stage pro
thrombn time was cosrected by the addition of normal erum and not by
normal plasma Factor VII was desanbed t that time and it was noted that
the cimieal and laboratory findings of thes patient fitted w1 wath those. of the
Factor VIT defiosency state She was then camed as a Factor VI dehaency
unt} the thromboplastin generation test beeame wulable Once igam the
pabent w1s reevaluated It has now been concluded that a deficencs of
Stuart factor 1s responsible for her hemorrhagie drithesis

Cosnvent  This cise illustrates the growth of our knowledge of the
second stage of blood coagulution The patient was known to have abnormal
bleedins, which w.as not related to platcle t or vessel fictars She was tudied
k‘xtf‘nsudy with all of the tosts malible dunng each hospitabzation A

of ahop 1y poprothromt ws mide when she was first
admstied on the basis of the Quick one stage prothrombm time tese It was
not untit the thremboplastin generation test becume available and it was
found that the substitution of this patients <crum for normal serum 10 the
wmenbation misture resulted m a reduction in thromboplastin activsty that
the patint could be identified s hay mg a Stuwt factor defect
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Severe iver disease may also result m an abnormal prothrombm time

In these cases there 1s an adequate amount of the vitamun but the reactions
10 which it takes part in the lver are impawed

The ad -ation of antic Iant drugs may produce the same effects
as vitamm K deficiency In addition to the coumann drugs salicy lates are
known to produce hypeprothromt The mech by which these
compounds exert their effcct 15 not clear # but 1t has been suggested that it
1s stmular to that of the coumann drugs

Prothrombin Factor VII PTC and Stuart facter levels are below normal
during the first six weeks of Ife ! - While most 1nvestigators have found a
nse m these factors following the admmstration of vitamn X to the
mother 1n labor or to the newbom mfant others® have faled to achuere
thus result It has been suggested* that the low concentration of these fac
tors mn the neonatal peniod could be responsible for some instances of hemor
rhagic disease of the newborn!  Though this pomt 1s not yet settledss it
15 common practice to admumster a routine prophy lactic dose of 1 or 2 mg
vitammn K to all infants at birth Large doses of vitamin k {(over § mg )
have becn reported to ncrcase serum bilrubin levels and the nish of kernre
terus in premature wfants and should be avarded 7

Chimical Exammnation  Hy poprothrombmemia may result m a hemor
rhagic diathesis mandested by blceding from the gums nose or gastrom
testinal tract Excessne menstrual flow 1s also 2 common finding

A prolongation of the one stage prothrombin time 1s found m thesc dis
orders The thromboplastin generation test should be normal and the modi
fed thromboplastin generation test wall indieate a deficiency of prothrombin
Fibrimogen assavs are normal

Treatment Blood transfusions should be gnven in emergency sitnations
and will serve to treat shock correct anenna and axd 1 restoration of missing
coagulation factors

It has now been found !'* contrary to the ongmal report ** that natural
vitamun K (Zmethn] 8 phyyt 1 4 naphthoqumnene) 1s more effective than
the svnthetic vitamn Rk {menadione)

Vitarin K 1s given stonly by the mtravenous route in severe defieiencies
when bleeding 15 immment or his occurred The time needed for a response
to the drug to be demonstrable depends on the cause of the deficiency and

the amount of vitamin d 1 lled

G 1y bl il 15 C m3
to 6 hours A I ml ampule contamns 50 mg vitamin K, It 15 recommended
that 1t be admumstered slowly at a rate not exceeding 10 mg /min

Vitamm Ky 1s also avaiable 1n 5 mg tablets for oral admumstration m
nonemergeney situations Fie to 10 mg are given mbally and the dosage
adjusted depending on the chmeal situation In the presence of obstructive
jaundice or bihary fistula the concomtant admmstration of bile salts 15
necessary when the drog s given by mouth

Synthetic vitamm K (menadione) supphed as the sodwm salt of 2
methy] 1 4 naphthohydroqumone s a water soluble compound 1t 15 sup
phed i 1 ml ampules contamng 5 or 16 mg It may be admmustered sub
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1),

on the plasma fibnnogen lesel than will sut t doses of ¢
size Transfusions of whole blood should be given to replace blood loss if
need be 104

Acquired Fibrinogen Deficiency

Pathologic Physiology  The mechamsm by which the blood becomes
depleted of fibrmogen 1n these conditions has been extensively i estigated
Deaidual and placental extracts are both nich hissue sources of thrombo
plastin actvity Widespread mtravaseular cloting, may follow f these
ussues or those of the Jung or bramn should gain access to the v wscular system
Tlus clotting 1s 50 widely dissemmated that obstruction to the flow of the
blood may not oceur but the utilization of fibrinogen by the coagulanon
process wall dangerously reduce 1ts fevel ¢ In a hke manner the level of
fibrinogen has been thought to be reduced by the coagulation of large retro

placental b hage 1n of abruptio placentie¥® Fibrinolyans
have been reported to occur in some obstetrical conditions!® 110 110 17 4nd
1 prostatic 14 and may be ble for the dep d levcls of
fibrimogen

Sharp etal !  have recently noted that a portion of the plasma fibninogen
may be physwologically mert during the carly phases of this syndrome
Labortory mcthods wluch quantitatively measure the level of fibrinogn
may not be adequate and a test wlnch measures the reactity of the fibrino
gen fo thrombin 15 preferred

Climcal E A d fib defi may develop
suddenly dunng labor or shortly thereafter and 1s fested by hzed
bleeding and incoagulability of the blood It has been seen following ab
ruptio placentae V¢ 147 1n with flnd emboh 1! and with
the retention of a dead fetus 11 It )5 important to emphasize the suddcnness
wath which this syndrome may anse Its early recogmition is mperatne The
condhtion has also been reported following, pulmonary rcse chons in associa
tion with caremoma of the prostate followmng mcompatible blood trans
fusions and with severe burns! 13 138

Lab y tests ¢ fy used to d fbnnogen defi
employ the fibnn clat as an end pomt In the prescnee of fibnnogen def
aency the clot fmls to form or 15 of poor character The thrombm biter 15
perhaps the most rehable test Normal plasma when diluted 1 to 64 with
saline and often m the 1 1n 128 dilution w1l clot following the addition of
thrombin Plasma from patents with fibrnogen deficiency often fails to clot
cven at low dilutions The whole blood clotting tume 15 often abnormal When
the blood clots in the normal penod of time the clot 1s usually of poor
quality but 1 some mstances no coagulation occurs

The one stage prothrombin tume though a seasitu e mdicator of fibrino
gen deficiency 15 non speafic Deficiency of Stuart factor Factor V. Factor
VII or prothrombin will lso g e abnormal results m this test The thrombin
clotting tune of plasma 15 often prolonged (normal 10 to 12 seconds) The
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DISORDERS {FFECTINC THE THIRD ST AGL OF BLOOD CO{GULATION

Fibrinogen deficiency may be exther congenital or acquired The congem
tal variety 15 quite rare Acquired fibrinogen deficiencies are more common
and usually present as comphcations of ccrtamn surgical procedures or ob
stetrical aceidents and are of grave importance

Congenital Fibrinogen Deficiency

Pathologic Physiology  Congemtal fibainogen deficiency appears to be
genetically transmutted as a non sex hinhed recessive In many of the reported
cases the famuly history revealed consangumeous marmages m parents or
grandparents 13 & 104

In these cascs the absence of fibrnogen prevents the coagulation process
from complcting 1ts final phase 1e  the conversion of ibrinogen to the fibrn
clot Thus coagulation cannot occur The rest of small vessel hemorthage
1s normal as 1t 1s brought about by vasoconstriction and platelet thromb: 2
Menstrual bleeding 1s normal and seems to be controlled by vasoconstriction
of cndometrial arterioles  These patients have been shown to have a de
crease 1 synthesis of fibrinogen rather than an increase m its destruction
Mimnute traces of fibrmogen have been detected immunochemically m the
blood and connective tissues of some of thesc patients and the defect may
not be 1bsolute 1 all mstances ** Others hive been unable to detect fibirno
gen by ny method 3

Climcal Ex The disorder 1s often fested at buth by the
occurrence of bleeding from the umbilical cord 3 ¥ 194 The condition re
bles AHF defy y chimeally but 1s usually less severc® Persistent

bleeding m1y occur howcver m the wake of minor trauma and spontaneous
bleeding, m1y occur mnto jomt spaces or soft tissues Cripphng hemarthroses
do not occur m this disorder® 1% The thromboplistin generation test 1s
normal since there 1s no defect n the crly phiscs of clotting Platelet count
tourniquet test and blecding time are likewsse unffected by the absence
of fibrmogen Ihe whole blood clotting time one stage prothrombin time
and thrombin tume all require a fbrin clot 1s an end pomt and are abnormal
1 the absence of fibrinogen Fibrmogen assav reveals only minute traces of
fibnnogen or a complete ibsence

Treatment The hemostatic defect 1 patients with congenital ibnnogen
dchewency cm be corrected by the admmistration of fibrinogen Half of the
fibnnogen dnumstered mtrwcnously to patients with congemtal afibrino
genemia has been reported to be lost in 48 hours and thereafter it disappears
with 2 half hfc of approumately four days ® The early loss of half of the
admimstcred fibrinogen 1s thought to represent cquibibrabion with the eatra
vascular compartment 4? The mass of plasma protem located 1n eatravasculr
spices 1s approximately equal to the mass of plasma protun urculating
within the blood vessels and the two are m dynamic equilibnum As the
extravsculir deficit must be made up as well as that of the mtravascular
compartment  the first dose of fibnnogen admimistercd will have less effect
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discosered In ths case the house officer noted that the patsents blood did
not clat and when the «ddition of thrombn to the patient s plusma dud not
brng about 1 the ad of gt was diatel
begun The patients response to fbnnogen was good It 1 wlereshng to
note that the adminstration of 3000 ml of whole blood which contam ap
proxsmately 9 gm of brinogen did not correct the defect while the admun
1straton of 4 gm of Ebnnogen m saline brought about a distinct decrease m
the rate of hemarthage The reasaa for this duscrepanc) which has been
nated prestously 1s unknown The bleedmg which occurred 4t the time of
dehseny of the stillborn mfant was probably related to the tear rather than
to fibrinogen deficiency smce the cougulation time was shil normal

In retrospect 1t sould bave been advisible to avard the admunustration
of dextran ta this patient stce destran itself may mterfere with the clottwg
mechansm 32

1If DISORDERS OF GOTH VESSEL FUNCTION \O
LLOOD COAMGULATION

Von W tlebrand s Disease (Inherited autosomal hemorrhagic
diathesss uith I plulic factor defi
and pralonged bleeding hime)

In 1926 von Willebrand desenbed a hemomhagie diathesss found in
members of a famly living on the Aland Islands off the caast of Finland
He destgnated the condition as pseudohemophihia and felt that st resulted
from abnormal platelet function A number of reposts of cses of pseudo-
i hiba have smee app d n the } The patients reported
generally have had clinseal findings simalar to those of the famuly descnibed
by von Wllebrand but the results of the laboratory tests have been vaned
1t now seems that the term pseudoh hiha as used m the htera
ture 15 not speafic Reassessment of the patients ongmally described by von
Willebrand has made clear the natuse of their defect® and 1t seuns reason
able to refer to thew disorder as von Willebr nnd < disease

Pathologic Physiology  Von Willebrund's disease ss mwherted and 15

1 as an § o with varyng degrees of evpressi
sty % The patients ongmally deserbed by von Willebrand and thought
to have a qualitatne platelet defect hive been rec amined® and no such
defeet could be established It would seem reasonable to include under the
termn von Willebrand s disease only thase patients who have findings ssmilar
to those of the ongmal group numch 4 profonged bleeding time shghtly
prolonged tune mod or shght deerease w AHF levels and
normal platelets Tt has been demonstrated that the AHF level may be rased
by the adminstraion of fraction 3-8 of normat human phsma and the
bleeding time sumultancauslv s corrected The blecding time con also be
corrected by the admnistration of a frachon 1-0 which has no AHF actnaty
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thrombin time 15 less sensitive than the thrombin titer however Acquired
fibrnogen deficiency may be associated with a dcficiency of Factor V. AHF
and platelets The platelet count 1s often low during the acute phase of the
syndrome 1! AHF and Factor V deficiency can be demonstrated by the
thromboplastin generation test

Treatment  Immediate treatment 1s often required i these cases
Fibrnnogen preparations are administered m doses of 4 to 6 gm and should
be repeated as needed Steroids may be of benefit 1f fibrnolytic activity 15
present ° Steps should be taken to comrcct the underlying disease if pos
sible Fibrinogen alone may not be adequate as there may be assocated
defects of Factor V and AHF and fresh whole blood should be used as well

Hlustratve Case  Histomy A 40 year old whitec woman gravida 10
para 8 aborta 1 was admitted one month prior to the expected date of
delwery She had progressed normally 1n her gestation until the night before
2dmission when she developed diuthea and weakness The patient famnted
on the morning of admission and her physicinn was called He found her in
shoch and referred her for treatment

Pinsicar Exaniivation  Examimnation revealed a blood pressure of 30/0
with a pulse rate of 120 per minute A term fetus was present with the vertex
floating The uterus was very firm and the fctal heart could not be heard
There was 1o external loss of blood

Lasoratomy Exanunarion  The hematoent was 22 per cent and un
nalysis revealed 6 to 8 wbc /hpf 20 to 30 rbe /hpf and 4+4- albummn A
diagnosis of premature separation of the placenta with non viable fetus was
made

Course  As the patient was moved from the stretcher into bed approx
mately 500 ml of unclotted blood gushed from the vagma An mtravenous
infusion of 500 ml of dextran was started unmediately and withm a few
nunutes the admumstration of 500 m} of whole blood was started Sn bottles
of whole blood (3000 ml ) were necessary over the neat one and one half
hours to maintain the blood pressure above shock levels because of continued
and profuse vaginal hemorrhage It was noted that the patients blood did
not clot and a fibrinogen assay was performed The addition of human
thrombm to her plasma did not result m coagulation which indrcated the
probability of a fbrinogen deficiency Four grams of fibrinogen i 400 ml
of salme was admmnistered mtravenously Three additional pmts of blood
(1500 ml ) were nfused in the next hour Since bleeding continued though
somewhat slowed an additional 2 gm of fibrinogen was given mtravenously
n 200 ml of saline following which the coigulation time was four minutes
Patient was delivered of a stillborn infant 18 hours 1fter admission with the
loss of approammately 700 to 800 ml more blood and additional whole blood
was admumstered Coagulation tume at this pomt was stil normal Following
repair of a small laceration of the fourchette bleeding censed and the re
mamder of the patients course was uneventful

Covinvests  Excessive bleeding 1s eapected with premature separation
and often it 1s some time before the cxistence of a fbnnogen deficiency 1s
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age when Gelfoam and topical thrombin became available and an extrachon
was successfully camed out usmg these agents She was vow adoutted for
further dental work, having had but one nosebleed of any significance m
seven years and only rare vagmal spoting

The patients mother and father were first cousms There was ne history
that esther the pavents or grand had had wny ab 1 bleeding Two
brothers had died following hemorhage m wfaucy another brother died
followng uncontrollable epistans and a fonrth brother bled to death dunng
an appendectomy A £fth d swide The fisve sibhngs
were alne and well without hustorieal evidence of abnormal bleeding

A review of the old record revealed marked yamabilty of the bleeding
time and the fact that the coagulation time was somewhat prolonged occa
sionally  Prothromtun tme platelet counts and clot retraction were con
sustently normal The results of the tonrmquet test varted and from time to
e were shghtly positne On one oeeasion the bleedmg tune was noted to
be 1714 munutes w one ear while at the same tme 1t was 150 mnutes m the
other There was also stnhmg evidence that the wfusion of whole blood
affected the bleeding time On one the capill were visuahsed
directly and 3t was noted that they did not retract propesly after being
punctured with a needle

Pasicar Exayuvanion  In addiion to dental eanses for shich she was
admitted the only postive physical inding was very shht hepatomegaly

Lasorarory Finotnes  The red blood celf countwas 33 ml per cumm
hemoglobin 96 gm per 200 m! homatocat 28 por cent and platelets 364 000
per cumm The bleeding time was discontinued at 15 mmutes the coagula
tion tune was 13 mimmutes and the thromboplastn generation test revealed
a depression of AHF

Cousst  The patient was gnen predsone and 3 vnts of fresh (4 to 6
haurs ald) blood Her bleeding, time and thromboplastin generaton test
retwnied to normal and she tolerated the remaval of three teeth without
excessive bleeding Within 48 hours the bleeding, tane was a,un projonged
despite i ad of ¥ Frie bundred ml of fresh
plasma 1 ghss bottles wis gnen and once agun the bleeding hume was
returncd to normal She tolertted the remosal of two more teeth without
oeessne bleedng

Comusnt - The story presented tdicates the yanabality of the chnical
m untfeststson of this duorder There 13 clear evidence that the bleeding time
was affected by both w hole blood f and plasma f The
fact that plisma transfusions collected i ind administered from ghss bottles
corrected the defect ifords evidence agamst the possibdsty that platelcts
plaved anv sole w the correction of the bleeding trme The patient s platelets
were nor il m the thromboplastic generation test The decreascd AHF and
pralonged bleeding, time mdicates the sty of {has patient s disorder to
those. descrsbed by von Willchrand though this patients defoct may have
‘:\c::f:\ﬂx;‘r ;x}:;"da»;tsi:dalx:to;oma:‘ recesstve The chnucal course of ths patient

y the admunstration of fresh plasma The admumstra
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Fibrinogen has no effect on the blecding time These findings suggest that
the fraction 1-0 of normal plasma contams a factor other than AHF or
fibrmogen which will influence the bleeding, time The dentification of this
factor has not yet been accomphshed ® 93

Clinical Features  Ths disorder is oftcn apparent i the first few weeks
of life when spontaneous bleeding from the nose or gums may occur Ex
cessive bleeding often follows mmor trauma Utenne bleeding may be
X and p 1s often plicated by bleed prsod 311
Neither petechiae nor hemarthrosis 1s common i this disease The great
varmabihity 1 the bleeding, tendency m the same patient from time to time
makes the clinical course difficult to anticipate but 1t 1s rare for these patents
to succumb during an episode of blecding

The Inboratory findings m this group of patients are not consistent from
patient to pattent or indeed 1n the same patient from one examnation to
the next® 093 1811

The platelets are normal quintitatively 1nd quahtatively The one stage
prothrombin time 15 normal smce 1t by passes the dcfect Fibrimogen levels
are adequate The bleediny, time 1s prolonged The coagulation ime may be
prolonged and seems to reflect the level of AHF 15 does the thromboplastin
generation test which 1s abnormal m the plasma phase In 1941 Macfar
Iane® demonstrated that the capillanes in the nail beds of these patients
appeared bizarre and failed to constrict normally

Treatment The fact that more than one disorder has m the past been
mcluded under this name may be responsible for the wide varation reported
1 response to therapy

Blood transfusions are mdicated for support of a patient through a severe
hemorrhagse episode The use of fresh plasma has been effective i control
as has Cohn s fraction 1-0

The natural hustory of tlus disorder 1s extremely sarnable nd it 1s difficult
to mnterpret the efficacy of a particular therapeutic maneuver Any surgery
15 a major hazard to these patients and should be avoided if possible If
surgery 1s unavoidable the patient should be prepared by the admimstra
tion of fresh plasma

Ilustrative Case History A 50 year old white married woman was
admtted to the hospital for the extraction of several tecth She had been
known to be a “bleeder all her Iife Minor cuts and abrasions were followed
by bleeding m childhood and there had been repeated epistaxis
subcutaneaus hemorrhages and cozing from the gums At 18 years of age
she had a severe hemorrhage which contmued for two to three days follow
mg the extraction of a tooth Following a2 miscarniage at the age of 33 she
had mtermittent bleeding for six months Bleeding was finally controlled by
the admmistration of a number of whole blood transfusions There were
however long mtervals of freedom from any evidence of bleedmg tendency

She began to have severe pan as the result of excessive dental carses
while 1n her late thirties Dental extractions were denied her on several ocea
sions because of her lustory of a hemorrhagic diathesis She was 42 years of
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tion of adrenocortical sterowds was not considered to have played a role 1
the correction of the bleeding time since 1t was prolonged agamn 48 hours
after admunistration of fresh whole blood despite thair continued admimstra
tion In retrospect the use of dental sphnts as described under the treatment
of AHF defieiency may have obviated some of this patients difficulty with
extraction

Thrombopatlua

Hemorrhagic diathesis has been attnibuted to qualitative as well as quan
titative changes 1n the platelets €8 1 ¢ 139 14¢ Ag the platelets play so broad
a role in the defense of hemostasis altered platelet function may affect the
vascular or biocl Al phase of 1 or both It 1s not surpnsing to
find a wide range of abnormal Iaboratory tests reported n the hterature
since dividual platelet functions are difficult to assess and more than one
function may be altered

Thrombopathia 15 usually myestigated by the use of the thromboplastin
gencration test hepann neutralizing actinity clot retraction morphelogie
study of the platelets bleeding time and tourmquct test

At present 1t seems clear that altered platelet function may produce
hemorrhagic diathesis but clanfication of these platelet abnormahties must
awut further mvestigation
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CHAPTER VIII

Leukocytes

Crentr For distinguishing betw cen the red and white corpuscles i the ar
culating blood hns been given to William Hewson ! The term “leukocy tosis™
was introduced by Virchow to indicate a temporary increase 1 the number
of ) leuhocytes he rc d that d n a vanety
of normal and disease states The association of leuhocy tosis wath infectious
processes attracted considerable attention and stimulated numerous imvests
gations Almost fifty years ago the authors of one book on hematology wrote
“The problem of leukocytosis has been subjected to as much discussion as
any queston of modem mediceine An exhaustive reeital of the work devoted
toat of its methods and of the results of this work would £1l a whole volume
and would be out of place 1n a treatise on blood diseases ™8 Smce that time
other iy estigations of the ongm function and vanations mn the Jenhocytes
have addcd to our hnowledge but many unportant detals remain to be
clanfied

The ongin morphology and function of the leuhocytes are discussed in
Chapter I The present chapter deals with the numbers of the dificrent types
of leukacytes that are found 1 normal arcumstances the vanations that
occur under different physiol and
meck that are dercd n il

and the
g these changes

309
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LEUKOPOIESIS

Granulocytes

The granulocytes constitute a tissue of considerable size Only a small
part of this tissue 1s contained 1n the circulating blood where the number
of granulocytes normally ranges from 2000 to 6000 per cumm Osgood has
caleulated that the total number of the cells of thus serics i the hematopot
etic organs (marrow) 15 18 x 104 and in the arculating blood 20 x 10° 1
the tissuc exclusne of the blood and blood forming organs the calculated
total 15 12 x 10" 4 The quantity and distnbution of the cells are better ap
preciated by considerng the totil mass of cells rather than the total num
bers It s estimated that the werght of the granulocytic cells m the marrow
15 600 gm 1n the circulating blood 10 gm  and in other tissues 600 gm In
the normal 1dult the spleen weighs about 150 ym and the hver about 1500
gm * The presence m the circul ition of only a relatively small purcentage
of the total number of granulocytcs in the body supports the nterpretation
that the cells in the blood strcam nre those that are bemng transported from
one site to another *

The location and function of the extravascular granulocytes 1s wn m
tngumg problem The bone marrow apparently serves s a reservoir of
functioning cells as well as an organ of production ¢ 37 Other sites of extra
vascular wcumulation are the lungs hver and spleen? * Granulocytes may
Also be found within the vasculwr compartment arranged along the walls
of the capillaries m various tissucs pparently sequestered from the general
curculation The presence of cells i these locations may indicate that they
perform some function such as transportation or 1t may indrcate that the
cells accumulate 1n these areas prior to elmination or destruction It s also
possible that these mtrivascular 1ggregates of cells constitute a reserve of
motile cells ready to be utthized 1n the defense of the body Expenmental
evidence indicates that leuhocytes that have left the intr wascular compart
ment are unable to reanter m sigmificint numbers

The studics of Criddock and coworhers have provided valuable informa
tion about the location nd size of the reserve pool of granulocytes®* 7
Dogs were subjected to the ripid remosal of Jeukocytes by leuhopheresis
and the responses were studied under vanous conditions The tremendous
reserve of lculocytes w 1s demonstrated by the observation that 1t was neces
sary to remave the lcukocytes fiom the blood 1t a rate of 15 blood volumes
per hour for three hours in order to reduce the lcukocytes to a level of 1000
to 1500 per cumm When the iutial leukopherests was terminated  the
leuhopenia persisted for about two hours (phase I) Followmg ths delay a
lmear rise m the lcuhocyte count occurred and withm 1 penod of six to
cight hours the count rcached A leved that was 150 to 200 per cent of the
pre leuhophieresis bselne (phase If) This phase was followed by a stabli
zation pertod at the new level that persisted for from 24 to 36 hours (phase
1) If leuhopheresis was carmied out during phse I the pernod of greatly
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accelerated cntry of leuhoeytes into the penpheral blood the procedure
could be carmed out for long penods without the production of leuhopenia
Leukopheresis during phase 1T and for two or three days thereafter pro
duced a response sumlar to that observed mitially Morphologie studics of
the leuhocytes m the penipheral blood and bone marrow revealed no et
dence of mcreased immatunty of the granulocytes until after the thard or
fourth day The data mdcate that the response to lcuhopheresis durmy this
peniod came from preformed cells that were available 1 areas of storage
Further support for this nterpretation was afforded by the observation that
dogs subjected to LI , whole bady uradiation behaved sunilasly under the
same cond Ithough the magmtude of the resp was loss

In another senies of expeniments the responses of lubeled leuhocytes were
stucied by the determnation of feubocyte DNA 1n which radioactne phos
phorus had been incorporated The cells fabeled 1 this manaer did not ap
pear n the penpheral blood n app bi bers until three or four days
after the Jeuhopheresis expenments were performed Leuhopheresis per
formed on the third dav after the marrow cclls had been labeled with
DNA P# indicated that a Ingh percentage of the cefls which contnbuted ta
the ramid n1se duning phase 11 came {rom the marrow leulocyte pool

From these studies 1t was concluded that the mam source of mature
granulocytes that take part 1 an acute Ieubocytosis 1s the marrow resenve
The mechanism wherchy the shmulus of kukophercsis 1s mediated to the
marrow is ushnown The results ohtained with Jeukopheresis were rot
terpreted to mdicate that i all arcumstances Jeahocytosis occurs ouly as a
result of the rclease of cells from the marrow and not from redistribution of
leuhocytes within the vascular system These studies provide new mforma
tion about the mech of leuhocytosis and h the 1 of
the laxge reserve poof of granulocytes in the marrow duscnibed by Rindred 12
Yoffey 37 and Osgood ¢

The factors thar control the level of the granulocytes w the crreulatron
in normal and abnormal conditions have not been defined clearly Infection
has been recognized as a shmulus to neutroplilic leulocytosis from the time
that leuhocytosis was first desenibed In Fhrhchs and Lazarus textbook of
fifty vcars ago chemotaxis was accepted as the explanition of the migration
of leukocvtes into areas of mfection and 1t was postulated that the marrow
cells were lated by a ch 1 that led to d proliferation and
output of these cells ® The importance of the reactie ability of the marrow
was recogmzed for 1t was known that an mjection of o1l of turpentine pro
duced leukocvtoss i normal mdisduals but farled to do sa n patients with
typhoid fever and leulopema until alter the fever and leulopema had dis
sppeared More recent studies have provided a better understanding of some
of the factors concerned n the lcukocytosss of infection Nettleshup concluded

that the sul ble for bvperplasia i the marrow was released
from necyosing Jeukocytes 2 Menkin and associates have demonstrated the
presence of a “leuhocytosis g" factor w m

ammals and man This factor which 15 thermolabile was alsov found m the
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crrculatmg blood of dogs when mflammatory exudates were produced m
the pleural space by the mstillation of turpentme but 1t could not be dem
onstrated m norm il blood or serum 16 1 18 19 The leukocytosis induced by
the mjection of thus sub was accomp d by prolf of the
youngcr forms and increased cellulanty n the masrow Efforts to produce
stmlar alteratrons in the lcukocytes by the intravenous injection of histamme
nucleic acsd demmatives adenosmne or bactenial suspensions wcre unsuccess
ful The leuhocytosis promoting factor appears to be distinct from thase
that are concerned wsth the mgration of leuhocytes (leuhotawn) and the
necrosis of tissue (necrosm) Injection of this fraction mto ammals was
followed by an merease of between 70 and 400 per cent m the leuhocyte
count withm a few hours

At least m special etreumstances hormonal factors exest an mfluence on
the circulating, leuhocytes 8 It has been shown that ACTH produces an m
creasc m circulating neutrophils and 1 decrease n cureulating eosmophils 3
the swnular respoanse that has becn ebserved w adrenalectamized animals may
have been due to contammation of the ACTH materal wath piturtary growth
factors that are known to produce a 11se in nevtrophds ¢ The adh
of cortisone to mice w15 followed by an increase i the myelord cells of the
marrow associated with an increase mn circulating neutrophils °

Although most of the studies mdicate that neutroplilic leukocy tosis 15
produced by the rapid release of grinulocytes mto the arculition followed
Dby the augmented production of these cells in the manow an mcreased hie
span of the cells mn the circulation occurrng as 1 consequence of decreased
removal or destruction of the cells could produce the same result The hfe
span of the neutrophuls has been estimted by different methods and different
results have been obtaned ¥ Studies that employed transfusion or cross
cirent hmques generally ind: a short Ife span measured m hours
while other methods indicate a longer survival The marrow culture method
has dicated that the total hfe span of the neutrophil 1s four and one half
days *By the same technique the hfe span of eosmophils and basopluls out
side the marrow has been found to be from eight to twelve days while the
time spent withm the marrow was found to be the same as that of the neu
trophils *

In another study when P* was admnstered as NaHPO, to human
subjects the subsequent determmanion of the DNA content of leuhocytes at
mtenals of 24 hours to three weehs mdicated a longer hfe span for the
granulocytes ! It was found that the marrow showed hugh DNA P? speetfic
actvity for three or four days before the labeled cells were found m the
circulation The observations Jed to the conclusion that the total lfe span
1s about thirteen days four of which are spent i the marrow Another study
that utilized DNA Inbeled with P* 1nd; d that the granulocytes g Il
enter the airculation at sia days of age the meap age of arrculating grin
focytes was found to be about mine days and only a nephgible number sur
vnved for more than three weeks  The granulocytes m two patents with
chrome myelocy tic leukemia were found?® to have an average life span of 23
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days when studicd by a method that employed the adenosine-8 labeled wath
C'* The longer Lfe spans found with the 1sotope labeling techmque are
probably nearer to the true value than the shorter ones obtamed m transfu
sion and cross circulation expeniments

If the phil 15 not destroyed i the ' 1t tually leaves
the blood stream and migrates into the extravascular spaces Some authors
beheve there 1s a free two nay flow of leuhocytes betsseen the circulation
and the extravascular space ! while others do not think there s any sigmfi
cant reentry mto the circulation from the eatravascular tissue* 7 The sites
most concerned 1n the removal of leukocytes from the circulation are the
lungs liver spleen gastromtestnal tract, bone marrow striated muscle
and hdney ! Studies that employed catheterization of vanous vessels have
revealed that the lungs remove large numbers of leuhocytes from the cr
culation The removal of cells from the peripheral cuculation could be

£ 1

mitiated by the ad of acid, and collowdal
substances The fate of the cells trapped m the pulmonary circulation 1s
uncertam but the followmg possibil have heen 1 (1

trapping with later entry mto the general crculation (2) nugration and
excretion through the sputum and gastromtestinal tract (3) reentry mto
the general circulation by way of the lymphatics and thoracte duct (4) dis
imtegration 1 the lung ? A failure of the removal mechamism has been sug,
gested as a cause of leuhocytosis m certain diseases especially leukema

Lymphocytes

Only a small percentage of the lymphocytes m the body are present i
the arculating blood. Osgood has calculated that the total numbers of
lymphocy tes are as follows bone marrow 4 x 10" (100 gm } lymphocytic
tissue and spleen -4 x 10" (100 gm ) penpheral blood, 12 x 10° (8 gm }
total outside the blood and blood formmg organs 52 x 101 (1300 gm ) *

Although the injection of ACTH has been shown to cause a lymphocyto
pema followed by a lymphocytosis 3 the factors that control the level of these
eclls in the ] under normal ¢ are poorly understood
The Lfe span of the lymphocytes 1 normal mdividuals and those with
chrome lymphocy tie leuhenua has been caleulated to be at Jeast 30 days
one tenth of wlich 1s thought to be spent n lymphatic tissue * Studies that
employed the labehag of lymphocytes with radioactive 1sotopes 1 man sug
gest a dual population of lymphocytes one with a mean age of two to three
days and a larger number (60 per cent) with a mean age of 100 to 200
days * Similar mvestigation of two human subjects with chronic Iymphocytic
leuk d d that the lymphocytes had an average Lfe span of 85
days There was also prolonged retention of isotape wm other cells (half ame
about 400 days) but whether this mdicated a dual population of cells one
of which survived for very long penods or a speafic reutihzation of large
fragments of nucleic acid or nucleoprotein was uncertain 1

The function and fate of the lymphocytes that enter the blood stream
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each day 1s one of the g problems m | logy The lymphacy s
are produced m the lymphoid tissue and enter the blood through blood
capillancs or lymphatics 3 Although the hife span of the lymphocyte has
been estumated s more than 30 days * studies n ammals that utilzed a
cannula 1 the thoracic duct mdicate that lymphocytes enter the blood
stream at a rate suflicient to replace the total 1n the crculating blood from
two to twenty four times each day ® 7 Yoffey considers that the evidence 15
agunst the existence of a true circulation of the lymphocytes between the
blood and lymph and for this reason mterprets the discrepancy betw cen the
levels of cells in the circulating blood and the outflow from the thoracie duct
as evidence that large numbers of small lymph 1

leave the g
blood probably to enter the bone marrow the lumen of the intestine and
the connective tissue throughout the body 3" However Gowans who trans
fused labeled lymphocytes nto the vemns of rats and studied the composition
of the cells obtamed from the thoracie duct of the rcaiprent rats concluded
that the great majonty of cells m the thoracic duct are cells that have re
arculated from the blood ¢ Although the nature of the connection between
the blood and the lymph remamns unknown 1t was suggested that recircula
tion occurred through the lymph nodes

Monocytes

Monocytes are found normally m the lymph nodes spleen bone marrow
and loose connective tissue 3 and they constitute from 8 to 7 per cent of the
arculating lcukocytes The total number of cells of the monocytic sencs 1
the circulnting blood has been calculated to be 05 x 101t ¢ The hife span of
the monocyte both m the hematopoetic organs and n the circulation 15
thought to be comparable to that of the granulocyte * The ongm of the
monocytes 1s stll a matter of controversy and the factors that regulate thew
production are not fully understood The mjection of ACTH has been found
to produce a monocytopenta followed by a monocytosis 3¢ Monocy tes occur
mn large numbers about early tubercles and 1 the early stages of nflamma
tion The monocyte has been constdered to be a young cell destmed to be
come a macrophage and thus a cell that may develop mto an ¢pitheliord cell
or a gant cell of appropriate conditions are present *

NORMAL VALUES

The normal salues for the total and differential leuhocyte counts in adults
according to varous authors are shown m Table 10 Both the total count
and the percentages of the different cells vary with the age of the mdividual
In the newbom total counts varying, from 3600 to 45000 per cumm have
been reported but the great majonity are in the range of 10000 to 25000
per cumm 7 % at this time the neutrophils constitute about 60 per cent of
the cells From the sccond week through the second year when the total
count ranges from 8000 to 13 000 per cu mm the lymphocy tes predommnate
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and make up from 50 to 63 per cent of the total? 3 Dunng chldhood the
total count 1s wsually arcund 8000 per cumm snd the sange 15 4000 to
13000 per cumm  dursng the sune period the peecentage of lymphocytes
decreascs to a range of 23 to 48 per cent by the twelfth year 2 At about the
fifteenth year the adult values are reachied and these are mawmtamed threugh
out the remamnder of the indnvaduals hfe

Toble 10 Total osd Duffese stial Le dkocyte Cownts e Normal Adults According to
3 onous Authors

-{;7;:; NEUTRO BN BASO LBEPH MONWO
AUTHOR {cuams ) (%) {2} {%) (%} {%)

Osgaad et al 3 4 000-1E GOQ 3315 -6 62 15-60 08
Stusgrs and Beth< 5% 8 000~ 7 400 55-67 2.3 05087 2338 48
Schalng?? § 000~ B 00O 5167 24 o1 2§30 48
Wantrobew$ 5 DOO-10 000 5462 -3 o875 2533 37

PHYSIOLOGIC VARIATIONS

In additson to the \artations 1 Jeukocs tes that ase found at different ages
changes occur as a result of other physilogie processes These sanatons
which ssnce the time of Viechow have been recognized to occur ndepend
ently of disease have been the subject of several detaded reviens %

Spontaneous Buctuations m the leuhocyte count aocur dunng the day
These appear to be mconstant uregnlae and unrelated to the myestion of
food 7 & 5 the changes have been wterpreted as sndicatise of a redistnbu
ton of leubacytes witlun the body rather than an wiereased production of
new cells because these Suctuations are not assocsated with an merease
unmature cells ¥ * An hourly rhythm of the lenhocytes with an afterncon
ncrepse regardless aof food ingestion bas been reported but not confixmed *

Strenuous exeraise produces a marked leghooy tosis ? 3 Total counts as
Tuagh as 27000 per cu mm. have been found s marathon ruasers and football
players Leukocytosis that develops withun 11 seconds bas also been found
sfter o 100yaxd dash After exercise the count retums to normal within
several bouss Although pregrancy 15 associated with only a shght worease
w leuhocytes and nentrogluls ¥ at the anset of labor there 15 a marked
<rease greater sn prumparae thin multiparae that may reach les els af 17 000
to 31000 per cumm ¥ %

Other causes of leuhocytosss are paroxysinal tachyeardis (13000 to
20000 per cumm }* @ and convulsions (37 000 to 43 000 per cumum } T
Emational states may be associated with chinges i the levhocyte counts
the count has hicen noted 1o nise from 5000 to 18000 per cumm with the
deselopusent of 4 panse reaction and to decrease 6000 1o 12 600 per e mm

w one hour when Amytal admunstered wtrasenously mnduced a change n
the emotional status ©
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VARIATIONS DUE TO DISEASE

Changes that occur n the leukocytes m the penpheral blood mn disease
are often helpful m dering, both the d and prog In general
the changes i the pertpheral blood reflect the type of mjury the extent of
the process and the body s reaction to the mjury Sigmficant alterations may
occur 1n the total number of leukocytes 1n the proportion of the various cells
present and m the morphologic appearance of the mndividual cells

Although no unconditional statements can be made concerming the reac
tion of the body to mfection, certain generahizations can be stated A leuko
cytosis 1s more likely to occur m acute infections than mn chrome disorders
A mild mfection most often 15 associated with no change i the leuhocytes
or with a shght mcrease to 11000 or 15000 per cumm In infectious or
destructive processes a marhed neutrophilic leuhocytosis accompanted by an
mcrease m the younger forms indicates a severe mjury and a bnisk reaction
of the bodys defense mechanism A low or normal total leuhocyte count
assocrated with a marhed mcrease 1 younger forms i the presence of mfec
tion mdicates exther an early stage of the infectious process or a subnormal
response to a severe mfechon Severe mfection and eatensn e hissue destuc
tion are also mamfestcd by morphologic changes m the granulocytes such
as cytopl ¥ lation of the cytoplasm and toxic granula
tion Bactenal mfections particularly those due to cocar are apt to be
accompanted by an merease in the total leuhocyte count and the neutrophihic
granulocytes while viral infcctions are likely to be associated with a low or
normal total leuhocyte count and a relative or absolute lymphocytosis Neo
plastic disease leukemia excepted 1s usually associated with a normal leuko
cyte count unless the process 1s extensive and tissue necrosis has occurred
mn this arcumstance neutrophilic leukocytosis of marked degree 15 often

present
The most common causes of increases m neutrophlic gr:mulocytes
lymphocytes monocytes and phil locytes are p

Tables 11 to 14

Table 11 Causes of Neutrophilc Leuhocytoss

Infections especially with pyogemc hactena
cither localized as appendiceal abscess or gen
s eralized as septicemia

Other disorders associated with acute inflammation
or cellular necrosts nfarction collagen disease
acute hemoly sis

o

Neoplasms ~ leukenma  carcinoma  Iymphomas
especially with areas of tissue necrosis and wide
spread metastases

@

4 drugs ¢h ! pecaally i por
somngs with liver damage

Acute hemorthage

@
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Table 12 Causes of Eymphocytas s

fections 1) Acute nfectious mononu leasts pertussis  infectious
Trfect ¢ lymphocytosis other stral and bacillary infections
{b) Comalescence especially varal infections
{c) Chrome tubercilosis brucellosis syphabis

o

Nroplasais Lymp} ocyhic Jeukenia lymphosarcoma
Metabolic disease Hypesthyroudiam

©

Table 13 Catses of Monocytoss

1 Infechions {a) Bactenal tuberculosss subagute bactenal endocardit
brucellosss t; fever
{b) Erotozool malana, kaly azar
{c} Richettnal Rocky Mountar spotted fever

eoplasms Monocytic leukemia Hodghws dsease  reticuloenda-
4 eliosis

o

3 Dunng recovery from wfections and agrarulocyto 1 palycythemia vera

Table 14 Canses of Eus noph la

1 Abergic reactions Bronthial asthma drug reactions allesgic dormabtis bay
fever angoneurotic edema

2 Parasitic infestatm Intestinal (1 ookworm tapewom ascans Tacrua echinocoe

especially with mustie invasion by tnchina

3 Shn duweases tafoliatne dermatitis { empbigus dermatts hompet formmis

4 l caranoma locytic Teubemia Hodghns dis
ewe

5 Other dicases nodosa bl I

A decrease 10 the number of arculating, leuhocytes which 15 generally
due to a decrease 1n the granulocyles 1s found in a vanety of chmeal coud
tions The most frequent causes of neutropema are listed m Table 15 Al
though the factors that may produce neutropema are not as welf understood
as those that produce anema the possible mechanisms <an be classified in
a smifar fashion (1) di hed prod (2) d d
and (3) the “loss” of leuhocytes from the cwrculation by sequestration 1
the vanous organs or tissues In the majonty of clinical condittons with

P d hed p appears to be the important mechamsm

Duminished production may be due to a deficiency of essential substances

such as vitamun By, and folic aad or to the presence of metabolic antago
1 Iy

msts such as P and 6 wme D \
potesis may ulso be the result of damage to the precursor cefls m the mamow
Y i h is marrow repl: drug and other

unknown causes
The unportance of leuhocyte untibodies as a mechanism ble for
the production of neutropenia 1s uncertan The occurrence of nonspecific

transfusion reactions charactenized by clulls fever and leuhopenta assocrated
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with the presence m the reciprent s blood of agglutinms agamst the donor
leuhocytes has been reported 2 In another study it was found that leuko
agglutinins were demonstrable 1 38 of 350 patients with hematologic dis
orders However 64 per cent of the patients wath Jeuhoagglutinms had no
leuhopena and only one of 22 patients with leuhopenia had leukoagglutmms
Nunety per cent of the patients with leukoagglutinins had recened trans
fusions and the likelihood of a positive test was greater after multiple trans
fusions Because of tlus observation and the failure to demonstrate any
aggluhnation of autologous leukocytes 1t was concluded that at least the
majonty of leukoagglutinins are 1soagglutming ¢ A different expenence 1s
reported by Tullis who employed 1 different techmque * He found positrve
tests for leuhocy te antibodies 1 59 of 132 sera from patients with leuhopenia
and 1n only 11 of 102 sera from patients with hematologic and hepatic dis
orders without leuhopenia Antibodies were demonstrated in patients with
pnmary agranulocytosis primary hyp ) 3y hy perspl
myelophthisic anerma leuherma and drug sensitaty The ant: leuhocyte
antibody activity which appenred to be made up of two components de
creased as chimeal improvement occurred and the granulocyte counts rose
after treatment with sterords or splenectomy

Splenomegaly from dwverse causes such s portal hypertension tubercu
losis hala azar and molvement by diseases of the lymphoma group may
be associated with a neutropcma that 1s reheved by splencctomy Whether
splencctomy removes an organ of leuhoeyte destruction or removes a site
of the production of leukocyte ntibodics or elimmates 1 depressive milu
ence on the bone marrow 1s uncertain

The neutropema that occurs m anaphylactic shock and after the admm
1stration of histamme and nicotime acid 1s thought to be due to a loss of the
leukocytes from the circulation s a result of sequestration i the tissues of
the body particularly the splanchnic circulation Iver spleen and lungs

Table 15 Causes of Neuttopema

1 Infections Acute viral (rubeol2 mfectious hepatitis) bactenal (brucellosis g)phmd
ever) protozoal (malana kaliazar) and overwhelming infections
(septicemia}

2 Bone marrow damage Aplastic anemia or neutropenia due to unknown cause uradiz
tion toaic drugs and chemicals (benzol mustard drugs antimetabolic
agents) drug 1diosyncrasy (amidopynne sulfonamides and others)

3 Disorders assoctated with splenomegaly Congestive splenomegaly discases of the
reticuloendothelial system (parasitic diseases chronic mfections neo
plasms) Felty s syndrome

4 Other disorders D I lupus eryth he leuk leu
kerma

5 Nutntional deficiency vitamm By fohe acid

AGRANULOCXTOSIS
Synonyms
Agranulocy tic angma locytopenia ) JL pnmary
granulocy topema




LEURGCYTES 319

Hastorical Introduction

Although 1solated cases of this discase had been seen prior to that tune
1t was Schultz s report mn 1922 that established agranulocy tosis as an eatity ©
Ths report described ve fatal cases that occurred n women whose dlness
was ¢} d by necrotic ul of the oropharynx accompanied by
marhed leuhopenia and granul Jy After this d dd 1
instances of the same disorder wluch was thought to be the result of some
infectious gent were soon recogmzed However Roberts and hrache estab
Tished that the sepsis which occurred 1n nearly all patients wath the disorder
followed the agranulocytosis and was not a causatve factor ¢ A further
advance 1 the knowledge of the disease came when Arache noted that the
dusease occurred largely m Germany and the Unted States particularly m
muddle aged wemen who gave a lustory of treatment vwth drugs He also
noted that the coal tar dernatn es bad come mto wade usage in these coun
tnes following World War I The fact that benzene is a leukocy te depressant
led lum to suspect that benzene or 1ts products should be senously consid
ercd as the cause of the condition a behief that was strengthened when he
was able to produce the hematologic and chinical features of agranulocytosis
m rabbits by the subcutancous mjection of benzene and its oxidation
products 4 ¢

Madison and Squier *8 Plum  and others'® established that drugs con
taming amidopynine were responsible for most cases of agrannlocytosis at
that ime In 1933 hrache and Parker noted that of 172 cases that had been
reported m the hterature 153 bad occurred after the admimstration of
arudopyrne *3 In the same report they listed 46 Amencan proprietary com
pounds that contaned amuopynne Because the number of reported m
stances of agranulocytosis was small in companson to the large number of
persons who took amdopyrine m one ¢ d or another an
was J This was d d concluswvely by Madison and Squier
n 19348 and by Plum an 1935 It was reeognized that agranulocytosis
could be caused by other drugs and m 1938 Fitz Hugh lsted 14 drugs
thought to be responsible # Tlus hst was compiled at the beginning of the
sulfonamide cra and since then the list has lengthened steadily

Mechanism of the Disease

Agranulocytoss was considered to be an mfectious discase until 1t was
demonstrated that the primry factor w s the reduction of the granvlocytes
m the penpheral blood which lowered resistance and led to bacteral i
vason ! ¢ The drugs that were the most common offcnders contamed a
known [eukocyte depressant 1n the form of the benzene Ting, and 1t was
known that the marrow of some fatal cases was almost completely devord
of cells of the granulocytic series Because of these obserations it was
thought that the sesponsible drugs or their breakdown products acted by
direct suppression of granulocy topoiests 1n the marrow 48 14 4 54 The greater
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Iikelthood of a dufferent mechamsm was shown by Madison and Squer
They admimstered small doscs of amidopyrine to two patients who had
recovered from agranulocytosis caused by amidopyrme symptoms devel
oped m two or threec hours and the cuculating granulocytes diminushed
preatly or disappeared completely by the twelfth hour recosery occurred m
four days These obscrvations which were confirmed by others®  mdi

cated that some meehanism other than dep of P must
have acted to produce so profound a change m such a short time
A possible explanation of the rapid d of the 1
ytes 1n these crr s was provided by the espenments of

Moeschlin and Wagner ° Blood was obtamed from a Pyramdon sensitine
patient three hours after the admimstration of 03 gm Pyramidon When
300 ml of this blood was given to two normal reeipients severe granulocyto
pema developed m from twenty to forty mmutes and persisted for three or
four hours The same workers also demonstrated that at the height of the
Pyrarmdon agranulocytoss the plasma and serum contaned a substance that
cwsed agglutiation of both homologous and hetcrologous leukocytes It
was suggested that leukocytes agglutimated n this manner were removed
from the circulation and destroyed mamly 1n the lungs The existence of
such 1 mcchanism was demonstrated 1n gumnca pigs which were myected
with the anti Jeuhocyte scrum produced by the mjection of gumnea pig
leuhocytes into rabbats 40

Although the prescnce of leuhocyte antibodies may eaplan the oceur
rence of agranulocytosis m certam hypersensitive patients 1t appears that
this mechanism 1s not the only one concerncd 1n all mstances of agranulocy
tosis that occur as a result of drug idiosynerasy Amudopyrine appears to
produce agranulocytosis by means of a true immunologic reaction that may
follow the admustration of only a very small amount of the drug Howerer
the agranulocytosis that sometimes follows the administration of sulfonamide
compounds probably 1s the result of another mechamsm  because agranulo
cytosis 1s rarely seen duning therapy with these drugs unless a fauly large
amount of the drug his been adminstered

The role that the hone marrow plays in the production of agranulocy tosts
has not been clearly defined It 1s probably an important one i the develop
ment of the cliical syndrome The depletion of the granulocytic series of
the marrow that 1s seen at autopsy * and the delay m the deyelopment of
agranulocytosis until one or two weeks after the last dose of offending drug
that 1s scen w some patients®® 34 appear to be eaplamed best by the action
of the responsible mechamsm on all members of granulocytic scres the
marrow  The normal wnd hyperplastic marrows that have been found m
some patients with the disorder have been interpreted by some as evidence
of partial recovery from previous damage®® 4 and Dy others as a maturation
arrest 4 Stll another nterpretation has been offcred namely that the hivper
plasia of the granulocytic clements n the marrow 15 an cffort to compensate
for the destruction of leukocytes n the circulation according to this concept
the picture of marrow depletion develops only when the bone marrow has
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become exk d+ ° This terp appears unlikely m view of the
results that have been obtaned with leukopheresis expernmments

The drugs that are most likely to produce a decrease n one or more of
the types of cells m the blood because of an :diosyncrasy have been hsted
and classified by Osgood 5! and Welch, Lewis and herlan 5 Osgood s classt
fication 15 used  Table 16 and the additronal drugs mentioned by Welch
et al have been mcluded

Table 16 Drugs That Somet nes Produce Hemalolog ¢ Abnormalities
(Class fication a1d Est nated Rusk)

Anticonvulsants  methyl phenyl-ethy) hydar ton  (Mesantom)—tugh  tnmethadione
({Tndione)—moderate

2 Anthstamimies  phenotl1azine type (Pl encrgan)—moderate cthylenediamine type
{Pynbenzamne)-low
3 bral benzol—high  chl hen col—hugh ) 1
Agents ate th t derate  streptomy cin—low
chne chlortetracychne
1 hyroid th ls—high le (Tapizole)—moderat
Agents
5 Sedatnes Sedormid—high 1 ! b 1 3 o
nthyldine—lo  chlorpromazine
6 Spasmolytics phenott1azine ( Diparcol}-moderate procame amide (pronestyl)
~low
7 Undassified gold prepar tions—hugh  phenylbutazone  (Butacohdin)—high

rutrophenols—h gh mercunal diretics—low quimdine-low quin
acnine hydroctlonde { Atabnne)—low mercury ampl etamine—low

Chinical Vamifestations

Agranulocytosis occurs mn both sexes and may devdlop at any age
Prodromal symptoms such as fatigue headache weakness msomnia and
restlessness usually occur The majonty of paticnts complam of a sore throat
Thus often progresses rapidly as chills increasing fever and dysphagia de
sclop Unless mp: t occurs the mses to 103 F or
more and the patient becomes mentally confused, urational prostrated or
stuporous

Physical cxamination carly 1n the discase may reveal nothing more than
a few small areas of necrosis in the tonsillar arcas Later the arcas of necrohic
ulceration enlarge as edema and shght reddening of the mucous membranes
develop The cervical lymph nodes become enlarged and shghtly tender and
1n some patients the soft tissue of the neck becomes swollen At tumes vagwnal
and rectal uleerations oceur

Laboratory Exanmunation

The most significant feature 15 the occurrence i the penipheral blood of

severe leuk and locytop d by anemia or throm
bocytopenia Many patints develop lymphoeytopenia as well as granule
cytopenia and the total leuhocy te count falls to levels as low as 100 to 2000
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hikelihood of a different mechanism was shown by Madison and Squier
They adminstered small doses of amidopyrme to two patients who had
recovered from agranulocytosis caused by amidopyrine symptoms devel
oped 1n two or three hours and the circulating granulocytes diminished
greatly or disappeared completely by the twelfth hour recovery occurred
four days These observations which were confirmed by others®®  md
cated that some mechanism other than depression of granulocytoporesis must
have acted to produce so profound a change m such a short ime

A possible eaplanation of the rapid disapp of the
granulocytes 1n these circumstances was provided by the expenments of
Moeschlin and Wagner © Blood was obtamed from a Pyramidon sensine
pattent three hours after the admumstration of 03 gm Pyramidon When
300 ml of this blood was given to two normal recipients severe granulocyto-
pema developed 1n from twenty to forty minutes and persisted for three or
four hours The same workers also demonstrated that at the height of the
Pyranudon agranulocytosss the plasma and serum contaned a substance that
caused agglutination of both homologous and heterologous leuhocytes It
was suggested that leukocytes agglutmated m this manner were removed
from the arculation and destroyed mamnly m the lungs The exstence of
such a h was d rated m gumea pigs which were mjected
with the anti leuhocyte serum produced by the mjection of gumea pig
leukocytes nto rabbts 42

Although the presence of leukocyte antibodies may explain the occur
rence of agranulocytosis m certain hy persensitive patients 1t appears that
this mechamism 1s not the only one concerncd m all instances of agranulocy
tosis that occur as a result of drug idiosyncrasy Amidopyrine appears
produce agranulocytosis by means of a true immunologie reaction that may
follow the admumstration of only a very small amount of the drug However
the agranulocytosis that some imes follows the admnistration of sulfonamide
compounds probably 1s the result of another mechamsm because agranulo-
cytosts 1s rarely seen during therapy with these drugs unless a fairly large
amount of the drug has been admimstered

The role that the bone marrow plays i the production of agranulocy tos1s
has not been clearly defined It 1s probably an smportant one 1n the develop
ment of the cimeal syndrome The depletion of the granulocytic seres of
the marrow that 1s seen at autopsy * and the delay wmn the development of
agranulocytosis until one or two weeks after the last dose of offending drug
that 15 scen 1 some patients™ * appear to be explaned best by the action
of the responsible mechanism on Il members of granulocytic senes 1 the
marrow  The normal and hyperplastic marrows that have been found m
some patients with the disorder have becen iterpreted by some as evidence
of partial recosery from previous damage®® 4 and by others as a maturation
arrest 4t Still another mterpretation has been offered namely that the hyper
plasia of the granulocy tic elements 1n the marrow 1s an ¢ffort to compensate
for the destruction of lcukocytes m the cireulition according to this concept
the picture of marrow depletion develops only when the bone marrow has

1
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per cent® The mortality rate was nearly 100 per cent mn patients whose
leukocyte counts fell to less than 1000 per cumm and in persons over 60
years of age The general condition of the pattent and the amount of drug
that had been admmistered also appeared to mfluence the outcome

In the pre-antibiotic era many forms of treatment were employ ed m an
effort to produce an merease 1 granulocytes These included x ray therapy

blood £ ] of pentose nucleotide leukacyte
extracts of hver or bone marrow The carly reports on each method were
hopeful but subseqy e was d The first real advance

in treatment came when Dameshek and Wolfson admimistered sulfathiazole
a drug known to be capable of producing agranulocytosis to two monbund
patients whose disease was due to some other drug the therapy appeared
to bring the wnfection under control and the patients recovered

The most important aspects of treatment are the withdrawal of the offend

g drug and the ad: of a ¢k h agent to combat
infection The daly admumstration of 300000 units of procamne penteillin
and 05 gm p has been ded Iy severe

cases™ if the disease 1s severe or progressive this dose 1s given twace daily
and 1s supplemented with pencilin G 500000 umts daily if symptoms
progress It 1s recommended that treatment be continued for a week after
the lestons heal 5! The use of penailln alone has been recommended (600
000 to 1200000 units daily) tetracyclne 05 gm every six hours or some
other wide spectrum antibiotic 1s added if necessary *¢

Hlustrative Case

This 62 ycar old wlite widow was 1n ood health until six weehs prior
to admussion when she deyveloped 1 h of dys
upa and suprapubic pamn A diagnosis of urinary tract mfection was made
and she was treated with 2 sulfonamide (Sulamyd) 05 gm three times a day

The urmary symptoms mmproved and the med, was d for
about five weeks At thus hme the patient complamed of fabigue lassitude
and chull She was ad d to her hospital where she was

found to have a leulocyte count of 600 per cu mm and a temperature of
101 F She was treated with pemicillin transfusions and cortisone Four
days later the leuhocyte count had nsen to 2000 per cumm but granulo
cytes were still absent from the penpheral blood and she was referred for
fusther treatment.

Physical Exammanon Temperature 103 pulse 84 resprations 22
There was no ulceration of the nasopharynx or vagina and the lver spleen
and lymph nodes were not cnlarged The remamder of the caxammation was
noncontnbutory

Laboratory Examinauon  Blood studies on admission het 55 per cent
whe. 2000 per cumm  dufferential count (per cent) juveniles 1 bands 6
segmented & lymphocytes 70 monocytes 12 basophils 2 reticulocytes 13
per cent platelet count normal Bone marrow obtamed by asprapion five
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per cumm Granulocytes often constitute less than 10 per cent of the total
cells and may be entirely absent Those that re present often show ex
treme degrees of toxic granulation Monocytes often make up an appreciable
percentage of the cells especally during recovery and a total monocyte
count of over 100 per cu mm 15 considered a sign of a good prognosis*s 3

The appearance of the bone marrow vanes with the stage of the disease
In maost of the severe cases at the height of the disease the cells of the granu
locy tic series are greatly reduced or absent and the percentages of lympho
cytes plasma cells and reticuloendothelial cells are increased * # In other
patients particularly when recovery is taking place exammation of the
marrow reveals hyperplasia of the granulocytic senes m such eircumstances
toxe granulation 1s evadent in many of the younger cells3? # 47

In severe cases blood cultures often establish the presence of septicemia.
Smears made from the ulcerated lesions or sputum often show masses of
bactena accompanied by but few cells

Differentzal Diagnosis

The most important consideration n the differential diagnoss 15 acute
leuherma The distinction 1s usually not difficult because leukemia 1s gen
erally associated with anemua thrombocytopema and hemorrhagie mant
festations which are not a part of agranulocytosis Exammation of the bone
marrow and study of smears made from the buffy coat of the penpheral
blood nearly always reveal the presence of blasts and other young cells
when Jeuhemra 1s present A carcfully taken history regarding recent ex
posure to drugs or chemical agents 1s often helpful

The presence of agranulocytosis may be suspected i some patients with
infectious mononucleoss who hawve ulcerative pharyngeal lesions and a
marked reduction 1n the granulocytes m the peripheral blood The degree
and distnbution of the adenopathy the presence of pathologic lymphocytes
m the blood smear and the positive heterophil agglutination test usually
lead to the of mfcetous 1 1n doubtful cases a few
days of observation generally resohe the dificulty because leukopenia
rarcly persists for more than a few days mn nfectious mononucleosis

Other discases are less Iikely to be confused with agranulocytosis Sepsis
1s rarely responsible for a leuhocyte count of less than 3000 per cu mm or
a depression of the granulocytes to less than 30 per cent of the total Other
discases such as those of the lymph group tul ] and t
bacterial endocarditis are sometimes associated wath severe leukopenia In
such patients the underlying disease 1s usually easily recogmzed because of
splenomegaly or other features that lead to the correct diagnosis

Prognosis and Treatment

Before antibiotics became available agranulocy tosis was a scrious discase
with a mortalty rate i the well developed cases that vaned from 50 to 90
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changes n the neatrophuls 1n addition no significant Saetuations were found
10 the letels of gamma globulin or praperdin

In some patients wath cor ds and spk appear
to modify temporanly the chmeal mansfestations of the discase without
producng @ sigmficant alteration m the ¢yche nentropema v Splenectomy
appears to produce more lastng benefit m older patents with defimte
splenomegaly * Autibiotses are mportant w the treatment of infetions dur
mg the neatropemie phases but thesr Jong tevm prophylactic wse 1s not
recommended

INFECTIOUS MONONUCLEOSIES
$ynonyms

Glandular fever aente bemn hmphoblstosis monocytie angim acute
lymphadenosts

Hasterwal Tutroduction

Credt for the fisst descraption of this disease 1s generally gnen to Plesffer
for lus report on Drusenfieber wluch appeared in 1889° Pfeuffer deseribed
an lness oocurnny, v chldren five to esght years of age which was charac
terized by feser of one to ten days duration sore throat adenopathy spleno
megaly nd hepatomegaly The disarder w as considered to be an mfectious
and epiderc disease Followng this account reports of wnusnal cases of
adembis thit were assoaated with marked lymphocytosis and resembled
ymphocytie teukensa appeared o the Iiter wure & but the seport of Sprunt
and Exans in 1620 provided the first clear deseniphion of the discase to whsch
they gne the name miechons mononucleosis ¢ They studied s young
dults whose alfness was characterized by fever enbugement of the cervical
willany nd mgunal lympls nodes splenomegaly  wd leuhocytosis The
differential count was unusud because of an merease 1n mononuclear cle
ments chiefly large lymphorstes  even more important was the ohsersation
that all types of pathok 1 lymphocytes some bling Turks unta
tion torms were to be secn ™ Study of Iymph nodes removed from tuie
patients disclosud definte bypuplay distnet from Hodglons disease tu
hesentosts and Jymphosarcom that could not be distinguished from lympho

atic kukemsa Tt was ded that the cases d a chmeat syn
drome that had a good progavws In the nest few years groups of sumitar
< wes were reported by Bloedorn nd | L4

pe ¥ and Tady and

Morlen ! wid it was gencrally aeed that the dzse.:ses ghndular fever

nd wfeehous mononucleosis were identical

The ubnormal mononueles cells that had been noted were studied care
fulh by Downcs and Mchmlay sn 1923 * Thewr obsecvations have been
confirmed many tines but hitle bis been dded to thew descnphion In a
study of mne ees they recognized three ty pes of bnormal Iymphocy tes 10
the blood md concluded that there was no danger of confusing the blood
pcture wath lenkemsa of well studhed ™

An mportant contiibution that facihitated the recogmtion of the disease
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days after the agranulocytosis was recognized was cellular erythroposesis
was normoblastic 1n type and the megakaryocytes were normal The cells
of the granulocytic scnes were mcreased Dufferential count of the marrow
leukocy tes (per cent) promyclocytes 05 myelocytes 16 juyentles 14 bands
46 segmented cells 18 lymphocytes 5 eosmophuls 1 The patient was treated
with pemeillin 500 000 umts per day Her temperature returned to normal
by the third day and remained normal thereafter The leuhocyte count rose
rapidly On the day after admussion 1t was 8500, the third day 10000 the
sixth day 18 000 the fourteenth day 21 000 One month after discharge from
the hospital and about seven weeks after onsct of symptoms of agranule
cytosis her hematoent was 47 per cent hemoglobin 15 gm per 100 ml
leukocyte count 5000 per cu mm , platelets 230 000 per cu mm The differen
tial count was normal

Comment Ths elderly patient had agranulocytosis mamfested by
severe Jeuhopenia associated with normal red cell and platelet counts The
bone marrow specimen which was exammed after recovery had begun ap
peared hyperplastic That obtamncd at another hospital a week ecarlier was
either aplastic or dilute  The extremcly low leuhocyte count mn this patient
would have augured a poor prognosis m the days before antibiotics On
treatment with penicillin and supportive measures she made an unesentful
recovery When agranulocytosis 1s causcd by a sulfonamide drug winch was
suspected but not proved m this case the fall m granulocytes usually does
not occur until after the patient has been taking the drug for several w eeks
The patient was wamed agawnst future use of the suspected drug

CYCLIC NEUTROPENIA

Cyche P 15 a well established but poorly understood entity that
was first descrtbed by Leale 1o 1910 +° Recent reviewers have found 30 cases
reported m the hterature 8 % Tlus rare disorder which may occur at any
age 1s charactenzed by the regular dumnution or disappearance of the
neutroplulic granulocytes from the circulation at apprommately 21 day 1m
tenals During the neutropenic phase fever maluise and oral pharyngeal
ulceration usually appear and are often accompanmied by arthralgia head
ache sore throat and lymph node enlargement Relatively munor micrcur
rent nfections occur commonly but severe infections are unusual ®

The careful studies of Page and Good have provided the clearest picture
of the disorder ® By senial bone marrow studies they showed that the recur
rent neutropena 1s due to the cyche arvest of production of the entire neu
trophilic senies Neither a neutropenia producing factor nor Jeuhoagglutinins
could be demonstrated 1n the blood of the patient The patients serum ex
erted no demonstrable mfluence on the motlity function of normal neutro

pluls Although the mfluence of a hormonal factor could not be c(dud‘

none was demonstrated The occurrence of nc ) bore no
to menstruation or to the unnary (xcretion of FSH or 17 ketosteroids The
concentrations of corl pin and 17 hyd 1 1 the blood

and the response of the adrenal gland to stimulation by corticotropin e
mamed within normal limts without fluctuation throughout the cyche
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was made by Paul and Bunnell in 1932 9 These v estigators utilized a sheep
cell agglutination test to study the presence of hcterophil antbodies m
patients with rheumatic fever and i a group of ndividuals who senved as
controls In theur Teport they stated  Quite by accident it was discovered
that heteroplul antibodies were present 1 a spectmen of serum from 2 pa
tient 1l with infectious mononucleosts n much higher concentration than
has been described 1 serum disease or any other climcal condition that we
studied ” They obtained amilar results m three other patients with ifectious
mononucleosts and apart from serum sichness and one other exception
faled to find hugh titers of heterophil antibodies in a large number of other
conditions Since that tune the beterophil agglutination test has proved
helpful 1 d g mfcctious 1 However an mncreasing
number of positne tests have since been found in conditions other than
infectious mononucleosis and for this reason Pavidsohn s differential test has
prosed valuable
c )

0 £ I

j phs on have been
written by Bemnstein® and Leibowitz® and Tidy has gnen an eacellent
review of the hustory and clinical features of the discase 11

Mechantsin of Disease

The cause of mnfectious mononucleosts 1s unknown It s generally thought
to be an nfection & 80 311 112 prohably viral n ongin even though efforts
to 1solate an infectious agent or transmit the disease to buman yvolunteers by
the use of nasal washings lymph node suspension plasma whole blood, and
serum have been unsuccessful — wath one possible exception 8 The disease
which appears to have a low degree of infectivity occurs sporadically and
m epid §0 110 118 The mncub: penod has been estimated at fve to
fiftcen days 31 one to twenty crght days 8 four to eighteen days % and five
to etght weeks 3

Most of the clinrcal mamfestations of the disease are eaplained by the
pathologic findings The most complete report 1s that of Custer and Smyth #
In a study of mne autopstes they found that the Iymph nodes were usually
enlarged as 2 result of an increase in the size of the lymph follicles Enlarge-
ment of the Jymph nodes was not mvarable and in soime cases the architec
ture of the nodes was bluned and the follicles were meonspicuous Spleme
enlargement occurred in every wstance and was associated with Jymphocytic
méltration of the trabeculae and capsule Varying degrees of Iymphocytic
mfiltration were also found 1 the tissue of the central nervous system
meninges myocardium and 1n the penportal areas of the liver In this senes
the bone marrows were normal or hyperplaste In another study of 23
bone marrow biopsies granulomatous lestons were found m nine

Figure 49  Acute leukemia
Figu e 50 Infectious mononucleosis

(From Ife bmeyer L and Begemann H Atlas der Ninisct en Hamatolo, d Cytol
@ie. Bl Gottingen Hewdelberg Spnnger 19»‘) e uad Sylo
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and was ot ed by a D of 101 to 103 F modemte
tandol \ and frequent recrud In the “angiose” type
the prodromat penod lasted from one to three weels following which the
paticnt dexeloped a severe membranous sore throat chmcally mdistngaish
able from diphth P llar edema and a te of 104 F The
febnle” type was charactenzed by the sudden onset of malmse headache
¢dulls and temperature of 102 to 103 F a tash was often noted dummg
the first week and glandular enlargement did not appear untl from ten to
twenty one days had passed Other authors hase classified patients an the
basis of outstandmg chmcal features as “pharyngeal” or “typhordal™ aad
as angiose ™ “tsidious” “eruptive ™ “icttnic” “pulmonary © “abdomunal”
“Yymphoglandular” and * 16

The weidence of the symptoms and signs n patents with wfectious
mononucleons vanes i different senes 83 8 8¢ 84 Jus 10 111 138 The etremes
are shown m Table 17

Table 17 T)e Incudence of o ous Synploms awd Signs 1¢
Iifect ous o onuclcons as Repo ted by D ferent tuthors

SAMETONS PER CENT FINSICAL SIGNS FERCENT
Sore throat 5080 Feter 3-100
Mslarse 20-63 Enlurged nodes ~5-100
Headache 35-8" Fharyngibs 685
Weakness 1354 Splenomegaly 28670
Anerex 141 Hepatomegaly 637
Abdarunal pan or disease H$-22 Rashes 018
Ocular symptoms 615 Joundice 58
Hematuna 3

Shin Lesions  Vanous types of cutancous ertptions oceur and mm ma
dence of 18 per cent was found 1n one sunnes The rash usually makes us
appearance between the fourth and sesenth days % 11 byt mav appear as
late as the twentieth day * The commonest type 15 a fine macular or macule-
papulur rash pmh or puhsh brown w eolor that imsohves mamly the trunk
The rash is often virtually indistngmishable from that seen 1 rubella The
rash which was consist of only wight or ten lesions usualb appears m a
single crop that lasts from threc to seven days ® #4355 Other types of lesions
that have been seen less often are eryth urbearsal bilhf
and vesreudar Lestous bike those scen m ¢rvthema multiforme and erythema
nodosum also oeeur 35 €

Luer Damage  Although jaundice eccuss 1n oty about 6 per cent of
patients waith infectious smononucdeosts 1t 1s probable that some smparment
of hncr funchion oteurs 1 2 hugh pereentage of panents with the disease
Study of Iner tissue obtaned by biopsy and at autopsy indicates that the
taunchee 15 due to o form of hepatitis and 1s not the result of estrahepatie
obstruction from enfarged nodes ' ¢ % % The Jewon consmts mamly of
penpartul wiiltration waith mononutlear cells there are mimmal changes n
the hepatic cells whuch are nor P d b3 necrosis or al of the
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Clintcal Mawifestations

Infectious mononucleosis occurs 1 both sexes and 1s predommantly a
disease of children and young adults The discase has been reported 1 a
four month old infant and 1 an adult seventy years of age 11! About 80 per
cent of the eases occur between the ages of 15 and 80% 3 & and the disease
15 rarely seen 1n persons over 40 111 At one time infectious mononucleosts was
considered rare 1n Negroes ® but a more recent report mdicates that the
maidence m Negroes 1s about the syme as that in Caucasians 116

Although infectious mononucleosis varies a great deal n 1ts manner of
onset sevenity nd clmieal manifestations the mujonty of patients have a
sumlar clinical picture The patient with mfectious mononucleosis usually
complams of malaise sore throat headache and weakncss of several days
duration Anoreua and cough are not unusual Fever of less than 102 F
1s usunlly present and the pulse 1s generally normal or slow 1n proportion to
the temperature Exammation of the pharynx usually rexcals diffuse mjec
tion of the mucous membranes or follicular tonsiltis Palpable enlargement
of the cervical lymph nodes 1s usually evident when the patient 1s first seen
or develops within a few days Involvement of the nodes i the cervical
region which 1s generally bilateral 15 soon followed by the appearance of
enlargement of the amllary and ingumal nodes The spleen and hver are
often palpable Usually both the charactenstic findings m the blood a
lymphocy tosts associated wath pathologic lymphocytes and the positne
heterophil agglutination test are present when the patient 1s first seen or
develop during the first weck or ten days thereafter As a rule the fever
substdes by lysis withm the first or second week and the symptoms disappear
during the second or third week Convalescence 1s rapid in most patients
The glandular enlargement often improves within a few days but some resid
ual enlargement may persist for months In three fourths of the patients the
blood picture retumns to normal m two months and the heterophil agglutina
tion becomes negative 1n less than four months 111

The usual” clnical picture 15 not scen n a number of patients with
nfechious mononucleosis Some patients are essentally asymptomahic and
the presence of the disease 15 mamfested only by pamless adenopathy and
the charactenstic laboratory findings Other patients become acutely 1ll with
lugh fever and present the appearince of a severe overwhelmmg fection
In still other patients the chimcal features are dommated by the presence
of the disease 1 a particular organ 1n such patients the presenting com
plamts are abdommal pam jaundice hematuna or disease of the central
nervous sy stem.

The essential features of mfections mononucleosis as emphasized by
Tidy are fever glandular enlargement, faucial infection and Iymphocyto
sis 111 The p of these fi vartes 1 diffe patients and
vanous authors have recognized different groups of clnical syndromes Tidy
classified his patents mnto “glandular * “angiose ™ and “febnle” types The
“glandular” type occurred most often m children five to eleven years of age
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present m the autopsied cases Although the electrocardiograplue changes
persist for months 1 some patients 3 there 1s httle or no evidence that
chronte heart disease occurs m patients wsth rafectious mononucleoss

Rupture of the Spleen  This 15 a semous comphcation that has been
seen m at least 21 pahents with wk ! 3 This pl
tion which has a mortality rate of about 33 per cent 1 the reported cases 1
1s one of the most frequent causes of death m mfectious mononucleoss
Rupture of the spleen occurs as a q of splenic ent nt asso
ciated with capsular mfiltrition and subcipsular hemorrfiage 7 8 102 203
"Fhe rupture rarely occurs before the third weel of the disease but bas been
reported as early as the end of the second week % 11 and as late as thirty
dags after onset 19 The prevence of thus pl 13 g 1y mam
fested by servere pam in the upper abdomen or left upper quadrant followed
by errculatory collapse In some patsents the occurrence of this compheation
has nat becn recognized because the dingnous of mfectious mononucleosss
had not been made prior to the rupture and was not suspected then because
the 1) hage »as d with pol: h 3}
leukocytosis 10t Although rupture of the spleen m wfectious mononucleosis
15 usually termed “spontancous® the importance of slight trauma asseciated
wath 2 tmaal blow or the performance of the phy sical exammaton has been
emphasized 101 113

Hematologic Complicauons  The most wnportant hematologic camph
eations that occur i nfectious mononucleosis are hemoh tic ancmua and
thromboceytopeme purpura Both comphieitions are rare but each has been
reposted at Jeast 16 tumes ™ In the reported cases the hemoglobin levels
have ranged from 49 to 96 gm pex 100 mi the reticulocyte count from 76
to 875 per cent and the level of mdirect reactng bibwrubin an the serum
from 1810 60 mg per 100 mi* The antiglobulm (Coombs) test has been
positive 10 most of the patients with hemolytic anemia shen 1t has been
pedormed ¥ 1% wlnch suggests that the hyperhemolysis 1s due to auto
mmune anbbodies Both the anemts and the thrombocytepenia disapper

§y or with approg and no deaths have been re

ported from these compheations

Hemasura  fiematuna ocours 1 from 3 to 6 per cent of pahentsts B¢
and may be the p camplamt ** P; by the 1 results
from lymphocy tic inltration 1 the hidney % * Chronse renal disease sec
ondary to infectsous mononucleous has not been reported

Laboratory Vamfestations

The most charactenstic ab 1 n the penpheral blood m mfee
tous mononucleasss are leuhocytosis absalute lymphacytosis and the pres
enee of abnormal lymphocytes Leuhocyte counts of o000 per cumm or Jess
may aceur early m the discase * but the tatal count 1s ustally elevated by
the second wech & 2 ¥ Counts over 40000 per cumm are rare ® The
most constant feature in nf ! 1s the p of the
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hepatic architecture A high meidence of abnormal hver function tests has
been found in patients with ifechons ) wathout jaundice ® %
© 98 118 In one series of 15 paticnts the thymol turbidity and BSP tests
were found to be positve 1n all and the alkaline phosphatase level was
clevated mn 7 of 8 patients on whom 1t was determined Plasma clectro
phoresis was performed on 6 paticnts nd a protemn distnibution sunikar to
that scen mn mfectious hepatitss v 1s found there was a shght decrease m
albumin mcreasc n alpha and beta globulm and a marked merease m
gamma globuln Other studics have shown a positive thymol turbidity test
m 60 to 68 per cent® ¢ 19 and a positive cephalin flocculation test i 93
per cent ® Such studies have led to the conclusion that hepatitss 1s a feature
of nearly all cases of mfectious mononucleos:s % Although abnormal Iner
function tests may persist for long pertods (up to 22 months 1n one report) ¢
the prognosis for complete recovery 15 excellent even m the patients with
Jwndice Curhosis of the Iner has been reported only once and this patient
Iad an alcohohc history %

Central Nervous System Involvement Involvement of the central nery
ous system first reported 1n 1931 4 %3 15 1 rare complication of mfectious
mononucleosis Up to 1955 64 cascs had been reported 1 Involvement of
the central nervous system has been mamfested by headache nuchal ngid
ity drowsiness stupor coma paralysis convulsions and changes i the
spwnal flud such as pleocytosis increased proten and ncreased pressure
The types of central nervous system mvolvement were classified by Bernsten
and Wolff as follows (1) serous memngitis (2) meningitis (3) encephali
tis (4) meningo encephalits (5) gitis or haliis with
acute polyneunihs (6) peripheral pathy # \lenmg cncephalit
and menmgitis or menmgo encephalitis with polyneunts (Guillam Barre
syndrome) make up about three fourths of the reported cases ¥ Although
central nervous system mnvoliement 15 estimated to occur in less than one
per cent of the patients with mfectious 1 o4 this Lication
15 responsible for a high 1 of deaths i the disease when death
oceurs at 15 usually the result of respiratory paralysis ! Despite a course that
1s frequently stormy the prognosis ts good mn patients with central nervous
system mmolvement 85 per cent recover within a period that vares from a
few days to several months after the onset of the complication %

Cardiac Imsolvement The occurrence of cardiac mvolvement has
been reviewed 8 There s rarcly any chucal cvidence of cardiac mvohe
ment but pericarditis which was dragnosed by the occurrence of chest pamn
pencardial friction rub  electrocardiographic abnormalities and changes
heart size has been reported nme times 7 % 10 19 \fost of the reported
cardiac abnormahtics are not obvious and consist of electrocardiographic
changes m the Twaves PR ntenval or cardiac rhythm 8 ¢ ¢ Routme
electrocardiograms have revealed abnormahties from 5 to 50 per cent of
patients 8 11¢ Postmortem studies have revealed focal interstitial infiltration
of abnormal lymphocytes m the myvocardium that appears to offer an expla
nation for the clectrocardiographic findings ! Penicarditis has not been
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nehettstalpar, and allergie states® In these disorders the percentage of
abnormal lymphocytes 15 generally less than in 1nfectious mononucleoss and
eleyvated total leukocy te counts are unusual Although absolute hymphocy to-
sis neatly always occurs m mfectious mononucleans 3t 15 not a constant
finding An increase m polymorphonuclear cells sometunes oceurs . the
prodromal phase and early in the disease ® ™2

Fosmophiba which 15 mote Iikely te develop dunng comalescence 5 25
hras been found m 14 per cent of one seres ** and 2 10 per cent of znother ¥®
The cosmophils are usually less than 13 per cent but counts as lugh as 21
per cent occur Eacept i rare mstances complicated by hemols fic anenua

and thrombocs topensa the b tobm red cell count, and platelet counts
are normal

Although the heterophbi agglutination { Paul Bunnell) test 15 nonspeaific
at s a very helpful p dure m the d of mfechous ! hid

Titers of 1 567 1 160 * and 1 24 khave been considered confirmatory of
fectious mononucleosss if the chnseal and hematologie findungs are sugges

tne of the disease The driferential adsorpuon test of Davidsohn 15 more
specafic because agghutinms for sheep cells sometimes occur m normal per

sons and 1n patients with serum sickness and other diseases * Davidsohn
found that the heteroplul anttbodies 1 miechous menonudleosts are not
completely removed from the serum by adsorption with gumea pig Jadney
but are removed completely s hen adsorbed with beef red cells The hetero-
phul anbibodies found 1 normal mdraduals and i patients with serum sich

ness and other diseases are different 1n that they are removed from the serom
when adsorbed with gumnea mg ladney The test is useful m excludmg
patients with high titers that are not due to nfectious mononucleosss and
i establshing the dagnoss of mfccions monosurleosis m patients with
low titers The test has been partweulardy helpful an patients with monoevtie
teulemia and acute leubamia titers as bigh as 1 896 have been seen i these
diseases but they could be & hed from mfection: 1 by

the guinea pig absorption test * * 4 The wcidence of positnve heterophil
agputination tests m wfechions mononucleosts has been reported to be from
30 per cent to 100 per cent but s probably around "0 per cont ¥ % 9 The
frequency of positie tests depends an the cnterta used for establishing the
diagnons of nfections monenucleasis the stage of the disease and the
number of the tests performed  The test 15 uswally postne when the
patient s first seen ©* ° but the tone of development of a pusitne test
varics from one to 89 davs  1n the vast majonty of patients the test will be

positis Can the frst two weeks of the discase 1 3t 15 gong to become positne ¥
The heterophil agglubnation test may remam postnve from @ days to 63
welks® but generally it becomes negative m from two o four months @

In onc surics the test became negatne n 73 per cent of the patients within
four months

The thymol turladsty BSP excretion and ecphalin flocculation tests and
the serum aBabne phosphatase level have been found to be abnomal m a
fugh percentage of patients with nfections mononucleosis ™ © & # Qae
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Frgure 51 \anous forms of pathologic lymphocytes scen in patients with afectious
mononucleosis

pathologic lymphocy tes” first described by Sprunt and Evans!® and classt
fied mto three types by Downey and Mchanlay 2 The Type I cell 15 a ughly
differentiated mature lymphocyte with 1 nucleus that has a cloudy appear
ance due to the presence of a coarse network of chromatin strands or masses
that 15 not sharply separated from the parachromatin The nucleus 1s often
indented The cytoplasm 1s very basophilic and somew hat mottled 1 ap
pearance The Type II cell has a nucleus with a coarse chromatin structure
somewhat similar to that of the plasmn cell The cytoplasm 1s less basopinhc
than the Type I cell and contuns fewer vacuoles The Type ILI cell which
more closely resembles leuhemic cells has a less differentrated nucleus that
contams nucleok In Downey and Mchinlay s report the Type I cells were
uncommon they were seen n small numbers 1 only one of nine cases while
the Type 1 and I cells were numerous 1n all nme cases that were studied
Other abnormalities such as nuclear indentation cytoplasmic vacuola
tion and nuclear fenestration mav be seen m hmphocytes of all sizes In
patients who are diagnosed as having infectious mononucleosts mononuclear
cells almost ivanably constitute over 50 per cent of the leukocytes at some
stage of the disease  #° 9% 111 and counts as high 1s 96 per cent have been
observed © Abnormal lvmphocytes probably occur m all patients with 1
fectious )| but are not of the disease Appar
ently dentical cells for which the name “virocyte” has been suggested bave
been observcd 1n the following conditions nfectious hepatitis virus pneu
momia herpetic mnfections rubella rubeola roseol infantum undulant fever
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napathy or evidence of central nerous systom nt olvement 1s the presenting

plamt the d may not be Jered 1 sporadic eases when the
patient 35 frst scen When the dingnosis of infectious mononucleosss 15 con
sidered repeated examunation of the penphieral blood repeated agglutma
tion tests and a pesiod of ebservation may be necessary before the question

can be settled

Course and Prognosis

Infectsous mononucleosis usually runs an acute course charactenzed by
fever for ten days or less ® followed by prompt recosery A recrudescence
of fever and symptoms 15 not unusual after the temperature has retumed to
normal for several days In some patients the mamfestations of the disease
are so mild that e presence of the disease 1s recognized only by the labora
tory tests In other pabents malase and weakness may pessist for months
before complete recovery accurs Nearly all patrents recover completely but
deaths have occurred 1 some patsents waith splemic rupture and 1 some
with central nenvous system comphcations

Treatment

The treatment of infectious monenucleosss 1s largely 5ymptomatic and
supportive Parenteral Buds may be necessary sf the throat 1s much imvolved
Prolonged bed rest 1s not necessary ;m patients with abnormal Iner function
tests or ak 1 e} < T with sulf en
erltrer chk hne and chl } ! has not been found to shorten
signmficantly the duration of symptoms or fever or to reduce the nesdence
of compheatians 51 85 98 14

Hiustrative Case

A 17 yeur ald winte male student was m evedlent health untd two weeks
pror to admission when he first noticed malarse Ten dws prior to admission
transient chafly sensatiwons occurred Five days before wdmission severe head
ache appeared and was accompanied by sore threat wnd enlargement of the
cersical umph nodes The sore throat became progressinvely worse and on
the day of admussion the patsent was unable to swallow hquids

Ehysieal L The oral 12 an 2d; was 100 F
The tonsdlir astas were covered with 3 white thach  pseudomembranous
tvpe of esudate There was bifateral enlwgement of the corvieal 1nd axtllary
hwph nodes which mewsured 1 to 3em 10 dameter § soft spleen edge was
palpablc 1 em befow the loft castal mugm The neuraloge examnation
and the remamder of the routine exasunation were within nonnal Reuts

Laboratory Eaammauen  Adrussion blood studies het 50 per cent
wbe 1000 per camm  differential count (per cont) granylocytes 28
hmphatstes 84 monoestes 8 Many of the lymphocy tes appeared abnormal
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review of the literature reports that the vanous Inver function tests were
abnormal 1n from 40 to 100 per cent of 524 cases

The occurrence of false positne Wassermann and hahn tests m nfectious
mononucleoss 1s well known Incidences of 2 per cent ' 3 per cent,!s 10
per cent 8 18 per cent " and “about half '! have been reported The test
usually becomes positve dunng the second week and reverts to negame by
the cighth week 1t but the duration of positivity vanes from a few days®
to more than three months The finding of a positne routine serologic test
for syphulis n a young adult may be the first intimation that the patient may
haye mfectious mononucleosts

False positive agglutination tests for Br meltensis S typhosa S para
typhu A and B and Proteus \ 19 have been reported ¢ 57 In some patients
several agglutination tests may be positne at the same tune® * When
repeated titrations have been done 1t has been noted that the titers rose
abruptly sometunes to as high s 1 1280 but fell quickly

Transient urmary abnormalitics 1n the form of red blood cells white
blood cells albuminurta and casts have been reported mn 3 per cent and 6
per cent of pattents 11

Diagnosts

The possibility of infectious mononucleosis 15 suggested by the occur
rence of sore throat fever enlarged Iymph nodes or lymphocytosis m chil
dren and young adults The presence of more than 50 per cent lymphocytes
and more than 10 per cent pathologic lymphocy tes 1s even stronger evidence
\lost authors accept a diagnosis of infectious mononucleosss if the cheal
and | logc picture 1s Jered cl 1stic even if the | |
agglutmation test 1s negatine 88 90 94 98 However some consider that pa
tients with a negative heterophil agglutination reaction who have the chnieal
and hematologic features of infectious mononucleosis really have a different
disease that 1s closely allied to infectious mononucleosis 5 1% The actual

d of positne } phit agglutination tests 1s hard to determmne be
cause 1t depends on many factors including the stage of disease when the
test 1s performed the number of the tests done and the cntena that are
accepted for the diagnosis of infectious mononucleosis Titers of over 1 56%°
and over 1 224 2 have been considered diagnostic if the other features of the

disease are It has been re Jed that the differentinl adsorp
tion test be used if the titer 15 less than 1 224 and the findings suggest mfec
tious 1 and also in when the titer 15 over 1 224

but 1s assocated with no evidence of the discase? I the titer 15 reduced
more than 75 per cent by adsorption with gumea pig hidney the antibody
1s probably not of the mfectious mononucleosts type

The diagnosis of mfectious mononucleosts may be difficult if the patient
1s scen before the charactenstic hematologic and serologic findings :xppmi’l
especially when the clinical features are those that arc more often associate
with other discases When jaundice hematunia a septic type of fever ade
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they were Jarge and had an opaque basophilic cytoplasm The nucler of
many of the smallcr cclls were mdented or fenestrated Other exwmnations
showcd the following  serum balirubin level 07 mg per 100 ml  alkalne
phosphatase 63 (BU ) thymol turbidity 96 units cephaln floceulation
4 plus i 48 hours spinal flmd normal The heteroplul agglutination test was
positive n dhlutions of 1 8564 before adsorption and positive m a dilution
ok 1 792 after differential adsorption

A dagnosts of infectious mononucleosis was made The patient sesponded
well to symptomatic measures and was essentially asymptomatic when dis
charged from the hosprtal cight davs later One month after dischasge nodes
that mcasured 1 X 1 em were still palpable mn the cervical area and in the
left anlla The leuhocyte count was 7000 per cumm +nd the differential
count was (per cent) bands 1 segmented 47 lymphocytes 40 monocytes 9
eosmophils 2 basoplils 1 A few itypical lymphocytes persisted The
heterophal test was still posiive n dilutions of 1 24 after adsorption

Comment  This patient illustratcs most of the typreal features of mfec
tious mononucleosis The majonity of patients are young adults who com
plan of fever maluse sore throat and cervical adenopathy As often
happens the heterophil agglutination test was postirve and the blood smear
w1s typical of infectious mononuclcosis when the patient was first seen The
patient 15 typical of many with the disease m that he had nerther chinteal
Jaundice nor elevation of the serum bilirubin but did exlubit evidence of
hver dysfunction m the vanious tests Because of hus severe headache the
complication of a menmgo-encephalitis was considered but was discarded
when the ncurologle ex ton and cerebrospmal fuid proved to be
normal
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CHAPTER IN

Agents Used m the
Treatment of Leukemia
and Malignant Lymphoma

Tie PRINGIPAL agents used i the treatment of lcuhemin and lymphoma are
sonizing raduabion atkylating agents antimetabolites and the adrenocortical
hormones Each of these agents may produce senous side effects and none 15
curative yet they often mduce hematologic and chimeal remission when em.
ployed properly

IRRADIATION

Tomzng ratiution mav be admimstercd from an external source by use
of roentg,en rays or cobalt® or from an mternal source by the admmistration
of a radioactise ssotope such as radwactive phosphorus (P* ) The effects
produccd by the arradiation of tissue cells hase been studied extensively but
the site of the primary biochenucal lesion has not been cstablished 4 vaniety
of enzymatie changes have been demonstrated i the ol after wradiation but
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these occur late and m1y be secondary to some disturbance i cellular me
tabolism ™ # 13 Inlubttion of the synthesis of both deoaynbonucleie acid
(DN} and nbonuclae acid (RNA) his been demonstrated but protem syn
thests by the el scemns unaffected * 8 It has been demonstrated that small
doses of ridition produce a delay m the onsct of DNA synthesis*® but do not
minbit DNA synthests once it his been imtrated At the present tume it 1s not
fnown whether these changes represent 1 pumary cffcct of ionzmg radiation
on the biochenucal sequence leading to nucleic acid synthesis or an effect
that 15 secondiry to mitotte inlubition ! 36 > It has been shown that mam
polynuclcotide chamms of DNA e brohen by the direct action of jonzing
radiations 1f this effect 15 relatively unselective as 1t appears to be any
ecllular function m which DNA 1s mvolved may be affected It has been
postulated that the primary ¢ffect of irradiation on the cell may be so small
1s to be undetectable at present As the result of the mitial disturbance the
metabohe activities of the cell may function wcompletely and produce the
biochemicl and anatomic changes which can be demonstrated 2

Because 10mzing radiation nterferes with deoxyribonuclerc acid syn
thesis at produces dimage 1 any tissue composed of dniding cells The
damage 1s most apparent e the tissues with active cellular proliferation
Therpentrc wradiion amms at destroying the rapidly prolferatmg tumor
cclis while sparing, the normal cells of the body as far as possible Ionizing
radntion from an cvtemal source 1s directed 1 such a manner that the
wmount of normal tissue m sts path 1s as small as posstble This 15 accom
plished by careful posttionng of the patient and the use of protectiv e shucld
mg The use of multiple portils of cntry for the womzing radiation when 2
large dose 15 required m the body cavity reduces the cfects on the nonnal
shin ind other tissucs which must be traversed to reach the leston The cells
of the hematopoictic system the gastromtestinal tract and the skin which
hve augh rte of turnover are particularly susceptible to ridiation damage
Damage to the cutaneous cells and depression of the bone marrow frequently
Iimit the amount of radiation the patient can recene

Iomzing radiation has been used extensively m the treatment of discases
of the lymphoma group and the chrome forms of leukemia but 1s not em
ploved 1 the treatment of the acute forms of leuhemi1 smee 1ts use often
results i a more rapid course It was used first for the treatment of Hodghns
disease between 1902 and 1905 7 Since that time 1t has been used more than
any other form of treatment for all of the diseases in the lymphoma group
It 15 more effectve than the radioactive 1sotopes 1n the contro? of these dis
orders* *  The diseases of the lymphoma group are radiosensitive and
they often undergo striking regression after exposure to a small amount of
radiation Unfortunately the remissions are temporary and the diseases
¢ventually become resistant to 1dditional mtensive therapy It 15 customary
to employ larger doses of radration duning the mihal course of therapy than
1 the treatment of rccurrences The amount of therapy to be admnistered
must be mdridually determmed for each patient and depends on the nature
of the discase the 1egion mvohed the eatent of disease the condition of
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the patient and the resistanice of the leston to 1omzing radiabon Gt folh
cle lympt 15 the most rad of the group and requizes the small
est amount of radiation Reticulum cell sarcoma and lymphosarcoma usually
require more than Hodghin's disease Trradiation of neighborng lymphatc
areas has been recommended by some on the grounds that extensions gen
erally occur m onc of the proxumal lympk node regons © but has been con
sidered unwise by athers who feel that the prediction of further sites of
nvolvement 15 impossible ¢

The use of racioactine phosphorus (P2 ) which was mtroduced w 19,8
as a source, of 1omzing radiation has been reviewed recently ® This method
of treatment offers certan advantages aver roentgen ray therapy mn that

lized

tion of the system may be obtamed with
relatne ease without the production of radiation sickness ** P? enuts beta
& which prod withun 1n area Iimited to its maximuom

range of 07 em It has a 143 day half Iife and decays ta stable sulfur Since
the sensitvity of a cell ta ronzing radiation seems related o its mtotic
stage the continuous iradiahion provided by P2 may have a distnct advan
tage over ntermuttent therapy from an extamil source m the treatment of
a growing tissue that contains ctlls asynchronously undergoing cell division
Following ad P oas d n tissues D i of raprdly
metaholizing cells which have a high phosphorus turnover such as the bone
marrew lymph nodes spleen and Iner later the P3 enters the osseous
tissue of the skeleton Because of the selectivity provided by its distnbution
within the body the chuef value of radivactive phosphorus has been m the
treatment of chromc leukemias and polycythema vera

Beeavse of the depressant effect that all omaing radiation caerts on the
bone marrow frequent leuhocyte counts and hematocent dete rmunations are
performed while the patient 1s undergomng therapy The level of the leuko
eytes that 1 considered a contramdication to further therapy depends on
details of the mdividual case and no fast rules can be stated The develop
ment of leuhopenia, thromboeytopenia and ancmia demands caution and
careful esaluation before proceeding with further therapy

ALRMILATING AGENTS

Among, the most cffectne compounds avadable for the treatment of
chrone leukemia and lymphoma are the allylating agents These agents
were mtroduced mnto chnical medicing as the result of extensive studies that
were carned out during World War I The chemical pharmacologic and
clinical studies of these compounds have been summarized *

Qne graup of alkylating agents the mustards owe their bologic actiaty
to the pres nec of the brs beta-chlaroethy I grouping ° In neutral or alkahne

aqueous solution the mtrogen mustards are haghly
auco 0 e d ghly reactive The tertary

cation with liberation of a chionde 1on This oyl
reacts readily with morgame amons water and

ta form a cyclic omum
1c ethylentmonium cation
organic radicals 3° These
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compounds hmit tissue growth by mlubiting mtotic activaty and cell dmision
Although the mitrogen mustards are capable of mactivating many enzyme
systems the evidence appears to ind that these ds do not act
m vivo by mhibiting intracellular cnzymatic actaty # % 3 Considerable
work along different hines has led to the hypothess that alkylatng agents
which are 1ctive 1 aqueous solution produce thewr anti tumor cffect by
estenfying 1omzed acid groups rather than by reacting wath sulfhydsl
groups or frec ammmo groups 3

A reaction with nuclerc acids espeeinlly the mactivation of deoxyribonu
cleicacid would have a profound effect on cell division In vitro expermments
have demonstrated that alkylating gents cruse marked alterations in the
physical properties of nuclerc 2cids These mclude changes 1 the shape of
the macromolecules and 1n the ability to combine with basic matenal # It
has been demonstrated that mitrogen mustard produces 4 marked decrease
1n the viscosity of dilute solutions of deoxynbonucleic acid * Other n vitro
studies that have utihzed the clectron microscope have demonstrated mtra
molecular cross nking and cothng up of deoaynbonuclerc acid molecules
after exposure to nitrogen mustard 37 The alkylating agents appear to act by
producing cross lmhing of the different DNA molecules via their phosphate
groups which renders them mnactive

The alhylating, agents that have been used most widely n clinical prac
tice are

1 Methyl bis (@ chloroethyl) amme hydrochlonde (mtrogen mustard
HN)

2 Trethylene melamine (TEM)

3 p (D12 chlorocthylamine) phenylbutyric aaid  (chlorambuail  CB

1348 Leukeran)
4 1-4 Dimethanesulfonyloxybutane (busulfan Myleran)
These compounds differ i their effectiveness agamnst different strams of
cells different types of lesions and m therr toxic effects

Nitrogen Mustard

Nitrogen mustard has been studied more extensnely than the other
alkylating agents The lustologic changes in the lymphotd tissue and marrow
that accur 1n rats after the mjection of mustard were studied by kndred.#!
He found that lymphocy tes were more sensitnve than the granulocytes or the
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red cell precursors renculum eclls and megaharyocytes were much less
sensitive

For chmcal use mtrogen musturd 15 made up in a fresh soluton of
physiolagic selme and 15 adimmstered mtravenously by wjectng 1t wto the
tubuog of an mtrayenous sahne infusion Local thrombophlehitis sometinies
develops and a severe local reaction occurs o the mtrogen mustard 15 ex
travasated into the tissue Approaunately 80 per cent of the patients who
receive the drug, develop nausea and vomitnng

The most important toxie effect 15 exerted on the bone marrow This 18
manfested within seven to ten days by a fall m the leukacyte count followed
by a decrease an the platelets that generally reaches tts lowest level wathin
two or three weehs In order to avoid serous damage to the bone marow
an mtenval of at least six weeks 1s allow ed between courses of therapy when
ever possible When the patent has exteusive involvement with lympho
sarcoma smaller doses spaced several days apart are advisable because the
rapid destruction of hissue may canse by peruncema and renal mmparmoentst
or even vascular collapse * Evadence of impared bone marrow function 1s
also an mdication for smaller dost s spaced at longer mtenvaly

Nitrogen mustard has found sts greatest usefulness n Hodghns disease
1 which 1t often produces o prompt remission wm fever sweats anorexa
pruntus and weakness accompamed by a decre ase m the siee of the spleen
lner and lvmphnodes In lymphosircoma reticutum cell sarcowma and gant
follicular lymphoma the response to treatment with mitrogs n mustard yares
greatly m different patients but m general the response 1s not as good as m
Hodgluns disease ™ 38 40 4 8 8 24 Ntrogen mustard bas not been used
widely 10 the treatment of chronie Teukesma though 1t has been suggested

that st nught be effectwe 1f a satisfactory plan of ad ation could be
worhed out?

TEM
Tnethylene melamioe (TFM) 15 comerted 1 an acid medium to a reac
By quat Tyl 1 and prod ! effects

similas to thoss produced bv mtrogen mustard Smee 1t s transformed mto
ats actve form 10 an acid medmm st may be administered by mouth Be
cavse TEM will be mert by the time 1t 15 absorbed if the stomach contents
are too acsd st s usnally admimistered with sodiumn bicarbonate Tt 15 often
difficult to determme how much active compound has been absorbed and
m addibon there seems to be consderable indvidual vanation m rusponse
to the drug For these rcasons the drug must be admnstered with great
caution. In some patients an inotal dose of 25 mg produces a marked «fect
on hematopotesss that perusts for months  Although the eficcts of TEM are
sunilar to those produced by mtrogen mustard, better chmical results have
been obtained wath TEM sn lymphosarcoma and giant folhcle lymphoma
than 1n Hodghun s disease and reticulum cel} sarcoma * Good climical results
have been obtamed in the treatment of both drome myclocy bic leukemia
and chronie lymphocy tic Jeukenma with TEM 4
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Chlorambucil

Chlorambucil (CB 1348) a water soluble aromatic mitrogen mustard 15
also admmistered orally wd 1s much less toxic to hematopoictic tissue than
nitrogen mustard or TEM It can produce marrow aplasia, however and
blood counts should be performed at mtcrvals of not less than three weeks
while the patient 15 recening, the drug ¥ Improvement generally occurs m
three or four wechs af the drug 1s cffective and the usual course of treatment
lasts from four to eight weeks Gastromtestinal disturbances are mild and
wfrequent Tls drug 1s more cffective in diseases characterized by abnormal
lymphocyte prolferation such as lymphosarcom: and guant follicle lym
phoma than m reticulum cell sarcoma and Hodghins disease 37 However
remussions were obtamncd 1n 22 of 47 patients with Hodghin s disease and
12 the renussion lasted five to twelve months ! Chlorambueil 1s effective in
the treatment of chrome lymphocytic lcukemia but 1s meffectve 1n chrome
myelocy tic leukemia

Myleran

Mjyleran 15 a sulfonie acid ester and i Jow doses selectwvely depresses
granulocy toporesis This allylating, agent 15 an ffectne agent n the treat
ment of chrome myelogcnous leukemn nd other myeloprolferatve dis
orders' 7 but has not been cffective m other forms of malignant disease
Tho case of admuustration and the rclatinely high therapeunc index of
\Myleran make it the agent of choice m chromc myelogenous leukemia

ANTIMET ABOLITES

Folic Acid Antagomists

Folic acid antagomsts were introduced 1n the treatment of acute leukemia
by Farber who 1n 1947 noted the accclerttion of the leuhemic process m
patients receiving fohe aaid He suggested that wntifolic compounds might
be of benefit, and the following ¢ r reported the production of a temporary
remusston m 10 of 16 children with leukemii who were treated with an antt
folic compound aminopterin an obscryation which ushered mn the present
era of chemotherapy 1n leuhemit ¥ The use of these agents which mterfere
with the metabolism of neoplastic cclls to 2 greater eatent than they do with
the metabolism of normal cells has not yet resulted 1n the cure of leukemia
but it has produced strihing temporry remissions 1 the discase -5 3 %

The antifolic compounds are derncd by substitutions mn the folie acid
molecule The hydrogen atoms m the structure may be replaced as may the
hydroxy] on the pynmidine ring, or the glutamie acid my be replaced m its
entirety by another ammo acid or polypeptide chain Amimnopterin 15 pro
duced by subshtution of an ammo group for the hydroxyl group A methop
term 15 formed when 1n addition to the anuno group substitution a methy]
group 15 substituted at position 10
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The mechanism by wlich the folic actd antagomists exert their effect 15
not understood completely  Folic acid 1s essential for the synthesis of
nucleic acid as a result of 1ts effect on formate metabolism The antifolic
acrd compounds may intubit the conversion of folie acid to citros orum factor
(folme acid) and thus Lumt formate metabolism formate along with CO
NH; and glycme 1s ¢ssential for the synthesis of deoxynbonucleic acid and
nbonucleic acid The antifolic compounds may also mterfere with the syn
thesis of thymme * which 1s used m the synthesis of nucleic acid It 1s
probable that folic acid antagonusts are effective because they disrupt the
metabolic pathways that Jead to the formaton of nucleic acid ® These drugs
exert thewr greatest effect on cells which are dividing rapidly and have the
greatest demand for nuclerc and Ordinanly the cells of the bone marrow
Iymph follicles and gastromtestmal tract are the first that are affected
Leukemc cells which have an extremely high proliferative rate are affected
to a greater extent than normal cells It 15 only the difference m the rate of

hf that makes leuk cells more to these drugs than
normal cells Stnce normal cells are also affected there 15 a defimte lmut to
the amount of the drug that can be admmstered

A number of mvestigators have reported their results wath the antifolic
compounds 1 1* © 3 Of a group of 425 children with acute leuherma 68
per cent recenved some benefit and 30 to 50 per cent obtained good clinical
and hematologic results Since these preparations are beneficial in only about
14 per cent of the adults 1 thewr chief use is m the treatment of leukemma 1
children A mett 1s usually preferred to because there 1s
a wider range of safety between the effectne therapeutic dose and the dose
that produces severc toxic effects * Both compounds are admuustered by
the oral route

Purine and Pyromdine Analogs

Because i estigations of nucleic acid synthesis revealed a close relation
stup between folic acid punne and thymwe metabolism efforts have been
made to find analogs of purine and p)Tlmldmc compounds wluch would
block nucleic acid h n mall cells ® 33 For years it
was thought that dietary plmnes and pynumidines could not enter mto the
formation of nucleic acuds ! After the demonstration of the incorporation
of adenme into nuclexc acid in 1948 this concept was modified * This observa
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tion stmulated the search for purine analogs which mught effects ely mter
fere with cellular metabohism Each of the naturally occurning punne and
pynmidine bases has been mnvestigated systematically and new compounds
have been produced by altening the basic chemical composition of the nat
urally occurning p ds3 These comp Is have been tested n micro-
biologic systems and those that showed promuse have been tested agamst
tumors or lukemia 1n rodents These punne antagomsts are believed to
mterfere with nucleic acid metabolism perhaps by beconung mncorporated
nto nucleic acid and rendenng 1t biologically mefectnve ® It has been sug
gested that a hy poaanthine contaming compound that 15 an ntermediate 1
the comverston of adenine to guanine may be the site of action 17

The first chmcal trials with 6 purnne wcre In 1953
1t was reported that 15 of 45 cluldren with acute leukenua underwent a good
chmical and hematologic remission and another 10 had a partal remssion
Resistance to therapy appeared to develop more ripudly than with the ant
folic compounds but it was obsened that patients who had become resistant
to the antifolic acid compounds were stll sensitve to treatment with 6-mer
captopunne® ¢ A review of the results of 1 with 64 ptop
wndtcates that remission will oceur 1n approumately one-third of the chuldren
with acute leukerma and 1 about one seventh of the adults Remussion may
occasionally be obtamed m children who have become resistant to steroid
and antfolic 1c1d compounds 2 but a response to 6 mercaptopunne theraps
15 not usual 1n children who fail to respond mtially to sterords or antifolic
acid therapy 1 ° After relapse occurs the subsequent remussions that are
obtamed with any of these drugs are less complete and of shorter duration
than the mttial respanse

8 Azaguamne

8-Azaguanne a compound sumlar to guanine m chemical structure has
been reported to be effectne m acute leukena -3 The compound 15 interest
ing because 1t has been shown to mhbrt adenosime deammase in Vitro *
This obseration suggests that compounds may wnterfere wath nucleic acid
metaboltsm by whibiting essential enzymes It appears that leukemie cells
are much more sensitive to 8 azaguanme than are normal cells Toxic mant
festations such as dermantis navsea vomitng and diarrhea have hmited
the amount of the drug that can be admmustered

ADRENOCORTICAL STEROIDS

The mitral report of the use of adrenocortical sterord compounds the
treatment of a child with acute leukemia was encouraging Admimstration
of the drug was followed by a remussion that lasted two months ! Inope senes
of cases hematologic improvement was noted n 4 per cent of the patients
with acute lenhemia treated wath adrenocorticotropic hormone and 52 per
cent of those treated with cortisone From 60 to 70 per cent of the paticnts
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obtamed some unprovement from both drugs b\xt adults dud not respond as
well as cluldren Followsmug relapse subse became more
dafficult to achieve Larger senes have not rcwaled such good results In a
series of 425 pausms only 30 per cent had a good renussion and another 24
per cent ob a parhial The rate was lughct m
patients with acute lymphobl or unduf 1
were not observed m myeloblastic or monocytic lcukcmm and m seme pa
tients the disease seemed to be made worse Otherst xeport that ocoasional
remugsions that do not differ from those seen 1n other forms are scen in the
my eloblastic and mangcy tic leul These prep may be beneficial
1 the of an i bleeding tend or hemolytic anemia
even when they produce no stnhmng change mn the leubocyte count
Whie ! steroads may Uy produce a remus:ion n
diseases of the lymphoma group they axe not as effcctive as wozmg radia
tog or the alkylabng agents They are particularly useful m the weatment
of the auto mmmune homolylic anemmas winch may accompany these
shsorders
Campheations of steroid hormone therapy v ere more common when only
cortisone and adrenocorticotropsc hormone were available Llectrolyte dis
b with Ioss and sodium retention were a con
stant problem Dietary sodsum restrction and the admsnstration of oral
potassium chlortde mmmmized these dangers but did not remove them With
the advent of the pewer adrenal steroid analogs the problem of electialyte
umbalance has ceased to be of ehnical wnportance However other dangers
common ta all of the adrenacortical hormones remain These compounds
may so alter the usual body resp to wf or to I sading
that the oceurrence 1s masked An wereased madence of peptic ulceration
has been obserned and m some patients severe gastromtestimal hemperhage
oceurs The development of senious systemic or Jocal fungus wfechon 35 not
unusual 1 patients receving these compounds Changes 1n mood are scen
and major psychot may ocewr ‘The admwrastration of
adrenocortical sterowds wall cortall endogenons sterod production and for
thus reason 2t 1s advisable to reduce the drugs stowly if therapy 1s terminated
Weehs or months after cessabon of therapy wath these preparations the
severe stress of @ surgicat procedure or miection may preesmitate an Ad
disonman erisis despate the adequacy of adrenal tunction for ordumary day
10 day activities
“The possible mechamsms by winch these compounds mmght produce an
cifect on the hematopoetic system have recerved wide attemtion 3 Patents
with adrenal msufﬁcxcncy are l\nou. o to have lymphoc) tosis while those
with adrenal k Jasia have 2 lymphopemsa The of adreno
pic hormone or ad tieal steroids will depress the lympho-
cy;te cm.u:}tl Strcss r‘enctmns in the wtact anunal produce a Iyphopema
. :cteas e adren animal responds to the same stunulus with

hocvtess ¢ Evid has been ! which suggests that the
ad:em\l stesouds exert a destructive cffect on lymphoid tissuel® and g cyto
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lytic cifect on the indwvidual Iymphocyte 26 or nfluence the distribution of
the lymphocy tes in the body 32 It 1s possible that all of these effects contnibute
to the lymphopenic state that 15 produced by these compounds The effect
of the adrenal gland on myelowd activity 1s less clear Wiule there have been
reports that mere 1sed myclord actavaty occurs as the result of the admumistra
tion of wdrenocortical sterords to humans ¢ a decrease 1 myeloid actnity
duning prolonged adminsstration of these compounds to laboratory animals
his also been observed® 33 The mcchimsm through which the adrenocortt
cal hormones favorably mfluence the bleeding tendency and hemolytic ane
ma which may occur 1 patients with leuhemin and malignant lymphoma
1s Iikewise unknown

During the admimistration of these compounds a distmcet elevation n the
mood of the patient often occurs Appetite improves and a sense of well
bang, 1s noted Fever tachycardia and toxiaity” dumimish These improve
ments often allow time for one of the cytotosic agents to exert an effect
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lytic effect on the indwvidual lymphoceyte ® or influcnce the distribution of
the lymphocy tes m the body * It 1s possible that all of thesc effects contribute
to the lymphopenic state that 15 produced by these compounds The effect
of the adrenal gland on myeloid activity 1s less clear Wile there have been
reports that increased myeloid actiy sty oceurs as the result of the admmstra
tion of adrenocortical sterords to humans * a decrease m myeloid actwity
during prol ration of these comy ds to lal y ammals
hs also been observed * 33 The mechamsm through which the adrenocortt
cal hormones favorably ifluence the bleeding tendency and hemoly e ane
mia which may occur i patients with leuhemit and mahgnant Jymphoma
15 hkewise unknown

Dunng the ad 1on of these pounds a distinct elevation i the
mood of the patient often occurs Appetite 1mproves and a sense of well
bumg 1s noted Fever tachycardia and tovicaity dimmish These mprove
ments often allow time for one of the cytotoric agents to exert an effect
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CHAPTER

Leukemia

Historical ispects

1y 1845 Bennett # Craigie ' and Virchow ' independently reported patients
with undoubted lcukerma Bennett and Craigie attnbuted the remarkable
numbers of white blood cells to the presence of “purulent matter in the
blood.” In 1846 Virchow who mtroduced the term “Jeukenmia ” did not agree
that the changes in the blood were the result of the mvasion of the blood
strcam by a suppurative process and considered that the hematologie changes
were part of a definste pathologtc process that involved certain organs m the
body The conflicting claims regarding the prionty of discovery of leuhermma
were reviewed by Osler ® who concluded that Virchow desenes prionty
because he was the first to realize that the increase in white blood cells was
an essential feature of the discase to which he gave the name leukerma ™
Two forms of leukemia were recogmzed by Virchow In one the small forms
of white cells predominated and enlargement of the lymph nodes was com
mon 1n the second the large white cells were wereased m number and
marhed spl galy d  Acute leuk was frst desenbed
Frcdnieh in 18571 9 and m 1913 the first case of monocy tic leuhemia was
reported by Reschad and Schulling Torgau
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Although our kaowledge of many tials of the leuh process re
mams madeg a derable body of mf has lated rela
e to the praduction of leuhermn by esternal agents and the genetic pre-
dusposttion. 1o levkermia Much of this evidence his been derved from the
study of laberatory ammals but smportant deductions have also been dravwn
from consideration of the occurrence of the disease m man

t Iowung Badwtion

Evidence from 2 number of sousces mdicates that sonwang radiation con
be a leuhemogenic agent m man as well as m mwe The madence of leuke
ma i physicians 15 twice that of the general population and the weidence
1 radiologssts 1s from eight to nme tmes that . phymcians m geperal™
An wereased madence of leudema m survivors of aterme bombings m a
frequency duectly related to the seventy of the evposure to radiation ap-
pears to be w ¢ll established 77 ¥ 2 The th use of x ray for spondyt
ts i adults'® and for thymic enlargement w chuldren® has been reported
to be responsible for Jeuhemsa Ftis suspected that the wexdence of leubemia
patticularly acute lenkenma 35 hugher m patents with polyeytherma vera
who have been treated with a ray or radioactive phosphorus than m those
treated by othes means 3 Even the use of dugnoste x 1y dunng pregnancy
has been suspected as a factor m the development of levhemsa m child
hOOd 43 B%

2 Drugs

The evidence that exposure to benzol {benzene) may produce leukemsa
15 eurcumstantial but 2 number of suspicious instances have been reported ¢
The mdwidual response to this chemical appears to vary and both the con
centration and length of exposure are probably rmportant

3 Infections

Severe mfectons of varous types usher 1 some 50 per cent of the cases
of acute leuhemia m childhood* Some authors have suspected infection
may cause leuhesma but mast workers have concluded that such wfections
occur as a consequence of the precustent leuhemia ® While the chance that
bactenal infection may be of etrwologie significance seems remote the possi
bihity that a virus may cause Jeuhermia has recen od much support

Studes of the role of viruses m Jeuherma hase been carmed ont Targely
in mee and fowl and the relationship of the leuhenua that accurs 1 these
specics to that of man 15 stll uncertwn ¥ Gross®* has shown that leuhema
mav be transmitted to mice by the mjection of a suspension of cells or cell
free «steacts He has suggested that 2 cansative varus tmght be transmitted
from prrent to offspring and remam dormant for some time Cell free suiracts
of bver spleen or hmphatic tumors of ABR  muce have produced lesherma

ARB tram—mice having a high madence of spor faneots Ioubemsa
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The Incidence of Leukena

It1s reported that m the last 50 y ears there has been a threefold to sufold
increase m leshemsa the greatest increase that has occurred in any disease
eacept coronary thrombosts and carcinoma 47 In England and Wales the
mncidence of leuhemia has mcreased from 17/100 000 1n 1900 to 5/100 000
1n 1855 *¢ while 1 the United States comparable studies mdicate an merease
from 1/100 000 m 1900 to 6.3/100 000 i 1952. Despite such figures as these
and the distinct unpression of many workers mterested 1 the subject that
leuhemia 15 increasing mn frequency Damesheh and Gunz conclude that as
vet an actual as opposed to an apparent rise has not been proved. © Others
believe that such factors as mproved diagnosis more frequent hospitaliza
tion improved treatment and the mcreascd number of older persons m the
general population do not eaplain the apparent merease ¥ + In the period
1943 1952 the incidence of leuhemia in males vas 78/100 000 whle that for
females was 5 77/100 000 3¢ ~¢ * The disease 15 more common 10 Jews than
n non Jews and 15 less common 1n Negroes than m Caucastans 7 The ma
dence m Caucasians and Negrocs 1s about the same if the Jevash population
15 excluded

Approumately 60 per cent of patients with leuhemia have the clronic
form of the disease which occurs more commonly after middle age Chromc
myelocytic leukemia 1s shghtly more common than chronic lymphocytic
leuhemia Acute leuhenna occurs most commonly m cluldren and young
adults but an increasing incidence m older persons has been reported ' ¢

ETIOLOGY AND PATHOGENESIS

In 1694 Osler wrote of leuhemia “Notwithstanding most careful chncal
study and th h Instol 1 and bacteriolk I imvestigatron the seeret
of the causativ e factor of this disease 15 as profound as 1t was half a century
ago "% Unfortunately the “secret of the causative factor” of leuhemia s still
a mystery

Although the cause of leuherma 1s unknown there 15 considerable evt
dence to support the view that leukemia 15 a neoplasm © 3 4 The essential
alteration 1s thought to reside mn the leuhemic cell and be responsible for the
failure of the cell to respond to the forces which ordimarily contro} 1ts Tepro
Quetion and maturation The autonomous uncontrolled behavior of these
cells appears to be responsible for the clinical mamfestations and course of
the disease Whether a single factor or multiple factors are responsible for
the essenbal alteration of the cell 1s unknown Because of ignorance on this
powt the question arises whether or not all of the clically recognized forms
of acute and chromc leukerma are the same disease Different types of
Jeuhemia differ considerably in age distribution chnical manifestations sur
vival time and response to various types of theripy Howeser these differ
ences could be explamed by a vaned host response as well as by multiple

causative factors
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The production of lewhemna by the mpection of cell free chromatin par
ticles and mcrosemal fragments mte mice has been reported.” It has been
suggested that the chromatin pasticles enter pormil cells and alter thew
function 1 some undefined manner The stomficance of the reported transfer
of the neoplastic character of a cell m this manner cannot be determined
unt further studhes that utilize genetie marhers are camed ont °

The neresed celt counts seen an Jeuhema have been mterpreted as a
faslure of normnil ehmunation of the leakacy tes ruthes thin an overprodue
tion of these cells ¢ It has been shown that the Jungs hver and gastromtesh
nal trict duly remove large numbers of cells from the arculation Cross
circulation expeniments have demonstrated that the rate of removal of cells
from the crreulation 15 decresed i pitients with leshemia as compared to
the normal ® The relationshsp of ths defect to the pathogenesis of lenhemt
15 ot established

In the concept that Jeukerma 1s 7 defivency disease the smmtunty of
the white blood cells 15 considered to be the vesult of a maturation wrrest
sumlar to that seen 1 the red cell precursors m pernicions anerma Thuss fir
AUl attempts to establish leuhemia 15 1 deficency discise have faded @
While a number of metabohe differences between normal 1wd leukemic cells
have been denonstrated none has yet been estabhished to be a cause rather
than zn effect of leshema

There 1s yct msufficient evidence to support more than speculation as to
the nature and cause of human leuhemsr Houwever the evidence that 2 virus
nny play a causative role cannot be sgnored It scems reasonable that a
virus Bhe ngent mught sigmficntly alter the metabolic wtivitses ind be
havior of 3 hast cell Genetically determined host resist ince must be of great
unpost nce and mupht well be miluenced by 1omzang, raidiation and chemic il
agents which would sccount for the demonstrated role of these fictors i
teuhenna

ACUTE LEUREMIY

Al tvpes of acute Teukernst myeloblistic Imphoblastic and monoblis
tie are much more severe discases than anv of the chromte leuhenuas The
tliness may begm as scute lenkemma or the acute form mny dovelop s the
termml cuent i 1 pabient who his had the chronse form of the dise we for
menths or years The presence of wute luhoma is charactenzed by the
accurTence of appreciable numbers of youny, cells particulidy the blast
forms 1 the errculating bload and bone muron The diffcrent types of acute
feuhcma cannot be distingusshed from one wother with certamty on cluncal
rrownds slone nd beewse of the extreme smmatunty of the cells it my
e difhieult to wdentsfy the coll tipe cven after earcdud hematologie stisdy
The Bmphobhistic fype 15 more common n eluldren the myeloblastie s
furly cvenly divided amony, the diffcrent age proups and the monocs tic type

occurs most oftea momaddle wge 4 % % Al bpcs of acute leukemia are
mere common 1 males
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and epitheliomas when mjected mto newbom mice of the CiHY stram less
than 16 hours old 3 This observation suggests a relationship betweca leuke
mu and other malignancy m mice a rdhtionship that is well recogmzed i
man % 1% Other reports have ndicited that mjections of cell free estracts
of bran from mice or human bungs with leukemia cause the development
of leuhemin m a strun of mice not ordinanly suspectible to the disease® *
Thesc and other studies demonstrate that leukemia can be produced .o both
mammals and fowl by the mjcction of cell free filtrates Should a virus be
shown defimtely to be the agent responsible for leukemia the relationship
of the virus to continued neoplastic activity of the cell would remain to be
clanfied 1*

1 Genetic Considerations

In certamn Inghly inbred struns of mice leuk develops sp )

m from 60 to 70 per cent of the anunals This suggests that genetic factors
are important under conditions of controlled breeding and that man may
be protectcd by his vanied ancestry Some constitutional susceptibility to
lcukerma m man was suggested by the studies of Videbechi® but later
studics have not confirmed Ius conclusions +° Reports of the occurrence of
several mstances of leukemia in the same famly suggest a genehc mfluence
but are not conclusive because some unrecopmzed factor m the family
environment may be responsible for the disease ! Observations on the o¢
currence of leukemia 1 1dentical twins do not afford definite evidence of the
custence of a heredutary factory m leukemia 1® In the rase wstances of con
gemtal leuhemra that have been reported the disease has not been demon
strated 1 the mother 7 There has been a recent report of the occurrence
of leuhemia 1m a nme month old child bom of a leukemtc mother 17 In all
other reported of children born of leukemic mothers the offspring
have remamed free of the disease 8

5 Other Factors

1t has been suggested that leukemza 1s the result of an imbalance the
hematopoietic equilibrium Tlus concept was suggested by the 1dentification
of two ch Is myelokentnic acad and lymphokentne acid in the unne
of patients with leukernia or lymphoma ¢ Recently the same materzals bave
been obtaned from the sera of patents with these diseases *° It 1s reported
that my elohentne acid produces hyperplasia of myeloid elements and lym
phokentric acid produces hyperplasia of the lymphoid elements when 1
jected mto the guinea pig, 6 It has been suggested that an mbalance in the
progd of these “} 1k causes leuhemia but the evidence
15 not convincmng

$ C3H stram—mice having a low mncidence of spontaneous leukemia
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The p m of Jeuk by the tion of cell free chramatia pat
ticles wnd mucrosomal fragments mto mce has been reported.® It has been
suggested that the chromatm particles enter normual cells and alter thesr
function 1w some und d manner The 1 e of the rep d transfer
of the ncoplastie character of a cell 1n this manner cannot be determwed
untl further studies that utilive genetic markers are carned out ¥

The mereucd cell counts seen th feukemia hat e been mterpreted as a
fulure of normal elmm stion of the leulocytes rather than an overproduc
tion of these celis ¢ It has been shown that the lungs Iner and gastromtesti
nal tract daily yomove Jasge numbers of cells frem the areulation Cross
wrculation have d ted that the rate of removal of cells
from the cuculation 15 decrersed m prueats with Ieukemma as compared to
the normal ® The relationship of this defoct to the pathogenesss of leukemit
15 not estiblished

In the concept that levkemia s a dasease the of
the wiite hiood cells 58 considered to be the reswlt of a matur stion arrest
sumilar to that seen 1 the red cell precursors 1 permaoys anemia Thus far
afl attempts to establsh Joohomia as o defloiency disease have faled *
While a number of metabolic diffcrences betw cen normal and levkemie cells
have been demonstrated none has yet been establashed to be 1 cause rather
than an effect of leakernia

There 15 yet msafficnt evidence to support more than speculation as to
the nature and cause of human Jeuhemsn Hownever the evidence that a vrus
may phy a ¢iusative role cannot be sgnosed It scems reasonable that a
wrus bhe agent might significantly alter the metabolic whvities and be
havior of 1 host cell G iy & d host & must be of great
mport mee and might welt be nfluenced by 1omzing rwdiation and chemseal
agents which would account for the demonstrated role of these factors
Jenkemin

ACUTE LEUREMINV

Al Bypes of acute Jeukermy myelobl Tvmphsblutic wnd Ll
ti wre much more severe diseases than any of the chronse leuhermas The
lucss mn begin s acate Jeahemnt or the acutC form may develop as the
termmal event in a patient who ks had the chronsc form of the disease for
months or yews The presence of wate kukama s characterized by the
occurrence of pprecitble rumbers of young cells parbiculardy the blast
forms m the Qrcalating blood and bone mutow The different types of acute
feukemi y cannot be distinguished from one another with certanty on chntcal
grounds alone and because of the extreme immoatunty of the cadfs it muy
be el to dentifs the cell type eren adter careful hemat Hogre studs
The hmphoblastie hype 15 more common 1 chuldren the mveloblistic 15
furh evenb diided amony, the different age troups and the monocytic type
oreurs most often 1n nuddle age < 4
More common m males

*** A1 types af acute leshemit are
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Cluucal Mamfestations

The chnicl charactenistics of acute leukemin vary from case to c1se and
depend manly on the organ systems mvolved m the disease The chaical
mantfestations m paticnts who huve acule leuhemia from the onset differ
from thosc that are seen m patients who undergo a transformation from the
chronic to the 1cute form of the disease

In mast cluldren and youny, adults the disease 1s acute from the onset
but the initial symptoms may g1ve no hint of the seriousness of the underlying
disease In children especially the onset may be charactenized by the de
velopment of Listlessness fretfulness poor appetite and pallor In other
instances aching in the extremitics or pun from a pathologic fracture par
trcularly of a vertebri may be the mutial manifestation The onset of the
discase often resembles that of an acute respiratory infection wath fever
maluse fatigability and sore throat or m1y mumic some severe mfection
with hugh fever headache sweats wd severe prostration Such episodes
often oceur as 1 result of infections that develop because of the lowered
resistance of these patints but also occur i the absence of demonstrable
wfection 1 ® 93 Abnormal bleeding such as epistanis bleeding gums ec
chymoses or petechhae occurs some time m the course of the illness m
nearly all patients with acute leukemia and may be present from the onset

The transformation of a chronic leuhemia 1nto the acute vanety 1s seen
most often 1n adults with chronie myelocy tic leukemia The change 15 usu
ally accompamed by mcreasing weight loss fever progressive anemua and
the appearance of a hemorrhagic tendency A change i type is recognized
by a change in the morphology of the peripheral blood and bone mrrow
that consists of increased numbers of the more immature cells mycloblasts
or promyelocy The I logic changes may be noted n some patients
before the changes m the climcal course are apparent

Many of the climeal manifestations are the result of the wsolvement of
specific organs by the leukemic process Hemorrhage or nfiltrations m the
bram and other parts of the central nervous system occur frequently The
ncidence of objective signs of neurologic mvolvement (other than retmal
changes) was reported to be 20 per cent m one sertes of 334 cases ™ Con
vulsions sensorv disturbances cramal nerve palsies and signs of pyramdal
tract mvolvement are not uncommon Infiltrition i other organs such s the
bladder and kidney may produce paun and hematuna Severe pun may
develop about the jomts and i the extremitics s a result of mvohement
of the synovial membranes or as a result of subpenosteal mfiltration or
hemorrhage Blecdmg from the gastromtestinal tract oceurs frequently and
may be severe

Physical examination generally reveals marked pallor of the shin and
mucous membranes Petechial hemorrhages and ccchymoses of diffcrent
sizes occur commonly mn all parts of the shin and mucous membranes Leu
Lemuc whltration of the skin which has a charactenstic purphsh color occurs
occasionally but 1s less common than in chronte leuhemia Not infrcquently
the gums appear hypertrophic swollen and ulcerated a findmng, that occurs
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mwere often m monacy bic leuhenua than 1 the other ty pes 1* The gums bleed
easily when touched and contimued spontaneous gozing develops wn many
patents Retmal hemorthages are often present.

A soft spleen edge s usually but not aarably palpable a few centune
ters below the left costal marpn Splenomegaly oceurs less oftea m adults
than 1 childres with acute leukemia® In adults the observation that the
spleen edge 15 very firm and extends as fir down as the umbibeos suggests
that the patient has had a chrontc lewhenua before the onset of the acute
phase In acute leuhemsa enlargement of the hiver 1y inconstant and hepatic
tendemess s unusual *® ° Viild or moderate (0.5 to 15 cm ) enlwrgement
of the superficial lymph nodes 15 usually present but the enlargement may
bs so shght =3 1o wseape detechon Tenderness on hght pressure over the
bones particularly the lower portion of the stermum 1s commonly demon
strable m acute lewhermia

Chioromas tumors that constst of masses of mycloblasts occur most
often m children and young adults They usually mohe the banes of the
faco and cramum parveulardy the orbit ® The tumors have a character
she green color that fades rapsdly on exposure to aw Hjposulfite and
hydrogen peronde restore the green color @ ?

Laboratory Mamfesiations

Anenua which may result from blood Joss decreased Blood production
i b or & camb: of these factors occurs m almost every
patient with rcute lenhenma The anemia 15 often severe and hemoglobn
levels as Jow as 2 to 3 grams per 100 m! are sometumes scen The ey throcyte
countand b 1t are reduced yrop Iy and the anenua s generally
of the normocyte normaochsomic sanety
“The maost mmportant abnormakty 10 acute leukemia mvohes the leuko
cytes The total leubocyte count vanes from subnormal lesels of a few
bundred to scveral hundred thousand per cumm Charactenstieally veny
unmature cells occur 1 sigficant numbers Often 15 smears prepared vath
Wights stan the dentity of the young cells can onh be surmused by a

. w
L ;’53" :{‘ P e
{ <%
f/'\ ’13-«.3 —~
\J’ - ‘t:,:w.«' ‘\J4
AL Y i

Figu e 5% Blast cclls with Aver bodies A, \onablasts from patient
eytic feubemia B \yeloblasts from patient with acute m)l:?uflf;szrclm:;m"o‘
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Cluucal Manifestations

The climeal chiractenstics of acute leuhemia v iry from case to case and
depend munly on the organ systems mvohved i the disease The chmeal
manifestations i pitients who have acute leuhenma from the onset differ
from those that ar¢ seen i patients who undergo 1 trinsformation from the
chronie to the acute form of the disease

In most children and young, adults the discase 15 acute from the onset
but the imtial symptoms may give no hint of the seriousncss of the underlying
diseasc In cluldren espeeiilly the onsct muy be charactenzed by the de
velopment of lstlessness fretfulness poor appetite and pallor In other
mstances aching, m the eatremities or pain from a pathologic fracture par
ticularly of a vertebra may be the mitial mamifestation The onset of the
discase often resembles that of an acute respiratory nfection with fever
malase fatigability and sore throat or may mumic some severe mnfection
with high fever headache sweats and scvere prostrition Such episodes
often occur as 1 result of wfections that devclop becausc of the lowered
resistance of these patients but also occur m the absence of demonstrable
infection #* ® % Abnormal bleeding, such s eprstins bleedmg gums e¢
chymoses or petechiac occurs some time i the course of the allness i
nearly Al patients with acute lcuhemia ind may be present from the onsct

The transformation of 1 chrontc leuhemia mto the acute varety 1s seen
most often 1 adults with chronic myelocytic leukemia The change 15 usu
ally accompamed by merensing weight loss fever progressive wema and
the appearance of a hemorrhagic tendency A change m type 15 recogmized
by a chang¢ m the morphology of the peripheral blood and bone marrow
that consists of mereased numbers of the more 1mm iture cells my eloblasts
or promyelocytes The hematologic changes may be noted m some patients
before the changes n the clinical course are apparent

Many of the clinical manifestations are the result of the mvolvement of
specific orgins by the leukemtc process Hemorrhage or wnfiitrations n the
bramn and other parts of the centril nervous system occur frequently The
incidence of objective sipns of neurologic mvolvement (other than retinal
changes) was reported to be 20 per cent 1n one senies of 334 cases ® Con
vulsions sensory disturbances cranitl nerve palstes and signs of p)ramld“I
tract ivolvement are not uncommon Infiltration 1n other organs such 1s the
bladder and kadney may produce pan and hematuna Severe pamn may
develop about the jomts and m the extremities 1s a result of nvolvement
of the synovial membranes or 1s a result of subpenosteal mfiltration of
hemorthage Bleeding, from the gastromtestinl tract occurs frequently nd
mav be severe

Physical exammation generally reveals marked pallor of the shin and
mucous membranes Petechial hemorrhages and ecchymoses of chffcrent
sizes occur commonly m all parts of the shin and mucous membranes Teu
Lemic mfltration of the shin which h1s a charactenstic purplish color occurs
occasionilly but 1s less common than m chironte leukemia Not infrequently

the gums appear hypertrophic swollen and ulcerated a finding thnt occurs
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Ginacal Course

Acute leukemi 15 a umformly fatal disease that usually runs a short
course Before the wid { use of tr and the duction of
antbiotics and chemotherapenbe agents the sunival bme was usvally from
sia days to six weeks Although there s some dfference of opimon as to the
effcctivencss of the newer methods of therapy m proloagng the survial
tume of the patent with the discase the course seems to be prolonged m
some mdwiduals for a mattet of months and sometimes for years®
Practcally lete clmieal and § 3 may be produced
by the methods now used 1 treatment, but unfortunately the ultunate out
come remains the same and death usually ecours as the result of hemorrhage
or snfection

Treatment

‘The teatment of acwte lewhemin mobves the use of both supportre
measures and specific therapy Included m the former are the use of blood
transfusions for the anerma fresh blood collected 1 plastie bags for thrombo-
oy toperua and bleeding antibiotics for assoctated miection and analgesies
for pan Among, the most ssportant suppertive measures 15 the atude of
the physician toward the patent and his famuly The human mbcerest
stons 1n the press have made leukenua a tragic story dnown to neaxly all
The physicans support of members of the famuly lss sympathetic under
standumg of thew anuetes and hus wallingness o take the time to talk with
them contnbute greatly to thew comfort It 15 unportant that the parents of
children with leubenuea be urged to treat them dunng penwods of renussion
as they would a normal ¢huld The cluldren should be allowed to retum
to schoot and play and normal disciphne shonld be enforced In this way
the over all emotional inpact of the disease on the Fimidy muy be reduced

Among the specfic measures used i treatment ave (1) fole wd

2) punne antagy and (3) ad 1cal steronds  Adults
do not respond neasly as well to these “specific mewurcs 15 chddren do
Exen s children remissions are generafly of short duration and it 1s neces
sury to change from onc preparabion to another or to admimster soverat
agents concursently as the disease becomes refractory to the drug thit s
beng used Although all of the rennssions to date hive beca temporary and
welatnely short the fact that they huwe occurscd has cncourayed the hope

that more prolonged and lasting rerussions will become possble with nuner
agents

% Methopeern

The ant fohie aad agent of chosce 15 1 meth =
(Methotrenate)  which scems to have 2 lugher thorapoutic iad
ammoptenn The averige daly oral dose of 1 methoptenn for &

old chald 15 25 16 5 mg The recommended mitial dose for adules

per day and if nuither toxaty ner improsanent veeurs 1 four ("3}

s ancreased gradually The drug s administered contnu

desired chmeal effect 15 obtamed or uabl evidence of ton
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posstive sdentification of the older cclls that are scen The use of the perou
drse stam 3s often hedpful since the finding of peroxidase postive granules
m the young cells dicates a myelogenous or monocytie angn of the cell
The presence of Auer bodies also places the youny, cclls in the myelocytic
or monocytic scries On oceasions enly very immMure atypreal blast cells are
found and the type of leukem cannot be identificd with assurance such
¢ses are often chissificd as “stem ecli” leukemia When the total leukocyte
count 1s low the cximnition of smears made from a concentrate of the
leukocy tie fraction after centrifugation of the penpheral blood 1 often use
ful in demonstrating the presence of immature cells Study of the perpheral
blood i thus manner often makes it possible to distinguish between leuherma
and aplstic anemia and 1s also hedpful i 1dentifying the type of leuhemia
Numerous nucleated red cclls are seen commonly in the perrpheral blood
m all types of acute leukemia

Thrombocy topenta occurs sooner or later n nearly all types of acute
leuhemin Uusually the platelcts are markedly seduced or absent when the
patient ss first seen

Examnation of the bone marrow generally reveals mfiltration by the
immature Jeuhemie cells that are responsible for the disease In all types of
leukemia there 1s marked myvolvemcnt of the bone marrow which may be
filled wath the 1bnormal cclls at a time whin there 1s but hitle or cquivacal
evidence of the discase in the penpheral blood

Diagnosis

The dgnosts of acute leuherma 1s generally made wathout difficulty
shen there 15 a marked serease m the immature leukocytes m the peniph
eral blood and bone marrow associatcd with anema and thrombocytopenia.
On occaston acute leuhemia must be distinguished from mnfectious mono
nucleosis The abscice of anemia and thrombocytopenia the absence of true
blast cells in the perpheral blood the vared morphologic appcarance of
tho cclls an the perpheral blood the farlure to find evidence of significant
marrow mvolvement and the posttnve reaction with the heterophil aggluti
nation test usually sene to dutngush nfectious mononucleosis wathout
much difficulty (sce ig 51) Aplastic ancmia offers more difficulty because
anemia, leukopenia and thrombocytopenia fever and abnormal bleeding
may occur in both disewses The presence of lymphadenopathy  spleno
megaly the appearance of the bone mrow and the study of the smear of
the penpheral blood made from a concentrate of the leuhocytes nearly al
ways enable onc to make the correct dingnosis hut oceasionally a penod of
observation 1s necessary before this can be done Lewhemosd reactions 1
mfectsons usually cause no difficulty because the proportion of very im
mature cells i lcukemia 1s generally out of all proportion to that seen in
severe wfections where there 1s a more orderly ncrcase m the mtermediate

and immature forms
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Chnical Course

Awote leuberma 1s o umformly fatal disease that usually runs a shost
course Before the widespread wse of transfusions and the mtroduction of
antibiobies and chemotherapeutic agents the sunvnval tune was usaally from
stx days to six weehs Although there 1s some difference of opuion as to the

Fectnn of the newer methods of therapy n pralonging the survival
time of the patient with the disease the course seems to be prolonged
some mndniduals for a matter of months and sometnes for yearsst
Pr iy plete chmeat and h logic may be produced
by the methods now used 1 treatment but unfortunately the ulumate out
come remams the same and death usually occurs as the result of hemorrhage
or infection

Treatment

The weatment of acute leukemia smvolves the use of hoth suppostne
measures and specific therapy Included i the formes are the use of blood
transfusions for the anemsa fresh blood collected m plastic bags for thrombo-
<topensa and bleeding k for assoerated inf and analgesies
for pan Among the most important supportn e measures 1s the atttude of
the physieran toward the patent and his famsly The buman nterest
stonies m the press have made levherma a tragie story hrown to nearly att
The physicrans support of members of the famuly s sympathetic under
standing of thew amueties and his willingness to tahe the time to tafl with
them contribute greatly to thew comfort It 1s unportant that the parents of
children wath leukermea be urged to treat them durng perods of remussion
as they would a nermal chuld The cinldren should be allowed to retum
to schiool and play and normal disaphine should be enforced In this way
the over all emotional unpact of the disease on the famaly may be reduced

Among the speaic measures used m treatment are (1) fohe acd

5 (2) punine and (3) adrenocortical sterords  Adalts
do not respond nearly as well to these sprabic mesures as children do
Even m chaldren renussions are geoerally of short duration and at 15 neces
saty to change from one preparation to ancther ar to admuister several
apents concurrently as the disease becomes sefractory 4o the drug that s
bung used. Although alt of the renussions to date have been temporasy and
refatnely short the fact that they have cccurred has encouraged the hope
that more prolonged and lasting remusstons w1t become possible with newer
agents

A Methaptessin  The ant folic acid agent of chowce 15 2 methapterm
{Methotresate) which scems to have a Ingher therapeutic mdex than
ammoptenn The ascrage darly oral dose of a methopterm for a five year
oId culd 15 25 10 5 mg The recommended mitial dose for adults 15 5 mg
pev day and of nedher toaseny nor improyement accurs 1 four to Sre weeks
1t is ncreased gradually The drug 15 admimstered continuously unti the
desired chimical effect 15 abtawed o untdl evidence of toxwctty forces dis
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continuance of the medication If a 15 produced it 15 1
that » muntennce dose be given until the patient becomes refrictory or some
complication devclops - If signs of tomaty force discontinuance of the
drug 1t 1s restarted at 1 lower dose when the signs have cleared It has
been emphasized thit 1 patient may hwve seyveril epsodes of toxiaity before
L TUMISSION OCCurs

The toxic effects of these drugs melude ulceration of the mouth anorexia
ulceration and homosthage of the gastromtestinal tract nausea vomting
leuhopem thrombocytopema and pancytopenia There may be Joss of hair
wd rarely disturbnce of hver function The toxic cffects seem to be more
pronunent m adults thin in children

6 Mercaptopurine  The most ly used purme antagonst 1s 6

ptopurine The nded oral dose 1s 25 myg, per hlo per day and

1s caleultted to the nuarest 25 mg It 15 admumstered as a single dose at
any tune of the day The average fve ycar old cluld recerves 50 mg per day
wlule the averige adult receves 100 to 200 m,, per day The time required
for an mitial cffect of the drug 1s often between two and four weeks but
at tunes a rapid fall m the number of leukocytes m the penpheral blood
occurs within 1 few days and the leuhocyte count should be followed care
fully If response has not occurred after the drug has been used for four
weeks the dose should be increased to 3 to 5 mg per hlo per day - If a
remussion 15 obtaned 2 dose 1s d

6 Merciptopunine 1s usually well tolerated and serious toaie reactions are
unusual The most important of these 1s depression of the bone marrow
However the development of leuhopenta does not always mdicate that
bone marrow depresston has occurred since the leuhopenta may be sunply
an early response to the drug When bone marrow depression occurs 1t
usully responds promptly to withdrawal of the drug ¢ Megaloblasts we
seen m marrow dunng theripy with ant fohe acid compounds but are not
seen m the murows of patwnts treated with 6 mercaptopurme  Anorexia
mild nausea nd occasional vormitmg sometimes declop duning the use of
B-mercaptopunne but oral lesions and scyvere gistromtestnal upsets are not
produced

Adrenocortical Steroids  Adrcnocorticotropic hormone  (ACTH) or
drenocortical hormoncs have been more effectis e n the treatment of acute
leukenia 1n childhood than n adults but remissions have been obtamed
1n both They are pirticularly uscful when on 1dmission the patent adult
or cluld 1s extremely 1l or h1s a bleeding tcndency

If there 15 great urgency 25 to 50 mg of ACTH may be given over a
24 hour pertod by continuous mtrasenous drp Hydrocortisone may also
be given mtravenously 1n doscs of 100 to 200 mg dady

Among the oral preparations nwailable predmsone has proved useful
and 15 unlikely to produce electrolyte disturbances The mitial oral dose of
prednisone 15 60 to 80 mg per diy The drug should be given m divided
Joses at exght hour intervals The dosage 1s reduced 15 tmprovement occurs
and 15 to 20 mg per day 1s often sufficient for muntenance therapy

od
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Hlustratie Case

Thus 44 year old surgeon reported that he was 1 lus usual health until
about two weeks prior to huis visit when he first noted malaise and easy
fahgue Two or three days before Ius 1on he noticed hial
lestons on the hands while he was scrubbimg for an operatton and this led
hum to seeh medical advice

Physical revealed no fi b lity The patient
id not appear pale had no significant lymphadenopathy retinal hemor
rhage or hepatomegaly Roentgenogram of the chest was normal

b E H it was 36 per cent erythrocyte
count 37 mul. per cumm  hemoglobm 121 gm per 100 ml leuhocyte
count 67 500 per cu mm Study of the penpheral blood revealed that all of
the leukocytes were blast cells most of them gave a posihive peroudase re
action Some cells were bmucleated and others contaned unusually large
nucleol. Exarmnation of aspirated bone marrow revealed that the marrow
was packed with early progranulocytes and myeloblasts The platelets were
markedly reduced bleeding ime was 8 munutes (normal 1 to 3 minutes)
and the prothrombm tume was 34 seconds (control of 15 seconds)

Course  The patient was made acquanted with his diagnosis of acute
myeloblastic leuhemia. He decided to postpone any treatment until he had
put fus affars 1 order and returned home the same day On the following
day he drew up his will put Ius financial affarrs m order and arranged for
the care of hus patients Twenty four hours afterward he became partially
blind because of etensve bilateral retnal hemorrhages He refused hos
putalization and within a few hours massive gastromntestnal and mtracramal
bleeding occurred On the following day four days after the diagnosis was
made and about three weeks after the omset of his first symptoms the
patient died

Comment. The case llustrates the short fulmnating course which acute
leuhenia sometimes takes with or without therapy The hematologic ab

1 h P and marked increase 1n leukocytes
that consist nearly entirely of blast cells—are typical Death m such patients
35 usually due to hemorrhage or septicemia

CHRONIC LYMPHOCYTIC LEUREMIL

In 1924 Minot and Isaacs™ presented data on 98 patients with chrome
lymphocytic leukemia They noted that the disorder occurred most commonly
between 45 and 55 years of age a decade later than the peak madence of
chronic myelogenous leukemua. The disease occurred m males more than
three tumes as often as 1 women In 1953 Shumkin Luaa Appermann and
Mettier® reviewed a senes of 137 patients with chromc lymphocytic lenke-
mia and found that the peak mncidence was 60 years Males predominated
M arato of 25 1 Scott* m 1957 reviewed a senes of 227 patients and
found the greatest number of cases occurrmg betw een the ages of 60 and
70 years He noted that there seemed to be a growing number of women
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continuance of the medication If a remission 15 produced 1t 15 recommended
that a mantenance dose be given until the patient becomes refractory or some
comphcation deselops - If signs of tonasty force discontinuance of the
drug 3t 15 restarted at 2 lower dose when the signs have cleared It has
been emphasized that a patient mav have several episodes of toucity before
a remission occurs
The toxse effects of these drugs mclude ul of the mouth anoresia
ulceration and hemorrhage of the gastromntestinal tract nausea vomting
leuhopenta, thrombocytopema and pancytopema There may be loss of haw
and rarely disturbance of Iver function The toxic effects seem to be more
promument in adults thin mn children
G-Mercaptopurme  The most commonly used punne antagonist is 6
ptopurine The r ded oral dose 1s 25 mg per kilo per day and
15 caleulated to the nearest 25 mg It 1s admiustered as a single dose at
any tme of the day The average five year old chuld recenves 50 mg per day
while the average adult rccerves 100 to 200 mg per day The tune required
for an mntial cffect of the drug 1s often hetween two and four weeks but
at times a rapid fall m the number of leuhocytes in the penpheral blood
oceurs within a few days and the leuhocy te count should be followed care
fully If response has nat occurred after the drug has been used for four
weeks the dose should be mereased to 3 to 5 mg per Mo per day = If a
1s 0b d a dose 15 continued
6 \Mercaptopurme 1s usually well tolerated and senous tosc reactions are
unusual The most important of these 15 depression of the bone marrow
However the development of leuhopema does not always indicate that
bene marrow depression has occurred smce the leukopenia may be sunply
an early response to the drug \Vhen bone marrow depression oceurs it
usully responds promptly to withdrawal of the drug ¢ Megaloblasts are
seen 1 marrow durng therapy with ant folic acid compounds but are not
seen 1n the marrows of patients treated with 6-mercaptopurne Anorexta
mild pausea and occasional vomiting sometimes develop during the use of
G-mercaptopurme but oral lestons and severe gistromtestinal upsets are not
praduced
Adrenocorucal Sterosds  Adrenocorticotiopie hormone (ACTH) or
adienocortical hormones have been more effective n the treatment of acute
Jeuhemta 1 childhood than m adults but remissions have been obtamned
in both They are particularly uscful when on admussion the patient adult
or cluld 1s extremely 1l or has 1 bleeding tendency
1f there 15 great urgency 25 to 50 mg of ACTH may be gen over a
24-hour penod by contuous mtravenous dnp Hydrocortisone may also
be given wtravenously mn doses of 100 to 200 mg daily
Among the oral preparations available prednisone has proved useful
ana 1s unlihely to produce electrolyte disturbances The mital oral dose of
prednisone 1s 60 to 80 mg per day The drug should be gien m divided
doses at eipht hour intervals The dosage 1s reduced as 1mprovement occurs
and 15 to 20 mg per day 15 often sufficient for mamntenance therapy
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leahenua eather at the ouset or later i the course of the disease ™ Non
specific lessons such as pruntus areas of hyperpigmentation macular and
papular eruptions exfoliative dermatins and herpes zoster ocour without
actual lewhemec mfiltrahon of the shan 3 Speufic lestons the result of actual
mfltration of the shin by lukeme cells are usually discrete and brght red
or puple 18 color These hsmns which mr) gream m number usunﬂ,
measure o few mill m X 1
of the dun—leuh cutis abis—g lly prod itense itching

Raser fi of chronie fymphocy tie leul are massne gastro
sntestnal hemorrhage ® visual disturbances and complats referable to the
sheletal system Sheletal lestons such as ravefaction of the bones pathologre
fracture snd collapse of vertebrae with cord compression occur w 5 per
cent of the patients with this disease ™

On physical examination the most constant abnormality 1s enlargement
of the superficial hymph nodes In practcally every patient some enlarge
mentof at least a few of the superﬁmal !ymph nodes occurs {n most patents
the mdidual nodes are mod; 4 and from Zto 3 om
m dimeter The nades are moderately firm freefy mosable and non tender
Clusters of nodes may measure 10 cm or more m duameter Splenomegaly
occurs 1 nearly all patients with chrome hymphocytie leukemia Usually
the spleen 15 moderately firm and extends several centimeters below the Jeft
costal margm but occasonally 1t Bils the entire left side of the abdemen
Hepatomegaly 1s also an almost constant finding Retwnal hemorrhages may

Figure 8¢ Greatly enlarged anllary and censcal lymph nodes m 2 patient with chropie

Tymphacytic leulema
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with chrome lymphatic leukemia In 1929 a small series revealed a male
female ratio of 4 1 1 the two senes quoted the ratios are 3 1 and
25 1 1n Scotts more recent sertes the ratio was more nearly 2 1

Chaical Manifestations

Chrome lymphocytic leukemia may make its appearance m a sarnety of
ways The onset 1s sometimes so insidious thit the diagnosis 1s made before
symptoms appear when an individual undergoes a routine exarmnation or
consults lus physician for some unrelated complant In such crcumstances
the usual manifestations are previously unrecogniced enlargement of the
superficial lymph nodes aud a moderate increase m the leukocyte count
accompanted by an absolute increase 1n the small lymphocytes Probably the
most common complaint that leads the patient to seek medical advice 1s the
acaidental discovery of enlarged superficial nodes Any group of nodes may
be mvolved but enlargement of the cervical nodes 1s most often noted At
times the imti1l compluunt 1s that of 1y olvement of the lacnimal and salvary
glands—Mikuhcz s syndrome * Enlargement of the intra abdommmnal lymph
nodes produces gastromtestinal or abdominal complaints while mvolvement
of the mediastinal nodes may result in cough hoarseness or dyspnea

Abpormalities m the penpheral blood are responsible for the mmtal
symptoms 1 some patients If anemua 1s severe easy fatigue exertional
dyspnea and weakness occur ThrombOC)topcmd may cause bleeding gums
easy bruising p h or gastromt

A varnicty of shin lesions have been observed m chronic lymphocytic

I eukemia cutis and herpes zo ter i a patient with chromac lymphocytic
leuhemia

Figure 58
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Infectious mononucleosss 1s rare in persons over 40 years of age and lympho
cytie feukenma 15 seen most frequently i older people Abnormal appeanng
lymphocytes of vanous sizes parficolrly large cells are charactenstic of
mfecttous mononucleosss whereas m chronme lymphocytic Jeuherma the
blood smear contmns mamly small lymphocytes or smudge forms The
heterophul agglutination test which 1s almost tvanably negatne 1 leshe
ma 1 most helpful w younger patients At times the differential diagnosis
between ymphosarcoma and the early stage of chrome lymphocytic fenke
ma 15 dafficule If lymphocytosis i the penipheral blood 15 and
mohement of the bone marrow 15 not stnhing hymphosarcoma should be
suspected The diseases cannot always be distingushed sven after biopsy
of a lymph node

Climcal Course

The average sunnal tume of the patient with Jymphoeytic Jevkerua s
about 45 years ™ but some patients have survived almost 30 years  °° and
died from other disordirs The three year survnal rate 15 about 50 pes cent
and the five year survival 15 about 25 per cent

Many patients with chrome mphotytic leuhermia lead practically normal
hves over a course of many years Generally however the disease pro
gresses the Jymph nodes hiver and splecn increase m size and other mant
festations of the disease such as weakness loss of weight amemua, and
bleeching appear The appearance of anemma and thrombocytopenia s asse
cuated with a relatavely poor prognesis Fatlure of the nodes to regress with
therapy the appearance of shin lesions and the oceusrence of senous bleed
g are also signs of more rapid progression of the disease Death 1s usually
due to cachexia mfection or hemorrhage

The of aut hemolytic anemua 1 o sersous develop
Mment? 7 5 When the anewma 13 severe weakness palptation fatigue and
obvious jaundice may be present Fortunately the hemolytic ancrma usually
responds to adrenocortical steroid thesapy Yhether or not thus ype of
anemsa oceurs more frequently m pavents treated with radation thecapy
8 uncertain

Patients with chrome lymphoey b leuherna appear to be more suscepti
ble to bactenal nfections particularly pulmonary miection than patients
with chrome myeloeytie levhemia are ™ ™ The suscephlbnhty to mfection
m lymphocy tie leakermua 15 thought to be related to the poor response to
antigeme stimuly that 1s mamfested by pationts with thus disease ¢

Thesapy

Mast scports wndicate that treatment of chronic lymphocy tic leuhemia
has nat produced amy merease w the hife span of the patient** % Qsgoad
however reposts that therapy with radwactive phosphosus has resulted
alonges hfe span than that expeeted from the natural history of the disease @
Although there may be some queshen whether or not any treabment can
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occur without other evidence of abnormal bleeding or 1n association with
ccchymoses petechiae and blecding from the mucous membranes Leuke
mic mfiltration of the tonsil occurs m a small percentage of the patients
wd can usually be recogmized by its reddish purple color The leuhemic
wnfiltrations of the skin are usually recogmzed by the reddish purple color
and discrcte nature of the lesions If severe pruntus and excoration are
present the underlying naturc of the skin lesions may not be app wrent

Laboratory Manifestations

The most charactenstic features of chrome lymphocytic leukemia are
increases 1n the totil leukocyte count and the absolute number of small
lymphocytes Severe louhopenin rarely eccurs m chrome lymphoeytic leuke
ma The leuhocyte count 1s newly always above 15000 per cu mm. and
often reaches levels of from 200 000 to 400 000 per cu mm The majonty of
the cells 1n the peripheral blood re small lymphoeytes These constitute 65
to 75 per cent of the cells in the early stage of the discase and usually
amount to 95 to 98 per cent of the cells m the more advanced stages A small
number of lnrger lymphocy tes occur at trmes but the presence of blast forms
1s unusual

In some patients anemia 1s 1bsent when the patient 1s first seen but in
nearly every patient 1t develops some time durning the course of the disease
The anemuit may be the result of leuhemic nfiltration of the bone marrow
hemorrhage or hyperhemolysis Unless there has been chronte blood loss
the anerma 1s usually normoeytic ind normochromic m type Severe nema
with the hemoglobm as low as 3 or 5 gm per 100 m] 1s somehimes seen but
more often the hemoglobmn 1s above 75 gm per 100 ml If 2 hemolytic type
of anemua 15 present 1t 15 usually associated with reticulocytosis polychro
matophihn muld macrocytosis nd the presence of nucleated red cclls n
the penipheral blood The hemolytic anemia in chromie lymphocytic leukemia
1s most often of the auto immune type and the Coombs test 1s usually post
tve Circulating h lutinins re d ble m some patents 7*

Other abnormalities occur less commonly thin the changes m the leuko
cytes and red cells Among these 1s an elevation of the basal metabolic rate
to plus 20 to 40 per cent which occurs frequently when the Jeukerme process
1s actne A mmornity of patients with chrome lymphocytic leukemia show
disturbances 1n the plasma protein that resemble those scen i patents with

myeloma Although the platelet count 1s usually normal m patients with
k not infrequently th bocytopema develop

chronic lymphocytic 1
late 1 the discase

Dragnosis

The diagnosis of chrome lymphoeytic Jeuhemia 1s made without difficulty
n most patients because generahized Iymphadenopathy leukocytosis and
lymphocytosis are usually present At tumes 1t may be diffcult to distinguish
between lymphocytosis due to leukermia and that due to some other ciuse
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body wesght per day 18 3 smgle daily dose This dose 15 continued from three
1o six weeks or untid 2 sabst: 3 eecurs T may then be
diseontinured untd relapse occwrs or mamntenance therapy may be mststuted.
In the Jatter program the dose vanes from 2 to 6 wg per day to 8 mg per
weeh, The relatn e ments of these p has not been established Chlor
ambual 15 not efiectinve m all patiests with chrome Jymphocytic Tendema
but 3n our chnse st has appeared to be supenor to TEM or mizogen mustard.

\drenocornzeal Sterosds Yo one repert adrenocortical steroud therapy
swith cortsate ACTH prednssane or predissalone brought about & satis-
factory xemussion 1 50 per cent of the patients with chrome lymphocytie
leukerma  However many of these patients do not respond signficantly
10 these drugs and ther greatest wse s 1 the treatment of the comphicating
hemolytic anemua or thromt % Pred 1s started m a dase of
D mg every eught hours for the Srst three or four days The dose 15 then
reduced gradually ta the lowest dose that controls the hemolytie process or
the abuormal bleedmg The mamtenance dose vastes widely In one patrent
with chronie fymphocytie leukerma and hemolytie anema wnder our ob-
senvation for a long period 2 uingle dose of 23 mg of prednisone every 24
hours el d the of transh while compl of
thes preparation was followed by rapid mesease m the anenua

As 1 other forms of leukenua, the atutude of the physican 15 of great
mpostance 1 the management of the patient. Other supportive measures
welude whole blood transfusions to replace blood loss from hemorrhage or
wfusons of packed red blood cells to correct anemia  Anhhoties should be

I3 Sl

employed as md 3 the t of 15 rarely
necessany to control hemolyic anemia and thrombocevtapensa 1w patients
with chrome Jymph Teud snce these % are usuath

effectnely treated with the adrenocortical sterowds

Hiustratie Case

Thus 58 year old male real estate broker was m good health untf January
138 when he consulted s physician because of the sudden onset of left
upper quadrant pan which was made worse by wspiration ar bending,

Physical exammation revealed the pahient to be well deseloped and nour
sshed. Lymph nodes that measured § or 2 ¢ m size wive present w the
Teft supraclavicular region i both postenior cervieal tegons and w both
mzuinal areas A fimn tendes sploen edge estended 6 am. below the left
castal margin The heer was not palpabte and the remander of the physical
€XAMMARE W 23 Hon-contrbutory

Laf E Leskacyte count was 140000 per oumm
prachically 51l the cells were small lymphocytes hemoglobin 13 gm. per 100
=t erythrocyte count 38 mil per cumm.

Treawment and Course.  After the acute symptoms of spleme farchion
suhsided, the pationt was breated by consentional roenigen ) therapy with
400 £ to the splenie area. He unproved promplly aed hwa months later the

-
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prolong the course of this disease 1n all patients 1t certamnly appears to have
that effect 1 some For most patients treatment shortens the pertods of
capacity and prolongs the “effectne” Lfe span

In patents with chrome lymphocytic leukerma who are asymptomatic
and who have only mild enlargement of the superfictal lymph nodes accom
pamed by a mild leulocytosis and Ivmphocytosis it seems advisable to
defer specific treatment until progression of the disease occurs Patients m
this categorv mav sunvive from 10 to 20 years and lead an entrely normal
existence without therapy \More often the disease progresses and some form
of therapy becomes necessary

Radiauon Therapy Roentgen ray therapy has been used in chrome
Iymphocvtic leuhemia for many years Therapy 1s most often directed to
lunited areas such as the spleen or lymph nodes because sernous damage to
the bone marrow may follow repeated spray uradiation In chrome Iympho-
cytic leuherma the sensitivity of the nodes to roentgen therapy yanes greatly
from patient to patient. In some patients the nodes regress promptly but n
others they reman refractory despite large doses

Radicachve phosphorus (P* ) which can be admunustered orally or
mtravenously 1s considered by manv to be the best form of radaton
therapy From 20 or 23 per cent of the admimistered oral dose 15 lost m the
feces and a comparable amount of the mtravenous dose 1s excreted 1 the
unne. ! The ded dose of rad phosph 15 01 mithcune
per kilogram of body weight, given i divided doses of 1 millicune per
day ¢ Excellent results have been reported from therapy of ths type admm
stered regularly even when the patient 1s asvmptomate

Allylaung Agents. The alkylating agents have 2 prominent place m
the therapy of patents with chrome lymphocytic leuhemia. The drugs that
are used most widely at the present time are triethylenemelamme (TEM)
and p (di 2-chloroethylamino) phenylbutvnc acid (chlorambual, CB 1345
Leuleran)

TEM 15 imntally admunistered 1n a dose of 2.5 to 50 mg before breakfast
and subsequent doses are adjusted to the needs of the patient In our expen
ence 1t has been difficult to treat patients with chrome lymphocytic leuhemua
with TEM because some are extremely sensitne to small doses of the drug
Because of the vanable response obtamed with TEM the mitial dose should
be small and the patient carefulls observed for evidence of bone marrow
depression over a period of two to three weeks before a second dose 15 ad

d. Bethell ds an oral dose of 2.5 mg of TEM with 2 gm
of sodium bicarbonate by mouth two hours before brealfast for one two
or three consecutive davs depending upon the extent of the disease as est
mated from the leukocyvte count adenopathy splenomegaly and bone mar
row 1nvolement 7 Treatment 1s then withheld for four weeks when another
dose of 25 mg. 15 usually adminstered. Some patients are given additional
doses of 25 mg. at intenvals of four weeks or longer while others are treated

1n a more svmptomatic fashion.
Chlorambucil 1s admuustered m doses of 01 to 0.2 mg. per Jalogram of
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dence of the disewse Visual disturbance due to retinal hemorrhages 1s at
tumes the mtial complant In some patients the mtil symptoms are
those due to ancmia—dyspnea vn exerton dizziness palpitation  easy
fatigue and weakness

The most strthing abnormality on phy sical examnation 1s splenomegaly
Enlargement of the splecn 1s present m nearly all patients with chrome
myelocytic leuhemia at the tine of the mitial exammation In one sertes of
patients the lower border of the spleen extended below the umbilicus at the
time of the mtial visit n 70 per cent * As the disease progresses the spleno
megaly responds less to treatmment and somctimes steadily ncreases m size
until it eventually fills the entwre left half of the abdomen and occasionally
the nght lower abdomen as well The sudden appearance of hernta or uterne
prolapse has been noted m some patients vith such massne splenomegaly *
In most of the patients the splenomegaly 15 associated with muled enlarge
ment of the Iner The hver 1s usually firm and non tender \lild degrees of
enlargement of the superfical ymph nodes may be seen 1 patients wath
chronic myelocy tic leuhemia but the enlargement does not reach the degree
seen 1 patrents with Jymphocy tic Jeukemia  Frequently no £ Iym
phadenopathy 1s present Ketnal lesions such as engorgement of the vems
and white centered areas of hemorrhage e seen 1 a lugh percentage of
the patients wath chrome myelocytic leuhemua? ¥ ¥ At times leukemic
wéiltration along the peripheral portion of the distended veins and blurang
of the disc margin are present The shin and mucous membrancs are often
pale and peteclual desions and ecchymoses wre not unusual ¥ Light or mod
erate pressure on the lower portion of the stemum produccs pamn 1 many
patients This tenderness 1s present dunng the active phase of the disease
and often subsides as the disease responds to treatment

Roentgenologic exammation may reveal osseous lesions n various parts
of the sheleton Subperiosteal new hone formanon osteolybie lesions wd
transverse bands of dimunsshed density at the ends of the long bones 1re the
commenest abnormalities © © * Osteosclerotic lesions are less common
Rarely the patient mny develop reute pain n a jomnt because of nvolvement
of the synovsa by hemorrhage or mhltration with leukeme cells 4

Laboratory Manfestations

Anemia occurs at some time 1 practically all patients wath chrome
myelocytic Jeuhcma but 1s not inyanably present when the patient 15 first
seen The anema tends to merease as the discase progresses and improves
33 the discase regresses m response to treatment The ancrmm 13 usualh
#ormoeytic and normochromie The liemo,lobn may be as low as 4 or 5 gm
Der 100 ml but 1s more often m the range of 7 to 9 gm per 100 m! when the
patient s first scen The reticulocy te count 15 usually normal er shghtly ele
vated The anemia may be the result of abnormal bleeding In addition ane
mia may eccur as the result of d hed erythropoiest dary to the
¢neroachment on the erythropoletic tissue of the marrow by the leukemic
cells and recent studies have shown that the crythrocytes of some patients
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spleen was barely palpable and the leuhocyte count was 12 000 per cumm
Since this course of treatment the patient has felt well and has worked full
time for the past 11 years On several occasions while the patient remamed
asymptomatic the leuhocyte count rose from 20 000 to 130 000 per cumm
and then returned to the lower level without treatment In June 1956 the
spleen agamn mcreased i size until it extended to the level of the umbilicus
Following another course of uradiation to the splenic area the spleen edge
receded to the left costal margim In the three years swce that tme the
leuhocyte count has varied between 16 000 and 20 000 per cu mm

Comment  This case illustrates the commonly observed onset of chronic
Iymphocy tic leukemia 1n later years and the relatively bemgn course which
the disorder follows mn some patients Over a period of 11 years uradiation
of the spleen on but two occasions has controlled his disease sahsfactonly
Many patients with chronie lymphocytic leukemia survive for the normal
Iife span and die from causes other than leukemia

CHRONIC MYELOCYTIC LEUREMIA

Inctdence

Chrome myelocytic (myelogenous) leukenua 1s found 1n al] races and m
both sexes and 15 pnmanly a disease of middle age In 1924 Minot Buch
man and Isaacs® presented data on 130 patients wath chronic my elogenous
leukemia In tlus senies the commonest age of onset was from 35 to 45 ycars
Fifty six per cent of the patients were males In 1951 Shunkmn Mettier and
Bierman®! reviewed the mcidence and distnbubion of chronic myelogenous
leukemra compared thetr data with those of Mot Buchman and Isaacs
and noted an mereased mcidence of the disease partrcularly m women and
an ncreased age at onset

Climical Manifestations

The onset of chronic myelocy tic lenhemia 1s usually unobtrustve At times
the presence of chrome myelocytic leukemia 15 discovered during a routine
examunation 7% The period between the 1ppearance of symptoms and the
time the paticnt seehs medical advice 1s usually from eight to mne months
The most common mtial symptoms are the presence of discomfort n the left
upper quadrmt or the upper abdomen or the accidental findmg of a mass
n this arca The patient often complams of a sensation of fullness and gascous
eructations after eating Not wifrequently signs of active disease such as loss
of weight fever and mght sweats are present Usually the persistence and
progression of these relatnely mild symptoms lead the patient to seek med:
cal advice

Less often the disease begins more abruptly \assive gastromtestinal
hemorrhage fested by either I or melena may be the first
defimite indication of disease Other mdividuals seek medical advice because
of achmg 1n the back and extremities or because of a pleuritic type of pam
1n the left upper quadrant and lower portion of the left chest The occur
rence of hemorthages or mfiltratn e lesions i the shin may be the first e
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with this disease have a shortened survival fime which ndicates that an
element of hyperhemolysis 15 present

The most stnking abnormality 1 myelocytic leukerma concerns the
leuhocytes The total leuhocyte count m different patients ranges from less
then 1000 per cu mm to more than 1000 000 per cumm ‘The Jeukocyte count
15 commonly between 100000 and 300 000 per cwmm Such tugh values are
the result of an increase m cells of the granulocytic senes segmented neutro-
phils band cells juvemles and myelocytes A few myeloblasts and promyelo-
cytes may be present but they do not consttute a large percentage of the
cells m <hronic myelocytic leuhemia The eosmophuls and basophils are usu
ally increased. When the cells are stamed for alkaline phosphatase activity
very few positive cells are found In a senes of patients with known granu
locytic leuhemua studied by the authors less than 3 per cent of the segmented
and band forms showed app bl d of alkalme phospl achy
ity This finding 1s m agreement wath the results obtuned previously by
others 2

‘The platelet count of the patient with chromc myelocytic leukerma 15
charactenstically increased Platelet counts over 1000000 cumm are some
tumes seen. However when chronie myelocytic leubernta begins with a pre
ture that resembles aplastic anemia thrombocytopenia 1s often present

Exammation of the bone marrow usually reveals a marked mcrease n
cellulanty that 1s due chiefly to an merease m cells of the myelod senes
Often the percentage of the younger cells 1 this sentes 15 mcreased but at
himes the differental count of the marrow falls wathin normal houts kven
m such creumstances the marked merease mn the number of cells of the
granulocytie senes leaves little doubt about the duagnosis Erythropowesis 18
normoblastc 1n type and megakaryocytes usually are present i normal or
mereased numbers

Other Liboratory findings n this disease mclude the folloving elevated
basal metabolic rate with a normal radioactive 1odme uptake °® and elevated
une acid level

Clinical Course and Prognosis

The average survival time of patients with chrome myelocytic leulemia
from the time of the onset of symptoms to death 1s usually about three or
four years ¢ 9 The fve-year survnval rate 1s about 15 to 20 per cent,% and
occasionally patients Iive for 15 to 20 years The mmtial course of treatment
may be followed by an excellent climcal remssion but relapse mevatably
occurs The deselopment of relapse 15 usually mamfested by loss of weight
fever mght sweats mcreasing anemsa mcreasing size of the spleen and the
recurrence of sternal tendemess The lcukocyte count usually nses dunng

Figure 55 Chrome lymphocytic leul emia
F gure 56  Chron ¢ myelocytic leukenua.

From H leyer L. and Begemann H  Atlas der Minischen Hamatolo,

Beclun-Gottingen Hesdelberg Springen 1ony 2 U4 Cvtologie,

..
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missions and the patient ul ty b £ ¥ to further
of this type The major disadvantages of this form of therapy are the neces
sity of the pahent s bewng near a hospital where the therapy can be admm
sstered and the not anfrequent occurrence of radistion sickness with anorexa
pausea, and yomuting

Radsabon s the form of P* has been uscd sumvssfull) w the t:eatment
of chromc roy elocytic leukemia Radioacty d orally
or bavepously s seloctinely concenlrated w the rapidly dividing cells of
the bone marrow and the lenhermc tssue It bas a half bfe of 143 days and
emsts soft beta radiation that penetrates anly a few millimetcrs i hissue
The dose must be mdmdually & and depends on the size of the
patent, the amount of marrouw mohement and the exient of the disease
clsewhere The usual mtial dose vanes from 4 to 8 mullicunes A second
smaller dose 2 to 4 milliwunes 15 gven of the disease has not been contolled
1 $ix o nine wechs *° After the disease has been brosght under cantrol the
patrent sctumns for penodic visits at mtenals of from three to six months ?
Osgood on the other hand feels that the patient should be treated as soon
as the dignosis 1s made An wutal dose of 0.5 to 25 mullicuries of P* s
g0 en mtravenously and an effort 15 made to keep the disease under control
by a plan of “birated  therapy that consists of swall mdnadual doses of P at
mtenaly of from four to thehve weeks @ Osgood reports that results with
this techmque are supenor to those obtamed with bther therapeute regimes
i that patients so treated survise longer and spend about 83 per cent of
thew remainng bfe spar at their usual actwines

Chemotherapy  Among the earher treatments used for chronwe myelo-
eytic Jeuk wete the chemoth apents arseme and benzol. These
are used rasely 1f at o}l at the present tume but newer ChedelmW“K!
agents have assumed an wmp place m the t of this disease
Among the most ymportant of these are \Meran {14 dimethanesulfomloxy
butane) urethan (ethyl cark )} B 1 (6 8\P)
TEM {tneths ) 1 } and col le (deacetyimethy fenlchicne}
All of these agents can produce serious bosie marrow depression and for this
season blood counts st regudas mtenals are a necessary part of the reutine
when these drugs are employed

MviEnan 1s considered by many o be the drug of choice in the treatment
of chronie myelocytic leulema at the present tme It was developed at the
Chester Beatty Institute dunng studies undertaken to develop allylatmg
agents other than mstrogen mustard ™ The use of this drug was wibally
reported by Galton® and the good sesults that he reported hare been amply
confirmed ¢ S # 161 3 The muttal dose of the drug for the aaerage aduit
1susually 2mg once or twice a day When the leuhocyte count has fallen to
the range of 10000 to 20000 per tumm the drug may be dsscontinued untid
arelapse ooturs Mamntenance therapy of 2o per day or 2 mg two or three
times 1 weeh s preferred by some authors 7

TEM another alkylatmg, agent s abo effectne o the treatment of
chronie myefoevtic leukerma The drug has been admmstered m courses
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rclapse but chnical relapse does not mvariably follow an mcrease m the
leukocyte count If the leuhocyte count continues to nse over a period of
scveral months a relapse 1s Iikely Subsequent courscs of therapy generally
brng remussions of shortcr duration ind the response of the spleen and blood
1s usually not nearly so satrsfactory 1s in the first remission As the disease
progresses splenomegaly and anemia become more or less constant features
The course of this disorder 1s sometimes accompanied by severe attacks of
left upper quadrant pain and fever which are the result of splenic infarction
or penisplenttis A transformation into a my cloblastic leukemia 15 a common
cause of death ¢ The termnal stages are usually charactenzed by cachexa
persistent fever, night sweats the persistence of ancma and the oceusrence
of hemorrhages The final episode 15 usually esther a bacternal pneumonta
or a fungus infechon At times intracranial or gastrowmntestmal hemorrhage
1s the termimal event

Treatment

Though chrome myelocytic leuhemia may be discovered on a routme
examination when the patient 1s asymptomatic it 15 rare that more than a
few months will elapse before the patient will need some form of treatment
O lly m such ances several years clapse before symptoms
occur 13 Both supportive and more specific mensures are employed m the
treatment of chronic myelocytic leuhemia Specific teatment may have one
or two objectives Treatment may be aimed at reducing the total extent of
the discase in the hope that many of the manifestations of the disease will
mprove or treatment may be more restricted m which case 1t 1s considered
as a symptomatic measure dirceted toward more localized mamfestations
of the disease

The most important supportive measures are the use of transfusions and
the use of antibiohies Anema 15 treated by transfusion if 1t 1s severe or if 1t
fauls to respond as the disease improves with specific therapy Antibiotics are
used to treat mfections when present however the possible emergence of
resistant bactena or fungus infection makes therr prophylactic use danger
ous Patients with leuhemua are proue to mfections and all patients who
present with what appears to be a febnle relapse of leukenma should be
studied carefully for some supenmposed mfection such as pneumonmi or
pyeliss that may be treated successfully

Rad Therapy R therapy first used by Pusey m 1902 *
was for many years the most widely used form of treatment for chronic
myelocytic leuhemma  Programs of therapy have varted both mn the are of
the body iradiated and in the amount of iradation gven Irradiation 1
most often directed towards the spleen in single treatments of 100 r A total
of 600 to 1200 r 1s given over a peniod of several weehs Such treatment
usually produces a dinmnution the size of the spleen a decrease in the
leukoeyte count and umprosement m the anema The amitral remussion usu
ally lasts from six to mne months Subsequent therapy produces shorter s
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In Qctober 1955 she was hospitalized because of a fever of 105 F
rocntgenographic evadence of an mfiltrate or exudate 1n the hitar regions of
both lungs hepatomegaly splenomegaly and a leuhocyte count of 59000
per cumm The feser and pul y at i perssted unch d for
four weeks despite numerous antibiotics Myleran was then admnistered
orally 1 a dose of 4 mg each day The fever dechined graduaily and after
three woeks the patient was afebrile At this tume the Jeuhocyte count was
10000 per cumm  and 2 reentgenogram revealed clearng of the lung denss
tes ‘The patient conbinued actne and felt swell on g mamtenance dose of
Myleran 2 mg two or three bimes a weeh for about two yeurs

In September 1957 1t became necessary to gne transfusions every few
months because of recurrent anemia Ms leran was dicontinrued even though
the bone marrow examination at this bme revealed greatly mereased granu
locyte actuaty associated with hypoplasie of the erythrord semes Several
exarmmations disclosed no rettoulocytes m the penpheral bloed In Novem
ber 1837 the lenhocy te count had risen te 80 (00 per cemm and the major
ity of the cells i the penpheral blood were myelobluts Because of the
predommance of blast cells 8-merca was ad 1 m o daly
dose of 25 mg per hlo The patient 1gam responded well at the end of one
month the lubocyte count was 600D per cumm and the myeloblists had
lmost completely disappeared from the smear Followmg a remmsion of
several months relpse oceurred and the disease was refractory 1o further
teanment of all hinds In July 1958 s years after the mtal symptoms the
patient died with cachexia asesma and pneumoma

Comment The onset of the disease in this patient at muddle age with
vague symptoms of weakness abdomnal discomfort, splenomegaly anemia
and leuhoeytons 1s the comwnon one At varous tumes she had chimeal resus
swons with the usuzn) methods of therapy ~roentyen ray radiophosphorus and
Myleran As 15 often the case severe refractory anemia and the blood prcture
of myeloblastic leuhcrmra developed i the Itcr stages At thus time a bricf
rermssion followed the use of B-anercaptopurne In the termmal stage the
disease wwas refractory to all measures and a fatal infection occurred

MONOCYTIC LEUREMIA

Monoeytie toghemty was first descobid as 1 distinet clinteal entity by
Reschad and Scinthny, Torgau n 1913 They reported 1 33 year old patent
wha gasg g Fustory of eahaustion wff ymed gums and loss of appetite of six
weeds duration durmg the week prior to wmission challs nd epistans oc
curted Physical exammation disclosed marked patlor 2 papular rash, nlcer
dted bleading gums and retinal hemorrhges The e throcyte count was 22
wal. per cu mm and the Jevhoey te count was 15000 per cu am  Seventy two
Per cent of the leuhoeytes were large feir and t 1 cells
many were Jarge bizure lobed cells with basophihe cytoplasm The patient

el mcoma twenty days later an the day pner to death the lendocy te count
W45 56000 emm and the erythracyte count %as 930000 cmm Postmortem
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that consist of from two to ten doses of Smg each or as a contmuous therapy
with doses of 5 mg at tenvals that vary from one week to one month.”
While good results can be obtamed with TEM 1t has proved more unpre
dictable and less satisfactory than \Myleran i our expenence

Uneriav has been used with same success m the treatment of this dus
ease It1s admimstered i enterc coated capsules 03 gram three tmes a day
after meals The dose 15 ncreased gradually to 30 or 40 grams per day
When the leuhocyte count has fallen to satisfactory fevels the drug 1s
stopped ° Urcthan although cffecttve m some patients has been largely
discarded because good results occur i only about one third of the patients ?
while anorexia nausea and vomiting are frequently troublesome

Corcesibe which blocks mitosss 15 sometimes useful m patients with
chronme mvelocytic leuhemia who undergo a termimal mycloblastic trans
formation The mtial dose of the drug1s 4 mg daily divided nto two doses
mommng and evemng Larger doses are required n some patents The
mamtenance dose vanes with different mdividuals but 1s usually about one
third of the intttal dose ¥ The mamtenance therapy is started after a three
or four day rest period which 1s allowed when the white count drops to
30000 per cumm Although in general the response to this drug 1s less thin
with other forms of therapy 1t may be toed when radtation and the alkylat
g agents bave become incffectne

6 MERGAPTOPURINE will induce remussions 1n some patients wath chronic
myelocytic leuhenia but appears to be ifertor to Myleran m this type of
disease 1* However 1t may be an effective form of therapy should a myelo
blastic transformation occur in the termmal phase of the disease * This drug
1s usually grven orally 1n a single daily dose of 25 mg, per hlo

Hlnstratwe Case

A 43 year old v Inte housewnfe enjoyed her usual health until the summer
of 1952 when she Brst noticed wcreased Fatigue uregular fever weight loss
and vague abdormnal discomfort In October 1952 she consulted her phyvsi
ctan who found ber to be moderately pale The splecn was palpable 2 finger
breadths below the Ieft costal margin The ery throcyte count was 3 mil per
cumm hemoglobin 95 gm per 100 ml leukocyte count 57 000 per cu mm
Differential count (per cent) mvelocytes 25 polymorphonuclears 52 Iym
phocytes 16 eosinophils 4 basophils 3

A dragnosis of chronic myelocytic leuherma was made and the patient
was treated with rocntgen uradiation of the spleen She responded well and
a month later the leukocyte count had Fillen to 19 000 per cumm and the
hemoglobin had nisen to 115 gm per 100 m! Dunng the next two ycars the
patient remamed active and was treated wath rocntgen therapy at intenvals

Late n 1954 her symptoms mcreased and a hematologic relapse occusred
Because of the decreasing effectsveness of x ray therapy she w1s treated with
81 millicunces of radioactive phosphorus in Januasy 1933 Followng this
therapy the paticnt was 1sy mptomatic for vaght months
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Figure 57 Hypestrophied gums in a patient with acute monacy tic Jeuhemia

cytie type of ancrma.’® ¢ The leuhocyte count 1s nearly always increased
but a normal total count 1s sometimes seen # % The amtial count 15 usually
10 the range of 15 000 to 45000 per cu mm  but counts as high as 400 000
PeT cu. mm are reported!* counts of over 100 000 per cu mm are common
m the termunal stages Cells of the monocytie senes are mcreased and con
stitute from 30 to 90 per cent of the total Some appear to be normal adult
monocytes but usually blast forms and promonocytes are present m addi
tion  there are usually large abnormal mululobulated cells that have folded
nucla and pseudopodia or vacuolation m the cytoplasm The penpheral
blood often contans nucleated red cells the platelet count 1s usually reduced
The bone marrow 15 hypercellular blast cells and older cells of the monocy tie
senes predonunate

Acute monocy tic leukemia generally runs 2 rapid course that terminates
withia two or three months Some patients undergo a partial remission when
treated with adrenocortical steroids the alkylatg agents or 6 mercapto
purine but cven 1n these patients hie 1s rarely prolonged for more than six
or erght months 9¢

Mustrayve Case  This 41 year old woman was adnutted to the obste
tneal service of the hospital 1n the seventh month of pregnancy because of
weakness easy fatigue and severe ulceration of the mucous membranes of

e mouth

She had had an uneventful gestation until six to eight weehks pnor to
admission when she noted the onset of muld nugratory jont pans Four
weeks before admission the left elbow became swollen and extremely pain
ful She was admutted to another hospital where the physical examination
revealed only a swollen left clbow with mncreased heat and the uterus
enlarged to a size compatible wath a six month pregnancy Laboratory
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X 10n revealed spl ly and mfltration of the marrow shin and
Lver with large mononuclear cells The authors believed that the case rep-
resented a pure type of acute large mononuclear and transitional cell leu
hemua that was distinct from myeloid and lymphatic ]

Although the exsstence of a thud cell type of leukemia was questioned
by hematologsts who considered the reported cases to be only vanant. of
the other types of leukerma the occurrence of a monocy tic type of leuhema
1s now accepted generally The earher cases that were reported were
mstances of the more common acute form of the disease the chrome form
was not described until 1934 by Doan and Wiseman -

Monocyhe leukema 1s less common than myelocytic and lymphoeytic
leuhcoma It has been reported to constitute from 2 to 16 per cent of all
leukermas * 8 Apparently the diagnosis 15 made morc frequently when
supravitally stamed preparations are studied than when fixed smears stamed
with Wright s stain alone are examined The chromc form of the disease has
been varously defined as that m which the patient survives for six months
and twelve months after onset of symptoms About 25 or 80 per cent of the
patients with monocy tic leukermia has ¢ the chronic form of the disease * ™ #

Acute Monocytic Leukenmia

The acute form of the disease may be present from the onset or may
occur as the termmal episode 1n patients with the chrome form Males are
affected more often than females the proportion of males in one senes bemg
63 per cent * A mean age of 44 years was found 1 one senes * but the apes
of the reported patients have varied from 11 months to 83 years #®

The first chinical mamfestation of the disease 1s usually the gradual onset
of weakness and easy fatigability but m some patints there 15 an acute
onset with ugh fever abnormal bleeding, and prostration Physical examma
tion generally reveals pallor and shght gencralized enlargement of the lymph
nodes The spleen 1s palpable 1n about three fourths of the cases * the lower
border usually extends from 1 to 4 «m below the left costal margin but
enlargement of the spleen may not be detected chinically even m the most
ful cases *¢ H Iv 15 usually present As was first emphasized
by Forkner often the most strnking abnormalitics on the physical examina
tion are found m the gums and buccal mucosa * Relatwely early m the
cisease the gums are swollen and pale and later they become ulccrated and
necrotic When such lesions are present they are usually accompanied by
moderate enlargement of the cervical lymph nodes Gingival hy perplasia and
other lesions of the oral cavity are secn occasionally m other types of acutc
leukenua but they are much morc common 1n the monocytic type where the
frequency may be about 75 per cent (Fig 57) ** Anal fissure sometumes
associated wath perirectal abscess 1s found often enough m patients with
this disease to warrant a special search for these lesions ® Involvement of
the shin m the form of erythematous prpulir or nfiltratine lesions oceurs

but 15 not common
Laboratory exammnations generally disclose a severc progressive normo
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At postmortem examination there was enlargement of the hver spleen
Iymph nodes and Judneys The bone marrow was entely replaced in the
axmal sbeleton and partially w the femur by the teukemic cell wineh was a
large mononuclear form with o moderate amaunt of dack cytoplasm and a
sotched or folded nuclens that contamed tho o three small nucleoh and a2
moderately dense chromatin \icroscopic fenherme mbitrates were present
w the intershinial tissues of nearly all organs and appeared as gross nodules
m the Jadneys The uterme cenvix was heavily mBitrated by the leuhemse
cells as well as by hemorthage The utenne cawity contmned a necrotic
dearduat hning m which there were many colomes of bacterta and bactera
had been dissermnated throughout most of the other tissues The adneys
show ed the lesions of lov er nephron nephrosts The aaal bone mamrow con
tamed broad areas of coagulats & necrosis with some foc of acute by poplasia
and regeneration with reticulum cells

Covivmxr  Thys pabient presents many of the features commonly found
1 patients waith acute monocyte Jeuhemua The onset of the dlness wath
weakness easy fatigue and jomt pam 15 not unusual in any type of acute
leuhemtz but the carly development of gumgn el hyperplasia and ulceratine

4 18 more m the type Idestification of the coll
ime mvohed w acute leubemsa is often dufficult and s particulasly so m the
monocy tie type Tt 1s not unusual for a large number of cells to be classified
as belonging to the monoeyic senes on the mbal evarmination while on
subsequent exammation the cells appear to belong to the granulocy e sertes
Postmortem firned the cmal d of t
leubemia s thas patient The effect of treatment 1s diffieult to evaluate At
Ieast the patent sunaved long enough 1o be delnered of a viable mfant
Careful penodic examunation of the chuld 1s indicated hecause the occurrence
of leshenma 1 a nine months old wfant bom of a leuheme mother has been
reported

Chrome Blonacytic Leukema

Chronie monacytie lenhemia 1s predomnantly a disease of muddie age
The ages of the reported patients have ranged fram 17 to 88 but the mean
age u about 56 the disegse 1 umisual W persons Jess than 40 years of
age* 98 Nales are affected more often than females In the reported senes
males have constituted from 75 * ¥ to 84 per cent of the total ©

This form of the disease usually has an msidious onset charactenzed by
weakness and easy fatigne A history of repeated eprsodes of nfection of the
mucous membranes  respuatory tract, and sk s common ¥ Physical
examtnation 1s usually normal except for pallor and evidence of weight loss
Splenomegaly mingnal lessons and shin lesions are less common than m the
acute form of the disease all are often absent when the patent s &rst seen
but splenomegaly and hepatomegaly frequently appear later duning the
course of the discase

Ag almost constant findung i these patients 1s anemta, which 1s often the
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studies at that tune revealed hematocnit 33 per cent erythrocyte count 3.3
mul per cumm hemoglobin 9 gm per 100 ml platelets 81 000 per cu mm
and leuhocyte count 7200 Differential count (per cent) myelocytes (“mono-
cytoud ) 28 juvenile 2 bands 9, segmented 28 lymphocytes 28 monocytes
4 eosmophuls 1 \any of the young forms contamned Auer rods Exammation
of the aspirated bone marrow revealed 12 per cent blast cells and 56 per
cent young monocytes of brzarre form
A diagnosis of acute monocy tic leuhemia had been made Over the next
ten days the leuhocyte count rose to 16000 per cumm and the pabent
developed hypertrophy of the gums and severe ulceranve stomatbs
Therapy was then mstituted with 6 mercaptopurme 75 mg daly by mouth
Over the next ten days the leuhocyte count fell to 3000 per cumm the
platelets to 40 000 per cumm and petechiae appeared over the dependent
portions of the body 6 Mercap ‘me was d I and the leuhocyte
count rose to 15000 per cumm and the petechiae disappeared though the
platelet count persisted at 31 000 per cumm The patient was discharged to
her home under the care of her physician
Whle at home durmg the week prior to final admission she was weak
nauseated and contued to have nugratory jomt pamns The ulceratne
stomatiis worsened and she began to vomut intermittently
Physical on ad led an acutely ill woman with
fover of 101° and pulse rate of 124 There was marked pallor of shin and
mucous b Several ecch; were noted over the lower legs
There was a foul ulcerative stomatitis which was associated wath marked
hypertrophy of the gums There was moderate anterior and postenor cervical
adenopathy The fundus was four fingerbreadths below the aiphoid Fetal
heart rate was 140 per mmute
Laboratory ex on h 17 per cent leukocyte count 3 100
per cumm and differential count (per cent) blast cells 6 promyelocytes
17 myeclocytes 5 juvenile 0 bands 5 segmented 17 lymphocytes 46 mono
cytes 4 Platelets were 15000 per cumm The patient was treated symp
tomatically Transfusions of whole blood and pached cells over the next
eight days brought the hematoent to 35 per cent The leuhocyte count rose
gradually dunng this perod to 12000 per cumm and the platelet count
rose to 38000 per cumm The differential count remmuned essentally
unchanged
Adrenocortical sterord therapy was started on the fourteenth hospital
day The patient went mto labor that mght and was delvered of a viable
premature female nfant of 1400 gm Following, delwery her condition
detensorated  She contmued to vomut and had several gastromtestinal
hemorrhages Her leukocyte count decreased progressively over the next
six days to 400 per cu mm and no platelets were seen on smear She exprred
seven days following delivery about three months after the appearance of
the first symptoms of her disease
\icroscopic examunation of the placenta and umbilical cord revealed no
d of leuk £il
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monocytie leubemsa when the patient 1s seen n the “prelevhemie” phase
which probably occurs in nearly one half of the patients and may last for
months or even years * The presence of the disease can sometimes be sus
pected 1 patients who appear to have aplastic anemua because of the
presence of a hypercellnlar mawrow with a2  megaloblastoid” type of
The p of umdentfied young cells an mcrease n cells
oi the monoc) tic sertes in the peripheral blood or in the marrow the pres
ence of gant platelets and the oceurrence of splennmegn!y should alse
arouse suspscion At times the ¢ can be hed defimstely onlby
after a prolonged follow up penod and frequent exammations
When the patient presents vath anemia splenomegaly and leulocy tosis
the dsagnosts 38 usually not diffieult because of the presence of mereased
numbers of cells of the monoeytic sertes of vanous stages of matunty 1n the
penpheral bloed and bone matrow Even in this curcumstance ddficulty
cassifymg the leak arises 1y In some patents with leukemua
the ymtial exarmnation of the peripheral blood res eals a large percentage of
cells that «ppear to belong to the monoeytic series associated with blasts
and young cells of the granuloey e senes In some patients this blood pacture
persists but 1 others later 15 the course of the discase anly cells of the
granulocy tie senes are seen Such cases which at necropsy have no evidence
of hyperplasia of the reticulum have been classified as the “Nacgeh type
of monocy tie leukemia to distingpsh them from the “Schillng” type that

8 d with hyperplasta of the 1 Cases of the Naegeh type
appear to belong, to the chrome myelocy tic group and the exsstence of such
cases hay been ad d as evid that m some monacy tes

are derned from my efoblasts %

The treatment of chronic monocvhic leukenua 1 unsatistactory Trradia
ton and splenectomy are of no value the alkilating agents and the ant
metabohe drugs usually produce bt hitle sf any benefit Transfusions are
usually necessary for the anemma which 15 refractory to other measures
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presenting complamnt ‘The anerma which 1s usually at least moderately
severe 1s erther normocytic or macrocytic Hemoglobim levels of 5 to 7 gm
per 100 ml are common The anemia 1s accompanied by leukoperua early m
the course of the disease m most patients and thrombocytopenia generally
accurs sooner or later The granulocy tes are usually reduced while the cells
of the monocy bic senes are ncreased As the disease progresses the leuhocyte
count nses cells of the monocytic senes increase and n the terminal stage
the picture of acute monoeytic leuhemia occurs

The appearance of the bone marrow vanes m different patients In some
the marrow 15 hypocellular and erythrocytic hypoplasia 1s evident m others
the appearance 1s that of erythracy tic hyperplasia associated wath cclls that
have an abnormal appearance and somew hat resemble megaloblasts because
of an increase 1 the parachromatin of the nucler An mncrease m cells of the
monocyhic sertes 15 sometunes evident early but massive imvasion by the
cells usually occurs only late 1n the disease

The recogmtion of chronie monoeytic Jeukemua 1s often difficult when the
patient 1s first scen Not infrequently patients with tlus disease are mus
diagnosed as aplastic anemia because of the occurrence of anemia associated
with leukopema and thrombacytopenia that 1s 3 to other
than transfusion Patients are also misd d as “hyperspl " because
of the association of splenomegaly with anemia or pancytopema and an
apparently active cellular marrow 0 In such patients even the histologie
study of the spleen removed at operation may mot disclose the corrcct
diagnosis %8 It 15 usually not possible to make a definite diagnosts of chronic
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tory tests and specal procedures such as a biopsy The wnesbganon is
durected tow ard the “probable” diseases first and specific tests for “possible”
but “mprobable” disorders are deferred.

Enlarged lympb nodes which provide the focal pont of the dagnostic
study 1n certain patients oocur in a number of different diseases Probably
the commonest causes are regional wfectons such as ifected wounds
dermaths  pharyngitis smustis and ab d teeth. 1 hadenopath
afso occurs with relatnely benign systemie nfections such as rubella,
fectious mononucieosis and viral hepatstis and with mare serous wfections
suck as tuberculosts brucellosts syphulis fungus diseases and tolaremua.
Enlsrgement of lymaph nodes mav be due to the presence of neoplastic
isease such as Teuk Iymph Hodghun s
disease reticufum cell sascoma, and giant follicular lymphosarcoma. Mild
degrees of enlargement occur . serum sickvess and hyperthyrodism
Moderate enlargement occurs m i d lupus h and
Boceh s sarcard.

History

As 15 true with nearh all dugnostic problems an accurate history ss
almost essential. Even the age of the patent is helpful information because
the more bemgn sy stemic mfechions such as rubella and infectious mone-
nucleosis ate common w duldren and soung adalts but are rare s mddle
aged and older persons Both the duration of the adenopathy and the pres-
etice or absence of vanous symptoms help i decrding which of the possible
diagriases are wore probable The recent development of adenopathy does
10t exclude 2 neopl: from d but the of enlarge
ment for some months males an acute mfechon unbikely Localzng svinp-
toms such as paw and tenderness 1 the gland, and evidence of associated
nflammation, such as phanngtis favor mfection. 4 hustory of wesght loss
reourrent fever mupht sweats and pruntus suggests the presence of systemc
disease most often one of the lymphoma group

Physical Examnatian

The physical P tarly the ch of the super
Betal nodes gencralty mves helpful imformaton The distnbution, size con
sstency  and mobihty of the nodes are mmportant, as s the presence or
absence of tendermess Probably the maost umportant observation is whether
the adenopathy s 1ized or localized 3 the 3 tis Yized
seme svstertue dusease beeomes the pruman considerston and remonal
adembs can be excluded Tf the mvolvement appears to be localized, the
presence of systemic disease 15 not excluded but the first d 15
gnes to a careful search for some assoctated disease either wfechion or
acaplasm 1n the area draned by the enfarged tvmph nodes Tn amy patrent
wath enlarged vodes the size v estimated carefully and 1s best recorded m
céntumcters rather than 1n Jess accurate terms such as “pea sized” and “egg
sized” An estimate of the size of the podes gnes some mdication of the




CHAPTER XI

Other Disorders of the
Lymphoid Tissue and

Bone Marrow

THE DIAGNOSIS OF THE PATICNT WITH
ENLARGED LYVIPH NODES

THE MOST ACCURATE chintcal dragnoses 1re made either by lustologie study
of diseased tissue or by the de of the p of the agent
responsible for the disease In chmcal practice the physictan usully begms
hus diagnostie exammation with the history and physical examunation With
the recogmtion of same putcular sign or symptom complex such s
Iymphadenopathy the physiclan proceeds with the dufferential diagnosis by
an orderly consideration of the different diseises that are known to produce
the mamfestations that have been observed The probability of the presence
of one or more of the discases under consideration mcreases as other
evidence 1s found that supports those particular possibiities This evidence
1s obtamed by a systematic study of the patient that includes various labors
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the level of the umbiicus or below 1t 1s probable that the patient bas some
chrome disorder such as a discase of the Iymphoma group rather than an
acute wfection such as nfectious mononucleosis ar viral hepatiis

Laboratory Examunation
Lak Y bhsh the 4 m patsents

with large lymph nodes and at other bimes persut the excluswn of certon
diseases from further connderation The zoutine studies of the blood such
s the hematoerit, fevhocy te count and differential count, are mdicated By
such means leuhemia usually can be detected of present and the dagnosis
of other discases such as mfechous mononncleosss ean be provistonally
established or eacluded An sncrease m the granulocytes favors bactenal
fection or Hodghan s disease and an wcrease 1 “pathojogic” lymphocytes
{wvors infections mononucleosts or a viral mfecwon Monocytosts suggests
Hodghns disease tuberculons or brucelloss The presence of anema
mdieates that the patent probably has more than a localired xcute wfec
fion More defintne informatson 15 provided by speaific exammnations such
as the heterophl ag gl test and agg! on tests for brucellosis an
tularerua Shan tests for tuberculosis and fungus diseases are sometimes
helpful, Repeated attempts may be necessary to demonstrate the prescnice of
lupus erythematosus eclls ™ In certam patents other stucies such as the
electzophoretic study of the serum proteins and asprration of bone maron
to ohtan matena for culture and cvtologie study  are important

R P
gENnOg]
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Roentgenographue ssamnabons often pne saluable mwformation about
the nature of the process that 15 mansfested by entargement of the super
fiaal nodes A soentgenogram of the chest 1s vsnally necessarny i order to
detect disease m the lungs and determue the presence of wvoh ement of
the niodes m the hular areas or medistinum The location wumber and
appearance of the lesions m the lung mav mdicate the probability of tuber
culesss fusgus hsease prumary of metastanic carcinoma or other discase
Detatls of the appearance and Jocation of the mvohed nodes 1 the hilar
areas and med: may help to h hetween Boecdhs sarcod
and ane of the ympl group E ton of the g stinaf tract
may reveal the presence of 2 prmary carcinoma that was Brst suggested
by the prescce of Lirchow s node belind the ongin of the left stemocleido-
mastoid muscle Radsologse ewidence of deffuse wbliration of the stomach
and bypertropheed rugal folds fas ors ymphosarcoma over Hodghan s discase
20k other disosdders that may present wath superficial adenopathy Evadence
of skeletal un olvement wndhcates that the adenopathy 15 part of 2 senous
dusorder even though the roentyg nographic appoarance of the asseous lesion
may vt permt the dsfferentiation betw een the several possibilines.

Lymphs Mode Biopry

o 1 the duagnosis 1s not made bn other means bopsy of a hymph node s
iten necessary “The decision as to the need for 2 biopsy 15 reached after an
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Figure 59 Enlargement of cerical lymph node in a patient with Hodglan s disease

probability of the presence of certun diseases The nodes m hyperthy roidism
and serum sichness are rarely more than 05 or 10 ecm 1 diameter and 1
dissemnated lupus they seldom measure more than 10 to 30 cm In the
diseases of the lymphoma group the nodes are sometimes greatly enlarged
Careful estimations of the size of the nodes and the constancy of the size
are helpful in followmg the progress of the disease while the patient 1s under
observation The presence of tenderness in a node usually indicates that
mfection 1s present but marked tendemness also oceurs m the nodes of some
patients with other diseases particularly Hodghins disease Fuation of a
node to the shin or deeper tissues indicates that the infection or ncoplasm
has imvolved the surrounding area. Swnus tracts or scars over an area of
adenopathy suggest tuberculosis or fungus disease A relatively small node
that 1s stony hard 1n but ex
tremely hard nodes that measure several centimeters n diameter also occur
with calafication n sarcoma and 1 tuberculosis In discases of the
lymphoma group charactenstically the nodes are moderately firm rubbery
and somewhat resslient but many exceptions occur The normal bean
shaped contour of the node 1s more apt to be mamntamed with infection than
with neoplasm

Other details of the physical exammation are also tmportant The detec
tion of a focus of infection 0 an area related anatomically to the adenopathy
usually warrants a diagnoss of regional ademtis The presence of spleno-
megaly and hepatomegaly suggests some generalized infectious process or a
disease of the [ymphoma group If the splcen s firm and eatends halfsay to
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tngushed from cach other by thew chmcal manfestations An accurate
diagnosis 15 made only by mucroscopic study of a speamen of mvohed
tissue uswally 2 Jymph node Although of unknown etwology the diseases
are generally considered to be ncoplastic m nature

‘The term malignant lymphoma s a convement one for vanous reasons
In chnical practice at provides a designation for a provasional diagnosss untdd
2 mose accurate one can be made In additon the histologie study of biopsy
matenal sometimes makes 1t posuble to place a disorder 1n this group of
diseases ¢ven though a more precise diagnosts cannot be made with cer
tamty In this crcumstance the patient often can be treated properly without
benefit of an accorate diagnoss bicause the swme prnaples of thexapy and
the same therapeutic gents are used m the management of the different
diseases It 15 comvement to group these dueises for the purpose of a
chmeal discussion because of the g s m chmgeal
methods of d; and p

Hodghms diease 1s numed after Thomas Hodghm who first desenbed
the disorder in 1832 ® In 1893 Rundrat recoguized lymphosarcoma as a
disease entity dufferent From feud 3 Grant follicular lymph some
tmes called “Brll Symmers disease” was desiibed by Boll Baehr and
Rosenthal m 1925 and by Symmers 1 1927 © Roulet has been ghen credat
for Bost clearly sdentifying reticulum cell sarcomn as a distnct type of
tumor

CLASSIFICATION

N lassifi have been proposed for this group of diseases
that mvolve the lymphoud bissue prmartly 4 1 1 20 46 3 ¢ The ¢lassification
shown here which dides the lymphomas mto four mam groups 15 a useful
one for chimeal purposes

Clay feat on of Mal gnant Lymp? oma

b Hodghn s disease

2 Lymphosarcoma

3 Reticatum eclf sarcoma

4 Guant foll cular lvmphoma (Bnft Svmmer  duease)

Some 1dea of the relatne frequency of these diseases s pnen by the
dhagnases made in one senes of B18 cases of ymphoma * When classified
according to the above system the vanous forms of Hodglns disease con
sttuted 37 per cent lymphosarcoma 33 per cent retieulum cell sarcoma
2 per cent and grant folhcle lymphoma § per cent 6

Although a speciic diagnoss can usually be made by the lustologic
study of mvohed tissue at times the pathologast may have duficalty i
entifying the disease from the study of materal obtamed by biopsy
Different nodes from the same patent have been diagnosed as different
diseases and changes conslered to be charactenstie of Hodglius duease
sarcoma and gmant folhcle lymphoma hase been reported 1 the sume lymph
node 7 The apparent transiion of mant follicle Iymphoma into the other
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evaluation of each patient individually In one situation 3t may be apparent
at the mitial examination that a biopsy should be done promptly n another
circumstance it may be decided that biopsy can be deferred for further
observation and the performance of other tests If an undiagnosed enlarge
ment of the lymph node 1 an 1dult does not subside significantly wathun 2
few weeks biopsy 1s nearly always mdicated

Although no fast rules can be made for the performance of the biopsy
the observance of some sumple guides 1s helpful to both the pathologst and
the climician Although the pathologist bases hus diagnosis on the hustologie
appearance of the specimen 1t 1s helpful if pertnent climcal data are sub
mutted along with the biopsy specimen It 15 important that the pathologist
recen e representative tissue that 1s suttable for study If more than one node
1s enlarged the selection of the one to be bropsied 1s important In general
cervical or supraclavicular nodes are preferable to avillary nodes nodes from
all of these sites are preferable to nodes from the femoral area because the
latter often have undergone alteration as a result of previous nfection
the Jower extremuties When the patient has a discase that mvolves the
Iymph nodes without sipmificant enlargement of the superfictal Iy mph nodes
frequently the diagnoss can be established by a supraclavicular biopsy par
trcularly of pulmonary or medistinal mvolvement 1s present Whenever
possible the biopsy 1s performed and the diagnosts established before the
patient recewves any specific therapy because both irradiation and chemo
therapy can so change the appearance of the node that lustologic diagnosis
1s dufficult or impossible Even careful handhng of the node at the tine of
operation 1s important because trauma can distort the hustologic appearance
of the lesion When the diagnosss 15 uncertan and infectious processes do
not seem to be excluded with reasonable certamty 1t 1s always advisable to
send part of the node for histologic examination and part for bacteriologic
study Unless this 1s done even tuberculosis or a fungus infection may pass
unrecogmzed If the biopsy of a node does not provide a defimite diagnosis
a second biopsy may be mndicated if no suitable node 1s available at the
tume penodic cxamination for the appearance of such a node 1s advisable

MALIGNANT LYMPHOMAS

Lymphoma, Lymphoblastoma

\algnant lymphoma 15 a term used to designate a group of discasts—
Hodghns disease lymphosarcoma rcticulum cell sarcoma and grant
follicle lymphoma—that have certam featurcs i common These discases
which mvolve mamly the hmphoid structures of the body cannot be dis
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ness loss of weight and fever © * Cough dyspnea and pruntus occur less
often but are not rare

Fever occurs sometime durmg the course of the disease mn nearly every
patient with Hodghins disease The fever may be contuous intermittent
or cychie An nregular type of fever that nses to 100 to 103 F at mght
oceurs frequently and generally sigmfies that the disease 1s not confined to
the superfictal lymph nodes The well known “Murchison or Pel Ebstemn
type of fever occurs m only a mmonty of patients ® 7 In this syndrome the
temperaturc curve shows successive daily nises over a period of about a week
until 1t reaches a peak of 103 to 10> then subsides graduallv to normal
After an mter al of ten days to two months another febnle episode appears
The penods of remission gradually shorten unless the course of the disease
1s changed by therapy When this type of fever occurs 1t generally signihes
mediastnal or mtra abdommal disease A remuttent type of fever sumlar to
that seen in septicemia occurs m some patents with the acute fulminating
type of Hodghins disease even n the absence of demonstrable mfection

The vanety of climeal manifestations that Hodghm s disease may produce
has been emphasized 9 ¢ Pruntus or exfohative dermatitis may be the first
mamfestation of the disease Disease in the wtr whoracie region may present
as an asymptomatic mediashnal tumor found on the roentgenogram or with
evidence of the supertor mediastinal syndrome (Fig 60) Intrathoracic

Fgue60 Infrared ph d ting collateral n 2 patient with
Hodghn s d ses ¢and upcrior vena canal ob truction
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diseases n the group 1s well known!  In one series of 84 patients with
malignant lymphoma biopsies were repeated after intervals that vaned
from one month to 15 years (average 23 years) and a lustologic diagnosis
different from the imtial one was made n 23 per cent n most nstances the
lesion had become less differentiated 1n appearance ' In another seres a
transition from the biopsy matenal was found in 39 per cent of the autopsied
cases m over one half of the autopsies lesions of more than one of the
Iy mphoma group occurred ! Although many pathologists consider that the
hustologic features of these diseases with the exception of guant follcle
lymphoma remain relahvely constant the meonstancy that has been noted
1 some cases has led to the suggestion that the whole lymphoma group 1s
but a single neoplastic entity that has 1 number of vanants 12

CLINICAL FEATURES
1 Hodghins Disease

The extensne htcrature on Hodghins disease that appeared prior to
1948 has been the subject of several excellent reviews * ® The chmnieal
mamfestations lustologic appearance methods of diagnosis and vartable
natural history of the disease are well bhished Despite the
attempts that have been mide to solve the problem the cause (or causes)
of Hodghins disease has not been established A recent review indicates
that the data suggestive of 1 viral eticlogy are increasing ® 3 Although the
occurrence of Hodghwns disease m association with other diseases notably
tuberculosis and fungus infections has suggested more than a chance asso
cation all efforts to establish tubcreulosis the avian tubercle bacillus
diphtheroids and other bacill and fungt as causes of Hodghin s disease have
proved unsuccessful ¢ 1 33

The vaned clinical manifestations of Hodghins discase may appear at
any age and 1 exther sex The disease occurred most frequently m the third
decade m one series ! but 1n another study an even distrbution was found
n the first seven decades ® Males are affected more commonly than females
the ratio bemg about two to one ¢ 7 !

The climical mamfestations of Hodghins disease arc vared because
wirtually any organ m the body may be invalved by the discase process The
incidence of lesions i vanous locations noted either dunng lfe or at
qutopsy 1n two series that totaled 485 patients © ® are as follows lung:’,'s
33 per cent mediastmum 33 per cent Inver and spleen 50 per cent and 70
per cent shin “common ” and 38 per cent bones 20 per cent and 7 per
cent Involvement of the nervous system occurred m 12 per cent of another
series 3 The disease 1s rarely found mn the tonsils and gastrointestmal tract

Although nearly any sign or svmptom may be the presenting onc the
commonest mtial symptom 15 painless enlargement of one or more Iy mph
nodes An mitial mamfestation of this sort usually mn the cervical nodes
occurs m about 85 per cent of panents with Hodghins discase © ° The
next most frequent symptoms are pamn m the back abdomen or chest weak
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splenomegaly anemia and other abnormalities 1n the peripheral blood are
the principal manmfestations of the disease

Abnormaltties that are demonstrable by physical examination depend on
the presence of the disease 1n yarious organs or sy stems i different parts of
the body Most commonly the lymph nodes spleen and hyer are myolved
The degree of lymphadenopathy which 1s usually greatest m the cervical
region varues from shght to marked The nodes are usually firm and rubbery
m consistency but may be either soft or stony hard They are rarely tender
and usually are not fired to the shin or underlying structures Occasionally
the size of the nodes especially m the cervical and submandibular areas
varies spontaneously from day to day Palpable splenomegaly occurs
about from 50 to 70 per cent of patients at some stage of the disease *® The
degree of enlargement found m different patients varies from a barely
palpable spleen to one that nearly fills the entire Jeft half of the abdomunal
cavity usually the lower edge of the spleen 15 above the level of the
umbilicus Less commonly the exammation reveals evidence of asaites
pleural effusion pencardial effusion superior vena caval obstruction and
neurologic mvol ement

Laboratory exammations offen disclose abnormalities particularly 1 the
peripheral blood Normocytic anema of some degree occurs m nearly all
patients at some tme during the course of the discase The anemra 15 usually
the result of dimimshed erythropolesis but m some patients mcreased
hemolysis 1s the important factor The total and differential leuhocyte counts
are often normal early 1n the disease but a transitory increase m lymphocytes
sometimes occurs An increase m blood platelets and an absolute nerease 1
monocytes have been reported to be constant throughout the disease  In
the more ads anced stages of the disease leuhocy tes counts often rise to levels
of 15000 to 20000 per cu mm or more The leuhocytosis 1s associated with
anncrease n cells of the granulocytic sertes and a decrease in lymphocy tes &
Eosmophilia of considerable degree occurs n some patients Toale granula
tion 15 often promment and large bizarre platelets are often present The
erythrocyte sedimentation rate 15 usunlly elevated when the disease 15 active
The electrophoretic pattern of the serum protems may reveal a reduction
albumin associated with an mcrease m globulin i the moderately advanced
cases Abnormalities 1 the protemns similar to those found commonly
multiple myeloma sometimes occur i Hodghins disease when there 15 an
merease 1n plasma cells! ¥ Reed Sternberg cells can be found i bone
marrow smears only rarely$ but the diagnosis has been made 1 25 per cent
of patients when aspirated bone marrow was studied 1 paraffin sections 4

2 Lymphosarcoma and Reticulium Cell Smcoma

Lymphosarcoma and reticulum cell sarcoma occur at any age but the
haghest mcrdence 15 found n the fifth and sixth decades 8 ¢ The madence
m males 1s about twice that m females 7 ¥

The first evidence of discase 15 usually visible and palpable enlargement
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disease may also be resp for an unproductive cough dyspnea, or
pleural effusion The first evidence of the disease sometimes appears mn the
abdominal region i the form of a retrop 1 tumor spl ly or
hepatomegaly Skeletal involvement which 1s most hkely to occur m the
vertebrae 1s usually associated with pan that may be present for weeks
before an osseous leston 1s demonstrable 1n the roentgenograms The pres
ence of disease m the nervous system most often becomes evident because
of pressure on the spinal cord or the fifth sith seventh eighth or ninth
cramal nerve 3 When mvolvement of the bran occurs 1t 15 generally asso
ciated with disease of the cramal bones The epidural tumor that causes
cord compression 1s nearly always an extension from a leston in a vertebra
or from the adjacent mediastmal or retropentoneal lymph nodes * Penpheral
neurntis in the lower extremities 1s a troublesome symptom in some patients 3
It appears likely that the attacks of herpes zoster which are fanly common
are caused by mvolsement of the gangha by the herpes virus rather than by
Hodghins disease because the herpetic lesions disippear spontaneously
without treatment (Fig 61) Hodghmns disease 1s often found to be the
ciuse of 1 persistent fever of undetermined onigin  In stil other patents

Figure 61  Herpes zoster 1n a paticnt with Hodglun s discase
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more {requently s veticulum cell sarcoma than in lymphosarcona 3 3

Abnormalities ocenr m both the penpheral bjood and bone marrow of
many patients with Jymphosarcomn and reticulum cell sarcoma Lympho
cytosss of the peripheral blood which is semctimes due partly to an merease
i the large Iymphocytes 1s seen more often m these disorders thae m
Hodghms discase Some pabients who are diagnnsed as haviag fymphosar
coma fater develop the perpheral blood picture of Iymphoeytie leukena
E hila and polymorphonuclear leuhocytoss occor but axe
less frequent than m Hodglus disease Hemolytie anemna of the auto
smrmune type occuss 1 some patents and at tumes 1w sccompamed by
thrombocytopenta The anti lobuln {Coambs) test 13 posine wm at least
half of the patients with mahgnant lymphoma who develop severe hemoly be
anemua®® ¥ m some reports on the assomation of auto smmune hemolytie
disewe and lymphoma ondy patients with posstne tests are weluded %
Almonmalties w the serum protem such as maederate decreases m albumumn
and gamma globulin and moderate mcreases m the alpha 1 and alpha 2
frachons occur commonly the eocurrence of myeloma type protemns is not
rare ! An mcreased percentage of lymphocytes and an increase m the num
ber of large mononuciear or retsculera colls m the bone marrow suggest the
diagnosss of lymphasireoma of reticulum el sarcoma When matenal ob
tamed by aspration of the martow 15 studsed by the paraffin sechon method
a postne dragnous may be made m bout half the patents with retieulum
cell sarcoma In Jymphosarcoma and gt folhdde Jymphomt a postne
diagnosis can be made fess often m this way *

3 Guant Follicwlar Lymphoma

Giant folhioular lymph {fotheular hymphobl: Bridt Symmers
disease) 15 about two and a half imes 15 common 11 males 15 i females and
oceurs most often i the Sifth or siuth decade * 31 Less than 5 per cent of the
cases occur m wkhwiduals under 20 years of age This disorder has a more
benign course than the other members of the Ivmphoma group but ats tend
ency to undergo transition to tvmphasarcoma reticulum cell sircoma Hodg
fan s disense and lympboeytic leuk s gnized, oMW

The most common watiak f 15 enlk of the superficial
Tymph nodes or spleen The mmols ement of the nodes 1s usually more or less
generalized but localized disexse also vecurs  Enlwrgement of the mediasty
naf nodes may produce marked 1mp of Ent of
the p 1 on d 1 nodes 1 common The pres
ence of the disease i these focatans 1s often assemated with ascates or hydso
thorax and the frequent oceurrence of chylous ascites has been reported ¥
The wadence of splenomeg i a gant follicular lymphoma 1s reported to
be 33 per cent 17 Fever cachewia and other constitutional mamfestations arer
rare > Although anewa s said to be unusual untl late t the disease ? 17
the frequent development of hemobybe anemua thrombocytopenie pur
pura and levlopenia n patents sath splenomegaly has been reparted 5
Imohement of the shin mervous system and shefeton 15 rare ts 37 &
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of superficial lymph nodes In one senes of 196 patients the disease made ats
appearance m this way m 63 per cent” The cervical nodes were molved
in 59 per cent and the axllary mgumal and abdommal nodes were each
mvolved 1n about 12 per cent mediastnal mvolvement was much less
common In 40 per cent of the paticnts the lymph node enlargement was
confined to one arca mn 32 per cent 1t was generalized and in the remamnder
two or three regions v ere mvolved The mvolved nodes which are generally
moderately firm and resihent are mov able unless local mvasion has occurred

Although lymphosarcoma reticulum cell sarcoma, and Hodghins disease
cannot be distngwshed from each other by the chnical mamfestations
the individual patient the diseases follow somewhat different pattems
Spl ly 15 less m lympl oma than in Hodghins disease
{20 per cent compared to 50 to 70 per cent) *  fever occurs less often ¢
and anemia develops later The “Murchison Pel Ebstein” type of fever
curve which was observed during the course of the disease m 16 per cent
of one group of pitients with Hodglan s disease 15 rare m other members of
the lymphoma group !¢ Lesions of the gastromtestinal tract occur more com
monly m lymphosarcoma and reticulum cell sarcoma than n Hodghins
disease?® ° 4 The stomach small intestine or colon miy be mvolved
The gastric lesion most often consists of a diffuse infltration that mav be
r { on the logic exanunation of the stomach because of the
prescnce of exaggerated, stffened rugae and dummished penstalsis The
most frequent site of disease m the small bowel 1s the terminal deum where
the lesion may produce bleeding or intestnal obstruction Tnolvement of
the nasopharynx and tonsillar areas s rare i Hodghins disease but occurs
oftener m Iymphosarcoma I estons of the nervous system and sheleton occur

Chest roentgenograms $h a p

62 atient with Ivmpt osarcoma showang media tinal
Figure &2 g dethocss before therams (A) appeasance after irradiation (B)

adenopathy an
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1n the majonty of patients the & betn een lymyp! and
chrome lymphocytie leuherma 15 made without difficulty because of the
inercases in total leuhocyte count and percentage of lymphecytes that are
found  most patents with Jeukemia However 1 the occasional pahent
this differential diagnosss 1s not easy because there seems to be a close rela
touship or overlapping between the two diseases It 1s hnown that some
patients who are & d as havig lymph from a node bopsy
at 2 tune when the blood and bone marrow appear entirely nommal fater
develop the h ) features of ymphocy ic Yeuk The term “leuka
sarcoma” has been used to designate these transitional eases In some such
patents the classie features of leuherma develop later but m others the
abnormabties m the penpheral blood prove fo be transient and at necropsy
months or years later there s no evidence of widespread myasion of the
sanous organs that usually occurs s Jeukenia # In still others the abnormahy
ttes m the blood, such as a mudd absolute lymphocytosss persist but a frankly
feukenmie picture does not develop

Management of the Patent uith Malignant Lymphoma

1t 15 amp to estabhish a diagy histologscally before treatment 1s
started, and unless the biopsy sufices at Jeast to place the duagnosis i tus
group of diseases treatment is best deferred, eacept i unusval errcamstances
The deaision regarding the type and amount of treatment must be based on
a careful evaluation of the individual patient which tales into connderation
the condition of the patient as well as the type etent and Jocation of dis
ease An evaluation of thus sort 1s important because any treabment can prove
deleterous or even fatal to the patent if given mudiciously Regular pens
odie follow up exuminabiens constitute an unportant past of the therapeutic
program Not only do these visits provide the best means for the physicaan
to follaw the course of the disease but they can be an impostant part of the
supportre treatment The psychologie aspect of the management becomes
even mare woportant when the disease 1s relapsing or progressing despite
A tel i and hopeful athiude toward therapy is
most likely to produce the best results at any stage of the discase and 15
usually the best atutude for the patient s morale
The same therapeutic agents are employed 1 the treatment of patients
sath the different diseases of the lymphoma group and the same general
plan of therapy <an be followed 1n each discase In the treatment of diseases
that have such vaned clinical mantfestations it 1s mmportant to have a basie
plan of therapy that 2an be followed through the vanety of different symp-
toms that mav devclop 1n formmulating or following a plan for a patient with
any dicase of the lymphoma group we have found st very comement to
clasufy the patient aceording fo the seventy or extent of the disease as
Pcters recommends for Hodghms disease ** Such a classfication shown
herewith s alsa heipful 19 esamating the prognoss in an mdsidual Ppatient.
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1 Mjycosis Fungoides

Mycoss fi des 1s 1 form of mal lymplioma of the shin At vary
g stages the lesions miy be erythematous exfoliatne mfiltrative wath
nodules or plaques or atroplic with ulccration Although the prognosts 1s
generally serous for those wath this disorder, patients with localized lesions
>ometimes remam essentially well for decades tnd die from some other
cause As a rule the disorder terminates as one of the malignant Iympho
mas ¥ particularly reticulum cell sarcoma '*

DIAGNOSIS

The presence of one of these diseases 15 sugpested by the cimeal mam
festations but the antemortem diagnosts can be made only by biopsy A
suitable superficial node 15 usually avatlable Prefrence 1s given to cervical
supraclavicular and axillary nodes femoral and inguinal nodes are uscd only
if no other 1s smitable When none of the superfictal lymph nodes 15 sigmf
cantly enlarged the diagnosis can sometimes be made by a supraclayicular
biopsy particularly if disease 15 present m the lung or medistnum At
times the diagnosts can be made by the biopsy of a local tumor mass or by
needle aspirition of in enlarged Iiner Study of stained smears made from
matenal obtamed by ncedle aspirition of 1 lymph node 1s also a helpful
procedure m expenienced hinds ** The diagnosis can be made only rarely
by a study of staincd smears made from aspirations of the bone marrow # ?
but examintion of either a surgical biopsy of the murow or praffin scctions
made from aspirated matcnial 1s more hikely to yaeld the diagnosts Thus type
of exammaition of the bone marrow may be a very helpful procedure when
the diagnosis 15 abscure* Cell blocks made from pleural or aseitic flud
rarely provide a positive diagnosts 1n discases of the lymphoma group *

A negative” report of a biopsy does not mean that the presence of one
of these disc wses has been excluded If the pathologist can make no diagnosis
on the specimen other than lymphoid hyperplasia or “hyperplastic Iympha
denttis another biopsy should be performed If no suitable nodes are avail
able the patient should be exanuned persodically m the expectation that a
lesion suitable for biopsy will deselop later

Hodghins disease lymphosarcoma reticulum cell sarcoma and glant
follicle Ivmphoma must be distingwshed from other diseases that may pro
duce sumilar chmeal mamfestations The possibihty of one of the lymphoma
group 1s suggested by enlargement of superficial lymph nodes sple nomegaly
prolonged fever mcdiastinal tumors ]]{Ln]()l)hc anumia exfo]nm? dermah

I 1 1

us and spmal cord P

brucell 2 d d ted lupus eryth and ¢ to

sis often present problems m differentral diagnosis The dufficulty can be
lved only by d the of ane of the lymphoma group

hustologacally or by satisfying the diagnostic entena for the other disease
under consideration
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Stage 11

In cases which are classified as Stage II surgical treatment 1s rarely em
ployed and irrad 15 usually the of choice Therapy 1s directed
toward the mvolved lymph nodes generally beginming 1 the most mpor
tant area first Irradiation 1s started cautiously m low daily dosage levels
(about 100 r 1n air to one or two portals the HVL depending on the site of
the lesions) Therapy 1s aimed at local symptomatic relief and the amount
of treatment 1s mereased slowly As hittle as 600 r tumor dose may produce

ﬁ* ,(:-a
”' &
7 =
N R
no
-

ke y

Figure 63 Chest roentgenograms of a patient with Hodghins disease The diagnosis
of the mtrathorac ¢ tumor {A) was established by biopsy The patient re ponded unusu
ally well to irraduation and had no evidence of recurrence twelve years later (B)

the desired result and the total seldom excecds 3000 r? Eacessnely rapid
resolution of Jarge masses and severe damage to the skin areas are avoided
i possible If constitutional symptoms such as fever sweats weightloss and
anemia are present treatment with one of the alkylating agents 1s usurlly
employed If systerme symptoms are severc chemotherapy may be ginen
first and followed by wradiation Chemotherapy may also be employed if
the response to wradiation 1s poor

Nitrogen mustard intravenously m a total dose of 04 mg per hlo of body
weight appears to be the drug, of choice m Hodghins disease #1303 60 It 55
often effective mn the otlier duse ises of the lymphoma group

Chemotherapeutic agents that can be admimstered orally have obvious
adsantages for ambulatory patients Chl bucil which 1s usually given n
adose 0f 01to 02 mg per hlo per day 15 preferred to TEM because of ats
lower tonicity and greater predictability It may be the alkylating agent of
choice in the treatment of lymphosarcoma and giant follicle lymphoma s ©
Good responses may not occur until after from six to ten weeks of treatment
TEM 15 a difficult drug to regulate because patients vary a great deal 1n re
sponsiveness and the effcct of 1 single tablet cannot be evaluated for two or
three weeks # The drug 1s admmistered until the desirable clmcal result 15
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Chueal CL of Lymph

According to Estent of Disease

Stage I Involvement of only one Iymph node region or a smgle lesion elsewhere
with no constitutional symptoms

Stage 1I Involvement of two or more proximal lymph node regions confined to either
upper or lower trunk with or wathout constitutional symptoms

Stage 1II Invols ement of multiple lymph node regions with or without constitutional
symptoms or acute Hodghin s disease with no obvious lymphatic invohe-
ment

Stage 1

Patients with Hodghin s disease lymphosarcoma reticulum cell sarcoma
or grant follicle lymphoma which 1s classified as Stage I should be considered
for surgical attempts at eradication of the disease The results of surgical
treatment are best if the disease 1s confined to the stomach or the superficial
nodes n the cervical region This approach 1s based on the concept that
the disease 1n question originates m one focus Reports of the results obtamed
with surgical treatment of all diseases of the lymphoma group®  suggest
that a radical surgical approach may be justified mn selected patients The
results reported m 55 patients treated m this manner indicate a median
survaval time of over five years and relatnely frequent survival of eight to
ten years 1 all types of lymphoma The average survival time of these dis
eases treated by other methods 1s probably two or three years The results
of surgical treatment are difficult to evaluate because the surgrcally treated
group 1s a selected one in which the disease appeared localized and includes
no mstances of extensive disease which might be expected to have a poor
prognosis Nevertheless the frequency of long term survival in patients with
Iy mphosarcoma of the gastrowtestinal tract treated by surgical methods with
or without wrradiation 1ndrcates that m some patients at least the disease
tends to remam localized for relatively long periods ® 5 In such a situation
the disease 1s ble to surgical An attempt at surgical cure
appears to be a more logical approach for reiculum cell sarcoma lympho
sarcoma and gant follicle lvmphoma than for Hodglans disease but 1t has
been recommended n selected cases of Hodghkan's disease 1

Whether or not a surgieal cure 1s attempted 1n a patient who 1s classified
as Stage I an mtenstv e course of uradiation 1s given Patients with Hodghmss
disease recene 3000 to 3500 r tumor dose 1n two or three wecks the half
value layer depending on the location of the fesion Patients with lympho-
sarcoma and reticulum cell sarcoma are given 4000 to 5000 r tumor dose
four to six weehs if possible® Blocks of tissue that ncJude the lymphatic
chan for a generous distance beyond the obvious mvolsement are wradiated
Whether or not chi herapy should be adl d routnely because of
the possibility that the discase 1s present in other parts of the body 1s still
undetermmed Tt 1s not our policy to administer chemotherapy routmely
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Patients with masses 1 the supertor mediastinum  compression of the
spinal cord or nsoleement of the central nervaus system are treated cau
tously and kept under close supenvision Serous conseqquences may follow
any mncrease i pressure in the lesion or adjacent tissues that ocewrs as 3
reachion to treatraent When a lesion of this type 1s wradiated only small
dosage 15 employed A sterard drug is often given mm this situation 30 an effort
to reduce or present the mBammatory reacton in the lesion that 1s some
tines produced by mradiation The use of mtrogen mustard or TEM has
been recommended m these situations because of the belef that the effects
of these chemcals are diifercnt from these of A rays and induce regression
of the fesion without producing active congeshon or edema ¢ However at
Ieast one patient with Hod hwn s disease who had sigos and symptoms of
spmal cord p derveloped v paraplegsa twice after courses
of mtrogen mustard * No form of treatment ehmanates the need for caution
and careful obsenaton 1 patients of this type dunng the imual stages of
therapy

Prognosis

The survival time m patients with Hodghin s disease who are treated
vanes from a few months to more than twenty years® The outlock as poorest
w Hodglun s sarcoma v here the average survival tune has been found to be
about one year** ¥ Even m this type of disease sunmals of ten and twenty
years have been reported ¥® The prognomns 1s better m the other types of
Hodghins disease and the merage sarvnal tme 15 from 25 to 32
yearsth ¥ ¥

jackson and Parker recognized three dufferent types of Hodghins disease
ustologatly~paragranoloma { 1€ per cent) granuloma (78 per cent) and
sarcoma (12 per cent) They reported a relationship between the prognosts
and the histologe appearance of the lesion The prognosis was best m
patients with paragranuloma and poorest in those wath sarcoma. * Some
authors have agreed with thes opsion  and others have considered thig
viewpoint true w gencral but sot appheable to the ndmadual patient
When no distinctson has been made between the Iustologic types of Hodg
L s disease the five year survinal has been reported to be 10 per cent, ¢ 17
per cent ® and 236 per cont® A ten year survhval rate of 19.2 per ceat has
been reported ' The prognasty is Jess favorable w patints who have a gen
eralized form of discase 2 fever 3¢ levhogytoss ™ * anensa % and
vapud recurrences after thorapy % The sex of the patient has httte mftuence
on th prognosts ¢ Although there 15 no defimite correlation between age
and suninal patients under 40 vears of age appear to tolerate the disease
better than older nds sduals !

it 1 chihicult to gawn an accurate picture of the prognosis m Tymphosar
comy wd yetieulum eell sarcoma becavse of the different hustologe and
clinwal dasnifications that have been used In the report of “Murot and
baaes the tm lymphoblastorma was used to melude Hodghins discase
tymphosarcoma and other fosms of sascoma s oling the Iymphatic system

e —
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obtamed or undesirable depresston of the bone marrow occurs Accordng to
one schedule 25 mg 15 admumstered daily for two or three duys and the
mamtenance dose 1s varied according to the mtral sensitiaty as judged by
the effect on the leuhocy te count and appetite © In the majonty of pattents
wath lympl the subseq hedule of 25 or 50 mg per week 1s satis
factory during the mitial course of therapy However leulocyte counts are
performed each wech and the decision about treatment 1s withheld until the
count 15 known If the leuhocyte count falls to less than 3500 per cu mm 1t
15 advisable to defer further drug administration for at least three wecks m
most circumstances

Stage 111

Some patients whose discase 1s classified 1 Stage 11T are free of constr
tutional symptoms and may be managed by irradiation directed at the in
volved arcas Most patients m tlus category sooner or later develop marhed
constitutronal symptoms and recen e chemotherapy one or more times The
usual course of mtrogen mustard consists of four wtravenous mjections of
01 mg per hlo each® but a fifth dose from three to six days later has been
recommended ™ In order fo shorten the patients hospital stay and reduce
the number of gastrowtestinal reactions some phy sicians admmster the total
amount of mtrogen mustard 1 a single intravenous injection of 04 mg per
lilo ? Courses of nitrogen mustard are not repeated mn less than six or eght
weeks unless urgently needed® In the lympl diseases 1l
responses often follow chemotherapy and sometimes the remission persists
for a year or more Treatment of patients with advanced disease aums at
paliation not cure and irradiation is employed mamly to treat lesions that
are producing symptoms

The adrenal corticosterords are useful m the trcatment of selected pa
tients Although the Iymph nodes rarcly show much decrease wr size as 3
result of treatment with these p I reg of spl ly tumor
masses and hepatomegaly has been observed m both lymphosarcoma and
Hodghin's disease ¥ More often the patient improves symptomatically In
many patients there 1s an improvement 1n appetite associated with a diminu
tion 1n fever and pamn and 1n some there 1s an merease 1 hematopotesis
These preparations are particularly usefol 1 patients who develop thrombo
cviopenic purpura or hemolytic anemua When one of the sterord drugs 15
given u addition to more speaific measures to pattents with 1ymphoma who
have auto tmmune hemoly tic anemia an exccllent response cn be expected
1n about one half the patients 1n about 15 per cent the response 1s poor

Splencctomy 15 somcttmes performed on selccted patients wath these dis
cases when severe leuhopenia, thrombocy topenia or hemolytie ancmia oc
curs and fails to respond to other measurcs The procedure appears to be
e m patients with giant follicke 1y mphoma * The response

atients wath lvmphoma who hasc auto unmune hemoly ic
d to

particularly effectiv

to splenectomy in p
anermia 1s unpredictable: probably less than half of such patients respon

this procedure but m some the results are eacellent 3*
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snterpreted as “hyperplastic lymph node " Two months later the patient de
seloped mght sweats pleural effusion and aseites A repeat biopsy of a
cervical node at this ime was mterpreted as “Hodghms disese”

Dunng the next 12 years the patient received therapy at mtersals that
vaned from six months to three years She was usually treated with high
voltage radiation but at vamons tmes was treated with nitrogen wustard
TEAf and chk buesl On nine courses of x ray therapy were
grven to the mediastmum spleen and vanous superfictal nodes Dunag all
this tine she was managed on an ambalatory basis and led an active hfe

In the spring of 1958 the patient developed anemua {hematoent of 27
per cent) thromboryfopena {platelet count 20000 to 40000 per cnmm }
and leuhopersa {white cells 1000 to 1500 per cumm ) 1t nas thought that
the pancytopenia was the result of splenomegaly associated wath Hodghins
disease or a combmation of ths factor and the effect of treatment on her
bone marrow She was treated with pred: frequent fi and
small doses of chlorambuctl and was only shghtly incapantated until Octo
ber 1958 At this hme she was admitted to the hospatal with a hustory of
severe frontal and occrpital headache of eight days durahon Six days prior
18 ad she notweed ecch around the eyes and complaned of
diplopra She also reported wealness and bness of the left hand
and wnst The hematacrit was 21 per cent white count 1400 per enmm
and platelets 000 per cumm \fashed weight loss was apparent It was
thought that the patient had advanced Hodghns disease and that she had
soffered an intracransal bemorrhage because of the thrombocytopema When
tumbar puncture was performed the openmg pressure was found to be 600
mm The Aud contamed 230 red cells and 80 neutrophils per cumm The
spural Buid protem was 10 and the sugar was 48 Eaammation of the cere
brospinal fimd rev ealed numerous Torula organisms Desprte treatment with
pred k B and other the patients conditron de
teriorated rapidly gencrahized convulsions developed and she died a few
days later twelie years and two months after the onset of the first symptoms

Postmortem 2x revealed spl ty and of the
Iymph nodes The presence of Hodghins discase was sdentified in the Ivmph
nodes Howewer the stnkang finding was the severe generalized systemte

It by Tagala whach were presest taonghent the Yongs

ludneys brain and meninges
Comment  This patrent 15 somewhat uousual o that she sunned for
over twelie years with Hodghins discase She responded well to dufferent
forms of on even though the disease was
lizedt when rst d d She b the fact that generabzed
disease at onset does not necessanly mean a poor prognosis As sometumes
happens tn discases of the hymphoma group the mtal node biopsy did not
reveal the diagnosis The final episode was generalized torulass with memn
s death appeased to be due to this mfectiop rather than the progression
of the Hodghu s disease Toruloss which 1 not an uncemman development




408 FUNDAMENTALS OF CLINICAL HEMATOLOGY

The duration of disease m this senes of 163 patients who were not treated
with uradiatton was 245 years* In Jymphosarcoma the average survnal
time has been reported to be 23 years ( lymphoblastic lymphoma” 14
years “lymphocytic Iymphoma 83 years) 1 15 years® and 23 years®
The five year survnal rate has been found to be 263 per cent!® wd 19 per
cent In one senes the ten year survnval rate was 17 per cent ¢ In a senes
of 182 patients with “lymphosarcoma (a drignosis that cluded “lympho
blastic “lympliocytic  clasmatocytic” and “retrculum cell” sarcoma) the
five year survival rate was 24 per cent ! In the group of 95 patients with
disease largely confined to the peripheral lymph nodes the mean duration
of ullness was 28 = 03 years and the five year survival rate was 232 per
cent In a gronp of 52 panents whose clinical manifestations were caused
manly by masses in the thorax or abdomen the mean duration was 14 %
02 years wd the five year survnval was 19 per cent In a special group of 44
patients with chmcal evidence of discase imited to one organ {gastromtest
nal tract oropharynx shin bone) the mean duration of ilness was 3 4 years
and the five year survnal rate was 386 per cent~! Average survinal tumes
of 18years* and 19 years (“stem cell ymphoma and “clasmatocytic lym
phoma”)*® have been reported 1n reticulum cell sarcoma

It 1s generally agreed that glant follicle Iymphoma has a better progoosis
than the other diseases m the lymphoma group Average survival times of
35 jears 56 years' and 60 years' and a mean duration of 44 = 05
years ! have been reported Fre year sunnal rates of 50 per cent!? and
45 8 per cent? and ten year survival rates of 11 per cent! and 83 per cent”
have been reported

It 15 sirtually mpossible to predict accurately the survival tme of an
wndividual patient In general the prognosis 1s best when the disease s
apparently limited to a group of superficial ymph nodes and 15 unaccom
panted by constitutional symptoms such as fever sweating fatigue weight
loss changes n the peripheral blood or «pl Iy Although
oceur patients with generalized disease especially those with constitutional
symptoms and marked changes m the peripheral blood have a worse prog
nosis Patients with lymphosircoma confined to the stomach who are treated
surgicallh  wath or without nradiation have a better than average prog
nosts 1 In the other types of lymphoma it has not been shown that therapy
prolongs hfe sigmficantly® $3 3 although 1t appears to be hfe saving i
certun patients

ILLUSTRATIVE CASES

Hodgkin's Disease

Tius patient was 21 years old in 1946 when it was noted that her abdomen
did not return to normal size following, delvery of a normal child On¢ montlt
Iater she was found to have enlurgement of the ingunal nodes cenvical
nodes and nght axilary nodes Biopsy of a lymph node at this tume was
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mterpreted as  hypesplastie lymph node ” Two months later the patient de
veloped mght sweats pleural effusion and ascates A repeat biopsy of a
eepvical node at this bme was wterpreted a5  Hodghns disease ™

During the nest 12 years the pattent recestedd therapy at wmtenvals that
saned from six months to three years She was usually treated wath high
soltage racation but at vanous times was treated with mtrogen mustard
TEM and chk buct On nane courses of x ray therapy were
given to the mediastnum spleen and vanous supesfictal nodes Dunng afl
thus tme she was managed on an ambulatery bass and led an actne bie

In the spring of 1958 the patient developed anerua (hematoent of 27
per cent) thrombocy topena  platelet count 20000 to 40000 per cumm )
and leubopema {white cells 1000 to 1500 per cu mm ) 1t was thought that
the pancytopema was the result of splenomegaly assocated with Hodghin s
disease or a combmation of this factor and the effect of treatment on her
bone manow  She was treated with pred frequent £ and
small doses of chlorambecd and was only shghtly meapacstated untd Octo
ber 1858 At thus tme she was admtted to the hospital with a Iustory of
severe frontal and pital headache of exght days duration Six days prior
to admission she noticed ecchymoses avound the ¢yes and complamed of
diplopra. She also reported weakness and b of the left hand
and wrst The hematocnt was 21 per cent whute count 1400 per cumm
and platelets 3000 per cumm Marked warght loss was appatent It was
thought that the patient had advanced Hodghins disease and that she had
suffered an mtracrarial hemorrhage because of the thrombacytopema When
hunbar puncture was performed the opening pressure was found to be 600
mm The flind contmned 250 red cells and 80 nestrophils per camm The
spinal fluid protem was 10 and the sugar was 48 Examanation of the cere
brospnal flurd revealed numerous Torula organusms Despite treatment wath

1

B and other the patients A de
teniorated rapdly hzed 1 developed and she died a few
days later twehe years and two months after the onset of the first symptoms

Postmortem revealed spl I and enk: of the

ymph nodes The presence of Hodghins diserse was dentfied 1 the lymph
nodes However the stnhing finding was the severe generahzed systeric
infestation with Torula organisms which were present throughout the lungs
Judneys bram and menmnges

Comment  This patsent 15 somew hat unusual 1 that she sunwed for
aver twehe years with Hodghins disease She responded well to different
forms of o even though the disease was
generahzed when first dragnosed She sllustrates the fact that generahzed
disease at onset does not h mean a poor prognosis As
happens m diseases of the lymphoma group the mstial node biopsy did not
reseal the disgnosis ‘The final episode was generalized torutoss with menin
stis death appeared to be due to tus mfection rather than the progression
of the Hodghans disease Torulosis which 15 not an uncommon development
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m patients with lymphoma was 1pprently present m this patient for some
months without bung recognized

Reticulum Cell Sarcoma

This 53 ycar old winte male realtor was admtted to the hosputal three
weeks after i attach of "l that was chrctenzed by malase and mild
fuver Two weeks prior to admission he developed progressnve dyspnea He
was found to huwe v nght hydrothorax and thor wentesis was performed on
several oceisions with removal of 1 to 15 lters of flnd Because the flud
reaccumulated ripudly he w s refared to the hospital for study

Physical examunition revenled the sipns of hydrothoras on the nght In
addition the nght wallary nodes mesured 2 to 3 em and the Ieft anllary
nodes measurcd 1 to 2 cm Laamination of the cell blocks prepared from
pleural flud wis mconclusive on seieril occasions Biopsy of i axllary
Iymph nede reverled Ivmphosarcomt The remunder of the physical and
Liboratory extminations wre normal

This patient recencd 1 course of a ray therapy totalling 1800 r to each
sude of the chest i August 1949 In addition he recenved 04 mg per hlo
grun of mtrogen must ird mtravcnously He responded well sy I
but wrdiation was necessary i August 1950 m October 1950 and agan
m September 1931 Nitrogen mustard was wdmmustered n August 1952
md m Septunber 1852 In the full of 1952 cortisone w 1s admunistered

At the end of January 1953 the cervical wnd submental lymph nodes
enlarged rpudly the 1ppetite fuled and the patent lost waght and was
readmitted to the hospital Exammation disclosed generalized enlargement
of the superficial lymph nodes night and left hydrothorax hepatomegaly
splenomegaly and numerous other mtra abdomunal masses The hemoglobin
was 6 gm per 100 ml the red count was 20 per cumm  the white count
was 2800 per camm and the duferential count was normal The blood
urea mtrogen was 100 mg per 100 ml Other laboratory studies were essen
tially normal Despite treatment with transfusions and other measures the
patients condition detenorated steadily and he died three weeks after ad
mussion three and one half years after the onset of Ius symptoms It was
thought that the termnal episode was pneumonia

Postmortem exammation revealed large retropentoneal tumors which
were obstructing the ureters There was generalized enlargement of the
lymph nodes hver and spleen Arens of tumor were present i the Jadneys
nbs lungs and vertebrae Areas of pneumonia were present in both lungs
The bone marrow was partly fatty but arets of hyperplasia were present
The final dirgnosis at autopsy w1s reticulum cell sarcoma

Comment This case lustrates many of the usual features of the
lymphoma The disease first appewred m middle age Several reglons were
involved when the patient first Ited his phy n Histol: study of
the pleural flmd did not blish a d but a d of lympho-

sarcoma was made on a biopsy of an aullary lymph node The patients
disease responded well to uradiation and mitrogen mustard for several years
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Howerer 1 the last few months of his Ife the tumor progressed rapidly
and Jus tlness termunated with an epusede of paeumonia. The wntial biopsy
was nterpreted as lymphosarcorna and at autepsy a diageosss of “reticulum
cefl sarcoma™ was made Distinction between the two 1 often difficult and
at tuzes the biopsy diagnosis duffers from the autopsy diagnos:s even when
the seotxons are reviewed by the same pathalogist as was true i thus patient

by such duff m wsually have hitle effect on the
m.magement of the patient.

Giant Follicular Lymphoblastoma

This 54 year old whate b 1 Ited her ph m November
1857 because of an enlarged lymph node i the left side of the neck. The
patient reported that six months earber she had poticed the transent en
largement of a node mn the Jeft supraclavicular area at the tune of an upper
respiratory mfection S“elhng of the node recusred several months later
dunng an attack of “1 agun subsided but re
appeared a month prier to exammahon and persisted during the mtenal
Physical reveated moderately irm nodes that measured 1 to 2
crm. tn the left sub dibular area left supraclavicular area left axilla and
nght mgumal area The remamder of the physical examination was normal
Unnalysis hematocnt, leuhocyte count and differential leukocyte count
were normmal A left supraclavicular node was exased for study and was
reposted to be “guant follicular lymphoblastama.™

The patient recered no treatment but felt well unt] November 1938
v»hc.n she had an episode charactenzed by fever malase and abdominal

The fever subsided and she unp d somewbat but continued
o han e abdommal distention muld nght lower quadrant pam, and wregular
attacks of muld darrhea. Duning this tme she noted progressive weakness
but lost no wexght. The ph) sxc.ﬂ exanunation appeared unchanged but the
yte count Wy untl \arch, 1959 when 1t was 22500
per cumm At the same hme the hematoent was 37 per cent. Reeatgeno-
graphie studies of the chest, stomach small bowe! and colon were all con
sidered to be normal Because of her contmued symptoms she was refesred
to the University Hosprtal

At the tme of adnussion a moderately firm  shightly tender 1 defined
mass was palpable i the right fower quadrant Moderately firm lymph nodes
that measured 2 e diameter were felt beneath the left mandible m the
left supraclavicular area, and 1 both axillary and mgumal regions The her
and spleen were not palpable The remamder of the exanunation was non
contnbuwry

n

it 37 per cent white count 22,000 per
cumm  dllcrential count {per cont) bands 8 segmented 76 Iymphocytes
168 monocites 1 eosimopluls 1 The platelets were 374 000 per cu moL Un
nalvsis was nonnal Boue marrow exumnation renealed marked generalzed
hyperplasia.

Laparotamy was pedformed because # was thought that the mass m the
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night lower quadrant was a tumor of lympt ongn probably Hodg
hins discase At operation 1t was found that the mass that had becn pa]pated
consisted entirely of omentum Both the colon and small ntestine were free
of obstruction Howevcr greatly enlarged lymph nodes were found m the
root of the mcsentery and 1n the penaortic area Histologic study of the
omental mass revealed chrome inflammation and a Iymph node biopsy was
mtcrpreted as Hodphins discase

The patient s postoperative course was uneventful She was treated with
uradiation to the abdommal areas and two months latcr was given a course
of nitrog,en mustard intravenously 04 mg per hido of body weight

Comment  Tlus patients course illustrates the transformation of the
lustologic picture of gumt follicular lymphobl or Bnll "
disease mto that of Hodghins discase Although some patients with giant
follicular lymphoblastoma follow a relatively benign course for many years
not wfrequently the chmeal manifestations of the disease change when the
lustologic prcture alters to that of Hodghins disease ]ymphosa.rcoma or
lymphoceytic leukemia When the d of giant follicul
toma s made the patient 1s usually treated with uradiation or chunotherap)
as 15 customary with the other diseases in thus group When the diagnosis
of Hodghin's disease w1s made m this patint she was treated with wradia
tion to the abdommal regron because of the major mvolement of this area
and wath an alky lating agent because of the widespread nature of the disease

Lymphosarcoma

Tlus 65 year old wlute saleslady was well until December 1953 when
she noticed small purpuric lesions on the palms of the hands Dunng the
next month the cutneous lesions increased and became generalized These
lesions persisted and during the following sin weeks the patient notced
crampung, pamns and edema n the legs muld anoresia and werght loss of 10
pounds She was admtted to the hospital on March 17 1956

Physical Exammauon  Signs of hydrothorax were present bilaterally
The spleen wns palpable three fingerbreadths below the left costal margin
and multiple orange sized masses were palpable througk the abd
Pitting edema was present in both legs The trunk back and upper arms
were covered with maculopapular hemorrhagic rash The remamnder of the
exammation was essentially normal

Laboratory Exammation Hematocrit whte count differentral count
unnalysts blood urea, stool exammation and prothrombin times were nor
mal Roentgenogram of the chest revealed small bilateral pleural effusions

Bone marrow ex 10n disclosed the normobl, type of enytt
assoctated with a moderate mcrease 1 lymphocytes a pattern that was
thought to be with lymphosarcoma or lymphocytic leuhemia Bi

opsy of an aullary lymph node was diagnosed as lymphosarcoma ™
Course  She was treated with a total of 125 mg of TEM m three doses
and was discharged from the hospital She was readmutted three weeks after



MALIGNANT LY MPHOALAS 411

the last dose of TEM and four weehs after the first dose with a four day
tastory of fever unproductive cough pam m the left chest and dvspnea
The mtra abdomnal masses had become much smaller and the shin lessons
had cleared almost pletely On ad: the I was 33 per
cent, white count 250 per cu mm  and the platelet count 136 000 per cu mm
‘Thoracentesis was performed on several occasions and pewcdhin was ad
mustered because of the granulocy aod She mproved
promptly and ten days after admnssxon the white count had nsen to 2200
per cumm One menth later two months after the last dase of TEN the
hematoent was 40 per cent the white count 4000 per cu mm. and the differ
catad count was normal

The patient was largely as)mpwmauc :md recencd no treatment for a
year when enlarg of the teular lymph nodes and mtra
abdommal nodes recurred The patuent was guen 5 mg of TEM and de
veloped nausea, vomiting and duarrhea despite the fact that she had tahen
chlorpromazine before the TEM The patitat s abdomunal nedes decreased
m size remarhably The patient felt well for five snonths at which tune the
superfictal and mtra abdominal lymph nodes agam increased 1n size At thus
tme a prolonged course of TEM consisting of a total of 575 mg was ad
nuastered over a s month penod At the end of this time the asillary and
supractavicular nodes measured about 2 om w dramcter the mtra abdommal
masses remained but the patent was largely asymptomatic and contwued
to work,

Five months after her last dose of TEM {eighteen months after ber first
admssion) swellmg, of the legs and marked enlargcment of the superficial
and ntva abdonunal nodes reeurred Treatment with chlorambuc! 6 mg a
day was started when the lethocy te count was 3000 per cu mm One month
later there was less swelling m the abdomen the superficial nodes were no
longer enlarged the mtra abdomunal masses appeared smaller and the dose
of chlorambueil was reduced to 4 mg per day Two months after begnnng
chlerambuci! no enlargement of the superficial lymph nodes could be de
tected and the intra abdommnal masses were just palpable Four and a half
mouths after chlorambucit was started the patrent reported that she was
eatuelv asymptomatic Exammation at this tme revealed no cnlargement
of the superfical lymph nodes Iner spleen or ams detectable mtra abdom
ual masves Tha encellent serovon lashed for su weniks st fuckez
treatment

Comment  The course of the lymphosarcoma w this patient lustrates
many wstruchve features (1} the onset with skn leswons and gene ahized
msobement of the lymph nodes (2) the decision to treat the patient wath
an alkylating agent rather than uradtion because of the widcspread dis
tribution of the disease () the occurrence of severe granuloeytopensa
three to four weeks after the admumnstration of TEN (1) the excellent re
mussions obtaned with small amounts of TEM early in the course of the
ducase (5% the vanable wmadence of toue mansfestations after admuustra
tion of dufferent amounts of this drug (8) the wncreasing resistance of the
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lymphosarcoma to TEM (7} the cacellent remission obtamed wath chloram
bucil after the patient had become resistant to TEM  (8) the time required
to obtun the remussion with chlorambucil (four and one hnlf months) (9)
the rdlatnvely good prognosis of some paticnts with lymphosarcoma that 1s
alrcady widespread when the patient 1s first scen

MULTIPLE MYELOMA

Multiple myeloma 15 an unusuil and nteresting discase i many respects
The symptomtology 15 cxtremely vaned and strihing abnormahinies are
often apparent on the physical and roentgenologic examunations The mtro

duction of the needle aspwration of the bone marrow has made the tumor
cells casily availible for lustologic study and a number of different cellular
abnormalities have been observed The disease has been of wide nterest to
myveshpators because at 15 charactenized by a number of metabohe disturb

ances particularly 1n protetn metabolism Although multiple myeloma 1s a
rare disease 1t 1s important because a bettcr understanding, of the abnormali

ties m protemn metabolism that occur 1 this disease will probably contribute
to a better understinding of normal protem metabolism and antibody
formation

HISTORICAL

Multiple myeloma was first reported m 1847 m 2 tradesman who pre
scnted wath “mollities osstum  (soft bones) and urme contaimng large quan
tiies of ammal matter  The patient was studied by Drs MacIntyre and
Watson and a unne spectmen was sent to Dr Henry Bence Jones who de
seribed the peculiar characteristics of the unusual protemn found 1 the
urme ¢ The protem wlich he desenibed 15 stll known as Bence Jones
protem The name multiple myeloma was gren to the disorder by von
Rustizky n 1873 ¢ Prior to 1900 1t was thought that different cellular types
were responsible for the tumor in different ndwiduals In 1900 Dr James H
Wnght established that the myeloma cell 1s related to the plasma cell and
concluded that the neoplasm anses from an abnormal proliferation of these
cells® These conclusions have been confirmed many hmes particularly
smce the mtroduction of marrow aspiration by Arinhmn i 1929°¢

PATHOGENESIS AND PATHOLOGIC PHYSIOLOG}

Multiple myeloma 1s dered to be a mal pl that anses

1 the bone marrow and myolves the skeleton prunanly The clinical features
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A

B MYELOMA

Fe c6f Paper electrophore s of serum and unne w multiple wyeloma, fn & the
abrommal proten 13 found w the wrne but 15 not apparent w secum B The abnormal
prot ns found w bath the unne and the serum
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of the disease are attnbutable to the locatton of the tumor and to abnormah
ties 1 proten metibolism While multiple myeloma appears to be pn
manly a widespread disorder of the bone marrow sohitary osscous tumors
md evirasheletal nests of mydoma cdlls are found oceastonally  Whether
these lestons e metastitic from some shelctal site or wrise from precursors
m sty 10 response to some stimulus 15 unhnown ™ A tumor which has many
of the charwtenstics of multiple mycdomn has been established i a stran
of mice Studics of the bchavior and metabohe charetenstics of this tumor
will probably gnve addttiona] inform ition 1bout multiple myeloma w man ™
Multiple myeloma has also been studied in tissuc culture * These studies
provide cvidence that both Bence Jones protan ind gamma globulin are
produced by myclomu cells grown m vitro

Mjyelom cdls are apprently responsible for the production of the
abnormal protans that are found n the sernm ind urne of pitients with the
diseasc Recent evadence mdicates that the abnormal unniy and serum
protems that oceur m any one cise of multiple myeloma are separate and
distinet from ali other mytlom protemms 1s well as from the normal serum
protans® ™ The most common protun abnormahties are the occurrences
of Bence Jones protemn 1 marked mcreise m the grmma globulin and the
occasional prescnce of eryoglobulin Less often a form of prunary amyloidosts
is seen

The Bence Jones proten i the urme 18 not 1 deryatne of the abnormal
serwmn protems but 1s formed de nosvo in the body from ammo 1ad precursors
at a rate that excecds the rate of production of the abnormal serum proteins
As much 15 20 or 30 gm of Bence Jones protein m1y be excreted i the urme
cach day When 1t 1s recilled that from 70 to 90 gm of protein 1s 23 ailable
m the daily dict of the ~dult 1t 15 apparent that the amount eacreted as
Bence Jones protein constitutes 1 considerable di ersion of protemn from the
usual metabolic needs This remarkable evcretion of protem continues mde
pendentls of any exogenous sotrce of protem 8 The prolonged excretion of
Bence Jones protem i the urine may produce renal msufficiency Apparently
the protem 1s not specifically toare to the renal tissue but 1s precipitated
the tubular lumen and m this was 1t leads to the eventual loss of the prou
mal nephron umit 3 Vacuolition and precipitation of protem have been
obsened withm the tubular eprthelum % and 1t has been suggested that
these tubular lestons may be the cause of renal tubular reabsorphion defects
like those of the adult Mancom syndrome  For some obscure reason mtrogen
retention which results from renal lestons m multiple myeloma 1s rarelv
accompamed by the hypertension usunllv scen mn other forms of renal discase
severe enough to produce azotemia

As a result of the mereased production of protemn the level of the serum
protemn particularly the globuln fraction is usually mereased m multiple
mycloma The mcrease usually wmvolves the gamma globulm but 1n some
instances the alpha and beta fractions are most affected Despute the large
amount of gamma globulin that 1s often present n the crculating blood these
patents are usually able to respond with only a poor antibody response to
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antigeme challenge ** 1t 1s pot hnown whether this defiaency 15 the sesult of
the dunerston of protem needed {or antibody formation it otlser channels
orof a & of antibody f in the plasma cells The m

creased susceptibility of patients wath muluple myeloma to pulmonary m

feution taay be a consequence of the mcrease m serum protemn which causes
an mcrease m the blood viscosity and Jeads fo thromboss of the small pul

monary vessels Pulmonary 1fection 15 aiso favored by the subnormal ants

body response and the d d put 3 wentik that 13 dary to
pamfud fractures of the nbs or vertebxae 57

Another example of the profound alteration i protem metabahsm m thes
disease 15 the occastonal occumence m the serum of a eold precipitable
gobuhn This protem known as enyoglbobulin s found mest often w multple
myeloma but may also octur m other diseases When ot 15 present i large
quantities the cryoglobulin may preaipitate m the blood mn aveas of loner
tesoperature such as the ears nose fingers or toes and m this way produce
thrombusts ulesration or g4 Raynwds ph may oceur I
these crcumstances ™ As the amount of crye labulin mereases the entical
temperature nses wath the result that preapitabon sometmes oecurs
deeper structures m the body

An ausual ak lity of protem a form of amylordosts 1s
seen wi approamately 5 or 10 per cent of the pattents with muluple mye
foma® & 2 The distnbution of amylod matersal 15 siomlar o that seen
prumary amy Jodosts 1t has been found m the banes oluntary muscles shan
Iver spleen gastromtestinal tract adrenal glands hidneys tongue heart
and synovial tissues In the Jatter crcumstance clmsenl features that resemble
theumatord uthebs may ocour

Hypercaleerma 15 not wnusual m muftsple myeloma® ¢ ® % 8 Jt may
oceur as the resalt of b perprotemenua which affords the plasma a greater
caiamm bading capacity or s the result of bone destruction with 2 release
of more ealeim ante the blood than can be ewreted by the idneys The
decreased renal function often found w mmdtiple myeloma may ako con
mbute to the hvpercalcernia ' Scrum alewm fevels as Iagh as 16 or 18 mg
per 100 ml occtr wathout am symficant dsturhance 1n the Yevels of the
scrum phosphiorus or athaline phosphatase G i dysh
weakness apathy polidipsia and polvemy are found m association with
mederate wmeresses of yorun cakerae wheke ver gk dovebs of sevum calorum
may frad to vascular cotlapse and death @

The ncoa momultiple myeloms b due mamly f oot entirely to de
ar¢ et d envihropoesis It 1s tcresting that & disease characterized by such
marked disturbance of protewn metabolssm 13 so rasely d with the
auto mmune type of hemolhbic anemsa

ol

CLINICAL MANIFESTATIONS

Multiple myeloma occuts in all races and 1s about twice & common n
wates as m fewales ¥ Prior to the troduchion of sternal biopsy 1t was re
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ported to constitute 0 03 per cent of all malignancies 4 It 1s charactersstically
a disease of older persons The discase has been reported m patients less
than 20 ycars of age  but 95 per cent of the paticnts in one seres were over
the age of 40 years * In 2 group of 50 patients reviewced by the authors all
were past 40 years of age and 80 per cent were over 50 years of age ®’

The commoncst presentmg symptom as pain which occurs some time
durng the course of the disese n nearly all patients Unfortunately 1t 1s
often disabling and drfficult to control The pain 1s due to msols ement of the
bones and to pressure on the 1djacent norves Compression fractures of
vertebrae which occur mn about one half of the patients re most likely to
be found m the uppcr lumbir and Jowcr dorsal vertcbrae 94 4 # Pathologic
fractures of the nibs are common and fractures of the fomur sternum 1hum
humerus clavicle and pubic bones wre not rire In some patents the dis
comfort 1s mild 1nd poorly loeilized but i others the occurrence of a frac
tur¢ 15 accompanied by the sudden onsct of severe girdle hke pain m the
chest or ibdomen Pam with and without fracture occurs commonly m the
lups legs shoulders and arms but 1s rire n the neck and head At times
pun s not a promment feature and the history 1s mamnly that of recurnng
attacks of fever or pnecumonnt The diagnosis of such cpisodes may be
puzzhng, if other mamfcstations of multiple myeloma we not evident At
tacks of this nature wlich were scen 1n 50 per cent of one sertes are most
Iikely to occur mn patients with greatly clevated scrum globubin levels
Whethor these transient pulmoniry mamfcstations are episodes of pulmo
nary farction or pneumomnia 1s uncertan The chnical picture 1s usually
that of fever cough mucopurulent sputum and roentgenclogic evidence of
patchy nfiltration mw the lungs

The frequent occurrence of radicular pan and evidence of cord com
pression n multiple my eloma 15 well hnown but the oceurrence of penpheral
neuribis without compression 1s not so widely recogmzed The frequency of
all types of neurologic mvolvement m multiple myeloma has been placed at
10 per cent® 14 per ccnt,® 18 per cent, 8 and 40 per cent * ** In the
last series cord compression with or without paraplegia was seen n about
14 per cent of the patients all of whom had roentgenologic evidence of
compression fracture of the spine Tlurty per cent of those with neurologic
manifestations evidenced mvol ement of the spm il 1oots or penpheral nerves
m the absence of vertebral collipsc Involsement of a nerve was manifested
by ridicular pam or other evidence of penpheral neuntis such 1s foot drop
hypesthesia paracsthesia weikness or muscular 1trophy Cranial nerve 1
volvement appears to be unusual

Renal Jid occurs not mirequently 1 multiple my eloma and may
dommate the clinteal picture ™ ¢ 5 # Renal fulure wluch 1s secondary
to mvolvement of the lidney by the discase 15 unusual m the absence of
Bence Jones protemurta ** Hypertension 1s usually absent mn these cases even
when sexere azotemia 1s present The occwrrence of azoternia withaut hyper
tension should arouse the suspicion of multiple myeloma
Other less common mamfestations of muliple myeloma are psychotic
sodes often assocated with marhed elevation of the serum calcium arthn

ep
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s assoorated wath deposits of amyload mn synpvial membranes and the pres
ence of palpable tumors overlymg the mvolved bones

Significant loss of weight duning the course of the diserse was observed
m 63 per cent of one sertes #

Physical examnation may disclose nothing more than 1s usually found
w patients of the same age group Probably the most frequent finding 15
tendemess on pressure over the areas of osseous myolement Falpation
should be gentle 1n these patients One of the authors once had the expent
ence of producing - fracture of the sternum while testing for sternal tender
ness and then produced another i the humerus when he helped the patient
change posttton Among the commonest signs on physical examunation re
those associated with compression of the spinal cord and iy ol ement of the
penpheral nerves Palpable tumor masses are seen in a mmonty of patients
and then usvally onlv i the later stages of the disease 8 Moderate en
largement of the superficial lymph nodes 1s seen frequently Palpable
enlargement of the Iis er accuss 1n from 11 ta 40 per cent of the paticats and
m from 2 to 25 per cent the spleen 15 moderately enlarged ®

Abnormlittes of the skeleton that are d ble by x ray
one of the most charactenstie featurcs of multiple myeloma The most typical
changes are the presence of multiple clearly defined punched out lesions

Fig 65  Roertge ogram of 2 patser t with o Juple miy cloma show, 1ng the characteristic
“punched out” lesions
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that mvolve several different bones (Ig 65) The size of the lesions vancs
from a diameter of 1 or 2 mm to areas as large as 10 to 12 em  the lesions are
1 1zcd by the ab of any b rewtion  * In some
patients such definite lesions are absent and rocntgenograms show only
generalized demmerahization similar to that scen n semle or postmeno
pausal osteoporosis In both types of lesions pathologic fractures particu
larly compression fracturcs of the vertebrl bodies are common Suce the
advent of sternl puncture and more detuled study of the plasma protemns
as diagnostic measures 1t has become evident that some patients perhaps 5
to 12 per cent with undoubtcd myeloma have no demonstrable abnormalh
ties n the roentgenograms at the time the diagnosis 15 made® 7 8 8 %
Demonstrable lcsions occur most commonly 1 the spme nibs sternum and
clavicle lesions of the shull extremuties pelvic girdle and shoulder girdle
occur about half as often ¢ # Lesions of the mandible occur less often

LABORATORY CMAMINATION

Many abnormalities oceur 1 the penipheral blood m paticnts with mul
tiple myeloma Anemua 1s one of the commonest features and 1s rirely absent
throughout the coursc of the disease In one series the hemoglobin ranged
from 6 to 10 gm per 100 m] nd the crythrocyte count ranged from 2 to 4
mil per cu mm * The anemun 1s usually normocy e but when severe it may
be macroevtic The leukoeyte count 15 usually normal but n one large senes
20 per cent of the patients had leuhocy tosis and 40 per cent had leuhopenia @
Exammntion of a smear of the pcrpheral blood may suggest the diagnosis
because of the presence of roulew formation or plasma cells or other ab
normal lear cells that r ble the abnormal cells found n the
bone marrow These cells may become so numtrous m the penipheral blood
that a diagnosis of plasma cell leuhemi1” 1s made Normoblasts and myelo
cytes appear i the peripheral blood not nfrequently but are most likely to
be seen 1 the advanced stage of the discase The platelet count 15 pormal
m most patients but thrombocy topenza has been reported to occur n about
25 per cent

Exammation of bone marrow obtamned by aspiration reveals a diagnostc
o suspicious cell pattern m approstmately 80 per cont of the cases of mul
tiple myeloma ® The most characteristic finding 1s the prescnce of “mye
loma” cells which mav constitute from 4 to 98 per cent of the cells pres
ent 87 These cells which vary from 15 to 40 microns n dimeter usually
have a single eccentrcally placed nucleus The chromatin pattern of the
nucleus ss finely dvided and often cont uns several small nucleoh or a single
large nucleolus Vanous types of mnclusions are sometimes seen m the cyto
plasm of myeloma cells Some cells appear vacuclated (Mott cell) and
others contain protem particles that are thought to ongmate in the cell One
such protem forms the Russell bodies which appear cosmoplulic with
Wnghts stamn and sometimes resemble whole erythrocytes or fragments of
erythrocytes Other cells contan protemn particles and have a bluish color
when stained with Wights stan and stll others contan defiute protemn
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Figure 66 A and B Plasma cells contamng Mott bodics bone marrow aspration
multtple myeloma.

crystals In many patents the typical myecloma” cells are not seen but
wstead there 15 a large mcrease m cells that appear to be mature plasma
cells It 15 extremely rare for such eclls to constitute more than 30 or 40 per
cent of the total cells ;o the marrow m any disease other than muluple
myeloma Less pronounced wncreases in the marrow plisma cells oceur 1n
a number of disorders such as hyperscosiivty states collagen diseases dis
d chronie nfe (p 1y the ¢

types) and carrhosts of the Inver® ¢ 77 %8 #1 \ultiucleated plasma cells
arc seen commonly both mn mycloma and 1 other dns(zrdus

A scrum protein ak Ity that 1s le by el 1
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that mvolve several diffrent bones (Iig 63) The size of the lesions varies
from 1 drametcr of 1 or 2mm to arcas as large as 10 to 12 em  the lesions are
chartetenzed by the absence of any osteoblastic rewtion  * In some
patnts such definite lesions are abscot and rocntgenograms show only
generalized damnerilization sumilir to that scen i senile or postmeno
pausal osteoporosis In both types of Iesions pathologic fractures particu
larly compression frictures of the vestchrl bodies are common Since the
advcnt of sternal puncture and more dctailed study of the plasma proteins
as drignostic measurcs 1t Iis become cvident thit some patients, perhaps §
to 12 per cent with undoubted myelom have ne demonstrable abnormah
ties 1 the roentgcnograms 1t the time the diagnosis 1s made 8 7 8 # %
Demonstrible lesions occur most commonly n the spime nbs stemum and
clacle lesions of the skull extramties pedvic girdle and shoulder gudle
occur about half 15 often ™ * Lesions of the mandible occur less often

LABORATORY EXAMINATION

Many abnormalities oceur m the peripheral blood m paticnts with mul
tiple myeloma Ancmiy 1s one of the commonest features wnd 1s rirely bsent
throughout the course of the discase In onc serics the humoglobin ranged
from 6 to 10 gm per 100 ml and the crythrocyte count ranged from 2 to 4
mul per cumm * The anemua ts usually normocy tie but wheu severe it may
be macrocytic The lenkocyte count 1s usually normal but m one large sencs
20 per cent of the patients had leuhocy tosts and 40 per cent had Jeuhopema i
Lxamnation of 1 smear of the penpheral blood may suggest the diagnosts
because of the presence of roulcru formition or plasma cells or other ab
normal mononuclear cells thit resemble the abnormal cclls found mn the
bone marrow These cells m 1y become so numcrous m the penpheral blood
that a diagnosis of plisma cell lewhemin 1s made Normoblasts and myelo
cytes ippear m the penpheril blood not mfrequently but are most likely to
be scen m the advanced stage of the discase The platelct count 1s normal
m most patients but thromboes topenta his been reported to occur about
25 per cent

Examunation of bone marrow obtuncd by aspiration reveals 2 diagnostic
or suspicious cell pattern i ipproatmatcly 80 per cent of the cases ofumlﬂ
tiple myeloma * The most chiaractenstic finding 1s the presence of “mye
loma cells which may constitute from 4 to 93 per cent of the cells pres
ent 67 7 These cells which vary from 15 to 40 mcrons m diameter usually
hwe 1 single eccentrically pliced nucleus The chromatn pattern of the
nucleus 1s finely divided and often contams several small nucleol or a single
large nucleolus Vanous types of mclusions 1re sometimes seen 1 the cyto
plasm of mycloma cells Some cells appear vacuolated (Mott cell} and
others contam protew particles that wre thought to ongmate m the cell OnhE
such proten forms the Russell bodies which appear cosmophulic ““f
Wright s stam and sometimes resemble whole ery throcytes or fragmcnfsjo
erythrocytes Other cells contan protemn particles and have a bluish color
when stamed with Wnghts stain and still others contan defimte proten
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Figure 67 Purpuric lesions on toes of patient with muluple myeloma and
cryoglobulingma
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occurs m about 75 per cent of patients with myvelom1*? An addional 18
per cent of patients who ful to show charactenstic changes on serum elec
trophorcsis have Bence Jones protem in the urme If electrophoresis of urme
protemn 1s performed n addition to the scrum electrophorests dragnostic
abnormalittes arc found n over 93 per cent of patints watl multiple mye
loma ** In the majonity of patients the abnormality consssts of a sharp peak
m the gimma fraction of the serum protemn but occasionally the ncrease 1s
found only 1 the alpha or beta friction * While a pattern of this type indt
cates the presenco of a protem abnormahity that 1s most ikely associated
with multiple my eloma, such changes are not diignostic of multiple my eloma
because they have becn desenbed m prtents with Iymphoma leukerma
and amylord disease Myeloma cannot be excluded by the occurrence of a
normal electrophoretic pattem beciuse on rare occasions a patient with
multiple myeloma may hive a normal senm protein pattern 67 78 83 ¢ The
total protemn 1s found to be over 80 gm per 100 m! m about 72 per cent of
patients® # The merease occurs m the globulm fraction which may amount
to 10 or 11 gm per 100 ml Cryoglobulinemia the presence m the circuliting
blood of a globulin that preapitates at temperatures lower than 37° C
occurs 1 only a small percentage of patents with muliiple mjeloma. Mul
tiple myeloma is probibly responsible for most instances of cryoglobulmernia
particularly if the globulin 15 present i lurge amounts but such globulms
are not drignostic of multiple myeloma for they occur m other diseases
particularly those of the lymphoma group as well

‘The protemn ongmally descubed by Bence Jones 1s found i the urine of
40 or 50 per cent of the patients with multiple myeloma when the urme 15
exammed m the usual fashion by differenttal heating and acidification When
precipttin tests and el 1 are emploved the abnormal protemn can
be demonstrated m virtually every case © %

Other abnormalittes are often found in the peripheral blood The com
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onest of these s 2 greathy elesated sedumentation rate whuch occurs i the
sast majonty of patients with muluple myeloma, partuentady f the serum
protem s increased. When rouleau formation 15 promument, i the blood
smear the sedunentation rate 1s usualhy greathy woreased Hypercaleerma
with values of 12 10 18 mg. per 100 mb hus been reported m from 0 to o8
per cent of patieats ¢ ¢ Even when the calcium 1s markedh elevated the
lenels of the serum phosphorus and the alkahine phosphatase are normal or
shizhtly eles ated. As 15 usually true 1 patients with any tvpe of chrome renal
disease mashed eleration of the urea mtrogen and other changes occur
when renal faulure develops i patients with multiple wreloma

DIAGNOSIS

The classic case of multsple myeloma s wsually recognized without i
culty In a muddle aged or elderly mdinidual the occurrence of pan par

tieularly radscular pamn d with T of the spune
and anema suggests the diagnosis. If an merease m the level of serum globu
bin and Bence Jones p 3 are & d multple myveloma 13 very

probable The diagnoss s established by Bnding “mveloma” cells or greatly
mcreased numbers of plasma cells 1 the bone marrow  the presence of a
sharp gamma peak on plasma electropborests usually has the same sz
nficance

When mans of the commoner features of the disease ase absent or when
some parbcular manifestation dwarfs the other features the diagnosis may
be mare dufficult. In older persons multipfe mvefoma must be considered m
the diff kg of anw planed anemia. The duagnosis also
should be considered m patients whose roc show
or Ivtic lesions of the skeleton the absence of ostechblastic changes mohe
ment of multiple vertebral bodies msohement of the skull, and particularly
the mandible are all pomts that favor the diagnosis of mulople myeloma.
Some patients with multtple myeloma come under obsenvation first because
of renal msufficiency  wremia. anema, and protemuna, and for this reason
the diagnosss should be considered m all pabents with these mawfestations
who are mddle aged or older especialis if hvpertension 1s absent. ot
mfrequenthy the patient consults a phvsician because of radicudar pam,
pasaplegia, or some other 1 Lificults and att may first be
focused on the nenous system Perhaps the diagnoss of mutnple myeloma
1s most fiheh to be missed 1 patents who present with fever and roent

1 evidence of and 1 those whose complawts are par

teularh suggestve of penspheral neuntis or arthnns. In such pabents duff
culties uswally anse because of the fallure to consider multiple myeloma
the ! d f multiple i s present the diagnoss can
nearh alwass be established by careful study of the bone marvow and the
electrophoretic pattern of the protem x the serum and unne. A theee of
these are usuall ab: 1 if multiple myel
faddure to fiod evidence of mulople my eloma tn any of the three
excludes the disease from further consideration.

5 present,
practicath
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COURSE AND PROGNOSIS

Multiple my eloma 15 a fatal discase with an avcrage survival time of less
than two ycurs from the onsct of symptoms®t ¢7 + ¥ 81 8 The median
survival time 1 one series was 13 months™ and m another 15 months &
Although some patients succumb to the disease within a few weeks after
onset of symptoms others occasionally survive for eight, eleven or more
years ¢ ® The three year survival rate appears to be only from 5 to 15
per cent® 7 ™ The prognoss s better 1f the disease appears to be local
1zed® ¢ n one group of 18 such patients 10 survived for more than two
years and 3 survived from 38 to 98 years 6 The status of the solitary
myeloma 15 uncertain At best 1t scems to be exceedingly rare because pro
longed observation of patients suspccted of belonging m this category almost
mvanably reveals widespread disease sooner or later sometimes after six
to ten ycars have elapsed ® 7 74 ¢ 8 %9 The prognosis m an mdvidual
case bears little relationship to the apparent degree of matunty of the tumor
cells in the murrow ?® # Methods of treatment so far available have had
little influence on the sunval rate m the disease® 8 but undoubtedly
there are individual exceptions 67

A small percentage of pahents with multrple myeloma lead active lives
relatively free from symptoms for a period of years Unfortunately the vast
majority have a very distressmg course characterized by pamn fractures
disability progressive weakness and cachexia Remussions sometimes occur
but these are usually short and the disease soon resumes 1ts relentless pamful
and cripphng course

TREATMENT

The treatment of multiple myeloma 1s unsatisfactory at best Non specific
measures such as mmobilization of fractures body braces for vertebral
mvohement, and analgesics for pamn add greatly to the comfort of the
patient If anemia 15 marked blood transfusions may be necessary because
the anemia rarely responds to other measures Lammectomy 1s often neces
sary m patients with paraplegia and other surgical procedures may be
warranted if the disease appears to be locahzed

The actual disease process responds poorly to more specific therapy
Nitrogen mustard TEM radwactive phosphorus and stilbamidme have all
proved meffective ©  ® Urethan 1s probably the most widely used form of
treatment at the present time It 1s admnistered in a daily dose of from 2
to 5 gm for a period of si to ten weeks (total dose 90 to 300 gm ) ' orn a
large mtial dose of 6 gm a dav for three to si days following which a
mamtenance dose of 3 gm daily 1s kept up mdefimtely ™ Svmptomatic m
provement generally of relatvely short duration probably occurs m from
20 per cent ¢ to 30 per cent® of the patients so treated In a smaller number
of patents objective evidences of improvement such as tmprovement 11'1 the
anema decrease m the serum lobulin and mmpro t m the rad
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appearance of the bane lesions bave occwsted ¢ * o prolongation of the
avnal time of patients wath multple mycloma treated with utethan has
been reported®  * Dasach antages of thas form of treatinent are the frequent
occurrence of nausea and vomting and the occastonal desclopment of
severe lenhopema or hepatie damage * I prednisone or cortisons 15 adnua
steted along with urethan the symptomatic mmprosement seems to be
enhanced, When gnen alone adrenocortical sterods usually produce but
shght symptamatic improvoment, but occasionally there 15 rebef of bene
paw and a decrease m the ak ] globulm comp i the serum and
m'l

d has tant place 10 the treatmeants of some
pahents with mulhple m)elom:p When Khe'mp) 1s durected toward specifie
lesions pam 15 often rebesed promptly and spontaneous fractures may heal
more rapidly It has also been obsened o some patients with relatinely
tocalized disease that therapy directed tow ard specific lestans may eradscate
the evidence of disease m those locations *

Should hyperealcema aceur a high fuid mtske should be admmatered

to provide urnany excretion of caleium and by fowenng wonan catowm
prevint nephrocak # The diet should be low 1 calesum
Adrenocortecal sterouds have proved helpful m reducing the high calewam
Sevels though their mechamsn of achion 15 unknown © Sodium ethy lene
damme tetraacetic aad (EDTM a chdnum agent, has been used un
fully 1 the of The results are transient and

tmay produce serqus nephrotouc effects and further renal supurment.™ ®

ILLUSTRATIVE CASES
Case 1

A 53 year old white male barber enjaved excelient health untl 3o weehs
before admussion to the hospital when he first noheed a pagmng non
radiating pam n the lower portion of the bach The pas was aggravated by
bending, coughing and sncenng Too weeks pror to sdoussion the pawn
suddenly became much more severe and radiated mto the nght leg The
patient had neticed no weakn: k ot b n the legs

Fhy sical examnation disclosed pam on moton of the spme The Iner
was palpable 2 cm befow the nght costal marmun The nght dnee jerh and
nght ankle jerd, were dummshed aod there was a shight disnoubon of sensa
hon to pm pack, over the nght calf and foot The plnsxml examanatian was
mh:nnse normal

Ad: blood studies het 99 per cent,
\\'hc 800 per cuyame Urmalisis was negative except for a weally positve
test for Bence Jones protem The differential leukocvie count and blood urea
were normal The sedunentabion rate was 23 mm at the end of one hour
(normal 8 to 10) Serum calcum was 105 mg per 100 ml alkahne phos
phatase 41 Total protemn wos 88 gm per 100 ml and plasma electro-
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phoress showcd the following, composition  albumin 357 alpha 1 globubin
62 alpha 2 globuln 123% beta globulin 694, beta pnme globuln 63%
and gammn globuln 319% The gamma fraction was greatly ncreased and
formed a sharp peak an abnormabity which was considercd charactenstic of
mytloma Bone marrow examination resealed that about 67 per cent of the
cells were mydoma cells” Many had finely divided nuclear chromatin and
contamed onc or more puelcol Roentgenogram of the spine revealed a
destructive lesion m the anterior half of the fourth lumbar vertebra which
wis assoctated with some wedging

Course A thagnoss of mulbiple myeloma was made Roentgen ray
therapy 4000 r m ar w1s admimstered through two portals to the spinal
feston In addition the patsent was given 3 gm of urethan a day This drug
was discontinued at the eand of two weeks because of nausea and vomiting
Irraciat forded moderate b atic relsef mitally but the pan soon
recurred and the patient required oprates for rehicf His condition continued
to deteriorate and he died s months after us imtial admisston exght months
fter the mtral symptom of back pan

Comment  Ths patent 1]} many feat that oceur
i multiple mycdoma The onset was in the sith decade and the mitial symp
tom w s back pan The roentgenogram revealed an osteolytic Jesion 1 a
lumbar vertebra the commonest site for ths type of lesion The occurrence
of Bence Joncs protem i the unine the marked increase i gamma globuln
m the serum protein and the presence of “myeloma cells” 1 the bone marrow
confirmed the diagnosis The radiation of the pam and the alterations m the
tendon refleves and sensory perception 1ndscated molvement of the nenve
roots As so often happens the patient responded poorly to treatment with
a ray and urethan and died less than one year after symptoms first appeared

1

Case 2

A 7T1 year old white slup inspector w s i excellent health until six months
prior to tus admussion whea he had a febrile illness associated with malaise
The fover subsided within a week or ten days but weakness contmued
three months later the patrent agam deseloped fever accompamed by a
non produchye cough md pamn i the nght chest that was grasated by
coughing Roentgenogram of the chest at that tine revealed mflration of
the right lung The pam and fever subsided and the lesion i the nght lung
cleared but anorenta mud epigastric discomfort and loss of weight con
tinued until admisston

When admutted to the hospital the patient ppeared shghtly pale and
chroneally 1l but the phystcal exammation revealed no other sigmficant
abnormalities

Laboratory Exammation Unnalysis spectfic grawity 1 020 albumin
trace otherwise negatne (no Bence Jones protem was demonstrated)
hematocnt 29 per cent hemoglobir 90 gm per 100 ml rbe 32 md per
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cupms white count 3800 pir cumm  differcntial count (per cent) seg
mented 48 bands 2 lomphocytss 32 monocytes 1§ cosmophids 2 The serum
atburun was 36 g per 100 mi 1nd the serum globuln 68 gm per 100 mi
Blood ured was 34 mg nd the une aad 73 mg per 100 ml Bone marow
obtamed by aspisation consisted alinost entirely of cells of the plasmacytic
senes 98 per cent of the «is wore of this type In some the nuclear
chromatn was finely disdid and nucleoh were present  RBoentgenograsms
of the sheleton ravealed no significant lesions exther bytic or ostcoporotic

Course  \ dugnosss of multple nyeloma was made Urethan wis
admmstered m an wat il dose of 03 ym three times a day  the dose was
meresed gradually to « total of 40 gm per day The patient akso recen ed
blood transfusions The symptoms subsidcd but smprovement was shost
fved About a month after Jeaving the hospital he developed severe gudic
pam wiuch was rapdly followed by pareplegia Lammectomy was per
formed but the patient dsd not wmprore He died eight months after the
onset of syeptoms

Comment This patent was eldesly at the tume of onset of symptoms
and survived for less than one year His siness was characterzed by pam
normocy tie anemia hyperp and great bers of plasma cells 1n
the bone marrow  An onset with symptoms that suggest recurrent pubmonary
wfecthions occurs 1 a number of pabents with myeloma but as was true
with tlns paent & of multiple myeloma w1s nat suspected The
course of the disease n this patient was unusual 1 thit roestgerograms of
the spine revealed no sigmficant abnormahities only a few months before
compression fracture of a extebra and paraplersz occurred As ¥ true m
about half the patients with this disease Bence Jomes protemn was not
demenstrated m the unte by the usual tests f can be demonstrated m
nearly alf cases by specual tests
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that 15 withdraw i are nsually best beeause the speeimen 1s largely undiluted
with bloed Some hematologusts prefor to withdraw a farger speamen from
the marrow and et the matenal from the syninge into 2 watch glass Par
ticles of marrow are, then picked up on an apphicate r shch or some other
mstrument and touched to vanous arcas of the clan shde Such smpnats
gne a butter preture of the marrow archstecture and of the fixed cells How
Gvor preparations ntade in this manner ushally contain a farg¢ number of
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Tigure 6%  Bone warow aspiratkn Wrfes stun i anous dncases A €y twosts
B Retir lury eedl ageoma € Mdtastatie wrarera D flodghan s sarcoma

damagcd and unrccogmzable cclis Bone marrow obtain d by aspiration can
be stamed suprasitally with Woghts stain with May Grunwald Ciemsa
stun or by the porosidase method Murrow particles obtamed by aspiation
<iny also be fixed m paraffin and stasned with hematoxylin ind cosn

A differentia) count s often porformed on the nudeated celis 1 the
marrow preparation bor 4 reproduabic result at 1s usually necessary to
caunt fram 30 to 500 cells The range of the different cells vanes i normal
marrows and the valucs given by different authors differ somewhat, as shown
n Table 20 An accurate difcrential count 1s helpfud 1 diagnasts on some
octasions 1t 38 also an excciont discapline for those in traming because 1t
forces a deusion as to the identity of cach cell However 1t 1s tune consum
g und after o moderate amount of cxpenence 1t 1s usually possible to gam
the <me information from a carcful systematic study of the smear without
actually downg, o differential count

In examimng the bone marrow 1t 1s desirable to foffow a defimte plan



428

60

[

83
6
65
67

Z

[
o
ki
7

3 &

72

73

7
7

[y

7

A

&

7

79
50

82
8

&

2

8.

8!

R

TUNDAMLNTALS OF CLINICAL HEMATOLOGY

Wintrobe M M and Huguly € M Mtrogen mustard therapy for Hodghins
;l;;;mt lympliosarcoma  the deuhermas and other disorders Cancer 1 357
8

VULTH LE MYLLOM A

Adams W S and ﬁlaog W A The manigcment of multiple myeloma J Chron
Div 6 448 1957

Aorkm M 1 Dic mitriutale Untersuchungsmethodih des hnochenmarks Folia
hacmat 38 233 1929

Baher W H  Abnormaliics n ciloum mctabolism m makgnancy Effects of
hormone therapy Am ] Med 21 714 1956

Bayrd E D and Heeh J 1 \luluplc myeloma A review of erghty three proved
cases JAMA 138 147 1947

Bence Jones 11 Papers on Lhcnuc'dplllmlogy Lancet 2 88 1847

Berkhenser £ ] Multiple my eloma of children Arch Surg 8 853 1924

Carson € P Achenman 1 V. 1nd Malthy J D Plasma ecll myclomr A cluical
pathologic nd roentgenologic review of nincty cases Am | Chn Path
25 849 1955

Carter J R Plasma !l hypaplasia and ]nmerglabuhnemn 1 tnchinoss The
duration of irvipoution Am ] Path 25 309 1

Clark }l nm] \lmrhmd E E Ilasmacytous of bone marrow  Arch Int Med

Cother F C and Jwhkwon P The precapitm test for Bence Jones protein
New Englind | Med 248 409 1953
Crms n ¥ (Ed) Muluple mycloma (combined stafl chinic) Am ] Med 23 283

Engle R L and Walts L A Multple myeloma and the 1dult Fancont syndrome
I Beport of 1 case with crystal bhe depostts in the tumer cdls and i the
cpithehal cells of the hidney Am ] Med 225 1957

Forbus W O Perlzwesg W A Pufenjs 1 A and Burwell J C Jr Bence
Jones protein excretton and s cffects vpon the hdney Bull Johns Hophins
Hosp 57 47 1935

Geschickter C F and Copeland M M Multiple mycloma Arch Surg 16 607
192

Hewer S and Schwartzman ] Varations tm the roentgen appeuance of the
eletal system m myeloma Rachology 58 178 1952

Hollwd § F Damelson E  and Sahagan Edwards A Use of ctnlenc diamine
tetr ncmc aud i hypercalcemic patients Proc Soc Eaper Biol & Me
54 359 1953

Jurold T and Vilter B W Hematologre observations in paticnts with chrome
hepatic 1 ufficiency  Sterntl bone marrow morphology and bone mamov
pla macytosts J Clin Insest 28 266 1949

Renny § f and Moloncy W € Multiple myclomt  Dingnosss and management
m a senes of fifty seven ciscs Ann Int Med 46 1079 1057

Personal Observation

Lichtenstein 1 2nd Jaffe H L Multiple myeloma Arch Path 44 207 1947

Meiwcham € € Plasma el myeloma Ann Int Med 38 1035 1953

Meyer F G lysine incarpor itien nto Bence Jones protemn by cultures of mycloma
bone marrow Ted lroc 16 222 1957

Osserman B F and Lavlor D 1 Abnormal <rum 1nd unne protemns i thirty
five cases of multiple myeloma as studied by filter piper electrophoresis Am |}
Med 18 462 1955

Potter M Fabey ] and Pdgnm H T  Abnomal serum protems and bone
de trucbon 1 transmissible mouse plasma cell neaplasm {multiple myeloma)
Proc S0¢ Eaper Bl & Med 94 327 1957

Putnam F W Aberrations of protein metabolism 1n multiple myeloma Inter
relstionships of abnonnal serum globulns wnd Bence Jones proteins  Physiol

Rev 37 512 1957



IENATOLOGIC TECHNIQUES 439

1+ classed as normal or abnonmal nd the abnormahty 15 speahed The
mcgakaryocytes and platelet formtion are classed as normal reduced or
mereased Simularly the numbcr and matunty of the lymphocytes plasma
cells and reticulum cells are rccorded These obsenations form the basis
tor the conclusions that can be drawn from the marrow examnation

The Value of Bone Marrow Examination

Laamination of the bone marrow may estabbsh a diagnosis of certam
Qiscases waith assurince 1t may render some particular dignosis very un
Likely or it may gave helpful infonmation that 1s of wdirect or hmited value
The east with which bone marow can be abtamed for examnation has
1cd to the use of this procedure 10 crcumstancees when other simpler pro
cedures sueh as a cweful study of a smear of peripheral blaod would suf
Bee for a diagnoss The decision as to the desability of o bone marrow
evanunahon 15 bastd on the crcumstances i the indvidual case

Although the marrow exammation may not be nccessary 1o order to
establish the diagnosis the following dgnoses can usually be made by
thss methad
Multiple myeloma
Leukemuy, all types
Untreated or partinlly treated vitamm B, or folic acid deficiency
Storage disease such as Gauchers discase
Metastatie malignaney (i positne cells arc found)

Fungus disease (if positne cells are found)

In certun other diseases when taken 1n conjunction with the penpheral
bleod the bone matrow examuation can often provide helpful mformation
that 15 not diagnastic when taken alone Among these are

1 Aplastic anemia

2 Tdopatlue thrombocytopeme purpura

8 I ymphosarcoma

4 Hypersplemsm

5 Agranulocytosis

1t 15 sometimes dfficult to exclude a diagnosis from further consideration
because of the result of the bone marrow esamunation Afseloma cells”
or a definite increase n plasma cells may not be found m mudtiple myeloma
Some patients with aplastic™ anemia have cellular marrows Patsents with
pernicious an mia sometunes forget to relate that they have tiken vitamm
tablets that contain folic 1e1d or have recened an imection of vitamun By,
from another physiciun Aspiration occasionally yields only a hypocelfular
or aplastic marrow 1n patients with leukernia When the diagnoss remains
n doubt and only very hy llular pr are ob d from duffer
ent sites a surgieal biopsy of the marrow 15 usually obtawed If abnormal
blreding 13 expected with ths procedure the biopsy s best performed m
the 1thac crest because bleeding 15 controlled at this site more easdy than
1 the sternum or nb

@ LA 210
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Table 20 Normal {dult Differential Marrow Cell Conunts by Various tuthors

YOUAG AND
WINTHOBE CUSTER ISHAELS~3 05C00D-8
(%) (%) (%) Lurnes s (%
CELLTIPE {nance)  (mancp)  (mancr) (%) {RANGE)

My eloblasts 03~ 50 00-35 0320 12 00-12
Progranulecy tes 10- 80 0550 10- 80 22 GO-T78
Myelocytes

Neutrophils 50-180 70-346 50-200 126 00- 28

Eosmophils 0530 03- 30 14 00-04

Basophils 00-05 00-05 Q02
Metamy elocy tes 130320 151370 130-320 110 18-118
Band Cells 240 158-330
Segmented

Neutrophils 70-300 30-198 70-300 284 74-252

Eosinophils 05 40 01- 30 0340 18 00-10

Basophils 00- 07 00-10 00-10 002 00- 02
Lymphocytes 30170 00- 68 30-200 786 48-180
Plasmacy tes 00-20 00-12 00-20 10 00- 10
Monocytes 05 50 0I-32 0550 14 00- 42
Reticulum Cells 01-20 03-286 20
Megakaryocytes 00330 005-15 Occas 08 00-02
1 ronormoblasts 10-80 00-00 05-40 08
Normoblasts {baso 70-320 175420 190-350 276 54-242

philie polychromatic

and orthochiromatic)
Myelod about

Erythroid Ratio 31-41 21-61 41-201 31 21-81

The shde 1s first eaammed wath the low power objective The cellulanty of
the specunen 1s noted the number of megakaryocytes 15 estimated and a
search for sheets of malignant cells ind other unusual cells 1s made particu
Iarly near the edges of the preparation The more swmitably stamned portions
of the shde are cxamined under oil immersion The erythrocyte precursors
are studied and the type of enythropoiesis 1s noted as megaloblastic or
normoblastic Attention 15 also pud to the number and matunty of these
cells Next the granulocytic senes 1s studied wath partrcular reference to
number and any merease m the younger forms partreularly myeloblasts
and progrimlocvtes The prescnce of any macropolyeytes or glant meta
myelocytes 1s also noted Megaharyocy tes are studied for number matunty
and evidence of platelet formation The plasma cells reticulum cells Justy
ocytes and other cells are studied sumtarly for number and mmmaturity
and for cytoplasmic mclusions The number of lymphocytes 15 estimated
and the presence of any tumor cells or other abnoimal or umidentrfied cells
1s noted.

After the marrow preparation has been studied mn this fashion the dif
ferent observations can be noted mn the report The cellulanty 15 classed as
normal 1mcreased or decreised Erythroporwss is elassified according to the
type of maturation as normoblastic or megaloblastic and accordng to
actwity as normal hypoplastic or hyperplastic The granulocy ic maturation
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05 gm mercunc chlonde
50 gn sodum sulfate
10 pn sodmm chlonde
200 mi distilled water

2 Hunacytometer and red blood cell dduling pipette

Method

1 Fither freshly colected hepanmezed venous blood (75 mg hepann/s
m! blood) or frece flowmg blood from a fingr puncture muay be used I
heparmzed blood 35 used 1t should be mued well by imverting the contaner
20 to 30 tmes

2. Draw blood up to the 05 mark of the erythrocyte counting pipette
The pipette shanld be clean and dry Wipe all blood from the outside of
the pipette and make needed adjustments in the haght of the column of
blood wathin the pipette by touching, the end to blotting paper or cotton
sponge

3 keeping the pipette as nearly lonzontal as possible draw Hayems
solution mto the pipette untd the column reaches the 101 mark {1 to 200
diluhon)

4. Shake pipette and contents by hand or with mechanical shaker for
one nunute

5 Eapel k of contents and immedhately thereafter load both sides of
the counting chamber by placing a drop of cell suspension on the chamber
at the edge of the cover glass The suspension fills the ruled area by capillary
atraction

& Should the chamber flood or bubbles occur the results will be m
accurate The chamber must then be cleancd and reloaded

7 Allow three minutes for sctthng then count the cclls m the 18 small
est squares (00025 mm  each) of three comers of two sides of the cham
ber Discard the first count and add the other five Malaply by 10000 to
obtun the number of red blood cells per cu mm

Calculation (Reference 2}

The dilution of the blood with Hayem's solution 15 1 200 The distance
between the cover ship and the chamber 15 01 mm  the smallest squares
have an area of 00025 sq mm and 80 of them are counted The total area
1n which ¢¢lls are counted 150 2mm  and the volume (GZmm > ¢ mm )
15 002 camm To determine the number of celfs m I cutm the number
of cells found i 002 cu mm must be multiphied by 50 (1/002) The result
1s then multiphed by 200 to correct for dilution

The factor then 15 50 ¢ 200 = 10000 1f the numbcr of red blood cells
counted 1 2 total atea of 002 cu mimn 15 multiphed by 10 000 the resuft will
be the number of red blaod ¢ells per cubic millimeter of whole blood
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LABORATORY PROCEDURES
IN HEMATOLOGY

HEMATOCRIT
Wethod (Reference 1)

1 Collect 5m! of venous blood with a dry syringe nd needle Place in
a small bottle contamming 75 mg heparmn and mix well by mverting bottle
at least 20 times

2 Ill a Wintrobe hematoent tube to the 10 em mark with fresh
heparimized blood using a Wintrobe pipette

3 Centnfuge at 3000 rpm for 30 minutes

4 The volume of packed red cells multiplied by 10 gnes the volume
per 100 ml blood

Calculations

Normal Females 420 =+ 50
Males 470 £ 70

Note

It should be noted that marked alteration m the tomaity of the plasma
will alter the volume of the red blood ccll The hematoent 1s a more accu
rate procedure than the red blood cell count and i many laboratones has
replaced the latter as a routine procedure This method 1s accurate within
035 per cent (reference 2)

References

1 Wintrobe M M \Macroscopic examination of the blood Am J M Sc
185 58 1933

2 Wintrobe M M Blood of normal young women residng mn a sub
tropical chmate Arch Int Med 45 287 1930

ERYTHROCYTE COUNT

Equipment
1 Hayems Solution
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05 gm mereune chlonde
50 g sodum sulfte
10 g sodnwn hlonde
200 b dystitled water

2, Hem \cytometer and red plood el drluting pipette

Method

1 Eather freshly coltected hcpanmzcd \enous blood {75 ™8 Yiepann/S
mi blood) of free flowing Blood from 3 foger puncture may be used 1
1\cpamuzcd blood is wsed 1t should be mned vt By mverung the contaner
_{ to 30 umes

8, Draw Blood up to the 05 mark of the cnythrocyte counting ppette
The pipeite should be cleant and dry WP ali blood from the outside of
the pipette and make netded adjustments 10 the height of the column of
Blood withun the pipette by touching the cnd 10 Blotung papes ©F cotton
sponge
3 hecping the prpette 38 nearly honzontal as possible draw Hayems$
solubion mto the PP tte untid the column 1€ ches the 101 mark (1@ 2
dilution

4 Shake pipette and contents by hand or with mechameal shaker for
one mnute

5 Eapel s of contents and mmediately thereafter Joad both sides of
the counting chamber bY phang & drop of celt suspension On the chamber
at the edge of the €OVer glass The suspensio?® glls the ruled area by capillary
attraction

6 Should the chamber flood or Bubbles occur the results will be m
accurate The chamber must then be deancd and reloaded

7 Allow three munutes for setlng {hen count the cells m the 16 small
est squares (0 0025 mm cach) of three corners of VO qdes of the cham
ber Discard the first count and add the other five Aultply by 10000 to
obtamn the nusber of 1ed blood cells per cu

Calculation (Reference 2)

The dilution of the blood W th Havems solution 18 1 200 The distance
between the cover shp and the chamber 1S 01 mm the smallest squares
have an avea of O 0025 sq MM and 0 of them 21¢ counted The total ared
wwhich cells axe counted 15 0 2 MM and the velume 0omm X 0im® )
15 002 cumam TO Jetermine the pumber of cells 0 1 cum™® the number
of cells found m 0 02 cummi must be multiphed bY 50 (1/002) The result
s then multiphied by 200 to correct for dilution

“The factor then &8 50 X 200 = 10000 If the aumber of red blood cells
counted in a total ared of 002 cumm 18 utuphed by 1 the result will
o the number of red Blood cells per cubic mluneter of whole blood
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LABORATORY PROCEDURES
IN HEMATOLOGY

HEMATOCRIT
Method (Reference 1)

1 Collcct 5ml of venous blood with a dry syrnge and ncedle Place m
a small bottle contumng 75 mg heparm and muv well by muvertng bottle
1t least 20 tunes

2 Fill a Wintrobe hematocnt tube to the 10 em mark with fresh
heparimzed blood using a Wintrobe pipette

3 Cuntrifuge 1t 3000 rpm for 30 minutes

4 The volume of packed red cells multiphied by 10 gives the volume
per 100 m! blood

Calculations

Normal Females 420 % 50
Males 470 £ 70

Note

It should be noted that marked alteration m the tonicity of the plasma
will alter the volume of the red blood cell The hematocrit 1s a more accu
rate procedure than the red blood cell count nd m many laboratones has
replaced the latter s a routme procedure This method 1s accurate within
05 per cent {reference 2)

References

1 Wimirobe M M Macroscopic ex imination of the blood Am J M S¢
185 58 1933

2 Wintrobe M M Blood of normal young women residing 1 a sub
tropical chmate Arch Int Med 45 287 1930

ERYTHROCYTE COUNT

Equupment
1 Hayems Solution
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05 gm mercunc chlonde
50 gm sodiom sulfate
10 gin sodium chlorde
200 ml distilied water

2. Hemacytometer and red blood cell diluting prpette

Methad

1 Eather freshly collected hepannized senous Blood (7.5 mg hepann/5
ml blood) or free fowing blood from a finger puncture may be used i
heparuzed bloed 1s used 1t should be mixed well by inverting the contaner
20 ta 30 tunes.

2. Draw blood up to the 85 mark of the cnvthrocyte counting pipette
The pipttte should be clean and dry Wipe all blood from the outside of
the pipette and make needed adjustiments 1 the haght of the column of
blood withm the pipette by touthing the nd to blottng, paper or cotton
spange

3 heepng, the pipetie as nearly honzontal as posable draw Hayems
solubon w10 the pipette unbl the column reaches the 101 mark {1 to 200
dilution)

4 Shale pipette and contents by hund or with mechanical shaker for
one mnute

5 Expd % of contents and mmedutcly thereafter load both sides of
the counting chamber by placing a drop of cell suspasion on the chamber
at the edye of the cover glass The suspension filhs the ruled arca by capiltary
attraction

6 Should the chamber flood or bubbles occur the results will be
aceurate The chamber must then be cleaned and reloaded

7 Allow three mnutes for sctthng then count the cells in the 16 small
st squares (00025 mm  each) of three comers of two sides of the cham
ber Discord the first count and add the other five Multply by 10000 to
obtan the numher of red blaad cells per cu mmt

Calculation (Reference 2)

The didution of the blood with Hayem s solution 2s 1 200 The distine
between the conver ship and the chamber 15 01 mm  the smallest squares
fave an area of 00025 sq mm and &0 of them are counted The fotal urea
m which cells are counted 15 G 2mm  and the volume (0.2 mm 61 wam?
902 cumm To determine the number of cells 1n 1 cumm the number
of cells found 10 002 cumm must be multiphed by 50 (1,002 The result
55 then multiphed by 200 to correct for difution

The factor then 1s 50 X 200 = 10000 If the number of red blaod cells
counted 1n a total area of 002 cumm 15 mulbplied by 10000 the result wil)
be the number of red blood cells per cubic milluneter of w hole blood
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Note

With so large a factor there 1s httle wonder that the accuracy of the red
blood cell count 1s so poor The standard error for a sigle erythrocy te count
has been determmed to be 78 per cent (refcrence 1) Such an error 1s even

more £ when It led by the calculation of mdices

References

1 Berhson ] Magath T B and Hurn M The error of estimate of the
blood cell count as made with the hemocytometer Am ] Physiol
128 309 1940

2 Bray W E Chmcal laboratory methods C V Mosby Co St Lows
1957

‘TOTAL HEMOGLOBIN (CYANMLTHEMOGLOBIN METHOD)
Reagents and Equipment
1 Drabkins Solution (Diluent)

NaHCO; 1 gm
KCN 52 mg
K3Fe{CN )¢ 198 mg

Distilled water To make 1 liter

While there 1s but a small amount of cyamde m this solution and 1t
would take some 4 hiters to be lethal to man it 15 a poison and should be
handled with care Inhalation of fumes should be avoided Any of the salts
spilled during preparation should be wiped up with a damp cloth and
disposed of 1 a suitable contamer Pipettes should be filled by usmg
suction bulbs to avord the possibility of getting the solution 1n the mouth
The salts should be Lept mn a loched cupboard The solutron should be
stored 1n a brown bottle mn the refngerator (reference 2}

2 Standardized cuvettes

3 Standardized blood diluting pipettes (Sahli 002 ml )

4 Cyanmethemoglobin standards ®

5 Spectrophotometer or colormmeter

Method

1 Esactly 5 ml of Drabhms solution 15 measured into each of two
matched cuvettes

3 To one tube 002 ml of whole blood 15 added the pipette rinsed and
the blood and solution mmed by swirling

3 Allow to stand 10 minutes

Standards may be obtained from the College of Amencan Pathologists 203 North
Vabash Avenue Chicago Ilhnoss
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4. Ustng the blank tube set the spectrophotometer at $40 wave length
and adjust to 100 per cent hight transimttance

5 Substitute the tube contaning, hemoglobin solution and read the per
cent of hght transmtied

8 Multiply the value by the conversion factor of the pipette

7 The result 1 translated mnte grams per 100 m! blood by reference to
standard graph

Note

In view of the many known physical wnd chunucal reactions of hemo
plobn 1t 15 strange that a completely sahsfactory standard has nat been
developed Poor stabilitv of the solutions employed und difficulty of match
mg colors whether by mechancal or visnal means have phgued all methods

The basie reachon m the prod; of the ¢y lobm stand
ard 1s the comersion of hemogobm to methemogjobm by ferncyamde and
the sul t of lobin with p cyamde to

fonn the pigment cyanmethemoglobin Solutions of dns mgment are rela
tnvely stable After 3 years storage at refrgerator temperature s the standards
faded only 1 per cent (reference 3) Stored at room temperature the stand
ard faded more rapidly and 3 per cent was lost.

After prehmnary tnals by the Army \Medical Service Graduate School
the Navonal Academy of Seiences and the National Besearch Counail pro
posed the adoption of a Natwnal Standard for hemoglabmomelr) {refer
ence 1) The method e ded was the dobu one Should
the program prove succcssful truly comparable hemogiobmometry will be
possible for the rst ime
Mactarlune ct al (reielmmes 4 and 5) have reviened extensnvely the
bl i try and the reader interested m such a
xe\ 1ew 15 referred to thar excellont articles

References

1 Cunpan B h  Proposal for the distbubon of a cerhfied standard far
use w hemoplobuometry Am ] Chn Fath 25 976 1935

Crasby W H Munn ] I ¢nd Furth ¥ W Standardizing a method
for clmcal hemoglobmometry US Anmmed Forces \ed ] 5693
1954

Crosby W H and Houchin D N Prepanng standard solutions of
cyanmethemoglobin Blood 12 1192 1957

Ring, E J et Deternunation of haemoglobin V Precwion of colon
metric methods Lancet 2 563 194%

\Macfastane R ¥ hing E ] \Vou(mn 1 D P and Gilchnst, \f

Detc of b bin 1 Rebababty of chrucal and other
methods Lancet, 1 282 1948
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LEULOCYTE COUNT
(Reference 2)

Reagents and Equipment

1 01 N hydrochlonc acid
2 Humacytometer and white blood cell diluting pipctte

Method

1 Either freshly collected hepanmzed venous blood or free flowing
blood from a finger punctuse may be used If hepannized blood 13 used
mix well by mverting, contamner 20 to 30 times

2 Draw blood up to the first mark n the leuhocyte countng pipette
Wipe blood from outside of pipette and make necessary adjustments i the
column of blood by touclung the end of the ppette to blotting paper or
cotton sponge

3 Recpmg mpette as nearly honzontal as possible draw sufficient 01
N hydrochloric acid mto the prpette to rase the column of hiquid to the
11 mark (1 20 dilution )

4 Shake pipette by hand or mechanical shaker for one mmute

5 Expel s of the contents and immcdiately thereafter load the counting
chambers by placing a drop of cell suspension on the chamber at the edge
of the cover sip

6 Should the chamber flood or bubbles occur the results will be m
accurate The chamber must be clewned and reloaded

7 Allow three minutes for sctthng wnd count the cells mn three comer
square milluneter areas on each of the two sides of the preparation Obtan
the average and multiply by 200 to determine the number of leuhocy tes per
cumm of whole blood

Calculations

The total area over which the leuhocytes are counted 15 5 mm  The
distance between the cover ship and the chamber 15 01 mm and the dilu
tion of blood 1s 1 20

The number of cells i five of the 1 mm 2 squares 1s counted and the
average number 1s muluplied by 01 to obtun the number of leuhocytes
01 mm?3 and by 10 to determne the number of cells m 10 cumm The
result 1s then multiphed by 20 to correct for dilution

The factor 15 then 10 X 20 = 200 Multphcation of the number of
leukocytes counted m the average 1 mm 2 arca gives the number of leubo
cytes n one cubic nullimeter of whole bleod

Note
The error n leukacyte g 1s app tely 10 per cent (refe
1) If the count 1s very high as n ]eukemxa the dxluhon should be made
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n an erythrocyte pipette and appropriate corrections made m the
calculations

Referetices

1 Borkson J Magath T B und Hum M The eror of eshmate of the
blood cell count as made with the hemocytomcter 4in ] Physiol
128 309 1840

2 Bray W £ Chaical Laboratory Methods C V Moshy Co St Lows
1957

STAINING OF PREI ARED BLOOD FILMS
Reagents
1 Wnghts stan.

03 gm dry Wnghts stam
970 m! methanol C P ACS  Acctone free
30 ml gleerol CP

Mix deobol and ghcerol add stam

Allow to stand at least 24 hours with occasional shaling & longer
penad of aguns, 1s devirable for consistent sty results

Filter before usmg,

Wethod

1 Fresh smears are preferable

2 Place the arr daed blood flm on a Ievel suppost

3 Completely cover the blood smear with stamn and allow to remaw for
one mmute This serves to fix the smear

3 The stair 15 then diduted with an equal amount of distilled water

§ After five or s;x nunutes the stan 1s washed off wath water and the
smear 15 blotted gently or 1s allowed to drv

DIFFERENTIAL GOUNT
Reagent

1 Wrights stamn (sce previous procedure)

Method

1 The smeur 15 made by placing a medwm sized drop of blood near
ove end of a clean dry glass shde and imnweduately smeanng 1t along the
length of the shide by means of a second shde tlted at a 45 degree angle

2 The smear 1s allowed to dry and 1s stamed with Wrnght s stam

3 The desued number (usually 100 to 200) of leuhocytes are counted
on the thusnest portion of the smear
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Calculation

Schullng s hemogram for normal blood
0 Mjyelocytes
0-1% Juveniles
3-5% Bands

58-66% Segmented cells

21-35% Lymphocytes
4-8% Monocytes
2-4% Eosmophuls
0-1% Basopluls

The number of platelets 1s estimated as normal  mcreased” or de-
creased ”

The red cells are studied for the presence or absence of anisocytosis
pothilocytosis and polychromatoplulia hypochronua stippling and other
abnormaliies They should be studied only m those areas of the shde where
they just touch one another

Note

Only practice will enable the operator to make smears which are satis
factory Clean dry shdes are imperative It 1s helpful to remove the comers
of the shde used to smear the blood by rubbing them agamnst a piece of
screen mesh This heeps the smear from extending to the edge of the shde
in preparation Swift motion 1s not necessary but a smooth even pace with
gradual release of pressure will result 1n a smooth smear and a feather edge

WHITE BLOOD CELL CONCENTRATION

Apparatus
1 Clean centnifuge tube or hematocnit tube

Method

1 Fill tube with fresh anticoagulated blood

2 Centrifuge at low speed for 5 minutes then at high speed for 10
mnutes or until the white cell layer 1s clearly defined

3 Pipette off the plasma and smear the white cell layer

4 Stam with Wnghts stain

Note
Such a preparation while useful 1n searching for immature cells 1s not
suitable for a differential count because of the uneven distribution of the

cells
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1f the patients white count 1s extremely low a larger amount of blood
may be centrfuged, the white cell layer placed n a hematocnt tube and
recentrifuged

SEDIMENTATION RATE
Method

1 Fne ml of venous blood 1s collected with a dry synnge and needle
and mixed m a small bottle contamming { mg solid potassium oxalate and
6 mg solid ammonum oxalate as an anticoagulant

2 This bloed should be used for the determmnation of sedimentation
rate witlun two hours of 1ts ime of collection

3 Fill a hematocnt tube to the 10 cm mark The tube should be hept
n an exact vertical posihon dunny, the sedimentation of the blood cor
puscles and the room temperature should be not less than 24° C nor more
than 27° C

4 Read the distance the corpuscles have fallen 1n one hour

Calculation

Normal Females 0 to 15 mm /one hour
Males 0to 65mm /one hour

Note

The rate at which blood sediments depend for the most part on the con
centration of Sbnnogen ip the plasma Vanation m the concentration of
other globulins will result m an altered sedimentation rate as well Altera
tons of these protewns during the course of infection 1s probably responsible
for the clevated sedimentation rate

Reference

1 Wmtrobe M M and Landsbarg J W A standardized techmque for
the blood sedimentation test Am | M Sc 189 102 1935

STAIN FOR RETICULOCYTES
Reagents

1 Bnllant Cresy] Blue
13 gm sodum oxalate
10 gm bnlhant cresy] blue
100 m} distilled water
Let stand a few, days and filter
Store m dark bottle
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Method

1 Use erther fresh anticoagulated (hepann or oxalate) venous blood or
blood from finger puncture

2 Onaclean dry shde place a small drop of blood and an equal amount
of brilliant cresy | blue staiming solution Mx with the corner of another shde
and allow to stand two or three mmutes

8 M agamn and make a farly thin smear

4 When smear 1s dry counterstain with Wright s stam

5 Count the number of reticulated red cells per thousand red cells and
express as the number of reticulated cells per 100 red cells (per cent)

Note

The normal number of reticulocytes 1s from ¢ 1 to 10 per cent They are
mereased at tmes of rapid regeneration and release of red cells from the
marrow

References

1 Osgood E E and Wilhelm M M Reticulocytes | Lab & Clin Med
19 1129 1934

DEMONSTRATION OF THE LUPUS ERYTHEMATOSUS
CELL PHENOMLNON

Reagents and Equipment

1 Clean dry stenle test tube
2 3 x 8 cm square piece of wire mesh
8 Wnghts stan

Method

1 10 ml of blood 1s placed m clean dry stenle test tube and allowed
to clot at room temperature of 28 C or 1n a water bath at 37° C for 2 hours

2 The serum 1s disc wrded and the clot 1s forced through the mesh screen
to defibnnate 1t

3 The flwid portion of the clot 1s collected 1 a clean sterle Petrr dish
and then transferred to a small test tube or hematocnt tube for centnfu
gation

4 Tubes are centnfuged at 1500 to 1800 rpm for five mmutes

5 Serumn 15 discarded and the buffy layer 15 collected and a drop 1s
placed on a clean dry shde and smeared 1 usual fashion

6 Stain wath Wnghtss stam
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Note

The L E cell 15 defined as a phagoceytie cell that contans an mclusion
body couststing, of nuclear matenal that has undergone fysis The phagocy tic
cell 1s uswally the polymorpt Jear leuhocyte but phils may also
play thus role The wclusion body 15 2 smooth homogeneous nuclear mass
which has been released from a nentrophil or lymphocyte affected by the
LI factor (refcrence 2} In normal blood no typical LE cells are found
The LL cell 1s formed when the polymorphonuclenr leuboeyte engulfs an
amorphious nuclear remnant The tark ocll differs from the LE m that
some stucture may be secn in the nuclear remnant wlich has been
engulfed

A “rosctte” consssts of a group of polymorphonuclear leuhacytes which
have surrounded an amorphous protem mass The finding of “tart” cells

rosettes” of a free wmorphaus mass of proten 1 not “postive of the LE
phenomenen

‘The phenomenon 1s not secn m simears made directly after the aspration
of bleod or hone marraw because 1 pertad of incubation i itro 15 required
(reference 2) The upus cell plienomenon probably depends on a reaction
between the LE factor found i the scrum of patients with lupus erythe
matosus and the cell nuclens This reaction results m the morplologie
changes an the nuclew maternsal The second step 1s that of phagocytosts
Evidence has been presented that a heat labile fictor present in normal
serum 15 required for the phagocytosis The L £ factor does not have to be
present for the mgestion of the altered nuclear matenal (reference 1)

d

Figure 69 L E coclls fr i penpheral blood of a patient with disseminated
up s eny t} ematosus

'
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References

1 Awienberg A C Studies on the mechanism of the lupus erythematosus
(LE) phenomenon | Chn Invest. 88 325 1959

2 Hargraves M M The LE Ccll Phenomenon In Dock W and Smap
per I Eds Advances in Internal VMedicine Vol 6 Year Book
Publshers Chicago 1954 p 133

PEROXIDASE STAIN FOR LEUKOCYTES
Reagents

1 03 gm benzidine base
990 ml ethy! alcohol
Grind adding a httle of the alcohol at a time When dissolved add
2 Socdwm nitroprusside 10 ml (saturated 36%)
This solution heeps several months
8 Hydrogen peroxide 3% (fresh) 5 drops in 25 ml water Vake fresh
each test
4 Wnghts stam

Method

1 Use fresh blood smears erther from finger puncture or from venous
blood collected 1 hepann

2 Place about 10 drops of benzidme solution on the smear and let stand
1 to 1 minutes

3 Without pourmg off the benzidine solution add 5 drops of freshly
diluted hydrogen peroxide {5 draps i 25 ml of water) and let stand three
or four minutes

4 Wash wath water and allow to dny

5 Stain with Wnghts stan

Note

This stam 15 used to distinguish the myelocytie cells from the other
leuhocytes The myelocytic cells show large blue green granules with the
cosmophils bemng more deeply blue The cells of the lymphocyte senes and
my eloblasts do not take the stan Monocytes may show a few small iregular
and discrete granules Basophiles are peroxidase negative

References A}

1 Osgood E E and Ashworth C M Atlas of Hematology J W Stacey
Inc San Fronasco 1937 p 208

2 ashbum A H A combined peroxidase and Wright s stam for routme
blood smears | Lab & Chn Med I4 246 1928
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ATION OF CEDURE
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(‘U\IOIU PRO
14)

LEUl\OC\T
¢ wonific

Reagents
A Srocs
1 2% Caloum chlonde solution
2 3% Sodum A} (cwp\\osy\mc solution
3 106 Aagoesiuim sulfate solution
1 108 Sodum b3F 1tal solutiot
5 1% Cobalt mtrate solution
Thest solutions A& stable but
1o duscouras® mold gmwl\\
¢ ulote ammonium sulfide solution

shoutd be stored 10t refrigerator

1 99% cihyt alcohol

pone marroW

Method
1 Fx smears of vcnp\\em\ Jood Of
es of thesr prepar non Dry
fution at g1 forlto 1. hours Remor&

withun 30 pnute
baton s

9 Place <hdes n WL it
Jonde solution Dry
n 1% cobalt msate soluhion Wash

and wash o calcie®
4 Tmmers® (hdes for 5 mnutes
tap W ater an

Tmmerse shdes for g mnutes dilute ammoniu sulfide solution

Wash m tap water and dry
5 Counter stai wath Woghts stan

Calculations
1 Count sigmng tO each @ sCOT¢
S0

0 —no stat
y e 1n Oy topla:
anules

100 ne\mophds as

wles mMore dense
gmnu\es greater

of staining 2
stawned €Y goplasm
run with cach

34— ntensity & number of
Ay — densely
e should be

unknow?d

o Control shd
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I 1Z0 DYL MLTHOD

(References 2 and 3)
Reagents

Stock ProranenioL Burrer 02 M
105 gm 2 ammo 2 methyl propane (1 9) duol
500 ml distilled water
WorsinG Burrer 005 M pH 975
25 ml stock buffer
5 ml 01 N hydrochlonc acd
70 ml distilled water
SUBSTRATE Mixtune
35 mg sodium « nphthyl phosphate
35 mg Brentanune Fast Gamnet
85 ml working 005 M propancdiol buffer
This muture 15 made up fresh each time the procedure 1s done
and should be used within 3 mmutes of preparation
FixaTIvE
10 m! 40% formaldchyde
90 m! absolute mcthyl alcohol
Keep m refngerator t0to5 C
COUNTERSTAIN
2 gm methyl green
100 ml distilled water
After the methyl green has gone mto solution approumately one half of
its volume of chloroform 1s ndded The chloroform extracts methyl violet
impurities from the methyl green After 48 hours the solution 1s poured nto
a y funnel The chloroform settles to the bottom and can be run off
and discarded The supernatant fluid 1s then ready for use

Method

Blood and bone marrow smears for this purpose should be stamed on the
day of collection and preferably fixed within an hour of collection

1 Fix smears for 30 seconds at 0 to 3° C 1n formaldehy de-methy1 alcohol
solution
Wash m tap water
Make up substrate solution mix and filter directly onto the shdes
Leave at room temperature for 5 to 10 mmnutes
Wash  tap water for 10 scconds
Counterstain with methy1 green for 10 to 15 munutes
Wash mm tap water

8 Dry and mount m glycermn jcIly or other water soluble mount Mount
Ing 18 necessary as smears fade after 2 or 3 dys

9 Examne undcr ol Red cells and nucler are stamned green Alkalne
phosphatase stams are brown black granules within the cytoplasm of the

ESE- N SN I LY

neutrophuls
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Calculatio™
proceed tO examne 100 ncumm\u\s assgning 0 each the followind score
O-negaty ot coloric
1- occasmm\ ali granules
5_ynoderate ¥ formation
gntense granule formation
4—dense Pre pitate of gmnu\us fllng whole €Y toplast™ of ecll
Add up the sCOTCS for the 100 mds 1duat s pormal range 14-100
Note
The role of alhalne p\\osp\masc actmity @ (he leuho emans &
mystery The sign? cance the duffer n the alkalin® phosp atase actty
wy of poly honucleal euhooy! n chrom¢ myelo ous 1 e P
\eukcmmd seactions 1% not und However hese daffered s are st
ng d have cx\)\m(cd by the 1s descrd ed Three major ategones
be defined
1 Low Range 024 total scor¢
a Chrom© my elogenous Jevhemid
2. Normal Range 14-100 total scor¢
3 thgh Range 100400 yotal scor®
.
bd »
7
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a Leukemoid reaction
b Infectious leukocytosis
¢ Polycythemia

d Hodghins disease

e \yelofibrosis

While there 15 an overlap between the normal range and that of chrome
myelogenous leukemra, there 1s none between chromic myelogenous leule
mia and leukemord reactions It 15 1n the differentiation of these conditions
that the test 1s most helpful

References

1 Brodell H and Swisher $ N Studies of leuhocy te alkaline phosphatase
determmed by a cl I Licable h h 1 method Chn
Res Proc 258 1954

2 Hayhoe F G ] and Quagl D Cytock 1 d 1on and

e

measurement of leuhocyte alkaline phosphatase activity mn normal
and pathological states by a modified azo dye coupling technique
Bnit ] Haemat 4375 1958

3 haplow L S Al T 17 dure for locahzng and evaluating
leukocyte alkalme phosphatase activity 1n smears of blood and mar
row Blood 10 1023 1955

4 Wiltshaw E and Moloney W C Histochemical and biochemcal stud
1es on leukocyte alkalime phosphatase actiaty Blood 10 1120 1855

SICKRLE CELL TEST
Reagenis

1 Two per cent sodium busulfite solution 500 mg sedium bisulfite 15
dissolved m distilled water the total volume bewng brought to 25 ml As the
solution must be made fresh 1t 1s conventent to store 500 mg lots of sodium
bisulfite 1n large capsules until needed

Method

1 The preparations may be made dwectly from a finger puncture or
freshly drawn anticoagulated blood

2 Equal amounts of blood and sodium bisulfite are mmed on a glass
shde and covered with a cover ship Shght pressure on the cover ship will nd
the preparation of air bubbles and the deswed thinness may be obtamed

3 Inspect the preparation after 10 to 15 mnutes for sichled cells The
number of sichled red cells per 1000 red blood cells are determined and
expressed m per cent

Note
Sicklmg 15 the result of the formation of ngid tactords of hemoglobin
molecules These structures distort the stroma and result 1n the formation
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Figure 71 Mout preparation sickle cell anemsa

of the classic sickle cell At least 20 per cent of the hemoglobin must be of
the “S” typc for saickling to oceur Because of the high percentage of fetal
hemoglobin present at birth blood cells from mfants seldom sickle By the
age of 4 to 6 months the level of fetal hamoglobin falls and 15 replaced by
one of the adult forms of hemoglobm If that form of hemoglobun 15 of the
§” type as its percentage, mercascs sickling of the enythrocytes wall be seen
All of the cells from 1 paticnt with A § hemaglobm (heterozygote) wall
sielle if the biood 1s left long enough without oxygen Winle there are some
morphologic differences between sichle cells of the heterozygote and homo-
zygote they are not consistent enough to be diagnostic

Reference

1 Daland G A and Castle W B A simple and rapid method for demon
strahng sichling of the red blood cells The use of reducing agents
J Lab & Chin \Med 33 1052 1948

OSMOTIC FRAGILITY
Reagents and Equipment

1 A chemucally pure 0 75 per cent solution of sodium chlonde is requured.
The saline sofution must be hept 1 a glass stoppered tightly closed bottle
2 Eighteen small test tubes (Wassermann tubes)

Wethod
1 Eighteen small test tubes are set up 10 a rack and numbered from left
tonght 45 46 4 through 14
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2 Into the first tube 15 mesured 48 ml of the sodium chlonde solution
wmto the second 46 ml and so on in amounts correspondung to the numbers
on the tubes

8 To each tube there 1s 1dded the amount of distilled water required
to bring, the total in each tube to 5 mi

4 The concentration of sodium chlonde 1 each tube will be from left
to nnght 072 per cent 069 066 ~ 021 The concentration of sodium chlo
nide may be calculated by multiplying the number on each tube by 15 and
setting off two deeimnl places

6 Fue ml of venous blood 1s collected with a dry syringe and needle
and mied m a bottle with 75 mg of hepann The blood 1s mixed and

reratcd well before usc
7 Exactly 02 ml of blood 1s measurcd 1nto each tube and the tubes
arc gently shiken to nsurc mpmg
8 A control serics of tubes must also be sct up using normal blood
9 The ricks contaming the tubes are then placed 1 a rcfngerator at
4° C for two to threc hours
10 The tubcs are examined and the pomt at wlich hemolysis begns
wd that at which it 15 complete arc recorded The shghtest trace of red color
m the supernatant find ndic ites the destruction of the Jeast resistant cells
Complcte hemolysis 15 indicated by a clear red solution and the absence of
a residue m the bottom of the tube or of any cloudmess on gently shahing
the tubc

11 The tubes are then incubated for 24 hours at 37° C and reexammed

Caleulations
Normal Shight hemoly sis Complete hemolysis
Normal Blood — 045-039% 033 030%

Note

The susceptibihity of the red blood cell to rupture when placed m hypo
tonic soluttons is determmed primanly by the ratio of cell size to surface
arca The classic spherocyte has the smallest possible surface area Any
mcrease 1 the content of this cell results 1 rupture As these cclls behave
as perfect osmomcters water gans access to the cell 1 hy potonie solutions
It 1s this added volume which brings about rupturc

At the other end of the scale 1s the Jarge flat cell of thalassemua or the
Hattened wregular cell of sichle cell ancmia In both the surface area 1s
increased rclative to the cell size and more water may enter these cells with
out their rupture They are morc resist int to hypotonie solutions than normal
cells
Metabolic actvity within the il plays a role i the structural integnity
of the cell also It 15 this feature that becomes important on ncubation
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References

1 Emerson C P Shan $ C Ham T H and Castle W B The mech
anism of blood destruction 1n congemtal hemolytic jaundice J Chn
Imvest 26 1180 1947

2 Young L E Heruditiy spherocytoss Am ] Med 18 486 1955

SERUM BILIRUBIN
Reagents

1 Diazo Blank 15 ml concentrated HCl made up to onc Iiter with
distlled water

2 Solution A" 1 gm sulfambic acd dissohed i 15 ml concentrated
HCI and dilutcd to one hiter with distilled water

3 Solution B 05 per cent solution of sodun minte (must be made
fresh weelly)

4 Diazo Test Reagent 10 m! solution “A and 03 ml solution B”
(must be made fresh daily )

5 Absolute methyl alcolol

Method

A Inpmecr
1 Two colonmeter tubes are sct up s follows

Indircct Blank
1 50 ml absolute methy! alcohol
b 10m! Diazo blnk solution

Indirect Test
a 50 ml absolute methy] alcohol
b 10 ml Diazo test reagent
2 I ml serum (or plasma) 15 diluted to 10 ml with distilled
water and 40 ml of this miture 1s added to each of the abov ¢ tubes
3 AIn carefully by mversion tiling care not to trap bubbles
4 Allow both tubes to stand 30 mmutes and then read n the
colonimeter using a filter #540 Tube 21 1s used for the mmtial
adjustment of the colonmeter
5 If the galvanomcter reading 1s Icss than 10 both tubes are
diluted immedintely with 10 ml of 50 per cent methy] aleohol and
read again The final answer m mg per 100 ml must then be
multiphed by 2

B Dmecr
Method 15 the same as that for imdirect except that distilled water
15 used mstead of methyl alcohol and the sample 1s read agamnst the blank
exactly 60 seconds after the addition of the plasma or serum
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2 Into the first tub¢ 1s measured 48 ml of the sodm chlorde solution
nto the second 46 m! and so on 1 amounts corresponding to the numbers
on the tubes

3 To each tube there 15 added the amount of distilled water required
to bring the total m each tube to 5 ml

4 The concentration of sodium chloride 1 each tube will be from left
to nght 072 per cent 069 066 — 021 The concentration of sodm chlo
ride may be calculated by multiplying the number on each tube by 15 and
settng off two decimal places

6 Fue ml of venous blood 15 collected with a dry synnge and needle
and mued i a bottle with 75 mg of hepanin The blood 15 mised and
aerated well before use

7 Exactly 02 m! of blood 1s measured mto each tube and the tubes
are gently shahen to msurc miaing

8 A control senes of tubes must also be set up using normal blood

9 The racks contamng the tubes are then placed 1n a refugerator at
4 C for two to three hours

10 The tubes are examined and the pomt at which hemolysis begins
and that at which 1t 1s complete e recorded The shghtest trace of red color
1 the supernitnt flwd indicates the destruction of the least resistant cells
Complete hemolysis 1s ndicated by a clear red solution and the absence of
a residue 1n the bottom of the tube or of any cloudmess on gently shaking
the tube

11 The tubes are then icubatcd for 24 hours at 37° C and reexamumed

Calculations
Normal Shght hemoly sis Complete hemolysis
Normal Blood  045-039% 033 030%

Note

The susceptibility of the red blood ccll to rupture when placed m hypo
tonic solutions 1s determined primanly by the ratio of cell size to surface
area The classic spherocyte has the smallest possible surface area Any
ncrease n the content of tus cell results m rupture As these cells behave
as perfect osmometers water g uns access to the cell in hypotonie solutions
It 15 this added volume which brings about rupturce

At the other end of the scale 1s the large flut cell of thalassenma ar the
flattened uregular cell of sicklo cell anemua In both the surface area 15
increased relative to the cell size 1d more watcr may cnter these cells wath
out thewr rupture They are more resistant to hy potome solutions than normal
cells

Metabolic activity withmn the cell pliys  role m the structural mtegnty
of the cell also 1t 15 thus feature that becomes waportant on incubation
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Wethod

1 All feeal matenal s collected for four days It should be kept n a
dark bottle and weighed Record werght

2 Homogenize the feces 1 a Wanng blender slowly adding distilled
water 1n multiples of 100 ml as nceded Usually 100 ml 1s adequate

3 Weigh out duplicate 10 gm samples of homogenized feces i paper
cups Perform the following procedure mn duplicate

4 Pour the sample 1nto a dark bottle to which the freshly prepared 160
ml of 20% ferrous sulfate solution has been added

5 The piper cup s rinsed with a total of 200 ml distilled water to
make sure all stool 1s trnsferred

8 \Mix by shakmg

7 100 m! of 10% NaOH 1s added slowly to the flask

8 Mix thoroughly

9 Incubate m dark for one hour or longer 1if the supernatant 1s not
almost colorless

10 In order to determne the proper dilution to be used in the rem-under
of test a 2 ml portion of solution 1s now filtered and to it 15 added 2 ml
Ehrlichs reagent and 6 ml saturated aqueous sodm acctate Depending
on the intensity of the color formed from 4 to 50 m! of filtrate 1s used 1n
the rest of the procedure

mtense red color—4 m) fltrate
pale red~10 ml of filtrate
fant pink—25 ml of fltrate
no color—50 ml of filtrate

11 Filter the amount required and place mn a separatory funnel Record
the amount used If 4 or 10 ml samples are used make up to 25 ml with
distilled water

12 Add 50 ml petroleum ether

13 Aadify with 5 ml glacial acetic acd

14 Shake well and allow to separate

15 Entract the aqucous portion twice agam wath 25 ml petroleum ether

18 Wash combined petroleum ether solution twice with 5 ml aliquots
of distilled water

17 Add 2 ml Ehrlichss reagent and shake vigorously

18 Add 6 ml saturated agueous solution of sodium acetate and shake
The colored solution 15 drawn off mto a graduated cylinder after complete
separation

19 The petroleum cther 1s eatracted agan with Ebrlichs reagent fol
lowed by addition of sodwm acctate and remorval after vigorous shaking of
the colored aqueous frachion

20 Repeat eatractions until there 1s no further dey elopment of color 1
the aqueous solution



458 FUNDAMENTALS OF CLINICAL HEMATOLOGY

Calculation

The bilirubin concentration m mg per 100 m! of serum 15 obtamed from
the formula
2 —log G x 100

672

x = bdwubin/100 ml serum

G = gahanometer reading
Normal Indrrect (total)—below 10 mg %

Durect—below 04 mg %

X =

Note

It 1s now known that the dufference between the direct acting and the
wmdirect type 1s the glucuromde conjugation of the former which renders it
water soluble Conjugation of bilirubm with glucuronide 15 brought about
m the Iner by the enzyme transferase located m the microsomal fragment
of the cells Undme diphosphoglucuronic acid 1s the source of the glu
curomde

Cahbration of the galv inometer may be carnied out using pure bilibm
as noted 1 the method described by Malloy and Evelyn (rcference 1} A
modufication of the above method has recently been mntroduced (refer
ence 2)

Reference

1 Malloy H T and Evelyn K A The determmation of bilirubr with
the photoelectric colonmeter | Biol Chem 119481 1987

2 OHagen J E Hamidton T LeBreton E G and Shaw A E Human
serum bilrubm  An immediate method of determmation and its ap
plication to the establishment of normal values Clin Chem 3 609
1957

TECAL UROBILINOGEN

Reagents
1 Sodwm acetate Add sodwm acctate to distilled water untd the
solution 1s saturated Remoe supematnt for use
2 Ehrlichs Reagent
07 gm para dimethyl amnobenzaldehy de

1000 ml distilled water
150 0 ml concentrated HCI

20% ferrous sulfate
20 gm ferrous sulfate m 92 m! H O May require heating to go nte
solutron

w
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“Evans Blue and the spectrophotometer § Chn Invest 16 301
1987

Gramch § Iton metabolism Bull NY Acad Med 30 81 1854

\Miller & B Smger K and Dameshel, W Uso of the darly fecal output
of the urobthinogen and the hemolytic index in the measurcment of
the hemolysis Arch Int Med 70 722 1942

Schwastz § Sbosos ¥V and Watson C ] Studbes of nrobihmogen 1V
The quantitative detcrmunation of urobilimogen by means of the
Erelyn photoelcctne coloruncter Am ] Cln Path 14598 194

Watsan € ] Schwartz § Shorov V and Bertie, E Studies of wio
bilinogen VA simple method for the quantitatise recording of the
Ehelich reaction as camed out wath unne and feces Am ] Cln
Path 24605 1944

Watson C | and Hawkinson V  Studies of wobihmogen VI Further
expenence with the simple quanutatnve Ehrlrch reaction Corrected
calibration of the Evelyn colonmeter with a Pontacy! Dye mixture
1n terms of urabilinogen Am J Chn Path 17 108 1947
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@
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LLECTROPHORESIS
Ceneral

Electrophoresis has come to play an important role m chntcal medicine
s aid in the study of the dysprotememias and 1n sorting the vartous hemo
plobmopatlues 1s mdispensable

The behavior of the protem mofccule dunng electrophoresis depends on
a number of complex and wnterrclated forces The protein molecules 1 the
plasma and those m the red blood cell hemolysate may vary m size shape
and thertr net electrostatic charge Electropharetic analy sis makes use of such
vanations to separate and classfy these proteins The degree of resolubion
of these protemns obtamed by clectrophoresis 15 influenced by the emviron
ment and by the character of the electrical field

In most chinical laboratortes ¢lectrophorests 15 carned out using paper
starch gramn awar or stasch gel as the supporting medium und an electne
field supphed from a constant voltage puner pack In the accompanymg
diagram the basic destgn of the commonly used apparatus 15 seen.

Boxes A usually contam a sodrum chlonde solution and boxes B a buffer
solution The upporimg medum going betwcen the B boaes contains the
same bulfer A great many sartations on this bagie design have been pub
hshed For an excellent and detarled discussion of these and related prob-
lems the reader is referred ta the book A Manual of Paper Chromatography
wnd Paper Electrophoresis (reference 1)

Apparatus of vaned design may be obtaned commercially
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21 The colored solution 15 made to a convement volume The color
should be pink Record total volume

22 Read 10 ml of final solution 1n colonmeter using filter 2565 agamst
blank of 9 ml saturated sodwm acetate and 3 m! Ehrlichs reagent

Calculation

500 (H O FeSO, and NaOH) % Vol of final dldution X
10 (gm of stool} Vol of hitrate used
% of color standard x Wt of four day collection X
100
No ol doys of wollocton™ = ™ of urobilinogen per day
Normal 156-195 mg, fecal urobihinogen

Note

Normally 65 gm of hemoglobm 1s destroyed daily and this should result
i 156 to 195 mg urobiinogen It 15 recogmzed that the measure of fecal
urobilinogen 1s not an ccurate measurc of dadly hemoglobmn breakdown
There are 2 number of sources of error Hemoglobin 1s not the sole source
of bile pigment as myoglobn catalase cytochromes and peroardases may
contribute Dietary porpbyrns do not alter the fecal urobilmogen as they
are not brohen down i the mtestnal tract (reference 2) Conshpation
diarthea the use of antibiotics (reducmg antestinal flora) and incomplete
collections wall all add to maccuracies However an increase m the fecal
urobthinogen output indicates an merease 1 blood destruction

Since there e marked duff in fecal urobil dependent on
the lating mass of h lobin a formula was desvised to tahe this mto
account (reference 8)

Hemolytic Index =
average daily (of 4 days) output of fecal urobilinogen (mg} X 100
‘total hemogfobin {gm 100 ml ) X total blood volume®

100

Normal 111-208 mg

NB

To standardize the colormmeter 1 muxture of Pontaeyl Dyes 1s available
(DuPont) The method s g en by Watson and Hawhinson (reference 6)

References
1 Gibson J G II and Evans W A Jr Chmeal studres of the blood
volume I Chnycal apphcation of a method employing the azo dye

\ay use espected total blood solume (reference 1)
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Buffers

Barbuturite Bufler 181 gm  deethylbarbituric acd {barbital) and
1030 gm sodiem barbit il are made up to one hter w distslled water The
some strength of this bufler 15 003 and the p s 86 It 15 excclient for runs
of s1x to exght honrs duration

For runs of 10 to 12 hours duration better resolution 15 obtaned nsing
buffer of 01 rome strength 276 gm diethy barbatune acd {barbital) and
1545 gm sodmm barbit1l are made up 1o one ter m dustilled water

Starns Used e Counectron wath Paper Llectrophorests

Bromphenol Blue staming 15 most commonly employed

01 gm brompheno! blue

50 g 2zine sulfate

50 m} glacal acetic acd

The dry paper 15 immersed m the dye selution far 12 to 16 hours It s
remored and nnsed three times 1 2% acetic acid and fnally in a solution of
10% acetic acid and 9% sodwm acetate It is then blotted and dnied i the
oen

sTARCH GEL LLICTROPHORESIS

The use of starch gel as a supporting medwm for electrophoresss has
gamed wadespread acceptance smee its mtroduction by Smuthies {reference
1} Excellent resolution of serum and red bload ceil hemaly sate protems 15
obtunable The gels take a wide vaniety of stars In mast nstances they
may be stored an large test tubes wathout lass or distortion of stawnmg
charactenstics

Preparation of Starch Gels (Ssuthies Modified Shghtly)

1 200 m! of gel buffer 15 mixed with 25 gm hydrelyzed starch ®

2 The murture s gently heated over a Bunsen burner m 2 flask to which
a hegative pressure may be apphed from exther 2 vacuum pump or 2 water
pump

3 Heating 1s continued as the gel becomes more viscid and finally thin
ance agaw As the gel becomes Jess visaid at will begm to clear At this pount
negatn e pressure 15 apphed and the hquid allowed $o degas vigorously The
length of tme allowed the muture to degas should be constant as 1t affeqts
the water content of the gel and variations will affect the constancy of the
results from day to day

4 The gel s poured mnta plasue boats (reference 1) and some of which
the pH 1s later determmed into a small beaher

5 Tilter paper wacks are cut so that they may be wmserted nto the gel

Hvdsolyzed starch ma) be obtaned from the Connaught Laboratones Toronto
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Reference

1 Block R J Dumum E L andZweig G A Manual of Paper Chroma
tography and Paper Electrophoresis 2nd Ed Academic Press Inc
New York 1958

I RLI IR ATION OF RED BLOOD CLLL HEUQLIS{TE FOR LLLCTROFHORESIS

1 Fresh anticoagulated (heparmn or oxalate) blood 1s centrifuged to
scparate the plasma from the cells

2 The plasma 1s discarded and the cells washed three times with 0 85%
NaCl ana centrifuged betwecen each washing The supernatant 1s discarded

3 12to 18 volumes of distilled water 1s then added to the cells and the
solution shaken vigorously

4 03to04ml of toluene 1s then added and 1gam the muxture 1s agttated

§ Filter and adjust the hemoglobin solution to approsimately 5 gm per
100 ml with distilled H.O

6 Refrigerate the Bltrate 1f not used immedsately

Note

Should 1t be deswrable not to add toluene the ghosts may be removed
by centrifugation n a high speed head

I REPAR ATIOY OF SERUW FOR LLECTROPIIORESIS

1 Fresh blood 15 obtamed m a dry syringe and allowed to drp from the
syrnge mto a clean dry test tube after removal of the needle

2 After clot retraction takes place the serum 1s removed and placed in
the refngerator until used

PAPER ELECTROPIORLSIS

Paper has been widely used as a supporting medum m electrophorests
Usually a good grade of paper such 1s Whatman 3 MM 1s used though
heavier paper may be used when larger volumes are to e run Most com
monly the paper is enclosed m a plastic box or sandwiched between glass
plates to prevent drying Paper may be employed on a horizontal plaue or
may hang from a central supporting rod 1 the shape of an mverted V

After each run 1t 15 important that the wich ends are cut off immediately
to present shifting of the position the protemns achieved during the run as
the wichs lose flud The paper should be dricd rapidly m a horizontal posi
tton m an oven at 100 C for 20 to 30 mmutes Drying the protewns brings
about therr denaturation and fixes them on the paper Staming may then be
carmied out if the protcins are not pimented It 1s usually unnccessary to
stain hemoglobin as 1ts posiion 1s clearly visivte
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Bupce. Citnie acrd 01 M and NaHPO, 02 M are maed n the
amounts needed to provide proper volume and pH and used full srength

Outer Bores

NaCl1s made np to the sume molwnty as that of the buffes being used

Protem Staws for Use nith Starch Gel Llectrophoresis

Anudoschwarz 0B A solution of methy] aloohol dustilled water and
glacial acetse aad 13 made up 50 50 10+/y Anudoschwarz 108 1s added untal
the solutvon 15 saturated The same solution without the dye 15 used as a
wash

The eut staps of el are unmersed 1n the dye solution for 30 seconds and
then removed 2o the wash solubion Three washes generally clear the gel
enough to dlow defimbion of protesn fractions Further clearmg will take
place 1f gel 1¢ left over mght in the solution

Gels may be stored mn the same solution

Reference

1 Somthies O G Zone electrophercsis i starch gels Group vanations
the serum protews of normal human adults Biochem ] 61 629

DETECTION OF FETAL HEMOGLORIN BY THE
ALK ALY DENATURATION TECHNIQUE
{Refercnces § and 4)

Reagents
1 N/12 XOH or NaGH (pH 127) m paraffin kaed bottle—kept 1
refngerator

2 lreapitatng solution §00 ml 50% saturated (NH,) SO, plus 2 mi
10 N HCY

VMethod

1 Centufuge fresh apticoagulated blood (hepans or oxvlate) and
disewrd plasma

2 Wash remaming cells three times with thyee or four \clumes of
worm sabne discarding the washings

3 3dd 12 to 18 \olumes of distifled H O Shake vigorausly for three
mnutes

4 Add 0.4 volumes of toluene and agam shake for three mnutes

§ Centrfuge at3000rp m for 20 mumutes and discard upper two layers
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at exther end A prece of thin polyethylene sheeting 1s cut to fit the surface
then placed over the boat and pressure pphed evenly Excess gel will be
eatruded

6 After cooling the application of protemn 1s made by cutting the gel
with a razor blade and mserting a prece of filter paper carrying the substance
to be examined The flter paper should be shyhtly smaller i both dimen
sions than the cross section of the gel

7 The plastic 15 replaced and the wicks dipped mto the boxes (B)
contammg the buffer and filter paper wicks arranged to bndge from these
boxes to those containing the electrodes (A}

8 Current 1s applied at 5 ma /boat and 5 6 volts/em for six to eight
hours

9 After six to exght hours has elapsed the gels are loosened from their
boats by running a spatula between the gel and the edge of the boat They
may then be gently removed

10 The gels are then placed 1 a plistic trough the width of which 1s
the same as that of the gel the length somew hat greater than that of the gel
and the height of the sides exactly half that of the thickness of the gel By
placing half of a double edged razor blade across the trough the gel may
be easily cut lengthwise mnto two 1dentical halves The mner surfaces are
stamed and exammed It 1s the mner surface of the gel on which protem
mmgration 1s least affected by distortion

Buffers
A number of buffers have been employed 1 starch gel electrophoresis
We have used s phosph buffer phospl itnc acrd buffer

and borate buffer with success The gels behave well at low and high pH
The molanty of the gel buffer should be between 002 and 003 Since the
starch atself alters the pH of the buffer the final pH of the gel must be
determined after 1t has cooled sufficiently

The bndge buffer should be at the same pH as that of the gel and
approxumately 03 M

Borate Buffer GeL 142 gm H;BO; 1s dissolved m a liter of distilled
water The desired pH 1s obtaned by the addition of NaOH solution

Brupce 1855 gm of HzBOs 15 dissohved n a hter of distilled water
The desired pH 15 obtamed by the 1ddition of NaOH solution We have
found 1t convenent to add 40% NaOH dropwise untl the desired pH 15
reached

Sorensen s Buffer Ger M/15 Na HPO, and M/15 KH PO, are muned
1n proportions needed to obtam the proper pH and the soluton then diluted
/v with distilled water

Brmce M/15 Na HPO, and M/15 kH PO, arc mused n proportions
needed to obtamn desired pll and used full strength

Curic \ad Buffer GeL  Citne acrd 01 M and Na HPO, 02 M are
made and mixed m proportions needed to obtamn the desired pH 20 m! of
the solution 15 then made up to 200 ml with distilled water
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9 Itwno 1 A Bergren W R and Sturgeon P The abnormal human
hemoglobins Medicine 3o 191 1956

3 Jacob G T and Raper A B Heredutary persistence of foetal hacmo
globm production and 1ts mteraction with sichle cell trast Bt J
Hacmat - 138 1958

4 Smger A Chemoflf A I and Singer L Studies on abnormal hemo
globms 1 Therr demonstrition in sichle ¢cell anemia and other
hematologic disorders by means of alkalt denaturation Blood 6 413

1951
5 Whte ] C and Beavan G H Foctal haemoglobin Bt Med Bull
15 33 1959

BLEEDING TIME
1 DURL MLTHOD
Apparatus

1 Stenle Bard Parher blade
2 Filter paper 8 inches in diameter

MHethod

1 \fale a shin puncture i the lobe of the car
2 Blot with flter paper (without touching the skin) every 1/2 mnute
until bleedng stops

Calculation

Normal 1-3 minutes

i vy MLTHOD
Apparatus

1 Spring lancet
2 Filter paper
3 Sphy gmomanometer

Method

A sphy gmomanometer cuff 15 fiaed about the arm and the pressure raised
to 40 mm Hg With a spnng lancet the blade set at 2 5mm three wounds
are made on the extensor surface of the forearm care being taken to avord
scars and superficial veins

Using three flter paper discs each wound 15 gently blotted cvery 15
seconds until bleeding stops

The average of the time taken for bleeding to stop 1s computed by
adding the total number of blots on the papers and diding by tw elve
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6 Filter the clear red solution and adjust to a concentration of 9 to 11
i per 100 m! globin by adding appropnate of distilled
H O (Solution A)
7 Place 168 ml of the alkali reagent in a serologic test tube and heep m
vwater bath at 20° C for several mmnutes
8 01 ml of the hemoglobm solution 1s added with a blow out pipette
The pipette 1s rinsed several trimes and the tube gently shaken for 10 seconds
9 Start stop watch at the moment the hemoglobin solution 1s introduced
wd m exactly one minute add 34 ml of the precipitating solution
10 Invert six tunes and mmediately filter through a double layer of
filter paper nto a clean test tube (Solution B)

Calculation (References 1 and 4)

The amount of fetal hemoglobin m the ongmal hemoglobm solution 1s
determmned by comparing the optical density of solution A wath solution B
m a colonmeter at 540 miihmicrons Solution B 1s a 1 50 dilution of solution
A and tlus dilution factor must be considered when companng the two
hemoglobin solutions

If a Beckman spectrophotometer 1s used 002 ml (Sahlr pipette) of
solutron A may be diluted with 4 m! of distilled water (Solution C) and 1ts
optical density determined without dilution The percentage of fetal hemo
plobm 15 then determined

174 optical density solution B =
optical density solution C X 100 = % Fetal hemoglobin

Comment
The resistance of fetal hemoglobmn to alkal denaturization 1s well known

However the alkah resistant fraction m this test 1s a mixture of undenatured
d

fetal hemoglobmn and dissolved denatured 1 lobin The precip!
matenal 15 also a musture consisting of denatured hemoglobin and a small
amount of adsorbed, und; d fetal b lobmn (ref 2)

As normal adult bloods give one mmutc residues between 05 to 17%
only thosc above 2% are considered as positine evidence of the presence of
fetal hemoglobin (reference 4) The presence of fetal hemoglobin indicates
a contnuation of the production of the pigment beyond the usual age hmit
or a reactiation of 1ts production The mechamsm of its formation and 1ts
significance 1s not clear (reference 5) It has been found m the blood of
patients with hereditary hemoglobinopathies thalasserma and permicious
anemia It 15 not present m the acquired hemolytic anemuas (reference 5)
There has been a suggestion that fetal hemoglobin may persist to adult life
unassoctated with any other hematologic abnormality (reference 3)

References
1 Chemoff A I The human hemoglobins 1 health and disease New

England J Med 253 322 365 416 1933
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1t has beun noted by Macfarlne {reference 2) that there s u linear
inerease m the degree of clat retraction as pached cell volume decrcases The
selationstnp between decreased elot rctvaction and the presence of jaundice
and preamont s ok clear The abnormal protems present 1 myeloma are
Lnawn to mnterfere with clottmg and may affect clot retraction as well

References

1 Achroyd [ F A smple method of estimatmg clat retracthon with a
sunvey of normal yakies and the changes that otcur with menstrma
uon Chn Se 7 231 1948-49

2 Macfarloane R G A siraple method for me aunmg elot yetractson Lancet
I 1399 1939

THE TOURNIQUET TEST OF CAIILLARY FRAGILITY
Method {Refcrence 4}

1 A small cucle 23 em an dwmeter 13 drawn on the maer aspect of the
forearm 1bout 4 om below the crease of the elbow Any shan blamishes which
mught be confused with petechiie we mashed

2 A manometer cuff 15 eler ated to sudway betw een drastobe and svstohe
pressure and beld for five to ten minutes

3 Five munutes after the pressure 15 released the number of petechiae
wathin the arcle are count

4 H theve 1s excessne discomfort or of petecinae appear the test 1s term:
nated §t should not be repeated 1 under seven or eaght days

Calculation

Normal 0-10
Marginal  10-20
Absormal 204~

Mote

Thns procedure first descnbed by Hess n 1814 (reference 3) provides
a measure of the ability of the vasculir endothelum to withstand trauma
and reconer from st 1t ss thought that small Lreaks sccur frequently mn the
capiary walls and that these breaks are normafly plugged by platelets and
perhaps by fibrn The test when postnve indseates a defect m the vascutar
hel s sup or perhaps some plasma {actor oy
celtular elemint smportant to the mamntenance of yascular mtegrity Masked
Yhrombocvtopensa for example may yesult i a positive test
Tests of capellary resistance are not entirely satisfactory smce there 1s
considerable sartiton m the results on the same person at different tanes
and wdeed i different arms (reference 2)
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Calculation

Normal 34 minutes (some accept 7 mimutes)

Note

This test was ongmally described by Duke m 1910 and depends on
the normal function of small vessels as well as the presence of adequate
numbers of normal platelets

References

1 Duke W W The relation of blood platelets to hemorrhagic disease
JAMA 551185 1910

2 Ivy A C Shapwo P F and Mclmck P The bleeding tendency m
jaundice Surg Gynec & Obst 60 781 1935

CLOT RLTRACTION
Apparatus

1 Graduated centrifuge tubes (must read to 01 ml)
2 Wire of diameter 1 to 15 mm so coiled that there are six tumns to the
mch Spiral should be two inches long

Method

1 Something over 5ml of blood 1s drawn and after removing the needle
the blood 15 allowed to flow gently into the centnfuge tube to the 5 ml mark

2 The wre spiral 15 put m place mn the tube

8 The tube 15 then mcubated at 37° C m a waterbath After the blood
has clotted firmly the tube 1s Ieft undisturbed for an additional hour

4 The wire spiral 1s then removed allowmg for dramage

5 The volume of the remuning serum and cells expressed from the clot
1s read directly 1n the tube and the volume capressed as a percentage of the
ongmal 5 ml

Calculation
Normal Retraction between 48 and 64% with mean of 54 7%

Note
The rate and the completcness of clot retraction are affected by
a The quantity and quality of the platelets

b The red blood cell volume
¢ The presence of such disorders as myeloma pneumoma and jaundice
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INDIRECT PLATELET COUNT
Method

1 Mahe a blood smear immeduately from needle after sempunctuse or
from finger puncture
Stasn with Wnghts stan
Count the number of platclets per 1000 red cells
Deternune red blood ccll count

§ Platelets/1000 ABC X RBC/cumm __ 4000 mm
1600 o

a2t

Calculation
Normal 230 000-600 000 per cnmm

Mate

Quantrtatne. and perhaps qualitative changes in the platelets may be of

o m i A e measure of the platelets may he

obtamed by a direct chamber count or mdiscetly by relating the number

of plitelets to the number of red blood cells present on a blood flm A

mashedly dummnished platelet count mdicates a failure to produce platelets

at a sufficient rate and/or therr mereascd destruction A quantitative de
crease m platelets 15 fnown as thrombocy topema

References

1 Bray W C Synopsis of Climeal Laboratory Methods 3rd Ed C V
Maoshy Co St Lows 1948 p 113

2 Brecher G and Cronkste © P Morphology and enumeration of human
blood platelets § Appl Phystol 3 363 1950

COAGULATION TIME
Apparatus

1 Four test tubes 2% by % mches
2 Watesbath ot 37 C

Method

1 Venous blood 15 drawn wto a clean dry all glass synnge with a
tightly fitting sharp 18 gauge needle

2 Detach the necdle and gently delner 1 m! olumes of blood mto
s.;nhcof four 22 by % mch test tubes I posmble keep tubes m waterbath at
3

3 Astop watch s started at the moment the blood first enters the synnge
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A small suction cup as described by Dalldorf (reference 1) may also be
used to determme capullary resistance

References

1 Dalldorf G A sensitive test for subchnical scurvy i man Am | Dis
Child 46 794 1933

2 Greene D Ervaluation of the capillary resistance test w the diagnosis
of subchmical scurvy JANMA 1034 1934

3 Hess A F and Fish M Infantile scurvv The blood the blood vessels
and the iet Am ] Dis Child 8 385 1914

4 Wnght 1 § and Lihenfeld, A Pharmacologic and therapeutte proper
ties of crystallme vitamin C Arch Int Med 57 241 1936

PLATELET COUNT
DIRECT PLATELET COUNT WWITH PH {SE MICROSCOPL

Reagent and Apparatus

1 Diluent for platelet counts~1 per cent ammonium oxalate n distilled
HO

2 Phase contrast microscope

3 Red blood cell counting chamber and pipettes

Method

1 Make 2 decp finger puncture Discard the first drop of blood then
draw blood to 1 mark on the red cell pipette avording touchmny, the end of
the pipcite on the shim Draw diluent to 101 marh making a 1 100 dilutton
Usmg, another pipette make a duphicate preparation

2 Rotate the pipettes to mix the contents well then place m 2 mecham
cal shaker for 20 mmutes

8 Discard % of contents of one pipette and Sl both sides of the red
ccll counting chamber Repeat with second pipette and chamber

4 Let both chambers stand for 15 mmutes 1 a covered Petn dish 4
prece of wet cotton placed m each dish will prevent ¢yvaporation

5 Countwng, 15 done using 48\ dry phase contrast objective and count
g, chamber with 2 flat bottom Platelets will be scen to have a famt halo
Shadows of red cells may be seen m the background

Calculation
Count at least 300 platelets

Total no of platel ted X 10 X diution = platelets per cu mm
no of I mm sq counted ¥
Counts must be completed within 8 hours after collechon of the blood
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b Centnfuge at 1500 rpm for 10 mumnutes

¢ Sepanate platelet contamng, plasma wto shcane centnfuge tubes

d Centnfuge at 3000 rpm for 15 mmnules

¢ Clear supernatant 15 used as substrate plasma

I Platelets deposited 1 button at bottoms of tube are fragmented wath
worden stick and washed twice with 0 85% NaCl

g Resuspend w 0 85% salne to b to & onegmal volume of plasma

AMethod

1 Measure 01 ml amounts of substrate plasma 11 Lee and Whate clot
ung tubes and place n waterbath at 37 C
2 Pipette mto a Lee and Whte clottng tube
03 ml 1/5 dilution of normal adsorbed plastma
(3 mi 1/10 ddution of normal serutny
03 ml 1/100 dilution of chloroform extract of bran
3 Place m waterhath at 87 €
3 Add 03 ml M/40 CaCl 1o the muture and stast stop watch Agitate
with ¢1 wl pipetie
$ At one rmnute 2dd 01 ml of sl muture and 01 mi M/48 CaCl
to 2 tube of substrate plasma Start stop wteh and tume cJot
6 Repeat at sunute aatervals untd maneoum dotting time 15 recorded
Repeat at 12 mumutes to confrm mnimum clottng time
7 Repeat test snbstitubing 10 turp patients serum and plasma for nor
mal and thes both the patients plasma and serum together
8 The test may be done using a suspension of platelets from normat
control and from the patient which are substitated m tum for the bram
ertract

Note

As has been noted thromboplastm activ sty 1s thought to develop m the
wtnnsie {blood) system when there are present 1 the meubation mxture
antthemoplube factor plasma throsmbopl: plasma th Y
plastin antecedent Stuart factor platelets Factor \ and romzed caloum
The thromboplashn generation test provides a method by which a specsfic
deficiency of one of these factors may be ducovered

Normal plasma treated with A OH)s prondes AHF PTA Factor ¥
and Hagemon factor but does not contam Factor VII Stuart factor or
PTC Serum should contun Stuart factor Factor VIE FTA FIC and Hage
map factor while Factor V amd AHF which are consumed i clotting are
laching, (Factor VIL 15 not essential for development of thromboplastm
actvity m the wtninsie system ) 1§ the three seagents AWOH)a adsorbed
plasma normal serum and platelets or bramn extract are meubated in the
yresence of CaCl there 15 developed a labile but powerful thromboplastin
actevity The efficiency of the thromboplastun acanity s then measared by
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4 The four tubes are tilted m turn at half minute mtervals until each
can be tilted through an angle greater than 90 degrees without spilling

5 The clotting time of cach tube 1s measured separately and the average
of the four times reported

Calculation

Normal 5 to 10 mmutes As the normal range for the Lee and White
test varies n different laboratories and from time to time i the same labora
tory a normal control should be run once a week

Note

The whole blood coagulation time was desenbed late i the mneteenth
century but was standardized by White and Lee mn 1913 (reference 1)
The test 1s 2 measure of the adequacy of the vanous factors which tahe part
m the mtnnsic system to brng about coagulaton The techmque must be
scrupulous m order that admixture with tissue juices does not occur durning
collection of the blood The test 1s insensitive and may fail to expose sertous
defects n 1 It may for ple be normal in the presence of
severe AHF deficiency

Reference

1 White P D and Lee RogerI A chincal study of the coagulation tune
of blood Am J M Sc 145495 1913

THE THROMBOPLASTIN GENERATION TEST
Reagents

1 Normal adsorbed plasma diluted 1/5 with 085% NaCl This must
stand for at least 10 mmutes

2 Patients adsorbed plasma diluted 1/5 with 085% NaCl Tius must
stand for at least 10 minutes

3 Normal serum diluted 1/10 with glyoxalire buffer This must stand

for 1 hour
4 Patients serum diluted 1/10 with glyoxalne buffer This must stand

for 1 hour
5 Chloroform extract of brain diluted 1/100 with saline

6 \M/40 CaCl
7 Substrate plasma
8 Platelet supsension
NORMAL SUBSTRATE AND PLATELET SUSPENSIONS
a Twenty ml of whole normal blood 15 collected into two silicone treated
10 ml graduated centnfuge tubes cach of which contamns 1 ml of
3 8% sodwum citrate
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b Centnifuge at 1500 rpm for 10 mmutes

Scparate platelet contammg plasma into silicone centrfuge tubes
Centrifuge at 3000 rpm for 15 mmnutes

Clear supernatant 1s used as substrate plasma

Plattlets deposited in button at bottom of tube are fragmented with
wooden stich and washed twice with 085% NaCl

Resuspend n 085% saline to ' to % ongmal volume of plasma

-—a n

w

Method

1 Measure 01 ml amounts of substrate plasma m Lee and Whte clot
ting tubes and place i waterbath at 37 C
3 Pipette mto a Lee and White clotting tube
03mi 1/5 ddution of normal adsorbed plasma
03 m] 1/10 dslution of nosmal serum
03 ml 1/100 diution of chioroform extract of bram
3 Place in waterbath at §7° C
4 Add 08 ml \/40 CaCl to the mnture and start stop watch. Agitate
with 01 ml pipette
5 At one e 2dd 01 ml of unbal muture and 01 ml V/40 CaCl
to a tube of substrate plasma Start stop watch and time clot
6 Repeat at mumute mtenvals unti] rmmum cloting tine 1s recorded
Repeat at 12 mumutes to confirm minumum clottmg tune
7 Repeat test subshtuting in furn patients serum and plasma for nor
mal and then both the pitints plasma and serum together
8 The test may be done using a suspenston of platelets from nomal
control and from the patient which are substituted 10 turn for the bram
extract

Note

As has been noted thromboplastin actraty »s thought to develop in the
wtnnsic (blood) system when there are present in the mcubation muture
antihemophihic factor plasma thromboplastin component plasma thromba
plastin antecedent Stuart factor platelets Factor V and romzed calomm
The thromboplastin generation test pravides a method by which a specific
defimency of one of these factors may be discovercd

Normal plasma treated with Al{OH); provides AHF PTA Factor V
2nd Hageman factor but does not contan Factor VII Stuart factor or
PTC Serum should contain Stuast factor Factar VII PTA PTC and Hage
man factos while Factor V and AHF which .re consumed m clotting are
lacking {Factor VII 1 not essential for development of thromboplastin
attmaty 1 the mtrmsic system ) 1f the thiee reagents AI(OH)s adsorbed
plasma normal serum and platelets or brain eatract, are wncubated i the
presence of CaCl, there 15 developed a labde but pow erful thromboplastn
actvity The efficiency of the thromboplastm acovaty 15 then measured by
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placing aliquots of the incubation mixture m a tube contaming a substrate
of normal platelct free atrated plisma Normally coagulation wall occur
within 10 scconds By serwlly substituting the patients scrum Al(OH)s
treated plasma or platelets n this test specific deficiencies of the eardly
phase of coagulation may be revealed

It 1s important to note that though the substrate plasma contams factors
that may be mussing from test fractions the time that would be required
for them to react in the substrate tube would be i excess of the 10 second
limt defimng normahity 1n this test The develog of thrombopl:
activity normally requires 3 to 5 minutes What 1s measured when '.he men
bation mture 1s transferred to the second tube contammg the substrate
plasma 1s the rate of conversion of prothrombin to thrombmn and the sub
sequent conversion of fibrinogen to fibnin If the substrate plasma 1s normal
the end pomt 1s dependent solely on the amount of thromboplastn activity
that was developed dunng the mcubation penod The fibrmnogen and pro
thrombin 1n the substrate arc constant while the potential vanables are m
the incubation mixture The vanables may then be separated by performmng
the classic one stage prothrombm time test

Reference

1 Biggs R and Douglas A S The thromboplastin generation test J Clin
Path 623 1953

ONE STAGE PROTHROMBIN TIME

Reagents

1 Normal plasma Obtan 45 mi blood by venipuncture and immedi
ately add to tube contamnng 3 8% sodium aitrate Centnifuge at 1800 r pm
for 10 minutes and withdraw clear supernatant plasma

2 Pantents test plasma Obtam as above

3 Bram thromboplastin Prepared from lyophihized acetone extracted
rabbit bram avalable commercrally

4 M/40 CaCl,

Method

1 Pipette into a clotting tube
01 ml normal plasma
01 m! bram thromboplastin
2 Place tubes 1 waterbath at 37° C for one to two minutes
3 Add 01 ml \M/40 CaCl tnigger stop watch and time the clot
4 Repeat with paticats plasma
5 The test 15 usually done i duplcate and the results expressed as a

ratio of the normal
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Note

This test descenbed by Quick m 1935 was chngm’.‘d to measure pro
thrombin m the blaod Bram was supphed as a

and fibrinogen and Ca++ were constant fuctors \thn 1t was ﬁrst ntro
duced 1t was felt that prothrombin was the only vanable It 1s now recog
nized that Factor VII Factor V and Stuart factor are also important to the
coagulahon of fibrinogen under these conditions A deficency of any one
will affect the prothrombin time as will a deficiency of fbrinogen The test
has been and still 15 extremely uscful in the study of coagulation defects
For the control of Dicumarol therapy many prefer Owrens modification
{reference 1) In order to dutermine quantitatively the prothrombin con

atwo stage p dure may be used (ref 5)

References

1 Owren P A and Aas K The conhol of Dicumarol therapy and the
of and p tin Scanda
a1 J Chn & Lab Imvest 3201 1951
Quick A ] The prothrombin in hemoplilia and obstructive jaundice
J Biol Chem 10973 1935
3 Quck A | Interprctation of the one stage method for determining pro
thrombin tme New Lngland ] Med 248 624 1933
4 Quch, A ] and Hussey C V Prothrombin and the one stage prothrom
b time Bnt M J 1931 1955
5§ Ware A G and Scegers W H Tv\o stage procedure for the quant1
tatne d of h Am ] Clm
Path 19 471 1948

ta

MODIFILD THROMBOPLASTIN GENERATION TEST
Reagents

1 Normal adserbed plasma diluted 1/5 with 085% NaCl This must
stand for at least 10 mmnutes
2 Normal serum diluted 1/10 with glyosalne buffer This must stand
for one hour
Chloroform extract of bram diluted 1/100 with saline
M/40 CaCl,
Substrate normal plasma
a Ten ml of whole normal blood 15 collected 1 a silicone treated
centnfuge tube contaming 1 m! of 3 8% sodmm otrate
b Centnfuge at 300 rpm for 15 minutes
¢ Use clear supernatant plasma
6 Substrate test plasma Obtan whole blood from patient and prepare
as i 5 above

LS
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Method

1 Measure 01 m! amounts of substrate normal and test plasmas m Lee
and White clotting tubes and plice n waterbath at 37° C
2 Pipette mto Lee and White clotting tube
03 ml 1/5 dilution of normal adsorbed plasma
03 ml 1/10 dilution of normal scrum
03 ml 1/100 dilution of chloroform extract of bramn
3 Place in waterbath at 37° C
4 Add 03 ml M/40 CaCl; to the muxture and start stop watch Agitate
with 01 ml pipette
5 At the end of 4 6 and 8 munutes 2add 01 ml of M/40 CaCl, and 01
ml of meubation muture to both the test and normal plasma Start stop
watch and tune the appearance of clot i each tube

Note

If the fibninogen content of the substrate plasmas are normal and there
1s no anticoagulant present the rate of clot formation will depend on pro
thrombmn alone Factor VII which 1s essential for the normal evolution of
thromboplastic activity 1n the Quick one stage prothrombin time test 1s not

1 to this difi of the thrombopl generation test This
test then may be used to differentiate betwcen prothrombin defictency and
Factor VII deficiency (references 1 and 2)

References

1 Hougie C Barrow EM and Graham ] B Stuart clotung defect I
Segregation of an hereditary hemorrhagic state from the hetero
geneous group heretofore called stable factor” (SPCA procon
vertin Factor VII) deficiency ] Chn Invest 36485 1957

2 Raccugha G Duff 1 F and Bethell F H The detechion of defects
of first stage of coagulation J Lab & Clin Med 53 789 1958

THROMBIN TIME AND TITER
Reagents

1 Normal and patients platelet free citrated plasma Whole atrated
blood spun at 2000 rpm for 15 mnutes wall provide plasma sufficrently
free of platelets

2 Thrombm (human thrombmn or commercially available bovine throm
bin)

3 Lee and White cloting tubes
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Method

1 05m! of platelet frec aitrated plasma from both normal and patient
15 senally diluted 1 doubling dilutions from 1/2 to 1/128

3 To cach tube 15 added 01 ml human thrombm (o6 umts/ml ) or
bovine thrombm

3 The thrombin titer 1s the lughest dilution contaming a visible clot
Normal titer 1/64-1/128

4 The thrombin time may be obtamed by ascertaming the clotting time
of the 1/2 dilution This should be determined for the normal and the
patient

Note

If bovine thrombin 15 used in tlus test lower thrombm titers and longer
clotting times are to be expected Bovine thrombun will frequently be avail
able m the operating room as a hemostatic agent Tlus may be made up to
100 units/m] i saline The thrombin concentration should be so adjusted
as to give a clotting time for normal plasma of 10 to 12 seconds The test
P d 1s a modification {ref 2) of one p d by Schneider
(reference 1)

References

1 Schneder C L Rapd estmation of plasma fibrinogen concentration
and its use as a guide to therapy of intravascular defibnination Am
J Obst & Gynec 64 141 1932

2 Sharp A A Howic B Biggs R and Methuen D T Defibrination
syndrome n pregnancy Value of various diagnostic tests Lancet

21309 1958
FIBRINOGEN ASSiY
Reagents
1 Half d solution of sulfate {Dissolve 26 gm

(NH,),50, n 50 m} distilled water and then make to 100 ml with distilled
H,0)

2 Citrated plasma from patient and normal control

3 Esbachs centnfuge tubes (Hophins type of vaccme tube Gallen
Jamp)

Method

1 Place 2ml of patient s plasma in one modified Esbach centnfuge tube
and 2 ml of control plasma mn another
2 Add 2 ml half saturated ammonwm sulfate to each of the tubes
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8 M and allow to stand at room temperature for 10 mmnutes
4 Centnfuge at 2000 rpm for 10 minutes and compare volume of pre
cipitate

Calculation

Vol of pabents precipitate X 100
Vol of normal precipitate

= % of normal fibrinogen

Note

This test 15 designed to estmate quichly the quantity of fibrmogen It
cannot be relied upon to determine accurately the eatent of “effective”
fibrinogen deficiency 1n surgical and obstetrical defibrination since the
fibrimogen (or precipitate) measured in these cases may not be phystologi
cally achive A thrombm titer or tume should be used as well

Reference

1 Biggs R and Macfarline R G Human Blood Coagulation and Its
Disorders 2nd Ed Charles C Thomas Springfield III 1957

IMID\AZOLE BUIFER
Reagents

1 Imdazole (glyoxahne)
2 01N HCI
3 Distilled water

Method

1 Dissolve 172 gm imdazole n 90 ml of 01 N HCl
2 Dilute with water to 100 m!
3 pH should be 725

Note

Ths 15 an eacellent buffer for use m coagulation studies It 1s 1s0smotie
with 09% NaCl

Reference
1 Mertz E T and Owen C A Imidazole buffer Its use m blood clot
ting studies Proc Soc Eaper Biol & Med 43 204 1940

ADSORPTION OF PLASMA\

Plasma (or serum} may be adsorbed with a number of morganic pre
cipitating agents Most commonly used are BaSO, and AI{OH)s
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Use of BaSO;

BaSO; must be trcated to remove very fine particles which would other
wise remain in the plasma despite centrifugation Onc method (reference 1)
of prepanng 1t 1s as follows

1 One pound of A ray quality BaSO, 15 suspended in 4000 ml of 0005 M
tnsodum atrate (N CoH O H O) overmght

2 Pour off supematant and discard

3 Resuspend m another 4000 m] of 0005 M tnsodm otrate overmght

4 Collect sediment on filter paper and dry n hot air oven

5 Powder the dry matenal

Use of Al (OH),

Al{OH);3 may be prepared by suspending 1 gm of alumma gel m 4 mi
of water (reference 1}

To adsorb a small amount of plasma

1 To 1 ml plasma add 01 ml Al{OH)s Mix and wncubate at 37° C
for two mmnutes

2 Centnifuge at 2000 rpm for seven minutes

8 Remove and save supernatant

For larger amounts

1 To 1000 ml plasma add 50 ml Al{OH); M and mcubate at 37° C
for 15 mmnutes

2 Centnfuge at 2000 rpm for seven minutes

3 Remove and save supernatant

Reference
1 Biggs R and Macfarlane R G Human Blood Coagulation and Its
Disorders 2nd Ed Charles G Thomas Spningfield Tl 1957

DETECTION OF GLUTATHIONL INSTABILITY B}
COMI ARING HEINZ BODY TORMATION IN VITRO

Reagents
1 Buffer soluton pH 76
M/15 KH,PO, 13 parts
M/15 Na H POy 87 parts

200 mg glucose/100 ml
2 Acetylphenylhydrazine solution

100 mg acetyIphenylhydrazine m 100 ml of buffer solution
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3 Crystal violet solution

2 gm crystal violet m 106 m} of 073% NaCl solution Shake 5 mn
utes and filter To the filtrate 1s 1dded an equal volume of 073%
NaCl Stable at room temperature at least five months

Method

1 Mix 01 m! heparmzed blood (75 mg, hepann/5 ml blood) and 20
ml acetylphenylhydrazine solution Blood must be used within one hour of
the time sample 1s drawn Aerate suspension by blowing air through ppette
two or three tumes

2 Incubate m uncapped tube m waterbath at 37° C for two hours

3 Aerate suspension agan

4 Incubate for a second two hour period at 37° C

5 Agtate suspension and then mu a small drop of the suspension with
a shghtly larger drop of crystal violet solution on a mucroscope shde and
cover with cover ship

6 After 5 or 10 minutes determine the percentage of cells having five
or more Hemz bodies Field should be selected m which cells are not
crenated or overlappmg and 1 wiich there 15 no hemolysis

Comment
Normal (insensitive cells) 0-28%
Abnormal (sensitive cells) 45-98%
Reference

1 Beutler E Dern R J and Alung A § The hemolytc effect of pnma
qun J Lab & Chn Med 4540 1955
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