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e PREFACE TO SECOND EDITION oo

his textbook was designed to present the problems of climcal hema
tology 1n 1 form that would meet the needs of the medical student
and the practitioner  The success of the first edition has confirmed the
soundness of the basic plan and underlying philosophy of the bool This
revised edivon again presents the disorders of the bload and blood forming
organs as a pare of internal medicme rather than as a field i themselves The
author wishes to thank those who prepared reviews of the first edinon for
therr constructnv e cniticrsm and has attempted to profit by their suggestions
Tt 1s hoped that this new edition will continue to be useful to students family
physicians and itermists
There has been constderable progress i hematologs  parvicularly in the
therapeutic aspects since the first edition was prepared Notable advances are
recorded here First and most tmportant 15 the use of folc acid 1n varous dis
eases particubirly sprue fts role i the treatment of permicious anemia 1s
evaluated in the hight of personal expenience The use of urethane in the treat
ment of leuhemia and of nitrogen mustard in the vy mphomas and other condi
tions 15 considered Many changes have been made in the chapters on muluple
myeloma infectious mononucleosss and hemoglobinutias The use of radio
phosphorus in the treatment of pols ¢y themt1 and leukenuas 1s discussed My
collaborator Dr Flmer I DeGowin has completely revised his chaprer on
Transfuston of Whole Blood and Blond Densatives, and has been careful
to include an even more detailed consideration of the Rh factor and other
blood groups
As1n so many fields of medicine 1vestigations now 1n progress n the field
of hematology give promuse of leading to further advances 1n our hnowledge
of the treatment and pathogenesis of various diseases of the blood It 15 to be
hoped that this edition will help prepare both the student and climician to take
adsvantage of these anticipated dev elopments

1WitLis M Fowirer






rersrses PREFACE TO FIRST EDITION wvereere

HIS book 15 the outgrowth of a series of mimeographed notes
on t logy bined with a coll of drawings charts
and ph ographs used 1n teaching this subjeet to medical st

dents at the University of Towa Tt has been a gradual growth ancorporating

those features which hay e best seemed to clanfy the subject for the student

It 1s designed to mect the nceds not only of the medical student but also of

the internist and practinoner and has been made as concise and practical

as possible Tt 1s not demgned to meet the needs of, or to serve as a reference
for thore who specralize 1n hematology  Controsersial questions of academic
interest to the hematofogist and fustologist but of shght importance to the

chinician have been passed over bightly, and an attempt has been made o

present the material as simply and clearly as possible without omitung pornts

which are essential to the chmctan The author has mamntained the view
that hematology 15 a part of internal medicme rather than a speculty
uself and has presented the subject m thus hight, stressing the clinical and
therapeutic aspeets of the various diseases

The bibliography at the end of each chapter has at the request of the
publisher been hept at a mummum and onh the most comprehensive
arucles and those directly referred to 1n the text are included For 2 more
ectensine bibliography the reader 15 referred to the Handbook of Hema
tology edited by Hal Dawnes  The suthor bas consulted and borrowed
freely from this work

Dr C W Baldndge who was aceidentally hlled m 1934, first sumulated
the suthors interest 1 hermtology and it was he who prepared the first
of the series of notes which have subsequently been resised on many occa-
sions and amplified to form the basis for this book

1 am deeplsy indebted to Tee Allen medical artist for his care and shill

n prepanng the reproductions of the cells used m the color plates all

of which were drawn to scale from actual cells on blood smears and for

the aid and advice he has gien 1n the preparanon and arrangement of
certatn charts and ph ographs I am also indebted to Mr W H Bunn
for the preparation of other charts and wlustrations
Dr E. L DeGown lundly consented to write the chapter on blood trans
fusions and blood denvdtnes Eis onginal imestigations and hus work on
the subcommttee of the Nationdl Research Counail dealing with this sub
Ayl




v Preface to First Edition

ject make hum preemment i this field I gratefully acknow ledge my indebted
ness to him for undertalung this tash

Iwishto thank Dr H D Kerrand Dr C L Gillies of the Départment of
Roentgenology, for their a1d and for permussion to reproduce the roentgeno
grams used as sllustranions and Dr C S O'Brien and Dr P ] Lewnfelder
of the Department of Ophthalmology, for allowing access to their collec
non of dravwings illustratng retinal lesions Mr F W Kent ungversity pho
tographer, has been of the greatest help and has shown unusual patience 1
taking and selecting photomicrographs and in prepanng prints swiable for
reproductian. I also wish ta express my apprecation to the vartous authors
and publishers who granted permussion to reproduce certam of the dlus
trations appearing 1 this bool The publisher, Paul B Hoeber who first
suggested the meorporaton of these notes and Wustrations w book form
fas been most helpful and considerate

Witus M Foweer
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AVERAGE NORMAL VALUES
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Chapter I eocssosvorssserossssssorsossse

THL HEMATOPOILTIC SYSTLEM

ClI\IC\L hematology 15 that branch of the medical sciences which deals
with the diseases of the blood and blood forming organs Although the ficld
encompassed by the literal use of the term 1s broad usage has restricted 1ts
appheation primanily to a study of the formed elements of the blood and the
phenomena of bload coagulition excluding the immunologic and chemical
aspects of blood plasma and blood serum The field of hematology has e
pnded 1n other directions however and has come to include those organs
and tissues w hich are prmanhy concerned with the formation and destruction
of blood cells The term J enratoporctic systen embraces not only the circu
lating, elements of the blood but also those cells, tssues and organs of the
body which produce and destroy blood cdls Tt 1s convenient and phasto-
fagically proper to consider vanious portions of the hematapoienc system
as organs with respect to thewr functional actnities rather than to thewr
anatomc Jocations Thus the bone marrow 1s thought of as a single organ
regardless of its scattered parts and on the same basts the reticulo endothehial
system 15 considered 4n organ even though the cells of which 1t 1s composed
are widely dissenumted throughout the organs and tissues of the body With
this concept 1n mund the diseases of the blood are more ersily discussed and
thair pathog enests 1s more readily understood

The formed elements of the blood are placed m the circulation m a
mature and funcuoning state and lack the power of regeneration or re
production It 15 abvious therefore that alterations m their number and
structure as well as ther entry into and removal from the circulating
blood strexm depend for the most pirt on the noncirculaung cells of the
hematoporetc system It follows that changes which oceur 1n the circulating
blood are merely sy mptoms resulting from discases elsew hete in the body and
must be interpreted with tins fact in mind Because of the wide varets of
{esions w hich produce alterations m the eirculanng blood chimical hematology
cannot be too defimitely separated from the parent field of mnternal medicime

]



2 Hematology

and diagnosis of dseases of the blood should be based on a consideration of
the patient 25 a whole not on exammation of the blood alone

With these features of hematology i mind, 2 brief discussion of the
structures and functions of the components of the hematopoienc sy stem may
clanfy the part these organs play m mamtammg a normal blood pictore,
and render more castty understandable the effect on the blood of pathologic
changes that they may undergo

RETICULO-ENDOTHELIAL S¥STEM

The term reticulo endothelal system was proposed by Aschoff to desig-
nate collectively a group of specialized cells widely scattered throughout
the body, m many organs and ussues mtermmgled with other types of
cells Reticulo-endothehial cells are derived from embryonic connective tis
sue the mesenchyme wihich 15 the source of the earliest blood cells m the
embrye At different pertods 1n fetal development and in different locations
the mesenchyme ges nse to all forms of blood cells Remnants of the
mesenchymal cells persist throughout bfe and mamtain ther potential absl
1ty to form blood cells They differ widely 1 thewr structural charactens
s, and are varously known as clasmatocytes, hemohistioblasts or mac-
rophages They have m common the abiliy to phagocytose foreign par
tcles This power of phagocytosis accounts for thewr specific suprayital
staing properties particles from a weak solution of a dye are phagocy
tosed and assembled within the cell 1aro such large groups thar they become
vistble under the microscope Stamed with spectfic dyes cells of the reuculo-
endothehial system can be detected among ordimary tssue celis which are
not phagocy tic Because of thewr common properues and stmilanty of func~
tion these cells are grouped together and are considered as a separate organ
even though they are widely dispersed throughour the body

The renculo endothelal cells may be separated mnto two groups fived
cells and wandenng cells

Fuxed Cells

Fixed cells are found primanily i the following sites (1) m common
connectne tissue and serous membranes where the cells may be round
spindle-shaped ot large, 1eregular branching forms ordinanly they he
among the fibroblasts but they mav become free to wander through the
wssues () 1 the reucula of the spleen lymph nodes and bone marrow
where they are of large size and bave branching processes b) which they



The Hematoposetic System 3

arc attached to one another and to the reucular sroma of the organ, (3) Iin
g the blood smuses of the spleen and bone marrow, where thev arc flat
and endotheliat bke Similar to these cells are the lacge flattened, stellate
cells (Rupfiers cells) which occur in the blood sinuses of the Iner Cells
of both ty pes have many branching processes which project into the lumens
of the blood capillanes and are so msccurely anchored that the cells may
break loose and become free in the blood channels

Wandening Cells

Wandenng or free renculo endothehal cells may be found m either the
tissues ot the blood stream The fixed hustiocytes in the connectne tissue
may become actively motle—particularly as a result of an inflammatory
sumulus—and may then move about through the tissues Such cells are
obsersed most commonly m the spleen, lymph nodes bone marrow, and
omentum The large endothehal Iihe cells which are found 1n the walls of
the blood sinuscs occasionally break loose and become free 1n the ar
culaion but because of their size they arc usually filtered out of the cir
culation as they pass through the lungs Monocy tes that occur i the blood
stream are of reuculo endothelul ongin and belong to this system

The role of the reticulo~cndothelal system in formation of monocytes
of the blood stream and 10 removal and destruction of degenerated cells
especially degenerated erythrocytes makes st of specnl interest to the
hematologist The spleen, which 1s parucularly nich 1n renculo endothelil
tissue, 1s the organ chiefly involved in these functions Not all ery throcy tes
are phzﬂoc) tosed by the renculo endothelial cells many of them probably

or fr 1on within the blood stream as a result

of strcsses and strains to which they are subjected The fragments are taken
out of the circulation by the renculo endothelial cells Since these cells can
also remove colloidal sut from susp they take from the blood
stream the hefhoglobin hberated by d gravon of the crythrocy tes Retc
ulo endothelial cells are able to break down hemoglobia ta the stage of
bilirubin thus the blood leaving those organs which have a large amount of
reticulo endothelial tissue has a sigmficantly higher bilirubin content than
does artermal blood Although the hepatic cells are responsible for ehmmation
of biltrubim they are not concerned with 1ts formation

In additton to destruction and removal of erythrocytes and formation
of monocytes, the reticulo endothelial cells remove il forms of particulate
matter from the blood stream and 1n this capacity they form a vital pare
of the defense agamst bactena They contnbute to the Tepar process
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which follows tissue injury and inflammanon In the lungs they remove
forcngn particles that have entered the body through the respiratory pas
sages In the lver the hupfler cells phagocy tose thorium diovide to such an

DECREASE IN RED BONE MARROW
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Fic v The zpﬁ oxmate rate of decrease 1n the cellulanity of the bone marrow with

advancing age (Redrawn from data obtamed by VWhnby and Britton Disorders of the
Blood ] & A Churchxll)
cxtent thar this organ can sul 1y be visualized 1 genograph hy

As the cells have the power to store matersal they cannor digest they are
the depostory for ingested ron which 15 not used immediately 1n the for
mation of hemoglobin, In certain metabolic disturbances such as Gauchers
disease and Niemano Pick disease they store large amounts of hipord sub
stances Antibactenal substances and antubodies in the bloed serum are prob
ably cluefly dersed from the retculo endothehal eells

Bone Marrow

The medullary casities of bones i the aduit contam ™ o 1y pes of marrow
ussue the hematoporetic portion or the red celtular marrow i which blood
cells are formed and the fatry or yellow marrow In the fetus at the nme
of birth the entire marrow caviry of all bones 1s filled wath red cellular
matrow with advanang age this 1s replaced by yvellow parrow which ap

cars first 1n the centers of the long bones and progresses distally and prox
smally from these points Replacement occurs first m the more distal bones
The fates marrow gradually ancreases m event until at about the age ot
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twenn vears all the marraw of che lon, hones 1 of this v pe exeepe that

 the provmal ends of the fermun and huen
flat bones hence hematoporesss 1y most active
the nibs, stermuin vertebral bodies pedvis, and
skull Figure 1 shous the progress of rephcement
of red by v eflow marrow as it occun 1 the bogtes
wih s ancing age

The facev or vellow smarsow consists of fat
el blood vessels and a mununal amount of
rencular fraimework Althourh blood cells are
not formed i dhus partion of the turrow there
w5 ample roun for exprnston of the red marrow
st che shafts of the lont bones and under
proper sumulacton fazty marrow may be replaced
b hematoporctic marron

The red mmrron » the portion in which the
rvanous ty pes of blood cells are produced (Iur
) s espeesathy pich an reticulo endatheltal
cells It 1s estumated that the acve marrow n
the adult comprises from 3 € to 6 per cent of the
body werght or from 1500 €0 3500 grams which
is approvinutelt the waght of the Iner The
volume of the marrow ranges from about 70 cc
at furth 1o gooo e the adule hut only about
half of this i actne Since ali of the marrow
afready actne i hematapotesis i the fetus and
newborn mfant an addmona} stmulus for red
cell formation results 1 extramedullany blood
fornmtson whereas m the adult there s 10 exten
sion of the hematoporetie marrow 1o the y ellow
fatty poruon The bone marrow 15 commonhy
conssdered as 3 single organ cven though e s
seateered through the cavities of many bones
The red marrow presents a delicate recrculum of
Camective HssUC SUpporun,, umeraus vascular
channels amd cellular elements Ly mphatd tissue

Red marcow persies 10 the

3 )
Lo
Al

Tie 7 Mematoporne bone
marrow in the adutt. The shaded
and darkened portions of the
shetetal system sepresent the
sreas in which red or hemaco
posetic marrow persists 1 the
normal adult

15 scanty but most observers laok upon {ymph follicles mn the bone nrrow
as normal The cireulation is of the closed ty pe and the vascular bed 55 a
meshworh of small snusords fmed with flat endothehal Ithe cells similar
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to those hining the sinuses of the spleen These hinsng cells are in timate
contact with the stellate cells of the supporting retreulum, which also belong
to the renculo endothelal system Under normal condittons many of the
sinusoids are completely collapsed and contain no blood while others are
dilated bur owng to constriction of the efferent portion are so shut off
from the circulation that a low ovy gen tension results Sabin believes that the
red blood cells are formed in these simusords the flac endothelial like cells
drviding and subdsviding into immature ery throcy tes under the sumulus of
the anoxemia Supported by the delicate reticulum are other ty pes of marrow
cells, ncluding the precursors of the granulocy tes and megahary ocytes as
well as other large, branched cells of the reticulo endothehal sy stem 1Vhereas
the erj throcytes are belteved by many investigators to be formed intravascu

farly, the granulocy tic or my elocy tic series of cells are produced outside the
vascular channels Downey and others believe that the ery throcy tes are ike

wise developed extravascularly and originate from the general reuculum
rather than from that liming the sinusoids In the reticulum of the red marrow
are large cells with branching processes which fuse together to form a loose
network These are the nearest approach to the prumitn e mesenchy me cell
to be found n the adult and from them the granulocy tes and possibly the
erythrocy tes ongmate Megakary ocy tes also anise from the retrcular cells

although they may likewise be formed from the cells in the sinusoids

SPLEEN

The spleen 15 an important part of the hematopoietic sy stem and as such it
serves three well recognized functions (1) It destrovs and remoses blood
cells and platelets from the circulacion () 1t serves as a reservorr for storage
of a reserve supply of erythrocytes and (3) ly mphocy tes are formed within
1ts malpighian corpuscles In addition to these hematologic functions it has a
role n the protective mechanism of the body against infecrions it 15 the site
of formation of antibodtes 1t 15 active 1n phagocy tosis and removal of bac
teria and other particulate matter from the blood stream and 1t has other
less well defined funcnions

The spleen measures about 1. cm i length, 7 em 1 width and 3 em m
thichness With an average weight of from 150 to 00 Gm  the spleen during
Iife ss considerably larger and heavier than is the organ which 1s examned at
necropsy It is reddish purple 1n color and pliable i consistency It 15 en
closed 1n 2 connective tissue capsule from which trabeculae extend nto s
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substance, tending to dissde the organ mto imperfece and rrregular lobules
The chastie fibers and bundles of smooth muscle i both the capsule and the
trabeculae render the organ capable of 1on From the trabecu!
anises 2 fine rencular framework which supports the splerme pulp and the
nodules of Ivmphmd ussue~the malpighsan corpuseles or splenic nodules
Lameshed within the pulp are mant 1 pes of cells Lrythrocyes predomu-
nate bur there are also granulocy tes lymphocytes and plasma cells In adds
w0 te these blood eslls there are large mononuclesr eells which are moule
and have phagoeeynic properues~the macrophages The blood 1s debivered o
the splensc pulp by fine artenal vessels, and as it pereolates stowh through
this spongelibe structurc 1t 1S wnumate contact with the renculo endothelial
cells, which are numerous m the pulp and the reucolar framesorh of the
spleen ‘The blood 15 collected 1n venous smusmds whose walls are composed
of spundle shaped cells separated Iy slitkke spaces allovwing the blood 1o
have free communication between the pulp and the sinusouds

Scattered throughout the spleen are whads of lymphod tssue the mal
pighian corpuscles which hwe a pale central area known a3 the gernunal
center The malpighin corpuscles are swlar 1 structure and funcuon to
1 mph nodes clsew here w the body

Funcuion of the Spicen i Relanon 1o Hematology

Afacrophages are farge amebod cells of the spleme pufp frequently con
tnmng fragments of or even whole enshrocytes In condions m which
there 15 excessiv e destruction of sed blood celfs the phagoey tie macrophage
cells may engulf vnusually farge numbers of fragmented erythroevtes with
the result thae the spleen ul fy § pregnated with the 1ron
and sxon pigment | lern, derssed from the homoglobm of
the destroyed cells It 15 probable that the phagocy uc process in the spleen
remores only fragmented or damaged enthrocy tes and not healthn cells
The spleen 15 not the only organ concerned with the remaal of ery throcy tes
as all pais of the reucnlo endothelial sy stem apparenthy partake m thus func
tton The process of destruction and removal of erythroey tes contimues after
splencctomy butin the normal indi sdual the spleen appears to be the prman,
site of erythrocy tie dustruction

That the spleen 15 active m the removal of other circulaning elements from
the Blood stream 1s suggested by the effects of splenectomy on the leulocs te
count and platelet count 1 splemic neutropema and thrombopemc purpurs
There 15 some question a5 to the exact role the spleen normally plays n the
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removal of these elements but it seems probable that thewr removal ss due m
part to this organ

The increase 1n the hemoglobin concentration and ery throcy te level of the
blood which occurs under certain conditrons 15 too rapid to be explamed on
the basis of production of new hemoglobin and red blood cells The concomu
tant reduction i the size of the spleen indicates that its reserve supply of
ery throcy tes ss released mnto the circulation to meet additional demands for
example, dunng strenuous exercise A similar reaction occurs with hemor-
rhage reduced atmospheric pressure and asphy via but the spleme function
1S 4 reservorr 1s apparently not as important as 1t was once believed since a
simthar sncrease 1 erythrocy tes oceurs i splenectomized diiduals The
blood flow through the splenic pulp 1s normally so sluggish that the stored
cells are not dels ered to the blood stream but by contraction of the smooth
muscle bundles in the framework of the spleen 1ts size 1s reduced, thereby
forcing the cells into the general circulation This process can be reproduced
by njections of adrenshn During surgical remosal of the spleen the en-
trapped ery throcy tes may be forced into the circulation by manual pressure
on the organ before s vessels are higated

Ly mphocy tes are produced in the malpighan corpuscles as they are in
other Iy mphard ussue m the body Circulaing monocy tes are formed from
the reticulo endothelial tissues of the body and since the spleen is partscularly
rich in this ussue 1t 1s one of the prmcipal sites of therr development Lxcepr
for these cells the spleen 15 not a site of hematopoiesss in the normal adufe
Under the influence of certarn sumul the spleen may resume 1ts fetal function
and arcas of extramedullary hematopoiesis mihe their appearance

Iron 1s stored n the cells of the reuculo endothelial nssues throughout the
body mncluding those of the spleen where because of the numerous renculo
endothelial cells the amount of sron stored 15 correspondingly large It his
been demonstrated that splenectomy greath reduces the rescrve supply of
1ron 1 the bods

Dunng fetal hfe the spleen 15 actisely engaged n formavion of erythro
cyvtes but this function becomes dormant when production of these cells 15
tahen over by the bone marrow However the splecn retans its potential
abihny to form ery throcvtes as well as cells of the myclocyue senes and
under certain pathologic cond 1ts reticul jothehal cells may revert
to thss fetl function with resultant exeramedullany hematoporesis Thus proc
ess takes place i e throblastoses and the extremely Jarge numbers of me
locy tic cells found 1n the spleen in my elogenous leuhemia may be the result
of metaplasia rather than of infiltration
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Effects of Splenectaray

Although the spteen has prtoy functions bath i connecion with the hema
toporctic sy stem and 1n the defense mechanunr of the bady 1t 1 nor an essential
organ as has been amply demonserated by the effects of splenceroms Man,
of 1ts funenons are sahen oves by other partians of the reuculo endothehal
system Afer s remosal so that there 1s o appreciable decrease 1 antibods
production nor apparent mcrease 10 the panient s susceptbinhty 0 mfection

Tt has been shown in anunals that a cransient anetzia desclops after the spleen
1s remon ed and this has been reported to ocour m humans afeer the operation
bt s not conustenth encoustered Hlowell Jolls bodies in the ey throci tes
15 3 commen findiny w the binod of 1 splenccromtred mdndaal and suggests
an sbnormabn w nuclear extrusion wndicatng thar the spleert s in some way
concerned wath this process Targee cells are present m increased nunders
after the spleen 18 removed These cells ase thinner than normal and ther
ncrease m the blood stream nay account for she snereased sessstance of the
en throey tes to Inpotome saline followsng splenectoms There 1s usually a
low ered urolilimogen putput m the feces 1ndicating 2 dwmnuron 10 hemo-
glolin destrucuion

Theee wan mmediate postoperatn ¢ sacrease i blood pluelets the number
frcqueml\ rsng to over 5 0oo ooo per cubie mitbmeter and the volumetne
derermmation to 3 per cent or hugher Afser reaching a peall the number of
platelets subsides 1o the normial level although ¢ may remain sbote normat
for sererat weehs or months

There 15 abo 3 postoperatise Jeuhocy tosis the white cell count beng com
monly 20000 10 40000 per cubie mutbmeter with an ncreased number of
voung forms The high Jeuhocvte caune s due almost entirely 0 an in
creased number of neutrophuls The Jeuhoey tosis disappears slowhy and may
persist for ymany wechs Fosmophilia occurs occasionally andakhy mphocyre
sis has been observed

It has been noced thar persons whose spleens ban ¢ been remoy ed nre more
casily on exeruion than do normat persons

The rale that the spleen pla s a the regufators 1 of }
et 1s nat well understood  Attempts have been made to prove the evistence
of a hormone or hormones m the spleen which regulate the actiin of the
bone marrow and the producnion of blood plarclets pranulocs tes and envth
rocytes Vanous extracts have been produced which seem ro exert some snflu
ence on the platelet or leuhooy te content of the blood bur these studies need
confirmation hefare the eustence of 2 splenic harmone can be accepeed The
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term hy persplenism  has been returned to use m recent y eats in certam con
ditions in which one or more of the phy siologic functions of the spleen are
overactrve bue whether this overactivity 1s hormonal in nature 1s not hnown
The overactivity 15 mamfest by a reduction in any one or all of the cellylar
blood elements the erythrocy tes, leuhocy tes, or platelets It has not been
determined whether this reduction results from increased destruction of the
cells or to decreased production Removal of the spleen m certain cases
corrects the deficiency bur does not answer the question as to how it 1s
accomplished

Lynes Nobes

Lymphoid ussue is found in all parts of the body ss (1) diffuse masses
(2) stmple nodules and (3) large and complex 1y mph nodes Itis composed
of supporung reticulum contaning Iy mphod cells within the meshes of 1ts
framework The strands of the reticulum vary n size In areas m which the
Iy mphod cells are partsicularly numerous the reticular netw orh is almost hid
den The simple Iymph nodule such as occurs mn the walls of the intesunal
tract 15 wrregularly spherical or elliptic in shape It 1s composed of 2 mass of
Iymphoid ussue with a dense pertpheral zone enclosing 2 central area of
looser and highter texture known as the germunal center Withm it are Iy mph
ord cells 1n all stages of development Since the Iy mph nodule Jacks a distmet
capsule 1ts outer border 1s imperfectly defined by the surrounding con
nective tssue

Lvmph nodes are interspersed zlong the 1y mphatic 1essels usually em
bedded in farty tisste They are more hughly differentiated organs than the
lymph nodules They vary mn size from mmute bodics to oval or bean
shaped organs measuring  em or more m length They are enclosed m
distinct fibrous capsules which consist 1 part of elastic and smooth muscle
fibers Trabeculae from the capsule penetrate the outer portion or cortex of
the gland, dividing 1t mto py rarmmdal compartments In the central or medul
lary part of the gland the trabeculae are less regulachy distributed but tend to
duide this portion into ¢ylindrical compartments These poorly defined
cvlindrical areas—the medullary cords—contain masses of lymphoid celis
They are conunuous with one another and communicate with the cortical
portions of the lymph node Interspersed between the Is mphoid tissue and
the trabecular framework are the intercommunicating Iy mph smuses hined
with an mperfect layer of flattencd endothelal cclls Withm the Iymph
sthuses 1 a renculum which is contnuous with the adjacent rencular frame
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work of the gland The bload sessels entening the hilus of the glind sub
duide to form & iich capittary netword. thraughoue che carucat cadules and
the medullary cords Germinal centers oceur only m the cortical nodules

The h mphacs s of the blood stream ase devcloped i the lvmphod tissue
throughout the body not onhy in the germmal centers of the h mph plands
e 2lso - the b mphate assue thae s <0 widely distnbuted n the gastro
mtestsnal tract, tinans tonsils, and elsew here The mumte by mphatic nodules
w hich are present 1 most organs of the body also take part in the production
of these cells Yarce bers of retseulo endatheltal cells are present 1 che
reticulum of alt b mphoud tssue and the precursors of the h mphoblasts are
denved from the mdifferentiated pnimunve reticylor cells of the stroma
{ ymphoos tes are formed whereser there s hmphowd tissue and eells an all
stages of developrment are found ta these tisues

Liver

Dunng fetal bfe the Iner 15 actiels eagaged 1o she formation of blood
celle particulacly from the second to the fifth month but st the ume of birth
this function has almost completely dissppeared alchough sctine blood sslands
have been found sn the hner of premature and fulf term infants up to the
fifteenth day of fife Lake the spleen however the biser possesses through sts
renculo endothelial fissues the potentsal abiliny to prodvee hlood cells and
s certan diseases man revert ro this fetad fonction This happens for ex
ample 1 the muclosd meraplasia observed sn my elogenous feuhernia and
the extramedullany en thropoesis found m ers throblastoses The hicer ss rich
a reticala endathebal eells (Rupfers cells) swhich react m the same man
nier as do reticulo-endothelal cells elsew hete i the bady A few blood mono
evies may be formed m the Iner

Bilirubin 55 the chief pigment in human bile and s denned from the hemo
globin of the exythrocy tes so that am condition w hich results in an mereased
destruction of zed blood cells causes a greater productton of this bile prement
This pigment 15 formed throughout the body by the cells of the reticulo
endothelial sy svem and normally there ss from o to 08 m7 of brhraban per
hundred cubic centimetess of bleod serum The transformarion of hemorlobis
o bilwubin 15 an intraceliular process withun the reticuto endothebal cells
“The secretors cells of che b er merely excrete the prgment that reaches them
preformed and do not play 2ny parr w os formation Diseases i which ex

cessne destruction of erythrocutes 1s 3 promucent feature throw an extra
burden on the liser
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In addition to the function of the reticulo endothelial portion of the liver
and 1ts excretion of pigments the hver has 2 regulatory effect on ery thro
poiests which 1s due to the maturation factor of Castle which 1s stored within
the organ This matersal 1s apparently formed m the stomach but after absorp
tion 15 stored 1 the Iner from which site 1t 1s hiberated to the blood stream
By this means the liver 15 essential for ery thropoesis and maintatns a regu~
latory effect on the bone marron

The lver 1s the principal site of formtion of fibriogen as well as the
source of prothrombm so that the organ 1s of the greatest importance m rela-
tion to blood coagulation The relationship berw een the prothrombm content
of the blood 1nd hv er function 15 so intimate that the response of the prothrom
bt Ievel to vrtamin h adminsstration serves as a Iner function test
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THL ERYTHROCYTLS

\’IA\\ CONTROVERSEAL POSSTS VRISE 1N A DISCLSSION OF THF ORICIS AND
development of the vanious npes of bload cells Although these are of in
portance for pl ding of | potesis, they are not essen
ual for diagnosss and treatment of Nood dyscrasias, :md for the student
2 complete conmderation of all phases of the problem s kel to be more
confusing than enbghtemng This discussion therefore will be lumied o
essential features, and certasn contyorersial pownts will Le passed over rather
hghth

The carliest blood cells ro appear in the embn s are entlirocy tes which
atse from mesenchymal ussue of the votk sac These are nucleated but as
sune goes on they are replaced by non nucleated en throes tes ansing from
the retieulo-endothelial tssues The Jeulocstes appeae mt the esrculsting
blood at a considerably faver stage of embrionic deselopment They anse
from renculo-endothehal cells but are not numerous untl fetal hemato-
posesis shifts to the bone marrow about the thrd month The formation of
blood cells i the adults2 £ of the reteul fothelsal tissues Ervely
rocs tes and granuloey tes are formed i the bone marrow  Jymphocites m
the Iy mphad tissues and monocvtes from reticufo endothehiat cells m var
ous locauons The pomnt of greatest controversy cancemns the quesuan of
whether all blood cells are desnved from 2 single pnmne stem cell m the
renculo endothebal sustem or whether each series of cells has an indn idual
precursor wihich gises nise to only one type of cell

According ta the monophy leue theors there s a smz.]c polysalent cell 1n
the reticulo endothelial tissues wiuch 1s capable of prodvcing under varing
stumult o emironmental conditons any of the o pes of cells found n the
blood stream This cell ss called a hemoc toblast or 1y mphoidocy te and from
ware demved en throevies granulocstes hmphocytes and monocy tes

The pol pinlenic theory assumes thae 2 separate stem el 15 present for
cach series This concept 15 modified by those who believe that chere are o
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primutne stem cells (rather than a separate precursor for each senes), one
ging nise to ery throcy tes and the other to all forms of leukocytes Accord
g to the most widely held theory each series of cells arises from a separate
stem cell in the reticulo endothehal system These cells develop nto eryth-
rocytes granulocytes lymphocy tes, and monocytes respectively As it s
generally agreed that the prmitive stem cell or cells are derived from fived
reticular cells of the reticulo endothehal tissue, the controversy 1s mainly
concerned with whether or not there 1s another mtermediary primitnve cell

STRUCTURE AnD Funcriov oF rHE ERYTHROCYTE

The normal mature erythrocyte 15 1 circular biconcave disk defimurely
thicher at the periphery than in the central portion There 15 no demonstrable
nternal structure and no nucleus Although a cell membrane cannor be
demonstrated, the reaction of the cell to hypotonic and hy pertonic, saline
solutions 1ndicates that the outer surface of the cell acts as 2 membrane even
though no anatomic membranous cover can be obsered A large proportion
of the cell-the functioning portion—1s made up of hemoglobin “This 1s pre
sumably held erther 1n the form of a gel within the meshes of a spongelihe
stroma of lipoid substance or ntimately bound to this substance

The cells are extremely elastic They are capable of undergomng great dis
tortion when passing through small capillaries and can withstand great
traumna without breaking The pecuhar configuration of ery throcytes which
gues them a large surface area 1 companson with cell volume facihtates
absorption and discharge of oxygen Tt has been estimated that the total sur

Puate I Tue Eryrnrocitic Series
1 Megaloblast  Thus 1mmature cell 1s similar to the my eloblast
and 1y mphoblast i 1ts strucraral characterssucs bur the chromatin
structure of the nucleus tends to be somewhat coarser and the
<y toplasm more opaque . Megaloblast with a sull more opaque
cytoplasm and a more dense nuclear structure 3 4 Ery throblasts
showing dense blocks and strands of chromatin m the nucleus
5 Normoblast with Howell Jolly bodies 6 Enthrocyte with
Howell Joily bodv 7 Normoblast with poly chromatophilic cyto
plasm § 9 10 Normoblasts 11 Poly chromatophilic ery throcy te
1- 13 Reticulocvtes 14 Four normal erythrocy tes
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face area of all the ey throey tes i the body 1s 1 the neghborhood of 3000
square meters, ur 1300 umes the surface area of the body

The pruman funcuon of erythrocstes ss fo transpore oxy gen from the
tungs to the tissues and this depends entirely on ther hemogloban content
W\ hule the blood 1s within the lung capillanes where ovy gen sension 15 hugh
ovgen b ch iy with 1 glotin to form oxy hemoglobin, but
when the blood reaches the capiilancs of tissues wWhere ox gen tension is low
the ovghemoglotus  an unstable compound undergoes dissocntion 2nd
ovgen s hberated to the tssue flmds The reduced hemoglobm 15 then
carried back ta the fungs for reoxy genation: Carbon diovide 15 carned from
the tissues to the Jungs 1 solution and not 1n chemucal combinaton with the
hemoglobin The slteration 1 the acidity of the blood resultng from the
change of oxyhemoglobun (HbO ) to reduced hemoglobin (HLO) facsls
tates transportation of carbon diowide This change i acichty helps to mam
it 2 normasl acd base equbbnum

Deserorvedt of Eryrirocyiyes

The ery chrocy tes that appear m the embry o engmate n that poruon of
the pnmitn e mesoderns which gnes nse to the wascular svstem Thev col
lect snto 5y ncy tial masses and cords which hiquefy at the center After lique
faction tahes place cestam cells breal loose from thesr surroundings and
begin to ewrculate through the vascular channels At a later stage of fetal
fife formation of the en throcy tes occurs pomanhy n the hver and spleen
but 1t finally becomes established in the bone marrow  As this function 15
then over by the bone marrow e throposesss decresses m the liver and
spleen 5o that at the ume of birth alf these cells are bung formed i the bone
marron  With adsancing age less and Jess of the bone marrow retams ns
ery thropotetic function i adulr lfe che ory cheoey tes are formed pnmanty
m the flat bones such as the sternum nbs and pelvis and m the proumat
ends of the long bones a5 mdicated i Figure 2

The ery throcytes are believed by many to develop wtravascularhy ansing
from endothehal bike cells which line the capiarses These cells duade che
daughter cells becomng the prinunive en throey tes and the parent cells re
mainng n the capiiany will The daughter cells progress to the stage of
mature en shroeytes and are thea ready for duts 1w the encshung blood
Isaacs beheves that the cells develop nastchy jelhy bike matrix which e
fics and frees the cells into the areulation upon their matunity Doan and
others believe that portions of the capilary bed are mrermutrentls shut off
from the circulaton eather completely or partially and that 1 these areas the
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circulauion 15 50 stow thar the 0% gen tension becomes Jowcered to a point at
which 1t serves as a stmulus to ery throey tic production In these areas the
cells develop to maturity When they are ready for the peripheral circulation
there 1s a relavation of the caprllary constriction with resumption of blood
flow through that portion of the capillary system n which the cells were
developing and they are carned away by the blood strezra Others beliee
thar the ervthrocy tes like the granulocyres amse from reuculo endothelial
cells outside the capillaries and upon maturity gan access to the circulation

The mechanism whereby the number of ery throcy tes in the blood is main
ramed at a constant level 1s not known although many factors w hich influence
development and maturation of ery throcy tes are recognized The red cells are
apparently desiroy ed by the renculo endothelral tissues, with the spleen play -
ing the most important role and there 15 some evidence to show that the prod
ucts dern ed from this cellular destruction act as a stmulus to ery thrapotests

There are many substances necessary for proper red cell formation but
many of the detals and the exact role of certain of the factors are not clear
The antr anemic or maturation factor of Castle 15 essential for proper growth
and dex elopment of the cells but 1ts exact nature and compaositien are unknown
In 1ts absence an anenua develops and it 1s undoubtedly an important regu
fatory factor in maintaimng nosmal ery chroposesis In order thar this matura-
von factor may be produced 1t 1s necessary that the intrinsic factor in the
gastric content be present and also thar the extninsic factor be obtamed from
foods The recent studies on folic actd show that atthough folic acid 1s neither
the extrinsic nor intrnsic factor 1t 15 necessary for normal ers throporests and
n its absence from the diet or because of improper absorption 2 macroey tic
anemia des elops

Tohe acid 15 3 member of the vitamin B group and other members of this
group such as pyridovine niboflavin macin and others appear to ply some
part mn ery thropotests Therr exact role 1s unknown bur therr absence from
the dret of experimental amimals causes anemmia Vatamm C may also be neces
sary but agan its evice role has not been determined

Iron 1s necessary for hemoglobin formation and copper although 1t docs
not enter mnto the hemoglobin molecule 1s needed as 1 cataly e agent An
adequate protem mtike 1s necessary and n anermia des clops in 1ts absence but
glnhm app1rcnl|\ can be formed even though the proten and amno acid
tneake 15 exceedinghy low The preurtany gland has been shown to evert some
regulitony cffect on hematopotesis but 1ts mode of actron 1s 1n doubr The
thy rord 15 apparently not directh concerned with hematopoiesis but an 4
sence of 1ts secretion slows down the development of cells
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Law axs gen tenston in che ate and i che b colt of the un_s stmulites the
prodiction of ers throe tes and anoua of the hematopatene centers mny be
an smportant factor 1 masmtaming 3 sormal ery shrocy re fes ol

Maruration of FayTirocyTes

1he teenmology used for the vanous stazes of ery thropaetic development
15 confusing and yamble and there 55 00 agrcament amon, workers sn the
field of blood diseases as to the exact progress of mataration of the en thre
ctes T here are 1w o schools of thought on en throposesis One group belicves
that there are 1o seprate deyclopmental series of enythrocytes the nomnd
envthrocyte developin, through the hemocs toblast proen throblase and
normoblast stages inta a normal celt while the megaloblast s found onh 1n
feral marsow or in the imrrow of permcious anenyia and the refated macro
vt anesas The megatoblast develops through several stages into anenv th
racye which s farger chan nosml Naecels Downes Jones Wintsobe and
others adhere to this view  The second school of theught ncluding Sabin
Bnn Isares and others belioves thar the megaloblast s merels an carhy stage
1 the development of 3 normal envthrocyte and powts out that although
megaloblasts are numerows n the bone marton of patents with permeious
anemsa they are also present in normal nnrrow as precursors of nornwl eny th
rocyvtes Tsaaes found 60000 ta 12 ove bl per cubite mutl of
bone marrow taken from patsents wath pernicsous anesma w hereas there were
5000 16 35 0oo per cubic mithmeter m normat marrew  The author agrees
wath the laster concepr—that the megtloblast 1s an immature cell in the normat
desclopment of the erythroes te T3¢ has been unable 1o dnungush to lisown

satisfaction and wnable to d trate to students the marphot d ff
between the megaloblase and the carly pmnormublasr so thar cells indis
guishable from the Jol are & i normal marron Thes

oncept alsa secmns to present & more logieal explanation for the bone marrow
findings 1 permicrous anenna s which there appears to be 3 maturation arrest
at the megaloblast lesel with fusther desclopment occurning when adequue
therapy 1 gnoen so that the megaloldasts mature and consequentdy duminsh o
number 1n the oarrow

The followsng termunology and concepr of development will be subjeet to
crncistn fram many sources

Megaloblast

The megaloblast 1s the earhest form of ery thracy te that can be reco_nized
by ns structure Teisa birge celf averaging + o 18 micsons in dameter The
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nucleus 15 round or oval usually centrally placed, and occupies from one half
totwo thirds of the cell body A network of fine chromatn threads 1s ev enly
distributed throughout the nucleus Because of the fine threadlihe network
and the even distibution the nucleus stamns a Iight purple or lavender wich
Wiright s stamn It may contam from two to exght nucleolt Nucleolt are small
round light-staning areas which have a bluish nint and are surrounded by 2
denser nm of chromatn matersal The cy toplasm of the cell 1s nongranular
and deeply basophiltc, 1t takes a decper blue stain than the blase cells of other
series On a blood smear this cell has a thick appearance, and the dark blue
staining reactton of the cy roplasm extends to the periphery of the cell The
cell does not contam hemoglobin

Erythroblast

In the process of maturation the immarure ery throcy te and sts nuclevs be
come smailer the chromaun in the nucleas becomes more densely pacl ed
and when hemoglobin appears i the cy toplasm, 1t acquires 2 shightly eosino
philic staming reactton In the eryvthroblast stage the cell 1s considerably
smaller than m the megaloblast stage and the nucleus 15 correspondingly
reduced in size The evenly distributed chromatin materal becomes com
pressed into deeply stammng blocks These statn a deep purple, are wregulac
1n stize and shape and sharply demarcated and have irregularly shaped clear
spaces between them When grouped abouc the persphery of the nucleos
they suggest a clochface or cartwheel nucleus This bloching of the chromarn
into sharp cleancut masses 15 so charactersstic that there 1s hietle danger of
mustakung the erythroblast for any other type of bone marrow cell The
nucleus 1s usually round and cencrally placed The cytoplasm 1s gaming its
complement of hemoglobm st has Jose the deep blue color and owing to the
increasing eosinophilic stamung reaction becames bluish gray or slate gray
In some celis the cy toplasm approaches even closer the color of the normal
erythrocy te staming a pink or buff color

Normoblast

‘The normoblast 1» the type of nucleated ery throcy te most commonly en
countered 1 peripheral blood It ss the most maturc of the nucleared
forms bemng but shghtly larger than the normal non nucleated ery throcy te
The nucleus has become small and py knotic and s dense and uniform in 1ts
stammng reacton so dense that no derarls of the chromann structure can be
made out It 1s a deep blmsh purple i color The nucleus 15 usualls round
and centrally placed, but occastonally 1t may be at one side or may even
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appear to be parually evtruded from the cell In some mstances it may be
lobulated with two three, or four small rounded lobules which gnes it a
clover leaf appearance The cytoplasm contamns its normal complement of
hemoglobin and consequently has the same staming reacuion as the normal
matuse ery throcy te In some of the cells the ey toplasm has a shighey blassh
cast, a diffuse basophilia or polvchmuump}uha which s also encountered
1 505me y oung non nucleared ery throey tes Bluish dors {basophibie snpp\mg)
ar cven 2 fine blush network may occastonath, be observed 1n ¢y toplasm of
normoblasts with ordinary staming rechnic

The next stage 1 the deselopment of the erythroey te 15 oss of the nucleus
and entry of the cell snco the penphenal asrculation

Destrecrion o 1 RyTHROCYTES

The life span of an ery throeste and the evace method by which 1t 15 re
manved from the blood stresm are not know n Phagoey tosis of the cells or of
parts of the cells after disintegratson occurs s the reticuto endothelial nis
sues especially 1 those of the spleen and bone marron and w s thought
thae this 1s the principal method of removal The cells are subjected to great
mechameal trauma n the vascular system both from the force of the blood
stream as 1t Jeaves the heart and from the changes m shape produced during
thar passage through the smaller channels there 1s also chenueal trauma
from constant alteratien n the osmouc tenston As a result of these me
charucal and chemucal wnsules the cells may be brolen up wathm the blood
stream and the particles removed or the surface membrane may be altered
m such 2 way that enure cells are phagocy tosed by the cells of the reuculo-
endothelial syste The organ most actnehy engaged 10 the remosal of these
cefls 15 the spleen There 1s lutde ey idence to support the theory that ey thro
<yies are withdrawn from the circulation by hemoly sis

After the cell has been removed from the arculsnon by the retenlo
endothehial ussue the psgment poruon s separated from the stwoma The
stromia 35 not setaned by the body 1t 1s probably catabolized as an ordmary
protem The jron camanmg portion of the pigment 1 held at first by the
reticulo endothehial cells wherever the destruction of the cell occurs Ul
mately iz finds s way 1o the bone marrew where i 13 revtilized 1n the pro
duction of new hemoglobin The non sron contaming prgment of hemo-
globin 15 converred to bilirubin snd excreted by the Iner

Sunce the erythrocy tes are non 1 f cells and are pable of growth
reproduction, or sepasr thewr bife expectancy s consderably shorter than
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nucleus s round or oval usually centrally placed and occupres from one half
to rwo thirds of the cell body A network of fine chromain threads 1s evenly
distnbuted throughout the nucleus Because of the fine threadhke network
and the even distribution  the nucleus stams a highe purple or lavender with
Wright s stamn It may contam from twao to eight nucleolt Nuclealt are small
round Jight stasming areas which bave a blwish tint and are surrounded by 2
denser nim of chromatm material The cy toplasm of the cell 15 nongranular
and deeply basophilic, 1t takes a deeper blue stamn than the blast cells of other
series On a blood smear this cell has a thich appearance, and the dark blue
starrung reaction of the cyroplasm estends to the persphery of the cell The
cell does not contamn hemoglobin

Erythroblast

In the process of maturation the immature ery throcy te and 1s nucleus be
come smaller the chromatin 1 the nucleus becomes more densely pached,
and when hemogiobin appears i the ¢y toplasm, 1t acqurres a shghth cosino-
philic staimng reaction In the erythroblast stage the cell 15 considerably
smaller than 1n the megaloblast stage, and the nucleus 1s correspondingly
reduced 1n size The evenly distributed chromatn matertal becomes com-
pressed into deeply staiming blochs These stam a deep purple are irregular
1 size and shape and sharply demarcated and have rcregularly shaped clear
spaces between them VWhen grouped about the persphery of the nucleus
they suggest 2 clockface or cartwheel nucleus This bloching of the chromaun
mto sharp cleancur masses is so charactenstic that there 15 lintle danger of
nustahing the ervthroblast for any other type of bone marrow cell The
nucleus 1s usually round and centrally placed The cytoplasm is gamung its
complement of hemoglobin, it has lost the deep blue color and owing ro the
increasing cosmophlic staimng reaction becomes blutsh gray or slate gray
In some cells the ¢y toplasm approaches even closer the color of the normal
erythrocvte staming a pink or buff color

Normoblast

The normoblast 1s the tvpe of nucleated ervthrocy re most commonly en
countered in penipheral bloed It 1s the most mature of the nucleated
forms being but shghtly larger than the normal non nucleated erv throcyte
The nucleus has become small and pyknonc and 15 dense and umform im 1ts
staming reaction so dense that no derails of the chromaun structuze can be
made out It 15 2 deep bluish purple n colar The nucleus 15 usually round
and centrally placed but occasionally 1t may be ac one side or may even
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Amsocytosss

The size of the en throcy tes vanes in different 1 pes of anenma In some
anemuzs, the snull cells or mcrocy tes prtdnmmalc 1 others, Jarge cells or
macrocy tes Inmany cases of long standing anema there 1s a wide difference
beeween the size of the largest and the smattest cells to be seen on 2 smear
The difference 1s most prominent m permcious anenua In normal blood the
size of the cells tends to be uniform

Paorksfocytons

Afoderate sananon m the shape of the ey throcy tes 15 obsenned m many
cases of chrome anemux It 15 most pronounced tn sichle cell anemua
which the chamcrensue feature s the presence of extreme poilatoes tosis
awith a predomunance of fusform, sichie crescent ar oat shaped eclls Great
sartations in the shape of the ers throcs tes are also encountered 1 permcious
atterz m which the abnormal cells asume many wregular and bizarre
forms Such distortions are inherent i the cells they are not due to mecham
eal traumn produced while malang the smear

1.
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Vanauons i the stasmag reaction of ey throey tes are frequent The sim-
plest and most commonly encountered alteration 15 achromua or hy pochronua
m which the ceff 15 pale and has 2n excesinels large central pale area In
many cases the eplargement af the central area s so exareme that only 3
narrow 1 of ¢y toplism remams at the peripheny of the cell (rng or pes
sary form) YWhen this penipheral ning of oy toplasm 1s adso stamed famly
the cell 15 spoken of as x ghost cell Smce other factors besides the amount
of hemoglobm mflucnce the depth of the stanmg reaction, neither the degree
of anemiz nor the hemoglotsn contens can be udged accurately from the
appearance of the erythrocytes on the smear Twa smears from the same
patient and m fact different areas on the same smear may show consudcmblc
dufference 1n the depth of stmming  Hy poch 1 ty d
with microcy tosis

Hy peschronua sndicates tnereased mtensity of the stuning reaction and ss
associated with deerease in swze or absence of the centeal pale ares This
change i the appearance of the central area s probably due to greater thich
ness of the cell rather than ro actual sncrease 1 the amount of hemoglobn

per umt of cytoplism Hy perchromia s pracucally always associated with
macrocy tosis
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that of ordinary ussue cells Bile pigments are dersved almost enurely from
destroy ed ery throcy tes and chemncal deternunations of the amount of such
pigments excreted n a given period of tme by a normal subject have sug
gested that the hife span of the ery throcy te 1s about three weeks Recent in
vestigations, however, have shown that at least some of the cells persist
the circulation for pertods up to 1.0 davs These datz were obtamed by
transfusion expersments m which the transfused corpuscles were 1dentified
m che recipient s blood stream by means of their specific agglutinogens The
average duration of life for an erythrocy te 1s probably somewherc between
these two extremes, but 1t 1s undoubtedly lnnger than three weeks

ELRYTHROCYTES ON THE Broop Shiear

Erythrocy tes as they are found m the perspheral circulation are biconcave
dishs with an average dumeter of about 7 5 microns a thichness at the pe
riphery of about . 2 microns, and an average cell volume of about 87 cubic
microns (g 3) Ona well made smear with the cells lyng flat and only one
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Fic 3 Diagrammanc sketch to dlustrate the size and shape of the normal erythrocyte

layer deep the erythrocy tes stan mote deeply at the periphery and gradu
ally shade off to a pale cencral area that 15 the thinnest portion of the cell
Microscopie exammation of the cells may reveal certamn vanations from the
normal appearance These are

Varatons m size (anisocy tosts)
Microcy te~less than 6 microns i drameter
Macrocyte—over 10 microns 1 dameter
Varntions 1 shape (poshilocy tosis)
Varauons in staining reactions
Achromia or hypochroma
Hyperchromia
Polveh 1

y philla or poly
Puncrate basophilia or basoplulic supphing
4 Vamatons in structure

Cabots rings

Howell Jolly bodies

Reuculocytes

Nucleated erythroeytes
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Targer Cells

Target cells are erythrocytes wih a rounded central area rather deeply
samed 3 clear ning serrovnding this hightly stuned 2nd a dense ning of
ey toplasm sbout the peaphery of the cell

Ovalocyies
Oral or cllipuc shaped ervthrocytes are infrequently encountered on
2 normat blood smear In some persons these ovalocy wes predomunate go per
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Tic § Photamicropraphs of ef throcytes Tn the Jower night are celis wath Howell Jolty
tes The other plares show nomobliasts

cent or more of the ery throcy tes havng this shape Such a condimon 15 called
ovalecy zosts

Spherocytes

Spherocytes are erythrocytes that have lost their normat biconcave shape
and become nearly sphencal Since thewr thichness 15 sncreased while ther
dwmeter 15 lessened therr volume remains about normal Such cells are more

tasily hemolyzed than are nommal eells Spherocy tous 2 predomunance of
these eells 15 found n famdial hemoly tic scterus
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Poly chromatophslia poly chromasa and dsffuse basophilia are synony mous
terms mdicaung a fant diffuse blursh tint 1n the ¢y toplasm of the erythro
cytes If the diluted Wrght s stain 15 too alkaline, a blush cast will be 1m
parted to all the erythrocytes, this should nor be confused with polychro
matophtha i which only certam cells (usually macroey tes) show the bluish
gray color while the neighboring erythrocy tes have a normal staming re
action Polychromatophilia 15 interpreted as evidence of immaturity of the
cell When thercfore, 1t 1s found in the perpheral blood, it 15 an mdicauion
of actne erythropeiests 1n the bone marrow It is frequently seen m the
cy toplasm of normoblasts and 15 always present at some stage in the develop
ment of ery throcy tes

Punctate basophilsa, or basophilic snpplmg appears as small pmpoine dots
of basophilic materral scattered through the otherwise normal ¢y toplasm of
an erythrocyte This staming reaction may occur under the saume cireum
stances as does diffuse basophilia Jt may also appear i the cytoplasm of
nucleated forms of ery throcytes It 15 particularly common i the blood of
patients with chronse lead possorung and thus provides a valuable sign i the
differential diagnosis of this ty pe of mtovicarion Howeser, the fact that it
occurs under such circumstances casts doubt on the significance of basophiic
stippling as specific evidence of immaturity of the cell bemng more sugges
tne of degenerauve change m a young erythrocyte Al cells that react
to Wiights stain with basophiic stipphing can be shown to be reuculo
cytes when stuned with bulbant cresyl blue but not all reticulocytes are
stippled

Varations m Structure

All erythrocytes are onginally nucleated The nucleus wsually disinte
grates or 18 extruded before the cell enters the arculation but in occasional
nstances remnants are retaned There are two rare types of nuclear rem-
nants, which are more frequently encountered n the blood of pauents with
perrucious anenia than w1y other condion Howell Jolly bodies are
small rounded densely staming particles of nuclear matersal They wsually
accur smgly although occastonally there may be several within one cell
(Fig 4) They are hilely to be seen near the periphery of the cell Occa-
sionally they are found 1n nucleated ery throcy tes with an apparently intact
nucleus Cabots nngs are circular or figure of eight shaped strands of
basophilic maternal which probably represent remnants of nuclear mem

brane
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Signsficance of Rewsenlocyte Counts
The consensus 55 that the presence of senculoes fes3n the bood stream
indicates actn ¢ ery throposests w the bone marrow The retsculocy te count s
of inportance under the following condons
1+ In permeious anenna the effectnencss of adensstration of bser exe
trace 15 indicated by sncrease n the number of reticulocs res before am
change 15 apparent  the hemeoglobn level or in the envrhrocste count
A therapeaue trial of bser extract 15 of value as a dignestic procedure in
cases 1 Which the p of ¥ anenua 1s g bie In hnown
cases of permicious anena the pm:nc\ of a Iner preparation can be tested
by ascertmmmg the degree of renculocyie response
In won deficieney anennas the number of renculoeytes nses m re
sponse to ad of ad of tron
3 Inanemus of the hemohy e n pe parncularhy fauhal hemals ne scterus
there 15 2 spontancousle high retictlocy te count
4 Following acute hemarrhage there 15 2 nise i the number of retculo
cvtes dunng the period of blood regenerauon
s Renculocytes are more dratehy after sp
6 Renculocyses are fener i anenuas due to aplasa or by pophsia of
the bone marrow A retrculocy te count 15 of value an distingusshing betw een
aplastic anenus i which there are fewer reoculocvees, and sdiopathie
h b purpura or dncy tosss, 1n which their number s nor
mal or mcrcascd *
7 Repeated transfusons miny fead 10 dimisution v the pumber of
reticulocy tes -

HrewocLoein

Hemoglobm 15 the coloring mateer of the erythrocyres By mieans of this
pigment the red cells are able to perform ther funcuon of transporung
oxygen to the mssues the hemoglobm formung z Joose combination with
oy gen n the lungs and releasing «t to the ussues Hemoglobm 15 2 con
jugated proten of an g prgment and 2 protein,

globin  The iron-contaning poruen consists of a porphvrn molecule
composed of four py rrole nucler The parphy nins are prgments which form
the basis for many complex compounds m plant and ammaf Gife and are
capable of combining with vanous merals Protoporphy iin when combined
withiron probably sn the ferrous state forms the uron parphy iin compound
of hemoglobin 2ad s called heme  When heme 15 combined wuh a
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Reuculocytes

Reticulocy tes are not cuident on fived smears stamed by the ordmary
methods With a vital staming techme whereby the cells are stamed whie
inaliving state basophilic granules or filaments can be observed i the ¢y to
plasnt of @ .. t0 08 per cent of erythrocytes Brillunt cresy! blue the stan
most commonly used for demonstrating reticulocy tes stamns the reticnjum
deep blue The amount and arrangement of this granule filamentous sub
stance vary sn different cells There may be only a few granules or threads
of material scattered through the ¢y roplasm or granules and filaments may

b .

Fic 5 Reticulocy tes showng varyng amounts and arrangements of the reticular sub
stance The lower cells which have smaller amounts of the reticular matesial ate pre
sumably more mature (Hal Downey Handbook of Hemarology Paul B Hoebur Inc)

combme to form a diffuse network throughour the entire cell In some m
stances a rather dense wereachlike serangement 1s found near the penpliery
Reticulocytes are shightly Jarger than normal erythrocytes Some of them
are poly chromatophilic with Wright s stan The amount of reticulum pres
ent has been considered ro be an mdication of the age of the cell, the y ounger
the reuculocyte, the more seyculum it contams (Fig 5)

The nature of the reuculum 15 not known but apparently 1t 15 not com
posed of etther nuclear chromatn or mitochondria It has been generally
conceded that reticulocy tes represent a shghtly immature stage of erythro
cytes but certam features of their occurrence cast some doubt on this hy-
pothesis It must be achnowledged however that they represent a stage
the maturanon of erythrocytes and thar they afford the most reluble
cnterton for esumanng ery throposetic activity of the bone marrow
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as 1 amy proten that 1s 1t 35 converted to anuno scids and then reutilired
The 1ron contaning portion 1s hroken down hberaung rron, which s stored
w the lner and spleen for reutdrzation and non wron-contarming pigment
which 15 conterted to biliwbin The lateer 15 brought to the Iher and cx-
creted, formng the prncpil 3f not the enure source of tile pigment
After excrenon into the intesune the bife prgments are cons erted by bactersal
action mto urobtmogen, of which part 15 excreted and part reabsorbed
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protem the comp 15 called “h hromogen”, when the protein witt
which 1t combmes 15 globm, the resulting hemochromogen 15 hemoglobin
Hemoglobun 15 therefore iron -+ porphy rin + globin The prgment portion
of hemoglobin consttutes about 4 per cent and the globm about 96 per
cent of the hemoglobin molecule Iron comprses o 335 per cent

Hemoglobin combmes with oxygen 1n the proportion of two atoms of
oxygen to one atom of won Therefore 1 Gm of hemoglobin untes with
134 cc of oxygen Normally arterial blood 1s g4 to 96 per cent saturated
with oxygen venous blood 15 60 to 85 per cent saturated The combination
with oxy gen 15 unstable because the globin allows oxy genation of the hemo-
globmn to oxyhemoglobin but prevents oudation Methemoglobm 1s a true
oude, one atom of oxygen combinung with one atom of 1ron This combina
tion 15 stable and not reversible It occurs i posoning by certain drugs
such as nitrates chlorates, acetanihd, and mtrobenzene Carbon monoude
combines with hemoglobin m the same proportion as does oxvgen but forms
a stable compound which 15 not easily disrupted, consequently the hemo
globin 1s no Jonger available to carry oxygen Because of its abiliry to dis
place oxygen mhalatton of carbon monowde 1s highly dangerous to life

Although the constituents of hemoglobin are known the method of 1ts
synthesis within the body remains a mystery The prgment portion, heme
(porphy rin + 1ron), 1s present in 3 1ast majonity of all foodstuffs and it 1s
possible that the food porphyrns are broken down to their pyrrole con
sttuents and resynthesized Globin 15 available n most meats 1ts absence
may be a definite factor 1n kimiung hemoglobin production Iron 15 absorbed
from the upper portion of the gastromtestmnal tract, probably 1n the ferrous
form and 15 transported erther to the Iner spleen and other parts of the
reticulo-endothelial tissues for storage or to the bone marrow for utihza
tion 1n hemoglobin Just how the varions constituents are assembled 15 not
known

Hemoglobin first appears in the cytoplasm of the erythrocyte at 2 rela
tively early stage m the cells development With s first appearance a shight
eosinophilic stanng reaction 15 noted 1n the cy toplasm close to the nucleus
of the cell As the hemoglobin increases 1 amount the cy toplesm becomes
diffusely poly chromatophilic and with further mcrease m hemoglobin the
early basophilia decreases and the pink eosmnophilic stamming reaction of the
mature cell prevalls

When ery throcytes are removed from the arculation by reuculo
endothelial cells the hemoglobm 15 broken down into globm and iron
contamng pigment The globin 15 probably handled mn the same manner
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Mjcloblast

The mycloblast normally found only in the bone nurrow s usually
large rangsng from 1y to 20 MICrons In diameter In some instances how
ever, it 1s so small that the term mmcromycloblast has been applied to 1t The
ordmary large my cloblast when stamed with a polychrome dye¢ has a large
aucleus which 1s round or oval 1n shape and stams a hght reddsh purple
“The fine and evenly distributed strinds of chromatn form a dehcately woven
neework which contains from three to five nucleoli The nuclear structure
of the mycloblast gives 1t 2 bland and homogencous appearance with no
apparent nuclear membrane The nucleus 1s frequently eceentncally placed

The cytoplasm of the my elablast 15 abundant 1s light blue 1n color and
lacks both a peninuclear clear zone and granules In the absence of speaific
granules in the ¢y toplasm 1t 35 inpossible to tefl whether a particular myc
loblast will develop into a neutrophilic cosinophilic or basophilic myclo
cyte

Myeloblasts are common n the bone marrow but only under unusual
conditions such as niy clogenous leukerma do they appear m the penipheral
blood stream Their structure 1s so sumilar to that of the pnmitive cells of
other series that 1t 15 difficult to separate them with certainty from Iy mpho
blasts The {ymphoblast may have a coarser chromatin network fewer nu
cleoh n the nucleus and a permnuclear clear zone i the cytoplasm but
neither cell ¢y topl g les The differ of these cells
m the peripheral blood 15 accomplished pmanly by noting the type of
mature cell that predonunates on the smear If the predominating marure
cell 15 a lymphocyte it 1s probable that the immature cell in question 1s 2
lymphoblast 1f miyelocytes or maturc granulocy tes predomnate the cell
1 question 1s probably a myeloblast Thus the immature cell 15 recogmzed
by the company 1t keeps

The next stage of deselop 15 fested by the app of 2 few
purplish red perowidase positnve granules 1n the oy toplasm These ultimarely
develop nto the characteristic neutrophilic eosmophulic or basophilic granu
lations of the myelocyte but at first appearance they are nonspecific This
stage the premyelocyte 15 the immediate precursor of the my elocyte It s
however merely an intermediary step n development and does not mert
further discussion here It has been our pohicy n teachung medical students
to classify as myeloblasts those cells of the series which do not contamn
granules and after granulations appear to classify them as myelocytes This
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THL LEUKOCYTLS

I THE GRANULOCYTIC OR MMLLOID SERIES OF CELLS
Porysioreionuctear NeuTROIHILIC LELROCY TES

Rxnmonpuo\ua EAR NEUTROPHILIC LEUROCYTIS, IN THEIR MATURE FORM,
are commonly spoken of as neutrophis or ‘polys  Under normal con
ditions they compnse about two thirds of the white blood cells 1 the
arrculation  Developmentally  they are end cells and when damaged are
mcapable of reproduction or regeneration They are capable of actne
amebotd motion and are phagocytic Their primary function 35 to combat
infections Although many conditions cause an increase n the number of
these cells i the blood stream the greatest response occurs with a pyogenic
mfection The mechanism whereby this and other conditions bring about
an ncreased production of cells 1s not known

The e of a neutrophil 1s shore apparently from two to five days under
normal condittons Many of the cells are lost or destroyed m fulfilling thetr
protective nussion most of those not destroyed 1n this manner are excreted
through the gastromtestinal tract Appreciable numbers are eltminated 1n
the salna and a sumilar ehminative process takes place throughout the entire
gastrosntestinal tract Many other cells are ehmmated through the respiratory
and nasal mucous membranes

The granulocvuc cells ongmate in the bone marrow i the same areas
where erythrocy tes develop but are produced extravascularly rather than
withuin the capillaries They are derned from a fixed renicular cell of the
reticulo endotheltal system This gives mise to 2 primitive free cell which
1s the direct precursor of the my eloblast The my eloblast 1s the earliest cell
of this seres to be recogmzed morphologically by ordmary staimng tech

mc
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simplifies the discussion of maturation and 15 satisfactory for all practical
purposes

In place of the usual type of granule which appears at this stage of the
cell's desvelopment there may be one or several small eosimophilic rodhile
structures 1 the cy toplasm, the so called Auer bodies Cells containing these
badies are encountered most frequently in acute forms of myclogenous leu
kemia

Nentrophilic Myelocyte

The neutrophilic my elocyte 1s of approvimately the same size as the mye
loblast, averaging from 12 to 20 microns m diameter The nucleus 15 Jarge
and round or oval wm shape but 15 frequently flattened on the medial side
and eccentrically placed The chromatmn strands are fine and evenly dis
tributed so that the nucleus 1s bland, Iight staimmng, and reddish purple m
color and 1s sioular to that of the myeloblast Nucleolr are less numerous
than in the blast cell stage, and the nucleus may be slightly smaller and may
staint a hrtle darher

The cytoplasm 15 light blue m 1ts staning reaction and contamns the char
actenistic neutrophulic granules In thus stage the granules reach therr greatest
prominence Thewr number depends upon the age of the celi They may
be few in number 1n the y oung forms m the later stages there may be i
numerable lavender or purplsh granules They are far more promnent
than in the mature nentrophil and the large dark purple granules of the
neutrophtlic my elocy te must not be mustaken tor the sull larger and dather
ones of the basophilic myelocyte As the myelocyte becomes older the
granules become smaller and less promment

Prate I Tue Myerom or Gravuvrocy1ic SERIES—NrUTROPHILS
© Myeloblast which daes not contam spectfic granules 2z My
elocy te m which neutrapiulic granules are present n the cvtoplasm
5 Metamyelocite 1 which the cytoplasm is changing from baso
philic to cosmophilic 4 Metamy elocy te with basophilic cytoplasm
but 2 relatively mature nuclear structure 5 Metamy elocvte wich
eosmophilic ¢y toplasm but an immatuse ty pe of nucleus 6 Band
g or fil: neutrophul 7, 8, 9 Marure seg
mented neutrophils
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In notmal bone marrow the miyclocyte 15 the predommant cefl of the
myelord series In my clogenous leukema it appears m the penipheral blood
stream sn varying numbers The more acute and rapidly progressive the
discase the higher the pereentage of thus immature cell In many nstances
1t 55 the predonunant cell on the blood smear

The bone marrow 1s more responstic 10 snfants and young children than
m adults and consequently reacts more vigorously to a gnen stmulus For
this reason neutrophilic my clocy tes, occasionally found in the blood stream
of children 15 a result of a severe infection do not carry the sume sigmificance
as they would 1n equal numbers 1n the blood of an adult The response of
the marrow m children to hemolytic and other ty pes of severe anemua also
results 1n 2 leuhocytosis and the appearance of myelocytes mn the blood
stream In some instances the reaction has been so marked that the term
pseudoletikenna has been used when 1n reality the reacuon was only sec
cndar) to a severe anemia

My clocy tes appear i the blood stream of the adult less frequently than
i that of cluldren but they may occur not only as a resule of leuhemia
but with an extreme bone marrow stmulation from a severe infection occa
sionally with hemolytic anermas and metastatic malignant growths, and
duning secovery from agranulocytoss “The presence of myelocytes in the
blood howeser should always suggest the possibility of myelogenous few
kerma regardless of the absence of other typical features

Metamyelocyte or Juvenile Cell

There are great structural changes 1n the cell between the my elocy te and
the mature state Devclopment may progress n several ways so that it 1s
difficule or impossible to give an accurate descripion covening all cells at
this period of their growth In the my elocy te the nucleus 1s large hight stam
g and of umform density whereas in the mature neutrophil it 15 small
with dense strands of chromaun The cvtoplasm s basophilic 1n the mye
locy i stage but becomes eosmophilic 1n the mature cell Progress through
the intervening stages may be even and regular, or atypical forms may occur
if exther the nucleus or the cytoplasm matures at a more rapid rate than
the rest of the cell

In the normal process of development the metamy elocyte 1s considerably
smaller than the myelocyte rangng from 10 to 15 microns n dameter
The nucleus 1s smaller the strands of chromatn are more dense and more
deeply staming the nucleoh have disappeared The nucleus may be oval
or kedney shaped The cytoplasm has lost 1ts basophibic tnt 2nd 1s now
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the smear that the connecting strands are Indden and the nucleus appears
rod shped rather than segmented The number of lobes i the nucleus of
a neutrophil supposedly ncreases with the age of the eell, bue this 15 not
strctly true the observer should pay more attenuion to nuclear structure
than to nuclear seymentation i determnming the age of the cell

The ey toplasm 15 of umform density with an eosinophihic staing reacuon
and 55 filled with fine hight purple granules These arc simll and evenly dis
tnbuted throughout the cytoplasm and gine a strongly positne perouidase
reaction The Inang cell 1s acusely monle

In the presence of a severe touc or metabolic disturbance the granules of
the neutrophil may be Jarger darher stunmng and more promument than
normal reverting 1o the 1y pe of granule found n the an clocy e stage This
condition 1s spoken of as  tonie granulation

Vacuolation of the cyvtoplasm may oceur and 15 also an evidence of de
generation Cells showing cxcessne vacuolanon may be parucularly nu
merous m severe mfections and the rato of cells showing thus change to
normal cells his been called the  degeneratne index

Arneth dnsded the neutrophils into a number of classes according to the
number of lobes m the nucleus When there 15 an ncreased production of
these cells, more of the younger forms including those with band nucles
appear 1 the blood stream when these compnse more than the normal
4 or 5 per cent o nuclear  shuft to the left has ovcurred which sigmifies
a greater degree of wmmatunity of the cells than 1s normal A shuft to the
night  means an sncreased percentage of neutrophils hasing highly segmented
nucler and indicates that a majonty of the cells are older than normal
A simpler scheme was ntroduced by Schilling in which the neutropuls are
separated into only two groups (1) the segmented forms in which there
are two or more lobes 1n the nucleus and ( ) the younger cells with non
segmented nucler (Fig 6) This separation of the neutrophils mto non
segmented and segmented forms should be a part of all differental counts

Function of the Neutrophil

The neutrophilic leukocytes form the principal defense aganst bactersa
which have myaded the bodv 1n health they aid m preventing an nvasion
by these organisms Tissue mjury as well as bactena apparently liberates
4 substance which attracts neutrophils so that they are the first cells to ap
pear at the site of any chemical or mechanical damage to tissues as well
as at the site of bacterial jnvasion The neutrophil 15 phagocyue for many
types of bactena the engulfed orgamsms bemng lilled and destroyed It s
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eosinophitic 1n 1ts stuming reactrion and conrams neutrophilic granules which
are smaller and stain less decply than those of the my elocy te

Tius ty prcal course of maturatron is altered 10 seme cells so chat the cyto
plasm develops at a more rapid rate than the nucleus and we find a cell
with an ymmature nueleus which shous nucleals but 2 mature cosmoplfic
cytoplasm with neutroplulic granulanions Not mfrequently the cytoplasm
1s blorchy, and there are philic areas mtermingled with the b phil
cytoplasm In other nstances the nucleus matures more raprdly than the
rest of the cell and we find an sndented or band shaped nucleus vith rather
dense chromaun strands surrounded by basophilic, ymmature ¢y toplasm
contaming granules lithe those of the myelocyte

Band Neutrophil or Stab Cell

The band neutrophil 15 approaching maturiry and 1s but shightly Jarger
than the mature segmented neutrophul The nucleus 15 elongated of umform
width and rounded at the ends It ss usually curved in a horseshoe or S
shape and may show shght evidences of constriction at the pomts of bend
ing The chromatn 15 1 heavy strands forming a coarse rencular network
It stains a lighe reddish purple No nucleolt are present The cy toplasm 15
eostnophilic and contans innumerable fine dusthke particles which are the
ts pical neatrophilic granulations

These cells comprise about ¢ or § per cent of the leulocy tes 1 normal
blood bur are more numerous n any condition 1n which there 15 an ancreased
production of neutrophils An increase in the number of band neutrophils
and the other young forms 1s called a shift to the left  Smce the nucleus
1s composed of only one lobe the band neucrophil 1s called 2 nonfilament
or nonsegmented cch

Segmented Neutropht

Segmented neutrophils are the mature neutrophils that normally comprise
about 6o to 65 per cent of the white blood cells As the cell matures 5t be
comes smaller until at this stage 1ts dumeter 1s from 1o to 1. microns The
nucleus 15 smailer and more dense and pyknotic than in the ymmarure stage
The chromatn strands are dense the meshw ork is ighter and the chronatn
rends to collect w wregular dense blocks which stan dark purple The
nucles 1s lobulated havng from two to five lobes which are connected
by single strands or flaments of chromatn marenat Becavse of its nuclear
configuration thus cell 1s called a segmented or filament cell The lobes van
1n size shape and asrangement and may be so pushed together 1n prepaning
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one of the substances necessary for blood coagulation and it may ad n
absorption from the ntesunal tract

Tost\opiiLs—PoLY ORPHONLCLEAR Losivorntuic LeunocyTes

The cosmophils being members of the granulocy tic or mycloid series of
cells ongmate n the bone marrow 1n the same areas m which neutrophils
are formed They ansc from an extravascular fived rencular cell and pro-
gress through the stage of a pnmitnve free cell and my eloblast wichout the
appearance of any cytoplasnuc granules to disunguish them from other
myeloid cells Nonspeaific azucophihic granules first appear 1n the premye-
locyte stage of development and the first differentiation of the eosinophil
from the neutrophil and basophil occurs with the appearance of specific
granulations in the myelocyre stage The granules of the cosnophil are
rounded bodies with sharply demarcated and well defined margins and
are much larger than the granules of the neutrophil The eosmnoplulic gran
ules obtain their name from their great affiniy for acid dyes With the usual
polychrome stan they tahe a brlliane red color

Eosinophilic Myclocyte

The eosmophilic my elocy te 15 sumilar to the neutroplulic my elocy te 1n 1ts
structural charactenstcs except for the nature of the granules The nucleus
1s Jarge with 2 fine even chromatin network and the cytoplasm 1s shghtly
basophultc n 1ts stamming reaction The cytoplasm 1s filled with the large
round red granules which are frequently so numerous that they completely
cbscure 1t and may parually obscure the nucleus The granules remain the
same through all stages of the cells development Eosmophilic my elocytes
are prominent 1n smears made from bone marrow and are proportionately
more numerous 1n the marrow than are mature eosinophuls 1n the peripheral
blood

Since the number of eosimnophuls 15 not increased with infecuous diseases
this form of myelocyte does not appear 1 the blood stream as a result of
severe mfections when found 1n the peripheral blood eosimophilic my elocytes
are extremely suggestne of my elogenous feukema

Eosinophilic Metamyelocyte

The eosinophilic metamyelocyte conforms to the description of the neu
trophilic metamyelocyte except for the eosinophilic eytoplasme granules
It undergoes the same structural changes in the nucleus and cytoplasm during
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nat effective agamst all ty pes of bactera and 1s not phagocytic for tissue
cells or cell fragments It contams a proteoly tic enzyme which aids i the
digestion of necrotic tissue and the removal of fibrin of mflammatory ongmn
In these ways 1t 15 an important agent n the defense against imvading or
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segmented or aFew :‘ o 5 Showmng two three four and five
lobed phils § Mulalobulated as found 1 a patent with pernicious

anema
ganisms It alsa plays a part m preventing bacteria from gaming access to
the body by the constant migration of cells to the surface of the mucous
membranes where such organisms are present

In addition to 1ts part 1n the defense mechanism of the body the func
uons of the neutrophil are vague and mdefirate but it may be a source of



The Lenkocytes 35

one of the substances necessary for blood coagulation and 1t may ad
absorption from the mtesunal tract

Losinopiis—Pory ntoresonLeLearR Lostvopritic LrukocyTes

The cosinophils being members of the granulocy tic or my eloid series of
cells, onginate 1n the bone marrow 1n the same areas 1n which neutrophuls
are formed They anse from an extravascular fixed rencular cell and pro-
gress through the stage of 3 prumunve free cell and my eloblast without the
appearance of any cyvtoplasiuc granules to disunguish them from other
myelord cells Nonspearfic szurophilic granules first appear in the premye-
locyte stage of derelopment and the first differentiation of the eosmophul
from the neutrophil and basophil occurs with the appearance of specific
granulations i the myelocyte stage The granules of the cosinophil are
rounded bodies with sharply demarcated and well defined margins and
are much larger than the granules of the neutrophil The cosmophilic gran
ules obtain their name from their great affinity for acid dyes With the usual
pols chrome stain they take a balliant red color

Eosinophilic Myelocyte

The eosinophilic my elocyte 1s similar to the neutrophilic myelocy te 1n s
structural charactenstics except fot the nature of the granutes The nucleus
w5 large with a fine even chromatn networh and the cytoplasm 1s shghtly
basophilic 1 1ts staming reaction The cytoplasm 1s filled with the large
round red granules which are frequently so numerous that they completely
ebscure 1t and may parnally obscure the nucleus The granules remain the
same through all stages of the cells development Losnophilic my elocytes
are Ppromment n smears made from bone marrow and are propomomrcl)
more numerous 1n the marrow than are mature eosinophils 1n the peripheral
blood

Since the number of cosinophils 15 not increased with fectious diseases
this form of myelocyte does not appear 1 the blood stream 25 2 resule of
severe infections when found in the pertpheral blood eosmophulic my elocytes
are extremely suggestve of my elogenous leuhemia

Eosmnophilic Metamyelocyte

The eosimophilic metamyelocyte conforms to the description of the neu
trophulic metamyelocyte except for the cy
It undergoes the same structural changes 1 the nucleus and cywplasm during
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maturation The granules are frequently so numerous and densely pached
that they obscure the nucleus

Eosinophil~Mature Form

Followng the metamy elocy te stage the nucleus of the eosinophil becomes
an clongated curved rod which ultimately divides mto two or more lobes
A majoniy of the eosmapluls encountered 1 the blood stream have two
Jobes although threc lobed nucler are occasionally seen These cells are more
fragile than neutrophils and consequently are more eastly broken m the
process of smahing a smear The cell membrane ss frequently ruptured fem
ng the nucleus muace the ¢y toplasm misible, and the eosinophilic granules
scattered about the nucleus Such broken up eosinophils should be counted
as eosinopluls n the differential count rather than classed as degenerated cells

The nucleus of the intact cell 15 usually exther a band or a two lobed strue
ture It stams a highe purple color and seldom becomes the small, darh pyh
notic multdobulated aucleus c ly found m the neutrophul The ¢yto
plasm s eosinophilic but 1s usually completely hidden by the densely pached
eosmophilic granules Occasionally the granules are few m number and do
not completely obscure the cytoplasm bue this 18 imfrequent

Losmophils comprise from .. to 4 per cent of the circulaung leuhocy tes
untless they 1ncrease m number to 8 or 10 per cent the mcrease 15 usually
of no sigmificance They 1end to disappear from the blood stream wath acuse
infections but a shght eostnophidia may accur during the convalescent stage
from such mfections

The function of che eosnophil has not been determmed with certamnty
although the cell has been shown to be phagocytic The high wron content
of the granules has led to speculation as to a possible role i iron metabolism
but this has not been confirmed The extremely vared condinions that gne
nse to an eosmophitia make anterpretatton of function difficult The cells

Prare HI  Tue Mxyeto or GravurocyTic Serirs—Basopines
anp EosinopHILS
¢ Basophulic myclocyte 2 Mature basophil , Fosmophilic
myelocste ¢ Mature eosmophtl Losmophil 1n which the cell
membrane has ruprured




ot
tareve,

an

Prate m






Ihe Lenkoeytes 37

are increased in atlergic discases parasitie infestations some shin discases
penartents nodosa, and i most cases of myelogenous feakemia s well
as 2 few other condions

There 1s na definite relattonstup between local ar tiswue eosinuphifia and
an increased comnophil count of the penipheral bload Vs testons are char
acterized by a Jarser number of tupe counophily without the Appearance
of these tells in the bload stream 1 acal connophibic reacnions are parteuirly
frequent 1n lesons of the Lastromtestint trace and of the pleurs wherews
these festons seldom Case an mcrened blood connoptulia

Basornns~Pors somy nonterr s Basortic {runocris

The basophils comprise the third type of granulues tic teuhocy tes found
m the blood stream They are formed 1n the bone marrow 1 the same man
ner and in the same lacatton as the neurropluls and eostnophils Their sm
mediate precursor 3s the oy cloblast, & hich daes not contamn spectfic gran
ules so that the first recognizable member of the series 15 the basophthe
m elacy te

The granules of the basoplilic senes of eells arc large sphenical or oval
bodies, from o 1o 0.4 micron i diameter which <tan a very deep biue
The number of granules & varble Uswally they are spanehy but evenhy
scattered throughout the eytoplasm Ther size and appearance are the
same m the smmature and matare forms of the cell and they da not go
through the maturanon changes that occur n the neutrophihic granules

Basophulic Myelocyte

The basophilic m elocyte s 2 large unmature cell wdenuical 1o the neutro-
philic my elocy te except for the cb of the basophil les which
are larger more deeph stmming and usually less numerous than the neutro-
philic granates at the same stage of deselopmene The granules may occa
sionaify be so numerous as to obscure the nuclear outlines and structure
These cells do not appear 1n the blood stream except with m\ elogenous fen
hemia The cells go through the same stages of maturation as the neutrophilic
myclocyte

Band and Segmented Basophils

The descniption of the band and segmented neutrophil suffices for the
basophihe type except for the granules The nucleus seldom becomes ex
cremely segmented and nucles with over two lobes are seldom encountered
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Because of this refanve ymmatnnty of the cell the nucleus 15 rather hight
staming and has a loose chromaun netw orh Broken or fragmented cells are
seldom seen on the blood smear The cytoplasm 15 sumlar to that of the
neutrophil and contamns varying numbers of the large deeply staing gran
ules, occastonally only ten or twelve are present, buc they are more nu
merous i some cells They never complerely fill the cell as 1s the case with
eostnophils

The basophils ordinarily comprise from o5 to 1 per cent of the leuho
cytes so that 1 many instances none are encountered 1n an ordinary differ
ential count ‘These mast leukocy tes or basopluls have no relation to the tssue
mast cells and their funcrion m the blood stream 15 unknown In acute 1n
fections they tend to disappear completely from the blood stream and 10
reappear during comvalescence

They are occasionally more numerous 1n polycythema vera and i some
cases of myelogenous leul ema they become very promunent A shight n
crease 1n number has been noted in some ty pes of shin disease and n some
cases of ciurrhosis of the hiver bue this 15 not constane

I LYMPHOCYTLS

If the term lymphocyte s restricted to those forms which are found 1n
the circulaung blood and their immediate precursors in the fixed Iy mphatc
ussues these cells make their appesrance late in embryonic development
bue if the term 15 used to snclude the prmiuve hemocy toblast or Iy mphordo
cyte, as 15 occasionally done the cells are found very early in the yolk sac
of the embryo In postfetal hfe the Iy mphocy tes are formed m all ly mphoid
nssues i lymph nodes spleen tonsils and the Iy mph nodules ot the respir
atory and gastromntestnal tracts The cells anse from fixed and free rencular
cells which gne rise 1o the early prmordi! hymphoblast which 1n turn
divides through mutosis to more advanced forms of the cell There are no
defirte steps i the develapment of Iy mphocy tes as s true m the granulocy tic
series but there 1s 2 steady growth from the large immacure Iy mphoblasts to
the small mature Iymphocy tes which comprise from 20 to 30 per cent of
the white blood cells in the perspheral crreulation under normal conditrons

(Fig 7)
Lymphoblast

The ]ymphobhsc 15 a large nongranular cell which measures from 15 to o
mucrons 1n diameter on 2 fived blood smear but 1s considerably smaller when
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scen n ussue secuons Its structural chartetenstics arc so simular to those
of the myeloblast that the two cells ordinanly cannot be distingushed from

~ T

v

Fic 7 Photomicrographs of lymphocytes ¢ Lymphoblast with four nucleols from a
case of lymr\mcy{lc leuhemn 2 and 3 Normal lymphocytes ¢ Large lymphocyte with
azure granules in the cytoplasm 5 Basket cell a d or broken up lymph
m which only the nuciear marenial 1s visible

each other when seen on a blood smear and are recogrized by the com
pany they keep The nucleus 1s large round or oval in shape and occu-
pies a large percentage of the cell area The chromatin s arranged 1n strands
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which are shightly coarser thn those found in the nucleus of the my cloblast,
and the chromatin networ] may be somewhat more dense at the periphery
than at the center of the nucleus In most of the cells however, the network
15 umform m ats distribution and stains a light purplsh color with pofy
chrome dyes Nucleolr are present in vary ing numbers

The ¢y toplasm stamns 2 ight blue and does not contan granules nor does
1t give 1 perovdase rercuion A pertnuclear clear zone may be present There
are no definite development stages in the Iymphocyvte but as the cell be
comes older 1t becomes smaller and more decply stuning and nucleol dis
appear from the nucleus

Large Lymphocyte

‘The nucleus of the 1 oung Iy mphocy te 15 smaller than that of the Iy mpho
blast and more darkly seamng It 1s round or oval in shape The chromatin
15 dense but &1 enly distributed, and there 1s no defimute mnterhcing petwork
as 1 the y oung neutrophil or m the monocyte This nuclear structure 1s one
of the most important features i differencating the lymphocy te from other
cefls on 2 fixed smear

The cytoplasm 1s a clear hyahne blue and 15 usually abundane In about
30 per cent of the cells grnules are present 1n the ¢y toplasm These are not
mumcrous are irregularly scattered throughour the cy toplasm stamn 2 red
or reddph purple color and are called azure granules They are larger
size and more disunctly outhned thn the granules of the mature neutrophl
but zre smaller, dacher and more dense than those of the costnophil They
do not give a perowtdase resctton These grinules are not evident m m
mature lymphocy tes and are seldom encountered 1 che cells of Iy mpho-
cyoc leuherma

Prate IV Tue Ly wpsocy Tic Sreies
1 Lympheblast . , Targe ivmphocytes with szure granules
4 Large hy mphocy re without ¢y toplasnuc granules 5 Small Jym
phocyte with granules 6 Small hy mphoeyte without granules n
the cytoplasm 7 Bashee cell or degenerated cell - This represents
the disintegrating nucleus of an immature hmphocyte & Nahed
nucleus or degenemted cell This s also a disintegraung nuclens

of a Iy mphocyte
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which are shghtly coarser than those found in the nucleus of the my eloblast
and the chromatin networl may be somew hat more dense 1t the periphery
than at the center of the nucleus In most of the cells however the nerwork
15 umiform mn ats distribution and stans a hght purplish color with poly
chrome dyes Nucleoli are present in vary ing numbers

The cy toplism stains a hight blue and docs not contain granules nor does
1t gn e a peroudase reaction A permnuclear clear 7one may be present There
are no definite deselopment stages 1n the lymphocyte but as the cell be
comes older 1t becomes smaller and more deeply staming and nucleolt dis
appear from the nucleus

Large Lymphocyte

The nucleus of the young by mphocyte 1s smaller than that of the 1y mpho
blast and more darkly staining It 1s round or oval i shape The chromatin
15 dense but evenly distributed and there 15 no defimte mrerlicing nerwork
as 1n the y oung neutrophil or 1 the monocyte This nuclear structure 1s one
of the most important features in differentiatmg the Iy mphocy te from other
cclls on a fixed smear

The cytoplasm 1s a clear hyaline blue and 15 usually abundant In about
30 per cent of the cells granules are present in the cytoplasm These are not
numerous are irregularly scattered throughoue the cytoplasm stam a red
or reddish purple color and are called azure granules They are larger
size and more distinetly outlined than the granules of the mature neutrophtl
but are smaller darher and more dense than those of the eosmophil They
do not give a perovidase reaction These granules are not evident mn m
mature lymphocy tes and 1re seldom encountered m the cells of 1y mpho-
cytic leukerma

Pryre IV Tue Iyarenocyric SeRIEs
1 mephoblasr - > Large lymphocyies with azure granules
¢ Large lymphocyte w ithout ¢y toplasmic granules 5 Small lym
phocy te with granules 6 Small lymphocy te without granules in
the cytoplasm 7 Bashet cell or degenerated cell  This represents
the disintegrating nucleus of an smmature lymphocyte ¢ Naked
nucleus or degenerated cell  This 15 abo a disintegrating nucleus

of 2 lymphocyte
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Mature Lymphoetie

‘The nuture lvmphoer te 15 from 6 to 10 microns i dumeter and »» char
acterzed by having a nucleus which almast completely fills 1t In the lager
forms of the cell the estoplism 15 somew hat more sbundan In the smaller
cells the auclens stans a dark blue and 15 o dense thar the nuclear structure
cannot be determaned and no chromaun networh i evdent The distribo
uon of the chromaun 1s not unform however but tends to colfecr m Wl
defined clumps i which dense areas graduatly shade off to gne 20 ocean
wanve gppesrance The clumps of chromaun are frequentdy more promunent
at the penphen of the nucleus In the larger forms of the celf the stamung
reaction of the nucleus 1s lighter the chromaun s less dense and the tend
enen to clumpmg s Jess evident The nucleus 1 usually shelaly mdented
on ene side

The evroplasm of the mature hinphoeste 15 scann and may be nsible
only 2¢ the pomt where the nucleus & indented or 3t may form 3 narrown
om which ennreh surrounds che auckeus In the larger cells 1t s con

derably more abund: Arure g les may be present and are commonly
encountered within the nuclear imdentation The evtoplasm stuns 2 hghe
blue

Abnormal Lymphocytes

‘ananons 1 the structure of the homphocytes occur frequentls Ir s
impartant to recognize them so that the shnornul by mphec te 15 not con
fused with the smmatare by mphoblast Vany of the abnorumal cells are large
and have 3 great deal of evioplasm The nucleus 15 vsuatly larger than nor
mal and frequenthy scregular in us configuration the chromatin s nor evenh
distrbuted, nor are nucleoh present The ¢y roplasm 35 more sbundant than
normal and comprises 4 large pereentage of the cell arez It 15 frequenth
more basoplulic than i the aormal cell and may be cloudy and mottlad 1
appesrance rather than 2 clear umform hyabine blue The cyroplsm
usually more granddar than that of the nommal lymphocite 4 condion
which may be mamfested by the presence of vousually large granules or of
an unusually large number of small granules Y acuolation of the oy toplasm
or of the nucleus 15 comumon

Although these ceifs are morphologicalfy abnormal they are mature and
may appear 15 sall sumbers in almost any. diserse causig iy mphod by per
plasta They are most m 1 of which they
are the most charscrenstie feature They must not be confused with the
farge smmature tymphocy tes encountered m fy mphatic lentenwa since the
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Prassta Crrs

‘There have bieen many theones adianced 25 to the ongm and funcuon
of plasma eclls, but no mcontestable proof 1o suppore am one theon has
bieen brought forward Osgood believes they represene a separate 2nd 1n
dcpcndcnt series of cells hating no direer connection with s mphocvies,
mclocites, or monocy 1es, whereas most obsenvers bebiese them to be a
pecutar form of Iwmphocize They are present aa smull numbers in the
bone marrow but appear 1n the penpherat blood stream mfrequentds Only
2 fen cases of plasnna celf leubemia have been reported

“The cells are from 1o to 15 nucrons in dameter Ther most charcrenstic
feature 15 1o be found m the nuclkus, which 15 round or oval and nsually
cocentreally placed i the cell The chromatin tends to form m dense
clumps that are most prosmnent at the perspheny of the nuclens. The clumps
are roughh enangulze i shape i many instances, wuh therr bases ourvard
going the mucleus a2 clockfzce or  carswheel™ appearance when the
chromaun masses are sharphy demarcated The evroplasm 1s a deep blue
color 15 frequentls mottied and oceastonally contans 2 few reddish gran
ules which do not gne a peroudase resction There 15 2 pennuclear clear
zone and vacuales i the o toplasm are common

Tursn Crax, Toesn brmwanon Cros

The Tuerh cell 1s large with a0 eccentnc nucleus which stains 3 deep
purple The chromann 15 commonly arranged i dense masses about the
penphesy leaving a contral hght stauning area The oy toplasm stains an 1
tense deep blue and 15 frequenthy darbher than the nuclens Tr i usually mot
tled mn sppearance and often contamns sacuoles Such cells sre farch en-
countered m normat blood but 2re accasionally found with o e lesions
of the bone marrow ar with discases of the hmphaid tssues

I VIONOCYTES

The ongmn of the monocvtey has been the subject of considerable dis
cussion 'V anous authors have desenbed them as ansing from my eloblasts,
Iymphoblasts  monoblasts, endothehal eells, hxs‘noc\'{cs, uadifferentiated
mesenchy mal cells or 2 combination of chese sources The present consensus
#mong chneal hermatotogists idenufies monocvies as a separate senies of
cells wath an mdependent ongin from a reticular celf of the renculo-endo-
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differential diagnosis betw een infectious mononucleosts and acute lymphatic
leukema rests primanly upon the structural charactersstics of the cells

Degenerated Cells

When a thm smear of the blood 15 made, a few cells will be broken up
s0 that only the nucleus remains visible This may occur with any type of
cell but 1s particularly common with immature lymphocytes In Iy mphatc
leuherma therefore there may be a great many of these broken and de
generated cells which are someumes called naked nucler  basket cells’
or smudges’ The nucleus may be left intact even though the cell mem
brane has ruptured and the ¢y toplasm has disappeared More frequently the
nucleus 1s so spread out and thin that 1t 1s impossible to be sure to which
type of cell 1t belonged It may be smeared ouc i such a way as to form 2
large smudge dense at one side but thinning out over a circular area with
strands of chromatin radiating outward 1 a coarse interlacing networh
This type has been called a  basher cell  Since such cells have been i
cluded m domg the total levkocyte count they must be accounted for i
the differentral count and may be classified as basker cells smudge cells
naked nucler or degenerated cells They are partcularly common m lym
phattc leukemia and since nucleol are frequently seen i the nuclear ma
teral, 1t may be assumed that they were immature lymphocy tes

Function of Lymphocytes

Luttle 1 known of the function of the Iy mphocy tes in the blood stream or
of their bfe cycle It 1s assumed that their span of Lfe 1s short and that they
are eluminated through the gastromtestmal trace but this suppositton 15 not
well established Ljymphocytes are capable of some ameboid motion but
are not as active as neutrophils They aid in walling off chromic inflammatory
lestons but they are not bactericidal or phagocytic They may function by
absorption and removal of toxins or n the fixed ly mphatic tissues by pro
duction of anticoxins It 1s of interest to note that many diseases which are
followed by a lasung immumty are charactenized by an mcreased 1y mphocy te
count duning the acute phase Not all diseases characterized by a lympho
cyuc response produce an immunity however Lymphocytes are more
pumerous In certamn mfections such as measles mumps undulant fever
and whooping cough as well as during the convalescent pertod of other
scute mfections Their number may be ncreased wirth those diseases which
cause an enlargement of the fixed ly mphatic ussue and m infectious mono

nucleosis



1he Lenkocytes 45

ess are visble through the overlying folds guing an appearance of depth
o the cell This folding 15 not apparent 1 alf cells and the nucless may e
oual 1n shape, bur there are usuath one or morse indentations 1 sts outhne
{(Nig 8) The ey tophm i blue m color but clouds or moctded and darker
than the ex toplasm of the normal hmphweyte The ey toplasm nay be more
densehy staned at the periphery of the cell than close ta the nuclens There
may be 1 few or many fine saidophihe granules within the ey toplasm Gy to
plasmuc prog from the periphery of the ccll are frequent esther as
multiple small budishe processes or as larger rouncded pseudopodmm Like
stactures

Mature Monocyte

The mature monocy te s the fargest of the narmal leukoey tes in the blood
stream The nucleus 1s large and may e oval with 2 shghe sndentation or
more frequenth hidney or horseshoe shaped Tt stams a rather deep red
dish purple The chromanin strands are corrse and dense and arranged m 2
loose meshed nerworh This nevwork 1s evenly disttibuted with no clumping
of the chromatn as i the hmphocyte nor arc there dense blocks such as
are found s the granulocyies The chromaun structure of the nucleus s
one of the most disunctive features of the cell and should sene to differen
tate st from other matare cells The cytoplasm is ¢ hght blue shghthy
cloudy and mortled and 15 more densely stamed at the periphery of the cell
There may be 2 parncularhy, hight stuning area withun the bend of the ay
cleus A few or many fine saidophulic granules may be found m the cvto
plasm These are sometimes grouped together opposite the bend of the
nucleus They are much smaller and fess distinet chan the azure granules
of the Iy mphocyte and gise a shghtly posisse peroudase reaction

Funcuons of the Monocyte

Maonocy tes are phagocytic m the blood stream and may occasionally be
found with engulfed erythrocy tes or eell fragments They are alse phago
eyuc for bactena and apparently swgrate mnto areas of inflammation where
shey atd i the protectve mechanism of the bods  They are sncreased 1
number 1 monocy i leshenut and moderately so m certain chrome snfec
tons and m diseases accompamed by hy pertrophy of the fived Iy mphatic
tissues such as Hodghin s disease and 1y mphosarcoma A moderate mcrease
m their number occurs dunng the stage of hemarogenous spread m pul
monany tabereulosis and also 10 sut bactenal endocardis
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chelial tissues Trom chus cell which s present i Iy mph nodes spleen bone
marrow, and miny other locations 1s derived the monoblast or pareat cell
It 15 nor directly related to esther the Iy mphocytic or the myelocy tie serses
True, the monoblast cannot be differentated morphologscally from the
1y mphoblast or my eloblast, but the absence of charactenstie structural fea
tures m this immature cell 1s not sufficieat evdeace for phicog che moao
cyte i the my elord or Iy mphocytic seres It must be acknowledged that at
the present tme the orgin of the monocytes has nor been conclusively
proved, but they probably represent a separate serses which, 1n mature form
comprises ahout 4 or § per cent of the leukocy tes of normal blood

Fic 8 Photomicrographs of monocytes On the lefr s an 1mmawre monocyte with
an srregular folded nacleus showng nacleols as found m 2 case of monoey tic leukeme
On the nght s 2 matre monocyte

Monoblast

The monoblast 1s 2 large cell which from its structural appearance on
the blood smear 15 mdisunguishable from the blast cells of other sentes
The nucleus 15 large has a fine chromaun network which stans a light
pueple with the palychrome dyes and contamns nucleol The cytoplasm
1s basophilic and may be somewhac darher and more mortled in appearance
than that of the Jy mphoblast or my eloblast

Immature Monocyte or Premonocyte

The meermedtary stage in the deselopment of the monocy te 1s a Jarge cell
averaging from 15 to o mucrons m drameter Tt 15 charactenized by a dis
unctive £y pe of nucleus 1 wheeh che rather dense chromarm strands stain
a hght purple color but form such a loose open network that the nucleus
appeats t0 be transparent The nucleus 1s canvoluted and folded so that 1t
may be very swregular m shape Because of 1ty transparency the deeper Iy
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SupraviTAL StAinG oF Lrunocyrrs

The descriptions gis en for the various ty pes of cells have been based upon
their appearance when staned on a fived dry smear with a poly chrome or
Romanowshy type of stan (Wright's) The supravital method of stamntng,
m which the cells are staned and exammed in the hving state, has cerran
advantages over fixed smear although 1t 1s smpractical for routine clinical use
For this method of staning the glass shides are mevculously cleaned, washed,
and dried and the dye 15 applied to the sbide 11 a very thin film and allowed
to dry A drop of fresh blood 15 placed on the prepared shide, 2 cover slp
1s apphed and sealed with vaseline and the exammation 15 made on a warm
stagze microscope $o as to preserse the hfe and motihty of the cells The dyes
which are most commonly used are neutral red and Janus green

Vvith nevrrat red the neutrophibie granules of the granulocy ue senes stam
a light pink, the eosinophrhic granules a yellowsh brown, and the basophihc
granules a deep red As the preparation 1s alloned to stand vacuoles appear
m the cyroplasm These gradually ncrease m size and number They ap-
parently indicate metabohc actrry and appear more qmehly i the cells
of pattents having an acute infectious process The adult cells of this sertes
are highly refracule 1n appearance and the lobulations in the nucleus are
more apparent than on a fixed smear They are actnely moule Mitochon
dna which rake the Janos green stan are wsually not demonstrable 1 the
adult granulocytic cell but are found in smmature cells so that they will
be apparent 1 the myeloblast although there 15 no rescuon to the neutral
red stain In the myelocyte stage both mitochondria and red granules are
present 1 the cell

Monocy tes present a varsable appearance m so far as thetr size and shape
are concerned They may be rounded or oval as on 2 fixed smear they may
be large and irregular wich short blunt protruding processes or they may
be elongated Neutral red vacuoles are numerous and commonly from tvebhe
to thurty vacuoles of saryng sizes are present These may be evenly dis

Prare V. Tue AMonocrTic SeriFs
; Monoblast . Immature monocyte wich srregular folded nu
deus 3 4 5 Monocytes with varying nuclear configurauon
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tributed throughout the cytoplasm or grouped together as a rosette op
posite the bead m the nucleus Vacuoles sre not prresent i the protruding
cytoplasmic processes In addition 1o the red vacuoles there are mitochondra
which have been stamed by Janus green These are small and greensh
color They may be farrhy evenly disersbuted throughout the cell and mived
with red vaenoles bur more frequentiy they ate encountered outside the
area 1n which the yacuoles are found The distnbution of the red sacuoles
m 3 rosette formation s chametenstic of the suonocy e This arrangement
howeser, may be found i other types of cells as well The monocvte 1
stuggsh n sts motihity

The lymphocs tes are characterized by (1) the small number of neutral
red sacwoles which are present frequenth onfy two or four of these being
found and sefdom more than eight { ) the numerous mitochondria which
are farge and of umform size and (3) @ clear ¢ytoplasm The red vacuoles
may be found 1 any Jocation 1 the cytoplasm with no charsctenstie dis
tribution The mitechondna tend to be clumped close to the nuclens espe
cially withen the nuclear indentation They are Jarger than those found in
other 1 pes of cells whereas the vacuoles are smalf and umiform m size and
stam 3 deep red

The supravital staning technue 15 of 1alue s a supplementary measure
to the ordwany fived smear and as an aud 10 judging phystologre actsviry of
the cells It 15 not a procedure to supplant the fixed smesr for routine dif
ferentist coumts
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Chapter 1V

THE BLOOD PLATELLTS OR THROMBOCYTLS

Tu BLOOD FTLATIEETS OR THROMBOUYTES SRE NOT, STRICTIY SHEARING
cellular clements of the blood but the products of cells They are not able
to regencrate or reproduce themsehes, and as they are destroyed in the per-
formance of therr functions thes must be repliced i the errculanon The
normal bfe span of platclets i the blood stream 15 shory, probably varying
from a few hours to three or four davs so that these structures are replaced
mn the curcutating blood at an approvmate rate of 100 000 platelets per cubie
muitncter of blood per day

Ongn of Platelets

Although many theones hase been adsanced to explun the onigin of blood
platelets the predominitng opinton at presens ss that they are produced
from megahars ocytes and that the primary site of their praduction ss the
bone marrow \egakary ocyvtes are extremely large cells cach of which con
s a redatnely large multilobulated nucleus The duwmeter of megakaryo
cytes is 35 to 4o microns and the nucleus occupies the greater portion of
cach cell The nucleus resembles that of 3 poly morphenuclear luubocyte in
us configuration but s larger and the flaments conncctng its lobules are
coarser The chromatin forms a coarse reticular network m the nuclens and
stains 3 purphsh color by Wrights method In the o3 toplasm of the cell 15 3
penpheral clear zone which stains a bight hyahne blue but elsewhere the
¢y toplasm contawns many fine purphsh red granules The cell 15 extremely
varable m shape, sometimes 1t 15 round or oval and someumes 1t presents
a buzatre and wregular outhne Pseudopodia are frequently present The
orgin of the megaharyacyte has not been defnstely ascertamted bur st
probably anses from a primutne cell—the hemocy toblast—or from 2 fixed
cell of the reticulo-endothebal msue Megahary ocytes are mere numerous
m the bone marrow than elsew here 1n the body but alse exist 1 the spleen
beer and lungs in varyimg numbers However it 1s thought thae those 1
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50 Hematology

the bone marrow are primanly the ones from which platelets are produced
Megakary ocy tes do not get into the blood stream except under rare patho
logte condions

Blood platelets are sumlar m therr structure and staiung reaction to the
cytoplasm of megakaryocytes They are probably broken off parucles of
megahary ocs tic ¢y toplasm which have been set free in the crrculating blood
It was formerly believed thar megakars ocy tes were capable of ameboid mo
tron and thac their pseudopodia penetrated the lumen of blood vessels sub
sequently breahing off withmn the vessels to become platelets It 1s now
thought that formation of platelets 1s independent of megaharyocytc pseu
dopodra and that 1t occurs when megakary ocy tes begin to mcrease m stze
and thewr nuclet begin to diade At this stage of development there 15 frag
mentation or segmentation of megakary ocy tic ¢y toplasm and resulting par
ticles of cy toplasm are carrred away by the blood stream as platelets

Structure

Platelets are small rounded or irregular dish shaped structures whase
average diameter 15 2 to ¢ mucrons and whose average thickness 15 o5 t0
1 micron Their s1ize and configuration are varable Extremely large forms
are frequently encountered under sbnormal conditions These may be round
bodies equal n size to an erythrocyte or larger or they may be rodhike
structures whose length can be 5 to 30 microns The average volume of
normal platelets 15 approximately 10 to 1. cubic microns

Platelets may be found in many arregular and brzarre forms parucularly
upon dry smears Theur staimng reaction and structure can be varied greacly
by different methods of fixauon and stuming For this reason too much
significance should not be placed on thetr structural alterations On the dry
smear the platelet appears to consist of 3 peripheral clear zone with a clump
of coarse granules m the center In the lving state the granular maternal 15

Prate VI
A group of platclets with three ery throcy tes for comparson as to
size  ‘These alustrate the vanations n therr size and shape as well
as the nternal granular structure of the mtact platelet
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fine and 15 oventy distributed through the entire plateler Central coarse
granvlation obsers ed on dried smears probalily ss she resule of precspiation
which oceurs duning the process of fixauon and stauning

W ith Wnghe s stam the platetets present 2 wlear hy aline blue staming sub
stance s which smalf red or purple staming granules ace presenc The gran-
ules ace sumettmes clumped ya the center of the platelet to form a rather
dense mass suggestne of a nucleus surrounded by blue cytoplasm some
tmes, howaver, they 3ee smatler and moare evenly distributed through the
enure plateler In some platclers the blue eyvtoplasm ss not apparenr and
only the purple granules are noted Inlarge sweegularly shaped and clongated
platelets g ranules are frequenth coarse quite basophibic in staming reaction
and evenly distributed throughout the steucsure so that no perspherat clear
zone remams No definite conciusion as o the age or funcuonal capacits
of a plaselee can be drawn from s size or structure Guaae forms are com
wonly abseryed m o elogenous Jeuhemia polyveyvhenna vera and hemor
shagic condiions It has been thoughe thac they are immatuee forms and
that the usuat smalt platelets are the mavare forms This hy pothesis has not
been conclusiely proved On a fixed smear platelets can be separate or
clumped, and each clump can conmtan a small or an enormous number of
platelets (Fig ¢} Large masses of platelees frequently occur ac the pasne
where bload first comes i contact with the ghss shde when the smear 55
made

Physiologic Varation 1n the Platelet Count

The number of plaseless i 2 normal adult hunun beng sanges from
200 000 to goa 000 pet cutne muihmeter of biood but owmy to vananans
1 methods and technics of counting there are greas discrepaneses in the
nurabers reported by different gbservers Counts performed on venous blood
gie results somenhat higher than those obtuned from <atancous blood
and counts performed on arteriat biood can gne solf hugher values Diurnal
\arutions sn plateler counts can smount ta 5 of 10 per cent The aumber
of plateless 15 somewhat fower m women than in men and disuncdy de
cresses with the anset of a menstrual penod Dunng pregnancy the number
gradually rises but st falls dunng labor In newborn infants plarclets num
bex fess than i aduits but gradualh reach sdult fevels duning the first three
months of Wfe Plarelet counts are decreased during the summer and 1
creased dunng cold winter months Strenuous eYercise especaily n un
tramed persons Causes an nCrease
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Thrombocytoss of Increased Platelet Count

“There 15 2 marked nse n the number of blood plateless after operations,
which commanty reaches ats peak on about the tenth postoperstine day
The degree of increase rovghly pasaliels the amount of nssuc snjun being
unusually fugh after bone operations and shght or abseny following minor
surpical procedures The greatest icreases follow splenectony  Counts of
$ 000 000 Or mare or values as hugh as 3 per cent by volumetric deternung
tion are frequent after removal of the spleen Sumlac mncreases have been
observed follow g trauma especially after fracures of bane

Platclets ase more numerous m polycvthemia verx and the frequent oe
cusrence of spontanenus intravascular thromboses i this discase s possibly
due 1n part to chrombocytosis i addwon to mereased blood viscosuty and
shuggish blood flow Thrembocs tosis vecurning after splencetomy and other
operstions may partally sccount for spontancous thrombys and embol wiich
appear as postoperamn e comphcations of such procedures Platelets occ
sionally sncrease 1n number i carly chronte an elogenous leuherma although
Iate s the chronic form of the discase and sn the scute forms a thrombopenu
oceurs A permuncnt rise i number of platelers has been descrbied as an
shopathsc chinical entity The increase after splenectomy may be permanent

‘Thrombopenia or Lowered Platclet Count

Thrombopeme purpurs provides the most pronounced cxample of 2 de
crease m the number of placelets and this may occur m aither @ pumary
ara dary form Ina dary form thrombaop urpura can be
found n assecraton vith many orher diseases (Chapter XVI) The number
of platelets 15 abio moderatedy reduced s permicrous anemm and the related
thacrocs tie anenuas, Bantis syndrome diseases of the lner and as a ter
sunal event in many blood dyscrasias A mild grade of thrombopensa com
monly ocewrs during the scute stages of mfectious diseases and can ocea
monathy evist 1 assoerztion with many other physiologic and pathologic
conditions

Funcuon of Platelets

Although 12 15 unsversally agreed thar platelets are wtimately concerned
with bload coagulanion therr exact rele m the clotting mechanism 1s disputed
Avaitable evidence suggests that they play a dual role first 1n accelerating
coagulation of bload second n promoung syneresis or clot retracnbity to
form a firm and adberent clor
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By volumetric determunation platelets represent 04 to 06 per cent of
the total blood volume Anor Variations m numbers of platclets cannot be
‘detected by volumetnic determimation, but variatons great enough to be
of climical significance are definitely detectable by this technic In certam
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instances there can be a distinct drop m the platelet count but 1t 15 possible
for this drop to be compensated by, Jarge or guant forms of platelets Under
fheSC circumstances wolumemc dctcrmmanon 1S more PI‘CC]SC than actual
platelet counts because 1w mdicates the amount of platelet material Ppresent
regardless of mdnidual size and number of platelets
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There 15 abundant evidence to show that platelets mfluence blood coagu
lation but that they are not essential to the coagulatrve processes Although
platelets are rich m thromboplastin, there are other available sources of
thromboplastic material probably mn blood plasma and tissue juice so that
coagulation will tahe plice when platelets are absent However, addition
of platelets or of platcler extract accelerates coagulation of blood and the
substance liberated by destruction of platelets probably mtsates blood co
agulation under normal conditions When this substance 1s absent coagula
tion occurs but onset of the process 1s delayed

To accelerate or mitiate blood coagulation platelets apparently ncrease
the rate of conversion of prothrombin to thrombin Platelets do not contam
prothrombm but upon dismtegration thromboplastm 1s iberated It 15 prob
able that an abundance of thromboplastin increases the rate of comerson
of prothrombin to thrombin and thereby accelerates the rate of coagulation

The second function of platelets m coagulation of blood 15 more easily
demonstrated and more apparent 1n ordinary laboratory procedures than 1s
the first Clots produced by blood withour platelets lach the firmness and
ngidity of normal clots They are soft amorphous, jelly Ithe masses eastly
removed and easily broken and do not contract down to a firm mass or
shrink away from the sides of the tube m which the blood has coagulated
When this type of nonadherent and nonretractile clot 1s formed at the site
of an myury in vivo there can be leakage of blood about the perphery of
the clot or the clot can be displaced from the damaged vessel In erther cir
cumstarice bleeding conunues When a normal clot 15 formed within the
lumen of an mjured vessel the edges of the vessel tend to be drawn together
by the adherence and retraction of the clot When platelets are absent the
clot has little tendency to draw the edges of the vessel together consequently
bleeding 1s not adequately controlled Bleedmg time 15 therefore prolonged
when platelets are few or absent even though coagulation time as ordinarily
determined may be normal

Platelets tend to aggluanate m Jarge wrregular masses or clumps and also
to adhere to foreign bodies Some evidence mdicates that they are mvolved
i ndding the blood stream of foreign parucles and bacteria and 1n immune
and antibody, reactions of the serum Their exact role if any m these proc
esses 15 unhnown
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globen che amount of hemaglobia per unic of blood can be calculated This
method s used to standardize the simpler and more commenly used mstru-
ments, but st 15 not practical for chimoal use

For climical determueaatan the acud hematia mcthod s most commonty
wed A hnown amoune of blood s diluted with tenth normal by drochlone
atad 1o comvert hemoglobin to sod hemaun whach 15 brown n cofor The
weensks of the brown calor 1s then campared o that of 2 flud standaed 2
brown glass rod or prism er a senies of brown glass standards of varvng
intensiiies and the amount of hemoglabin ss compured from the depth of
the color In the Mewcamer method 2 standard brova glass disk. 1s inserted
1mto ane sube of 2 Duboscq colonmeter and the unknawa solution 15 com
pared to 1t An advantage of send hemaun methods i that shades of brown
are more eantfy matched by mast ebservers than shades of red A disadian
ge ss that the color of acid hemann gradually deepens for a period of about
forty pumutes, and readings must therefore be delayed for this fength of
time Depth of colar 15 slso affected o some extent by naghemoplobn suby
stances of the blood plasma Despue these disadiantages and mdinidual in
accuracics m matching colors amd hematin methods sre the most sansfacron
of those asarfable far rouune dinical use Instruments utlzing photeelectne
celis for matching shades of brown 1 gcid hemaun auvtures are becomtng
more widels used Thes are of gresr value and are precise sn wany respects
howerer they do nor chnunate all sources of error

Orther less often used methods uthze companson of the color of diduted
blood ta red standards, bue dufficulty 15 frequenchy encountered m matching
sanous shades of red The Tallgeast scale deast precise of all commonly used
procedures rogmires matching the cofor of blood which has been coltecred
on a piece of sbiserbent paper with shades of red on a standard representing
10 10 100 per cent hemoglobm The carhon mononde method of hemo-
globin determination 15 precise but siot pracicat for ehmeal use A method
by which the smount of hemoglobin 15 ascertamed by determunation of the
tran content of blood not onhy 15 laborious bur fails o 1ake 1nco account the
nonhemnglabm ot of the bload which 15 not an weonsiderable amount

Normal hermogldbm levels reported by ifferent obsesvers vary and st s
difficuls to set an absolute standard of normal Osgood found 158 Gm for
men and 538 G for women ro be the average normal Wintrobe from o
compifation of data found n normal men vatues rangin g from 14 to 15 Gon
with 2n aterage of 16 Gm and 10 normal wamen 1alues rangng from x
to 16 Gm with an average of 15 Gm Ouvr ona results which swere obramned
from deterounations on youag zdults bave been shghﬂ) fower than the



Chapter V

NORMAL HEMATOLOGIC VALUES

T) INTERPRET RESULTS OBTAINTD FROVL A STUDY OF THE BLOOD IT Is NECESS4RY
to know not only normal values for 1ts different constituents but also physio

logic varations which can occur m the absence of any definite pathologic
condition Normal variations are greac enough m some mstances, to cause
confuston unless their significance 1s recognized In other instances there are
differences of opmion as to normal levels so that dividing lines berween
normal and abnormal are difficult to establish The normal level of blood
hemoglobm parttcularly 1s the subject of many divergent views The present
chapter 1s a brief recapitulation of normal values for various constituents of
the blood to serve as a basts for aterpretation of results obtamed from hema

tologic studes on pauents

HeniocLosiN

Esumation of the amount of hemoglobin 1n a unit volume of blood 1s one
of the most unsausfactory of the common laboratory procedures Values
accepted as normal range from 138 Gm to 17 Gm per 100 cc of blood
Because of this wide range 1t 15 not advisable to express the hemoglobin level
m terms of percentage of normal unless at the same ume the amount ac
cepted as 100 per cen 15 specified Obviously to compare results expressed
as percentages of normal but obtained by different methods 1t 15 necessary
to transpose the percentage values into terms of grams per umg volume
Readings should therefore always be made and reported as grams of hemo
globin per hundred cubic centimeters of blood There 15 no better reason
for reporting hemoglobin levels on a percentage basis than for recording
erythrocyte counts or blood pressures i percentage terms

Several methods have been devised for determmning the amount of hemo
globin 1n the blood The most precise 1s the oxygen capacity method 1n
which the amount of oxygen which combines with 2 known amount of
blood 15 ascertained Since 1 34 c¢ of oxy gen combines with ¢ Gm of hemo
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15 not associated with evidence of new celt formanon and is probably the
result of expulsion mto the circulating blood of the resers ¢ supphy of ery thro
cvtes If a person remasns 10 a regron of Jow batometnic pressure evidence of
wmereased erythrocy e production appears, and his bone marrow becomes
hyperplastic: Anoxerma resulting from a Jow barometnc pressure 15 a sumu
lus for envthroposesis Iy throcy tes are more numerous as lon,, as the mdi
vsdual remams at the hgh alutude and the ncrease 1n number of cells 15
roughly proporunnal ta che altude

Sex Differences mn hemoglobin and en throcyvie Jesels i males and fe
males have been previoush mennoned These differences do not appear
before puberty and they become less marked m elderly subjects

Muscular det 1ty Excreise especully strenuous exertion n 2 person of
sedentary habus, 1s 2ssociared with an elevauon in the envthroeyvte count
This s 2 transient ph and 15 undoubtedly due to a redistibution
of evisting cells

Emotion Lxcuerment, fear and other psvchic reactions are followed by
mereaced en shroey e counts which are due i pars to hiberation of the stored
enthrocvtes in the spleen Hemoconcentration with dmunshed plasma
volume possibly plavs a parr in this merease of ery throcy tes because e thro-
cvte counts have been obsersed to nsc followmg psyvehic sumulanion of
splencctomized subjects

Season Ervthrocyie counts tend to be shighth higher in summer than 10
winter Thus difference 15 not great and may be due to ncreased loss of
furds by perspiration in hot weather resulung m hemoconcentration

Vi ater Balance Intake of large amounts of fluds dilutes the blood suffi
ciently to lower the ery throct te count to a shght degree Dehy dration from
3ny cause produces sufficient hemoconcentranion 1o elevate the count Such
difutton and concentration produce changes in numbers of cells per unit
volume of blood rather than in actual numbers of cells in the circulation.

Datrnal ¥ anation \ arstions i numbers of en throcytes and tn hemo-
globin Jevels are detected when determinations are made at regular
tenals throughour the day and mght Such vanations may amount to
fo per cent They are probably results of actminy emonional factors, flud
mtake and inherent errors 1n methods of determination

Erythrocyte Diameter

The duameter of erythrocivtes can be measured directly on dried blood
smears by use of a micrometer disk m the ¢y eptece of 2 mucroscope or the
mean duameter can be ascertained by e of 4 switable instrument (halometer
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above values and similarly low values have been noted by other observers
mn this region Doan has stated that each healthy adult establishes an equlib
rium for red cells and hemoglobin at the opumum for his oudation require
ments but has an available reserve supply of red cells i the splemc pulp
Thus consecutive counts can show considerable varation m the number of
erythrocytes, and fluctuatons of 1 to 2 Gm of hemoglobin can occur
within a short pertod of ime Results of studies carried out i our laboratory
are 1n agreement with Doan s conclusions It seems also that there are great
indwidual varations m normal hemoglobimn levels so that a reading which 15
normal for one indivtdual may represent a mild anemia in another

Physologic variations which affect the hemoglobin level are the same as
those affecting the erythrocy te count and will be discussed more fully under
that heading Diurnal vanations mcreases with muscular actvity or with
psychic factors such as excitement or fear and increases at high alucudes
have been observed Hemoglobin levels are high at birth but fall rapudly
dunng the first weeks of Iife and we have found a shight decrease m hemo
globm 1n elderly subjects Hemoglobim values are somewhat higher 1n sum
mer than m winter but no apparent difference has been noted between the
values for inhabitants of tropical and nontropical countries

LCRrYTHROCYTES
‘Total Erythrocyte Count
Normal values for erythrocyte counts are usually considered to be
5000000 pes cubic millimeter for males and 4,500 ooo for females Osgood
found these levels slightly low His counts averaged § 400 000 and 4 800 000
for males and females respectively

Physiologic Varutions

Age Ar burth hemoglobin levels and ery throcyte counts are high how
ever they begin to fall after the first few days of life and reach normal
levels after a few weehs These changes are discussed more fully m Chap
ter \AIl Studies which were carnied out on a group of elderly subjects
show that a shght decrease 1n hemoglobm levels and erythrocyte counts 15
encountered 1n older patients The aserage hemoglobm level for 100 elderly
subjects was 13 Gm per 100 cc of blood and erythrocyte counts averaged
4,580 000 The difference between values for males and females was less
pronounced than i younger indiiduals

Alutude A rapd mncrease in the number of ery throcytes and amount of
hemoglobin appears during an ascent from low to high alutude This change
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15 pot awacated wath evidence of new eell formavron and 1s probably the
sesule of expulson iato the circulatng blood of the resen ¢ supph of ery theo
evtes If a person remans 1n 3 region of low barometzic pressure evidence of
mereased ey throcs ic productran appeacs, and his bone marrow becomes
hyperplasuc Anoxenua sesulung from a low barometnic pressure 15 2 stuni
lus for erythroposests Les throcy tes are mare numerous as long 3s the indi
ssdual resmamns ae the hugh alurude, and the wcrease m pumber of cells
soughly proportional so the alueude

Sex Dhfferences in hemoglobin and erythrocyte fesels in males and fe
males hate been previoush meatoned These diffecences do not appear
befose poberny and they become less sarked i elderdy subjects

Muscudr Aety 1ty Lxercsse especsally streuous exertion 10 2 person of
sedentan habues, 15 sssociated wath an elevation w the enthrocy te coune
This s a g and 15 undoubiedl) due to 2 redisersb
of eusting cells

Emotion Excrement fear and other psyehic reactions are folfowed by
mcreased eny throey te counts whuch are due n part to hiberattan of che stored
erythrocites m the spleen 1 ration with d hed plasma
solume posibly plays a part m this snerease of ery throcy tes becsuse en thro-
cite counts have been obsenved to nise following psychic stutmalation of
splenecromrzed subjects

Season Envthrocyte counts tend to be shahtly hugher m swmmer than i
winter This difference 1s not grear, and may be due to sncreased loss of
finds by perspuation i hot weather resufting i hemoconcentraton

Water Balance Intake of large amoumts of fiwds dilutes the blood suffi
cently 1o Joner the erythrocy fe count 1o a shight degree Dehy dration from
any eanse prod; visl f to elevate the couny Such
dlution 2nd concentranon produce changes i pumbers of cells per ume
volume of blood rather than in actust numbers of cells s the circutation

Duurnal ¥ arsation Vanatons m numbess of eny throcy tes and w hemo-
globm fevels are detected when determunations are made at regular wm
terials throughout the day and mght Such rarmtions may amount to
to per cent They sre probably zesufts of 2ctiity emottonal factors, flud
ke and spherent errors n methads of detetmnation

Erythrocyte Diameter

The dumeser of erytheocytes can be megsured dwecthy on drred blood
smears by use of 2 aucrometer dish 1n the ¢y epiece of 2 microscope or the
mean diameter can be ascertatned by use of & switable mstrument (halometer
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above values, and sumilarly low values have been noted by other observers
1n this region Doan has stated that each healthy adult establishes an equiib-
rium for red cells and hemoglobin at the opuumum for his oxtdation requure
ments but has an available reserve supply of red cells in the splemc pulp
Thus consecutive counts can show considerable varsation in the number of
erythrocytes, and fluctuatons of 1 to . Gm of hemoglobm can occur
within a shore pertod of ume Results of studtes carried out 1n our laboratory
are 1n agreement with Doan's conclusions It seems also that there are great
individual varations ;m normal hemoglobm levels so that 2 readmg which 15
normal for one indnidual may represent a muld anemua i another

Physwologic variztons which affect the hemoglobin level are the same s
those affecting the ery throcy te count and will be discussed more fully under
that heading Diurnal varanons mcreases with muscular actnaty or with
psychic factors such as excitement or fear and increases at high altitudes
have been observed Hemoglobm levels are hugh at birth but fall rapudly
during the first weeks of life and we have found a shghr decrease 1 hemo
globim 1n elderly subjects Hemoglobin values are somewhat hugher m sum
mer than in winter but no apparent difference has been noted betw een the
values for nhabitants of troprcal and nontroprcal countries

ERyTHROCYTES

Total Erythrocyte Count

Normal values for erythrocyte counts are usually considered to be
5,000 000 per cubic millimeter for males and 4 500 ooo for females Osgood
found these levels slightly low His counts averaged 5,400 ooo and .4 800 000
for males and females respectively

Physiologic Vanations

Age At birth hemoglobm levels and erythrocyte counts are huigh how
ever they begmn to fall after the first few days of hfe and reach normal
levels after a few weeks These changes are discussed more fully n Chap
ter \\II Studies which were carried out on a group of clderly subjects
show that a shight decrease n hemoglobin levels and ery throcyte counts 15
encountered 1n older patients The average hemoglobin level for 100 elderly
subjects was 13 Gm per 100 cc of blood and erythrocyte counts averaged
4,580000 The difference between values for males and females was less
ronounced than 1n younger mdniduals
Alntude A rapid mncrease 1n the number of ery throcy tes and amount of

hemoglobin appears during an ascent from low to high alutude This change
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Exauple
Actya] reading = 11 Gm
15X 89 =78,

For conensence 1 evpressing gerenn refatonships between number, size
and hemoglobnn content of enythrocytes certain so called indices are com
monly used These are an ard sn stuch and classification of »arious 23 pes of
anerma although thew are less precise than evpression of ery thracy te size and
hemoplobin content of the ervthrocy te w absolute ¥ alues

Color Index

The color ndex 15 the ratio of hemoglobin Jevel expressed as percentage
of normal to red cell count expressed as percentage of normal and mdicates
the amount of hemoglobin per red cell m relanon to normal In a noreal
mdividual both hemoglobm level and ery throevte count are 100 per cent

100/

of normal therefore the color mdex ss o xoo/) A positve color ndey

greater than 1 o, mdicates that each ervthrocivie contuing more than the
normal amount of hemoglobm and a negative colar mdex less than 1o
sadicates a fowered hemoaglobin content per celt

Hemoplobin— 4 of normal

Color mdex = m@m—zf—nomzl

¥ olume Index

The volume ndex 1s the rauo of svolume of packed erythrocytes to
the number of ery throcy tes per umt solume of blood and indicates the rela
e size of erythrocytes compared to normal A volume mdex greater than
T o ndicates the a1 erage size of the tndividuat ery throcy te to be greater than
normal
Hematocrit—/ of normal

. -
Velume wnder = g e 7 of normal

Saturgtion Index

The saturation wndex 15 the rato of amount of hemoglobin to 1 olume of
pached ery thracy res and nd of | n the red
cell mass rather than m mdnidual cefls

1ob
3

Hemoglobin—  of normal

Sacuratson sndex = Hesmarocrit—7  of normal

These mdices have certan wherent disads antages chief among which 1
the unpreciseness of percentages based on normal v alues whch are not ac
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eriometer, erythrocytometer) in which diffraction of a beam of hight pass
g through the dnied smear 15 observed by projection on a sustable screen
or disk The average normal diameter 15 7 2 to 7 § microns

Hematocnit

The term hernatocrit means the volume of erythrocytes pached by cen
trifugation 1 a grven volume of blood Hematocnt 1s expressed as the per
centage of the total blood volume which 1s composed of erythrocytes, or
as volume 1n cubic centimeters of centnfugally packed erythrocytes in
100 cc of blood Average normal values are about 45 for males and 42
for females

Computation of Indices and Coefficients

For determnation of vartous indices and other calculatons it 1s necessary
to zccept certain values of hemoglobin number of red cells and hematocnit
as normal and to express obsert ed values 1 terms of percentages of normal
For ths purpose Wintrobe has used § o000 000 cells as the equualent of
100 per cent of normal for the erythrocy te count and has accepted 14 5 Gm
as the hemoglobm coeffi the normal hemoglobin value which corre-
sponds to an erythrocyte count of §000coo The normal hematocrit value
which corresponds to 5 000000 ervthrocytes has been set at 432 cc per
100 c¢ of blood To calculate quickly percentages of normal for various
determinations the following methods can be used

Erythrocytes 5,000 000 = 100%
100°
Actual count in mullions X 20 (5—0—) = per cent of normal

Example
Actual count = 3 500 000
3§X20=70/

Hematocrit 43 = 100/,
Volume per 100 cc of blood X 23 (30—) = per cenr of normal

Example
Actual reading =35
33X 23=80/

Hemoglobm 145 = 100%

Grams per 100 ¢ X 69(%) = per cent of normal
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wooa are usually considered as sndicansse of leuhocytoss, and counts of
tess than 5000 15 mdicatnne of Jeohopena Certan normal wdn wduals, how -
ever, have leubocy te values somewhac sbove or belaw these levels

Differential Count
Myelod Sertes

Neutroplde Neutrophils #re more numerous than any other tipe of
feuhoey te 1m the blood steeam and represent 55 to 70 pec cene of alt whute
cells in the cirenlaning blood They normalhy accur 1 the blood stream as
(1) band or nonsegmented forms, m which there 5 no separation of the
nucleus 1nto lobules and ( ) segawented or filumented forms m which the
aucleus 1s separated tto tw o ar mare lobes connected by strands of chromatn

3
wovaTE Yone Aoy
[N - {,,,'{],mf 50 ST £ | SERENTED

| SESMENTED S WD
O e e
O LGSE | TWO L8t [PeEE LORE. { FBADEE, [P E LOEE.
FOAVENTES FAAMENTED | oicasurnren | oo anenTED FRAMENED SLAMNTED [PavenTe, fruaenrs

Fi6. 10 Dugrsmmauc sheech of the stages 1 the maturation of 2 ceatrophil This shows
the banis for the Schillmg Ameth, and segment nonsegment differennal counss

materat (Fig 10) Scparate enumeration of band and segmented forms 15
known as 2 Schitling count, and information thus obtamed s so valuable that
a Schilling count should be performed as a part of every blood exsminauon

Band neutrephuls represent 3 to § per cent of tozal leuhocvies 1n the blood
and are the y sungest forms of the myveloid series of cells in the bload stream
unider normal condinons

Segmented neutrophds comprise 50 to 65 per cent of leuhocytes A ma
jonty of the segmented forms have tvo or three Jobes i the nucleus, but
five or more nuclear lobes are occasonally present When neutrophuls are
classified according to the number of segments 1n thew nucler the distribu
tion 15 normatly as foltows

Band or ponsegmented s
lohes 57
3 lobes 9
4 fobes =/
s lobes 1/
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curately established It 1s cherefore more sausfactory to express findmgs as
absolute alues rather than m terms of percentage of normal Mean corpus
cular hemoglobin, mean corpuscular volume and mean corpuscular hemo
globin concentration give m absolute terms information expressed 1 color
mdex solume ndex and sawnration index respectively This mformation
mn absolute values 1s more relable and more precise than are the various
indices

Mean corpuscular hemoglobn
Hemoglobm grams per 1000 cc of blood

MCH= Red cell count, nuliions per cu mm of blood

Anverage normal value = 9=. mucromicrograms
g

Mean corpuscular volume
MC V= Volume of packed ery throcy tes per 1000 cc of blood
- Red cell count millions per cu mm of blood

Average normal value = 87%5 cubic mucrons

Mean corpuscular hemoglobin concentration
MCHC= Hemoglobin grams per 100 cc of blood X 100
"~ Volume pached red cells per 100 cc of blaod

Average normal value = 34%=*.

The average total blood volume is 65 to 80 cc per hilogram of body
weight or 6 to g per cent of total bodv weight The average spearfic graviry
of blood 15 about 1 a5 , and the viscosity 15 4 § compared to disulled water

Ery throcytes are remarkably constant on blood smears 1 their size shape
and st:unmg reaction 1nd use Of vatal starns mdjcates that o to 08 per cent
of ery throcy tes are reticulated

LEunocyTES

Total Leukocyte Count

Total Jeukocvre counts performed on normal adults resulr i vatues of
5000 to 10000 whire cells per cubic mithmeter of blood with an average
salae of about 7000 When an indindual 1s at rest under basal conditions
white cell counts give values of 5000 to 7000 Actiniey among other things
increases the total number of leukocy tes in crrcufanny, blood so that counts
can 1ary considerably from hour to hour and from day to day when per

formed on the szme normal person Toral leukocyte counts of more than



Normal Hematologie Values 63

10000 are usually considercd as mdicause of leuhocytosis and counts of
tess than 5000 as indicative of leuhopenia. Certain normal indisiduals, how-
ever have leuhocyte values somewhat above or below these levels

Differential Count
Myelod Seres

Neutrophils Neutrophils are more numerous than any other type of
leuhocvte mn the blood stream and represent 55 to 0 per cent of all white
cells n the circulating blood They normally occur 1n the blood stream as
(1} band or nonsegmented forms m which there 15 no separaion of the
nucleus 1nto Jobules and (.) segmented or filamented forms 1n which the
nucleus 15 separated mto tw o or more lobes connected by strands of chromatn

YOUNG ADULT
ueTa

wElityre | BAMD  [SFOMNTED | STOANTED | EGVENTER | SE WeN
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FLAENTES

Fie. 1o Drgrammatic shetch of the sages 1n the maruration of 2 neutrophil This shows
the basis for the Schillng Arneth and segment nonsegment differental counts

matenal (Fig 10) Separate enumeration of band and segmented forms 15
known as a Schilling count and information thus obtained 1s so valuable that
a Schithing count should be performed a5 a pare of every blood examinanon

Band neutroptuls represent 3 to 5 per cent of total leuhocy tes i the blood
and are the youngest forms of the my eloid senies of cells mn the blood stream
under normal condstions

Segmented neutrophils comprise 50 to 65 per cent of leuhocytes A ma
Jormry of the segmented forms have two or three lobes m the nucleus, but
five or more nuclesr lobes are occasionally present When neutrophds are
classified according to the number of segments 1 thewr nucler the distribu
tion 15 normally as follows

Band or nonsegmented 5/
2 lobes 35/
3 lobes 41/
4 lobes 17/

5 lobes 2/
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Losmoplis Eosinophuls represent 2 to 4 per cent of the lenkocy tes and
seldom contain more than two lobes n therr nucler They are fragile cells
and are frequently found on stained smears with cell membranes broken
and granules scattered abour i the regions of the nucle:

Basophils Basopluls are the least numerous of myelord cells and often
are not encountered on rounne differental counts They seldom comprse
more than t or 2 per cent of leukocvtes

Lymphocytes

Ly mphocy tes make up .5 to 35 per cent of the white blood cells A ma
fority of Iymphacytes 1n the blood stream are the small mature ty pe with
a narfow nim of cytoplasm however, 2 few of the larger forms haying more
abundant cy toplasm can be observed About 30 per cent of normal ly mpho
cytes contan azure granules

Monocytes

Monocytes largest of normal blood cells comprnise § to 10 per cent of
leuhocytes A coarse network of nuclear chromaun and fine eosnophilic
granulations 1 basophilic cytoplasm distingussh these cells from large
1y mphocy tes Most monocy tes have horseshoe shaped nucler but some nucler
are oval or irregular in shape

Physiologic Leukocytosis

Numerous factors can cause the total leuhocy te count to increase without
any demonstrable pathologic condion In newborn infants counts are lugh
frequently 20000 or more but subside to lower levels within a few days
although relaenvely hugh counts prevail during chuldhood

Txercise increases the total number of leukocstes but simular increases
occur dunng frght anger and emotional sumult so that it 1s not certain
whether this response 1s due to musculer activity wself or to wereased
epmephnine secretion Sice the leuhowytic recponse to exercise oceurs 10
splenectomized animals 1t cannot be due entirely to contraction of the
spleen The leukocy rosss occurs rapidly and immature cells do not increase
n percentage so that st seems to be due to redistribunion of eusting cells
rather than to increased production of cells by hematopoietic centers

A sumilar leukocy tosis has been noted after comvulsive setzures attacks of
pam\)sml cachycarda and pan

Studes of the mfluence of temperature on total leukocy tes are somewhat

ar vanance as Jeukocy toses have occurred after cold baths as well as after
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hyperpy reva caused by aruficial fever therapy Shght leubhocytoses occur
while mdss iduals are becomng accustomed o high alutudes They can also
be obsersed dunng the third trimester of pregnancy , the average count being
about 15 000 Total counts can ncrease during labor but they become nor-
mal after four or five days

Sabin has demonstrated a rhy chane diuenal vanation 1 total numbers of
leukocytes so that counts vary 1 the sme indndual from day to day and
from ume to time during the day  Highest peaks occur late 1n the morming
and late in the everung It appears probable that this rhythmie delinery of
cells to the circulation aceounts for the vanations formerly ascribed to the
effect of food and the 1dea of ‘ digestive leuhocy tosis  has been discarded

The mechanism whercby leuhocy te counts are maintamed within rela
usely constant linmts has not been ascertaned nor has any substance which
definitely nfluences maturation of leuhocytes been discovered Nucler
2c1d possibly derised from destroyed leuhocytes may have some influence
on Jeukocyte production Probably most physiologic leuhocy toses are re-
sults of redistribution of existing cells and changes 11 blood volume due to
altered water balance because mcreases in total numbers of cells appear
rapidly and m most stances differental counts reman unaltered without
increases in percentages of band neutrophils to indrcate that v oung cells are
bemng thrown into the circulation An exception 15 the leukocy tosis of the
newbomn

Physiologic leukocytoses 1n themselves are not smportant but st 1s
essential to heep them 1n mind m evaluatng leuhocyte counts sa as not to
interprer them as evidence of infection or other pathologic conditon
Duutnal varsations 1n counts must also be hept i mmd when evaluating
senes of repeated leukocyte counts as too much emphasis 1s not mnfrequently
placed on relatively minor changes in a series of counts

PrarELETS

The total number of blood platelets normally ranges from .oooco to
400 000 per cubic millmeter of blood but higher values have been reported
by some obsersers When measured volumetncally plarelets represent from
04 ta 06 per cent of total blood volume On blood smears they appear as
small round or oval bodies occurring sigly or i vanously sized groups n
which they can be so clumped together as to prevent careful morphologic
study Most platelets are small but occasional giane forms exist which are
as large as erythrocytes In small platelets granular materal 15 grouped to
gether 11 a dense mass 1n the center whereas 1n larger platelets the gran
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ular matertal 15 diffusely distributed throughout the cytoplasm Only rough
approumations of numbers of platelets can be made from exarmnanons of

smears Causes for increased and decreased numbers of platelets have been
discussed n Chapter IV
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Chapter VI

LEUKOCYTOSIS AND LLUKOPLNIA

Tu. NUMBER OF LFUROCYTES 1N THE 3 FRIPHERAL BLOOD STRFANE OF A NORMAL
adult ranges from gooa ta ta coa cells per cubie muthimeter of blood averag
ing about jo00 A total Jeuhocy te count above 10000 15 termed 2 levhory
tosis The leuhoes tosts which oceurs as a resule of infection or other ab
nopmal stamwlus disturbs the normal 2au0 berw een the various ty pes of cells
the increase 1n the total count beng due primanly to an ncrease m the num
ber of one partcular ty pe of Jeuhacvte Neutrophils are the cells most fre
quently increased 1 number and when dus 1s the case, the condition 15
termed a lewhoey wss or phiba Eosinophilia and basophil reptesen!
leukocy toses mn which the phils or basophuls are pred af
fected Lymphocy toss and monecvtosss sxgmf\ an amm! ncrease i the
number of b mphocytes or monacy tes

Lrunocytosis

Neutroohihie Leuk Neutconbol
philic L 2

Causes

Infection The most common cause for neutrophtha 15 snfection The
heaght of the leulacy te count 1s 10 general 1n direct proportion to the acute
ness and sevenity of the infection but the leuhoeytie reaction 1s moedified by
the type of invadimg org and by the of the body Infections
with pyogenic or pus formmg orgamsms couse a hugher leckocyte count
than do other organustms the response beng greater with wnfecuions due 1o
the sraphylococews strep cus and cus A
Iagher feukocy te counr usually rcsul(s with lacahization of the mfccnun and
abscess formauon than with the same organssm circulaung i the blood
stream without a pownt of localization Thus suggests that destructson of tissue
s one factor i caliing forth 2 Jeuhocyue sespouse and that bacterra and
thew touns are not the only stmulating mechanisms A very high lenkocyte

67
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count s withp p 5 I 1
and abscess mastoiditts or pertonttis due to pyogentc orgamisms The height
to which the white count will nise 15 affected by many conditions but
the response 1n a debilitated or cachectic patient 1s usually less than n one
who 1s otherwise healthy A Jow leuhocyte response 1a the presence of 2
pyogenic infection may mdicate that the nfection 15 muld but sf there 15
an acute and extensyve nfecrion, the poor leuhocy te response indicates low
reststance and a poor prognosts An excessvely high leukocyte response 1s
also of grave sigmficance as 1t suggests that 2 last effort 15 being made by
the defense mechanism of the body to cope with an overwhelming mfec
tion The response 1n children ss usually greater than that encountered i
an adult with 2 stmilar type of nfection, but even m adults a count of
30000 Or 40,000 15 Mot upcommon mn severe infections particulardy mn
preumonia

A Jewhocy toss 15 due to the formation and liberation of addinonat cells
by the bone marrow The marrow ordmarily releases only mature cells and
a majonity of the neutrophils m normal blood have segmented nucler Only
about 4 or g per cent are young forms with band or nonfilamented nuclet
Under the demands of an mfection, howeser, there 15 an increased rate of
production consequentls, more immature cells are liberated mto the bleod
stream This results m an increased p ge of band or d
neutrophils i the penipheral blood This shift to the left 13 an mdication
of bone marrow sumulation rather than of mfection nself The rate at which
these cells can be formed 1s surprisingly hugh as 1s shown by the rapid m
crease 1n the leuhocy te count when 1t is followed at hourly tervals m pa
tients with a severe mfection

Evidences of degeneration may be found m the neutrophuls in severe
mfections There may be tovic granulation the cytoplasmic granules be
coming larger more decply stamed and more promunent than normal
Vacuolanon of the cytoplasm or of the nucleus 15 another sign of de
generation of the cell and rhere may be one or many small unstatned
vacuoles Lxtensnve tovic granulation and vacuolation suggest that the pa
tents resistance 15 poor and pomt toward a less favorable prognoss By
determuming the percentage of cells showing these changes the so called
‘degeneratne mdex s found

Posthemorrbagr. A neutrophilic leuhocy tosts follows acute hemorrhage
if the loss of blood 1s extensne The leukocyte counc under these circum
stances may reach 20 000 0T 30,000, and the accompanying  shift to the left
(ndicates bone marrow sumulation The count begins 1o nse twenyy four
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to forty exght hours afrer the hemorrhage reaches its peak within a few
days, and gradually substdes to the normal fevel

Lostoperatiie A postoperative leukocy tosis 1s encountered after extensne
surgical procedures probably resuling from a combination of tissue damage
and loss of blood It persists but a few days and then subsides It must not be
considered an evidence of postoperatise infection

Coronary Occluston The leukocy tosis which follows occlusion of 2 cor-
omary artery 1s usuaily moderate n degree but the count may reach
12000 of 15 000 There 15 2 puclear shuft to the left indicaung that the higher
count 15 due to an wmcreased production of cells rather than to a simple re
distnibution This gies conclusine evidence that tissue damage 1s effectne
m producing a leahocy tosts even in the absence of infection

A stenile abscess or the intramuscular mjection of mert material may also
cause a leukocy tosts

Mahgnant Growths Some malignant growths may be accompanied by 2
leuhocytosis particularly those 1n a far advanced stage but this 15 not a
constant finding Secondary infection does not account for the reaction

Intoxications Intoxication of yarious ty pes may be accompanied by a mild
leukocytosss This may occur with uremia disbetic acidosts and sarious
drugs and chemucals

Eostnophilic Leuhocytosts

‘The eosnophils normally compnse  to 4 per cent of the white blood cells
They tend ro disappear from the blood stream during an acute infection but
may return in increased bers during the lescent stage Little or no

significance should be placed on an eosmophilia until it 15 above 8 or 10
per cent

Causes

Allergy Allergic conditions such as hay fever bronchial asthma angio
neurotic edema urticana eczema and allergic rhumtis are commonly accom-
panied by a moderate mncrease in the number of eosinophils Cettam gastro-
mtestinal diseases and some forms of arthrtss are apparently on an allergic
basis and may be accompanied by such a reaction The cosmophilia which 15

ally found i tubercul scarlet fever and rheumauc fever 1
probably due to an pllergic reaction to the bactena or their toxins A few
cases of familial eosinophilia have been reported and are probably due to 2
familial allergic tendency

Parasitic Infestations Trichiniasis produces a marked eosinophuilia and
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other parasitic infestations frequently evole a smular response, bue the ab
sence of an mncrease i the eomnophils does not exclude the possibihiry of
parasitic disease An eosmophtlia 1s sometimes encountered with roundworms
(Ascanides lumbricoides), tapeworms (Cestodas) hookworms (Ancylos-
tomas) pmworms (Enterobius vermuculanss), filarasis, and Echinococeus
mfestation The ¢osimophils may comprise 8o or go per cent of the leuko
cytes 1 these parasitic diszases, but the usual response ranges from to te
30 per cent

Skin Diseases Eoswophiita may accompany certan diseases of the shin
bur 1s not a constant feature of dermatoses Identical skin lestons may pro
duce an eosmophila 1n one patient but not m another Lestons of the shin
which cause destruction of epithelial cells are the ones commonly asso
crated with an increased eosmophil count Scarlet fever 1s the only acute
exanthem 1 which eosmophilia oceurs

Myelogenous leukenna My clogenous leuherma produces an increase
the number of eosmophils but the height of the cosimophil count s van
able

Hodgkin's Discase The presence of eosmophils m the mvolved Ivmph
nodes s one of the distinctrve and constant hustologic features of Hodghms
disease In 2 few cases of the disease there 1s 2 marked eosmopluba m the
peniphesal blood but this 15 far from common, 2 majonty of patients have
no merease 1n their eosinophit count The merdence of eosinophthia m Hodg
kin's disease 1s frequent enough however <o that the discase must be con
sidered 1 the differential diagnosis mn all panents having an unexplained
eosnophtha We have observed one pattent with an eosinophiba of 85
per cent Carcinoma of the uterus and 2 few other malignane growths arc

Iy accompanted by hil

Miscell Causes Spl y 15 regularly followed by leul ocytosis
and 1n some nstances there 1s an increase m the number of cosinophils

An phthia was ly ed 1 patients with perntcious
anema whose therapy consssted of whole raw liver It s seldom sf ever en
countered when iver extract 1 given parentesaily

Perartenitrs nodosa 15 accompanted by varymg degrees of cosnophiha
occastonally reachmg as high as o per cent

TrOPIC:l] eosmophiha has been reported as a disease entiey m which there are
fever, malaise cough and evidences of bronchius on exammnation and \ray
The eosmnopluliz 1s marked It has been suggested that 2 parasitic festation 15
probably the basic factor m such cases 4

Loeftler s syndrome consists of a transitory lung infiltration of short dura
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tion gring signs indicatiy ¢ of early pneumonia It 1s sometimes assocrated with
roundw orm infestatrons although this etiologic factor has not been found 1n
any of the cases under our obsenvation It 1s presumably allergic n onigin and

q bl
15 [ by an P

Basophilic Leuhocytosis Basophilia

The basophils normally comprise from o5 to 1 per cent of the leuko
cytes They are seldom sigmificantly increased 1n number A larger number
of basophils may be found in myelogenous leukenua, but their ratio to the
other granulocy tes 1s seldom d They are 11y more numerous
1 polycythema vera and i some cases of cirrhosis of the Inver

Lyaprocyrosis

Lymphocytosis 15 an mcrease 1n the number of Iymphocytes per umt
volume of blood It 15 essential to distinguish between true Iy mphocy tosis
m which there 15 an actual mcrease 1 the number of 1y mphocytes and a
relatnve ly mphocy tosts 1 which the percentage of Iy mphocytes 15 increased
without an actual increase m number A relatn e Iy mphocytosis occurs when
the total leuhocyte count and the number of granulocytes are decreased
while the lymphocytes remam constant

The wmerease 1n number of 1y mphocy tes which occurs with lymphocyte
leukemua and infectious 1 will be d d i the chapters
devoted to these diseases and the lymphocytosis of infants and chuldren 1s
considered m Chapter XXII  Hematology i Infancy and Childhood

The number of lvmphocytes 1s seldom increased m acute infectious dis
eases except m whooping cough A true lymphocytosis 15 a charactenstic
feature of this disease and may be so striking that 1t suggests leukemia
A lymphocytosis occastonally occurs m active tuberculosis mumps measles
and undulant fever but 1s not a constant feature mn any of these diseases
Lvmphocy tosts 1s a common finding during the convalescent stage after an
acute mfection even though lymphocy tes do not increase n number during
the acute stage

The lymphocytes are frequently but not consistently more numerous n
diseases characterized by enlargement of fixed Iy mphatic ussues such as the
early stage of Hodgkms disease lymphosarcoma and infectious lymph
adenopathy

Acute infectious lymphocy tosts 1s an nfectious disease characterized by
fever vomiting and abdominal distress and a marked Iymphocytosts which
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persists after the other manifestations of the disease have subsided (see page
402)

A relausve ly mphocy tosis 1s far more commion than an absolute mcrease
bemg encountered m all cases mn which there 1s a decrease 1 the number of
neutrophds

MonocyTosis

Monocy tes comprise from 5 to 10 per cent of the leukocy tes under nor
mal conditions, the average value beng around 5 per cent Monacy tosis
means an ncrease 1n the number of these cells above therr normal value,
but such a reaction 15 not common and seldom reaches a high leve!

Monocytes play an umportant role 1n the formation of tubercles m pul
monary tuberculosis and by therr phagocytic action aid 1n combatng this
nfection They may be more numerous n the circulating blood when the
pulmonary lesion 1s active but rather than beng 2 favorable sign this
mdicates actwity and spreading infection The ratio of monocytes to
1y mphocytes m the blood stream 15 normally about 1 3 (M L rato) When
this ratio 15 altered during pulmonary tuberculosis so as to increase the
number of monocytes 1n relation to the Iymphocytes st 1s an unfavorable
prognostic sign

In a few other bactenal nfections there may be a moderate monocy tosis
This occurs oceastonally, but not consistently 1 undulant fever subacute
bactertal endocarditis and typhoud fever In addition to these bactersal m
fections the monocytes are mcreased 19 number mn other types of mfec
uon such as malana hala azar and Rochy Mountam spotted fever There
may be 1 temporary rise in the monocyte count during the convalescent
pertod following acute mfections

Monocy rosis may occur mn those diseases i which there 15 a generalized
ly mphadenopathy such as Hodghuns diseasc In mfectious mononucleosts
the 1y mphocy tes arc predomunantly affected but there 15 also a moderate
degree of monocytoss although 1t 15 overshadowed by the lymphocyrie
cespanse

Leusevioip Reacrions

Leukemaid reaction 1s the term applied to those conditions m which there
1s a leuhemc like reaction of the wiite blood cells 1s a result of an mfec
tion ot other stmulus Such a reaction may be granulocyue I mphocy tic
O MONOCY BiL depcndmg upon the o pe of cell involved The reaction may
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be fested by (1} an excep tly high total leukocy te count with the
appearwce of a few or muy mnnture cells or (L) a great many mmature
cells without a grear increase 1n the total Jeukocy te count The firse 1y pe
of reaction 1s the most frequent A leuhemoid reaction 1 more common n
children chan i adults and 15 more frequently due ta an mfection than to
other forms of marrow sumulation

Infections occasionally produce a hy pertenhocy tosis 1n which the white
cell count reaches 100000 o more with o corresponding increase m the
percentage of band neutrophils and a few meramy elocytes or myelocy tes
m the blood stream We have observed such a reaetion m a2 splenecromized
patient with p t whom nucleated ery throey tes 2s well as many
immature feuhocy tes appeared s the blood stream Excepuionally high lew
hocy te counts have been recorded with p 1
aw endocardius empyerma smalipox clichenpox sepucemia nbary taber-
culosis and other diseases The reaction may occur with almost any 1y pe
of mfection

A leukemoid blood picture may occur with mabgnane growths which
have metastasized to bone Such metastases are prone 1o cause sumulation
or srrsation of the marrow aad immature my elod cells are seleased 1nto the
blood stream The total white count 55 usually not parncularly tugh under
these circumstances but the anemta and wnmatunity of the Jeuhocy tes sug
gest Jeuhemtz A strmiar respanse has been encountered with muluple mye
jorma

Teuhocvtoss follows 2 severe hemorrhage and an exaggerated response
may oceur wath mumature cells appearing in the blood stream Severe burns
mustard gas possoing and mercury posoning have hhewsse produced this
rype of rexcuion Heck mentions the recovery stage of permcious anemia
s occassonalfs showing a Jeuhemord reaction with excesstve leuhocy tosts
and my elory tes m the perspherat blood stream The hemoly tc anemus par
newlarhy dunng infancy are ape to have an excepuonally hugh lenhoeyte
count with many smmature cells

Iy mphocy tic and monocy fic reacoons may also simulate theer respective
tvpes of levhemia A monoo fie response of tns magnstude 15 not common
but has been observed n patients with sesere tnfecnion of the gums and
mouth A lenkemond reacuion of the ly mphocytic type 1s frequent with
fectious mononucleosss hrumbhaar has observed smmature hymphad cells
i the blood stream as a result of infecttons and extremely hugh ks mphocyte
com;ts hate heen encountered m whooping cough chichenpor and estee
My eitis
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persssts after the other mamifestartons of the disease have subsided (see page
4o2)

A relatve lymphoey tosis 1 far more commen than an absolute merease
being encountered i all cases 1 which there 15 a decrease 1 the number of
neutrophils

MonocyTosis

Monocy tes comprise from 5 to 1o per cent of the leukocy tes under ner
mal condittons, the average value bemg around 5 per cent Alonocy tasis
means an mcrease in the number of these cells above their normal value
but such a reaction 15 not common and seldom reaches a hugh level

Monocytes play an important role m the formation of tubercles 1n pul
monary tuberculosts and by therr phagocytic action atd i combaung this
mfection They may be more numerous m the circulating blood when the
pulmonary lesion 1s actve but rathec than bewg a favorable sign, ths
mdicates activsty and spreading nfection  The rano of monocytes to
1y mphocytes in the blood stream 1s normally about 1 3 (M L ratio) When
this ratio 15 altered durng pulmonary tuberculosis s6 as to mcrease the
number of monocites m relation to the lymphocytes, 1t 15 an unfay orable
prognostic sign

In a few other bacterial infections there may be a moderate monocy tosis
This occurs occastonally  but not conssstently mn undulane fever, subscute
bacterial endocardiis and ty phoud fever In addition to these bactertal 1n
fCCHOX\S (he mOY\OC} tes are mncreased numhcr n OXhCY t)pes Of lnfcc
non such as malana Lala azar and Rochy Mountam spotted fever There
may be a temporary rise in the monocyte count during the convalescent
pertod followng acute mfections

Monocy tosis may occur 1o those diseases m which there 15 a generatized
Iymphadenopathy such as Hodghins disease In ntectious mononucleosss
the Iy mphocy tes are prcdomm:mrh affected but there 15 also a moderate
degree of monocytosts although 1t 15 overshadowed by the lymphocytic
response

Leuneswomn Reicrioss

Leuhemad reaction s the term apphed to those condstions m w hich there
15 2 lewhemc hke rezction of the white blood cells as 2 result of an mfec
tion or other sumulus Such a reaction may be granulocy e b mphocy tic

or monocs tic depending upon the ripe of cell imolved The reacrion mn
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also present The principal offending substances are discussed under aplastic
anemsa (Chapter \) and agranulocs tosts {Chapter \I\) Chemicals and
drugs contaming 2 henzene ning m ther chemical structure are the chief
offenders but gold salts arsemic dimtrophenol sulfonamudes barbrturates
thiouracil bismuth and quinine hase been menminated I eulopenia 1s one
of the common complications and contramdicanions for the continued use of
the sulfonanudes and thiouracil

Irradation by radwm roentgen rays and radioactis e chencals commonl)
depress the bone marrow although a selecine effect on the Jeuhocy tes may
accur from relatnely shight cxposure

The nitrogen mustards regularhy produce a leuhopenia and this 1s one of
the complications w hich regulates the frequency of therr administration

Leukopenta may be found in cachectic and debilitated patients and has
been noted 1n certam nutrinonal deficiencies such as spruc and pellagra

Various blood dy scrasuas present leubopema as a part of their hematologic
picture In both pernicious anemia and aplastic anemua 1t 1s an integral part
of the disease It 15 also found mn aleukerme leuhema of the myelogenous
1y mphocy tic or monocs tic ty pe and n some my elophthisic anenuas 10 which
the hematopoietic bone marrow 1s crowded out by other ussues

Bantis syndrome and Felry’s syndrome hase leuhopenna as one of their
charactensstic features and 1 Hodghins disease and ly mphosarcoma 1t 15
occasionally present Primary splenic neutropeniz and panhematopena are
discussed elsew here (Chapter \I\)

Diseases of the Iner such as catarrhal jaundice and portal cirrhosis are
commonly accompanied by leuhopema

My xedema presents a mild leuhopenta 1n some instances as do Gaucher s
disease and lupus ery thematosus disserninatus

Agranulocytosis 15 a speaific disease entry n which there 15 2 marhed
leukopema of sudden onset with almost complete absence of neutrophils
from the blood stream It 1s discussed separately m Chapter NI\
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Leukopenra, a reduction 1n the total leuhocyte count below 5000 occurs
ma wide variety of conditions The low ered count 1n pracuically all of these
condinions 15 due to a reduction n the number of neutrophils which causes
2 neutropema and a reltive Iy mphocy tosts The reduction 1n the number of
cells may be brought about by (1) a decreased rate of production or libefa
tton of the cells (.) increased destruction of the cells or (3) redistribution
of the cells within the vascular bed

A dectease 1n the production of cells s the most common cause of Jeuho
pena and 1s apparently the reason for the leukopema which 1s encountered
most types of infection, whether it be bacternal virus or protozoal m ongmn
It also accounts for the leul opemia encountered in those conditions 1n which
the bone marrow 1s destroy ed or replaced as in the my elophthisic anemmas

The question of a splenic hormone w hich regulates the activity of the bone
marrow has not been settled so that 1t 15 impossible to say whether or not such
a substance exists There are mstances however, such as in primary splenic
neutropenta and panhematopema 1n which 1 leuhopena develops esther as
a result of excesstve destruction of the cells by an o eractive spleen or becruse
of a disturbance of the regulators mechanism of the spleen

A redistribution of the cells 1 the vascular bed may account for the leuho
pema encountered 1n anaphy lactord shock and foreign protein reaction

The bactenal mfections which commonly produce a leulopena are
typhord paraty phord and undulant fever but it 15 occasiomally encoun
tered with subacute bacteral endocarditis and infectious or atrophe arthr
tis Severe infecnions with other org such as a p cic nfec
tion or miliary tuberculosis will occasionally cause a Jeuhopenia

Virus mfections which may cause leuhopenia include influenza measles
rubella psittacoss dengue, and German measles Infectious mononucleosis
may also show a leukopenta early 1n the course of the disease and the same
1s true of smallpox

Protozoal nfestattons 1n which leuhopenia may be a feature are malana
relapsing fever and kala azar

The leuhopenia assocated w wh these infecnons 15 usually mild seldom
reaching extremely low levels so that leukocyte counts of from 3000 tO
4000 are most frequently encountered The cause of the leukopenta 1s prob
ably a tovic snhibition of the leuhoporeuc bone marrow

Certain chemicals and drugs may cause leuhopenia although most of these
result 1n 2 depression of all the hematoposetic elements of the bone marrow
rather than causing only a leuhopenia so that anenna and thrombopenia are




Leukocytosts and Leukopen 75

also present The principal offending sul are d d under aplastic

anerma (Chapter \) and agranulocy toms {(Chapter \I\) Chemmeals and
drugs contuning a henzene ring m their chenmcal structure are the chief
offenders but gold salts arsenic dinitrophenol sulfonanudes barbiturates
thiouracit bismuth and quinine have been mcriminated Leukopema 15 one
of the common complications and contrandications for the continued use of
the sulfenmudes and thiouracil

Trradiation by raduum roentgen rays and radioactss e chemicals commonly
depress the bone marrow although a selective effect on the leuhocytes may
occur from relatvely shght exposure

The nitrogen mustards regularly produce a leuhopema and this 1s one of
the complicatians which regulates the frequency of their admimistration

Leulopenn may be found in cachectic and debilitated patients and has
been noted 1n certain nutnitional deficiencies such as sprue and pellagra

Various blood dyscrasias present leuhopema as a part of their hematologic
picture In both permicious anemia and aplastic anema 1t 1s an integral part
of the discase It 1 also found in aleukennc leuhema of the myelogenous
lymphocy tic or monocy tic ty pe and m some my elophthisic anemuas in which
the hematopoietic bone marrow 1s crowded out by other ussues

Bantis syndrome and Felry s syndrome have leukopenia as one of their
charactensuic features and in Hodgl s disease and lymphosarcoma 1t 15
occasionally present Primary splenic neutropema and panhematopenia are
discussed elsewhere (Chapter \I\)

Diseases of the liver such as cararrhal jaundice and portal cirrhosis are
commonly accompanied by leukopema

My xedema presents a muld leukopenia 1 some mstances as do Gaucher s
disease and lupus erythematosus dissermnatus

Agranulocytosts 1s a specific disease entity 1 which there 15 a marked
leuhopenia of sudden onset with almost complete absence of neutrophils
from the blood stream It 1s discussed separately 1n Chapter AT\
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Chapter VIl

CLASSIFICATION AND GENLRAL DISCUSSION
OF ANEMIA

AM:\n\ DENOTFS A REDUCTION IN TIHE NUMBER OF FRYTHROCYTES OR THE
amount of hemoglobin per umit volume of blood ]Xt may result from a
great many causes and 1s accompanied by varous changes in the appearance
of the erythrocytes The common classifications of anemta are based esther
on the structural changes 1 the ery throcy tes or on the eticlogy and patho
genests of the disease To be of value 1n 2 better understanding of the anemic
states a classification should be as simple as possible while sull grouping to
gether those anemms which are closely related Erythrocytes are highly
specialized cells which do not have the pawer of reproduction or regenera-
tion After circulating in the blood stream for a relatively short time they
are removed and destroyed Any change m their number or n their struc-
tural charactenstics 15 brought about by lesions extrinsic to the cells Re
placement regeneration and removal of cells from the circulation are de
pendent upon the hematopoetic tissues Anemua 15 therefore only one
manifestation or symptom of a disease whose primary location 1s 1n another
organ or structure A simple diagnosis of anemua s consequently mcom
plete and although descriptive terms such as hypochromic and  hyper
chromic or microcytic and macrocvtic gne more detaded information
about this symptom they do not complete the diagnosis

A classification based on the pathogenesis and etology of the anema seems
preferable to one which 1s purely descriptive for by this means anemuas with
similar backgrounds and with swmlar therapeutic implication  will be
grouped together In some anemuas more than one factor 15 responsible
for therr production and m some the cause 15 sull unknown Although
great strides have been made 1n furthering our knowledge of the pathogenesss
of anemias there are sull disunct gaps to be filled and any classification
based on our present knowledge will be mcomplete and subject to change
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An etologic classification 1s firmly established from a historical aspect
since the early grouping of the anemias mto primary and secondary types
was on this basis Pimary anenuas included those 1diopathic forms i which
there was no recogmzable cause Secondary anemuas were those which ac
companied some obvious disease The most promment member of the
primary group was permicious anenua with s large and deeply staming
erythrocyvtes and the term primary was eventually apphed to all anemias
showing these structural characteristics It thereby became a descriptive
term rather than etiologic Secondary anesma underwent a similar change
m usage and 1t too came to be used as a descriptive term to mdicate that the
erythrocytes were pale and Ightly staming Although these terms are sull
used to some extent 1t 1s far better to replace them with the more descrip
tine terms hyperchromic and bypockromc

The erythrocy tes may vary in their number size, and hemoglobm con
tent These variations may be found 1n all combinations Normocy themia
mmplies a normal erythrocy te count by pocy thema a decrease and by per
cythema an increase 1n the red cell count L'rythrocy tes which are normal
1n stze are normocytic when their size 1s decreased they are microcy tic and
when it 15 mcreased they are macrocytic When erythrocytes contam a
normal amount of hemoglobin the cells are normochromic, when the amount

{ per_cell 15 decreased they are hypochromic and when 1t 1s increased they

| 'a_r/c‘hy perchromic These terms are used n various combinations m describ
ng types of anemua Hy pochromic anemtas have a low color index and 2
low mean corpuscular hemoglobin content they arc usually microcync
Hy perchromic anemas have a high color mdex and an increased mean cor
puscular hemoglobin content and are usually macrocytic The volume index
1s low m microcy tic anenas and high in the macrocync type A classt
fication based upon these structural characteristics does not give an ade
quate grouping of the anemias with respect to therr etology and path
ogenesis and only vague generalizations with respect to therapy can be
drawn

The following classification 15 not presented as an 1deal arrangement but
1t appears to be the most logical and has proved useful 1n clanfying the sub
Ject of anemra 1n the minds of medical students Errors will become apparent
and rearrangements will be necessary as our knowledge of the pathogenesis
of the anemuas 1s mcreased The classification 1s based on the three funda
mental causes of all anemuas (1) decreased production of erythrocytes or
hemoglobin (-} increased destruction of ery throcy tes and (3) loss of blood

by hemorrhage
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Crasstir arignar Anraning

1 Decreased Production of Erytheceyres or Hemoglobun

A Deficeney sn the maturation factar
¢ Peruccious anemua
3 Gastrontesunal lesions of certam types
3 Nutrmonal deficiencies—sprue snd pellarra (some casess
Iron deficiency anerus
1 Chrome hemorthage

Idiopathic hypachromie anemia
3 Hypochromic anemia of pregnancy
4 Hspochromc anermea of wfants
s Chlorosss
Aplasue anema
1 ldiopathic
2 S 1o toxns ¢bh is and rad b
D Ayelophthusic a 4 1 i Wsth
¢ Leulemua
1 Bene mattow temors pramany or metastavc
7 Owesscleross
4 Liposd dyscraphues
Depresyion of bonie marross functian
1 Hypoths rondsm
Nephrius
Chrone mfechons
Luver disease
Banus syndrome
Nutntionat defiaencies
1 Avizminoss
1 Chronre duarrhea
1 Malsutrtion

w

O

ythrocyte p

[}

]
TP

Excessive Destruction of Lrythrocytes

A Intrmsic

x Famdial and acquired bemoly tie sererus
2 Acute bemolytic anermia (Lederers anemn)
3 Sickle coll anema

4 Eryrhroblasne anerma (Cooley s anenia)
s Frythroblastous

& Paroxysmal hemoglobmusa

Lxetmsic

5 Drugs and chenucals

2 Infections

5 Acwnal parasttes and ther tovms

It Loss of Blood

A Acuse hemosthage
B Chronic hemorshagie anermia

w

The primary functson of erythrocytes and hemoglobm 15 the transport
mg of oxygen from lungs to ussues When the amount of airculatng hemo
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An euologic classtfication s firmly blished from a historical aspect

since the early grouping of the anemas mto primary and secondary 1y pes
was on this basis Primary anenyas mcluded those rdiopathic forms m which
there was no recognizable cause Secondary anenuas were those which ac
companted some obvious disease The most promment member of the
primary group was permctous anemia with its large and deeply stamng
erythrocytes and the term primary was eventually apphed to all anemias
showng these structural characteristics It thereby became a descriptne
term rather than euologic Secondary anemna underwent a sumlar change
mn usage and 1t too came to be used as a descriptive term to indicate that the
erythrocyres were pale and Iightly staiing Although these terms are sull
used to some extent, 1t 1s far better to replace them with the more descrip
tive terms hyperchromme and hypochronnc

The erythrocytes may vary n therr number size and hemoglobm con
tent These varjations may be found 1n all combinations Normocy themia
mphes a normal ery throcy te count hy pocy themia a decrease and hyper
cythema an increase m the red cell count Lrvthrocy tes which are normal
in size are normocy ¢ when therr size 1s decreased they are microct tic and
when 1t 15 mcreased they are macrocytic When erythrocytes contan a
normal 2mount of hemoglobin the cells are normochromic when the amount
per_cell 1s decreased they are hypochromic, and when 1t 15 increased thes
are hyperchromic These terms are used 1n various combinations 1a descrtb
g types of anerma Hy pochromic anemuas have a low color mdex and 2
low mean corpuscular hemoglobin content they are usually mrcrocytic
Hy perchromic anenmas have a high color indet and an increased mean cor
puscular hemoglobin content and are usually macrocyuie The volume mdex
15 low m microcy tic anemuas and high 1n the macrocytre type A classt
ficatton based upon these structural charactenstics does not gne an ade
quate grouping of the anemiss with respect to their etiology and path
ogenesis and only sague generalizations with respect to therapy can be
drawn

The followng classification 15 not presented as an 1deal arrangement but
1t appears to be the most logical and has proved useful m elanfy mg the sub
ject of anemia m the munds of medical students Errors will become apparent
and rearrangements will be necessary 2s our knowledge of the pathogencsis
of the anenuas 15 wcreased The classification 15 based on the three funda
mental causes of all anemuas (1) decreased production of ery throcy tes or
hemoglobin, {.) mcreased destruction of ery throcytes and (3) loss of blood

by hemorrhage
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degree of cardnc dilatation There 15 usually a systolic hemic murmur A
venous hum may be heard m the cervieal vens owing to the mcreased
selocity of blood flow

A severe grade of anemia 15 frequently accompanied by pitung edema 1n
the subcutaneous tissues usually noted 1n the dependent parts of tI\g_h_o_d\
This may er ly suggest a duag of cardiac d p 1on when
accompanied by shortness of breath tachycardi_and murmurs The edema
may be due 1n part to myocardnl weakness and loss of muscle tone as a
result of tissue anowa buc it s also partly due to a lowered osmotic pressure
of the blood which results from changes 1n the plasma proteins to alterations
1 the viscosity of the blood or to increased capillary permeability

When anemia develops 1n a patent with preewsting cardiac disease the
symptoms and manifestations of the latter are accentuated When patients
with sclerosss of the coronary arteries become anemic, they not infrequently
develop angina of effort which upon recovery from the anenua, disappears
In such cases the anoxia resulung from the low blood hemoglobin super-
mmposed on that due to the 1mpaired coronary circulation 1s sufficient to
cause pan whereas the vascular lesion alone was not severe enough to do so
It 15 doubtful 1f anema will cause angina of effort when the heart 1s other
wise normal

Cyanosis seldom appears 1n 4 severely anemic patient This manifestation
1s brought about by a lugh *concentration of reduced hemoglobm m the
blood and when the amount of hemoglobin 1s decreased, there will seldom
be enough reduced hemoglobin per unit volume of blood to produce the
change m color When cyanosts does appear m an anemic pauent 1t 1s un
usually significant smce a nonanerme patient under the same conditions
would have a far more imtense degree of cyanosis

Changes 1n the electrocardiogram may accompany a severe grade of
anemia These are not specific and are due to anovia of the myocardum
They consist of changes i the electrical aws of the heart alterations in
the contour of the T wave and occasionally n prolongation of the PR
meerval All of these become more pronounced after exercise When the
blood hemoglobin has been restored to 1ts normal level the electrocardio
graphic alterations disappear and exercise will then have no more effect
than in a normal ndividual Electrocardiographic changes of this type have
been observed m children 1n whom there was no sclerosis of the coronary
arteries and are undoubtedly due to anoxia of the myocardum resulting
from the anem

A wrace of albumin 1n the urine 1s commonly encountered with a severe
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globin 15 reduced, there 1s a corresponding  reduction 1 the ovygen
carrymg power of the blood The resultant anoxia of the organs and tissues
of the body Jeads directly or indirectly to many sy mptoms which are com
mon to all types of anemia The seventy of these symproms will vary not
only with the degree of anemm but also with the rapidity with which xt
developed A pattent in whom an anemia has been developmg over a period
of months will have fewer symptoms directly referable to 1t than wil a
patient with a comparable degree of anemma which has developed rapidly

Pallor 15 one of the characteristic features of anemua, but the presence of
pallor does not necessanly mean that the patent has anema, nor are all
anemye patients pale Palior may result from other causes such as perspheral
vasoconstriction edema, or myvedema On the other hand an anemic patient
may have suffictent vasodilatation to mask the usual pallor of the shin

Generabized muscular weakness with lasstude and fatgability 15 one of
the common svmptoms of any anemua In severe cases It may progress 10
such a pomt chat the extreme weakness and fantness on exertton will con
fine the patient 1o bed
4 Symproms referable to the gastromtestinal tract are frequently present
and may consist of anorexa nausea constipation, or gaseous distennion
These are due to the general Joss of muscle rone in the intestinal trace as 2
result of the anovia It 1s essential however that a careful search be made
for an underlyng lesion in the gastromntestinal tract which might xccount
not only for these sy mptoms bue for the znemu as well

As a result of the dimimshed oxygen carry ng power of the bload there
15 3 compensarory mcrease m cardiac output and m the velocity of blood
flow These changes are directly proportronal to the degree of reduction
m the blood hemoglobin They are accompanied by an increased heart rate
which 1n severe grades of anemua or vwhen the compensatory mechanism
15 brought mte action suddenly produces many subjective manifestations
With moderate grades of anemma there 15 palpitaon tachy carda and mild
shortness of breath on exertion The blood pressure may be shightly lowered
but the pulse pressure 15 high so thar 2 thmbbmg sensation may be notreed
by the patient The blood 1s carrying sufficient oxvgen m most cases of
severe anera to adequately supply the tissues when the pattent Is at rest
but exertion mcreases the demand for oxi gen to such an extent that st can
1ot be fulfilled and dyspuea becomes evident It 1s 2 bad omen when the
antermia 1s 50 severe that air hunger appears while she patient s at rese This
1s usually an indicanion for immediate blood ramfuston Exanunation reveals

an increased heart rate as well as evidences of oversctity, and a slight
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PERNICIOUS ANLMIA AND RCLATED MACROCYTIC
ANELMIAS

PERMCIOUS ANEMIA—ADDISON 5 ANEMIA BIERMERS ANEMIA,
Appisonian PERNICIOUS ANEVITA

Prracions e a NMACROCYTIC ¥} PEFCHROMIC ANEMEA WHICH 1S DUE
1o 2 deficiency of the erythrocyte maturation factor, a substance necessary
for the growth and development of ervthrocytes The disease occurs only
i adults and 15 charactenzed b\” r:nussmm,“nch!mh,) dna-muld jaundice,
and evidences of sclerosis of the central nerous system

Permcious anenma was first descnbed by Addson 1 1839 2ad the name
Addison 5 anennz was suggested by Biermer in 1872 when he desenbed the
condition s 2 progressive permicions anemia A great deal has been wrie
ten about the disease 1n che mtertening years parucularly concerning the
pathologic changes and theones as to 1ts cause Progress toward a complete
understanding of the disease was slow unnl the effect of diet on anenuz was
smadied by Whipple and tns co workers and AMinot and Murphy (19 6)
found that the ngestion of hser was 3 speaific remedy for this type of
anemua Subsequent mvesngauons parnenlarly the work of Castle and fus
assocates and the more recent v estigations on folie (preroy iglutamic) acd
have clanfied and revised our adeas on the pathogenesis of permeious anemia

Inaidence

Pernicious anerma 15 one of the most common vaneties of severe anema

In the Lawversity of lowa Haspitals ir accounted for 4 o out of 2 total of

6 240 admissions 1o the medical service duning a sixteen year penod It 35

common in northern Lurope and America Ia Ontano Canada, there were

35 ases per 100 000 population and an even gher nadence has been re

ported from some Evropean countnes It 1s seldom encountered trapical
83
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grade of anem, and there may be some diminution 1 the abihity of the
hidneys to concentrate urme In a patient whose hidneys are already dam
aged and nearing the verge of renal nsufficiency, the appearance of anems
may be sufficient to reduce the renal function to the pont at which retention
of mitrogen waste products develops Restoration of the hemoglobin to its
normal Jevel may result m a return of sufficient renal function so that the
blood mtrogen drops to normal

Cerebral mamfestations are of frequent occurrence in severe anemia A
feeling of famntness on exertion or on change of posttion 15 2 comulon 5 mp
tom. Headache verugo tnabiliey to concentrate, and umstus are also com
mon complants Visual disturbances such as blurring of vision and spots
before the eyes are not frequent

Anemsa wath 1ts accompanying train of symproms may complcate 3
greac many dieases When these mamsfestations become engrafted upon
those of the primary sllness a complicated cltnical picture may result In
some condstions such as carcinoma of the stomach or ascending colon many
of the predormnant sy mptoms are due to the assoctated anemia rather than
to the primary discase
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mimstered to the patient When beef muscle s stmilarhy treated wth gas
wic juice obtamed from a panent with permicious anemua the resultant
product 15 not effectine It appears, therefore that some constituent of nor-
mal gastne secrenion 15 absent from the gastric secretien of pauents with
pernicious anema, and its absence interferes with normal blood formation
This gastne (mntnnsic) factor interacts with some consttuent of food
{extinsic factor) to Mucc}hc aatne prnaiple (maturauon or ant
anenme factor) winch ss stored an the Iner This substance effectneds
creases blood formation an pernicious anemia and regulates hematapotess
m the normat person Pernictous anemia and the allied macrocyuc anemias
may concenably develop from a fach of esther the mtnnsic or the evenmic
factor or from poor absorption or abnormal metabolism of the maturauon
factar Since the maturatton factor 1s stored in the Iiver the admimstranon
of Iner or a properly prepsred hyver fraction to pauents with pernicious
anemia corrects the deficiency and hematopoiesis proceeds narmally

“The ntnnsic factor has not been 1dentified but 11 15 not one of the recog
nizable consuruents of gastric ymce 1 hydrochlone acnd pepst, rennn,
ot ipase The extnnsic factar 1s present 1n 2 large number of substances in-
cluding beef muscle aurolyzed yeost, Iner eggs and whear germ It has
not been 1solared or denufied It contans, or 13 closely allied to, the vita
mn B complex although they are not ydenncal The acunve prmaple which
15 present n Iner and hner evtract has nov been dennfied although by
punfication and fractionation 1 can be hughly concentrated n a soletion free
of proten and with a very Jow sohd content Thus factor can be demon
strated 10 normal human hiver but 15 not present tn the Iner of 2 panent
dving of untreated permcions anemia

The recent 4 of the tatory effect of folic (preroylgh
tamic) acid on enythropoiests promuse to shed more hght in thus field fe has
been shown that thrs substance in the comjugated form n whuch it occurs i
foods 15 either not as well absorbed or not as well utilized 1n panents with
permicions anema as i the normal mdinsdual Present evidence suggests that
this lach of preroy Ighitamic acid or 2 closely related substance plavs anoam
portant role n the cuology of permicrous and refated macrocyuc anermas
Subsequent smesngations 1 this field may unfold the mystery of ther
euologn

The mhented features m this disease are achy ba gasinea and an absence
of the mtnnme factor The achlorhy dr 1s obvrausly not the exsentat factor
since alf cases of achlorhy drna do not den e!up permicions anemia

Te has bieen noted that the bone marrow i patients with permcious anemua
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countries It seems to occur with about equal frequency 1n the o seves
although sonie reports indicate 2 shghtly higher 1ncidence 1n males Seldom
if ever does 1t occur 1n full blooded Negroes It 1s a disease of adule hfe
being extremely rare below the age of 30 About 75 per cent of the cases
develop berween the ages of 45 and 6o, and although 1t 15 not nfrequent
1n patients above this age 1t 15 doubtful if true Addisontan permicious anenua
ever occurs 1n children

There are defirute famulial and hereditary tendencies m perntcious anemn
and there 1s an nterrelationship betw een it and familial achlorhy dria About
20 per cent of patients with permcious anema will be found to have close
relatnes similarly affected Wilkinson and Brockbank were able to collect
from the literature a total of 139 familes 1n which . or more members had
the disease and 59 famihies 1n which pernicious anemia and achylia gastnca
(achlorhy drsa plus an absence of pepuc actiry of the gastric juice) were
present On examining 291 refatives of patients with pernicious anemia they
found 70 persons (.41 per cent) with achlorhydria  Famulial achlorhydra
appears early 1n life as was shown by the face that of 4 children of a facher
with permcious anemta there were 3 with achlorhy dna whose ages were 10
6 and 4 years respectvely ft has also been noted that idiopathic hype
chromic anemia occurs frequently in those families in which pernicious
anermia and achlorhy dua are common

Etology

The older theories that have been advanced to explam the cause of per
nicious anenua have been excellently summarized by Cornell The frequency
with which achlorhydniz accompanied permicious anerma was noted soon
after the disease was recogmized and 1t was believed tha this esther in stself
or through 1ts action on protein metabolism or by 1ts effect on the intestinal
flora mught be the etiologic factor Minot and Murphy s discovery that the
ingestion of Iner was effectne 1n the treatment of pernicious anemm re
vived the theory that 1t was a deficiency disease and led to further ives
ngaton along this Iine Castle and hus associates firmly established the rela
tionship betw een the abnormal gastric secretion and pernicious anemia and
1t 15 upon the results of their s esugations thae the present concept of the
disease 15 based They found that when the gastric sccretion from a normal
person is gnen to 2 patient with permicious anemia 1t produces no beneficaal
results nor 1s benefit derned from the admrnustration of beef muscle alone
However a rapid regeneration of hemoglobin and ery throcy tes ensues when

beef muscle 1s mncubated with normal gastric juice and the mixture 15 ad
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cells avershadow the more smature normoblasts and erythrocy zcs Fat cells
are comp d and The prepond of led
to the concepr that the lmnc MATLOW 1N PErCIous anema had reverted to
an embry ome t pe of celt development Thus interpretation 1s quesuoned by
athers wha behev e thar the megaloblase snstead of being an sinormal or em-
brsonie € pe of coll appeanng only i ths 1y pe of anenua 15 ceally an early
stage m the normal maturation of the erythrocyte The preponderance of
megaloblasts 15 behesed to represent an arrest i ther development at this
particular stage The degree of hyperplasia and the relaune frequency of
sarsous stmmature forms of en throcy tes will vary 1n the marrow of different
bunes so that the peripheral blood picture cannot be correlated with the
pathologic picture m anv otie bone  The number of leuhocy tes found n the
marrow 151 arable but leuhocy tes are present in greater numbers than would
be expected from the degree of leukopema which is preseat n the penpheral
blaod 1t1s daubtiul af there 1s a fundamenal defect i the leuboblastic tissues
The megahary ocytes are decreased m number
The megaloblastic by perplasia of the bone marrow 25 described above 15
found during a relapse 1 the chinical mamfestations 2t 2 tme when the red
cell count 15 at s1s Jowest and when one msght ressonably expeet to find
evidences of bone marrow inactity rather than hy perplasta Peabody has
demonstrated by repeated marrow biopsies at \anous stages of the illness
10 the syme patent, that the hy perplasia lessens as the penipheral blood counc
nises and that the marrow returns to an essennally normal condison dunng
a chnucal remission The excessive number of megaloblasts i the marrow
decreases as the panent improves and these cells are replaced by more ma-
tute normoblasts and erythrocytes as a normal and ordetly ecythrocytic
regencration 15 resumed The amount of fat ussue 1n the marrow increases
as the red marrow recedes to sts normal humuts
These successive alterations in the bone marrow agree with the pre ent

concepe of the pathogeness of pernicious anemua which presumes that there
15 2 maturaion arrest of the erythrocytes ac the megaloblasuc stage with the
cells descloping o rhus pomt but na farther_Since chey da not mature, they
are not liberated mnto the blood stream, and ¢ quenty an anemia d lop
TFhe bore marrow b ded with the cells and the
hematopoteuc marrow extends beyond s narmal s When the de
ficiency of the maturation factor 15 corrected or when a spontaneous rems
sion occurs the cells progress to thesr adult torms which are liberated o
the blood stream The hyperplasua decreases and the red macrow recedes
10 315 normal volume as the anemia wnproves




86 Hematology

1s hy perplastic duning the height of the anemia but becomes less cellular
durng a remission It 1s now believed that the grow th and maturation of the
erythrocy tes are stopped at an immature megaloblastic stage because of a lack
of the maturation factor which 1s necessary for their conunued des elopment
Maturation 1s resumed when this factor 1s supplied 1n the form of Iner or
liver extract The erythrocy tes then develop to maturity and are delnvered
to the blood stream  The cellulanty of the bone marrow decreases as 2
result of the liberation of mature cells The maruranion factor appears to
affect the erythrocy tes at the megaloblastic stage of therr development but
has little or no effect at the shightly more mature stage of the normoblast

Hy perbilirubinemia with a mild grade of jaundice 1s present during a re
lapse of pernicious anema, and the cause of the disease was previously con
sidered to be an excessive destruction of ervthrocytes One explanation for
the jaundice 1s that ery throcytes are not bemg formed as rapidly as 1s nor
mal and the pigments liberated by the normal erythrocy tic destruction are
not reutilized As a consequence these pigments were thought to accumulate
m the blood stream and produce jaundice An excessive hemoly sis of ery thro-
cytes can be demonstrated m pernicious anermia however by the increase
mn the urobthinogen excretion in the feces This does not appear to be the
primary factor mn the production of the disease although the excessne
hemolysis and excessti e excretion of pigment promptly cease with the onset
of an induced renussion

Pathology

Although the fundamental cause of pernicious anerma 15 located elsew here
the most stnkung histologic changes are to be found n the bone marrow
Alrerations 1 the structure of the marrow were noted by Pepper m 1875
and Cohnheim (1876) noticed that the red marrow extended mnto the shafts
of the long bones The bone marrow alterations were not fully understood
unul the fundamental nformauon on the production of the erithrocytes
was obtamned by Sabin and Doan the bone marrow changes were cor
related with the stage of the disease by Peabody and the defimite deficiency
basts for the disease was established by Minot and Castle Gross examnation
duning a relapse shows the red or hematopotetic marrow to have extended
Eﬂﬂd 1ts normal hmuts and to have invaded thar portion of the bone nor
mally Jc&xplcd by yellow or fatey marrow Microscopic examunation rey eals
hat the red marrow 1s hy perplastic and sho®s @ marked mncrease 1n cel
talanicy T‘}E‘ﬁyﬁﬁ-’fyﬁsm is characterized by the presence of great numbers
“of mmature ery throcy tes 1n the megalobl stage of detelop These
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»ncreasng sndisposicion to excrbon sith an uncomfortable feehng of famtness ot breath
Iessness on attempuing 1t the heart s readly male to palpitare the whole surface of the
body presents a blanched smooth snd wavs appesrance the hips gums and tongue scem
bloodless the flabbiness ot the muscles mncreases the appetite fails eatreme Janguor and
fantmess sup breatk and palp bemg produced by the most tnfling
exertion ot emotion samme shght oedema s probably percened abour the snldes the
debibiry becomes evtreme The patient can no Jonger rise from his bed the mind ocea
stonally wanders he falls wita a prostzate and half torpid stage and at Jength expires
Nevertheless to the very last and after 2 sickness of perhaps seversl months dorauon
the bulkiness of the general frame and the obesity ofren present 3 most strilang coateast
1o the fadure and extiaustion observable i exery other respecy

The onsee of the disease may be mamfested by symproms referable o
the anemu wselt the cardiosascular system the gastromeesunal tract or the
niervous system ThéPmost frequent mode of onset 1s characteneed by an
greasng pallor weabness, faugabihty and lasswade These progress to the
point st which ot 35 difficult or inpossible for the pauent to pursue tus
aceustomed actessttes The onset ss usually so gradual thae the patsent becomes
accustomed to the weahness and fatigue and, since compensator, measures
developed by the cardiovascular system partally offset the effect of the
lowered axy gen carrying power of the blood a severe grade of anemua 1
well tolerated  The patient 15 able to conunue with acussites which would
be wmpossible of a simlar degree of anema had developed rapidly and the
erythrocyte count 5s usually very Jow by the tme the symptoms become
severe enough 1o bong him to 2 physican The weshness and hssitude are

\ d by fa dizziness and tnmtws These symp
toms may progress for several wesks or months und then undergo spon
taneou smprovement A fustory of one or more preceding episodes 15 fre
quentfy obtaned at the ume of the pavients first examinaton

Cardiovascular symptoms such a5 occur with any severe anemia wall be
present when the o%y gen carry ing poner of the blood 15 sufficiently reduced
by the lowenng of the bload hemoglobm Thus results in shortness of breath
onexertion whuch becomes progressively worse as the seventy of the anuma
increases Palpiranion and dyspnea first oceur ondy with exertion bue may,
progress until they are present even when the panient 1s at sest Asr hunger
while the patien s ac rest 15 @ parncofarly ominous sign ynmednats blood

15 wually nd d The d velocty of blaad flow which
occurs as a compensatory measure for the decreased oxygen carrying power
of the blood 15 mamfested by palpiation 2 throbbing sensation n the head
and frequently a venous hum which 15 audible over the farge cenvical vens
The area of cardiac dullness 15 increased as 4 result of dilatstion and 4 svs
tolic murmur of hemic onigin 15 usually present at the apex or along the left
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The mucomﬁmcmbmne of the tongue 1s atrophic and the papillae are_ab
sent The atrophy may extend into the esophagus A sumlar atrophic process
mvolves all layers of the stomach wall, only the surface epithelum remain
g mtact The process 1s largely confined to the upper two thirds of the
stomach the pyloric region being almost unmvolved The Irver 15 usually
shghtly enlarged and shows fatty degeneraton foct of necrosis and some
penportal infiltratton Deposits of h derin are pr pecially
about the periphery of the lobules The Kupfler cells have been found to
be hy pertrophied in untreated patients dying durmg a relapse The spleen

1s frequently enlarged and contains deposits of hemosidern as well as focr
of extramedullary hematopotesis There 15 a moderate amount of sclerosts
evidences of phagocytic activity are present, and the pulp contams many
fragmented erythrocytes The heart 15 dilated, pale, and flabby and shows
fatty degeneranion No renal lesions of consequence hate been observed al
though there may be some fatty degeneration and deposits of hemosidenn
The subcutaneous fat tissue 1s well preserved and 1s deep yellow in color

There were lestons 1n the spmal cord 1n about 6o per cent of the autopsted
patients The charactenstic leston 1s subacute combined sclerosis This 1s 2
diffuse sy mmetrical degeneration myvolving pumanly the dorsal and lateral
columns of the cord m 1ts thoracic and cervical portions In the carly stage
the lesions consist of small areas of necrosts in the white matter These enlarge
and fuse together to produce more extensive damage There 15 an early
demy elination of the nerve fibers Areas of degeneration mterrupt the teacts
and secondary ascending degeneration results These lestons first appear 1
the posterior columns but later extend to the lateral columns Similar de
generative areas may appear 10 the bran Peripheral nerves are more fre
quently ntolved than is generally belteved and sections of these commonl)
show degeneratne changes

Chmcal Features

Pernicious ancmua 15 a chronic relapsing disease i which the mode of
onset, symptoms and course may be extremely variable Ty pical cases are
not bemng observed throughout therr entre course since the adsent of
spcclﬁc therapy and Addisons description written 1n 1855 will bear

repetition

It made its approach 1 50 slow and insidious a manner thar che patient can hardly fix
a date to his earlest feeling of that languer which 1s shortly to become so extreme The
countenance gets pale the whites of the eyes become pearly the general frame flabby
s wasted the pulse perhaps large but remarkably soft and compressible and

h
rather ¢ bt jerh especially under the shightest cxciement there 15 an

occastonally with a slig!



Permcious Anenna and Related dMacrocy tic Anen s gt

had no soreness whatsorver Atrophy of the tongue may occasionally occar
m other vy pes of anemin parucularhy in diopatine by pochramuce anemia

Numbness and tnghng of the hands and feet 15 1 frequent mamfestation
of permcious anema It occurs m about go per cent of the patients and 15
the symptom of onset m .§ per cent This subjectnn e manifestation may or
may not be associated with objectne evidences of spinal cord nvolvement
The neural symptoms may bie hmited to shght svmmetncal numbness and
unghng or mav progress o 2 stage of clumsiness atavia and mabuliey to use
the hands for fine or coordimated work When the Jower extremines are
imsolied an ataxac gae develops winch may be first mamifested by nabiliry
of the patient to walk i the dark This may progress to the pawnt at which
there s difficulty m wallung at all umies The sense of posinon--Linesthesta~
35 Jost when the postenor columns of the spinal cord are mvohed and the
difficulty i wallimg 15 fisst nouiced 1 the dacl because the visual sense 1s
then unable to ad n properly plactag the feet The same mechanism causes
the patient to lose hus feer m bed  he 15 unable to tell where they are or
to pant to them when they are not visble The neural iy olvement may
progress uned the patent 1 mcapacaated and wnable 1o care for himself and
fas lose control of the sphincters of the bladder and bowel

Neurologie exarmnation Wil reveal signs of m o ement of the posterior
or lateral columns of the spinal cord or 2 combinanon of these tracts When
the posterior columns are imvolied there 15 atavia loss of vibratory sense
{pallanesthesin) loss of the sense of position of the extremuties and of two
pont diser fon absent or d hed deep tendon reflexes and hypo
Tomaity of the muscles (Wich fateraf cofumn myobvoment which ss less com
man there s spasticity of the muscles with hy peractive refleses and evidences
of an upper motor neurone lesian Dxtensiee smyvolvement of the posterior
columns may lesd to a spinal cord bladder 1 addition to Joss of control of
the rectal and bladder sphuncters This represents one of the most senous com
pheations of the disease since st ultimately Ieads to an ascending unnary tract
wfecuon todav one of the mast common causes of death in panients with per-
nicious anemia Perspherat pols neursts occurs wath great frequency  bue its
nvtestations are usualls overshadowed by the evidences of spinal cord m-
vohement

Psychie distarbances often occur They are first apparent as minor per-
sonahity changes with restlessness and seritabslity predomsnating bur may
progress ta delcum confusion and halluciacions Mental changes disappear
duning a remission so that an extremely troublesome and dsfficult panent may
become a most pleasant and agreeable one as the blood connt mncreases
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margin of the sternum The pulse rate 1s increased The blood pressure 15
shightly lowered in some P;;ltl’l(s, and the pulse wave 1s soft and easily com
pressible although a quick thrust and a poorly sustamed wave are occa
sionally found when the peripheral resistance 15 low

Gastromtestinal manifestations are common representing the sy mptoms
of onserin abous 30 per cent of the pauents A history of prolonged dy spepsia
1s frequently obtained and may antedate the onset of the anemua by years
Many of these symptoms are ateributable to the achlarhydma The nature
of the complaints vartes but indigestion vague and 1l defined abdomunal
distress, anorexia nausea, and vormung are partcularly common Gaseous
distention’1s frequent at tmes there may be pamn of a type suggesting pep
tic uleer Recurrent attacks of durrhea, usually mild occur i about half
of the patients at some tune in the course of their illness These too have been
atersbuted to the achlorhy dria but 1c 15 doubtful of this 1s enurely responsxble
since the diarrhea ceases when the blood has been restored to normal even
though the achlorhydna persists Cholehthiasis and cholecystius are un
usually frequent m pauents with pernicious anemia The onset of the chole
cystic disease usually precedes the anemia Atsacks of acute upper abdomunal
pamn may occur without recogmzable gallstones or gallbladder disease
These resemble the episodes of pan ed 1n patients with hemoly ue
anemua during 2 hemolytic cnsis bur are usually less severe The attachs have
occastonally led to unwarranted laparotomy

Soreness of the tongue occurs at some stage of the illness in over half of
the pauents [t 1s more frequent during a relapse when the anemra 1s severe
but may appear durmg a remussion It 15 the first symptom of the disease
m some pattents There may be a burming sensation of the tongue or a feel
ing of rawness which 15 aggratated by hot or highly seasoned foods Only
the tp and edges of the tongue or the entire buccal caviry may be nvolved
The tongue may become red and mflamed and show superficial ulcerations
but 1 other nstances the burming sensation 1s present with no evidence of
nflammatton After persisung for a few days or several weeks the soreness
subsides only to reappear after a variable period of time A sumlar burning
sensatron m2y be present 1n the rectum bur this 15 less common

Atrophy of the mucosa of the tongue 1s one of the common features
of permicipus anemia 1t 1s first evident at the tip and along the edges but
later spreads to nvolve the entire dorsal surface The papillae are atrophic
the mucosa 15 thim shiny and uncoated so that a glazed appearance 1s tm

othe entire surface of the tongue This atrophy 15 not dependent
hase

parted t
upon recurrent attacks of glossius but may be present 1n patients % ho
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appears from eight to ten y cars later Its assocnation with artenosclerosis of
the coronary arternies 15 of particular interest since angma of effort may occur
during a relapse of the anemm but be entirely absent after the blood count
has returned to normal The electrocardiographic alterations are primanly
those of coronary artery disease but mnor alterations caused by the anemra
may be superimposed

Impairment of renal funcuon indicated by 2 lowering and a fixation of
the specific gravity of the unne may result from a severe grade of anemia
When this 1s superimposed on a deficient renal blood flow due to arterio
sclerotic changes more serious evidences of renal msufficiency may follow
We have obseried patients who deseloped nirogen retention during a re
lapse of their pernicious anemta but whose blood mtrogen returned to normal
when the anemia was brought under control Small amounts of albumn to
gether with hyaline and granular casts may appear 1n the unne as a result
of the anerma There may be a shight or moderate degree of peripheral edema
as a result of changes 1 capillany permcnblhn, the plasma protems or the
altered Viscosity of the blood Water retention may occur with the onset of
an nduced remission so that edema appears at a ume when the pauents
general condition 15 raprdly improving

Laboratory Features

Although the hematologic features of pernicious anemua are charactenistic
the diagnosis must be based fully as much on the history and physical ex
amination 2s on the blood smear Only a rentative diagnosis can be made
from the appearance of the erythrocytes venficauon depends on the other
findings

The anemta 15 usually quite severe by the time the subjective mamfesta
uons have forced the patient to consult 2 physician so that an mitial ery thro-
ytecountof 500000 orless1s commeonly encountered Much lower values
“are found 1 many patients Counts 10 the neighborhood of 1 000 000 are not
at all infrequent and occastonally may drop to 500 000 or less “The reduc
yon 1 the red cell count 15 proportionately greater than 1s the reducrion s>
m the hemoglobim level so that a positne color index frequentds 15 or
over 15 one of the most charactensnc features of the disease Ir indicates that
the as erage hemoglobin content of the individual ery throcyte 1s greater than
normal a hyperchromic type of anemia The reduction m the number of
erythrocytes 15 also proportionately greater than is the reduction n the
hematocrit—the volume of pached red blood cells per hundred cubic cen
umeters of blood-so that the volume ndex 15 increased, averaging about 1 4
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There 15 usually some loss of weight, but m spite of this the patrents ap
pear remarhably well preserved A “lemon yellow * color is commonly pres-
ent and 15 due to pallor combined with mild icterus ‘The scleras are shghtly
icteric rather than pearly white A low grade irregular fever 1s often noted
during a relapse but subsides soon after the anemia begmns to mprove Small
ecchy motic areas may be seen 1n the shin, and the patient may have bruised
easily over a pertod of many months or vears Petechme 1n the shin and
conjunctiva may occur but are not particularly common Small retinal hemor
rhages are frequent in any severe anemua but are more frequent 1n pernicious
than in other anemuas of comparable sevenity except aplastic anema and those
complicated by thrombop purpura A shight yellowsh discoloration of
the nerve head may also be noted on examination of the funds Vithigo sr
regular areas of depigmentation of the shin 1s found m about 4o per cent
of the patients with pernictous anemia but the connection between these
diseases 1s obscure as anenma achlorhydrra and a family history of pernicious
anemia are not found in patients with stmple vitligo Areas of excessive pig
mentation or of gencralized pigmentation of the shin suggestive of Addt
sons disease may be encountered

Gastroscopic examnation reveals 2 picture of atrophic gastois with 2
thin pale mucosa n which the deep vessels are visualized with unusual elar
ity Thus may be diffuse and generahzed or patchy and associated with areas
of superficial gastritis

The spleen 15 enlarged 1n about 4o per cent of the patients but the en
largement 1s never excessive the organ seldom extending more than 2 or 3 cm
below the costal margin The liver may be shghtly enlarged Both the

pl ly and hepat ly disappear with adequate therapy There
1s no ly mphadenopathy

Since permicious anemia 1s predomimnantly a disease of late adulr hfe 1t 1
not surprising to find st associated with other diseases which are common
at this age It has been found i association with drabetes mellitus tovc
adenoma of the thyrold myxedema, carcinoma of the stomach and other
mahgnant grow ths The frequency of the coewstence of pernicious anemia
and gastric carcmoma in the same patient has been repeatedly emphasized and
although the ncrdence varies greatly n the different reports it appears that
about 8 to 10 per cent of patients with pernicious wnemsa dev elop gastric
carcinoma It has also been found that gastric pols ps occur i about 6 per
cent of the patents ‘The frequency with which these gastric lesions compl
cate pernicious anemia suggests that there 15 some unrecognized ctiologic reta
riictous anemia des elops first and the complicating gastric lesion

nonship Pe
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which appear rather decply stained and have lost their central pale area be-
cause of their increased thickness These vatianons m the size of the cells
are best demanstrated by Price Jones curves (g 13}, which portray
graphically the percentage distnbution of cells of different diameters Such
cunes have a broad base indicative of the wide sariations betw cen the veny
farge and very small cells and a peal which shows that a majonity of the
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Fic 32 Pt bs of normal and ervit from pauents with
Fcrmcmus anemia Above are normal erythrocytes Below are two examples of cells
Tom patients with permcious anemia showing macrocy tosis and tarmtions m the size and
shape of the cells

cells are abnormally large with dumeters ranging from § 5 to 9 5 microns
Irregular and bizarre forms of erythrocytes—poiktlocy tosis—are encoun
tered with greav frequency

A majonty of the ervthrocytes are deeply sramed In contrast to these
hyperchromic cells are some which are hghtly staned so that there 3 a
great variation not only i the size and shape of the cells but m their staming
reaction as well Polychromatophilic erythrocytes are occaslomll) found
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This ndicates that the average volume of the individual erythrocyte 15
greater than normal charactenzing the anerma as macrocy e m type More
detailed studies confirm the hy perchroma and ma(;(;c;?osls the mean cor
puscular hemoglobin content being increased as well as the mean corpuscular
volume The greater amount of hemoglobin per cell parallels the increase
m the size of che cell so that the mean corpuscular hemoglobin concentration
remans about normal

Erythrocy tes of various sizes shapes and stamning reactions are found on
the blood smear, but macrocytes predommate These are Jarge cells round

Fic 11 Bas relief photoricrograph of normal erythroc) tes compated to those from 2
patient with perntcious anemia Normal cells are on the lc?x On the nght are cells from a
c[:se dnf pernicious anemia showing the preater size and thichness of the erythrocytes i
this discase

or oval i shape and deeply stamed because of their mcreased thichness
(Fig t1) They may be 1. to 14 microns in dameter whereas the average
normal red cell 1s 7 5 microns Macrocytes are present 1n great numbers dur

ing a relapse and may comprise 30 or more per cent of the ery throcy tes scen
on the blood smear In contrast to the macrocytes are many small cells—
mxcmcytcs—\\hosc dameter may be no more than 4 or § mucrons They
are less numerous than the large cells but the contrast between the very
large and the very small cells (anisocy tosis) 15 stribing and 15 typical of
12) Between these extremes there are large num

pernicious anemia (Fig
normal or only shghtly increased diameter many of

bers of erythrac) tes of
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are usuzlly within normal Limits although there may be a poor clot re-
el Only 1n exceptional cases will the thrombopenia be associated
with the other laboratory and clincal features of thrombopemc purpura
There 15 an increased alirubinerma, beeause of which the blood plasma
1s deep yellow 1n color the icterus mdex s increased and a positive indirect
san den Bergh reaction 15 of d This 15 ac p d by an creased
excrenon of urobilinogen i the feces and 1n some cases, in the unne Bile
pigments are present tn the feces but not in the unne There 15 2 reducnon in
the total blood v olume
The blood picture duning a remission s different from that seen duning
arelapse With the onset of a remission there 15 2 rapid increase n the num
ber of reticulocy tes followed by 2 nise 1n the red cell count and hemoglobin
level Reuculocytes are larger than normal ers throcvtes so that dunng the
time they are present i ncreased numbers the volume index and the mean
corpuscular volume remain high  After the renculocyte response has sub-
sided, the evidences of increased cell solume decrease and macrocytes dis-
appear from the blood stream The hemoglobin level and the erythrocyte
count are normal durmg a complete remission, and there s nothing de
tectable on the blood smear to indicate an abnormality of the hematoporetic
svstem The leukocy te count increases, and shghtly immature cells may be
found 1n the blood stream for a short tme at the onset of 2 remussion There
may be 1 transient eosinophulia A sharp fall in the fecal excrenon of uro-
bilinogen occurs as the ervthrocyte count nses The jaundice subsides
Achlorhydna 15 2 constant fearure of pernicious anemua the number of
authentic cases 1n which free hy drochlonc acid has been found m the gastne
contents 1s so small as to be almost neghgible The admunistration of hista
mine acid phosphate does not late the of hydrochlonc acid m
patients with permicious anemia Not only do they have achlorhy dra but the
total secretory actnaty of the stomach 15 decreased and the volume of gas-
tric secretion 1s smafl Achlorhy dria has been shown to antedate the anema
by many vears and to persist 1n spie of adequate treatment with a com-
plete chinical and hematologic remission
The basal metabolic rate 1s moderately elevated duning a relapse but returns
to normal during a remission The uric acid content of the blood serum may
be low duning a relapse but increases to normal as the anemn subsides
The bone marrow  as found on sternal aspiration presents features which
are extremely characteristic: The most stribang feature 1s the hypercellulanty
of the marrow with a predominance of megaloblasts Cells of the ery throcytie
series compnse a much higher proportion of the nucleated cells encountered
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especnally at the onset of a renussion These are shightly mmmature cells hay
g a diffuse bluish cast of the cytoplasm Howell Jollv bodies Cabot s rings
and small bits of chromatin material are sometimes found wichin the erythro
cytes Normoblasts are seldom encountered during a relapse although they
may occasionally appear sn large numbers for a short time Megaloblasts are
found infrequently although both these and normoblasts may appear at
the onset of a remission The resistance of the erythrocytes to hypotome
salme solutions 15 normal or shightly increased

PRICE -JONES CURVE
PERNICIOUS ANEMIA
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CELL DIAMETER IN MICRONS

Fic 13 The broad base of the Price Jones curse mn pernicious anemia shows the vara
tion m the size of the cells There are a few very small erythrocy res and 2 few exeremely
farge cells having a dsmeter of 11 microns or more The location of the peak of the
cune shows that the greatest number of the erythrocytes have a diameter of 85 1095
mucrons as compared to the curve mn normal blood m which the greatest numbec of cells

have a diameter of about 7 mcrons

A moderate reduction in the Jeuhocyte count 35 charactensuc of per
nicious anemia but this levhopenta 1s not extreme The leukocy te count 15
usually m the neighborhood of 3000 to s000 The lowering of the total white
cell count 15 due to a reduction 1n the number of granulocytes A relative
Iymphocy tosss results therefore the neutrophils averaging 48 per cent and
the Iy mphocy tes 45 per cent of the toral leukoey re coune There 15 2 nuclear

shift to the nght in the neutrophils so that nucler wxth four five or sic
lobules are more numerous than normal Lxtremely large neutrophuls with
mululobulated nucler having eight or nine lobules are occastonally encoun

tered (see Fig 6 p 34)
¢ e o ber of blood platelets 15 proportionate to the

The reduction m the numl
seventy of the anema The bleeding me and coagulation ume of the blood
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essenual dagnosuie features and sull 15 not adequate to produce 2 complete
Tenmssion

¥ proper consideration 15 gnen o the followsng fernures of permcious
anerma the diagnoss will tarely be m esror

From the fustory (1) Repussians A majority of the pauents will have
noticed ene or more episades of weakness pallor and scterus pnior to the
relapse which brought them to 3 phvsienn (.} Numbness and ungliog of
the extremnes This vsually affects the loser evtremiues first and becomes
most prosunent m thes region It appears m 2bout go per cent of the patients
with permeiotis anem bur may 2lso eccur in other v pes of severe chrome
anemua

From the physical evamumation (3) Evidences of sulcuze combmed de
generanon of the spanal cord The type of refle and sensory changes will
depend wpont whether the postenor or the lareral column of the spinal cord
1s most severely damaged Some essdence of organie neurat leston ocewrs 1
40 per cent of the patients () Atcophy of the tongue Thus i first appacent
at the up and edges but may evrend over the entire dorsal surface

From the laboratory findings (5) Anemz This usualhy becomes severe
with an eny throcy te count of . 500000 or less before the pauent consults
a physician unless the fogic sy mptoms pred and appear nn
usnally earhy  (6) Coler mdex above normal This as elevated because the
drop in the erythrocy te count 1 proportionately preater than the rednction
i the amount of hemoglobin (7) Macrocs tosts This 15 evident on the bload
smear and also by the increased yolume mdex and mean corpuscalar volume
Y 2ranons i the size and shape of the cryehrocytes are stihing when the
anemu 1s severe (8) Leuloperua The rotal white count 1s below 6000 sn
90 per cent of the pauents and 1 a large gronp of cases has been found 10
average shghtly over 4000 (g} Jaundice A muld grade of icterus gres the
typical leman s ellow color and 1s eccompanted by an eles ated bilwubuwiema
(10} Achlorhydna A dignoss of permcious anema should not be made
when free hydrochloric aced 1s present in the gastne contents (11) Megalo
blasuc hy perplasia of the bone marrow during relapse ss charactersne of
pernicious anenux

A therapeutic tese with 2 potent bhiver extract may be tned o5 2 diagnostic
procedure and the results of the treatment followed by a datly reuculocy te
count Jc must be borne w mund however that some other macroeyuc
anesmas yespond to this form of therapy

Fhere are 2 number of different 1y pes of anemia that may cause dfficulry
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than ss normal and although there are more normoblasts encountered than
normal marrow the strihng features are the great merease and the predom:
nance of megaloblasts These are frequently encountered 1n clumps and ;n
varying stages of development and mitouc figures are unusually common
The delicate chromatn network of the nucler and their deeply basophilic
cytoplasm (Chapter II) disunguish the cells They vary greatly 1 size so that
too much attention cannot be pard to this feature It 1s the author s opition
that they represent a stage n the maturation of the ery throcy te and that the
sncrease in their number and percentage m the marrow is the important diag
nostic feature Others believe that the megaloblast 1s an abnormal cell appear
ing only in this and related anermias Whichever view 1s held 1t 15 agreed that
they are abnormally promment 1n pernicious anenua There are evidences of
increased my eloid activity even though there 15 a leukopema m the peripheral
blood stream and abnormalities of these cells, especrally 1n the metamy elocy tes
have been described Many of these are unusually large, stan pecubarly and
present a Jarge irregular nucleus The charactersstic variation in the stze shape
and staming of the ery throcy tes 1s as appatent 1n bone marrow smears as 1
the peripheral blood

As a remission ensues exther spontaneously or as a result of therapy the
bone marrow reverts to normal The hy percellulanity dimimishes megalo
blasts decrease i number and are replaced by normal ery throblasts and the
leukoporetic cells become more nearly normal m therr distribution During
a complete resmssion the bone marrow 1s mdistinguishable from normal

Duagnosis
A dragnosis of pernicious anena cannot be made with certainty from an
examnation of the blood alone but must depend equally upon the history
physical examination and other laboratory procedures Difficulty s en
countered n arrving at 2 dragnosis i pattents who seek advice because of
paresthesias when the red blood counc 15 not sigmificantly lowered These
logic changes may date the anemia by meny months In some
cases only a pentod of obscrvation or a therapeutic trral with a potent hver
cxeract will settle the problem as to whether the patient has pernicious
anemia or not Another problem 15 encountered m patients who have been
madequnreh treated with combinations of Iner and sron Under thesc con
dwttons 1t may be difficult or imposstble to tell which of the preparitions
wete of value m producing a partial remussion and which f any should
be continued Such therapy 15 frequently sufficient to obscure or cloud the
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Treatment

The d ton of adeq of the maturation
factor 15 the fundamental principle in the treatment of pernicious anemia
Tius materal must be guen in sufficient amounts not only to mamtam the
ery throcy te count and hemoglobin at their normal Jevels but also to mamtam
a normal color index and cell volume for the rest of the patients ife If
normal levels are hept, the symptoms will be adequately controlled Should
symptoms recur under thesc circumstances more intensive therapy 15 indi-
cated The mamtenance requirements of an mdinvadual may vary from tme to
ume Thus frequent clinical and hematologic observations are necessary to
be sure that 2 relapse 1s not insidiously developmng from inadequate treat
ment The active pnneiple of the ver extracr which 1s adminsstered can be
stored 1n the Iner but m spite of this storage a relapse will begin withun two
months after cessation of therapy although six months or more will elapse
1n most cases before sy mptoms reappear A relapse may result in an extension
of irreparable damage to the spinal cord It 15 essential that recurrences be
averted if possible Onertreatment 1s far preferable to inadequate treatment
and the pauent must be firmly impressed with the necessity of continuing
treatment for the rest of hus life

Therapeutic Preparations

Whipple and his collaborators demonstrated that liver was the most effec-
tve food 1 promoung regeneration of hemoglobin in anemuc dogs and
Minot and Murphy showed that a remission was induced by the feeding of
liver to patients with pernicious anemia Sturgis and Isaacs and also Sharp
demonstrated that a sumilar effect was produced by the ad ration of
dried hog s stomach It was later found that the product obtamed by m
cubating a mixture of gastric ussue and lner before drying had a greater
therapeutic effect than that of either ingredient alone Purnification and con-
centration of liver extracts by Cohn and hus assocsates have made avaiable
a maternal which 15 sutable for parenteral admumstration The physician has
at Ius disposal therefore a wide vanety of preparations which contan the
active principle necessary for the growth and maturation of the exythrocytes
These preparations are of value in the treatment of only those cases of anemia
m which there 15 a deficiency of this matenal They are of no value what-
soever in other types of anema

Whole Iner erther cooked or raw 15 effective an the treatment of per
nIcIous anenua as was demonstrated in the onginal work of Minot and
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m the differential diagnosis Those macrocytic anemis which are closely
related to permcions anenma and abo due to a deficiency of the maturatton
factor will be discussed later Chromic aplastic anemta 1s not macrocy tic nor
does 1t present the extreme varations 1n size and shape of the erythrocytes
which are seen 1 permictous anemia The bilirubm content of the blood 15
not elevated spmnal cord lesions do not occur, achlorhy dria 15 not constantly
present, and a more profound reducuon 1 both the leukocy tes and the plate
lets 1s present Fannlial and acquired bemolytt cterus present spherocyto
s1s, a dimiushed but uniform cell drameter and 2 decreased osmotic re
sistance of the erythrocy tes to hy potonic saline solutions Spinal cord lestons
are not present and jaundice, rather than anemm, 15 apt to be the pre
dominating feature In srom deficiency anemmas the color and volume ndices
are low and the erythrocytes appear hy pochromic on the smear There 15
no evidence of spmal cord lesions with this type of anemma The leuhocyte
count 1s not reduced A severe anemia accompantes myxedema and chrome
urenna so that these must be considered but they can be recognized by the
proper laboratory and chemical tests The macrocy tic anemia that accom
panies certain types of Irer disease may resemble permicious snemma but
docs not show the varability 1n the size and shape of the erythrocytes the
atrophtc tongue or spial cord lesions and 15 usually assoctated with other

d of heparic msnfh y Lenk 1n an aleukemc stage may cause
dfficults 1n diagnosts but enlargement of the spleen or Iymph nodes will
usually be present and a few immature Jeuhocytes will be found i the
blood It may be necessary to rely on the results of sternal puncture or 2
biopsy of the sternal marrow to finally establish the diagnosts

Since the patient with pernicious anem requires a specific form of therapy
for the rest of his life, 1t 15 essential that a diag be firmly blished
before treatment s started It s parucularly amportant that the picture not
be confused by the use of muluple therapeutic agents such as liner vita
mins and 1ron before ascertaming which of any of these are needed

Prognosss

The prognosts of properly treated and uncomplicated cases of pernicious
anemsa 15 excellent if therapy 15 continued regularly throughout hife The
specific therapy 1s not a cure but s cffectne m controlling the anemit and
1n arresting or prevenung neurofogic comphications 1When the spnal cord
lestons are already extensie particulasly with loss of sphinceer control the
outlooh 15 less favorable and death may occur from an ascending urinary

tract infection 1n spiee of adequate treatment of the angmu
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der which has the same therapeutic action as hver extract From o to 30 Gm
of this maternal per day s necessary to restore normal blood vatues It has
the same advantages and disady antages as oral I er extract bun 1s not avaslable
for parenteral use at the present ume

Laver stomach concentrates are digestion products prepared from 3 parts
of fiver extract and 1 part of hog's stemach By this process the potency
of the Iner s augmented about tenfold Gram for gram thss 15 the most
potent product availble for oral adnumistration Because of the effectiveness
of smalt amounts of the matenat 1t can be dispensed in capsules The usual
sequirement during 2 relapse 1s about 6 Gm per day

Solution of Lt er Lxtract for Parenterd It jection

The introduction of concentrated and punsfied preparations of Iner evtract
was 1 distinct advance 10 the treatment of pernicious anemm Intramuscular
admmimustration of these preparations has largely replaced the oraf route The
cffects of the treatment become evident more quickly, absorption 1s certain
nausea and somstiag do noc mterfere with ws acnon and the expense of treat
ment 15 less than with orally admunstered exraets

There are many preparations on the marker the strength of which vares
from 1 wnit per 10 c¢ to 15 wmts per 5 cc The physician must be certam
of the strength of the solunon he 1 using as welf as being sure thar a5 2
tested and approved product [he preparations are gnen mtramuscularly
and 1¢ 15 best to mject them deep 1n the gluteal muscles particularly when
the less concentrated preparations requiring a Jarge volume of flud are used
There 15 less pam and distress fallowing the miection of 1 cc of the con
centrated extract

The amount of byer extract required will vary trom patient to panent and
will depend upon the sevenity of the anemma In an uncomplicated case with
an ery t}l(ocy te caunt of about 1 000 000 1 sat\sfactor\ outhne of treatment
is as follows 15 units (1 ce of the concentrated sotution) of liver extract
daily in the muscle for the first ses en davs and then 15 vmits twice 2 weel untl
the blood count has returned to a near normal level The mamtenance dose
must then be determined for each patient A majority of the panents will re
quire 15 unes evers two or three weeks In less severe cases smaller amounts
of the extract will suffice to bring the blood to normat If a less concentrated

preparation 1s used a farger volume of the materal wall be required The
dosage adwised by the manufacturer of the extract and prwnted on the onginal
pachage 15 uvsually satsfactory  The final enterion which determines the
amount of lner extrace required is the conditon of the patient and s re-
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Murphy Subsequent reports have shown that remussions of many years
duration can be mantuned by this means without the use of Iver extracts
Adequate treatment requires the mngestion of from % to % pound of lner
per day So called “Iiver cochtals are prepared by grindmg raw hier
finely passing 1t through a sieve to remose the coarse partcles chilling the
preparation and mrvng 1t wath chilled frut juice of any type Most patients
will tolerate this preparation without complamt for longer pentods of ume
than cooked liser Whole Iiver 1s Jess effective less reliable, and more expen
sive than more concentrated products

Liver extracts vary in form potency and concentrauion All of these prod
ucts formerly carried on their labels a statement of the amount of whole
liver from which a specified amount of the extract was derned Such a basis
for standardization became adequate with greater concentration and re
finement of the extracts as some of the onginal active principle 15 lost 1n this
process The Anti-Anermia Preparattons Advsory Board of the United States
Pharmacopesa defined a  unit” of Itser extract m order to better evaluate
these products The umt 15 designated as that amount of material which
when given daily to a patient with permictous anemma will produce a satis
factory reticulocyte nse and a sausfactory mcrease i the number of red
blood cells and hemoglobm The effectn eness of Iner extract vanes with 1ts
mode of admimistration  the oral route requinng ac least thirty tmes as much
of the active principle as 15 necessary to produce a similar response by paren-
teral admmustration The amount of liver extract constituting a unit 15 dif
ferent for each route of admimstrauion In treating a patient 1t 15 essential
that a product approved by the Council on Pharmacy and Chemustry of the
Amencan Medical Association be used so as to nsure 2 potent preparation

Luer Extract for Oral Adnnmstration

Luver extract may be obtamed m erther powdered or hqud form The
srrcngth 1ares so that t oral unit 1n a dl’) prcp;\mnon ma) be prcscnr m
from 45 to 5 Gm of materl and in the iquid state 1 umt 1s present 10
from 45 to 60 cc of the solution These preparations provide a distinct ad
vantage over whole liver bue cven m these forms e 1» difficule for mam
patients to tahe a sufficient amount of the maternal The taste 15 not pleasant
and may cause nausea or vomiting which prevents adequate absorption ‘The
oral route cannot be depended upon to supply adequate amounts of the actine
pnncnplc sn severe or complicated cases so that preparations for oral ad
ministration are less efficacious than those gnen parenterally

Desiccated and defatted hog stomach (ventriculin} 15 dry granular pow
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extract The reticufocy tes merease in number rapidly to reach a peak on the
seventh to the tenth day, following which they subside to a normat Tevel
The height of the reticulocyte response varies myersely wich the erythro-
cyte count at the onset of therapy so that the greatest response 1s obtaned
wn those having the Jowest ymmnal en throcy te count provided there are no
comphicsting factors A reticulocytosis of from 5o to 70 per cent may be

PERNICIOUS ANEMIA
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Fic 14 The response of the locytes erychrocytes and al to liser extract
1n a pauent with pericious anemia

expected with an erythrocyte count of 1 000000 or less In the accompanying
table the United States Pharmacopern Advisory Commutter suggests the
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sponse to therapy There 15 no danger and no harm 1 overtreatment, 1t 5
our practice ta admuster doses 1n excess of 1 unit per day although the lac
ter should be sufficient to produce a remusston

The mamntenance dose must be determned for each pauent indnidually
and 1o specified amount of any of the preparations can be predicted before
hand as the requirement The presence of an mfection or of advanced arteno
sclerosis will necessitate  larger dose than ss necessary 1 the absence of these
complications Subacute combined sclerosts of the spmal cord 1s also an 1n
dicason for more mtensve treatment Sufficient matcrsal should be guen
to mamtain a chpical and hematologic rermission and to prevent or chech
the development of neural Jestons The treatment must be continued for hife
It 15 madvisable to attempt to give the smallest posstble amount of hver
extract that 15 necessary to heep the red ceil count ar nornnl A hule gen
erostey in this respect will pay dnidends by preventing recurrences

The adviabulity of using a hughly punfied preparation m those patients
with neural nvolsement has been questtoned It is possible that something
of benefit to nerve tissue has been removed in refining the product For this
reason some phy wcians have advised that patients with neural myolvement
recesve 1 Iess concentrated product such as one containg . uns of hner
extract m from 3 to 10 ¢cc of solutron From . to 12 umts of thus preparation
mzy be gnen duly depending vpon the seventy of the apema Ths treat
ment may be augmented by whole Iver crude hner entracts or ventnculn
by mouth or by injections of thiamun chlonde Recent observations covenng
2 pertod of several y ears have faled to show any significant driference m the
effect of crude and hughly purified extracts on the neural lesions It seems
doubtful 1f chere 15 any advantage n using crude extracts i these cases but
reliance should not be placed on oral preparations m patients m whom there
1s extenstie neural i ol ement

Although the smaturation factor s stored m the hiver following 1ts ad
minustration i the form of hiver extract 1t 15 notr pracncal 1 gne eveeed
mgl) large amounts at nfrequent intervals either as a curatve or as a mamte
nance dose

Results of Treatunnt

Subject e smprovement will be nated by the patent soon after treatment
1s begun and before there 15 an appreciable increase m esther the hemoglobm
ot the erythrocyte caunt The first mansestation of smprovement in the
lood 1s an ncrease in the number of reticulocytes This wall be apparenc
withn twenty-four to forty eight hours after the first njecuon of Iner
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doses of the extract After reaching its peak the number of reuculocytes
drops rapidly to the normal level where it remams even though the erythro-
cyte count mcreases rapidly (Fig 1)

During the tume that reticulocy tes are present 1n greatest numbers there
1s no apparent increase n the ery throcy te count, but soon after they retumn
to their normal level the red cell count begins to climb The mse in the cll
count 15 correspondingly more rapid than 1s the increase m hemoglobm so
thac the color index may drop below normal at this tme The eryvthrocyte
count progresses wrregularly with periods of rapid increase followed by pe
riods 1n which 1t remains stationary It requires from eight to fifteen weeks
for the normal level to be reached Subjectise improvement 1s apparent before
there 15 an appreciable increase 1 the red cell count, and the patient feels
surprisingly well by the ume the count has reached 3 500 000

The leukocy te count rises rapidly, and a few 1immature cells of the granu
locy tic sertes may occasionally appear 1n the blood stream An eosmophila
frequently occurs at the onset of a remission but 1s more frequent and more
pronounced with the use of raw Iiver than wath hver extracts

A sharp spike of fever occastonally accompanies the reticulocy te crisis but
quickly subsides to normal The nuld febrle reaction which 15 common dur
ing a relapse disappears after the rettculocy te response has subsided A
shight dependent edema mmay appear dunng therapy or when the patient
first gets out of bed

Less raptd improvement 1s noted i patients with exrensise neural imolve
ment but Strauss has shown thar complete arrest of the neural manufestations
may be expected with adequate therapy If such manifestations have not
appeared they may be entirely prevented The subjecuve manifestation of
numbness and ungling may completely disappear unless there 15 extensite
v olvement of the spinal cord The objective manifestations mn the reflexes

Prate VII
Blood smear from a pauent with permcious anemia stained with
Waghts and cresyl blue showng the mcrease 1n the number of
reticulocy tes which oceurs with adequate therapy Thus sndicates an
increased actnty of the ery throporetic elements of the bone marrow
(Sturyss and Isaacs Pernicious anemna In Downey s Handbook of
Hematology Paul B Hoeber Inc)
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and sensations mmprove more slowly or not ac all It is only by mtensne
and continuous therapy that their progress can be arrested

The urobilinogen content of the feces drops precipitoush mhen treatment
1s begun The jaundice soon disappears All evidence of excessive hemoly sis
of the ery throcy tes subsides Rhoads has suggested that the actne principle
which s contained 1n Iner extract neutralizes some hemoly tic agent which
has been present i the blood

Unpleasant reactions will occur with mjections of Iiver extract 1 a few
cases These may consist of urticara localized redness and swelling at the
site of injection or generalized reactions which may be so severe that 1t 1s
necessary to discontinue parenteral injections A change to a different brand
of liver extract or to a preparation of different concentration will sometumes
prevent these reactions It may be necessary to change to the oral route of
admunsstration of the reactions persist

Achlorhydoa persists m spite of adequate treatment the return of free
fiydrochlonc actd having been noted in onh three cases

Ina few cases the hemoglobin increases satisfactortly to a certam level and
then remains stationary even though the ery throc} te count Continues to rise
This apparenthy results from exhaustion of the available supply of ron The
hemoglobin will eventually resume its upward trend but the admmistration
of a simple 1ron salt at this tume il hasten its regeneration (Fig 15) This
doces not mean that iron should be gren routinely to all patients with per-
mcious anemia It 1s necessary m only a few selected cases

Patients with permicious anemra should be encouraged to be out of bed
to move aboutr and to use their extrermues as much as their condition will
permic Such activary 15 2dvantageous 1n combating the extension or ap
pearance of subacute combined sclerosis

Transfusions are seldom required The response to intramuscular Inver
extract 1s so prompt that other measures are seldom necessary even though
the red cell count 15 extremely low A transfusion should be given mmme-
diately however 1f orthopnea or ar hunger 15 present while the pauent 1s
at rest or 1f stupor or a semicomatose state develops It 15 aduisable to type
and cross match the blood of patents having 2 red cell count below 1 000 000
so that a donor will be available immediately 1f a transfusion becomes neces
sary

The admmistration of hy drochloric acid does not influence regeneration
of blood but 1t may relieve the gastric distress or diarrhea i certain pa
uents It can be adminustered m doses of to8cc of the U S P dilute hy
drochloric acid 1n water with each meal
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“The dict should contain 2 liberal amount of meat, vegetables and fruie
ft 1s advisable te nclude huer m the diet at Ieast once 2 weekh, but this s not
necessary of 1t is distasteful to the panient Regulation of the dset 15 not par-
trcalack, smportant except for mantamng general health since dhe speeific
requirements for hematapanesis are bemg filied by the Iner exeract

Suisble phystcal therapy should be gren to thoss with extensiie neurst
mvolvement This consists of massage and passive motion and of necessary,
the use of specific exercises for retemmng muscles

Fohc dcid, Preroylghuanne Acd

Through a long senes of researches by many groups of mvestigators there
has bieen discoy ered a member of the vitamun B complex which has a pro
faund effect wpon ery throposesis and which may nltimately ead to a better

& g of the pathog of pernicious anema and the relared mac~
rocy tic anermms Its place 1n the trearment of pernicious anemsa 55 not ensrely
clear at the present e but the first wate of enthusiasm for sis vse sn this
disease has subsided

It was shonn in 1g40 that 1 substance obtaned from plaae or ammal tissue
was necessary for the growth of cercam bactesta The tese arganism used was
Lactobacillus caser and the substance necesssry for ity growth was called che
L caser factor kIt was present i certan fractions of Iiver and Jater was ob
famed 1n hughly concentratzed form from spinach, because of this source st
was called folic aed  Lasher worh had shown thay o macrocyue type of
anemia with lewthopema could be produced 1n monheys which were fed 2
deficient diet and that this anemua could be corrected by fecding a yeast ex-
trace {marmue) The substance necessary to zeheve the anema w these am
mals was called viramin A Subsequent im estigstions showed that the anema
and feubopena i these monkeys could also be corrected by the L casna
{actor thereby demenstraung a relationship between folic acid and viramin M

Amother group of i estgations on 2 netntional deficiency 1n chichs which
could be corrected by feeding yease muddlings 2ifalfa ot wheat bran was
reported and 1r was noted that i addition to ather features there was a macro
<y tic hy perchrosmc anemita The substance necessary to carrect these changes
was termed vitamun B and subsequent stadres J rated un mterrelation
stup between vitarmn B and folic aexd A erystalhine compound was solated

from hver whach corrected the deficiency i chicks and was also tughly acene
as a growth factor for L caser In 1945 4 synthetic compound was prepared
which was belteved to be sdentical with the erystaline L cases factor prev
eusly ssolated from hver
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Those mixtures of liver, 1ron, and vitamms which are so prevalent on the
marl et tod2y have no place m the treatment of pernicious or any other
type of anemia Many of these do not contan an adequate amount of luer

PERNICIOUS  ANEMIA

EFFECT OF IRON AND AMMONIUM CITRATES
€ GRAMS DAILY

ANEMIA WHEN HEMOGLOBIN REGENERATION IS
RETARDED IN SPITE OF CONTINUED
UVER THERAPY

2[’ IRON IS OF VALUE 1N A FEW CASES OF PERNIGIOUS

TIRON_AMMONIUM _CITRATES!

5 6 GRAMS DaILY
40 4 4 Lo HEMATOCRT e
0 2
22
I T

° °t 2 4 € 8 0 iz 14 18 8
L HEMOGLOBIN  GRans TIME ~ Weeks

ERYTHROCYTES sitlions
HEMATOCRIT  ptR CENT ar ow

fic 15 Showing the response whech is obtaned with the administration of an iron salt
1n addition to Iiver extract in certain selected cascs of pernicious anemia

extract and the other ingredients are unnecessary m a vast majornty of pa
tients Vitamns and ron can be adminustered separately 1n hknown and ade
ts 1f they are necessary If these shotgun mixtures are adnums-
a dugnoss 1s firmly established they may confuse the clintcal
be accurately outhned

quate amoun

tered before
picture so that the future course of treatment cannot
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prevent the devclopment or progression of the nevrologic sy mproms of the
disease and we have obsenned as has Hemle an almose explosis e progresston
of the subacute combined degeneration of the cord ev cn w hile the panent was
recen g folic acsd 1n w hat1s presumed to be w adequate dosage and m whom
the hematologic features of the diserse were adequately conrrolled

Because of 1ts farlure to control the neurologe features of the disease folic
acid cannot bc recogmled a5 'xdcquntc Il\cl‘ﬂp\ for p(:rmclous anenua and can
not replace I er extract In its present state the use of folic scid 15 dangerous
because the neurologic compheations may develop rapidiy while the patient
1s recaving supposedhy adequate treatment Tris to be hoped that 2 sausfac
tory potent oral preparatton may be found in the cotrse of present imvesuga
nons with these compounds

Viranun By has recenth been ey stalhized from Iner extract and extremeh
nunute amounts have proven to be effectne s treaung permetons anemia
and m controthing the neuralogic features

Macrecymic Aneruss Crosers Aniirs To Pernscious Aneatia

The relationship between the gastrowmtestinal tract and erythropoiests has
been firmly established by the experimentii studies on pernicions anemiz
Iess generally beliesed that the gastrie {mnnsie) factor acts upon certamn
constituents of food (extnmsic facter) to produce an antinemuc or matura
ton facror whach 1s absorbed fron the ! tract stored m the
Iner and released to the bone marrow for unhzation The mernsie factor 15
laching m perrucious anemia and 4s 2 result the antanemic principle 1s not
produced n adequate amounts It 15 obyious that defects or deficiencies may
occur at other stages in the productton of this substance There mav be a de
ficreney of the extnisic factor from an nadequate diet which will Ilewise
interfere with the production of the maturanon factor Absorption of the
matsration factor from the gastromtesunal tract may be madequate or the
storage and distribution of the materal by the Iner may be disturbed m
such a way as w mrerfere with sts vuhzation A macrecy tic anemiz which
simulates pernscions anesma results 1f there 15 2 disturbance at any stage
the production of the maturauon factor

Sprue

Sprue 15 a chrome relapsing disease cha d by glossitrs indug
diarrhea with volurmous frothy stools and an anemn which 15 usually of
a hyperchronue macrocytsc type It 1s common in tropreal countries and




110 Hematology

Various 10+ estigators had shown that when rats were fed a highly punfied
dier to which sucei Isulfathrazole sulfaguanadine, or sulfasuxidine was
added there developed an agranulocy tosis leukopenta, anemua and hypo
cellularity of bone marrow These hematologic changes could be presented
or cured by the use of crystaline L caser factor

In the human 1t had been observed that the macrocy tic anema of preg
nancy as well as tropical macroey tic anerma responded to the adminstration
of 2 yeast extract or a crude Inver extract It had also been shown that per
nictous anemta responded to the ad ration of dely drated brewers yeast
but that there was a difference in the response of pernicrous anemia and the
anema of pregnancy \arious other types of macrocy tic anemia had been
studied and 1t was noted that sev eral of these responded to oral or crude Iner
extract but not to the highly purified form that was effectn ¢ n pernicious
anemia Since folic acid had been found to be effective 1n the nutrittonal mac
rocy tic anema of monkeys 1t was tried 1 certam cases of macrocs tic anemi
m the human A prompt hematologic response was obtamed m nuentonal
macrocy tic anemia Addisontan permcious anemua, and the macrocy tic anenua
of tropical and nontropical sprue It 1s recognized at the present me that
folic acid 1s effectiv e 1n restoring the hematoporetic sy stem to 3 normal func
1on 1 those macrocy tic anemias which are charactenzed by a megaloblastic
bone marrow Microbiologic assay has shown that the blood of man contains
. micrograms of free fohc actd per 100 cubic centimeters The effect of diet
on this free folic acid level has not y et been dentonstrated

Folic acid chemically s pteroy lglutamic acid and 15 closely related to
nuclerc acid and 1s either identical or closely allied to vitamin B and vitamm
M The exact mechamsm of 1ts mode of action 1s stull unhnown but 1t 1s pos
sibly a part of the enzy me system of the body It has been suggested that the
conjugated form of folic acid s 1t 1s found 1n foods 1s not properly absorbed
or unlized by certam mdniduals and 1n sts absence maturation of ery thro
¢y tes does not proceed normally  Folic acid 15 not the active principle of hiver
extract nor 1s 1t the intrinsic or extrnsic factor of Castle

Folic (pteroy Igluamic) acid 1s effective in brnging about normal envth
ropo1esis In pernicious anenta ‘With rts admumistration there 1s a reticulocy €€
response 1dentical to that obtasned with Iner extract the hemoglotin and
ens throcy te levels increase to normal the bone marrow returns to 1ts normal
state the appetite improves and sy mptomatically the patient improves Thrs
hematologic remussion can apparenth be mamntamed indefimeely with folic
sad ma mayority of patents although at the present time it appears thata few
patients relapse 1n spite of this treatment Folic acid does not mmprove nor
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The hematolegic changes m sprue are not constant but 1 most cases, par
tiewlarly 1 adules there 35 3 macrocy tic anemn which 15 indistinguishable
motphologxca]l) from permcious anemia It 15 assoctated with Jeuhopenia and

In some hovever, the anemia 15 mucrocytic and
hy pochromie m ty pe Achlorhy dria which 1s constantly present sn permscious
anemsa 15 found n about 30 per cent of the patents The sternal marrow m
those cases show g a macrocy tie anenna res eals a smegaloblastic arsest ssimilar
to thar encountered m pernicious wnema

Treatnrent

The most effcctine method of therapy 15 fobie (presoy Igtotamic) acd A
dosage of omg per day by mouth is effectn ¢ although it has not been deter-
muned a5 3 et whether or not this 1s the mummum effectiv ¢ dose It has been
showsn thar folic acid 1 this amount produces a prompt regeneration of the
blond and a return of the alumentan, tract to normal function An smproved
senst of well bemng appears within a few days after the onset of treatment
the glossitis 15 relived regencration of the hingual papiliac 15 soon evident
and the ducrhea ceases There 15 2 gam mn weaight an mereased appetice and
an smprovement 1n the glucose tolerance cune A reuiculocyte response
oceurs and there 15 an merese m ol of the formed elements of the blood
The cellular elements of the bone marrow return o their normal distrbution
Fohe acid 1t conjunction with 2 proper diet appears ta bang about a com
plete and lasting resussion 15 sprue and ro control many of the mamfestations
of the sprue like sy ndrome found in certam ty pes of gastromesunal lestons
We hav e abserv ed ane case of g spmc Ihe sy ndrome which followed a short

on the | tract i which the anemua weakness
dnrrher and w eght loss were adequately controlled by this drug

The admuustrauon of Iner or a crude bver extract has heretofore been the
sccepted and effectiee method of treatment of this disease and the response
has heen ssmular ta that described for fohe acid The fver extrace should be
gien sntramuscularly rather than by mouth m oxder to msure absorption m
the presence of diarchea The treatment must be more wmtensne with sprue
than with permcious snerma The highly punified and refined Iner extracts
are of lutle value far better results are obtamed with the less concentrated
forms The therapeutic results are evcellent when treatment s begun early
but m the long standing far advanced cases hitle can be accomplished
Brewers yeast or autoly zed yeast should also be gnen

The diet parnenlarly after the severe gastromtestnal mandestations have
subsided should be low n fats and carbohy drates bur hegh m vitamm and
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has been termed “tropscal” sprue in concradistinctton to nontropical’ sprue
which 15 found 1n more temperate climates The two conditions are probably
1dentical

The exact etiologuc factor of sprue 1s unknow nt although 1t 15 undoubtedly
a nutnitional deficiency and can be reproduced in evperimental ammals by
means of madequate diets There appears to be a deficiency of the extnnsic
factor i the dret of persons with sprue and perhaps an madequate absorption
of the antianemic factor from the sntestinal tract The pathologte changes
encountered m sprue are somewhat vamable but atrophy of the walls of
the gastromntestinal tract 1s common and may lead to dilatatton of the colon
In patrents haung 2 SeVere macrocytic anemia the bone marrow 18 hypcr
plastic and presents a picture similar to that found in permcious anemia
The mechanism whereby folic acid enters mnto the production of this anemia
15 not clear as y et but 1t has been suggested that 1t may be due to improper
absorption or an abnormal metabolism of this vitamin

Climical Picture

The onset of the disease 15 usually mstdrous with a prolonged period of
mdigestion recurring attacks of diarrhea, flatulence faugability, listlessness
and wnitability In a few patients the ouset 1s abrupt The predomunant fea
tures throughout the entire course are referable to the gastromtestnal tract
Glossitis yuth burning and rawness of the buccal mucoss 1s a prominent
symptom Not nfrequently 2 similar sensation wall be noted n the rectum
and vagina This 1s usually mtermizeent and the mflammanion and ulceration
of the mucous membranes may spontancously subside Epigastric distressw ith
attacks of severe abdominal pain 1s of common occurrence Gaseous disten
tion may be particularly troublesome Diarrhea is the most characteristic
feature of the discase but in the carhy stages there may be only 2 sigle
coprous frothy fatty stool each day Thisis usually passed 1 the early morn
g As the discase progresses the stools become more numerous and with
the continued drarrhea the patient Joses weight and becomes extremely emact
ated and cachectic Although paresthesias of the hands and feer are common
only rarely do evidences of degeneration of the spmnal cord appear Pallor
glossitis and emaciation are the principal findings on phy sical examnation
Roentgenologic ¢ of the small res eals a defi v pattern
or ‘moulage sign 1n 1 hugh percentage of the cases The characterstic fea
rures of this are best demonstrated by means of a motor meal A flat oral
glucose tolerance cuni e 15 a charactersstic finding due to smpaired sbsorption
A low bload cholesterol Jevel may be present and in some 2 hy poproteincmia
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or 1t may be by pochroue When the former type 15 present ae 15 probably
the resulr of 3 deficrency of the extinsic factor

Lestons of the shin are amongy the most important of the clieal manifes
tations They consist of 3 svmmetncal dermantis on the exposed surfaces
or on wntated areas of the body  They are fisst erythematous m type but
progress to dirhened roughened areas with vesicles and bullae Repeared
evacerbations Jesd to thick rough pigmenced areas or to atrophy of the
shin Glossitis and stomantis occur eardy m the disease and the tongue be-
comes red swollen and ul § Abd 1 d and d& fort are
common s the later stages diarrhea becomes a partieularly distressing fea
ture Nervous snd parucutardy miental symptoms are 2 pare of the charae
terstic syndrome

Treatment

Nicotme acid 15 spectacular m us effectneness m the rearment of pel
Iagra but should be supplemented by a hugh proten and ngh calone dier
Oral admimstration of ner extract and yeast has been shown to be thera
peuticatly effectsve but parenteral mjections of the less refined fver extracts
are more beneficial than 1s Iner extrace by mouth Folicaod o mg per day,
has also been demonstrated 1o be effecttve tn producing 2 hematelogic remms
sion when a macrocy ne anemia complicates th disease

Tropical Macrocytic Anenua

Tropical macrocytic anemia 15 2 condition occesionally observed m
tropical countries most frequently 1 India Tt may develop a5 2 camphcs
non of other diseases such as malana syphilis tubercoloss and hookworm
mfestation bue tt has also been reported 25 a separate disesse entity undasso
ciared wath mfecuons or mfestavions It occurs wn echer sex bur Wlls has
found 1t more frequently n women parnculary as 2 compheaton of preg
nancy

It seems doubtful sf this condion exists as 2 separate disease entiry Ma
faria nuznmonal deficiencies smestinal parasites and unhy grenic Ining con
ditions are prevalent i the regtons from which the discase has been reported
and stas difficult ro exclude these a5 eologic factors They undoubtedly are
the cause of the anema m most 1f ot all of the payents

The anenua 15 macrocytic and hy perchromic m type The hematologic
preture 15 denticaf to that found i perntcious anemia there bemng a reduc
tion of the platelers and levkocy tes as well as of the erythrocyces The symp
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protemn content The diet with the additional yeast may be sufficient to
control the symptoms so that Iiver exeract or folic acsd may be discontinued
after a remussion 15 brought about 1n some cases however the Iner extract
or folic acid must be contmued indefintely A ngh caleium inwake 15 adwns
able m chronic cases and 1f the serum calcium 1s low 15 cc of 2 § per cent
solution of calcium chlonde may be given intravenously Calcum lactate or
gluconate may be given by mouth in doses of 1 Gm three times daily

Neontropical Sprue

Nontropical sprue, idiopathic steatorrhea, and celiac disease are terms
which have been applied 1n temperate climates to a condition resembling
tropical sprue The present consensus 15 that these conditions are dentical
to the troprcal form and that all of them are mamifestations of the same dis
ease The differences in the chinical manifestations of tropeal and noneropical
sprue are prumartly mn intensity In the temperate climate where the disease
15 less prevalent the cases are apt to go unrecognized and untreated As 2
result, the mamfestations become more severe with irreversible changes
occurring 1n the gastromntestinal trace Metabolic disturbances are likely to
be promunent 1n the advanced stages of the disease so that a Jowered serum
calcium accompanied by tetany 15 common The serum protems ar¢ fre
quently decreased to such a degree that edema develops The hematelogic
features are the same as 1 tropical sprue and erther a hy perchromic or 2
hy pochromic anemia may be encountered

The treatment 1s the same 1 nontropical as m tropical sprue bue since
the cases of nontropical sprue are frequently unrecognized unul thev
have reached a far advanced stage the results of therapy are less sausfac
tory

Macrocytic Anemua of Pellagra

Pellagra 15 a nutniional deficiency which occurs as a result of an nade
quate diet or beciuse of nadequate absorpuion of food from the gastro
intestnal tract Tt 1s characterized by festons of the skin afimentary trace and
nervous svstem Nicotinic acid has been found to be a specific remeds for
mamy of the symptoms of pellagra but there 15 also a deficiency of other
fractions of the vitamun B complex The diserse s nota result of a deficiency
of mcotnic acid alone

Anema 1s not an outstinding feature of pellagra When 1c1s present it my

be exther a macrocs tic hy perchromic ty pe which resembles permicious anemia
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hydria or hy pochlorhs dria was found 1n ¢ Pernicious anemia of pregnancy
has been rare n our expenience only 4 such cases being encountered among
11 370 adnusstons to the obstetrical service Achlorhydria has been present
i all the cases we have observed but there has been none with lesions in
the spimal cord

Treatment

The treatment 1s the same as for Addisonan permcious anemia Folie actd
has been shown to be effective 1n doses of o mg per day Lier extract 15
Iikewse effectin e but a more 1ntensiv e course of Iiver extrace 15 advisable and
1t should be continued throughout the pregnancy  In some of the patients the
administration of an iron salt seems helpful There 15 no tendency for these
patients to have a relapse after delnery although recurrences may develop
with sul preg If the | lobin and ery throcy tes have been
brought to theu’ normal fevel there 1s no necessity of contnung treatment
after delivers If the patients become pregrint again it 15 advisable to give
Inver extract prophylacticalhy duning the period of gestation Fifteen units
(1 cc of the concentrated extrict) intramuscularly every two weeks should
suffice for prophylaxis The dose should be mcreased 1f macrocy tosis or
anemaa appears

The cause of pernicious anemia of pregnancy has been vanously ascnbed
to a dietary deficiency in which there 15 a lack of the extrimsic factor to a
temporary inhibition or absence of the mtnnsic factor m the gastric con
tents or to a depletion of the maternal supply of the maturanon or ant-
anemic factor ow ing to the fetal requirements A combination of these causes
may be present It 1s of mterest to note that these patients develop a macro
cytic anema only durng pregnancy and not with other metabolic dis
rurbances or illnesses

Anemua of Liver Disease

A MAcrocy tic anemia 15 frequently encountered in patients with severe
and long standing liver damage Swce the liver ss the principal depot for
storage and release of the antianermic fictor it 15 reasonable to assume that
disease of the liver might nterfere with these functions and so produce
an anerma The anemma 1s normocy tC O mMacrocytic 1 type when 1t 15 not
complicated by hemorrhage Wintrobe found that 2 macrocy tic anemm did
pot occur with munor lesions or with acute necrosis of the Inver but was most
frequently encountered with diffuse mvolvement such as portal cirrhosis
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toms conust of soreness of the mouth and tongue durrhes edema wesk
ness, and fever 1 additron to the symptoms referable to the anemma Degen
erative changes i the spmal cord are not presenc and achlorhydrn ss rare
Jaundice 15 seldom encountered The bone marrow presents a megaloblastic
hy percellulanty mmlar to that of pernicious anemia

The disease 1s fundamentally a dietary deficsency 1 which protems fats
and vitanuns are low Although 1t 15 frequentls encountered dutng preg
nancy this 1s merely an exetting or contributing factor This anemua can be
cured by the use of folic acid 1n 2 dose of 20 mg per dav 1 conunceion with
an adequare diet It also responds to the administration of a crude s er extract
Autolyzed yeast 15 also an effectnve therapeutic agent The diet should be
tugh m proteins facs and viamuns The resulrs obtamed with crude lner
extract m this ty pe of anemma and the absence of a response to the concen
trated forms demonstrate that the crude extracts contan some hematopotetic
factor not present an those which are more lighly refined

Perncious Anemua of Pregnancy

Hemarologic studies on women durmg pregnancy show a steady decline
m the hemoglobin concentration and ery throcy te level as pregnancy pro
gresses When these findings are correlated with the changes in blood y olume
they ndicate not 2 true anemsa bur merely a physiologtc anemia resulting
from hydremuz The blood returns promptly to sts normal level following
partunition In addition to this physiologie change there are many women
with vasious types of anemia who become pregnane In such patients the
pregnancy 1s comncrdental and 1s not the cause of the anemm: Anv type of
anemsa becomes worse durmng pregnancy

A true anemuz develops during pregnancy in many women In tis group
of patents the pregnancy 1s the exciung factor and at least indirectly the
cavse of the anemsa An anemuz of the hypochronue, yron deficiency ¢y pé
1s the most common and will be discussed later An addional group of
pattents develops a macrocy uc hy perchromuc ty pe of anenus which has beer
termed ‘pernicious anemu2 of pregnancy  Strauss reported 10 such cases
swhich the hematologic picture was identical to that of pesnictous anemua
there bemng a positive color mdex macrocytoss and a reduction in the
number of leukocytes and platelets The clmcal mamfestations are more
severe than with a hypochromic type of anemu and gastuic distress dar
thea, and soreness of the tongue are pl Combined de
generatton of the cord was present in only 1 of Strauss s patients but achlor
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Gasuzomntestnal lesions

Stictures Namber of Cases
Small Intestine:
Tubercalous 1
Montubercuious 6
ot spectfied 8
Toral 25

Large Intestine
Tuberealous
Nentubercutous
Carcmoma
Postoperatice

Not speaified
Toral

o

Anastomoses
i

o
Gasteojejunocolic ﬁxz;h 4
astrocolic fistula :
Torat 18
Divernculons '
Foraw 5
These patients may present not only the hematologic pierure of per-
metous anemua but many of the other chimeal fearures as well Glossis
tererus paresthesuas and occasionally evidences of orgamic mvohement of
the spinal cord have been observed The macrocyuc anemis is apparently
due to nadequate absorption of the antianesue or maturauon factor from
the antesnes The bone marrow presents a picture sumilar to that of per-
AICIous anerma
Treatnent The primary feature m the treatment of such cases 15 to re-
heve che obstruction and to get rid of the areas of stass The admimistration
of folic acid ar 2 potent lner extract leads to improvement of the snemu
This 15 of value 1n the preoperatn e treatment 1n some €ases and  controthng
the anermia of those pattents m whom short circwiung operations have been
done

Anenua of Both phalus Latus I (Fish Tapeworm)
An mfestauon with the fish tapeworm will occasionally cause a macro
cyue anerma which 15 mdistngusshable from p anemta m so far

as the hematologic and chnical features are concemned The merdence of
this ry pe of anems 15 not hugh even among those hnown to be hatbonng
the parasite Infestanon with the fish rapeworm 15 common 11 Japan and
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The admunistration of Iiver extract 15 effective i controlling this anems 1n
some patients whereas others fail to respond It 1s advisable to gne Iner
extract an adequate therapeutic trial i such pattents, bur there 1s no vatue
1n 1ts continued use 1f the anemia 1s not defimitely 1mproved Foltc acid should
also be tried 1n such cases although defimte proof of 1ts effectis eness has not
been demonstrated as yet

Macrocytic Anermia with Lesions of the Gastromtestunal Tract
Gastric Lessons

Pernicious anema or an anemia with identcal hematologic charactensues
has breen observed with a wide varety of lesions of the gastromtestmal tract
Such an anenua is not mfrequently encountered i parsents vwho have had 2
total or parual gastrectomy although 1t does not develop m all patents who
have had this type of operative procedure nor does it always occur m ex
perimental antmals after removal of the stomach If the gastric secreton or
the mucosa of the stomach were the only source of the mtrmsc factor one
rught expect a macroey tic anemia to occur manably after total gastrectomy
The fact that this does not happen lends support to the contention that this
factor 1s also formed m the duodenum or elsewhere mn the mtestinal tract

We have obsersed one patient in whom a hy pochromic microcy i anemia
\as present prior to 3 partal gastrectomy and who presented three years
later, a typrcal hematologic prcture of pernicious anerma with charactenstc
macrocy tic and hy perchromic erythrocy tes leukopensa thrombopenta, and
mald jaund I of which pletely subsided with the ad raton of
Liver extract Hematologie changes of thus ty pe occur not only after gastric
resection but occasionally with pyloric stenoss, gastri. poly ps carcioma
of the stomach and other lestons which mnterfere with the formation of the
wennsic factor Liver exerace or folic acid s of value 1 combating the mac
rocy tic anemta produced mn this manner

Intestinal Lestons

A macrocytic anemia may accompany a wide vanety of ntestnal Jestons
It 15 apt to occur with those conditons which produce parual obstruction
and stasis with fistulas or followng anastomouc surgrcal procedures m
which there 1s stasis 1n the loop of the intestmal tract Such an anema occa
sionally oceurs m assoctation with regional deitss probably as a result of the
stasis Barker and Hummel present the accompanying table to show the
vanous lesions which are knowa to have produced this ty pe of anemi2
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Gastrointestinal lesions

Strictutes Number of Cases
Small Intestine
Tuberculous "
Nontuberculous 6
Not spectfied 8
Total 25
Large Intestine
‘Tuberculous T
Nontuberculous
Carcinoma '
Postoperative 1
Not specified
Total

Anastomoses
Ent or 1 3
Gastrojejunocolic fistula 4
Gastrocolic fistula
Total 18
Divernculosis '
ToraL 3

These panents may present not only the hematologic picture of per
niclons anemia but many of the other clinical features as well. Glossius
icterus paresthesias and occasionally evidences of orgamc mnvolvement of
the spinal cord have been observed The macrocytic anema 15 apparently
due to nadequate absorption of the antianerme or maturation factor from
the intestines The bone marrow presents a picture simlar to that of per
nicious anemia

Treatment The primary feature 1n the treatment of such cases 15 to re
lieve the obstruction and to get r1d of the areas of stasis The admunstration
of folic acid or a potent liver extract leads to improvement of the anemia
This 15 of value in the preoperative treatment 1n some cases and i controlling

the anemsa of those patients i whom short-cireurting operations have been
done

Anerua of Bothriocephalus Latus Infestation (Fish Tapeworm)

An mnfestation with the fish tapew orm will occasionally cavse 2 macro
cyuc anema which 15 mdisungwshible from pernicious anemua n so far
as the hematologic and clinical features are concerned The incidence of
this type of anemua 1s not high even among those known to be hatbormg
the parasite Infestation with the fish tapeworm 1s common i Japan and
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the region about the Baluc Sea 1ts meidence appears to be mereasing in the
Uruted Stares i the region about the Great Lakes

Stomarrtis glossms and paresthesias are frequcnt 1 this type of anemi,
and orgamic neural mvoliement occasionally occurs so that the clmucal
preture of permicious anemua s closely simulated

The reason for the development of 2 macrocy tic anemta 1s not clear al
though 1r may be because of 1improper absorption of the antianemtc factor
The possibility of destruction or mhibion of the gastric mtrinsic factor
by the parasite or 1ts toxins has been suggested

The anenua improves after the worm has been expelled but the admimis
tration of I er extract will improve or cure the anctmia esen though the worm
has not been espelled It has 1lso been shown that folic 1cid 15 effective m
thus ty pe of ancmia

Achresuc Anemma

A few cases of hy perchromic macroey ne anemra have been observed m
which there 15 2 hematolagic and chnseal picture stmular to permicious anemia
except that the gastric secretion 1s normal The bone marrow in such cases
has shown a megaloblastic I perplasia No lesions have been demonstrated
i the gastromntestmal tract and extracts prepared from the Iner of patents
dying with this ty pe of anemm have produced 2 hematopoieric response 1n
pntlcnts with permcmus anemia

It has been suggested that the anemia in these patents 1s due to a failure
of the bone marrow to unilize the antianemc factor but this explanation has
been questioned The response obtaned with the admumstration of hver
extract 1s poor or entirely absent
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Chaprer 1X

IRON DEFICIENCY ANEMIAS

A MICROCYTIC HYPOCHRONIC TYPE OF ANEMIA DEVELOPS WHEN AN ADEQUATE
amount of wron s not available for hemoglobin formation The cause for
this deficiency 1n available 1ron varies from one case to another and although
there are obvious gaps i our knowledge of iwron absorption storage and
utilization certain facts have been established which explain the pathogene
sis of these anemas Tron s hnown to be present 1n most 1f not all of the
cells of the body The total amount of 1ron 1n a normal adult 1s approimately
45 to 5 Gm This 1s present 1n three forms The sron m the blood hemo
globin consutates the largest portion but the amount vames with the age
size sex and blood hemoglobin level of the mndnidual It 1s about 5 or
3 Gm m the normal adult The second form 1s the 1ron reserve found mn
the reticulo endothelal tissues Ths 1s available for hemoglobi formatton
but 1ts amount cannot be estimated with any degree of accuracy and un
doubtedly varies widely from one mndrvidual to another It 1s stored m the
Iver spleen bone marrow and elsew here 1n the reticulo endothelial tissues
and has been estimated to amount to about 1§ Gm A third form of iron
accurs 1 the nucler and cy toplasm of all cells This won is not avatlable for
hemoglobmn formation

Most of the sron 1s absorbed 10 the upper portion of the small intesune
and 1s excreted almost entirely m the lower bowel The complete prerure
of 1ron metabolism 15 obscured by the fact that there 15 no available method
of separating that part of the wron which has passed through the gastre
tntestinal tract unabsorbed and unchanged from that which has been ab
sorbed utilized and excreted mto the bowel The unnary excretion of iron
1S quite constant 1n eich individual but the amount eliminated by this route
s not sufficient to play 2 part m the development of an iron deficiency

The acadity of the gastric juice plays an important role 1n the absorption
of ron from the gastromeesunal tract Achlorhy dria appes to be an 1m
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portant factac ta producing an ron deficteney Lypersmental work bas shown
that achlorhy drss defimtely nterferes wath the absorpuon of dictary 1ron
and the frequencs wuh which 1t s assocted wih Iy pochrone anenua
has been repearedly emphasiaed s clmical reporss

Opuuons differ a¢ to the amount of won which 1s required cach day by a
normaf mdwiduad the estmates manging front 5 to 35 {or more} mg The
asaifable evidence suggests that the dietary ston mtake in the adult should
be m the neighbothood of 1 to 5§ mg per day to msure absorprion of an
adequate amaunr ot alt of the wwon present m varions foodstus s avail
able for absorption and unhzation The wron requirements of children xary
with thete age In wfancy the amount needed euch day ss about 1 mg per
hogram of body waight This requirement declines with advancing years
so that by the age of 4 or 5y ears 1t has decreased 1o o 5 or 06 mg per halo
gram of body weight Tt 15 difficulr to meet the need 1n an mfant by dretary
means evcepe with the use of cereals forufied with won The average diet
of older children contains an adequate amount

Twa af the most common factors which incresse the iron requirement
of 3n individual are (1) the won lost 1 the form of hemoglobn by hemor
thage aad (z) the amount needed 1 the formation of new won contaimng
ussues When blood s Jost from the body abvioushy iron 15 necessany for
the regencration of hemoglobin to replace 3t 1f the hemorehage occurs
repeatedly over a long pened of time there may not be sufficient 1ron ab
sorbed from the food to replace what 15 being used 1 the formation of new
hemoglotun In this was the avmlable reserve supphy of 1ron becomes de
pleted The loss of blood during menstouation cannoe be enurely distegarded
m tfus connecton, for althonzgh the aversge {oss sbout so cc of blood or
o mg of won per period <an be readlly replaced this does not hold wue
m cases of mtnorrhagn

The 1ron necesary for the growth and developrment of tron commmng
ussues and cells 1n the body 15 an impertant aspect of won metabolism Tr s
important durng pregnancy smee the fetus st the ume of birth conrams ;m
the netghtbiorhaod of 350 to 400 mg of won alt of which must be ohitamed
from the mother Supplying this amount of won constitutes a severe drain on
the maternal reseryves partcalarh, w hen there are other complicanng factors
An excessive denand for tront 55 alse present during infaney and childhood
when the rate of growth s rapid A deficsencsy may des elop at this time of
the fetal reserve supph was madequate at the nme of furth or of thus supply
s o repleqished by an wdequate dietars inezhe The need for Jarge amounts
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of 1ron continues during childhood and seems to be parcularly great at
the ume of adolescence and puberty when 1t has been estumated, the need
ss nearly as great as during a pregnancy

Since the 1ron defictency may be brought about mn a number of ways 1t
15 obvious that 2 wide vanety of condittons may cause a hy pochromic anema
of this type It mav be caused by gastromtestmal disorders such as achlorhy
dra or a persistent diarrhea which interfere with absorption of 1ron, by
madequate diets, by chromic Joss of blood, by the excessive demand for iron
during the pertod of Iife when growth is rapid, or by the fetal demands for
tron durmng pregnancy As these factors may act alone or m vanous com
bmations the appearance of an anermia of this type may require extensne
study to determine the true cause

Broop Picture v Iron DEFICIENGY ANEMIAS

All cases of 1ron deficiency anem present a sumilar hematologic picture
The following description 1s applicable to all the clinical types The anemiz
1s characterized by a reduction 1 the blood hemoglobin level which 1s pro
portonately greater than the reduction in the number of erythrocy tes A low
color index results, frequently as low as 0§ but seldom below this This
indicates that each red cell contains less than the normal amount of hemo
globin The mean corpuscular hemoglobin concentration 1s found to be below
normal The hematocrit reading 1s low, and this reduction m the volume
of the packed erythroeytes 15 also proportionately greater than the reduc-
ton 1 the number of erythrocytes A low volume index results and the
mean corpuscular volume 15 found to be decreased—an indication that the
average size of the erythrocytes 1s less than normal

These features classify the anemia as hypochromic and microcytic 1n type
They are emphasized by evarmnation of the smear (Fig 16) on which the
erythrocytes are found to be pale and hy pochromic There are many nng
pessary, or ghost cells 1n which the small amount of hemoglobin present 1
the cell 15 concentrated at the periphery leaving an extremely large central
pale area (Fig 17) The cells are smaller than normal and few macrocytes
are found although there are some variations in the size and shape of the
erythrocytes A Price Jones curve (Fig 18) demonstrates this microcytosis
Polychromasia 15 not commonly encountered and normoblasts are rare,
usually appearing only as a response to a recent profuse hemorrhage The
retculocy tes are not greatly nereased m number Aside from the alterations
1n the red cells and hemoglobin there 15 little of sigmificance to be found on
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Fi6 16 Photomicrograph of erythrocytes On the lefe ace normal cells On the rghe are
pale hypachromuc e<ll from 2 case of wwon deficency anemu

F16 57 Bas-celief photomicrographs of erythracytes On the fefs are normal cells On
the zight are cells from 2 case of won defimency anemia
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evammation of the blood smear The total leukocy te count 1s normal and
there 1s 2 normal distusbution of the cells on differential count A moderate
leul openia with a relative Iy mphocy tosis has been found 1n a few mstances
The platelets are unaltered excepr when the picture 1s complicated by 2
recent hemorrhage This may lead to an increase i the numbers of both
platelets and leukocy tes There 1s no significant alteration 1 the fragilicy of
the ery throcy tes and no jaundice or elevauon of the serum bilirubm

The bone marrow 1n 1ron defictency anemia shows a hy perplasta m which
the normoblasts are increased yn number and predominate 1n the smear The

PRICE-JONES CURVE
IRON DEFIGIENGY ANEMIA
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Fic 18 Fhe curve shows that a majonity of the cells i tron deficiency anemus have 2
diameter which 1s less than the normal the peak of the curve falling at 6 5 microns

PlClUl’e 1s 1n Shﬂrp contrast to the marrow 1n pernicious anemia n which
megaloblasts predorminate The findings are those of 1ctiv ¢ ery throposesis and
mutotic figures are common As the blood returns to normal under proper
therap) the marrow likewise becomes normal

Cumnicar Types of Iron Drrrciency ANFAIAS

Hypochromic Anemia 1n Infants

The hypochromic anemia of infancy and childhood 1s not present at barth
nor does 1t appear immediately thercafter It 15 prone to develop during the
frequently making its appearance soon after the fourth

hen the child s growth ss rapid and the demand for 1ron
count of 2

first year of Ife,

month at a tme W
15 pqmcularl) great The blood hemoglobm and ery throcyte
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normal anfant are fugh ar birth but they declme rapidhy The downward
trend continues to the poine at which an anerma develops when there s a
deficiency of 1on Thus 15 apt to become parucularhy severe i mfams whe
are small at the time of birth and whose growth 1s unuswally rapid Tt s also
prone to devclop in premature mfants 1 whom there was not sufficent wume
for the sron stores to become adequately filled by the ume of barth o xs
morc frequent 1 the case of twins and muluple pregnancies to whom the
smaternal orgamusm has been unable to supphy an adequare ron resene The
blood hemaglobin 15 charscrenstically normal during the early months of
hife i those ifants born to 4 mother who has an wron deficiency type of
anemia but the probabilities of an anemia doy cloping dunng the first year
are far greater than m mfants whese mother does not have such an snem
Anenma may also deselop if the reserve supph of 1ron ss not adequateh

replenished by dietary means Inadequate replenshment s most frequently
encountered m mfants recening cow s nulh rather then breast milk The
sron contene of the former 15 much Jower and sron rerention from arvficial
feedings 15 far Jower than from breast muth  An madequate sron intake also
results from withholding supplemental feedings for too long 2 ume so that
the nfant 55 bang mamruned on 2 oulk diet at 2 e when other foods
such as vegetables eggs and cereals should be gnen In other snstances the
won intahe 15 too low because the supplemental feedings are not of the
nght type

The anenua mn these mfants 5 the resulr of snadequate sron stores an
madequate sren mtake or a combination of these dunng a ume when there
18 2n evcesstve demand for sron because of rapid growth Parsons has gren
the following causes for the des elopment of an wron deficiency w children
t+ Deficsent antenatsd storage

a Iron deficiencs m the mother

b Deficient transference of wan 1o the feras

¢ Premarunty of fewos and sufficient storage

@ Twns won stores obsaimable from the mother bewg msufficient for both children
3 Deficient postnacal supply

2 losufficient supply of won m the breast mith pessbly from iron defickney
mother s diet
b Aruficial feeding with cow s ok which gnes an won retenuon only one ffth
thar of breast feedng
© Prolonganon of mik freding beyond the nosmal lactation persod
3 Deficiency of both antenatal storage and postnarat supply

The chmcal piceure w these children 1s not parercularly staking except
for a vamable degree of pallar and hstlessness They may appear welt
aourshed well developed and otherwise healthy There 15 no scterus The
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spleen 1s often palpable but there 1s no Iy mphadenopathy The children are
somewhat more susceptible to mfections than are those with a normal blood
hemoglobmn

Nutnitional Iron Deficiency Anemia in Adults

A severe grade of hypochromic anema 15 seldom encountered 1n an adult
as 2 result of a low iron intake alone Mild grades of anemia on this basis are
not mfrequent A sigmificant degree of anemia 15 not uncommon when 2
low 1ron ntake 15 combined with other factors which mterfere with ab-
sorption or utthzation of the ron The usual diet of the average adult con
tams from 10 to z0 mg of wron per day Even though all of this 15 not ab
sorbed, 1t 1s sufficient for ordinary metabolic needs The actual requirement
for 1ron 15 considerably below the usual daily mtahe so that even with a
restricted diet an actual deficiency develops very slowly and anemn seldom
progresses to a severe stage The foods which contribute most of the wron
to the diet are red meats and Iver, green vegetables carrots, egg yolk and
certam fruits such as apricots peaches dates, figs, rasins and prunes
Smaller 2mounts of 1ron are found 1n many other fruits berrnes, and vege
tables

Although the diet of a normal adult 15 seldom restricted to the pomt of
producing a severe anema a mild degree of anenua from this cause 1s not
mfrequently encountcred This 15 parucularly frequent m young women
usually appearmng at an age when dietary fads and disltkes are parucularly
common and when the demand for 1ron 15 sull high because of growth and
development plus the added demand to compensate for that lost with the
menstrual periods Blood hemaglobin levels of from ¢ to 11 Gm per 100 c¢
of blood are common 1n females of ths age group When such a mild anemia
1s present, the mamfestations are not strihing Loss of pep fatigability and
weakness are the usual complamnts We have found muld grades of anemia
many persons who have had no specific complamts although after thewr blood
hemoglobn has been brought to a normal level by means of 1ron therapy
they fecl much better than they did prevtously Their weakness and fanigabal
ity were so muld and had come on so gradually that the patents had not
rccogmzed their presence

The anemua may become severe when a low iron intake 15 associated wath
some factor that nterferes wath wron absorption This may oceur with an
achlorhy drta which decreases the absorption of 1ron or when large amounts
of alkalme powders are gnen m the treatment of pepuc ulcer A per-
sistent diarrhea as with amebic and bacillary dysentery or chromc ulcera
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e cols may also lessen the absorption of sron Other gastromtestinal
lesrons which fead to poor absorption may act s a similar manner and may
lead 1o a sesere Sy pochromic anemia

Chloross

Chiorosis or green sichness’ 1s a form of hy pochromic anemua which
oceurs m adolescent girls, usually betw een the ages of 54 and 20 The rerm
chlorosis as well as the popular name  green sichness  was apphed to the
disease because of an apparent greemsh tint to the shin beneath the eyes and
the chun Some observers who were accustomed to seeing meny pauents
with chlorosis have east dowbt on the actual presence of a greensh dis
coloration

Many authors have alluded to chlorosts under one name or another since
1t was first described by johannes Lange m 1520 Durmng the succeedmg
three centuries st was apparently a presalent and consprcuous disease so
conspicuons m face that 1 nas portrayed on canvas by magy famons artists
of the seventeenth century  Since the end of the nineteenth centuey 1ts 1m0
audence has rapdly decreased unut 2t the present tme 1t 15 exeremely rare
m 1ts classical form Many cases of anerms which are now recognized as
being due to nephnts tuberculoss chronic hemorrhage or derany de
fictencies were undoubtedly called chioross m the pase but this greater
accuracy m diagnosis does not seem to entuely explam the dechine m n
eidence It 1s posstble that smprased dietary habrs and better Jving con
ditions sy be parnally responsible for s disapp

The eause of chioross has never been sdequately determined It seems
probable thar a low 1ron mtabe plus an evcessne demand for swon durmg
adolescence and the onset of menses were the enolagic factors Many gurls
with ould grades of hypochromuc anemur are encountered today m the
chlorotic age group although few of the classical sy mptoms are present and
the anemmua 1s uswally not severe Hematologice studies on girks enteng nurses
traming at the Unnersity Hospuals have shown a muld anemua 1o be presa
lent Tt 15 much more frequent 1 females than among males of the same age
group These data show that though chlorosis i nts classical form has hargely
dmypcated a sumlar but nuld grade of anemia sn females of this age group
15 still a common finding

The symproms of chlorosis are those of any anemu weakness Joss of pep
fatigabikity and shight palp These are present 1n vary ing degrees de

pending vpon the seventy of the snemiz The paflor s alse vamsble A
clear pearly white pallor will be noted 1 3 blond pauent There will be a
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sellowssh tnt to the shin of a brunette because the normal shin pigment
shows niore prommently The yellowsh tae 1s not apparent mn the scleras
Dyspepsia and perverted appentes hve been deseribed as frequent symp
toms of chlorests and menstrual arregularittes are common Lvammaton re
veals hieele aside from the pallor There s no icterus the serum bilirubin 15
not elesated there 1s no Iy mphadenopathsy , and the spleen 1s seldom enlarged
Achlorhy dria 1s rare m this disease gastric hy peracidity bewg a more com
mon finding

The blood picture 15 that of 3 hy pochromic anemsa An indication of the
prevalence of this disease 1 the past 15 shown by the use of the term
chlorotic type of anenna to describe what 1s now called 2 by pochromic
anema

Anemia of Chromec Hemorrhage

The hy pochronue anema caused by chronte bload loss 15 the most com
mon form of rron defictency anemma It may be encountered at any age and
from a wide vanety of lestons but 15 particulasly frequenc with bleeding
hemorrhotds a slowly bleedmg peptic ulcer and menorrhaga Hemorrhage
1s an ymportant factor in the production of the anema associated with car
cimonia of the stomach and colon, ulcesame colitis hoohworm mfestauon
and 2 great many other diseases

The hemoglobin which 15 lost with a single hemorrhage, even thongh 1t 15
large can be replaced with ease by drawing on the reserve stores of won
w the bods  When thus demand for won 15 repeated at frequent incervals
over a long period of ume the available 1ron becomes exhausted, and the
bods stores cannot be replemshed as rapidly as they are beng used The
resultant sron defictency leads to a slower formauon of hemoglobin and
the ¢y preal hy pochromic micrecytie ¢y pe of anemia results Since there 35
no interference with the production of erythrocy tes themselves but rather
with the production of hemoglobin each cell contans less than its norma}
complement of hemoglobm The indrxdual cells are consequently small and
pale
Chrome hemorrhage 15 a factor m the production of a large percentage
of the severe forms of iron deficiency anemi Rhoads has stated that 3
microcy tie anemia 15 seldom encountered m the absence of hemorrhage
For this £eason 1t 15 necessan to msttrute a punstahng search for evidence
of blood loss whenever a hy pochromic microcyic anemia 1 encountered

Carcinona of the ascending portion of the colon 1 prone to cause a severe
I pochromuc anemia because of the constant bur unrecogmzed loss of blood
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m thus location the growth may cause few bowel symptoms This condition
must alway s be conssdered in the diagnosss of an otherwise unexplaned hy po-
chrome anenua s an older patsent The anerua 1s commonty the presenung
symptom of the lesron

Hypochtome Ancnua of Pregnancy

A moderate seduction 1 the amount of hemoglobin per umt volume of
blood oceurs as 2 normal phenomenon m pregnancy This 15 the result of
hvdremua an sncrease sn the toral plasma volume Hemoglobin values as
low s 10 or 1t Gm per 100 cc of blood with a corresponding reduction
1 the number of ery throcy tes may occur as 3 result of hy dremua and need
not be considered as pathologic after the fourth or fifth month of pregnancy
Rcadmgs below 10 Gm of hemoglobin are probably never physielogic
When such 2 low reading s assocrated with a low mean corpuscular hemo
glabin congent or a low color mdex, st 15 mdicatne of an 1ron deficiency
anemn Thus ty pe of anema of pregnancy s more frequent than the macro
cyuc and by perchromic form Strauss and Castle studied 38 consecutnve
patients having an anemi of pregnminey and found 30 of them o be of the
by pochromue type In the Untersity, Hospuals there were 4 cases of hy per-
chromic anemm as compared to 406 ¢ases of the hy pachromic type i 11 370
consecun e prcgnant women

Several factors may contrbute to hypochronuc anemn of pregnancy
There 15 an excessine demand for iron by the fetus since alt the won for
blood hemoglotun the tissues and the reserve supply must be obtamned from
the mother This excessnve demand depletes the maternal stores just as would
a corresponding loss of won by hemorrhage and the dietary intake of sron
during the fast trimester of pregnancy s ordmardy mnsufficient te meet the
demand Since relatnely few pregnant women develop this ¢ pe of anem
1t 35 abvious that other factars must contnibute A deet which i deficient
ron has been tahen by many of these pauents exther because they are finan
cally unable ro purchase the necessary foods or becanse a perverted or
peevliar appette has prevented thew use Persistent nausez and ommung
seniously interfere with the absorpuion of won from the gastromntesunal tract
m other patents An achlorhy dris or hypochlorhy dria is an almost constant
feature 1 the hypochromuc anemia of pregnancy and as has been shown
this interferes with the absorpuon of distary won A low gastae acidity 15
therefore one of the most 1myp logic factors Repeated and frequent
preg: P larly when pl d by low sron absorption, are apt
to lead to espeenlty severe grades of anemua
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The climical features are those of any anemiz Weahness lassicude and
fangability are the predormmating symproms m a majonty of the cases
Palpitation and shortness of breath on exertion are likely to appear i the
more severe forms In many nstances the symptoms are enturely mashed by
those of the pregnancy so that the anemna 1s detected only by the rontmne
blood examunation

Varymg degrees of pallor may be noted, but there 1s no jaundice Although
atrophy of the tongue 15 occasionally encountered glosstts with pain and
burmng 1s infrequent The finger nails may be thin and britle but spoon
shaped natls such as are found wdiopathic hypochronne anema are not
common The spleen 1s occasionally enlarged to a shght degree but subsides
to 1ts normal size with improvement of the anenua Achlorhydria or hypo
chlorhydria 15 an almost constant feature In many 1nstances a subsequent
pregnancy occurs before the pauent has fully recovered from her anemia
Tlus results m an even more severe anemua than was present during the
prec:dmg PngnaﬂC\

Idiopathic Hypochromic Anerma

Idiopathic hy pochromic anemia 15 another ty pe of iron deficiency anemia
m which there are multiple etiologic factors It occurs most frequently 1
muddle aged women with low or absent free hydrochloric acid in their gas
trie contents The clinical and hematologic features correspond to those of
the other ty pes of 1ron deficiency anemua but certam vartations have tended
to set this form apart as a separate symptom complex The exact incidence
1s unknown as some confusion exists concerming the exact criterta for nclu
sion of an anemia m this category It 15 less common than the anems of
chrome hemorrhage

The onset 1s msidious It 1s difficult to determmne the length of tme the
disease has been present although a history of five or more years of weah
ness and 1ll health 15 common Sometimes the patient dates the onset to 2
severe mfection operation or other illness In other mstances the onset may
be traced to a preceding anemi of pregnancy from which the patient did
not fully recover The symptoms are usually vague and consist pnimanly of
weahness fatigability and loss of strength together with palprtation short
ness of breath and nervousness Patents seem to become adjusted to their
state of chromic 1ll health because the onset and progress are so gradual The
shortness of breath palpitation and other symptoms referable to the cardio
vascular system are sumilar to those of other severe anermas

Vague symptoms referable to the gastromtesunal tract are common
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anorexia, musca constipation dyspepsia and eructations of gas are among
the most frequent \ onunng and dirrhes occasiomally appear and may lead
0 such a carcful sclection of food that the dier ultmately becomes inade-
quate Soreness and burning of the mouth and tongue are occasionally en
countered but the glossiss 15 seldom as pronounced as m pernicious anem
Dy sphagna 1s 8 paruculardy promnent feature of this type of anema It
was present in 6 of the 11 cases which we studied in detat The difficuln
m swallowing was so severe in two of the panents thar they were referred
£0 this hospstal with a diagnosis of carcinoma of the esophagus In the absence
of 2 logic ¢ or esoph pY 1t 15 easy to see how such
a diagnosis sught be made 1n an elderhy patient with a severe by pochromc
anermua whe has grear difficulny 1n swallowing Sohd foods ordinanly cause
greaver difficulty than hquid foods and the dysphagia 1s frequently more se
rere when the patient 1s tired Examinarion by means of an esephagoscope has
shown no constane pathologre prcture although some atrophy of che esoph
ageal mucosa may be present The dysphaga ss probably due to muscle spasm
and enurely disappears with sron therapy W hen dysphagia accompames this
1y pe of anenua 3t 1s commonly called the  Plummer 3 inson syndrome*
Numbness and nnghng of the extremities have been noted rather frequently
but are less sev ere than when encountered m perntcious anema They are not
assocated with evidence of organic fesions in the spinal cord
Menorrhapts 55 2 festure in this 1y pe of anemuz although 1t mav not have
been noted by the patient Actual measurement of the menstrual blood loss
shows 1t 10 be excesssve m many, of the panents and wron bajance studies show
thar the 1ron which 15 Jost exceeds the amount which ss bemg retamed from
the diet It 1 probable that an excessn e menstrual blood loss 1s an smportang
ettvlogie factor m most of these patients
Exammanon reveals a pallor which by the time the patient consults 2
physictan 1s usually quice marked Itis a clear patlor which is not complicated
by scresus although m brunestes a yellowsh unt may be apparent mn the san
Ths 15 dstingusshable from trae icterus by the face that the scleras are pearly
white and the serum bilirubin 15 normal or low Most patients manean s good
state of nutrition and do not appear emacited Weight 1s normal alchough
the patsents seem hstless apathenc and faugued The hair 35 frequently of
fine revture dry and gray Awrophy of the papillac of the tongue was presenc
1 64 per cent of Winerobe s cases This taay be apparent only at the edges
of the tangue or it may be a5 striung and severe as that found permicions
anemsa (Fig 19}
Alreranions m the finger nals are frequently encountered the most com
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mon mamfestation besng nails which are thin, britdle, and eastly broken and
which have longitudinal ndges In the more extreme cases there 1s 2 flatten
ng or actual concavity of the nuls as 1s shown m Tigure 20 ‘Ttus 15 spolen

F e e of as spoon shaped nails or hoilony chia
A Such changes are not specific for idwpathic

’ v pochromuc anerma as they have been ob
. served 1n males with an anemia due to 2

bleeding peptic ulcer The nails may requrn
to a normal state when the anemia is con
trolled
The spleen 15 ¢nlarged m sbout so per
cent of the cases, but the stze 15 never ex
5 cessive An increased area of splemic dull
i ness may be noted on percussion, or the
organ may be pzlpable one of two centt
meters below the costal margm Tt will
usually recede to normal when the anema
has been controlled The s er 15 seldom en
larged and there 1s no 1y mphadenopathy
There may be a slight degree of cardiac di
Fia 19 Atrophic glosss m latation and a systolic hemic murmur 15
pauent ~ with ~idiopathuc  hypo common A venous hum wall occastonally
chromuc anemia be heard over the vens of the neck

Gastric analysis reveals an achlorhy dria i a large percentage of the pauents
and a hypochlorhy dria m many of the others In only 85 per cent of the
patsents was the gastric acidity normal (Wintrobe) Although free hydro
chlone acid 15 low or absent there 1s not an achylia as 15 found in pernicious
anermia Castle has demonstrated that the gastric contents of these pattents
contain the mtrnsic factor »

There 15 no evidence of mereased blood destruction and the serum bilt
rubin 1s normal The reticulocytes may be shghtly incressed m number
Sternal puncture shows hy perplasia of the marrow with ery throcytes of the
normoblastic stage pred g There are no characterssic changes s
the leuhocyte count The anema 15 2 microcyic hy pochromic tvpe s 15
found 1 other iron deficiency anemuas

Friology
The poncipal factors concerned 1n the development of this type of ancmiz
fhave been mentioned 1€ menorrhagia and achlorhydria The loss of an
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excessive amount of blood with the menstrual peniods 1s an important con
tributory factor as was demonstrated by actual measurements The lowered
gastiic acidity anterferes with the absorpuion of 1ron so that replacement
of the 1ron lost with the menorrhagia 1s difficult In a few cases there 15 a
history of a diet of Jow wron content The onset of the sllness 1n some cases
can be traced to 2 pregnancy or repeated preg at relanvely short m

tervals 5o that the disease represents a hy pochromic anemua of pregnancy
n which the hemoglobm deficit has never been replaced We have not been
able to find any evidence of a defect in internal 1ron metabolism or utiliza

tion

Fic 20 Relonychia an abnormal concavity of the finger nails m a patent with 1dio
pathic hypochromic anemia
Examples of this type of hypochromic anem and of pernicious anemia
have been found 1n the same famuly This high merdence of sdiopathic hy po
chromic anemra m  permiclous anemn famibtes 15 undoubtedly due to
familal achlorhy dria Cases of idiopathic hypochromic anemua which have
terminated as typical permcious anema have been reported

Duagnosis

The diagnos:s rests on the foregoing clinical and hematologic features An
extremely careful search must be made for evidences of chronic hemorrhage
m all panients particularly for evidences of menorrhagia or chronic bleeding
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from the gastromtestnal tract Bants s sy ndrome n the early stage may pre
sent a somev hat sular preture bue there 1s usually a large spleen leuhopen.s,
and, 1n the late stages, evidences of portal obstruction and I er msufficiency
When glossitis and stomattss are present, a deficiency m vitanun B must be
considered Aplastic anemma can be excluded by the platelet and leshocyte
counts and by exammnation of the bone marrow Pernicious anemia 1s excluded
by 1ts charactensstic macrocy tic hy perchromic blood preture

The prognosis 1» good if the excessive blood loss when present, can be
controfied The response to adequate amounts of tron is striking, and the
blood picture may be brought to normal within 2 short ume

TreaT™ENT OF JROW Defroimney Anibiias

The essential feature n che treatment of won deficiency anemuas 15 the
ration of adeq of an inorganic tron salt The efectve
ness of 1ron m the treatment of certain ty pes of anemua has Jong been recog
nized, but for a time 1t was 1n disrepute because of the use of complex organic
Is or taa small of morgane won s rautne and perfunc

torv use m all ty pes of secondary anemia has been superseded by the more
raconal admiunstration of adequate amounts of sron to properly selected
cases This therapeunc renmssance has been due m part to a better under
standing of the pachogenesss of the anenuas as well as to the recogmion that
large amounts of 1ron are advisable The enthusiasm for mussive doses o wron
has perbaps resulted 1n the admumstration of excessive amounts to some
patients but has led to excellent therapeutie results

Numerous iron salts are effective 1n the treatment of mon deficiency
anermas Those which are presented here were selected only because they
are the ones most commonly used and because they serve as examples of the
sarious ty pes of preparations The average dady dose 1s that which will pro
duce a mazimal response in a majority of adult pattents Tis reahized that not
all pauents will show the same response to identscal amounts of an wron salt
and that some patients will respond sausfactonly to smaller amounts than
those listed Certam refractory cases may require even larger amounts

d

Preparation Daly Dose  Merallic Iron Gontent
Iron and ammonmum cierates 6 Gm 1000 Mg
Reduced tron (ferrum reductum) 3 Gm ,3:: mg
carbonate 4 Gm 360 Mg
Fertous +Gm 3o mg

Ferrous sulfate
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Comp of these sron prep o 2 basis of their merathic sron con
tent shows that the fessous are more effectne than the ferric salts It has
been demonstrated that ferrous salts are more readdy +bsorhed from the
gastromntestsnal fract than fernc salts and 1chas been suggested that tron may
be absorbed only i the ferrous state After absorption the 1ron s transported
by the blood plasms Moore has demonstrated that fercous salts produce 2
greater and more rapid ancrease i the serum iron than do fernie salts Because
of the greaser absorbsbiliy of ferrous salts they can be green m smaller
amounts and still produce an equally great response 1n hemoglobin regenera
tion When the number of grams of won utidized n hemoglobin formanon
15 ascertaned 3t 1s found that there 15 no sigmificant difference m the utihiza
tion of the two ty pes of preparations The difference between the ferrous
and the ferne salts seems to e m thesr sbsorbabiliy rather than i ther
subsequent metabolism and utlszanon

The response to adequate amounts of sron 1 properly selected cases 15
strthing There 55 first an increase 1 the number of renculocy tes which
begios a few days after the admunistration of sron 1s starred bue the reticu
locvte response 1s stower and does not reach as hugh a peak as w8 true wath
Iver extract 10 permscious anernia (Fig .} The heght of the response 15
mversely praportignal to the hemoglobin level ar the onset of treatment so
that a higher renculocy te count will occur m the more severe anenuas
Follow ing the reticulocy te rise there s an ierease i the hemoglobin fevel
and the ery throcyte count but wen has a greater effect on the formation of
hemoglobin than on the ery throcy tes The raprdity and extent of the hema
globm sncrease depend upon the sevenity of the anenua bemg more rapid
and grearer w hen the pretreatment hemoglobm level 1s lower Fhe increase
mn the blood hemoglotin 15 the best single mdex a5 to the adequacy of
treaurment

Pavients warh sdiopathie hy pochromic anermia will a5 a rule require some
what larger amounts of 1ron than pauents with other gy pes of won deficency
anenuas and the dosage already histed apples to thar type of case In i
stances 10 which the anenma 15 due to chronic blood loss alone a smaller
amount of the wron sale one half or less of the hsted dosage may gnea

maumal response (Fig 2:) The effectneness af won therapy will be de
creased in the presence of nephnus mirrogen retennon nfections hypo
thy rowdism vitarmn defictencies or persistent chromie blood loss

Iron aod ammontum citrates are usually admroustered m the form of
o5 Gm (71 gram) capsules buc may be used i a2 25 or 50V aqueous solu-




140 Hematology

tion 1 a suitable vehicle This s one of the best of the complex fernc com
pounds It 15 soluble and when taken 1n a liquid form precauttons must be
observed to prevent its coming m contact with the teeth It 1s best taken
through a glass tube Reduced iron an msaluble preparation 15 comvenently
admnistered i capsules contaming 05 Gm (7% grams) of the drug Fer
rous carbonate 15 prepared i the form of pills contaiung from o 3 to 0 6 Gm

HYPOCHROMIC ANEMIA

RETICULOCYTE RESPONSE TO IRON THERAPY
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Fic 21 Showing the response of the locytes eryth and hemoglobm to 1ront
therapy mn 2 case of won deficjency anemia

(5 to 10 grams) which are coated to prevent oxidation of the drug before
admmstration as well as to prevent gastric wnitation Ferrous sulfate 15 a||50
dispensed as coated pills usually contaimng from o3 to o5 Gm (5 to 7Y
grains) of the salt

Untoward symptoms from the administration of won usually n the form
of gastric irnitation or drarrhea are not nfrequently encountered Th;
nausea vomitng and diarrhea are more frequent when the soluble salts ©
won are used We have encountered the least trouble with reduced ron
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occasionally finding patients who could take thus form when none of the
other salts could be tolemted Duarchea may begn a few days after the admm
sstration of the drug 1s begun last for several days and then spontaneously
subside even though the admuwsstration of wron s contmued Ferrous salts

{

GHroMic  HEMORRHAGIC ANEMIA

EFFECT OF IRON AND AMMONIUM CITRATES
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Fic 22 The rate of hemoglobin merease m this patent with chronic hemorchagie
anemiz 15 sasfactony even though the dosage of won = only half that which 5 ually

cuploved

becavse of thewr smaller dosage may be well tolerated bur the soluble
forms such as the sulfz ¢ and chlonde frequently are sentatng None of the
sron salts should be given on an empty stomach they are best admunstered
either with or smmediarely followmg 2 meal Iron has been found to be more
effective when gren at frequent mters als rather than m 2 smgle dose so
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that dnadmg the daily dose mto three parts and giving st with the meals not
only dimunishes the gastromeestinal arritation but increases s effectn eness on
hemoglobimn formation
Although achlorhydri interferes with the absorption of sron from the
dietary sron sntake there 15 adequate absorption when large amounts of
medicinal 1ron are grven even though free hy drochlort acid 1s absent from
the gastic contents The admunstratton of hy drochlorc acid i conjunction
wsth the rwon salt does not appreciably increase the race of hemoglobra for
mation, consequently its use 1s not essenttal Dilute hydrochloric acd mey
ud m relieving the gastromtestinal symptoms due to achlorhy dria
Intramuscular mjections of won cannot exceed 16 to 3 mg per day
because of the toxic reactions In this small dosage the effect on hcmoglobm
formation 1s not great This route of admimstration 1s not advisable er effec
tive We have encountered patients i whom there was no hemoglobm re
sponse to ntramuscular 1ron even when gien to the pone of productag
mild tovic reactions But when the drug was given orally to the same patients
a prompt and satisfactory hemoglobm response ensued Large doses of iron
in a collosdal state have been admmstered mtravenously to patrents by Moote
nd Ins co Wworkers but the tovic reactions w ere so ses ere that they concluded
that this route of ad ration was contramdicated There was howevery
m exceedingly high reticulocy te response a rapid rate of hemoglobm regen
eration and a high percentage of utihzation of the adnmnistered tron
Copper is necessary as a cataly uc agent in the sy nthesis of hemoglobmn even
though 1t does not enter mto the structure of the hemoglobin molecule In
the adule however there is sufficient copper tn the foad and as 2 contamnant
of the tron salts so thar 2dditional copper 1s not necessary  The administeatton
of both copper and 1ron to 2 group of zo adult panents drd not produce any
more rapid hemoglobm response than did the admmnistranon of iron alone
The epoch making expeniments of Whipple and tus sssocnates on the
effect of vartous foodstuffs on hemoglobin formation in dogs have shown the
beneficial effects of hner and Inver extracts The Wner fractton which 1s pre
cipitated by 70,0 alcohol and an aqueous extrace of Inver were found to be
effecnive 1n the treatment of chronic hemorrhagic anema That subfraction
of lner which 1 effecone i the treatment of pernicious anemia Js of no
value 1n iron deficiency anemi2 Iron produces a greater response than does
lwer or lver extract so that the admunustrazion of these either alone or i
combmation with aniron salt s not necessary A few cases of sron deficiency
anemia are complicated by other nutritional deficiencies In these pauents the
of ner or a lner fracuion may hasten hemoglobmn formavon

addimon
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Comtnnations of sron and vanious vitaimns are commonly enployed in the
treatment of these anemmas but unless there 1s estdence of a vitamin defi
ciency, they have no advantage over a suuple ron sale Such combinations
are not to be recommended since 1 majonity of them contan too hittle iron
to be effectn ¢ and are an unnecessary expense to the patient

A mantenance dose of 1ron 1 required 1 some patients for an mdefimte
period after the hemoglobm has been raised to a normal level This is espe
cually true in 1diopathic hy pochromic anema Iron mayv be gnen continu

RETENTION AND UmiLrzaTion oF IRON
170 wew o Inow rev Day SO0 wow or Inow pzr Day

2 as
Bow A A wowiuM ~rates ) amau) ron anp AwmMoNwM Craates (3 caau}

13
Wk wouoee R

Fic 23 Shuwm‘g the amount and percentage of wron retamed and utthzed with the 2dmm
sseration of ron and ammonrum citrates (Fowler and Barer Ann Ine Med)
ously m small doses or mtermuttently 1 larger amounts The maintenance
dose may be considerably smaller than that used 1n rasing the hemoglobm

level to normal

It 15 useless to speculate on the mummal effectne dose of ron smce this 1s
5o varable and from an economc standpomnt the 1ron salts are so inexpensn e
Iron balance studies have shown however that the amount of iron setamed
by the body from the oral administration of the drug 1s far greater than the
amount utilized 1 hemoglobm formation Even with small doses such as
1 Gm of won and ammonrum citrates per dmy an excess of iron was re
tained When larger amounts of the same preparation were admmistered
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3 Gm of iron and ammontum citrates per day, the amount of 1ron retaned
was still Inrger although the percentage of the administered dose which was

EFFECT OF IRON ON MILD ANEMIA

THE HEMOGLOBIN REMAINS ELEVATED ABOVE THE PRETREATMENT LEVEL
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Effect of 1ron therapy on pauents with a muld hy pochromic anemta an
Fmledfnls having a low norm)al hemoglobm level (Fowler and Barer Am J Al Sc)

hown 1 Fy
used m hemoglobin formation was lowered These data are sl g

ure 23

Small amounts of various iron preparations such as 1 Gm of iron and

ammonium citrates 1 Gm of reduced wron and 036 Gm of ferrous sulfate
er day Pmduce a satisfactory hemoglobm response m many patients Thus
p ’
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1s espeenally true in the ancmma due to chrome hemorrhage The response to
small amounss of iron does not mean that such smalt doses should be employ ed
routmely

Tron medication n fy pochronue anenua 15 usually considered a form of
veplacement therapy, but the possibiliy that won has a sumulanng effect on
the bone marrow nd on hentoglobin formation cannot be entirely sgnored
Y hen 1t 35 admunistered to 2 patent with 2 moderate grade of snemi the
aaumum incresse i the blood hemoglobin level 15 reached at the end of
eighe 10 ten weeks Subsequently there 15 2 gradual drap 1a the hemoglobin

EFFEGTONOF IroN
AcutE HEMORRHAGIC ANEMIA

THE RECOVERY PERIOD FOLLOWING REMOVAL OF 500¢c OF BLOOD
¥5 SHORTENED BY THE ADMINISTRATION OF InON

AVERAGE VALUES FOR 3% CASES
CONTROR. & e s 3

MO HepeATION

HEMOGROBYN  GAuss

O AND AMMONIM
crtaaTEs

3 i (3 ) (]
VRE -~ paTS

m scute b

Fre 25 Showng the effect of ton on
antmia {blood donors)

so that it ulumately levels off at a pomnt above the pretreatment fevel but
befow the mrumum fevel attamed Ths ty pe of response was obtained when
won was given continuously as well as when st was admumstered for sty
day s and then disconunued When 1ron was admmustered to a group of mdi
viduals having a low normal hemoglobn lesel rather than an actual anemua
a sumsfar type of response was obsery ed (Fig 4} The mavnsnal response was
obtamed ar the end of exghr o ren weehs but even though the sdmmsira
ton of 1ron was connnued the hemoglobin dropped to the pretreatment les ef
with no persistent increase

The adminsstration of sron will hasten the regeneranion of hemoglobin m
pavents with 2n acute hemosrhagie anemia and 1 donors who have gien
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blood for a transfusion (Iig -5) There 1s no sctual deficiency 1 these eases
but sron can apparently be made more readily available for the sy nthesss of
hemoglobmn The 1ron content of the blood serum increases rapidly after the
oral admunstracion of an iron salt, and the experimental work with rado
active tron indicates that it soon appears 1n hemoglobin and ery throcy tes

‘The amount of iron admmstered to infants 15 much Jess than that gnen to
adults It s necessary 1o employ a soluble preparation and one which 15 not
sentating to the gastromrestnal tract The most widely used preparauon 18
sron and ammonium citrates 1 2 1% solation~4 cc datly up to the age of
6 months and 8 cc daly from 6 to 1. months of age Iron and ammonmum
citrates may also be given to older children mn a 10% solutton~. cc per kg
of body weight per day Iron salts which must be admmustered an the form
of pills or capsules are not suttable for nfants although they may be gnen
to older cluldren If copper has any place m the treatment of anemua 11510
the hy pochromic anemuz of infants An occasional case apparently improves
more rapidly With addirional copper This may be given as 2 0 §% solution
of copper sulfate, the dose being 1 cc per hg of body weight Te s best
grven in milk
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Chapter X

APLASTIC ANLAMIA

Apz,As-m. ANEMIA 15 CHARACTERIZED NOT OAL1 BY A REDUCTION IN THE NUM
ber of ery throcy tes and the amount of hemoglobm m the penipheral blood
but also by a reduced number of leukocy tes and platelets All of the blood
elements produced m the bone marrow are affecred It s 2 progressne
anerua with little or no evidence of erychroci tic regeneraton ‘The disemse
15 recognized 1 tdiopathic and secondary forms which are identical in their
chinical and hematologic features, differng onlv 1n that some chemical e
or mfections basis can be detected 1n the secondary form It 15 possxble that
all cases are actually of the secondary type and we have simply faled to
recogruze the enolagic agent 1 those now called diopathic Tt 1s also pos
sible that all the patients have 2 g al but latent inadequacy of the bone
marrow which 15 not apparent under ordinany circumstances bur becomes
evident v hen these indnduals are exposed to certamn chemieals or tovrns that
mught produce no changes whatsoever 1 1 normal person 1f the latter con
cept 15 true the apparent causatn e agent is merely 2 tngger mechantsm,
vhich brings to ight a latent defect 1 hematoporests It 1s impossible at the
present me to say which of etther of these concepts 15 correct

Eclogy

Aplastic anemta m 1ts secondary form has tollowed exposure to numesous
drugs and chemicals the most frequent bemy, benzol (benzene) or one of s
dernatrves This chemucal 1s employed m many indusines such as 1o the
manufacture of rubber products nurocellulose and other explosies as 3
solvent for enamels, Jacquers and other coatings and as a basis for many
drugs dyes, and chemtcals Reports from mndustrial plants ndicate that
benzol porsonng 1 a muid form 15 quite common and that mhalavion of the
fumes 15 the most important way of entry Only a few of those exposed 10
the fumes develop aplastic anemia Exammation of workers who have been
exposed shows that some of them have a reduction 1a the Jenhocy te count
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the €1y throcyte count or both cven though there have been no subjectne
of § g There 1s apy Iy 2 great ndn idual 1aranon

n the Susccp!lblht) to benzol poisoning sy mptoms appeaning 10 one person
after shght exposure and not m athers even after long exposure The sy mp-
toms may appear soan after exposure or they may not become apparent
untl kmg after the person has been removed from contact with benzot

The of organic | preg ns 15 Hy com-
pheated by the development of aplastic anesua The ncidence of such n
tovication 15 cxiremely low when the number of cases developing aplaste
anemz 15 compared to the great pumber of 1odnduals recenng these deugs
i antisy phifing therapy  There 15 no relatonship between the size of the
dose and the appearance of anenuz so that the mdnsdual susceptibiliny. must
be the deciding factor as to whether or not such an intoucation develops
I 15 of sirnuficance to note that aplistic anenna does not follow the use of
rmorganie arsenic but occurs only with the use of orgamic preparatsons which
conam the benrene ring Many other drugs dves and chemicals bave been
suggested as causatine agents but in many nstances thes erther hase been
condemned on insufficient evidence or have z beazene ring in their chemicat
structure

Ixposure ro radioactn ¢ substances and roentgen rays will produce aplaste
anemuz The incidence of bone mmarrow i ohvement was high unul proper
protection was gren to workers exposed to these ravs The yecent studies
on the effects of atomic bomb explostons show that aplaste anemia 15 ene of
the senous sequelae although evsdences of regenerstion appear relatiely
carly sn the bone marrow  Gold salis duutrophenol bismuth mereury
sutrotoluene sulfonanndes tridione and other drugs and chermicals have also
been reported to have caused this 1y pe of anemi

Aplastie anermia has been said to follow overwhelming mfectuions or sepsis
but i a magoricy of such cases the was prob “ dary gamng

P M
s foothold because of the assocuated leukopenia and zhc fack of adequate

defense aganst the organisms The former behef that aplaste anemua mughe

be a serrmnal event in pernicious anenwa or 1 chrome hemorduagie anema
bas been discarded.

Pathology

The term aplastic anesna ymplies that there 15 aplasia or hy poplasia of the
bone marrow of such a degree that erythrocytes canmot be supplied i ade
quate nombers to mantam thewr normal fevel m the blood stream Tn the
¢y pical case that portion of the marrow which 1s concerned with hematopore
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s1s becomes pale and yellowish 1n color because fat tissue has replaced the
cellular elements In thus aplastic marrow there 1s 2 reduction i the number
of erythrocytes and ery thropoietic elements and also a reduced number of
myeloid cells and megakaryocytes (Fig 26) The aplasia 15 not uniform
Small areas of hy perplasia containing many immature ery throcy tes are found
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TG 26 Bone marrow smear 1n aplastec anema There 1s a sparcity of both erythrocy res an:
imature myeloid cells (Hal Downey Handbook of Hematology Paul B” Hoeber Inc)

mterspersed between the fat cells The presence of these scattered hy per
plastic areas accounts for the few reticulocytes that appear i the blood
stream Since the ivolvement 1s patchy 1t 1s obvious that a specimen of
marrow obtamed by sternal puncture may not grve a picture which 1s repre
sentative of the condition of the entire marrow In a series of cases having
the charactenstic chimical and hematologic findings of aplastic anemiz W€
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found aplasia of the bone marrow enther diffuse or patchy 1n all autopsied
cases Reports from other obsersers bave shown that aplasa of the bone
marrow is not ¢ constant fearure Normal or hy perplastic bone mastrow has
been found i many patsents who pesent all the chacacterstic clincal and
hematalagee features of aplasne anemz Such findings suggest that 2 matura-
vion arrest may prevent the growth aad deliveny of cells ta the perpheral
blood stream Aplastic ancrma must be considersd the result of bone macrow
fficiency, but thi smsuffieiency may be on either 2 funcuonal or an am

tonue busts and the disease represems a chimeal rather than a pathologic
eniity

The effects of chronic benzol posomng on the bone marsow have beent
found to be as vamable as those encauntered 1 wdropatiue aplaste anemsa
Hypoplasta normal cellulaniny and marked hy perplasia hase all been en
countered after exposure to benzol The same varmble pathologic changes
haie bean produted by benzs! posomng 1w etperimental anumsls Mallory
belses s that the intensiy and duration of exposure o benzene influence the
pathologre preture~that by perplanz oceurs only after prolonged exposure
whereas by poplasia may aceus after eicher a shott or a long exposure He also
noted that hy perplastic changes were more frequent sn males whereas hs
poplasia was mare common i females The changes in perrpheral biood are
sanable i benzene posoning The exy throcy e and leuhocy te counts may be
either elevated or depressed A blood picture suggestne of myelogenous
lenhemz hay been ent d 10 several

The nuzogen mustard gases devefoped for chemmeal wasfare produce
changes i the bose marrow  hematopotests being affecred erher by the
wthalation of 2 large amount of gas or by repeated exposures to fow concen
trations After exposure to the gas in a hugh conceatraton thete s 3 transient
leukocy tosts followed by 2 rapidly developing Jeuhopema thrombopema
and anemtz The bone marrow becomes aplastic Frest the platelets are re

duced foltowing repeased exp o low c of the gas then
comes teghopettia and later anemma Sumilar changes in the blood are encoun
tered with the therap use of the I 35 i Hodgluan s Disease

and related condions

Chneal and Hematologic Features

The idropathic form of aphastic anemna occurs most frequently m young
adults being rare sn mfants and children 2ad imfrequent m eldesly persons
The secondary form may ocent at any age The onset and course are ex
remely vacable A capedly progresste anemra may, develop 2nd terminate



152 Hematology

fatally within a few weeks or days after the onsct of symptoms In other
patients the onset 1s msidious the course 1s chronic, and the manifestations
of weakness and pallor may perstst 1n 2 mild degrce for months before they
become severe The term hypoplastic anemna has been applied to these
chronic cases The acute form of the disease 1s more common m young
adults whereas the chronic vamety usually occurs m older pauents When
the anema progresses very slowly the patient may be quite active mn spite of
an extremely low erythrocy te count

In some patients the sy mptoms may be only those of anemta, such as weak
ness, faugability, Dstlessness shortness of breath and palpstation In other
instances because of the reduction 1n the number of blood platelets hemor
rhagic tendencies appear These are frequently the first mamifestations of
the disease The bleeding tendencies may assume many different forms ke
those encountered 1n thrombopenic purpura In most instances there will be
hemorrhages into the shin at some stage of the illness These may occur 3
repeated crops of small purpuric spots of intracuraneous hemorrhage or 23
larger ecchymotic areas of subcutaneous bleeding Bleeding from the gums
15 very common and there may be muld or severe hemorrhage from any part
of the gastromntestinal tract Hematuria 1s mfrequent, but utersne hemorrhages
are of frequent occurrence and may be the first indication of the illness The
anemia in these patents 1s not dependent on the loss of blood although
hemorrhage mcreases the degree of anemsa and accelerates the progress of
the disease Sudden loss or blurring of viston 15 a frequent complant the
explanation for which 15 found m the retinal hemorrhages that are so prone
to occur (Fig 27) Sometimes there 1s cerebral hemorrhage The hemorthagic
tendencies are less frequent and less severe 1 chromic cases

These patients are extremely susceptible to infections of all types because
of the leukopenia Sepsis with chills fever and profuse sweating may be a
predominant feature of the sliness throughout its enure course Infections
may be localized 1n any part of the body but are particularly common about
the mouth pharynx and upper respiratory tract Necrotic ulcerations 1n the
mouth and pharynx are frequent and bronchopneumonia 1s often the mode
of termnation

Phy sical exarmination reveals a marked pallor but no rcterus and no ev1
dence of mncreased hemolysis of erythrocytes The lymph nodes are not
enlarged nor are the Iiv er and spleen increased in size Although mld pares
thestas are occastonally nioted by some patients with a chronie form of the
disease there are no evidences of sclerosis of the central nervous system
Lvidences of hemorrhage into the shin or subcutaneous tissues may be pres-
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ent and thure may be signs of a comphating mfecton i some part of the
body  Although the gums may bleod profusely there 1s na mfiltration of
piling up of the gum margins 3s 5 seen s Jeuhema

Achlorhy dnia 35 not common

Esamination of the blood shous a parallel reducnion mn the erythrocyte
count and hemoglobin level so thac the color sndex and mean cospusculas
hemoglobm reman about normal As there 15 no sigmificant change m the

16 27 Retnz2 m a patent with aplastic anemsa show mg the hemorthagie manifestations
to be found m ophthalmoscopic exammatien

sze of the ery throcytes the solume mdex and mean corpusculer volume are
normal The anemsa 15 steachly progressive without a tendency toward re
mussions and an evtremely low ery chrocyte count 15 ulumately seached fre
quently below 3 voo 000 There are few or no evidences of regencration of
the erythrocytes The number of reuculocytes 1 charactensucally low or
these cells may be enurely absent a few are encountered m some cases
Polychromatophilic ery throc) tes are not present on the blood smear and the
occurrence of nucleated erythrocy tes is exceedinghy rare The e throcy tes
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appear essentully normal on the staned smear wich but slight vartanon i
their size and staning reactions

The leul ocyte count 1s low, usually ranging from 1500 to 3000 cells per
cubie muilimeter Not frequently 1t drops below 1000 but only on rare
occasions will st be higher than 3000 The leuhopenta 15 due primanly to 4
reduction 1 the number of neutrophils so that there 1s 2 relatve Jy mphocy
tosis The percentage of band or nonfilamenred peutrophils 15 character
sstrcally reduced Immature cells of the my elord series have been found oc
casonally 1n spiee of the extremely low leukocyte count VWhen the toral
leukocy te count becomes very low there 1s 1 reduction 1n the number of
Iymphocy tes as well as granulocytes This 1s obviously true when the total
leukocy te count 1s below 1000 as such a low count could not be obtained s
fymphocytes were present m normal numbers

The platelets are alway s reduced m number This accounts for the hemor
rhagic features of the disease With the thrombopenta there 15 a prulongcd
bleedmg ume a nonretractle clot and a positive constrictor or Rumpel
Leede test These represent all the essential duagnosue features of thrombo
penc purpura They are a part of the picture of aplastic anerma and 2t
not to be regarded as comphesuons

Sternal puncture m aplastic anemua s unsatisfactory 11 many instance, since
the pathology as previously noted s varable If few immature nucleared
cells are found 1t 15 difficult to tell whether this represents aplasia of the
marrow or a liheral admutuse of peripheral blood 1 the aspirated materal
The Jatter 15 of frequent occurrence m marrow aspiration This procedure
1s of greater value 1n excluding leukenua and other blood dy scrasias from the
diagnosis than i obtaining positnve evidence of aplastic anemia

Dragnosis

The diagnosts of aplastic anemma 15 established by the presence of 2o
anemsa leukoperia and thrombopena and by a careful excluston of other
tvpes of severe anenna There 15 no jaundice and no evidence of screased
hemolysts of the ery throcy tes 5o that hemoly tic anemias can be readily €%
cluded The anema s steadily progressne and more severe than can be ac
counted for by the amount of blood lost by hemorrhage and the hemorshagic
anemus do not have a leukopenia or thrombopenia Careful attention must
be guen to the recognition of atypical cases of pernicioys anemia SO that
they are not nustahen for aplastic anemma and deprived of the benefits of
specsfic treatment In agranulocy tosis the leuhocy tes are reduced 1n number
but the platelets and ery throcy tes are essennally normal In thrombopenic
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purpura the leukocy te count 1s normal or slightly elevared the anemua 15 no
more severe than can be accounted for by the hemorrhage and there are
evidences of regeneration of enythrocytes Although the spleen Iner and
hymph nodes are not enlarped sn zplastic anemiz conuderable difficulry may
be encountered 1 rubng out 2 leukeria of the alewhemic type This 15 par-
ucularly true m children i whom the alewkenuc form of hymphocyuc
leukerma 1s common The splenic enlarg and Iy mpt hy are of
help i disunguishing these cases Final diagnosis wall frequently rest on the
hitalogic examnation of bone marrow obtaned by sternal puncrure or
bropsy This may show a reduction m the ery throes tie and mvelod elements
m cases of aplastic anenua whereas an overgrowth of inmature cells of one
of the leukocvue series will be apparent m feuhemua

Prognosis

The prognosts 1s poor Idiopathre aplastic anemia s almost wvatiably fatsl
death bemg due to the progressive anemts to 2 ses ere hemorrhage or 0 an
mtercurrent infecnion The acute forms may be fatal withun a few weeks of
the onset m the chromie npe the panent may e for twehe or eghteen
meonths while recexing repeated ¢ t cures are
1 the secondary form of aplastic aneoua »f the cansatne agent 1s recogmized
and remoned before the disease has become too far advanced The outlook 15
poor Hf the anemia is severe or if hermorrhages have begun

1

Treatment

The treatment of aplastic snemu 1 not satsfactory The only procedure
of sigmificant benefit 15 the admmustration of repeated blood transfusions
gren m sufficient amounts to bring the enthiocyte count to 2 level ap
proaching normat and then ar the necessary mrenvals required to mamntain
the pavent mn 2 comfortable state In the acute forms of the disease the
anemu progresses rapsdly m spite of repeated transfustons and death may
oceur within a shore time In psuents in v hom the disease 15 more chrome
and more slowly progressive the blood mav be buslr up to farrdy tugh levels
and by means of trinsfusions at ses en to ten day mrersals the pauients may be
carried along for 2 penod of menths The outcome 15 eventually faal
most cases One panient under our observation was able to conunue with hus
work for over a vear while recening blood transfusions of reoo cc admm
wstered at approximately three weeh mtenals The use of stored blood from
the blood bank seemed to be as efficactous as fresh blood 1n mamtaming his
ery throcs te level
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A few patients with aplastic anemia of the secondary type recover even
though the anemia has become severe For this reason all patients with etther
the 1diopathic or the secondary type should be removed from contact with
all possible causatny e agents and given repeated transfustons wn the hope that
if they are maintained on borrow ed blood for a long enough tume their bone
marrow function may return

Nerther Inver extract nor 1ron are of benefit to these patients Since there is
always the possibihty of an error 1n duagnosis % e give Iner extract an ade
quate therapeutic trial n every case but discontinue its admmistration of
there 1s no reticulocy te response or other evidence of improyement All pro
cedures and drugs which might «tumulate the bone marrow have been tned
without benefictal effect These snclude Iner extract won nucleic acid de
rvatves bone marrow entracts and small doses of roentgen ravs Injections
of adrenalin temporanly merease the ervthrocy te count but are of no per
manent benefit

Congenirar Hypoprastic AyEnia

Congenital hy poplastic anemia or aregeneranve anemia of mfants 15 2
discase appeaning soon after birth which 1s characterized by an anemm W 1th
few or no evidences of erythrocy tic regenerarion It resembles aplastic anc
mia mn that reticulocy tes are Jaching but leuhocy tes and platelets are normal
or but shghtly lowered There are no hemorrhagic tendencies

The characteristic feature 1s a slowly progressty e anemia appearing 1n early
ifancy which does not respond to any type of therapy The erythrocy
count may drop to extremely low levels producing pallor weahness and
Iistlessness The Iver and spleen are not enlarged and there 15 no lympha
denopathy A npumber of these cases have been reported mn which there 3
congenital aplasia of the marrow assoctated with other congenital abnormal
1ties such as microcephaly testrcular hy poplasia convergent strabismus €¥ag
gerated decp tendon reflcxes and a generalized brown melanin like prgmenta
tion of the shin Such familal cases consntute the Fancom syndrome

Few or no reticulocy tes are present Poly chromatophila 15 not evident
There 15 no evidence of sncreased blood destruction In most cases the total
leuhoey te count 1s normal or bue shightly lowered and the differennal count
nthy altered Only occasionally are neutropent and throm

15 not significa
bapena encountered Lxamnaton of the «ternal marrow shows a reduction

1 the number of nucleated ey throcy tes b e
T
The anerma 15 chromic and progressne and can be controlied only Dy
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peated transfusions When it 15 hepe under control by this mesns, the child
will grow and develop normatly The disease termunates fatally 1f transfu-
stons are not gen bur the child can be carned along indefimely by this
means One patent apparentds recovered after two years of treatment
Transfusions should alwavs be gren m the hope that the bone rmarros may
winmareh, regam rts normal funcuon

“The cause of this by pe of anemia ss not known bur Dismond and Blackfan
consider two possthifities (1) Tt may be 2 congenttal msufficieney of the
: P fHone marrow rendering it unable fo form 2 suffictent number
of nev cells or { ) 1t may represent st tnbomn error of metabolism of one
of the blood buildng substances

Faure Inrecriors Aseaun

A form of anemiz whach 15 suntlar to aplastic anerma except for @ normal
platelet fevel hos been reported as bemg transrtted from the horse o man
Tt s due toa filterable virus sndos tr d by thebie of 2 fly or mosquito
Te s characterized by @ chromic anerua and leshoperya but a normal platelet
count and by recurring bouts of fever The dugnosss 15 established by mjec
tion of serum of the suspected pansent 1o a healths. +oung horse
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MYLLOPHTHISIC ANLMIAS AND ANLEMIAS
SCCONDARY TO OTHER DISCASES

MyYeLopuTiisic ANEALIAS

MYELOPH‘HHS(C ANEMIAS ARE THOSE CAUSED BY DESTRLETION OF THE
erythropoteuc portion of the bone marrow or its replacement by other
types of cells or ussue They result from 2 wide vanety of lesions which
produce different types of reactions m the marrow These may be purely
destructwe w choracter or there may be compensatory hy perplasia 1n the
surrounding marrow tissue resultng in the appearance of immature cells
the blood stream The effect of the lestons on the leuhocy tes and platelets s
varmble so that there i no constant hemarologic picture m my efophifusic
anemsa Other factors besides the destruction of bone marrow may con

tribute to the anemia so that st may not be purely my elophthusic m ongin

Causes
Metastarie Caremoma

A malignant tumor i stself does not cause anemva excepe by 1ts secondary
effect on the nutriuonal state by Joss of blood and perhaps by a tovic de
pression of the bone marrow  When malignant growths metastasize to the
bone marrow the anenua becomes more severe and more rapidly progres
snve Metastases to bone are most apt to occur with a carcinoma of the pros
tate breast lungs or thyrowd but may ocessionslly occur when the primary
leston is wr snother organ Carcinoma of the prostaze has been the mast fre
quent offender 1n our expenence In many mstances the anemn with s
assocrated weahness patior and breathlessness has preceded any symptoms
referable to the prumary, leston ‘The pelvie bones are the most common sie
for merastases from the prestate (Fig 28)

With extensts e metastases to the bone marrow there 1s 2 progressnve anemia
of variable seventy which is commonly by pachromie i type although 1t

159
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may be normochromic or even hy perchromic This may become extremely
severe The Jeukoey te count 15 usually normal or but shghtly decreased al
though occasionally a definite leuhopenia will be found Nucleated ery thro
€ytes are trequently encountered These are 2 resule of irritation rather than
evidence of blood regenerauon There may be ymmature cells of the grany
locy tie seres 1n the blood stream In some cases these are numeraus enough

m
Fic 28 Extensne osteolytic lestons m the pelvis and femur as 2 result of metastases fro!
a carcinoma of the prostate

to raise the question of leukerma mn the differential diagnosis The p]atele:
are not significantly affected 2s a rule but may be decreased number :
picture of aplastic anerma 15 presented when all the marrow elements are
decreased although demonstration of the primary lesion and xoentgenoloy;
evidence of the metastatic lestons suffice for differentiation A ]eukCTﬂ
reaction with leukocytoss immature my eloid cells and nucleated erythro

cytes may occur
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Neicher won nor lver are of value i the trearment of this anemia Trans
fusions gie only temporary relief

Lustkenns

A varable degree of anenwa 15 1 constant feature sn leukenua The primary
cawse of thus my elophthsic anermua 15 usually obi jous from evamnation of the
blood smear but hustologic study of the bone marrow or a Iy mph node may
be necessiry The diagnosis may not be obsious 1 the aleubemuc forms of
feuherma with 2 normal or low toral Jeubocyte count and relamnely few
abnormal eells 1 the blood stream In many such cases the outstanding
clinical feature 1s a steadily progressiie anemi1 which has not responded to
the ordinary methods of trearment

The anemua 15 usually severe t patients wich zcute leukemra and pro-
gresses rapidly unul the panient 15 troubled quite as much by the sy mptoms
of anema as by the other mamifestations of the diserse The leubocyte count
may be low normal or hugh and varying numbers of mmature cells will
be found m the blood tream The number of platelets will be reduced m
most cases and the other chmcal and hborators mamfestattons of throm-
bopenic purpura will appear Hemorrhage may aggravate the already severe
anemta The reductton of the hemoglobn the hematocrit, and the ery thro
ctte count are of about the same degree so that the color and s olume indices
remain pormal An mereased fragiity of the erythrocytes has oceasionally
been noticed This may be accompamed by an mcreased serum bihrubim
mdieating, an excessie hemoly sis of ey throcy tes so that replacement of the
bone marrow 1s probabhy not the only factor in the production of the anemia
assocaated with leuherna W e hate ohsenved one patient in whom there was
an extensive Jeuhemic mfiltravon of the marrow before any reduction 1n the
ery throey te count or hemoglobin level was appasent 1o the pesspheral blood
and the pauent s only sy mptom was an unexplamed fever The severe anema
which ultumately develops is frequently the cause of death

In the chronic forms of Jeuhema the anerma 15 Jess severe and fess rapidly
progressiee In the early stages even though the leukocyte count 15 very
mgh the hemoglobin and erythrocyte levels may be well mamtained and
only a moderate degree of anemra may be present The volume and color
mdsces usualhy remam normal or are only slighthy reduced unless the picture
1s complicated by hemorthage ln the late stages the aneme becomes more
severe Nucleated erythrocytes may be present m great numbers from ume
to tume during the conrse of either the acute or the chronic form of the
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discase These ‘showers of nucleated erythrocytes are not ndicatne of
rcgenernuon or 1mprow cment Of the anemic state

Hodgkin's Disease

Hodglun’s disease the sclerosing ty pe of malignane lymphoma, 15 always
accompanied by anerma, shghe or absent m the early stages but appearmg as
aslowly progresstve anemra in the late stages There 15 little ot no change in
the size or hemoglobin content of the erythrocytes Infilration of the bone

Fic 29 Rocntgenogram of the shull showing extensive motthing as a result of hyperpard
thyroidism

marrow by lymphomatous ussuc 1s of common occurrence when this be
comes extenstve the anemia progresses morc rapidly In a few cases of
Hodghun's disease the pathologic changes are confined mamly to the spleen
or to the bone marrow with little or no lymph node mnvolvement A severe
anema 1s the principal clinscal feature 1n such patients

Hyperparatbyroidisn:
Hy pcrpdmth) roidism due to adenomas or hy perplasia of the parathy rod
gl:mds results 1 decalafication of the sheletal system and the formation of

multiple bone Cysts—osteitis fibrosa cystica (Figs g and 30) A severe grade
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of anemia occasionally develops as a result of this widespread involvement of
bone with replacement of the normal marrow by fibrosis and muluple cysts
It 15 sometimes accompanied by a leukopentr and thrombopenia so that a
blood picture resembling aplastic anemia 1s produced The clinical features
and the chemical studics of the blood serum differentiate 1t from other forms

Fic 3o Roentgenogram of a femur in a cas¢ of hyperparathy rordism showing osteitis
fibrosa cystica

of myelophthusic anemia There 15 great muscular weakness hypotonia ano

reva polydipsia polyuna and pans in the sheletal system Renal colic due

ta nephrolithiasis 1s common The blood shows an elevated serum caleium

1 decrease of the serum phosphorus and an crease 1 phosphatase ac

oty

Multiple Myeloma

Multsple my elomas are tumors ansing 1 the bone marrow The plasma
cell type (plasmocytoma) 15 the most common but myeloblastomas and
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erythroblastonias may also occur Roentgenograms show widespread osteo-
lytic lestons which are tound most often in the pelvss, skull, and ribs

The hematologic picture 15 identical 1n all types of myeloma [mmarure
leukocy tes do nor ordinarly appear mn the blood stream In a few mstances
a leul emod reaction mav occur with plasma cells or other leukocy tes pre
dommaung The anermua 1s at first mild bug progresses steadily The reduc
tions in the hemoglobin and erythrocy te levels are about equal so that normal
color and volume indices are mamntained Lxcesstve rouleau formation of the
ery thrOC) tes 15 OC: H ered, and the sed. 100 rate Is very
rapid Sternal asprration will frequently show my eloma cells m the aspirated
material even though there 1s hittle \ ray evidence of the disease and the pro
cedure should be carried out in all unesplamed progressis ¢ anermuas

Lipoid Dystrophies

The Lipoid dystrophies or xanthomatoses comprise a group of diseases n
which there 15 an abnormal metabolism of Iiperd substances resulting 1 a de
posttzon of these substances in the retculo endothelial cells throughout the
body A my elophthisic anerma des elops w hen the lipard contamag reticulo
endothehal cells replace the acti e hematoporetic cells of the bone marrow

Gaucher s Disease Gaucher s disease 15 a chronic form of Lipord dystrophy
mn which Lerasin an abnormal lipoid substance, 1s found 1n the renculo
endothehal cells The spleen becomes enormously enlarged, and there 15 2
generalized rarefaction of the bones with thmnmg of therr cortex A mild
anerma and leul openia are characteristic

Nienrm Pick Disease Niemann Pich. disease begns earhier m hfe and
pursues 2 more rapid course than Gaucher s disease The abnormal metabolite
15 a phosphatide rather than kerasin A leukocs tosis has been encountered
more frequently than a leubopenia in this disease

Hand-Schuller Christian Discase In Hand Schuller Chnstran disease the
reticulo endothelial cells contamn cholesterol and the blood cholesterol level
may be elevated Exophthalmus diabetes msipidus and rarefied aress it the
membranous bones are the characteristic findings The bone lesions which
are most numerous 1 the shull are found to consist of degencrated cells
containmg the hipord matenial The hematologic features are frequently sug
gestive of aplastic anernia

Albers-Schonberg Discase
Synonyms Osteopetrosts osteosclerosis fraghs marble bones
Albers Schonberg Duease 1s a rare farilial disease charactenized by in
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creased thickness and density of the cortex of the bones with encroachment
on and at times almost complete obliteration of, the marrow cavity (Fig 31)
The bones are unusually fragile so that fractures are common It occurs
most frequently 1n cluldren but 1s also found 1 adults

The sheletal changes are accompanted by a vaniable degree of anemia which
does not necessarly parallel the degree of bone mvolvement as demon
strated roentgenologically Polychr philic cells and nucleated ery thro
cytes are occastonally found in the blood stream A leuhocy tosis with 1m
mature myelord cells 1s apt to occur m mfants with this disease bue the

Fic 31 Roentgenogram of the arm of a 3 year-old child showing osteopetrosis or mar
ble bones Necropsv revealed a thichened cortex with sclerosis and partial obliteration
of the marrow cavity Hemoglobin 53 Gm per 100 cc., erythrocytes 140000 and
leukocytes 11 500
changes 1n the blood are usually less stuking i adults The spleen and lver
are commonly enlarged

Although anemia 1 the most constant hematologrc feature of this discase
there are many reports 1n the lierature of a leuhemic blood picture occurring
1n association with a diffuse sclerosis of the sheletal system

ANEMIAS SECONDARY T0 OTHER Diseases

Causes
Carcinoma

The anerma which so frequently accompantes carcinofna vares a great deal
in1ts seventy depending upon the type and locaton of the primary lesion
and upon contributory causes for anema which may appear The mere pres
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ence of a neoplasm does not cause anermia bur owing to hemorrhage, ulcera
tion, secondary mfection, or the malnutnition which st produces an anemiz
of varmble sev enty commonly develops When the neoplasm inxolves the
bone marrow a m) elophthisic anemia appears, when 1t it olves the esopha
gus stomach pancreas or other portions of the gastrointestinal tract, the
effect on the nutritional state of the ndrvidual s such that anemta superienes
Hemorrhage 1 a contnibuting factor 1 the production of the anermia m 2
great many cases

Carcinoma of the stormach 1s prone to cause a particulatly severe and r2p
wdly progressne anemua There 1s m a majority of the advanced cases, a
constant loss of small or large amounts of blood Conpled with this loss of
blood 15 the malnutriion resufting from anorexta and ndigestion Tn addt
ton to these fearures there 1s 1 a few cases a disturbance of the secretory
function of the gastric mucosa In the absence of the mtnnsic factor from
the gasttic secretion the antinenuc or maturatton factor for regufang
ery thropoiesis 1s not formed Ths Jeads to a macrocitic type of anema
resembling permicious anemua whereas the anemsa resulong from chronic
blood loss 1s microcy tic i ty pe

The admumstration of sron will aid s the control of the anemia which 15
due to Joss of blood but cannot be expected to muntamn a normal hemoglobm
level The admmistration of hver evtract should 21d 1n combating the 2nemu
which 1s due to a deficiency of the mermsic factor bug we have encouatered
none i whom chis ty pe of therapy produced a sigmficant response Transfu
stons gie temporary benefit by mncreasing the sense of well berag of the
pattent but do not alter the course of the disease

Carcinoma of the colon 1 also prone to produce a paruculardy severe
grade of anemua because of the constant loss of blood Local sy mproms and
changes 1n bow el habits are ape to be absent or very shight when the grow th
1s located 10 the ascending poruon of the colon The bleeding 15 high enough
i the intestinal eract so that the blood becomes mtumately muxed wich the
feces and 15 ot notrced by the patsent A severe grade of anemua develops
many, mstances before there are any localizing sy mp of the carct
A carcful analvsis of the feces for blood must be a part of the examunation
m all cases of hy pochromuc and mycroey t1e anemia Although the administra
tron of sron may aid mn the control of this anerma, 1t cannot compensate for
the contnued loss of blood

Carcinoma of the hver either in 2 primary or m 1 secondary metastatic
form may interfere with the hematoporetic function of that organ to such
an extent that anemta becomes a promment feature
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Hypothyroidism

A Iugh percentage of patients having a deficient thy roid secretion or my ve
dema will develop an anemia In many the anemia 1s muld and plays no parc
i the patient s sy mptoms In other instances 2 severe anema develops which
may be either hy pochromic or hy perchromic in type This anerma may be
assoctated with a leuhoperua but usually the leukocs tes and platelets are
normal Free hydrochlonc acid 15 absent from the gastric contents of 50 per
cent of myvedematous patients according to Lerman and Means, but 1n our
expenence the percentage has been even higher A bloed picrure which 15
suggestne of permicious anerma has occastonally been observed and mn 2
few nstances true pernicious anemia has been found associated with mvxe
dema When this Jatter combination 15 present the pernicious anerma will
respond to the admimstration of hner extract even though thy roid extract 15
withheld indicating that the bone marrow 1s capable of 2 normal reaction
The anemua assocated with hy pothy roidism 15 due to a depression of bone
marrow function a part of the general lowenng of the body metabolism
This condition should be considered i the differential diagnosis of all mild
hy pochromc anemias which are not otherwise explaned

The admunstration of thy roid extract controls the mantfestations of hy po-
thyroidism, and the anerma graduallh mproves The mproyement appears
to be shightly more rapid if an norgamc 1ron salt s administered Linver
extract, 1n the absence of permicious anema 1s of no value

Chromc Nephritis

An anema 15 commonly associated with chrome glomerulonephritis even
though there 15 no mtrogen retention Ths 15 usually mild with the hemo-
globm and erythrocyte count bemg proportonately reduced so thar the
color 1ndex 15 about normal The anemia apparently does not depend upon
loss of blood 1nto the urine or to an excessive hemolysis of ery throcytes It
15 probably due to a touc depression of the bone marrow as there are but
shight evidences of blood regeneration It 1s wsually muld in the carly stage
of the nephniis but increases as the renal dimage progresses A very severe
anermua may ulumately develop

Chromnic Nitrogen Retention

A moderate to severe grade of anema 1s found mn association with the
retentton of nitrogenous w aste products 1n the blood The degree of anemra
roughly parallels the sevenity of the nitrogen retention The blood hemo
globmn and the erythrocy te count are proporuonately reduced 1n the early
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ence of a neoplasm does not cause anemia but owing to hemorrhage ulcera
tion, secondary mfection or the malnutritrion which 1t produces an anemia
of vanuable seventy commonly develops When the neoplism nvolves the
bone marrow, a my elophthisic anemta appears, when it 1nvolses the esepha
gus, stomach pancreas or other poruons of the gastromntestinal tract, the
effect on the nurritional state of the individual s such that anema supervenes
Hemorrhage 15 2 contibuting factor in the production of the anemra m a
great many cases

Carcinoma of the stomach 1s prone to cause a parucularly severe and rap
wdly progresswe anemia There 15 10 2 majorsty of the advanced cases 2
constant loss of small or Jarge amounts of blood Coupled with this loss of
blood 15 the malnutnition resulting from anorewa and mdigestion In addt
tion to these features there 15 1n a few cases a disturbance of the secretory
function of the gastric mucosa In the absence of the wtrnsic factor from
the gastric secretton the antinernic or maturation factor for regulating
erythropotests 1s not formed This leads to a mactocytic type of anems
resembling permicious anema whereas the anemia resulung from chronte
blood loss 1s microcy trc in ty pe

The admmustration of 1ron will ard m the control of the anemia which 1
due to loss of blood but cannot be expected to muntam 2 normal hemoglobin
level The admmistration of liver extract should ard in combatng the anemi2
which 1s due to a defictency of the mtnnstc factor but we have encountered
none 1n whom thus ty pe of therapy produced a significant response Transtu
sions give temporary benefit by increasing the sense of well being of the
patient but do not alter the course of the disese

Carcinoma of the colon 15 also prone to produce a parucularhy severe
grade of anenua because of the constant loss of blood Lacal symproms and
changes 1n bow el habits are apt to be absent or very slight when the growth
15 located in the ascending portion of the colon The bleeding 1s ugh enough
n the mtestinal cract so that the blood becomes mtimately mived wuch the
feces and 1s not noticed by the panent A severe grade of anemua developsn
maay mstances before there are any localizing symptoms of the carcinom2
A careful analysis of the feces for blood must be a part of the examnation
i all cases of hy pochromic and microcy tic anemua Although the admtnistra
non of 1ren may aid e the control of this anemia 1t cannot compensate for
the continued Joss of blood

Carcinoma of the hver either 1 2 primary or n a secondary metastatic
form may snterfere with the hematoporete funcuon of that organ to such
an extent that anema becomes a prormnent feature
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Clrame Infections Chromc mfections are assocated with varying degrees
of anemia which o5 a rule are midly hy pochronue n type The severity of
the anema depends to some extent upon the ty pe of msadmg argansm and
upon the Jocation of the mfection Septicemia, espectally with 2 hemolyte
streptococcus will cavse a parnenlarly severe grade because of the excessne
hemoly sis of erythrocytes Certan other sofecttans such as acute rheumatic
fever, sul bactenal end dins B welchn inf chromc tubercu
fosis and osteomyehuis are particularly prone to cause an anenua In other
chromc nfections the degree of wenua 1s usually moderate bur thes de
pends to a great extent on the seventy of the infection sts duration, and
on whether or not there are other contnbutory factors thae may accentuate
the anemia

The cavse of the anemma 35 nat well understood Erom the evidence at
hand 1t seems prabable that 1¢ 15 due ta a depression of bone marrow func-
tion, possibly from the effecrs of bacteral roxns Tt has been noted that an
infection nterferes with the therapeutic effectiveness of lner extract w the
treattment of permicious anemua delayving or owenng the reticulocyte re
sponse This suggests an infwbitory or deptessant effect on the bone marrow
Additiomal factors mav accentuate the anemm of mtectons In some
stances as with ulceratne colins there 15 a Joss of significant amounts of
blood Other instances show anorexiz and digestn & disturbances which iater
fere with the intake or sbsorpuon of adequate food Wintrobe has shown
that the anemua wsocisted with nfection 15 accompanied by a low plasma
won level which drops soon after the onser of nfection and cannor be raised
by the admtustration of tron orally or parenterally unul the mfecuon has
subsided The sron sppears to be removed rapidly from the blood plasma by
diversion to the Iner and other tissues and the anemua is cansed by imparred
bemoglobin formanon

The diagnosis of this type of anema depends upon the recogmtion of the
infectsous process Ir must be remembered however that patients are ren
dered more suscepuble to mfccnon by the presence of an anemu so that
mfecnon 1s frequentls supenimposed upon a precxisting anemia A febnle
reactton not uncommonty accompanies a sev cre grade of anemia and substdes
to normal upon adequate therapy Thus the presence of a rmld febnile reac
ton does not necessantly mdirate a complicating infecuous process

Treatment consists m eradication of the mfecton If thus can be accom
plished there 15 no need for turther therapy akhough recovery may be
hastened to some extent by the administracion of son Liver extrace 15 not
effective in treaung thus type of anemia
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stages, but a fow color mdex 15 usually found in the more severe cases Ina
few mstances the anena ss hy perchromc type There may be some
variation i the size of the exy throcy tes, but varrations m their shape are not
stihung There 15 no elevation of the retrculocy te count, the resistance of
the ery throey tes to hy potonic saline soluaon 15 normal and there 15 lirtle o
no evidence of excessive hemolysts of erythrocytes The anema is apparently
due to a diminished production of hemoglobm and ery throcvees as a result
of a tovc depression of the bone marrow It 1s not partsculacly suggestse
of aplasac aneria however since there 15 usually no reduction m the num
ber of leuhocytes or plarelets Thus ty pe of anemsa will be associated with
the nirogen retentson of chrome nephritis as well as with that accompany ing
prostatic obstruction, polycysuc hidney, or amy disease leading to mereased
blood nitrogen Hemorrhagie tendencies are prone to develop and profuse
bleeding from any part of the body may occur Although the bleeding may
be profuse these 15 no alteration mn the biceding ume coagulation ume pro
thrombin ume, clot retraction or placelee count

The treatment of this antemea 15 unsatisfactory Its allevaation depends upon
relieving the nitrogen retention and this cannot be accomplished 1 many
patients unless 1t 15 due to a blochage of the urmary tract which can be re
moved The admunstranon of nesther hwer nor sron 15 of value Transfa
sions may be grven for palliation but the danger of transfuston reacttons i
greater 1n pattents with reduced renal funcoion than m those wath normal
Lsdneys

Infectson

Acute Infections Acute mfections are commonls assoctated with varying
degrees of anema the seventy depending upon the ty pe of myvading otgan
1sm and upon the extent and distribution of the mfection Even the common
acute upper resptratory mfections usually cause a transtent anequa i which
there 1s a rather sudden fall 1n the blood hemoglobin and er) throcy te count
with a very gradual return to normal value Such a reaction was frequentls
encountered while followsng the rate of hemoglobin regeneranon in blood
donors It was noted thar the occurrence of an upper resptratory iafection
slowed the rate of hemoglobm regeneranion or produced a drop m the
hemoglobin Jev el which might equal that occurring with the blood dona
tion Although the mode of production of such an anem 1s varable the

1d of the h lobm drop sugg that there 15 hemolysis of
erythrocytes Tt is apparently not entirely due to inhibizon of the bone
resultng from the nfecuion although this may play 2 part

marrow
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Vitanun C Defictency

A deficiency of vitamin C both 1n adults and 1n cluldren leads to the de
velopment of scurvy This, 1n the fully developed case 15 characterized by
pallor, spongy and bleeding gums and by petechiae ecchy moses, and hemor
thages elsewhere m the body The anemi which 15 a part of the chrucal
preture 1s probably due largely to the loss of blood It 1s of the hy pochromic
type

There are a few cases of vitarun C deficiency 1n which the ty pical picture
of scurvy 1s not present In spite of the fact that there 15 no evidence of
blood loss 1n these cases, there 1s an anemia of varymg severity The evact
role of vitamin C in the production of ery throcy tes is unhnown and there 15
some question as to whether or not its absence actually causes an anema with
out the appearance of chmical scurvy  Some obsers ers hay e reported a prompt
recovery followng the administration of cevitamic (ascorbic) acid but others
deny the existence of such an anemia

Hookworm Infestation

Infestation by hookworms 15 prevalent n tropical and subtropreal coun
tries Many of the symptoms which characterize the clinical coutse of this
disease are due to the anemia which 15 always present in patients harboring
1 large number of the organtsms Weal ness loss of pep and fatigability to
gether with gastromntestinal sy mptoms such as anorewa nausea vomuing
constipation and diarrhea are the ding symp The duag 1
based on the presence of ova or worms n the intestinal contents

The anemra 15 brought about pnimanly by the contmuous loss of small
amounts of blood 1n the feces which ultimately, results m the development of
an 1ron deficiency anemn In some instances a severe irreversible aplastic
ty pe of anemua has deseloped but st 1s difhcult to separate the blood loss the
dietary deficiency and other factors as causats & agents
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circulatory colfapse arc sumlar to those of ordmary shock which accom
panies an mjury except tha restlessness awr hunger and thirst occur with the
shock resulng from the loss of blood
The fall 1 blood pressure 15 due to the decrease i cardiac output which
results from the diminished blood volume and venous return 1f the panent
sursives the first cntical stage the blood pressure 15 gradually raised through
the efforts of the vasomotor center resulting in vasoconstnenon This 1o
pether wath an acceleration of the heart rate wcreases the blood supply to
the vital centers The increased heart rate 1s tunated by a reflex action from
the fall 1 blood pressure A rate of from r20 to 140 beats per munute 15
common The high rate persists even after the blood pressure has been raised
remainng fast throughout the time that a severe anemi persists During this
stage the tachycardia 1s due to anovemia resulung from the lowered oxygen
carrying power of the blood
The flnd balance between ussues and vaseular system 1s distutbed by the
lowered blood v olume and incomplete filing of the vascular bed Fiuid passes
from the tissues to the blood stream, and the normal blood volume 15 restored
Thus results 1n tissue dehy dration and causes the sunken facies and increased
thirst The blood + ofume 15 restored to normal by dilution with a fiud which
1s Jow 1n 1ts proten content The plasma protews are thereby lowered and
may become so difuted that their effect on the esmotic pressure of the blood
1s reduced This causes fluid from the blood stream to revert to the ussues
and edema may result Whereas the first flnd which replenushes the blood
volume 15 fow 1n 1ts protein content that which comes i after the first two
hours contams an increased amount The plasma proteins are thereby re
plenished i the Jater stages of the recovery penod and gradually return to
their normal fevel
The hematoenit reading gradually falls after a hemorrhage while the blood
volume 15 bemng restored and the blood 1s being diluted with fimd The hema
rocnt will have reached s fowest level at the end of twenty four hours
unless the hemorrhage has been extremely severe
The hematologie findings will depend upon the length of ume itervening
between the hemorrhage and the exammnauon There will be hittle or no de
viation from the normal if an ery throcy te count and hemoglobin determina
uon are made soon after a hemorshage The only change encountered at
this time 15 1n the blood volume with no sigmificant disturbance in the concen
tration of the hemoglobin or ery throcytes per ume volume of blood There
15 2 gradual fall in the hemogiobin concentration and the erythrocy te count
as the blood volume becomes readjusted duning the following hours This
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ANEMIA DUL TO ACUTE BLOOD LOSS
BLOOD DONORS

Axerua oF Acute Broop Loss

Tu: IMMEDIATE EFFECTS OF A PROFUSE HEMORRHAGE DEPEND NOT ONLY UPON
the amount of blood lost but also upon the rapidiry wath which it escapes
The symptoms are due prumanly to the reduction in blood volume rather
than to the reduced number of ery throcytes When the loss of blood takes
place sery slowly or when there 1s an intermuttent loss of small amaunes of
blood the patient may ultimately develop 2 very low hemoglobm lev ¢l and
ervthrocyte count and sul] have comparatriely few symptoms When the
loss of blood occurs within a short period of time syncope collapse or Jeath
way result from the loss of one third to one half of the blood volume The
remoral of from 15 to 19 per cent of the blood volume (760 to 1 20 cc)
caused circtlatory collapse i 5 of 6 subjects and r became unconscrous
according to Ebert Stead and Grbson

The sy mptoms and manifestations of acute hemorrhage differ greath from
ane patient to another cven when the blood loss 1s approvumately equal The
removal of farcly large amounts of blood for experimental purposes resulred
m few or no symptoms unul the onset of circulatory collapse This occurred
suddenly either during or soon after the removal of the blood The ymmedt
ate symptoms of any sesere acure hemorrhage consist of weakness naused
blurred vision pallor and profuse sweating There 1s first an accejeration of
the heart rate but with the onset of circulatory collapse the heart becomes
slow wich a rate of 36 to 4o beats per minute A precipttous drop occurs i
both the systolic and the diastolic blood pressures The pulse becomes weah
aad thready There 15 an ashen pallor of the shin which becames cold and
covered with beads of perspiration This acute collapse may result mn un
consciousness or may be fatal Varying degrees of prostranon follow and
there 15 increased thust, resclessness and aur hunger The sy mptoms of this

374
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having some chronic disease such as nephrius hypothy roidism Banuis syn
drome or infection An acute mfection during the recovery period will also
delay the regencration of hemoglobin and erythrocytes

‘Treatment

The most mmportant feature 1n the management of a patient after severe
hemorrhage 1s the treatment of shock and the restoration of a normal blood
volume Thus can best be accomplished by transfusions of whole blood since
they not only mncrease the blood volume but also aid i restoring the erythro-
cytes and hemoglobm to therr normal levels If whole blood 1s not avail
able the admimstration of blood plasma or the use of dried serum 1s ad
wvisable since these restore the erythrocyte and serum protem levels Saline
or glucose solutions may be given mtravenously 1f blood, plasma or seram
are not available but they are less effectve and the increased blood volume
resulung from their use s transient

Spontaneous recovery with restoration of normal hemoglobin and eryth
rocyte levels will take place so that specific treatment of the anemsa 15 not
imperatve ‘The adminstration of iron salts will however hasten the re
generauon of hemoglobm It 15 not necessary to employ the large doses
which are 1 ded for iron defi 'y anemias since smaller ones
such as 1 to 15 Gm per day of exther 1ron and ammonium citrates or re
duced tron or 1 Gm of ferrous sulfate will produce an adequate response

Aneaua Due 1o Curonic Broop Loss

Although hemoglobin will be regenerated rapudly and spontaneously after
a single large hemorrhage this does not hold true when blood 1s lost re
peatedly over a long period of time There 15 an adequate amount of 1ron
m the body for hemoglobin regeneration after a single hemorrhage but an
1ron defi y develops and hemoglobin production b stower when
the available 1ron 15 used more rapdly than 1t s being replaced This type of
hvpochromic microcytic anemia 15 discussed with the wron deficiency
anemias How much blood can be lost and over what pertod of ume without
a deficiency of iron developing cannot be ascertamned It unquestionably,
varies with the mdividual Healthy blood donors are capable of giving re
peated donations over a long pertod of tume without evidence of a lessening
of hemoglobm regeneration provided the hemoglobin s allowed to return
to normal between donations
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reaches its lowest les el after twenty four to seventy two hours Blood counts
and hemoglobin determinattons are of no value in estimating the amount of
blood lost until after the bload volume has been completely restored The
contmnual downward trend 15 not an indication of continued bleeding When
only a small amount of blood 15 lost, as 1 the case of a blood donatton for 2
transfusion the fluid loss 1 made up within 3 few hours, and even after a
farrly large hemorrhage the blood volume 15 usually bach to normal within
twenty ~four hours The rapidity wath which flurd ss replaced m the blood
stream vartes with the availability of ussue fluids so that i fac plethoric mdi
viduals the flud 15 replaced more rapidly than m those who are thin The
replacement may be hastened by giung large amounts of fluid by mouth or
by parenterally admimstered flmds

There 15 an increase in the number of blood platelets which begms soon
after the hemorrhage and reaches a peak several days later The number
subsequently recedes to the normal level There 15 also an increase 1 the
leukocyte count, which reaches its peak on the fourth or fifth day after a
hemorrhage The height which the leukocyte count may attam 15 varuble
but may reach 30,000 or more The elevation of the total white count 15
due to the mcreased number of neutrophils and 1s accompanved by 3 nucleat
shuft to the left

After twenty four to forty eght hours there are mndications that re
generation of erythrocy tes 15 beg g This 15 fuose fested by 2n 10
crease 1n the number of reticulocytes which gradually reaches a p:ﬂk on
the tenth to twelfth day and then recedes to normal level The hﬂght of
the peak 1s roughly proportional to the amount of blood lost but seldom goes
abote 1. or 15 per cent The leukocytes platelers, and retculocytes are
usually bach to their normal levels after fourteen days An occastonal norme-
blast and a few polychromatophilic ery throcytes may be found im the blood
stream dunng the pertod of ery throcy te regeneratton but even after these
evidences of bone marrow actvity have disappeared there 1s a progre sive
increase in the hemoglobn and number of ery throcy tes This increase s 1ot
a steady progresston (t is more raptd 1n the early stages of the recovery
peniod and becomes slower as the normal level 1s approached Erythrocytes
are regenerated more rapdly than 1s the hemoglobm so that the cells become
somewhat hy pochronuc and the color index falls below normal There ar¢
great indiy \dual sarntions m the rapidiry of blood regeneration the length of
the recovery perod vanes from one person to another even waith the 105:
of equal amounts of blood The rate of regenerasson 1s slower 1 patient:
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and also that the average recovery pertod 1s longer than 15 generally sup
posed for such a relausely mmor blood loss The accompanying chare
(Fig 32) shows the percentage of cases whose hemoglobm returned to its
ongnal level during each seven day period following a blood donation Tt
will be noted that at the end of exght wecks the hemoglobin of only 75 per
cent of the subjects was back to 1ts normal level The remamning .5 per cent
had not yet recovered although it has been a common practice to require
an interval of only six to eight weels berween blood donations These data
show that the mterval 1s too short to be safe unless the donors hemoglobin
1s determned before each donation to be sure that recovery from the pre-
ceding donation 1s complete When smaller amounts of blood are withdrawn
the drop 1n the hemoglobin level 15 correspondingly less and the recovery
period 1s shorter

‘When repeated blood donations are guen after allowing the hemoglobin
to return to 1ts original level there 1s no appreciable dyminution in the rate
of hemoglobin regeneration The donor 1s not harmed even when large num
bers of domattons are made provided complete recovery 15 allowed to take
place between bleedngs

The daily increase in the blood hemoglobin under the stumulus of this
mild grade of anemra was o 0518 Gm per 100 cc of blood This was shghtly
lower in females than m males but the height of the orgmal hemoglobin
level did not infl the rate of reg 1010

Effect of Iron on Hemoglobin Regeneration 1n Blood Donors

Although there 1s no reason to believe that there 1s 2 deficiency mn available
1ron 1 the healthy adults who serve as blood donors 1t was found that the
admimstration of an g 1ron salt i d the reg 10n of hemo
globin to a remarkable degree for 2 limuted period of time The rate of hemo-
globin regeneration in a group of donors was followed after one blood dona-
tion without medication After the hemoglobin had returned to 1ts ongmal
level another soo cc of blood was taken The rate of regeneration was
agam followed while the subjects recerved 1 Gm of iron and ammonmm
citrates per day Following the first blood donation the rate of hemoglobm
regeneration was found to be 0 0518 Gm per 100 cc per day whereas after
the second donation while iron was bemng admimstered the rate of Tegenera
non was 0772 Gm per day This represents an increase of 49 per cent 1
the rate of | globin Iy 10n under the infl of 1ron therap}
The length of ume required for the hemoglobin to return to its ongmal
level was correspondingly shortened Without medication the ay erage recov-
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Broob Dovors

The great demand for whole blood, plasma, and serum for transfusion
purposes i the past few j ears has resulted 1 an itensive study of the effects
of blood loss and of the rate of hemoglobin regeneratton m blood donors
Much information has been gathered on the fall m the blood hemeglobin
and the rapidity of hemoglobin regeneration following the loss of 2 hnown
amount of blood In most cases of acute blood loss it 1s impossible to de
termine the exact amount which has escaped and without the engmal hemo
globmn level the time required for the blood hemoglobin to return to normal
cannot be found These factors can be ascerrained in the blood donors They

PERCENTAGE OF CASES RETURNING TO NORMAL

Z,E 105 caSES

PERCENT

LTI STE P

TR S ]

TIME IN T DAY PERIODS

Fic 32 The percentage of donors whose hemoglobin returned to normal m eacht SIEV:;
day pertod 1s shown by the figures m each column The predonation hemoglobin J¢
was reached by only 747 per cent at the end of eight weeks

have furmshed the most relble information as to the rate of hemoglobin
regeneration in normal subjects

It has been shown n a large group of donors that the removal of ap
proumately soo cc of blood results mn a fall i the hemoglobm level which
averages . 3 Gm per 100 cc of blood The time required for the blood hemo
globin to return to 1t3 origmal level under these circumstances ranged from
erghteen to nmety eght days with an average recovery pertod of fifty ;152’5
Thas shows that there 15 2 marked variation in the rate at which hemoglo! ﬂ;
regeneration oceurs 1n normal ndnviduals under almost identical condition:
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and also that the average recovery penod s Jonger than s generally sap
posed for such a refatnely mmor blood loss The accompanymng charr
(Fig 32) shows the percentage of cases whose hemoglobin returned to 1ts
onginal Jesel dunng cach seven day persod following a blood donauon It
will be noted that ac the end of eight weeks the hemoglobin of only 75 per
cent of the subjects was back to its normal level The remaming 5 per cent
had not yet recovered slthough st has been a common practice to require
a0 1atersal of only six to exght weeks between blood domations These data
show that the mteral 15 too shorr to be safe unless the donors hemoglobin
15 determined before each donation to be sure that recovery from the pre
ceding donatson 15 complere \When smaller amounts of blood are withdrawn
the drop sn the hemoglobin level 1s cosrespondingly less and the recovery
period 15 shoreer

When repeated blood donations are grien after allowing the hemoglobin
to return to sts original level there ss no apprecuble dimsnution mn the rate
of hemoglobm regeneration The donor 15 not harmed even when large num
bers of donations are made prossded complete recovery 15 allowed to ke
place betw een bleedings

The duly increase i the blood hemoglobin under the sumulus of s
muld grade of anema was o 058 G per 100 cc of blood This was shightdy
lower m females than m males but the heighe of the ongmal hemoglobmn
level dud not inft the sate of

8!

Effect of Iron on Hemaglobin Regeneration 1 Blood Donots

Alkhough there 1s no reason to beheve that there 1s 4 deficiency i available
wen m the healthy adulss who serve as blood donors it was found that the
adrnmstration of an won salt h d the reg of hemo
globin to a remarhable degree for a hmsted penod of ume The rate of hemo-
globin regeneration 15 2 group of donors was follow ed after one blood dona
tion without medicanon After the hemoglobm had returned to its ongmal
level another soo cc of blood was tshen The rate of regeneratton was
agam followed while the subjects recened 1 Gm of 1ron and ammonium
exrates per dzy Foltow g the first blood donatom the rate of hemoglobn
regeneration was found to be 00518 Gm per 100 c¢ per day whereas after
the second donation wlale won was bemng admunsstered the rate of regeners
ttont was o 772 Gm per day Thus represents an increase of 49 per cent i
the rate of hemoglobin regeneration under the nfluence of won therapy
The lengeh of tme required for the hemoglobin to rerurn to its original
tevel was correspondingly shortened Without medicanon the average recov
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Tic 33 This demonstrates the shorremng of the recovery pertod 1n blood donors ss 2
resule of the admmstration of an worgame iron salt The figures in the columns represent
the percentage of donor whose hemoglobmn remurned to the predonation level durng
the seven day period (Fowler and Barer J 4 M 4)
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ery peniod was forty eight days whereas wich the admimistration of iron 1t
was thirty five days a decrease of 27 per cent Sumilar effects with iron
therapy are found when the drug 1s administered after the first donation
and withheld after the second so that the results are obviously due to the
won medication and cannot be explained on the basis of erythropoietic
strmulation resulting from blood loss In the accompanying chart (Fig 33)
1t will be noted that the percentage of patients whose hemoglobin returned
to 1ts ongmal level without iron therapy gradually increased to reach a
peak on the eighth weeh and that 78 per cent of this group had com
pletely recovered by that ime With the admmstration of an norgamc wron
salt the corresponding peak occurred i the fifth rather than the eighth weel

3

TRON THERAPY
—— NO TREATMENT

HEMOGLOBIK GAIN  GRAMS

TIME IN WEEKS
Fic 33 Showing the rate of hemoglobin mcrease m blood donors with and without wron
therapy (Fowler and Barer | A M A)

Seventy seven per cent of the group had recovered by the end of the sixth
week and g3 5 per cent by the end of the exghth week It is seen that the
adminsstration of yron shortens the recovery period so that the subsequent
donations of blood may be given after a considerably shorter mterval
(Fig 34) Various types of morganic won salts have been tried with equal
success Ferrous sulfate 1s effective in somewhat smaller amounts than 1ron
and ammonwmm citrates but when larger amounts of any of the preparauons
were given, they did not cause a significantly greater response

The effect of wron on hemoglobmn regeneration following acute blood loss
15 relanvely transient The drug becomes less effective when adminsstered
conunuously throughout repeated recovery periods so that when 2 blood
donor gives a series of donations at frequent imtervals there 1s progressively
less effect from 1ron medication During the first persod of 1ts administration
the rate of hemoglobin regeneration 15 mereased 49 per cent Dumng the
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Tic 33 This demonstrates the shortening of the recovery period in blood donors as @
result of the adminstration of an morgame iron salt The figures m the columns represent
the percentage of donors whose hemoglobin returned to the predonation level durng
the seven day period (Fowler and Barer [ 4 A 4)
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eny period was forry eight days whereas with the admmstration of won i
was thirry five dayvs a decrease of 7 per cent Sumilar effects with sron
therapy are found when the drug 15 administered after the first donation
and withheld after the second so that the results are obviously due to the
won medication and cannot be explaned on the basis of erythroposetic
stmulation resultng from blood loss In the accompany mg chart (Fig 33)
1t will be noted that the percentage of pstients whose hemoglobin returned
to 1ts ongmal level wichout sron therapy gradually mcreased ro seach a
peak on the eighth weeh and thar 78 per cent of this group had com

pletely recovered by that nme With the admumstratzon of an morgamc sron
salt the corresponding peah occurred m the fifth rather than the eighth week

3

IRDN THERAPY
s NO TREATUENT

HEMDGLOBIN CASH  GRAMS

t 2 2 + B ) 1 O s 0 [ 2 [
TIME IR WEERY
Fia 35 Showing the rate of hemoglobin ncrease 1 biood donors wih and without won
therapy {(Fowler and Barer J 4 A A)

Sevenity seven per cent of the group had recovered by the end of the sixth
week and 93 5 per cent by the end of the exghth week It 1s seen that the
adminustration of tron shortens the secovery persod 5o that the subsequent
denatons of blood may be given after a considerably shorter mterval
(Fig 34) Vanous rypes of morganic iron salts have been tred with equal
suceess Ferrous sulfate 1s effecoive m somewhar smaller amounts thaa wron
and ammonium citrates but when larger amounts of any of the preparanons

were given, they did nat cause 2 significantly greater response
The effect of won on hemoglobin regeneration following acute blood loss
15 zrelauvely transient The drug becomes less effective when admimsteregd
y through peated recovery perods so that when a blood
donor gives a serses of donations at frequent mtervals there 15 progressively
Jess effect fr?m sron fncdxcatmn During the first pertod of 1ts sdmmustrarson
the rate of g 15 d 49 per cent Duning the
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second period the regeneration 15 moze raped than without medication but
less raprd than when iron was first ad ed After subsequent blood
donatons the tron has no apprecrable effect on the rapudicy of hemoglobin
formation When sron 15 admmmstered intermuttently to donors gving re
peated blood danations so thac rest peniods are snterspersed with periods
of sron medication there 1s some acceleration i the rate of hemoglobm re
generation with each penod of medicaion The effect 15 not as great as that
which was obtamed durmg the first penod of its admumstranon When
donors are used repeatedly st 15 therefore best to admunister 1on dutng the
recovery period but to stop when the hemoglobin has returned to s nor
mal Jevel and start again a¢ the ume of the pext blood donauon In this wa
the maximum effect of sron can be obtamed

Vasomotor Reactions 1n Blood Donors

Untoward sy mproms occur 1n 2 very small percentage of those mdn sduals
from whom sco cc of blood 15 withdrawn for purposes of blood transfusion
When such symptoms do appear they are predomnanty vasomocor phe
nomena which commonly result s weakness famtness and occastanally loss
of Such festations occur 1 about s per cent of blood
donors It 1s impossible to predict beforchand which subjects will famt, but
1t 15 apt to be those who have a history of pressous famting from any cause
those who are nervous before the procedure and young mdsssduals Famt
ing 15 more frequent 1 women than 1 men although even a burly husky
man occastonally has such a reaction Hunger and fatigue seem to predispose
to famting The resction may occur durng the wathdranal of blood but
more frequent after the full amount has been taken Ina small percentage
of donors the reaction 15 delayed until some munutes or hours have passed
after the withdrawal of blood The blood donor usually rests on a bed or
couch for at least half an hour after withdrawal of blood, at the end of
which ume he may faint when first assunung erect posture At the expua
tion of chte rest period it 15 custamary to gie che donor a drink of warm te2
or coffee, and occastonally the tanting occurs then It s xmpossnble to de
termme the frequency of delayed reactions smce they occur when the donor
15 no longer under ebservation The famnting may tahe plice after Jeaving the
blood collection center and occasionally after rerurning to worh

“The mamfestanions of the vasomotor reactions vary Many people have
munor manifestations without famung or loss of consciousness Pallor 15 an
almost constant feature m those who have any 1ype of reaction and 1s one
of the eathiest manufestauons Dizziness and a feeling of fantness ma) occa
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sionally precede the pallor and in some cases may occur only after there 15
actually errculatory collapse A transtent flushing of the face and a feehng
of warmth may be the first sy mptom 10 some 1nstances Sweating 1s common
and may be shghe or so extremely profuse 15 to so1k the clothing Vonuting
occasionally occurs Comvulsions have occurred m a very few instances
always appearing after the premontory signs of fantness pillor and loss
of consciousness The convulsions are characterized by a tomc spasm with
dilated puptls followed by clonic mosements of varying sntensity and dura
uon Ttis possible that these represent epileptic seizures i patients with here
tofore unrecogmzed 1diopathic epilepsy  the reaction fram the loss of blood
being sufficient to smmate an attack Tetany has developed m a few
stances and has persited for as long as thurty minutes

A fall sn blood pressure accompames the famuing attach but there 1 no
constant relationship between the blood pressure Jevel and the severity ot
the vasomotor reaction The drop 1n blood pressure 15 considerably greater
m those who fant than 1 the average donor The latter shows lietle or no
change 1nt blood pressure as 2 result of removing soo cc of blood A rapid
pulse 1s frequent as a result of nervousness but a lowered pulse rate occurs
with aircnlatory cotlapse

The famting vanes 1n sevenity It may be mild with a transitory pallor
blurring of vision weakness fammess, and a slight drop m the blood pres
sure and pulse rate In the more severe forms there will be more pronounced
pallor profuse perspiration and a pronounced and prolonged fall mn the
blood pressure and pulse rate Vormting convulsions and tetany may occur
m the severe forms

The tume required for recovery from these episodes vares from 2 few
munutes to more than an hour It 1s usual for the blood pressure to return
to normal first with the pallor subsequently disappearing The opp se
quence ot events 15 occasionally noted Famung may recur after the subject
has apparently recovered and attempted to sit or stand

These vasomotor phenomena occur in only a very small number of blood
donors A vast majority represent only transient and unpleasant symptoms
rather than serious reactions They present many features simlar to those
known to occur with irnrable heart or neurocirculatory asthema and un
doubtedly persons of this type are prone to have the vasomotor reactions
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HEMOLATIC ANEMIAS

rruosr ANEMIAS WHICH ARF DUE TO AN EXCESSILE DFSTRUCTION OF FRYTHRO-
cytes the hemoly nic anermas present some of the most nteresting and puz

zling problems m the field of hematology The pathogenesis of many of these
condiuians has not as Vet been firmly established There are many parasites
infections toxins drugs and chemicals which will cause hemoly sis of erveh

rocytes and these extrinsic factors must be excluded as euologic agents
before a duagnosis of pnmary or imtnnsic hemolyue anemia can be made
Exen after the extrinsic causes have been excluded, the mere presence of an
anemm plus acholuric jaundice does not mean thar there 15 an excessise
destruction of erythrocy tes since certain diseases of the lner may lead not
only to jaundice of the acholune type (without bile 1n the unne) but also
to varying degrees of anemuz Most hemolyuc agents of exther the mtnnsic
or the extnnsic type do not destroy the erythrocyte directly but alter s
composition or its membrane in such a way that the cell 1s more readify de-
stroyed by the renculo endothehal tissues

Hemovsmic Anenans Resvrmng rrovt Extrinsie Cavses

Destruction of erythrocytes within the blood stream may be caused by
a number of extrinsic factors such as infections mfestations tovins and
chemical agents This destruction of cells leads to an anemua of varying de-
gree to jaundice when there has been sufficient hemoly sis to hiberate ade
quate amounts of pigment and to hemoglobinuna when the hemoly sis 35
parncufarfy severe and rapid Undess there 13 a concomrant depression of
the bone marrow actiity 1n addition to the hemoly i process there wall be
evidences of erythrocy tic regeneration and a leukocy tosis

Cold Hemagglutination

The e throcy tes of certan indiiduals are agglutinated by therr own serum
when cooled to o to ,° C but are not agglutinated at temperatures 1bove
183
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0° C The agglutinms in the serum which cause the phenomenon are called

coldagglutinins and wll agglutinate cells of any blood group when brought
to the proper temperature This may be apparent in the counting chamber
wiule doing an ery throcy te count, warming the solurion will prevent the re
action Cold agglutinims are found m hugh uters m a large percentage of
patients with primary aty pical preumon and have been known to produce
a severe hemoly tic anemia in this condition and to cause pertpheral vascular
disturbances similar to Raynaud's syndrome Ther sigmificance 1n various
ty pes of hemoly tic anemta 1s not well understood

Infections and Parasitic Infestations

A common cause of hemoly tic anemua 1s septicernua due to hemoly ric strep
tococeus or Streptococcus virdans and 1s encountered 1n puerperal sepsis and
some cases of subacute bacterl endocarditis Certain strains of staphy lococcus
and other organisms may causc a stmlar reaction The method by which these
organisms produce hemoly sis 1s unknown 1t has not been ascertamned whether
1t 15 due to the bactena themselves or to the action of their touns Prac
trcally all chrome bactenal infections canse some degree of anenua but
most cases 1t 1s due to 2 tosc inlubition of the bone marrow rather than to
actual destruction of erythrocytes

Hemolytic anemia 15 occasionally encountered 1n syphilis and other
spirochetal nfections Oraya fever an infestation by Bartonella baciliformis
causes a particularly severe anemia which 1s commonly accompanied by 2
leukocytosis The tovins liberated by certain parastes such as the hookw orm
(Ancy lostoma duodenale and Necator americanus) and the fish tapeworm
(Diphyllobothrium latum) may cause hemolysis of erythrocytes and so
account 1n part for the anemia vwhich charactenzes the infestation

Malana

The anemia which accompanies malasia 1s particularly strihing and con
sticutes one of the important features of the disease It s 2 direct resule of the
destruction of erythrocy tes since each cell which harbors a parasite 15 de
stroyed The erythrocyte count may drop significantly after each chull
There 15 an elesation of the bilirubin content of the blood serum In 3ddi
tion to the hemolysis caused directly by the parasice 1t 1 probable that some
destruction of erythrocyres 1s due to excessive phagocytosis by reuculo-
endothelnal cells or to a hemolysin The reducton 1 the hemoglobin Jevel
1s proportionate to the lowerng of the erythrocyte count so that a normal

color index 1s mamtained There 15 an mncrease in the number of reticulocytes
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A leukocy tosts oceurs dunng a paroxysm of fever and chulls but the white
count soon falls and a mild leukopenia develops

The anemi may develop rapidly 1 severe cases of malana, especnlly m
those having the st o-autumnal type It may be less severe and deselop
more slowly 1n those with 2 milder form After the disease has been present
for a week or more the erythrocyte count may fall below ~ 000 000 cells
per cubic milimeter and there 15 a tendency for 1t to stay a this low Jevel
uaul treatment 1s instituted Tn patients in whom the disease 15 chrome and of
fong standing the anemia 1s persistent a great deal of ther weakness and
iy alidism 15 artributable to this Anerma s not a comphication but 2n nregral
part of the chimical pieture produced by malana It 1s frequently augmented
by a nuntional anemia brought about by anorewa and imadequate food
meake by the panents

The anerma improves after the malana has been brought under control by

dequate therapy  Ad auon of an morgame 1won salt such o5 reduced
won (3 Gm daily) or ferrous sulfate (1 Gm daily) will hasten recovery
but this 1s not necessary except m patients with 2 severe grade of anemia
Lwer or Iiver extract 1s of no value unfcss 2 nutntional anemia 18 prcscn(
as a complication

Black a2 er Fever

Blackwater fever 15 due to a rapid hemolysis of erythrocytes which Iib-
erates hemoglobin into the blood stream so rapdly that hemoglobinursa re
sults Thus imparts a dark brown or black color to the unne

The enclogy of blackwater fever has not been definutely sertled but it 15
thought to be a result of repeated awachs of mafam or of a continuous 1n
fection It 15 most common with the estivo antumnal vanety but may eccur
with other forms 1t 15 also common in those who have taken quinine irregu
farly so that the part played by this drug 1n 1ts etiology 1s not known It s
believed by Castenada and other physicians who are mn the tropics and
contact with the disease continuously that 1t 15 due pnmanly te a malaral
infestanon of patients whose ery throcy tes are m some way pecubarly sus
ceptible to hemoly sis

The onset 1s sudden wih a chull feser and pams m the abdomen back
and legs The unne which 15 passed after the onset of symptoms 15 dark
color owing to the presence of hemoglobin and 1ts dervatives The manifes
wauons may subside and then recur with each malanal chill or they may
persist

In severe cases the abd 1 pam b a

P feature screrus
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appears and graduaily decpens and the urinary output Jessens or ma be
completely suppressed Uremua subscquen to anuriz, 15 1 common cause of
death The sy mptoms and pathologic findings are sumtlar to those described
m the section on hemoglohnuria except as they are modified by the co-
custence of malara

Some cases are muld 1ed transtent with lieele or no fever, but one attack
appears to predispose to subsequent episodes A third attack 15 usvally fatal
although as maus as sixteen attacks have oceussed in one mddual The
mortality s extremnely varmble bue av erages about . § per cent

The treatment consists of supportive measures to combat shoch adequate
flurd mntake to promote duresss using particuhirly intravenous mfustons of
glucose and an adequate diet after the acute mamifestations have subsided.
Because of the In cr damage thit occurs i these indn iduals a high protem
hugh carbaliydeate and low fat diet with 2 hgh vitaman content should be
grven when the patient s condition 1s such that this diet will be tolerated Dur
g the acute stage rehance must be placed on intravenous flusds and a iqud
or soft dier Antimalarial therapy should be resumed cauttously

Chemicals and Drugs

There 1re many chemicals and drugs which produce hemolisis of the
ervthrocy tes Most commonly encountered or most pronounced mn ther
action are potassium chlorate acertmbd mitrobenzol trimtrotohuene and
other compounds of phenol benzol and roluol arsemureted hs drogen
pheny by drazine and arsenic Severe burns and certan snake venoms may
produce a similar reaction These drugs and chemicals m1y cause an acute
rapudly facal hemolysis or a less severe and more chrome wmtoxication with
anemua, jaundice and mcresed bilirubinerma

Sulfonarmudes
Acute hemols tic anenma ts one of the complications which may occur with
the ad ration of sulfsmizmide sulfapynidine and other of the sulfona

mide compounds In most mstances the hemoly ic actton appears soon after
the admumstration of the drug 1s begun usvally on the second to the fifth
day of treatment, and may be rapidhy progressie and fatal The hemoly txc
reaction may be preceded by a drug fever or other evidences of drug m
tovication of 1t may appear with no premonttory symproms In other m
stances a high blood concentration ot the drug mav be carried for many
days before hemalysis becomes evident There 1s no apparent correlatton
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between the dosage or the blood level of the sulf de and the app 3
of the hemoly sts so that an indisadual suscepubality has been presumed pos
sibly owing to the fact that in certan persons hemoly tic. products are formed
from the drug Readmnstration of the drug to these indivduals 15 ape to
cause a reappearance of the hemofysis An ncreased excrenon of urebilimogen
1n the feces 15 found i many patients who do not develop climeal evidences
of hemolysis “There 15 no correlanon between the amount of urobimogen
excreted and the amount of the drug gnen Autoagglunnns are formed n
some pattents recersing these compounds so thar blood 1 ping and cross
matching of the blood 1 preparation for transfusions may become difficult
or mmpossible

The hemolysis of erythrocytes 15 associated with a sudden drop in the

hemoglobin and en throcyte values jaund d urobilinogen n the
stools nausea svommung fever and exhausnon Shock may occur in the
severe cases H lot 12 occurs 1ly, and crystals of acid hema

td
un may cause blockage of the renal tubules

A majonty of the pauents recover only a few cases termnate fatally
The treatment consists of withdrawal of the drug and admumstration of
farge amounts of fluids and transfusions when necessary

Lead Potsonng

The hematologic picture in lead poisoning constitutes one of the mmpor
tant dugnostic features of this intovicanion and appears to be produced
pomarly by excessive destruction of erythrocy tes Lead possoning has been
recognized for a great many years Its vanous chmcal mamtestations were
correlated as early as 1831 It sull represents one of the most common indus
tral diseases in spite of the fact that recent umprovements m preventne
measures and 11 working conditions hase greatly reduced 1ts incidence The
respiratory tract 15 the most frequent as well as the most dangerous portal
of entry as the lead quickly enters into the circulanon and becomes widely
distributed throughout the body Lead may also be absorbed through the
gastromntesunal tract the mucous membranes of the nose and mouth and
possibly the shin Following absarption 1t 15 cartied to all organs of the body
but 1s deposited primanly m the bones Symptoms of lead intoucation ap
pear when the lead 1s circutaung m the blood stream Thus may oceur during

the period of absorption or during the process of ehmunation of lead thar
was presioush stored i the bones
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Symptoms Acute possomng is relatwvely rare It mav occur after the
smgestion of large amounts of lead or 1m suscepuble persons wih only 2
relatnvely shight exposure There 15 weahness vomunng, diarrhes, and col
lapse, and occasionally comvulsions occur from the lead encephalopathy
An anemia may develop rapidly as a resule of the hemolysis of ery throcy tes
This may cause jaundice and Iy globinuria

The chromc ty pe of poisonng is far more common The syvmproms con
sist of weahness lassitude, constipanon  severe and persisient abdom nal
cramps anema, and peripheral neunius The abdomnal pam 15 usually located
m the lower quadrants It may be onc of the most distressing manifestations
of the dlness and 15 frequently very ressstane to therapeutic measures It 15
not accompanied by muscle spasm The pertpheral neuritss usally affects
the extensor muscles of the wnists and fingers grng a characterstic Wt
and finger drop but 1t may also appear m the peraneal muscles af the legs
causing a steppage gat Optic nevnitis may deselop and cerebral manfesta
tions such as depression delium convulstons or psychoses occasionalh
appear The lead ine on the gums ss an smportant sign of lead mrovica
tion and consists of a deposit of lead sulfide along the margms of the gums
When vsewed under a magnify ing glass ic 1 seen to consist of muleple small
punctate blush black dots A similar fine may be caused by bismuth

Hemmatologie Teatures Ote of the earliest mamifestations of chrome Jead
posoning 15 an anemia which 15 usually moderate in degree and presents 2
color index shghtly below normal The assocuated pallor 15 so strihing that
1t suggests a greater degree of anemra than 2ctually cvsts The anemia 15
apparently caused by an excessne destruction of erythrocytes which 15
brought abour by the action of lead on the surface membrane of the cell
makung 1¢ more fragile and more easily hemoly zed than normal One of the
most characteristic features of the blood picture 15 the presence of large
numbers of ery throcy tes which show a fine basophilic stipphng This sup
pling 15 apparent with the ordinary staung methods but 15 best demonstraced
by drymg the blood smear in air for twenty four hours and then stamng
with dilute Unnas alhaline methy lene blue The reticulocy e count 15 als0
clevated The stippled cells are probably degenerating teuculoes tes—-all
snppled cells are renculocy tes bur not all of the renculocy tes are snpp‘ed
The presence of suppled erythrocy tes 1s not diagnostic of fead possoning
They occur other types of anema in which blood regeneranon is vers
active The presence of from 100 to 300 stppled cells per milhon enythro
cytes 15 sigmificant however and consttutes one of the carliest and MOst
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reliable signs of Jead porsoning 1 a person exposed to this metal The lealo-
cytes mav be moderately increased 1 number

Duag; The diug ot lead p g 15 based on the chin.cal and
hematologic findings alreads descnbed but should be confirmed by a de-
termunation of the amount of lead beng excreted The lead in the feces 1
of fimtle dragnosue sigmificance since 1t may have passed through the gastro-
intestnal tract without being absorbed The lead found mn the urme 1s sig
mificant howeter since 1t represents lead that has been absorbed and ex
creted When unnary excretion 1 m excess of 0 1 mg per twenty four hours
lead p g 35 ndicated  Roentg! mn children who may have ac-
quired lead possonung from eating paint from ther bed or tovs may show a
fine of increased density from a deposit of fead 1n the epiphyseal ends of
the bones

Treatment "There 1s no speasfic thesapy for the anemu of lead posomng
but a prompt improsement Will occur when the lead intoucaton 15 relieved
For the treatment of lead poisonmg the reader 1s referred to any of the
standard texts on nternal medicine

Hesowync Anesas oF Inrinsic Frioocy

The pathogenesis of the hemolytic anemias of the mtnnsic type 15 not
the same 1n all cases Someumes the disease 15 due pnmanly to 2 dysfunc
uon of that patt of the hematopotetie system which has to do with the
formation of ers throcy tes so that the circulation 15 flooded with abnormal
cells and the hemolysis 15 a compensatory mechanism to nid the blood stream
of them In other instances the excessive hemols sis appears 1o be the pnmary
feature and the compensatory hyperplasna of the hematopoietic system 1s
an attempt to replace the abnormally farge number of erythrocytes which
hase been destroved The presence of immarure cells 1s one result of the
compensatory hyperactivity The bone marrow 1 these diseases 1 func
vonally ntace and capable of forming en throcytes m adequate numbers
With the continuous destruction of the cells there 1s a plenaful supply of
the materuals necessary far new cell formation and there 1s some expenimental
evidence to suogest that products denved from the destrucnon of eryth
rocytes may act as a sumalus to new cell production

Certain h logic features are i vanying degrees to all tpes
of hemolytic anemuas (1) Anemua This 15 usually of 2 normochromic or
shightly hyperchromic type and will vary 1 sevenity from one pauent to
another as well 2> from tme to time 1n the same patient It depends upon
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the exeessne destruction of ery throcytes but sts severiy 1 modified by the
rapidity with which new cells are formed A rapid regeneration of cells may
compensate for the excessne hemoly sis so that the resultant anemia will be
of only moderate sevents () Jaundice This results from destruction of
ery throcy tes and the consequent Jiberation of excessis e amounts of pigment
derived from the hemoglobm The increased bilirubmema 15 demonstrable
by chemical tests on the blood serum These reveal an elevated icterus mndex
and a positnve mndirece van den Bergh reaction The urobiinogen excretion
m the feces 15 greadly increased and the urobilinogen content of the urine
may be increased although the latter apparently depends to a great evtent
upon ssaciated liver msufficiency rather than on excessive hemoly sis alone
(3) Reuculocy tosis There 1s by perplasia of the ery throposetic tissues, which
results 1 the liberation of an unusvally Jarge number of reticulocy tes mto
the blood stream It 15 2 mamifestation of the rapid production of cells In
addition to the reticulocytes therc are varying numbers of poly chromato-
philic and nucleated erythrocytes 1n the penipheral blood stream (4) Leu
Tocytosis As a result of the hy perplista of the bone marrow production of
leuhocy tes 1s increased and the percentage of nonsegmented or band neu
trophuls 1s lugher My elocy tes and metamy clocy tes may appear in the blood
stream 1n vary ng numbers m cases i which this reaction 15 severe These
have occasionally been so numerous s to suggest leukemia and the term
psendoleukenna 1s erroneously applied to this condition The latter two fea
tures immature erythrocytes and extreme levhocytosis are partlculaﬂ)
prominent when a severe form of the disease appears m infants and chil
dren possibly because the hematoporetic system at this age 15 more Libile
and responds with greater mtensity to a groen sumulus than does that of
an adule

An attempt has been made to subdivide the primary hemolytic anemas
1nto a number of separate chimcal entitses Such classification s difficult 1
many nstances particularly when the mamfestations of the disease are
shightly atypical The basriers which have been erected to deltmit the +2
rious ennities are arbitrary and artiftcial Many of them will undoubtedly be
alrered or removed entirely as our hnowledge of the diseases increases He
moly tic 1cterus has been subdn ided wnto the congental and acquired ty pes
and from the latter group an acute febnle form has been separated These
conditions have so many features mm common however and the points of
differentration are so meager that their logical subdn sston mto separate clin
ical ennities 15 open to question For the sake of clarity and for simplctty
jon this hat arbitrary classification will be retaned

n pr
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Fantiwiat Hesowvric Icrerus
Conoenitat. (Fasutw) Hevorymie Avewna (Iereeus)
CHRONIC ACHOLURIC JAUNDICE

Farnhial hemols tic teterus 1s a chromie hereditary and congenital anemia
charactenzed by recurning episodes of hemolysis with jaundice mcreased
fragiliny of the erythrocyies and splenomegaly It s transmitted 25 2 dom
1nant mendelian charactenstic by erther sex but 15 not rransmitted by mem
bers of the famly who do not have the disease Tn many nstances the
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Fic 3¢ Photomieregraph of en throcy tes from a patient with famahial hemols ue rcterus
ete the predomuance of small d«gly staed cells and the abseace of the normal Lighe
staming area i the center This indicates that the cells are unusualls thick and have
fost theit nonmal biconcave conhiguration
hertted defect 1n the erythrocytes has been present throughout fe bur
hemolysis has been so shight that 1t has not produced climeal mamifestations
The disease mav be transmtted by these mdr iduals to therr offsprmg Under
such circumstances a family history of the disease may be difficult to obtam
but examinanon of the blood of the parents and siblings of the patient may
bring to light an increased fragihty of the erythrocy tes m some member or

members of the family Quesuomn, may elicit a ustory of mild recurrent
weterus 1o one of the parents

Pathogenesss

The two most characterisic features of congemytal (familial) hemo
Yy ue 1cterns are (1) increased fragiliny of the erythrocytes and (2) sphero
«ytosis Framunation of the blood smear (Fig 35) reveals that the average
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diameter of the ery throcytes 1s less than normal and that those cells which
appear to be microcy tic actually stain more deeply than normal When the
cells are examined 1n a hanging drop or other ty pe of monst preparation, it
1s found that although their drameter 1s decreased, their thickness 15 1n
creased Determimartion of the mean corpyscular volume reveals that the
actual volume of the cell 1s normal or mcreased The greater thickness of the
cell has compensated for its smaller diameter, and 1t has lost its normal
biconcave configuration to become thicker and more nearly sphencal
shape Cells of this type are called spherocy tes

This change 1n the structure of the cry throcy te was noted by Chauffard
Its effect on the fragihty of the cell was particularly stressed by Haden
When normal ery throcytes are placed 1n a hy potontc salme solution, flud
passes mto the cell because of the difference 1n osmotic pressure This pro-
duces swelling an increased thichness of the cell and ultimate rupture of
the cell membrane with hemolysis Hemolysis 15 first apparent with normal
cells 1n 2 0 44 4 solution of saline and 15 complete—all the cells hemolyzed—
n 034 % saline The thickness of a spherocy te 1s already greater than normal
50 1t 15 incapable of tahing in as much flwd without rupture of its membrane
as 15 the normal biconcave erythrocyte The cell will therefore hemolyze
more readily when exposed to hypotonic solution (Fig 36) The presence
of large numbers of spherocy tes 1 the blood stream 1s the accepted explana
tion for the mereased fragility 0 hemoly tic 1cterus and accounts for the fact
that the blood may show beginming hemolssis n o7 to 08 salme and
complete hemolysis at a pownt correspondingly higher than the normal

There arc different opinions as to the cause of the spherocytosis Any
constderatton of this subject must tahe into account the fact that splenectomy
produces a clinical cure although the spherocy tosis and mcreased fragxln’y
remam unchanged or are but shightly altered The accepted explanation 15
that these abnormally fragile cells are produced m the bone marrow and
are abnormal at the ume they enter the blood stream The spleen one of
the functions of which 1s to remos e abnormal and degenerated ery throcytes
from the circulation 1s unusually acuve in destroying the abnormal cells
and an excessne hemolysts results Splenectomy does not alter the produc
uon of spherocytes but removes the organ which 15 most acuvely engaged
1n their destruction so that the chinteal evidences of mcreased hemolysis are
removed even though the abnormal cells persist m the circulation

A second theory holds that the cells are onigmally normal m shape and 1
osmotic resistance but are altered 1n these respects after they enter the blood
streatn This concept proposes that the ery throcytes are exposed to hemo
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Iync agents or hemolysins of some type within the blood stream and that
the spherocy tosis and increased fragility are early stages m the hemolytic
process Hemolysins of the jmmune body type have been demonstrated by
Dameshel m some but not all cases of acquired hemolytic icterus and
spherocy tes have been produced n experimental ammals by the mjection
of hemoly tic serums  Autoagglutinins which produce clumping of the eryth
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Fic 36 Diagram showing the cross secuon configuraion of erythrocytes in vanous
diseases as compared to the normal and the effect of their shape on the resistance to
hypotone salme solution D =mean diameter 1 microns T = thickness V = corpus
cular volume (Haden Am J M Sc)
rocy tes on smears 1n cross matching and when erythrocy te counts are tal en
have been encountered in some cases but neither these nor autohemolysins
can always be demonstrated and their sigmficance 15 snll undetermined

A hemolyzing substance Iysolecithin has been found in normal blood
and can be mncreased i amount by incubating blood (without shaking) 1n
sitro The spleen 1s a reservoir which contamns an enormous volume of blood
m hemolytic icterus It 15 possible that lysolecithin 15 developed to higher
than normal concentrations or that 1t 15 produced m increased amounts
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patsents with this disease  Spherocy tosts under these circumstances would
be an carly stage 1n the process of hemolysis Inability to consstently demon
strate an increased amount of lysoleaithin m the blood of patients with hemo
ly e 1cterus has preyented the acceptance of this theory

It has been demonstrated that mntrayascular stasis as well as sterile meuba
uon of blood 1 vitro, will produce spherocy tosts and increased fragility of
the ery throcy tes to the extent that they will be hemolyzed 1n ssotonuc saline
It has been suggested that the st1sis which occurs in the greatly enlarged spleen
of patients with hemoly ic anenia may account for the mcreased fragily
m those patients 1n whom hemoly sins or hemoly tic agents are not present

A final opmion regarding the cause of spherocytosis and the screased
rate of hemolysis cannot be given at present although recent mvesugatne
worl 1 this field gives promise of enlightening information

Pathology

The ussues from patients with congemital hemoly e scterus are stamed
with bile pigments the extent of the staimng varying with the severty of
the hemoly tic process There are deposits of sron contaming pigment some
times very extensive 1 all of the organs The spleen 1s markedly enlarged
and has a smooth glisteming surface and a deep blussh red color It may be
4 to 1o times normal size On cut section 1t 15 deep red 1n color and presents 2
pxcturc Of mtense congesuon \\hlch on mlCl‘OSC()PlC examination, i§ f()“nd
to consist of 4 marked engorgement of the pulp by ery throcytes with rela
tely empty bloed sinuses The Iy mph follicles are small and atrophic and
the trabeculae are mdisunct Infarcuons are frequently encountered The
liver 1s enlarged to a moderate degree and may show farry degencranon and
deposits of iron contaiming pigment As 2 rule there are no other significant
alterations although an increase 1n the size and number of the hupffer cells
has been reported 1n some nstances Gallstones are found n the biliary tract
ma Inrge perccnmge Of the Cases

The hematopotetic bone marrow 1s hyperplasuc and replaces the fatry
marrow to 1arying degrees Meulengracht records an nstance 1n which the
entire shaft of the femur was filled with hematoporetic marrow  Alicroscopic
examination res eals that nucleated ery throcy tes predominate m the by per
plasia The leukopotetic elements are involy ed to vary ing degrees butin sor;!c
Justances both myeloid foc1 and megakary ocytes are scarce and apparently
crowded out by the ery throporeuc elements Extramedullary hemaropoiesis

has been observed usually 1n severe cases occurnng m nfants
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Chinscal Mamifestations

The manifestations and the age at which this dssease makes sts appearance
are vanable There are latent cases which show the specific defect in the
en throes tes but few or no cluical mamfestanons The fisse indscation of
the disease 1n these cases 15 1ts appearance i the patient s offspring In other
mstances there are recurning episodes of shght jaundice which are never
severe enough ro cause sigmsficant disabibny In sexere cases there are hemo
lyne episodes duong nfancy or childhoad resuftng s chrome mmvahdism
with recurring acute evacerbations In patsents presentmng the more severe
chical marufestagions the disease usualhy becomes apparent i mfancy, or
childhood As 2 rale the Jater 1 Lfe the mimfestanons appear the milder
will be the course In the ty pical case the pauent feels well or has only mild
symproms and a shght degree of sererus mose of the ime Av srregubar
cers als there occur evacerbations wuh increasmg weakness fatgabiies, short
ness of breath pallor and jrundice These recurring episodes of mncreased
femalvsis or crises of deglobulization  consttute ane of the most charac
tersstic chmeal festures of the diwerse They mas oceur at any time wath no
appatent cause but are frequently smuated by nfections exhausuon, or
trauma After persisting for 2 vanable length of tme the acute episode spon
tancoush, subsides and the condition reverts to the quiescent stage

Hemobytie episedes are miore {requent and mwore severe m some cases
and are assocated with fever prostration sausea vommwg and at tumes
severe abdomunal pan which may be n esther the nght ot the feft upper
quadrenc The episodes of pan are a pace of the prerase of active hemolysis
but atiachs of true bibary colic are also frequent m these patients An un
usually large amount of bie pigment 15 formed because of the hberation of
excessive amounts of blood pigment W hen this hemolysis has been occur
nng over 2 long period of tme there is great rendency tovward the forma
non of galistones These are frequently encountered m young chidren so
chat bilary cohe and obstructive jaundice mav be superumposed on the
picture of hemols tic wrerus at any age ¥t must be remembered however
thar the hemob tic episode sself may cause bdomnal pan when this 15
accompamed by fever and levhoeywoss st may snggest an aente condition
of the abdomen m which surgical sntersention 15 mdicated The jaundice
of hemoly tic wterus 15 ordsndnly not as intense as that assocated with ob
struction of the tiltary tricr and achobie or clay colored stools are not en
countered unless the disease 15 complicated by such obstruction Hemoky e
yaundice 15 not assoctated with pruntus nor are hile pigments to be found
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in the unne Jaundice of a slight degree 1s almost constantly present m pa
tlents with this disease and evcepr during the acute episodes and in the
more scs ere cases, the statement that the patient 1s “more jaundiced than a’
halds true

The degree of pallor varies with the seventy of the anema, which may
be muld or severe The spleen 15 consistenth enlarged and may become a
massive organ causing a sense of werght or a dmggmg sensatton m the left
upper quadrant of the abdomen This 15 accastonally one of the chief com
plamnts There 15 a tendency for the spleen to merease 1n size with the seute
hemoly tsc episodes and to recede dunng remissions Pasn n the splensc area
1s a common symptom and may be due to the perisplemtis which accom
pnies infarction of the organ The Liver 15 enlarged sn about one third of
the pauents bur usvally not excesstvely There may be a shghr degree of
carduc enlargement due to dilatation and 2 hermic murmur may be heard

Chrontc ulcerations on the lower leg simlar to those so frequently found
m sichle cell anemma, are ovcasionally encountered in familal hemolyuc
scterus These ulcers are rounded and sharply demarcated or ¢ punched out
n appearance, on healing they leave a smooth glossy scar or a deeply Pig
mented area Although healing mav occur during a spontancous remision,
m the more sesere cases the ulcerations may persisc until splenectomy has
induced a complete clhnieal remssion

Roentgen Ray

Roentgenologic exammanon of the bones may revesl sigmficant findings
m children with a severe form of the disease The changes are due to hy pes-
plasta of che marrow wihich causes decalaificatton of the trabeculze an m
creased v olume of the medullary portion of the bone and a consequent thin
ning of the cortex This results i a generalized motthng or spongy 3pper
ance of the bones of the skull with thichenung of the medullary portion and
2 thinming of the outer and mner tables New bone formation may occlf 25
perpendxcular striations surrounding the outer table The genemhzcd de
calcrfication 15 especually evident n the hands and feer The sroentgenologtc
changes are the same as these which are mare completely described 1n the
section on erythroblasuc anemia A tower shull 15 one of the developmen
tal abnormahities of the skeletal 5y stem which may be encountered

Laboratory Findings
The hematologic findings vary wich the severtry of the disexse and the
acureness of the hemolyuc process at the ume of exammation Dunng 2
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quiescene period the erythrocy te count and hemoglobmn lesel may be nor-
mal or but shghtly lowered slthough the more severe cases have a per-
sistent anemia of varying degree The reduction 1n the erythirocy te count
and 1 the hemoglobin lev el 15 propornonate so shat the color ndex remams
abour normal Dunng the hemolvue erises there ss o fall i the red cell
count and hemoglobin Jevel which may be rapid and profound Lrythro

cyie counts of 1 0oc oo or less are occasianally encountered in severe cases

“The ery throcy tes and hemoglobin persist at these Jesels for 2 vansble ume
and then spontancously merease a5 the hemoly tre actrvry subsides In other
mstances the evacerbattons are mild so that even durmg the acute stage of
the disease the anernte may be of only moderate degree

‘The mcreased bilsrubim content of the blood 15 commensurate with the
seventy of the hemoly tic process The weterus index s fugh and the van den
Bergh test 15 posiive with an mdirect reaction The urobilinogen content
of the feces 1s greatly elevated and the vrobihinogen output in the urme may
be mereased W atson has suggested that the mcreased urinary urebilinogen
15 due to Iner wsufficiency rather than to the hberauon of excessne amonnts
of blood pigment alene VWhen obstructive jaundice mtervenes brle will not
be present s the feces and bile pigments vl be found in the urine

On exammnanion of the smear the evidences of spheroey tosis will be noted
the ery throcy tes appearsng small but more deeply stamung than normal The
appatent microcy tosts 15 musleading however simce the thickness of the celis
fias inereased sufficiently to compensate for thesr decrease m diameter Ther
actual volume s normal or sacreased They are no Jonger biconcave disks but
have become more nearly spherical w shape (Fig 37)

As was previously mentioned these cells have 2 dmunsshed osmounc se
sistance as measured by exposing them ro varying concentrations of hype
tome sahine solution Their mereased fragility 15 congenural and 15 constantdy
present thraughour Ife but becomes more marked dunng the scute episodes
and does not disappear even after a clinical enre 13 brought about by splenec
tomy Thus altered resistance of the ery throes tes ss onte of the most mportant
duagnostic features of the disease and will be found 1 go per cent of the
€ases

The reticulocy tes are more numerous parnieularly duning an acute hemo
lyuc episode A spontancous reuculocytosis of go per cent has been ob
served and readings of from 40 to 5o per cent are not at all uncommon
There 15 2 vanable degree of polychromarophilia, and z few nucleated eryth
rocytes are frequently encountered These are more nusnerous sn younger
pauents with a severe form of the disease
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A leuhocytosts of variable degree 1s common duning the acute episodes
The count returns to normal during quiescent periods Normal or even Jow
ered Jeul ocy te counts have been recorded during acute episodes Leuhocy
tosts 1s more frequently encountered mn 3 oung patients thann adults and s
usually due to an increase 1 neutropluls There 15 an increased percentage
of nonsegmented or band forms and viny ing numbers of metam elocy res
and myelocy tes frequentds appear sometmes to the extent thar myelod
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Tic 37 Bas relief photomicrograph showing the mereased thichness of the cells
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leuhemia 15 simuwlated The platelets may be mereased bur usually are not
sigruficantly affected

The bone mrrow shows a normoblastic ty pe of hy perplasia wich marked
evidences of mereased ertthrocy tic production as might be evpeeted from
the reticulocy tosts and poly chronnista of the penpheral blood

Dhragnosis

The diagnosts of farhal hemoly nic scterus 15 based upon che jaundice
anerma reuculocy tosts and leuhocy tosts which are the charactenstc features
of all bemolytic anemuas plus the incressed fragihey of the ery throcy tes,
spherocytosis splenomegaly and the famthal hustory The greatest difficulty
1 differennal disgnosis m chuldren 15 presented by the ery throblastoses and
Cooley sanemta In neither of these is there an altered fragihiey of the ery thro
cytes, SPherocy 1es are not presenc 2ad che number of nucleated ery throcy tes
15 usually much greater There mav be a fanmltal rrar m the ery throblastoses
and mcmgcnoluglc changes which are smular to those found 1 ecrythro
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blastic anesmia may oceasionally be encountered wm the bones of mfants wich
hemoly e crerus

Hemoly tic trerus s an adult may be confused with permerons anenua but
the macrocytoss hagh color tndex Jeubopenu and normat fraghies of the
ery throcs tes should distnguish the latter condion Neurologie changes do
not oceur i familial hemoly tic 1ckerus nar arc paresthestas encountered

Acquired hemols tic screrus presents a pictuse simular to the famtial form,
but there 15 an absence of the ty pical famidy fustors, The other munor differ

g ponts are dered o the d af chat disease The presence

of jaundice and hy perbilie should easdy distingash hemoaly v weerus
from aplasic anemya and the tron deficlency anenuas Bantis syndrome or
splentc srenua may present more difficalts because of the enlarged spleen
and rcrerus but the leubapena the absence of an mereased fragihiry and the
negattve fanuly, ustory should serve for differentiation

1

Prognosis

There 15 a great vanauon n the sevenny of the diease Many cases are
fatent or extremely, mitd so that hittde dsabiliy results although 2l such pa
nents are hable to hase acute and severe exacerbations at any ume In other
pauents the acute hemolytic episodes are frequent and more seiere the
patent may become a chrome imyalid Death may occor with a hemolytie
crsts VWhen the disesse appears early 1 hfe its course 55 nsually mere
severe than when 1 appears i adules

Treatment

Splenectamy 15 the spectfic form of treatment for congental hemoly tse
scterus Thes procedure must be given due consideratian m every case m
wlich the diagnosis ss made The sevensy of the symptoms and the age of
the panent should however be tahen mto consideration before advising the
opesation Splenectomy 15 not mdscated 1 the very mild or latent forms that
first make thewr appearance m older adults The disabulity 2y not be severe
eneugh to prevent an acine and useful bfe m these pauents and 1t 15 probable
thay the manfestations will become even fess severe with advancing age
However an acute episode of hemolhvsis may occur at any time even sn msld
and heretofore quiescens cases A close cheeh for evidences of mcereased
besmobysis should be hept on the patients on. whom splenectomy s not per
formed W hen the sy mprams of che disease make their appearance in 3 child
ar young adult splencctomy should be performed even though the disease
has produced only a muld degree of W health The spleen should be removed
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during a remission if possible rather than during an episode of acute hemoly
sis It 1s impossible to wait for the opportune time in some nstances and the
surgical procedure must be carried out at once

Splenectomy results 1n complete relief of the clinical mamfestations m
practcally all cases bue the increased fragility of the erythrocytes and the
spherocy tosis persist even m the absence of other mamfestanons Following
the operation there 15 an immediate decrease n the rate of hemolysis as 1
shown by a lessening in the degree of jaundice, a drop mn the bilirubmemia
and a decrease in the fecal output of urobihinogen The anema 1mproves
without other therapeutsc measures A striking increase in the number of
erythrocytes may be noted within 2 few hours after the operation This m
mediate response 1s due 1n part to the emptying of the splenic reservour into
the penpheral blood stream during the operative manpulations Compression
or “milhing  of the spleen 1s an advisable procedure prior to Ligation of the
vessels The dsease 15 stll transmussible by a parent 1n whom splenectomy has
resulted 1 complete rehef of the subjective manifestations

Gallstones are present 1n a high percentage of patients with famuhal he
molyuc icterus and have frequently been encountered i children below the
age of 10 When svmptoms due to bilary calcul: are present the question
frequently arises as to the correct sequence of surgical procedures—that 15
whether to first perform a cholecystectomy to relieve the biliary obstruc
tion and remove the spleen at a later date or to proceed at once with sple
nectomy To carry out both procedures at one ume 15 usually madvisable
It has been found that trauma such as occurs with a laparotomy may 1
tiate a severe and somenmes fatal hemoly tic ensis For this reason splenec
tomy should be performed first except i the few cases when 1t 1s imperatne
that biliary obstruction be relieved immediately

Transfustons are of only temporary benefit and are seldom indicated m
famulial hemoly tic 1cterus In most cases the anema 1s not severe enough to
require them but in the more acute forms they may be necessary as a pre
operative measure Attention has been called to the danger of hemoly tic reac
tions followng transfusions These not only may lead to hemolysts of the
transfused cells but may mitiate or accentuate the hemolysis of the patents
own cells and so aggravate the already sersous condition of the patient Such
acute hemolytic reactions may lead to blocking of the hidney tubules by
deposits of acid hematin crystals Anuria and death from uremm may result
When a transfuston s smperative 1t 15 best to use a donor of the same blood
group rather than to rely on a universal donor and to cross match the cells
and serum of both donor and rectpient The reciprent s secum should also be
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tested for 2 hemoly tic action on the donor s cells I the patient 15 so anemic
35 to require transfusion 2 splenectomyy should be done as soon as conditions
will permu snce 3¢ frequenty produces a strslang ond immediate 1m
provement

Betrer results arc obtamed when splenectomy 15 performed early i the
course of the drsease 23 thrs chechs the formaton of bilisry ealenh Tempo
sizing with other therapeunic measuzes 1 not justafisble evcept 1 ven mild
or latent cases The operatne mortality from splenectomy 15 sn the nesgh
bothood of 4 or 5 per cent

The admimstration of won and Iner extract does not benefit this type of
anema Doan has reported thar Iner extract 1 not only valueless bur may
imuate & hemotly tic erisis

Acquiren Heviowymic Iererus

Although congeniral or farmital (Chauffard Minkowska) hemoly ue reterus
rmust be considered a5 a distnct chateal entity  there 15 1 difference of opimon
as to whether the acquired {Havem Widal) b pe should be so recognwed
Many feel that the term acqured bemolytic scterus should be discarded
They believe that all such cases are really manifestarions of the famibul form
and that there 15 a latent ssherent defect m the erythrocttes of these in
disduals which permuts easy hemolysis and requires only some mfections
tovie or metabolic disturbance to make 1w app Ad of d
hemoly e 1cterus has been made m many cases only to find on funher
unesugation that midd and heretofore unrecogmzed sy mptotns of the disease
have been present in other membess of the famidy or to have mblings who
previously had shown no essdence of the discase subsequently dexelop typical
hemoly tic scterus Most cases of primary hemols tic seterus are undoubtedly
of the famibul or congemtal vy pe

The term acquired hemwlyte jaundice was spplied by Widal to a group
of cases which were apparently not congemital or famubal and which ap
peared exher i the cowrse of vanous dinesses or m 2 prmary 1diopathic
form He recognized the absence of a hereditary factor the moderate altera
uon in the fragihty of the cells and the autoagglutmation of the erythro
cytes Many subsequent reports on this disease have included eases which
were apparently ary pical examples of permcious anemma Bantis sy ndrome
and other condmons There remam however some cases which seem to
jusufy the tevm acquared hemalytic scterus This greup has been further sub
divided mre (1) those wiich are wdiopathic or primary m onigin and (1)
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those which are sccondary to some other discase In sts secondary form the
disease has been found associated with sy phulis malana tuberculosis sep
ucemn and other infections s well as with leukerma, Hodghmn's disease
arrhosis of the liver and pregnancy Lradtcation of the primary disease will
frequently effect a cure of the hemoly tic process The course 1n those cases
which we have observed n assoctaton with pregnancy has been unusually
mild The manifestations have disappeared followng deltsery although there
15 a tendency for 1 recurrence with succceding pregnancies In one partent
a tv pical hemoly tic episode occurred durimg a pregnancy and a subsequent
eprsode during the course of an infection

In the 1diopathic form of acquired hemoly tic icterus which closely simu
Iates the farmlial form there 15 no recognizable causatne factor Questions
concerninly ts pathogenesis have been considered in connection with famihial
hemolytic icterus Autoagglutinition of the erythrocytes has been fre
quently noted in doing ervthrocy te counts 1n cross matching or ty pig the
blood or by resuspending the cells in the pattent s own serum Isohemoly sins
have been found by Dameshek n some cases It 15 possible that a mechanism
of this ty pe may be responsible for acquired hemoly tic scterus

Clinieal Features

The clinical manifestations of the wdiopathic t pe of acquired hemolytc
tcterus are similar to those of the congenital form except for mimor variations
The disease usually makes its appearance duning early or middle adule Iife
but 15 occasionally found in children The onset may be gradual w ith a pro
gressive anenua or sudden with fever prostravon sbdomunal pamn and a
rapidly deseloping jaundice and anemia A rapid onset 1s more frequent 1n
the acquired than tn the congenseal form and che hemoly tre crises are more
frequent and more severe The degree of anemia vanes but a severe grade
15 commonly encountered The anemia and pallor are more outsrandmng than
1s the jaundice

The hematologic features are similar to those of the congenital ty pe al
(hough spherocytosis and 1ncreased fragl]m of the erythrocytes are less
common or are present to a lesser degree The reticulocy te count 1s elev ated
to a varable extent and may be just as high as m the congenutal ty pe A
Macrocy tosis rather than a microuytosts 15 more frequently present The
leul ocy tic response s similar in the two forms

The pathologic features are essenttally the same 1 the two conditions An
enlarged and congested spleen 1s a charactenstic finding On hstologic ex

amunation 1t shows increased fibrosis The hy perplasia of the bone marrow 1§
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the same s both farms as are the evidences of prundice and the depostts of
ITON contammy pi,ment

Treatment

ant,

) shauld be rec ded 1n those cases of acquired hemoly ue
screrus which are of whopathie onigm and whuch do not respond 1o conseria
tre measures The best results axe to be expected mn those cases that closeh
resemnble the I tvpe m ther b 1 features but one cannot
recommend the procedure 1 sth the same confidence as in the congemal form
The operation 1s contrandicated 10 those cases secondary to wfeetions or
other diseases

Liver extract and ron are of no value and transfusions must be gnen wath
the greatest cavtion Dafficuley may be met i cross marching the blood of pro
spectn ¢ denors because ot autoagglounation of the red cells In one of our
pattents 1t was smpossible to obtain 2 donor whose blood wes companble con
sequently transfusion was smpossible A severe or even fatal transfusion reac
ton will sometimes oceur even though the donor s blood 1s apparenth, per
fectly compatible wih the panents This danger appears to be greater n
acquired thar m congemtal hemol tic screrus so chat transfustons should be
given with the greatest cavtton ¥ ¢ have abserved one fatal hemols ric reac
wron following ransfusion and sevexal muld reactions although some patients
hase recened transfusions with no reaction v hatsoever

Acute Hevioratic Adena (LEvFres s)

‘The acute hemols tic anemn of Lederer or Batl s characterzed by sudden
onset of a severe rapidly progressing anemma of the hemols te type asso
ciated wah high fever chills malasse and jaundice Tt may occur i etther
sexand at any age but 1s more common 11  oung persons particularly m the
first two decades of life

Enology and Pathogenens

A definue enologic agent has ot been discos ered 1 this 1y pe of hemals ti
anerruz The mundfestatians 2te 50 simidar to those of acquired hemohyne
screrus that 1t may represent merely an acute hemoly tie episode n the course
of that diseast Dameshel. and others have found autoagyluunns and suto
hemah sins m the blood serum of pauents with this 1y pe of anemn bur no

corretauon eusted between the urter of the hemolysin and the degree of
hemoly s1s
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The sudden onset of the disease and the fever suggest that 1t may result
from some mfection Howecver, repeated blood cultures are found to be
stenile and no definite evidences of mnfection have been found on physical
exammation or at necropsy It scems more logical that infection 15 the nat
ing or exciung factor rather than the basic cause It 1s probable that the
hemolysis 1s due either to some hemoly tic agent, possibly extrnsic or to the
presence of 1sohemoly sins 1n the serum The bone marrow 1s able to respond
to the excessive demands placed upon 1t, and when recovery occurs it i
apparently complete and permanent so that 1t 1s difficult to place the blame
for the disease on a faulty hematopoietic function Because of the excellent
therapeutic results obtamed with blood transfusion, 1t has been suggested that
a neutralizing substance or antthemoly tic agent 1s mtroduced with the trans
fused blood

Pathology

The pathologtc features are not specific The spleen 15 enlarged and may
show sterile infarcts There 1s acute parenchy matous degeneration of the Iner
with some 1reas of central necrosis Excessive amounts of iron contaiung
pigment are found 1n all organs as a result of the extenstve hemolysis The
bone marrow 1s red and hy perplasuc

Clinscal Features

The onset 1s usually abrupt without a previous history of anemua or
jaundice and 1s characterized by a rapidly progressing weakness restlessness
malaise pallor and jaundice These may be accompanied or preceded by
gastromtestinal symptoms with drarrhea anorewa nausea vormung and
severe abdomunal pain The temperature 1s elevated commonly reaching
104 F In the fatal cases a terminal hy perpy texia 1s the rule The usual symp
toms of anemia will be noted and there may be epistavis Hemoglobinuri2
and anura occastonally occur m the severe cases

Cxamination reveals pallor and jaundice the severity of which depends
upon the rapidiry of blood destruction Pallor 1 usually a more outstanding
feature than icterus The spleen 15 commonly enlarged and a shght enlarge
ment of the Irver and Iymph nodes has been noted mn some cases Retmal
hemorrhages and purpura may be present

Hematologic Features
The anemia progresses rapidly In severe cases the red cell count may fall

to 1 000000 of less within a short period of ume The color and volume
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mdices uswally sreman about niormal but occastonally are clevated and 2
macrocy tosis 1s evident on the smear in some cases "There 1s a reticulocytos:s
poly chromatophulia and nucleated erythrocy tes are frequently encountered
The teukocy tes are usually more numerous and counts as hugh 25 50 000 and
over have been found although m some of the reported cases there has been
a normal or Jow leuhocyte count In the blood of those patients with a
marhed leulocy tosis there are evidences of smmarnssey of the myeloid cells
with the occasronal appeatance of 2 few myeloey tes and metam; elocy tes
“The platelets are not affected There 15 no alteration i the fraghey of the
ery throcy tes—an important feature differentiating the disease from an
acute exacerbatton of famihal hemoly ue seterus The bihirubm content of the
blood 1s increased and the urobihinogen excrenion m the feces 15 markedly
elevated The amount of urcbihinogen m the urine may ncrease but does
not parallel the rate of hemoly sis When hemoly sis 15 especially rapid hemo-
globin may appear i the unne which under certan crrcumstances leads o
pigment mfarcts in the hadney s with subsequent anuna and vremsa

The course of the disease 15 usually acute so that recovery or death ord:
nartly occurs within six weeks The course 15 chrome 1 only a very few
cases The temperature drops by lysis duning the recosery period but in
cases that terminate fatally there 1s an extremely high temperature with gen
eralized edema, stupor and coma YWhen recosery oceurs it 1s usuatly com
plete with no recurrences or sequelae

Treatment

Transfusion produees 2 very dramatic recovery in some cases and the pro-
cedure has been Jooked upon by some 15 1 specific form of treatment The
temperature may fall rapidly and the panent recoyer complecely after a single
transfusion In most cases however repeated transfusions are necessary This
mode of therapy 15 not always successful and death may occur m spire of
transfusons especially of they are not given early m the course of the discase
Splenecromy, should be advised in those cases whuch do nor respond to trans
fustons It should be performed as soon as st 15 evident tha the transfusions
are of no value rather than postponmg 1t as 2 measure of last resort when the
pattent 55 5o weah and exhausted that he 15 2 poor operatve rish

There 1 no apparent benefit from the admustration of hver and won

Sicxes Crre Anenua

Sickle cell snemsa 15 3 form of hemoly tic anemm which occurs atmost ex
clusrvely in Negroes Tt s characterized by the presence of great numbers of
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crescent- ot stekle shiped ery throcy tes m the blood strevm: The name siens
cacytosis has been appited to the discase

The condition was first described by Herrick 1 1910 Al of the earhy
reports suggested that it was found exclusively m Negroes but a few 2p
parently authenuc cases hay ¢ subsequently been recorded in pattents w tthno
adnuvture of Negro blood Such cases are exceedingly rare and the acnt
maidence is one of the most striking charactensstices of the disease  Further
studies on patsents with sict le cell anemia and en members of their families
brought to light the fact that the discase has 2 definite farrulial incadence bus
that onfy a small percentage of andviduals showing the siel te cell tran be
come anemuc The term sicklenza has been apphed to that condison i v ch
the & prcal structural changes are present in the en throey tes of 4 person
in whom there 1s no cvidence of anemu or hustory of having been anemic
at any ume Sicllenua or the sichle cell trae must be differentrated from
“Jatent’ sichle cell anemia—the condition of pattents who are 1n a remission
or a quiescent period of sichle cell anenua following one or more episodes
of hemolysis

Sichklerma the sichle celt trare wirhovz chnieal manifestavions 15 2 familia}
heredstary affrction It appears to be eransmiteed as a dormmant mendehan
charactenstic which 1s not sex hnked It 1s found m both sexes and has been
noted at all ages from buth to the age of 78 years T'rom the combined
statistics of many observers sichlera has been found to be present it 2p
proumately 7 per cent of North American Negroes, bur only 5 eut of 15
of those so affhcted develops sichle cell anemia

“The primary factor m the pathogenesis of sichle cell anemua 15 2 hereditary
and congemral defect of hematop which s fested by 2 pec“ll“
configuration of the ery throcy tes Attempts to esplain the structural changes
ont the basts either of some substance i the blood serum or of an abnormal
action of the spleen e not been consvmemng Phagocy tosts by the cells of
the reticulo endothehial svstem s the chief method of destruetion of abnormat
erythrocytes ‘This phenomenonis 2 particularhy stnhing feature m the nssuc;
of patients with sicl le cell anema It scems therefore that phagocy tosis ©
abnormal erythroeytes 1s the princpat cavse for the anenua But the mecha
ustn whereby an acate exacerbation of hemoly sss 1s smstiaced has pot been
exp]amed Infecuons tovins and emironmental factors have been considered
as possnblc explanations i

The pathologic picture 1aries 1 the stage of the disease In sic cml“
¢here are no sgnificant pathalogic changes n the spleen In latent sichle c¢
anerma the splense pathalogic condition 15 simsfar to that found m the acuve
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formt This m tum varics wich the stage of the disease Diggs has shown that
earhy m the course of the diseasc the spleen s entirged congested dark pur
ple i color and soft Infarcts are commonly present In the laver stages the
changes arc 1erable but ultimately result m @ spleen which 1s small firm
arrophic and fibrotic Small nodules contaming 2 y ellowssh brown pigment
and ealcwm salts ate common  The normal strueture of the spleen completely
disappears as the fibrosis and atrophy crease until the organ becomses a small
fibrotic mass which 15 sometimes burted m dense fibrous adhestons Its size
and the degree of fibrosss vary with the durauon of the disease and vath the
number and sevenity of the acute exacerbatsons that have occurred The Iner
15 enlarged and congested and there are evidences of increased phagocy tosts
of ervthrocy tes Both Iner and hidness show deposts of hemosidenn The
bone marrew 1s hy perplastic with red marrow replaciag the fatry marrow i
some areas and actually invading the corvex of the bone in places The degree
of hnperpasta of the hematapotetic marrow vartes wrth the stage of the dis
ease but may be extreme In some mstances the cortex of the bone s thich
cned and sdleronc but shows areas of medullan wmasion and of necrosis
which gree the rocotgenologic appearance of osteoporosis

Chimeal Features

The abnarmal ery throcy tes of sickle cell anemia are present at birth but
the onset of sy mptoms may be delaved for a sansble penod ¥r1s primanhy
a disease of cluldren the average age at which the sy mptoms appear 15 13
years Asagenerat rule the fater 1 life 1t makes 15 appearance the mudder will
be the course Irss characterszed by alternanng periods of excessee hemoly sis
of the erythrocites and quiescent or latent pertods During latent periods
adulr patienss have few or no stmptoms but a5 2 yule vounger pauents are
chromicathy ] fangue eisthy and are m a poor nutriconaf state Moderate
grades of anevua and crerus persist The usual sy mproms during a relapse
are those which are referable to the anemia wethness fangabihiny shortness
of breath and palpitason As the disease becomes more actve the jaundice
deepens because of the mereased rate of hemolysis the spleen enlarges the
ancsmia becomes more severe 2nd weskaess sud faugabibity become more pro
sounced Acure pan in the upper abdomen mav be present dunng the actne
sta,e When this 15 accompamed by nauses and vomuting 2 condiion of the
wbdomen mdicating surgscal tervention 15 simulated Fever of samable
height 15 commonly associared with the acute episodes Severe aches and
pains 1 the joimts and muscles of the extremities are often noted and have
Ted to 2 nustaken dignosss of rheunioe fever The actne stage may st
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for several weehs or months Followng this there 15 a spontaneous resussion
to a more quiescent stage of chronue il health or a Jatent stage of varmble
length m which there are few or no symptoms The acute attacks are apt to
be more severe n children If the panient survises to adult age, the episodes
tend to become less severe and less frequent

The phy sical findmngs daffer v ith the acuteness and dutation of the disease
The skin and scleras show a varsable degree of scterus dunng the acute phase
which becomes less promment as the hemolytic episode subsides It may
almost completely disappear during the latent pertods There ss pallor of the
shin and mucous membranes varying with the severity of the anemia The
spleen 15 enlarged 1n younger pauents and those m whom the disease 15 of
share duration It will change m stze from tme to tme dependng upon the
acuity of the disease mncreasing with the acure exacerbations and becoming
smller during the latent persods When the disease has been present for many
sears the spleen 1s no longer palpable hating shrunk to become small and
fibrotic The Irser 15 shightly enlarged There may be a shghr generalzed
Iy mphadenopathy Chromie ulcers m the region of the ankle are very com
mon 1 older patients 1 whom the disease 15 of Jong standmg The ulcers
miy be sngle or muluple and are round sharply demarcated with 2
‘punched out appearance, and leave a smooth glossy scar on healmg Win
trobe has pomnted out that the cardiac complications i sickle cell anemta are
particularly severe and that cardinc enlargement overactne precordia and
vanious ty pes of murmuts are frequenthy encountered These features are 2t
umes very suggestive of rheurnatic hearr disease

The central nervous system 1s frequendy mvolved producing a wide
satiety of symptoms and phy sical signs artributable to cerebral or menmngeal
mvolvemenr These are due to thrombosis of vanous vessels and ma) cause
headache drowsiness heriplegia aphasia stiffness of the nech and ton
vulsions

Roentgenologic exammatian frequently reveals various types of Jesions 1
the bones QOccasionally there is widespread osteoporosts 1n other snstances
there 15 a thickening of the outer and mner tables of the skull with perpen
dicular strations radiating outward

Sterml asptration reveals 2 hy perplastic marrow with 2 predormnance of
normoblasts

Laboratory Findings
During an acute episode there 15 2 rapid decrease m the erythrocy te count
and hemoglcbm level The reductions are about parallel so that the colot
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tndex remams gbour normal or only shghtly lowered snd the mean cor-
puseular volume 15 unaltered As the hemoly sis progresses the jaundice deep
ens and the bilirubin content of the blood sncreases giving an direct van den
Bergh reaction and a hugher 1ererus sadex The urobibmogen content of the
feces 1s marhedly elevated Dunng tus stage 2ppear evidences of bone mar
sow stimulation and hy perplasta as shown by the reticulocy tesss the increased
aumber of pols chromatophubic cells and the brge numbers of nucleated
erythrocy tes There 15 o neurroplulic Jewhocy tosis xhich may reach .o oo
or 30000 with varymg degrees of immaturity in the cefls An occastonal
my elocy te or metamy elocy te may be encountered The leuhoey e response
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Fio 38 Photomerograph of sxc}.li c‘c\lls x’;s};gc;r;\ !o]z; ; stamed dry smear  (Courtesy of
15 apt to be hugher 10 mfants and chiddren than in adults The platelets may
be moderately mncreased m number
The anenuz 15 Jess serere or entirehy absens i the chronte or latent stage
Leukocy te and platelet counts are normat °
The charactensue finding and the one on which the diagnosss 1s based 5
the preseace of saryng numbers of abnormally shaped eny throcytes The
cells assome many bizarre forms the most common beng the sichle crescent
or fussform shape Other eefls aze wregularly stellate m outhne the cytoplasm
appearing to be drawn out mto spmelke projections at two or More pots
This sickhing may be apparent on she staned smear (Fig 38) bue s far more
promnent of a moist preparation i which a drop of blood i sealed under 3
cover sbp within a ning of vasehne {Fig 39) The sichling may be apparens
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1s soon as the preparations are made but Lecomes more pronounced when
the biood 15 allowed to stand without conrrct with oxygen for from two
to twenty four hours In many mstances no sicl ling whatsoever will be seen
on the fresh preparation, and 1t 1s necessary to tahe other measures to 4
centuate the sichling trair Certain dyes hasten the phenomenon so that by
treating a drop of blood with cresyl blue, as for a reuculocy re stam, the
sichling 1s accentuated The sichling erare will also be more apparent if the
finger 15 constricted for five munutes before the blood 15 drawn Although
the erythrocytes are structurally abnormal and are destroyed too rapidly
withun the body there 15 no ncreased fragility as measured by exposure of
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Fic 39 Photomicrograph of sichle cells s seen s a masst pseparation (Courtesy of
L W Diggs MD)

{
the cells to hy potonic saline soluton Many of the ery throcy tes are norma
m their configuraton others show only mimor degrees of pothilocy toss
Targer cells are encountered rather frequendy Aspirarion of bone m:u'm\:l
matertal from the sternum rexels evidences of by perplista with an snerease
number of nucleated en throcy tes These are normal m therr appearance

Dragnosts
The diagnosis of sickle cell anemiz 1s based upon the finding of the char

ristic sichling deformury of the ervthrocy tes plus the presence oF 2 fus

o s msufft

tory of hemoly tic episodes and anerma The sichle cell trair alone »
cient for diagnosis Je must be associted with other clmical evidences Ex

mnation of a stamed dry smear 1s usually nsufficient to establish the dizg
al
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nosis and other methods are necessary to bring our the charactenstic de
formties of the cells

Other types of hemolytic anemm such as famsdial hemoly tic wcterus and
Cooley s anerma present stmular chmeal pietures but are nor associated with
the charactenistic deformities of the ery throcy tes

The acute episodes of abdommal pam, fever feuhocytosis and muscle
rigidiny may suggest an smnffammatory lesion w ithin the abdomen and rheu-
matic fever may be simulated m those patients having severe jomt and muscle
pans accompansed by fever and lenbocy tosis

Prognosis

Stchie cefl anemua 1s a fatal disease although st pursues an extremely chronic
and long drawn out course m many cases In other mstances especially when
1t develops in infiney st may run an acute and rapidly fatal course Death
may resule from the acure hemolytic episodes or from mtercurrent infec-
tions to which these paients ave extremely suscepuble Renal msufficiency
has been reported as a cause of death as has thrombosss of cerebral vessels

The sichle cell trar oceurnng without anenua does ot cause amy smpair
ment of the pauents heakth

Treatment

There 1s no specific form of therapy thats of value so that treatment muse
be entirely symptomane Transfustons are valuable as a supporuve measure
wn patients with a severe anemua They are not without danger however and
mat imtnate a hemoly tic episode

Splenectarmy has been tried bur apparentls hss no effect on the subsequent
course of the disease The adnunsstration of won and of hver extract has
gnen no evidence of being benefical Since the disease has a natural tendency
toward spontaneous remusstons and because it becomes less severe with ad
sanaing age the results of any therapeutic measure must be es aluated ven
critwalhy The panents general health and parucalarhy the nuenuonat stare
should be carefully warched Infectsons should be carefully avorded

Erarrroptasmie Axesua (Coorry sy

The erythroblastic anerma of Cooley appears early s childhood and has
as 1ts most charactersstic feature the presence of large nunbers of nucleated
ervthrocy tes in the blood stream e s famihal and congenital and 15 found
most frequently  but not exclusisely 1 southern Luropean races the Greel
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Synian, Italan, and Armenian peoples beng most commonly affected The
racral incidence 15 so pronounced that the disease has been called Medier
rancan anema or Thalassemia Recent reports rev eal that 1t occurs more fre
quently m other riwces than was first supposed Because of the small thin
ery throcy tis 1t has also been termed Tamslial Leptocy tosis

The pathogenests 1s not well established The disease has been considered
as (1) an anemua which 1s due pnmarily to an mcreased destruction of eryth
rocy tes with compensatory hy perplasia of the bone marrow (2) a primary
hematopoietic defect with the production and liberatron of immature
erythrocy tes and a compensatory hemolyuc process and (3) 2 pnmary
defect n pigment metabolism Because of the similarity of many of ats features
to those of other ty pes of hemoly tic anemra 1n children the disease has been
temporarily placed m this category until more defimte informanion about 1ts
pathogenesis has been discovered

Pathology

There 15 2 marl ed hy perplasia of the cellular elements of the bone marrow
with erythroposetic hy perplasia predommating Large phagocy tic cells hay
mg a foamy ¢y toplasm have been found i the bone marrow n some cases
The spleen 15 large and fibrotic with the follicles compressed by the mncreased
pulp and interstisal ussue Infarcts are frequently encountered There m2)
be focr of extramedullary hematoporests insolving ery throcy tes my elocytes
and megahary ocy tes Pigment deposits are present in the spleen and liver as
well as 1n all other parenchymatous organs

Clinical Prcture

The disease m 1ts more severe form appears n nfancy or childhood and
may be acute or chronic 1n 1ts course The s mptoms are those of the anem?
with weakness fatigabihty and general il health associated with a poor nutri
tional and developmental state There is pallor with vary g degrees of jaun
dice and frequently a puffiness of the ey elrds The cranil bones are thick
ened and the head appears to be unusually large The cheek bones are prom:
nent and this together with the above features produces the * Mongolian
factal appearance The thichenmg of the shull and chech bones 15 due to the
hy perplasta of the marrow occurring at an early age The spleen 1s enlarged
and firm and the In er becomes cnlarged in the later stages of the disease The
enlargement of these organs causes a prommence of the abdomen which 15
made more apparent by the undernourished state of the chuld Ascires and
pleural effusion may develop
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Roentgenologic cxamination of the bones shows the medullary wabecula
tions to be unusually promment especially 1 the nibs meracarpals, and meta
tarsals The cortex becomes thin with occasional punched out areas due to
wiasion of the cortex by the hyperplasuc marrow substance There 15 a
thickemng of the medullary portion of the skulf wich 2 thmning of the outer
and mner tables which gne a spongmy or mottled appearsnce (Fig 40) Fine
perpendicular strations are 2pp when the shall is viewed in profile The
bones of the face are thickened The pelvic and other flac bones show race-
faction and wregular trabeculations (Fig 41) The long bones are thicker
than normatl because of the mncresse in the medullary- portion, but the cortex
svent thin There 1s no i obvement of the joints and no persosteal elesation
‘These findings are common m ery throblastic anemua but are not specific for
1t Simlac changes are found sn other forms of hemolvtic anemia in children

The condition occurs in 2 ould form wiuch 1s frequenth a5y mptomatic and
which 15 encountered m adults as well as o chuldren Many of these mild
forms has e been discos ered 1n tesung the blood of parents or siblngs of chil
dren with obyrous mamfestations of the disease and finding the charactenstic
hematologic changes in subjects who hase few if any symptoms referable to
this disease Vie have encountered these mild forms among the famsbes of
students whose anerma was discorered dunng rovune student health exam
mations and who were ennirely unaware of the disease This mild form of
anena occurs wath much greater frequency than was formerly supposed

Hematologc Features

The blood picture 15 characterized by a moderate or sexere grade of anemia
with a color index much below normal There 1s an assocrated teukocy tosts
with counts ranging from © oo fo as ugh as o ooo The platelets are nor
mal The most stnkung featare—the presence of great numbers of nucleated
erythrocy tes m the blood suream~has yesulted n the term erythroblusnc
anenna beng applied to the disease In addition 1o the nucleated eryvthrocy tes
there 15 a moderate degree of polschr phuliz 2ad 3« locy tosis
\arked vanatons in the size and shape of the e throcs tes occur and achrom
15 a strshang feature The predominant cell is small and wrregular and the anemi
1s defineely microcy ety pe Targer cellsare frequently encountered These
are erythroey tes with 2 dark central ares 2 hght staming mrermediate ning
and a darh. penpheral zone The fragisny of the red cells ro b potonc s:h
solutton 1s decreased Immature feuhocs tes of the myelord senes appear s
that m elocs tes and metamy elocy tes are often found mn addmon 0 an i
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Syran, Italtan and Armeman peoples bemng most commonly affected The
racial incidence 15 so pronounced that the disease has been called Mediter
ranean anermiz or Thalwssernia Recent reports reveal that it occurs more fre
quently m other races than was first supposed Because of the smalf thin
erythrocy tis 1t has lso been termed Famtlial Leptocy tosis

The pathogenesss 1s not well established The disease has been considered
as (1) an anenua which 1s due primarily to an mecreased destructon of ervth
rocy tes with compensatory hy perplasia of the bone marrow (2) a primary
hematoporetic defect with the production and liberation of immature
erythrocytes and a compensatory hemolyuc process, and (3) a pnmary
defect m pigment metabolism Because of the sumslanity of many of its features
to those of other ty pes of hemoly tic anemma m cluldren the disease has been
temporarily placed in this category untl more defimte information about its
pathogenesis has been discovered

Pathology

There 15 2 marked hy perplasia of the cellular elements of the bone marrow
with erythroporetic hy perplasia predominating Large phagocy tic cells hav
1ng a foamy cytoplasm have been found m the bone martow 1 some cases
The spleen 15 large and fibrotic with the follicles compressed by the creased
pulp and interstitral tissue Infarcts are frequently encountered There msy
be foct of extramedullary hematoporests msolving erythrocy tes myelocytes
and megakary ocytes Pigment deposits are present i the spleen and liver 25
well as m all other parenchymatous organs

Chcal Picture

The disease m 115 more severe form appears i mfancy or childhood and
may be acute or chronic m 1ts course The sy mptoms are those of the apem
with weakness faugabiity and general ill health assocrated with a poor nutr!
tional and developmental state There 15 pallor with varying degrees of jaun
dice and frequently a puffiness of the eyelids The cranial bones are thick
ened and the head appears to be unusually large The cheel bones are prom!
nent and this together with the above features produces the Mongohan
facial appearance The thichenng of the shull and cheek bones 1s due to the
hy perplasta of the marrow occurrmg at an carly age The spleen s enlarged
and firm and the liver becomes enlarged 1n the later stages of the disease The
enlargement of these organs causes a prominence of the abdomen which 1s
made more apparent by the undernourished state of the child Ascites and
pleural effuston may develop
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crepesd percentage of nonsegmented neutrophils Increased tihrubomennt »
shown by the van den Bergh reiction and the seterus mdey s clevated The
urobshmagen content of the feces 15 increascd

in the mild form of the disease Thalassenia minor chnial manfestanons
are shght or absent and mam ¢ases are first recognized when hematologic
studtes are done on ather mesbers of a pavent s fannly or on panents with a
mld unexplaned anemia Tn this muld form of the disease one of the most
strihing hematologic featurcs 15 the very low color mdex with erythrocytes
which are small pale snd many of which are urregularhy shaped The vana
tion 1n the size of the ery throoy tes 1s a stbing feature but target cells are
not promment In addinion to the low color mdex and the low mean corpus
cular hemoglobin there 15 alse 2 reduction m the velume mdex and mean
carpuscular volutie The erythracyte count may be normal or but shighely
lowered whereas the hemoglobin level 15 derably below normal but st
does not incresse with wron therapy The fragilimy of the ervihroeytes to
hy potonsc salne solution may be decreased There are all gradations m the
hematologsc picture from ane winch s pracucilly normal to that which has
been described for the severe form of Cooley s anenua The disease must be
borne 1 mund when one is confronted by a panent with an wnexplaned
By pochronme anerua

Prognosis

The course of this discase 1n children 15 progressive without remussions
and death usualh, occurs befare paberry The patents frequently die of an
rercurrent mfecuon since thew resistance 15 very low The course may be
sapid partrculerhy, when the disease appears dunng infancy As 15 true m
congental hemolytie cterus the less severe forms of the disease da not
become mantfest unul adolescence or aduk hfe They may be nearly or en
urely a5y mpromatic and may be discovered onhy 1 a survey of the family of
a known case of Cooley s anetma The anema may be nuld with bue shght
reduction of the erythrocy te count although the 3 globin and h
are more marhedly seduced The by pochromsa the microcytosis and the
vaniattons i the shape of the ery throey tes are the ourstanding features W hen
rthe conditron s found m adults the course is extremely chrome frequently
asy mpromatte and may ese ao dsabiliny w hatsoes er
Treatment

No type of therapy has been found to be successful s this disease Trans
fussops sre palarne gnang only temporan relef and the usual medications
for anema arc without benefit Splenectomy has been tried but 1s not fol
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fi6 40 Roentgenogram of the skull of a cluld with erythroblastic anema show me mot
thing and thickening (Cooley Witwer and Lee Anr ] Dis Child)

Fic 41 Roentgenogram of the bones of 3 child with ery throblistic anem showing 2
diffuse loss of density and increased trabeculations (Cooley Witwer and Lee Am [

Dis CHid)
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the Rh factor or aggluumogen This Rh factor 15 anta_emic 20d under suitable
condssions 15 ¢apable of prodncmg snu Rh aggloumas which will cause ag
glutnaton and hemoh 515 of the vrs cheocy tes of Rivd- bloed The Rh factor s
d as 2 d deban charactensue In its spphication to the
eny throblastoses 1£ acts a5 follows YWsth on Rh+ father aad an Rh— mother
the ferus may have Rhd blood The mother {Rh—) v onld become sensittzed
ta the Rt et throey tes of the fews and deyelop anu Rha_gloomns These
penctrate the placenta aad hemotyze the en throcy res of the fetus The hema
topmetie svstem of the feros becomes by perplastie mn an attempt to produce
enongh cells to compemate {or those bewag hemolyzed
The explinanon of ey throblastosss 1s not 25 s;miple as the earh, evplanition
gren abore would mdicate smce there have subsequentdy been discovered

erght comt of Rb aggt m the cells and afso an Hr anugen
which 15 capable of camn, 1sosensitzation Jt has also been shown that the
A and B agl gens> man be and cause iy ot all

mfants with an Rb+ fasher and Rbh~ mother have eny throblastosss since
about half of the Rh+ men are heterozy gous havm,, the domunant Rh gene
togetber with the recessise vh (Rb rh) so that only half of therr offspung
would be Rh pasitse Tr slso appears that not ot Rh— women develop ann
bodses to the Rh annsgen About go per cent of the cases of ery throblastosss
are due 1o Rh sensiwzanon Sbout 6 per cen are due to Hr sensitizavon which
may account for ery throblastosis ceevrnng with an Rh negsuse father and
an Rh positne mother 1t 55 alse passible for the mother to brcome sensitized
to the A or B agglunmogens and rhus & pe of sosensmin accounts for a fen
cases of erythroblastosss

A detaled discussion of the RH HR 5ystem ssosensitizatiea and the meth
ods of testing For the annbodies 55 gnen by De Deliowin m Chapeer XU

Alachers who hase developed such immune bodies will have hemalyuc
rransfuston reactions if given Ri bload The donor s blood mine be tested
far the presence of che Rh factor whegeter the mother of a chid with
ery throhlussoss 15 o bie groen a transfusion Thus theary of the dev elopment
of enthroblastosis expluns mant fettures of the disease wy famial et
dence s ranyy the face chat the firse chuid escapes W hereas subsequent preg
nancres~afrer the mother bas become mmmumzed —termnate wt en throblasto
sts and the frequency of transfusion reactions 1 the mothess Search for the
Rb factor  the blood of parents of erythroblaste feruses bas shown the
necessirny combinanon of Rét farher and Rh— mother m a very tugh per
centage of the cases

Er throblastasis fetabs presents features ssimular va the other ovpes of hemo
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lowed by any lasting improvement It results only i a raptd and prolonged
increase 1n the number of nucleated crythrocy tes m the blood stream

EryTiirosLAsTOSIS FETALIS

Ery throblastos:s fetalis or hemoly tic disease of the newborn 15 2 condition
resulting from an excessi e destruction of ery throcy tes The hemoly sis occurs
n vary g degrees of seventy beginning in utero nd becoming mamfest at
the time of birth or soon thereafter In the sev ere forms it results in a stillouth
and muscarnage whereas 1n less severe cases the child 1s born with varvm?
degrees of jaundice and anemi The clinical classification has separated the
disease 1nto the threc categories of hy drops fetalis icterus grayis neonatorum
and congemtal anemia depending upon the seventy of the disorder but al
are mcluded i the term ery throblastosss fetalis The mamfestatons are those
of concomitant ery throcy tic destruction and regeneration so that laundlct
and anemna are predominating features Because of the rapxd regeneration of
blood there are extreme degrees of extramedullary hematopotesis and 1n the
peripheral blood there are many nucleated ery throcy tes reticulocy tes, and
poly chromatophilia The great number of nucleated ern throcy tes 1s the most
strihing feature

The pathogenesss of tius condition has been definitely establshed within
the past few years as being an anugen antibody reactionmn v hich 1sosensitiza
nion 15 produced n the mother by the development of anubodtes agamst the
erythrocy tes of the fetus The isosensitization develops i the mother when
cells of the fetus pass the placental barriers and gain access to the maternal
crrculanion or 1 some cases the mother has previously been sensinized by
means of blood transfusions When the mothers serum contammg the 33
glutnins diffuses through the placenta and comes n contact with the eryth
rocytes of the fetus they are hemolyzed

The 1sosensitization depends 1n most nstances upon the Rh system of ag
glutimogens 1 the erythrocy tes which 1s enurely separate from the ABO
system by which the usual blood & pes are determined When the blood ofa
rhesus monkey 1s injected 1nto a guinea pig an anubody 15 developed m the
guinea pig s serum w fuch will agglutinate the erythrocy tes of the monhkey
This antiserum from the gumea prg will also cause agglutmation of the eryth
rocy tes 1 about 85 per cent of humans Such persons are Rh positve (Rh+)
and their erythrocytes contain the Rh factor or agglutinogen In the re
maming 15 per cent of the population there 1s no agglutiation with the antt
serum, they are Rh negatine (Rh—) and their ery throcy tes do not contain
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of ery throblastosws 1 sstablished durmg pregnimes there is nothig that ¢
be done to prevent 1t or to lessen its severity although pravisions can be made
to have Rh~ blood as adsbie for rransfustons if needed

Hydrops Fetalis
Hy drops fetabs—wanersal edema of the fetos or congemtal by drops—ss
the most sevese of the erythroblastases Its nciderree 1s difficult 1o determune
bus m a Jarge serses of obstetnicat cases Hellnan and Herng found it oceur
fing ORICC 1 1 00 to 00 delienes Jmert considermg all dead fecuses
shove 1500 Gm m weght and all wmfants dving in the first vwo weehs of Iife
found that st accounted for 45 per cent of all fetal and wfont deaths The
diagnoss 15 probably missed m mawy eases particuladdy s premature still
born snfanss which appear essentialhy normal Dy stocia 1s commion since the
edenma 1ncreases the size of the fetus and 1t 15 not unkthely that some sull
birchs whuch are apparently due to dificuls labor ase actually examples of this
condition The edema may mamfest sself on roensgenographic evamm
non by massne soft tssue shadows and by 2 corona about the shull due to
the edemataus scalp At the ume of birth a yellow amntotic flud and y ellow
sermy caseoss may call attention to the posubilery of erythroblastosis bue
these findings are not digpostc of the condttson The morraliry of by drops
fetahs 1s 100 per cent the fetus usually bemg sullbarn ac making only a few
feeble attempts at sespiranion The mfant presents 2 wavy shin a2 marhed
patior, and muluple areas of subtutaneous hemorchage The edema 1s usualhy
evtense so that even a premature wfant 3 dbuge The abdomen 15 eatarged
and swollen both from the ascies and from the enlarged hver and spleen
Jauadsce 1 seldom present but mav appear m 4 very mild degree Complete
blood studies are seldom obrained because of the frequency of stllbirths
bat the findings are seniar to those of scterus gravis neonarorum
Patho]og;c examnation reveals noc anly the subcuraneous edemz but col

lections of fuid w all serous ¢numes Petechuze are comman on the serous
surfaces and i che meernat organs The nver s enlarged and shows necrosts
deposuis of sron Lontmnmg piyment and mam scattered ishands of hemato
potesis which are both ery throblastic and mw eloblasic The spleen 15 hkewise
enlarged and contawms areas of enythrocyic and myelocy tic acinty  the
former predomunating Sumslar esidences of hcma(opoxcsxs snay be foungd m
almost all of the argans Shght everamedullary, hematopasesss s frequsentdy
present 19 a new bam infant buz m en throblastasis 1t far eveeeds the normal
The bone marraw 8 markedls hyperplastn. The placenta s targe and edema
rous and the vessels contan MmNy sprmture en throcy tes
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Iy tic anemn (1) anemi1 which vares in 1ts severity resulting from the rapid
destruction of ery throcy tes but which ts modified to some extene by the
ripidiny of ey throey e regeneration () jaundice which 1s due to liberation
of pigments from the hemok 7ed ery throcy tes (3) evudences of regeneration
of the erythracy tes as shown by a high renculoey te count, poly chromato
phila and nucleated er throcy tes and (4) leukocy tosis with the appearance
of immatare cells of the m cloid serses in the blood stream

The threc torms of eny throblastosis fetalis present dentical patholooic
changes although their clmical features and prognosis vary  Hy drops fetilis
or unn ersal edema of the fetus 1s the most severe form and results in a pre
mature stllbirth or death within - fey hours after birth Icterus grasis neona
torum presents jaundice which is present at the tume of birth or appears very
soon thereafter This too may resule in 2 stillborn infant but more frequenthh
death occurs duning the first two weehs of extrautenne hife Congenital
anema, the third and least severe form of the ery throblastoses presents 2
severe anermua but jaundice and edenn are usually absent The chmcal and
hcmamloglc features of the three entities may oy crlap so that there are some
e1ses which do not fall clearly 1nto any one of the specific ty pes

Lry throblastosss fetalis does not appear 1 a primiparous mother exceptin
those mstances m which 1sosensitn 1ty has been produced by precedmg blood
transfustons A Smgfe transfusion may produce permanent sensuvity to the
Rh agglutmogen The first offspring 15 usually normal m the absence of 3
preceding transfusion since the mother has not y et dev eloped agglutinms m
high enough uter ro produce hemoly sis but following one or mare rormal
childeen there occur premature infants stillbirths or infants with ery thro
blastosts Succeedng pregnancies usually result in progressnels more severe
forms of the disease but this 1s not alw ays true Normal infants may sometimes
follow erythroblastotic children With a history of repeated stillbirths me
carrtages or premature births in a nonsy philitic mother one must suspect the
possibility of erythroblastosts \When ery throblastosts has made 1ts appear
ance there 1s about an 8o per cent prohability that subsequent pregnancies
will have a snihir termination Should the mother require transfusions at any
fime 1t must be from an Rh— donor for otherwise 2 severe hemols tic reac
tion mav ensue

Ty throblastosis can be predicted before delivery m most but not all i
stances when Rh ty ping by the new er methods 15 done It 15 impractical to
1y pe all pregnint women for the Rh factor but it should be done m those whe
have recerved tramsfustons and in those who have previoushy, had 2 stillbreth
or delnvered a premature or jaundiced mnfant Lven though the probability
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bith but jaundice and edema are mild or absent The Liver and spleen are
large but not so massive as n congemtal hydrops or icterus gravis neonato
rum Examination of the blood reveals an anemn of varying degree and the
smear gives a picture similar to that of scterus gravis neonatorum bur with
fewer nucleated ery throcy tes and a leukocy tosis which ss not so tugh There
are fewer immature cells to be found Pathologically the picrure 15 the same
as presiously described but the changes are less extensive Only mild extra
medullary hematoposesis and hy perplasia of the bone marrow are encoun
tered The prognosss for prompt and complete recovery 1s good

There 15 a stnhing simularity m the pathologic picture and the chinical as
pects of the erythroblastoses of Cooley s ery throblastic anemsa and of famil-
1al hemoly tic 1eterus when 1t appears i a severe form 1 infancy so that dif
ferentiation of these conditions may be difficult The racal tendency and the
age of the panent aid m disunguistung Cooley s anema Increased fragihey
of the erythrocytes together with the family history 1 hemolyuc icterus
are char: stic Ext dulk P which 15 s common m
erythroblastosts fetalis may be found to a limsted extent 1n the other con
ditions

Treatment

The treatment consists in the admimstration of Rh— blood mn sufficient

to anormal hemoglobin and ery throcy te level The mother s

blood which contams the ants Rh factor cannot be used to transfuse the
mfant although the mother s washed ery throcy tes may be gven Excessive
amounts of blood are not of benefit and replacement transfusions are not
adssable The frequency with which transfusions are given and the duration
of the treatment depend upon the severity of the anemia In most instances
there 15 2 marked improvement after the first weeh When recovery occurs
as 1t does 1n about 65 per cent of the cases 1t 1s permanent and complete

A few cases have been reported in wiich cirrhosss of the liver and Banti s
syndrome have developed i children who presumably had had ery throblasto
s1s and st 15 possible that this condition may lead to permanent Iiver damage 1n
some cases herniterus a degenerative change m the bramn may result and the
question has been raised as to whether this 1s a result of the ses ere 1cterys and
prgment deposits m the cells ot w hether 1t results from multiple small thrombi
as a resule of agglutiared erythrocy tes

Von JarscHs ANEMIA
Von Jakschs anemta or anemua pseudoleukema
not a disunct disease entity but a symptom complex ap
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Icterus Gravis Neonatorum

Ieterus gravis neonatorum presents a pathologic preture similr to that of
hy drops fetalis bue differs in ats climcal aspects Stllbarths re nor as frequent
as with hydrops ferabs Jaundice, the most outstanding cliaical feature of
this condition, 15 present at birth or appears very soon thereafter and becomes
progressively deeper It 1s more severe, more progressive and of longer dura
tion than the physiclogic icterus of the newborn which does not have the
ssocrated hematalagic or clinical features Although cdemm s present in
many cases of icterus grivis neonatorum, it 1s not constant The Jver and
spleen are marhedly enlarged

I'e 42 Photomicrograph of the blood from a patient with icterus gravis neonatorum
showmg the great number of nucleated crythracy tes

There 15 2 varying degree of anema—usually quite severe~with a normal
or Ingh color mdex The leukocyte count 1s clevated The smear shows
enormous numbers of nucleated crythrocy tes in il stages of development
(g 42) Polychromatophilic ery throcy tes and reuculocy tes are numerous
The clevated leul ocy te count 1s due to an increase m the pumber of granu
focytes some of which may be tmmature ]

Necropsy reveals 4 pathelogic picture sumlar to that of hy drops ferabs
except that cdema 1s lacd ing and the extramedullary hematoporesss 1s less

exrensine

Congenital Ancmia
Cangenieal anemid 1s the least severe of the three forms of ery throblastoses
and carries a far better prognosis Pallor and a severe ancmia arc present at
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brth, but jaundice and edema are muld or absent The bver and spleen are
large but not so massise as m congental hydrops or ictetus gravis neonato
rum Examunation of the blood res cals an anemua of varying degree and the
smear gises a prcture ssmular to that of scterus gravis neonatorum but with
fewer nucleated ery throcy tes and a Jeuhocy tosis which 1s not so hugh There
are few er immature cells to be found Pathologically the picture 15 the same
as previously described but the changes are less extensne Onhy mild extra
medullary hematopotesis and hy perplasta of the bone marrow are encoun
tered The prognosis for prompt and complete recovery 1s good

There 1s a strilung similanty 1n the pathologtc picture and the clinical as-
pects of the ery throblastoses of Cooley s ery throblastic anemia and of famil
1al hemoly tic cterus when 1t appears in a severe form i anfancy so thac dif-
ferentsanion of these condimons may be difficulr The racual tendency and the
age of the panent aid in disungusshing Cooley s anemua Incresed fragility
of the ervthrocytes log:rher \mh lhc family history n hemoly tic 1cterus
are ch: stie E P which 15 so common 1
erythroblastosis fetals, may be found to a himuted extent 1n the other con
ditions.

Treatment

The treatment consists n the admunistration of Rh— blood m sufficient
amounts to maintam a normal hemoglobin and en throey te level “The mother s
blood, which contans the ant Rh factor cannot be used to transfuse the
infant although the mother s washed ery throcy tes may be given Excessnve
amounts of blood are not of benefit and replacement transfusions are not
advisable The freq v with which transf are grven and the daranon
of the treatment depend upon the sevenry of the anemia In most nstances
there 15 a marhed 1mproyement after the first week When recovery occurs
as 1t does 1n about 65 per cent of the cases 1t 1s permanent and complete

A few cases have been reported m which cirrhosis of the hver and Banu s
svndrome have des eloped 1n children who presumably bad had ery throblasto-
s15 and 1t 15 possible that this condition may lead to permanent hner damage 1n
some cases hermterus a degeneratis e change 1n the brain may result and the
question has been raised as to whether this 15 a result of the severe 1cterus and
Ppigment deposits in the cells or whether 1t results from mulaiple small thrombs
as a result of agglutinated ery throcy tes

Vovu JakscHs ANEMIL
Von Jakschs anemma or anemma pseudoleulema inf: 5 bably
not a disunct disease enuty but 2 symptom complex appeanng in mfanc)
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as an abnormal response of the hematopoictic sy stam to any one of various
types of sumult Von Jakschs ongnal description was not clear but 1t
stressed an anema of the hy pochromic ts pe in infancy, vartations in the size
and shape of the erythrocy tes, enlargement of the spleen and Inver, and ex
treme leukocytosis The term has been used rather loosely and applied to
almost any ty pe of severe anenua 1n infants which was not readily explained
The syndrome has been found 1n association with sy philis tuberculoss, and
other infections n celiac disease richets and dietary deficiencies as wel 25
n association with hemoly tic anemas It 1s now realized that the hemato
potetic system of an infant 1s more labile than that of an adult so thac the
response to any seivere anemia may be characterized by the appearance of
nucleated ery throcy tes and a leukocy tosts with immature cells
There are many who would drop the term von Jaksch s anewna entirely

others believe 1t to be a specific disease entity or at Jeast a specific congemfﬂ'
defect of hematopoiesis which produces this pecular response o a variety
of sumuli The most prevalent view 15 that 1t 15 an exaggerated infantle re
sponse to a severe anema or infection

OvavocyTosts

Ovalocy tosis 1s a rare hereditary defect of hematoporesis characterszed by
the presence of large numbers of oval or elliptical erythrocy tes 1 the blood
stream It 15 equally common mn males and females may be transmitred
by either sex and has been found m both white and Negro patrents ac all
'lgES

Although ovalocy tosis 15 usually asymptomanc in some cases 1t 15 3550
ciated with a moderate or severe grade of anemiz which s unexplamned €x
cept by the abnormality of the ery throcy tes Defimite conclustons 1s to the
evact sigmificance of ovalocytosis cannot be drawn from the relatnely fen
reported cases but the evidence suggests that m mamy respects 1t 1s amalogous
to sichle cell anema In erther conditton the defect 1n the exythrocytes may
be present with no anemi2 and no chnical evidence of disease although some
times 1t 15 accompanted by anemia

The en throcy te count and hemoglobin value vary  bur examination of
the blood smear rexeals the charactenistic alteratons m the shape of the cells
A majonty of the ery throcy tes are oval ellipuic or sausage shaped a few
assume more bizarre forms (Fig 43) The reticulocs tes are not ncreased
number, and the resitance of the cells to hy potonic saline 1s not changed
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Tareer CeLt Asnrui

Target cells are ey throcytes with a peripheral rim of hemoglobin con
taming ¢y toplasm, a central hemoglobin—contamning area and between these
an unstained ring which contains hirele hemoglobin (Fig 44) They are occa-
stonally encountered m chronic anemn of any type and are numerous 1n
most cases of Cooley s ery throblasnic anemia and sichle cell anemia They are
common 1n the early stages of blood regeneration

Fic 43 Photomicrograph of a blood smear showing ovalocytosts (Hal Dovwnes Hand
book of Hematologs Paul B Hoeber Inc )

Target cell anemua 15 the name that has been applied to a condinon whch
undoubtedly represents a mild form of Cooley s anerma or Thalassemm

mnor
HEeMOGLOBINURIA

Hemoglobinuna 1 a result of rapid intravascular destruction of en thro
cuvtes Under normal conditions these cells are being conunuoushy remored
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from the circulation and destroyed by the reticulo endothehal tissues The
released hemoglobin 1s catabolized through certamn 1l defined stages o bih
rubtn which 1s excreted by the liver Only avery small amount of free heme
globmn 1s found in the plasma under these conditions w herein the ery throcy tes
are destroy ed intracellularly by reticulo endothehial cells Exen though this
destruction of ery throcy tes 1s markedly, accelerated as hemoly tic anemtas
the excess hemoglobin 1s brohen down and there results only an increased
concentration of plasma bilirubn and an increased excretion of urobilinogen
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Fic 44 Target cells

There 1s only a moderate elevation in the free hemoglobin content of the
plasma as a rule

In certmn hemoly tic processes the destruction of the ery throcy tes appar
ently takes place outstde the reticulo endothelal cells and 15 2 true intravas
cular hemolysis with hemoglobin being hberated directly into the blood
plasma When this hemolyfic process 15 rapid the hemoglobinema reaches
concentrations above the threshold level which apparently 1s about 175 mgm
per 100 cc and | lobtnuria results The hemoglobin undergoes chemical
changes upon 1ts Iiberation and a part 1s converted into mertemoglobmn
aun and possibly other prgment dervatives which also appear m the

hem
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urine Some of the hematin which is hberated into the blood stream combines
with the plasma albumin to form methemalbumin wluch 15 more toxie than
other hemoglobm dernatives Methemalbumin appears mn the unne only
under abnormal conditions when there 1s an extensive hemoly sis of ery thro-
cytes and a high hemoglobin content of the blood plasma In hemoglobinura
therefore there 1s not only hemoglobin m the urine but other pigment de
mames of hemoglobin which impart the dark reddssh brown color Al-
buminuria with hyahne granular and pigment casts are also found Since
hemosidenin 15 present 1n the unne the addition of a small amount of dilute
ammonmum sulfide to the urine sediment will cause the precipitation of black
granules of ferrous sulfide which are idennfiable on microscopic exammanion

Rapid intravascular hemolysis of ery throcy tes and hemoglobinunia is fre
quently accompanied by severe remal damage with resultant anuna uremma
and death Expenimental observations 1n aumals following the injection of
solutions of hemolized ery throcy tes have shown this same sequence of events
1f the unme was acid 1n reaction Histologic examnation of these ammals
hidneys resealed many renal tubules occluded with hemoglobin casts ¥f the
unne was alhaline 1n ats reaction there were no 1l effects in the ammals and
the lidneys were normal 1n their appearance Qther experiments have ndi-
cated that pure hemoglobin 35 harmless to the kidney but that with an acid
reaction of the unne i tot 13 produced a marhed red n
clearance values and wbular necrosis These results suggest a primary damae
to the tubular epithelum rather than plugging of the lumen of the tubules
Spasm of the renal vessels has also been noted with a reduction tn the number
of functioning glomeruli Regardless of the mechamsm by which 1t 15 pro
duced the fact remains that hemoglobmura all too frequently causes severe
renal damage and uremn

A paroxysm of hemoglobinuna if severe 15 wsually accompamed by
achung pamns 1 the back and legs abdominal cramps headache maluse and
prostration Fever accompanied by 2 chill appears soon after the onset of
hemolysis usually before the dark unne s detected by the panent There
may be dt glot without hemoglobinuna 1if the amount
of hemolysis 15 shght The hemoglobin in the blood 15 soon changed to
bilirubin so thar jaundice will become evident if this accumulates above the
excretory capacity of the liver The degree of jaundice does not necessanly
parallel the degree of anemua or the amount of hemolysis The jaundice 1s
of the acholunc type

Vascular disturbances sumilar to those found in Raynauds disease fre
quently accompany hemoglobinuria and are probably due to thrombotic oc
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clusion of penipheral vessels Thromboses are frequently encountered 1n the
vessels of the spleen, the retinal and mesenteric vessels and in those of the
extrenuties Such thromboses must be considered, with shock and anuria
1s ane of the grave dangers of any hemoly uc process '

Anemz develops rapidh with the destruction of the erythrocytes Its
sevenity depends upon the number of cells hemolyzed When the epssodes
of hemolysis subside, a rapid regeneration of cells and hemoglobm takes
place since the function of the bone marrow has not been altered and there
1s abundant matenal for the formation of new ery throcy tes

Toxic Hemoglobinuria

Rapid hemoly sis of ery throcy tes to such extent that hemoglobinurra results
may occur with a number of parasitic infestations such as malana (blackwater
fever) or Bartonella (oroya fever) Italso results from certain chemical agents
and drugs One of the most common of these 15 the sulfonamide group of
drugs of which all have been inciminated with sulfamlamide the most fre
quent offender Among others are phenylhyduzine arsemureted hydrogen
dimitrobenzol, anihine saponun trimtrotoluene methy I chloride benzene pro
mmn and quinine Arsine a war gas 1s rapidly absorbed from the resprratory
tract and almost immeduately damages the ery throcy tes so that they are rap
1dly hemolyzed This gas may be accidentally generated when an acid and
metal, esther of which may contamn arsenic are brought 1n contact and hydro
gen 1s iberated It 1s therefore a hazard in certain industries

Rapid hemoly sis of erythrocy tes and hemoglobmuna follow the butes of
certmn snal es and sprders

Hemoglobinuna of Burns

Hemoglobmuria frequently occurs i patients with severe burns and rep
resents a bad prognostic sign The ery throcy tes passing through the heated
area at the time the burn occurs are damaged and subsequently are destroy ed
with a resultant hemoglobmurta and hemoglobinemia Experimental work has
shown that heating blood to a temperature above 51° produces irrev ersible
changes i the ery throcy tes w hich result 1n alterations 1n their fragiliey and
that cransfuston of heated blood mto normal ammals resules :n hemoglobnuna
Fragmentation of ery throcy tes and alteration m the osmoue fragiliy of the
cells hav ¢ been observed 1n severely burned pauents

March Hemoglobinuria
Paroxy smal hemoglobinuna as a result of exertion 1s a rare condition w hich

has been observed most frequently among soldiers Y oung adult males appear
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to be most frequently affected As a rule they show no other evidence of
distase It has been noted that the attacks occur after exerase in the upnghe
posion especially walking or marching and cannot be reproduced by other
ty pes of equally strenuous exeruon in other poswons Lxposure to cold does
not miate an attach Tn many respects this disease resembles orthostatic
albuminuria and lordosis has been considered s a possible etiologic factor
Increased lactic acid production with a resultant alteravon of the pH of
the blaod does not explam the hemolysis since all ty pes of exeraise do not
produce the reaction

There arc no systemic manifestations as a rule although a dull ache may
appear in the low er back or abdomen The unine becomes red or brown soon
after the evercise and the discoloration persists for several hours bur has been
known to last for several days The free hemoglobmm of the plasma 15 increased
but the hemoly s1s 15 not extensp ¢ enough to produce anemia or jaundice

This condition may represent an accentuation of a physiologie hemo
globinemia and hemoglobinuria which occurs 1n healthy mdniduals follow
mg prolonged exernon An mncrease i plasmt hemoglobin has been demon
strated mn athletes after long distance races nd a few have shown hemo
globinurra Those patients having march hemoglobinuma probably develop
thss hemoglobinerma with less strenuous exercise than do other individuals
and this may be due 1o a lowered renal threshold for hemoglobm This ex
planation offered by Gilligan and Blumgart does not explam the nfluence
of body posture and position in the production of hemoglobtnuria

There 15 no effecuve treatment for the conditon The disease tends to
disappear spontaneously within 1 period of a few months or a year the
parox? sms becomung less frequent and less severe and finally disappearing
entirely

P 1 N 1 H, 1oh

¥ 3
Paroxy smal nocturnal hemoglobmurnia or Marchiafava Micheli syndrome
15 2 rare condition 1n which hemolysis of erythrocytes and the consequent
hemoglobinuria accur during sleep It appears most frequently 1n males
the third and fourth decades of hife There 1 no fammby hustory of 2 sumilar
disease and no association with infections such as sy phulis or malara

Much speculation has been aroused as to the cause of the hemolysis The
work of Ham and bus collaborators has postulated the pathogenesss to be the
resule of changes in the acidity of the blood during sleep Pauents with this
disease were hept awake for long periods of ume and no hemoglobinuria
appeared even when they were resting under basal conditions The ty pical
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manifestations appeared, however, when the patent slept  regardless of
whether this was during the day or mght Duning sleep there 1 stated to be
a slight decrease mn the alhahinity of the blood as 2 result of an merease 115
carbon diowade content Recent workers, however have shown that the acid
11y of the blood seldom falls below a pH of 7 z duning sleep and i some cases
of paroxysmal nocturnal hemoglobinuria there has been no detectable fall m
the hydrogen 1on concentration There 15 no experimental proof that the
reaction of the blood in the viscera falls to a level low enough to cause
hemoly sts The ad: racion of an acid salt. chlorid d
the hemoglobinunia The hemoglobmuna decreased when an alhaline salt—
sodium bicarbonate—vas gn en buc became worse when the afkah was with
drawn The fundamental defect appears to be n the ery throcy res They are
unusually suscepuble to heroly sis m serum of creased acidity even though
this acidity 15 sull within the normal phy stologic range Cells from normal
ndnvrduals are not hemoly zed by actdified serum or by the patrent s serum,
but acidified serum from a normal person hemoly zes the patents cells

Although the pathogenesis of this condition 1s stll unsettled there has been
no better hy pothesis advanced than that of Hams

Cloncal Mamfestations

The disease usually has an msidious onset with mcreasing palior and vary
ing degrees of jaundice although pains 1n the back legs or abdomen may
be the tutial manifestaon The passage of dack-colored unne may be the
furst evidence of disease to be noniced by the patient or the hemoglobinuri2
may appear only after other symptoms have been present for some nme
The disease 15 characterized by remussions and eacerbations There 1 an
mereasing degree of anema and che appearance of jaundice dursng the pe
riods when parovy sms of hemoglobinurn are of frequent occurrence Lach
paroxysm of hemolysis and hemoglobmuria ss characrerized by chills and
fever and pain i the abdomen and in the Jumbar region The patient be
comes temporartly disabled The attack may last for only ene mght or there
may be repeated epiodes for a period of weehs

The hemoglobinuria 15 paroxysmal in 1ts occurrence but hemasiderm 1
apparently excreted at all tunes by these patients and 15 more ty pical of the
disease than 15 hemoglobinuria

Venous thromboses frequently wn the portal system occur ut about z5 per
cent of the patients and present one of the mosr sertous complications of the
disease These usually occur during the acute exacerbations but have also
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been en ed duning a 1 The cause of the thromboses has not
been adequately explamed although 1t has been suggested that accumulations
of erythrocy te stroma may lead to the occlusion

The anerma may be mild but if the attacks are of long duration it becomes
more severe ‘There 15 2 reduction 1n the number of leuhocytes and platelets
durng the hemolytic :plsodc but the r:nculoc\ tes are MOre nuUMmerous
and pol\ h tul ucl d ery throcy tes are frequently
encountered The frngllm of the ery throcy tes to hy potonic saline 1s normal
The unne becomes red or very dack brown dunng the paroxysm Hemo
globin methemoglobin and hemaun are present There 15 an elevated hemo
globin content of the blood plasma and soon a hy perbilirubmerma develops
with mcreased urobihinogen 1n the feces

The course of the disease 15 long and protracted one case having been
followed for thirty three vears Death usually results from other diseases

Pathology

The pathologic changes are those associated with ncreased hemolysis of
the red cells The spleen 15 enlarged but 15 not congested as 1 hemolytic
icterus There are thromboses of the central vemns of the lver with zonal
hepatic necrosis Large amounts of 1ron contarmung pigment are deposited
1 the tubular epithelium of the Lidneys The bone marrow shows hy per
plasi2 wath a predeminance of normablasts

Duagnosis

The diagnosss 15 based on the occurrence of hemoglobinuna duning sleep
and the mability to produce hemoglobinuria by exposure to cold or by exer-
cise The hemoly sis test in which the patient s cells are subjected to acrdified
serum 15 of help in establishing the dragnosss as 15 the demonstration of the

of I dern m (he urne The normal fragility of the
cr) throcy tes when exposed to hy potoruc saline 1s of help 1n excluding hemo-
lytic 1cterus—a disease with which it 15 frequently confused A careful check
for nocturnal hemoglobinuna should be made in all cases of ary preal hemo
fyuc anemua

Treatment
There 15 no adequate treatment avatlable Alkahine salts may diminsh the

hemoglobinuria and be of some temporary value but the end results are not
sausfactory the symptoms recurning when the alkali s stopped Splenec
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mamfestanons appeared however, when the patient slept, regardless of
shether this was during the day or nught During sleep there 1s stated to be
a shght decrease mn the alkalimity of the blood as 2 result of an sncrease in its
carbon dioide content Recent workers, however have shown that the zcid
1ty of the blood seldom fails below a pH of 7 2 during sleep and 1n sorne casts
of paroxysmal nocturnal hemoglobinurm there has been no detectable fall 1n
the hydrogen ton concentration There 1s no experimental proof that the
reaction of the blood i the viscera falls to a level low enough to cause
hemolysis The adminsstration of an actd salt—ammonsum chlonde~mereased
the hemoglobinuriz The hemoglobinuria decreased when an alkaline salt—
sodum bicarbonate—was given but became worse Wwhen the alkali was with
drawn The fundamental defect appears to be mn the er throcvtes They are
unusually susceptible to hemoly sis i serum of increased actdity even though
this acidity 15 sull within the normal phy siologic range Cells from normsl
mdiiduals are not hemolyzed by acidified serum or by the patent s serum
but acidified serum from a normal person hemoly zes the patient s cells

Although the pathogenesis of this condition 1s still unsettled there has been
no better hy pothesss advanced than that of Hamss

Climcal Manmfestations

The disease usually has an msidious onset with increasing pallor and vary
ng degrees of jaundice although pamns 1n the back legs or abdomen may
be the 1mtial mamifestation The passage of dark colored urine may be the
first evidence of disease to be noticed by the pauent, or the hemoglobinuria
fmay appear only after other sy mptoms have been present for some tme
The disease 15 charactenized by remussions and exacerbations There 15 an
increasing degree of anemia and the appearance of jaundice dunng the pe
riods when paroxysms of hemoglobinuria are of frequent occurrence Each
paroxysm of hemolysis and hemoglobmuri 1s charactenzed by chills and
fever, and pam in the abdomen and mn the lumbar regton The patent be
comes temporarily disabled The attack may last for only one mght or there
may be repeated episodes for a pertod of weehs

The hemoglobinuria 1s paroxysmal 1n 1ts occurrence but hemasiderin 15
appnrentl‘ excreted at all ttmes by these patients, and 1s more 1 plca‘ of the
disease than 1s hemoglobinuria

Venous thromboses frequently in the portal system occur n about 5 per
cent of the patients and present one of the most serious complications of the
disease These usually occur dunng the acute exacerbations but have also
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Pathogenesis

Syplulis of cither the congenital or the acquired type 15 now accepted as
the primary cause of this disease It has been found in children with con
gemtal sy phults but 15 more common 1 adults with 2 late stage of the ac-
quired form The Wassermann reaction 15 almost miariably positine but
many patients show no other evidences of syphilis The hemoglobinuria 1
caused by the rapid hemoly sis of great numbers of erythrocy tes in the blood
stream so that hemoglobin accumulates 1n the plasma to a pomnt above the
renal threshold Tt ss then excreted in the urine The hemolysis 1s brought
about by the presence of an autchemolysm which 15 capable of hemolyzing
the red blood cells under certain condstions

The Donath Landstemer reaction demonstrates the fundamental mecha
rusm of this hemoly tic reaction It 1s the test on which the diagnoss of this
disease must be based To a suspension of the patients cells 1 normal saline
15 added some of the patient s own serum Half of the preparation 1s placed
m an mcubator at 37 C The other half 1s chilled to 5§ C—placed 1 ice
water—for twenty sminutes and then put 1h the mncubator Hemolysis occurs
n the specimen which was chilled but does not occur 1n the other The
reaction 15 not present m normul blood This autohemolysin 15 of the 1m
mune body type and depends upon an amboceptor which combines with
the red cells only at a low temperature and a complement which can act
on the cells only after the amboceptor has combined with them Afrer the
blood has been chilled the complement 1n the serum causes hemoly sis when
the temperature 1s rmsed

The blood 1n the superficial sl in vessels becomes chilled when the patient
1s exposed to low temperatures Hemolysis results when this chilled blood
passes to the higher temperatures of the mternal vessels The paroxysm of
hemoly sis can be aruficially produced by exposing the patsent to cold (16—
18 C) or by smmersing the forearm or foot 1 1ce water In some instances
the hemolysis 1s slight and aithough free hemoglobin appears n the blood
plasma 1t does not pass 1nto the urine

Symptams

Following exposure to cold there 15 a latent pertod before the symptoms
appear This varies from a few mnutes to several houss The symptoms
consist of chills fever maluise headache and severe pams m the legs lower
back and occasionally the abdomen The episode lasts for a few hours and
may be accompanied by cyanosis The temperature may sise to ro4 F or
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tomy has been performed but does nor alter the course of the disease It
should not be advised

Favism

Favism 15 a disease charactenized by acute episodes of hemoglobinura
which 1 suscepuble mdividuals follow exposure to certain beans (Vica
fave) The exposure may consist of mhalation of the pollen from the blos
som of the bean plant or mgestion of the beans either cooked or ran The
disease 15 rare m this country but 15 prevalent m Sicaly and southern Iualy
The hy persensiti eness to the plant 1s hereditary  Alost patients give a family
history of the disease

Favism may appear i children or in adults Some persons may est the
beans for y cars without trouble and then suddenly develop a sensimty to
them Inhalation of the pollen brought on the attacl s 1n 38 per cent of the
reported cases and 6 per cent resulted from ingestion of the raw or
cooked beans

The sy mproms appear from one to srx hours after mhaltion of the pollen
or from one to tw o days after ingestion of the bean 1tself They include fever
weal ness vomiting muscular twitching and vertigo There 15 2 rapid onset
of pallor and jaundice soon becomes evident The jaundice increases for
about the first three days and then subsides The discase may progress rapidly
to unconsciousness and death Hemoglobinuria appears with the onset of
symptoms and may last for three or four days There may be anurm and
uremiz m the severe cises Anemta develops quickly and 1s at first ass¢
ciated with leukopenia and thrombopenia

The course of the disease 15 usually short Recovery begms after tho t0
four davs and a majority of the patients improve rapidhy The mortality 15
about 8 per cent

Treatuent

The treatment 1s purely symptomatc during the acute phase Ephedrine
1s advocated 1t the patient 15 shock Avoidance of exposure to the bean or
the blossoms 1s the only known method of preventon

Paroxysmal Hemoglobinurta
Paroxismal bemoglobinuria 1s a rare disease characterized by recurnng
transitory episodes of hemoglobinuria which re brought on m susceptible

mdividunls by exposure to cold
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over There may be vasomotor disturbances of the extremittes which resem
ble Raynaud s disease or episodes which are characterized by edema urticaria
and vesicular lesions In the severe cases there will be prostration, nausea
vomuiting and abdommal pain The urine vartes i color from red to a very
dark brown, described by the patent as beng black This colormg 15 due to
hemoglobin methemoglobin and hematm There 15 also albummnuria with
hy aline, granular, and pigment casts The hemoglobm may be found 1n only
one urne specimen or 1t may persist for several days

Followmng the acute attack the patient may present a muld grade of
jaundice When the episode results in the destruction of a very large number
of ery throcytes a mild anemra will be present If the artacks are frequent
and severe, the anemia will become more promment The patent has no
symptoms referable to the disease between the episodes of hemolysis

Dragnosis

The diagnosts 15 based on the patent s history of having passed dark urmne
following exposure to cold the finding of hemoglobmuna after artrficial
induction of an attach 2 positive Wassermann reactton and the Donath
Landstemer reaction The disease must be differentiated from those hemo
globinurias due to drugs and chemucals paroxysmal nocturnal hemoglo
binurra and the form which occurs with exertion None of these are neces
sarily associated with syphults the Donath-Landstemer reaction 1s not post
tive, and immersing an extremity m cold water will not precipitate an attack

Treatment
There 1s no specific treatment for the acute attack once 1t has started

except to heep the patient warm and to grve what symptomatic treatment
1s necessary The patient should be protected agamnst exposure to cold and
preferably should change to 2 warm climate dunng the wmter months
Anusyphiliic treatment should be started ;mmeduately and an imtensive
course of therapy carned out This will usually result 1n complete arrest
of the symptoms so that the patient can then be exposed to cold without
precipitating an attack of hemoglobinuria The Donath Landstemer reaction
may remam positive
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BANTIS SYNDROML
CHRONIC CONGESTIVE SPLENOMEGALY

Bx\n S SYNDROVIE 55 A CONDITION CHARACTERIZED D3 SPLENGMEGALY HYPO-
chronue anema feuhopenuz and icterus wath aseres frequenthy appeaning
fater m the course of the disease This sy mptom complex may be produced
by avanety of pathologic states 1t 15 therefore more properly classified a3
3 syndrome than as a disease entsty  Exclusson of other diseases which may
produce the cardinal features 15 a5 essenual 1 the dignosss of Bantts syn

drome as the presence of a speaific chmeal picture The condition has been
termed Banuis disease splentc anemus hy persplenism and chronic conges

e splenomegaly

Fuology

The cause 1» mndefinite 1n many cases but the syndrome may result from
any condition which causes hy pestension 1 the splenic and portal vem,
and congestion of the spleen It has been considered to be an eardy stage m
the development of portal wurrhosis of the Iiver but the sime chimcal pre
ture may oceur with other lesions which are erther mtrahepatic or evera
hepatic Portal cirrhosis of the Lacanec tvpe 15 the most frequent of the
wtrahepaue lestons which produce Bant s svndrome accountng for 60 ta
70 per cent of all cases

Increased resistance to the flow of blood through the wmteahepatic portion
of the porial circulation may be caused by scarnng which results from
fectsons or parasiic wnfestaton Congental abnormalisses of the hepaue
vaseular system which allow avtersolar pressures to be transmured durectly
to the poreal circulanion may also cause this ressstance

The syndrome 1s produced by extzahepatic lestons which Iead 1o mereased
pressure m the splenic vern This may be due to mechanteal blochage from
scar ussue pressure of twmors congerutal abnormahities of the ascular $y5-
tem or thrombosss of the vein sself as 2 resule of juny or mnfection Be
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shightly reduced 1n number but there are usualhs no hemordhagie tenden
cies except those which result from ruptured esophagesl vances In rare in
stances che plarelets are marhedhy reduced and the cliscal and laboratery fea
tures of thrombopeme purpura make their sppeasance  Hemorrhages may
occur from amy part of the body when dhis compheation anses
Hemorrhage from a ruptured sancose sen of the esophagus 15 frequent
and masy occur at amy tme m the course of the disease Occastonathy 1 s

Fie g5 The esophages m o patient with Danti s svndrome The mocded appracance 2ud
srregular margim are due €7 3 aricosInes

the firse recogmized sy mptom of diness Ir may be muld with only shghe
hematemests and melena or 1 mav be severe and rapidhy fatal Roentgeno
logie examimanion of the esophagus may reveal an wregular configuraton i
5ts lower portion wfuch 15 indicamn e of vancossties (Fig 45) These do not
mterfere with the passage of fond and produce ao symptoms except when
they ruptare and bleed

The size of the spleen will van from one patient 1o snother In some
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cause of the obstrucuon to the blood flow there 15 an attempt to establsh a
collateral circulation resulting 1 vancosities of the esophageal and gastac
vessels

Pathology

The anatomrc changes depend upon the causative leston but the spleme
condition 15 similar 1n all cases It consists primanily of marked congestion
with varying degrees of fibrosis The spleen 15 enlarged frequently weighing
800 Gm or more Jtis very firm the capsule 15 thichened and the cut sur
face has a beefy, fibrotic appearance Microscopic exammation shows dilated
sinuses and dense fibrous strands which anse from the peniartersal ussues and
infiltrate through the reticulum Siderotic nodules which result from small
hemorrhages are occasionally found These are small vellowssh brown
flecks composed of elasuc fibers intracellular and extracellular depostts of
hemosidenin giant cells and deposits of calcium Degeneratnve changes are
sometimes noted 1n the splemc and portal vems These 1 essels are occastonally
thrombosed Congemital abnormalities of the vessels are not mfrequent In
one such case a large mass of dilated vessels was found n the hilus of the
spleen and the splenic artery, whose walls were extremely thin was  cm
mn diameter An enlarged spleen had been discovered m the pattent at the
age of 5 \When 1t was removed .8 vears later 1t weighed 1450 Gm

The ty pical anatomic changes of Laennec s cirrhosts are encountered when
the primary lesion 15 a portal cirrhosts of the Iiver This disease with the
accompany ing fibrosis of the spleen has been termed hepatolienal fibrosis

Climical Features

The symptoms usually make thewr appearance mn early adule Iife occa
sionalls, m childhood but only rarely m older adults In the early stage of the
\llness there 1s an enlargement of the spleen associated with anema and leuko
pema The sy mptoms are predomimantly those of the anemia namely weah
ness fatugability shght breathlessness and pallor The anema 15 of the
by pochromic ty pe w 1th a low color mdex It 1s relatnvely mld as 2 rule wich
an er)thmcytc count of around 3 cooooo It becomes more severe m the
late stage or may be intensified 2t any ume as a result of hemorrhage Anemia
15 2 primary featurc of the discase and does not depend upon the loss of
biood for 1ts production The leukopenia 1s also of moderate degree with a
majority of the leuhocy te counts ranging between 500 and 4ooo Tt 1s due
to a reduction 1 the number of granulocy tes so that a differenual count
shows a relame lymphocyrosis without abnormal cells The platelets are
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Since mamy of the diseases which cause splenomegaly alse cause snenus all
such discases smust be borne 1n mind an the differenual dugnosis Roentgeno-
logic exerminauion of the esophagus may help w establishing a dsagnosis sf
esophageal sarces can be demonstrated 3 case which 15 otherwise puz

2ling In mans snstances the diagnosss 15 speculatty e rather than firmly estab

Iished

Other Causes of Splenomegaly

Many of the causes for enlargement of the spleen are diseussed under thew
respectin e headings elsew here 10 the texrand wll be merels mentoned at this
tme The followmng represent the most frequenthy encountered causes for
an enlarged spleen and must at feast be considered when one 15 faced with 3
pauent having splenomegaly

Myelogenous Leuketna of Both Leukennc and Aleukenuc Forms

My clogenous leukenua can be recognized by the changes m the penph
eral blood er by exammnaton of materat remaved from the sternal bone
marrow

Lymphocync Leukema m Both Leukemc end Alewkennc Forms

The splenomegaly of Iy mphocy tic leubenua 15 usvalh less than 1 mye
logenous lenkema and s d with 2 g fized by mphadenopatk
The blood prcture or evamunation of a hmph node removed for biopsy
usually reveals the nature of the disease

Hodgkm s Dusease

Hodghins disease usualh but nor alwavs causes 2 hmphadenopathy as

well as spl gah, The final dug rests an hustologic study of 2 b mph
node
Lvmphosarcoma

Immarure Ly mplrocy tes rarely appear i the blood stream tn b mphosac-
coma, and the I mphadenopathy 15 more localized than i either Hodghun's
disease or 1y mphoey e leuhemis A final diagnosis rests upon histolagie ex
anaation of a fymph node

Permcious Apema
Sy\cnumcg:h occurs 1 about 5o per cent of pernicious anemma cases,
which because of the leuhopenna crerus and thrombopema are noc

frequenthy confused with Bantis sy ndrome paruculaddy when the prenure
¥ somew hat aty preal
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nstances, even i the carly stage of the disease 1t may be large enough to
cause some discomfort such as a heavy dragging sensation n the left upper
quadrant of the abdomen Splenic infarction may occur and cause severe
pain over the organ The spleen increases 1n size as the disease progresses
but usually does not become extremely large The anemua becomes progres
sively worse, but the leukopenia does not parallel the ery throcy te count The
Iiver may be enlarged 1n the early stage, especially if the disease 15 caused by
portal cirrhosis, but 1ts size diminishes later The late stage of the disease 15
characterized by recurring ascites muld jaundice, and emacration The jaun
dice 15 not of the obstructive type so that the stools are not acholic and the
urine docs not contam bile pigments It 15 usually of only moderate mntensity,
gving an indirect van den Bergh reaction The ascites may be shight or so
severe as to require repeated paracenteses In cases due to primary Iner ds-
ease and these consttute a majority the terminal preture 15 that of portal
crrrhosis with Iiver msufficiency

The course of the disease 15 usually chronic, evtending over many years
A fatal termination may occur at any time as 2 result of gastric or esophageal
hemorrhages The cause of the syndrome deterrmnes the course te some
extent In patients m whom 1t 15 due to portal cirrhosis the progress 1s apt ©0
be more rapid than n others Death m a majority of these cases, results from
fatlure of hepatic function

The anemia 2ccompanying Banti s syndrome was formerly considered t0
be hemoly tic 1n ongin because of the associated rcterus However, icterus
1s not present in the early stage of the disease even though anemia 15 a prom
ient feature The present consensus is that the anemta does not result from
increased destruction of erythrocytes but an adequate explanation for 1t has
not been advanced

The bone marrow as obtained by sternal puncture presents a vanable pic
ture w hich 1s not diagnostic of the disease although 1t serves to cxclude certain
other causes of splenomegaly Myelord hs perplasta has been observed by
Limarzs and erythroid hy perplasta and mmatarity were also encountered 0
the late stages of the disease

Dragnosis

The diagnosis of Bantss syndrome may be difficult since 1t rests on the
exclusion of other diseases assoctated with splenomegaly anems and leuho
pewa as well as on the presence of the specific clinical features Portal cir
thosts and blood dyscrastas such as pernicous anerma and aphistic anem:
rmust be evcluded as well as all forms of anemia assocrated with jaundice
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be enlarged Spl by occurs m p Hy all cases The conge red
test may ad 1n establishing the diagnoss

Polycytl erme ¥ era

Splenomegaly 15 presens i 2 majorsty of pattents with poby ey thesma vera
The spleen may be only shghtly enlarged or st may become a very massne
organ The peculiar dushy complevion and the elevated red count and hemo
globin level establish the diagnosis
Tuberculons of the Spleen

A rare comphicanion of tuberculosts elsew hece m the body 15 tuberevloys
of the spleen 1t mav produce a picture simulaung polycythenus vera or
may lead o an anemsa
Malerwa

Splenic enlargement resulung from malana puy persse long after the
actnve phase of the disease has passed A careful hustors must e caben n
all patients wath an upexplamed enlargement of the spleen to exclude the
posssbiliey of a pressous malasial nfection
Rala azar

hala azar 15 a tropical disease with endarged spleen and biver anemia lew
Loperus and durrhea The disgnosis 15 establnhed by finding Leshmen
Donovan bodses on sternal or spleuc puncrure

SuiPs Disease

A syndrome occurring n children, Sulls disease presents anemue and
splenomegaly assoesated with deformung arthnns
lafections Mononucleoss

Infections mononucleosss causes 2 generalized fymphademus as well as
sph naly The d 15 established by the g of mamy abnormat

hmphocy tes 10 the blood stream and a posine heterophe anubody e
action

Congestie Heart Fufure

An enlarged spleen 15 usually found at necropsy exammatson after con
gestsve heare fadure but only rarely 1s 1w demansteably enlarged on phy sical
examunation

Cysts or Tunsors of the Splecn
Splenic eysts or tumors are comparatively gare causes of splenamegaly
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Idiopathic Hypochromic Anenna

Shght enlargement of the spleen 1s encountered m about half of the pa
wients having 1diopathic hy pochromic anemua but there 15 no leukopenis or
icterus

Fainhial and Acquired Hemolytic Icterus

Hemolytic icterus 1s recogrized by the charactersstic features of the blood
mereased fragility of the erythrocytes spherocytosis and leuhocy tosis

Erythbroblastosis Fetalis

A large spleen 1s present m all forms of ery throblastosis fetalis but the
age incidence, leukocy tosis, and presence of many nucleated erv throcy tes
establish the diagnosis

Other hemoly tic anemmuas such as erythroblastic anenna, sickle cell anenu
mn 1ts early stage and acute hemolytic anenna will seldom be confused with
Bantis syndrome even though jaundice, splenomegaly, and anemu are
present
Portal Cerrbosis of the Liver

Portal cirrhosts of the Iner causes an mcreased pressure within the postal
circulation and congestion of the spleen The anemi may be macrocytc
m type It 15 accompanied by mild icterus evidences of liver msufficiency,
and the development of a collateral eirculation to compensate for the portal
obstruction

Hypertrophic Bilary Crrrbosis

Although the splenomegaly 15 not great 1 hy pertrophic biliary cirrhosts
the liver 1s markedly enlarged aud the jaundice ss deep and persistent
Lipoid Dystrophies

In the lipoid dystrophies there 15 an abnormality of Irpoid metabolism and
the cells of the retculo endothelial system tahe up 1nd store large amounts
of lipord matersal The spleen becomes marl edly enlarged because the
reticulo endothelial cells contain so much of this matersal

Awntylordosts

Amylodosts 15 usually found 1n association with a chronic suppuratté
Jeston commonly of the lungs or bones but it may occur n an 1diopathuc
form Smce the ludneys are usually mvolved albumnurra and ¢y hndruna
are common findings Renal failure and uremua are often terminal events
The hidneys are not inv olved 1 some cases and the liver may or may not
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Yorah}

1t has been found to be lower Spor vascular thrombosis
15 a frequent postoperatn e comphication

There 15 no spcclﬁc form of therapy wide from splenecromy  Diuretses
are of vakue in lessenung the ascites I our experience mersahy} with theo
phy line has been the most effectve preparation for use m such cases A high
protein hugh carbohy drate and fow fat diet such as 15 used in other ty pes of
hver disease 15 of value in those cases m whnch hepatie damage 15 the under
hing cause Such a diee wilk contain from 1§ to .00 Gm prosemn 350 to yoo
Gm carbohy drate and about 50 Gm far It 15 obssous that such a diet would
be rich m neturally occurrsng sicanuas bue i spise of s fact additional
n!amms are added usually 1 the form of one of the multn tammn capsules
Ths 1s frequent] d by the ad ration of hver extrace slthough
the rationa! fos this 15 not entirely clear Inaddition to this diet choline cutrate
ssgiven erther zo ec of 2 25 per cent solution or 10 cc of a 50 per cent solu
tton threg nmes dmly or methiomine 2 Gm per day

An iron salt will hasten hemoglobin regencration n those patients who have
hemorrhaged but the anemm of Bant s sy ndrome withour hemorrhage does
not respond to esther sron or Iner extracy

Injection of the esophagent vances by a sclerosing agent through an esopha
goscape has been tried m an attempe 1o lessen the danger of rupture and
hemorrhage Other vancostues develop however and repeated njection of
the newly formed vanicosises 15 necessary It 15 difficult at the present ume
to evaluate the benefits derned from thus procedure

Banis Syvoronte~-SriHime

Banus syndrome may be produced by a vamery of pachologic lesions
among which 5 5y philis of either the acqwred or the congemstal type The
chimeal features of the syphilme form of Banuis syndrome do nor differ

2 1y from those d when the disease 15 produced by other
means except for the positive serologic reactions and other mantestations
of sy phulis which may be present It deserves parucular arention howeter
because of ws frequency and because of certam differences in sherapy

The pathologic alterations encountered m the hner are of parucular
terest Sel lesions are and produce the so called

hepar lnbatum m which the liver 1s reduced mn size and 1ts surface sa fis
sured and lobulated by hnear and stellate scars thar 1t 55 almost unrecog
nzable i sts gross appearance The Iner tissue may be largely displaced by
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Infections

Many types of infectious diseases ar associated with enfargement of the
spleen, partscnlarly those 1n which there 15 mvasion of the blood stream and
a chronic course Undulant fever ty photd and paraty phoid fever, and sub
acute bacternl endocarditis present splenomegaly as a promunent feature of
their clinieal picture

Treatment

Splenectomy 1s the advisable and most effectne form of treatment m
Bant's syndrome, particularly 1 the early stages of the illness In pauents
m whom an ebstruction of the splenic veun is at faule the procedure results
m complete cure The results are less satisfactory 1n cases which are a result
ot portal cirrhosis particularly of the operation 1s not performcd until ascites
has made 1ts appearance If the sy ndrome 1s a result of portal cirrhosis, the
hepatic damage will be evident by the tme sy mptoms are severe enough
justify splenectomy, 1f csrrhosis of the Iiver 1s not present at that tme 1t will
not develop subsequently Removal of the spleen panents with cirrhosts
of the hver lessens the volume of blood 1 the portal circulation and reduces
the pressure wathin thit circuit to such an extent that the danger of a rup
tured vanx 1s lessened Because of this reduction m the pressure within the
portal circulation and possibly through the development of o collateral air
culation m the resulting scar tissue there 1s 2 lessemung 1 the rate at which
fluid collects in the abdomen Permanent reftef trom the ascites accompany
g cirthosis of the Iner has been reported after splencctomy The bene
ficnal results of splencctomy therefore range from complete cure when
there 1s mechameal blockage of the splenic vemn to varying degrees of xelief
from the ascites jaundice anemia and leukopena The dragging sensation
resulting from the weight of the enlarged spleen 1s relieved

The results of splenectomy are frequently unsatisfactory and the course
of the disease may be unaltered by the operation Howell does not advise
splenectomy since he did not find any sigmficant difference 1n the course
of the disease when a group of splenecromized patients was compared to 2
group not subjected to the operation Others share this view It s difficule
to evaluate the statistres from vanous clinies as to the efficacy of the operation
but 10 the Juthors opmion as expressed m the preceding paragraph the
operation Is advisable if evidences of In er msufficiency have not prOgTCSSCd
too far The immediate postoperatis ¢ mortahiy has been reported to be n the
neighborhood of 1o per cent but other groups of carefully sclected cases
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the arsemcals themselves may cause lwer damage they must be pgren
cautiousts It may be necessary to restrict the anusy phuline therapy 1o bis
muth, mercury and jodides

The best results are obtained when treatmenc as started 1 the early stages
of the disease In some patienss this wll bring about a reduction m the size
of the spleen to near normal and the disappearance of other symproms In
others the results are Jess sansfactory and splenccromy may be advisable
The effects of this operation are simular to those obtamed m pauents
whom the discase 15 not due to svphibis bus the operation should abw ays be
preceded by an adequate course of antisyphibtic therapy

Frury s Sunprovie

A rare symptom complex which 15 smular or closely related o Bantis
syndrome was descrbed by eley m 39 3 It consists of anemst Jeshopemsa
and splenomegaly wuh the addional features of chromse arthntis of the
rheurmatod type 2 yellowssh brown pigmentation of the evposed portions
of the shin and 1n some paverws a generalized by wphadenopathy The late
stages of the diszase may be charactetized by asenes and javndice and other
evidences of hepane msufficiency,  Hematemesis may occur at any tme dur
mg the course of the iliness

In most respects the condiion s simsdar to Bantss syndrome with the
added features of a chrome deforming arthriss and 2 more profound lenko-
penia In the patients obsersed 1n thius clmnse the leuhocy te counts have been
found 10 be in the neghborhood of 1000 to 1500 rather chan around 3000
%0 4000 45 35 true 1n the ty pieat case of Banus syndrome Felty s svadrome
appears later s hife than does Banas sy ndrome  being maost comvmon in md
die or late adule fe whereas Bants 15 usually epcountered m younger
ndn duals

The status of thus sy ndrame as ¢ disumcr enuty has been the subject of con
siderable contronersy It has been considered 3 counterpast of Snil s disease
affecting adules rather than children although Stil s disease 15 usually accom
panied by a normal or elevared levhocy te count rather than a leukopeni
Anather view holds that 1t 1s merely an example of Benu s syndrome with
2 concomueans sheunatord asthnies which i self may cause @ mld anermia
Imkapcmn and 2 splenomegaly A question of s refavionship to an infec
tous process and sepsis fenta due to Streptococcns vindans has also been
rused Whether 1t 1s enutled to separate consideration is certamly open to
question
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scar tissue or by gummarous infiltration, but the remaming portions of lner
tissue undergo hyperplasia to compensate for that which was destroyed
(Fig 46) Thlckemng of the capsule of both the Iiver and the spleen 15
almost alway s encountered There may be such a mass of scar tissue around
these organs that removal of the spleen becomes an exceedingly difficult
surgical procedure

Sy pluliic 1nvolvement of the spleen may occur in either the acquired
or the congenital ty pe of infectsion and may reproduce the clmical picture of
Bant1s sy ndrome without there being any obvious mvolsement of the ner

Treatment
An intensn e course of antisy philie treatment 15 ndicated m patients 10
whom syphilis of the Iiver or spleen 15 responsible for the production of

16 46 Transverse section of the Iner from a case of syphilitic hepatius producing
Bantis ‘syndrome This shows the extensne scarrng especually about the fulus and
throughout the shrunken night lobe (horns Az J M Sc)

Bantis syndrome Treatment should consist of the concomtant administra
ion of potassim 1odide and erther bismuth or mercury Intramuscular in
jection of an msoluble bismuth mn od preparation at weekly ntenals or
semiws eehly injections of a water soluble preparation should be given Potas

stum sodide 1 a dosage of 15 to 30 grams three times daily may be gnen at
the same time One of the arsemical anusy philitsc remedies may be tried after
a two month course of treatment with bismuth but sheuld be used with
cantion and 1n small amounts never exceeding the equualent of 03 Gm
of arsphenamine per w eeh If the arsenicals are well tolerated a continuous
course of trestment of at least two years duration 15 advisable using bis

muth and arsemcal preparations during aleernatng six weeh periods Since
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When splenectony has been performed on pattents with Felty s syndrome,
transient relief from the symptoms has been obtained The results of the
opcration 4re not as encouraging as m the ordinary type of Bantis syndrome
Pathologrc features indisunguishable from those encountered 1 Banus syn
drome were found m one patient with Felty’s syndrome who died of mesen
teric thrombosis follow ing splenectomy 1 chus cline There were evidences
of portal cirrhosis and of increased pressure 1n the portal circulation as
shown by a marked dilatation of the splenic and mesenteric veins
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tion Improvement ss rapid when adequate fluids are retamed and the biood
yolume 15 brought to normal There 15 2lso hemoconcentration 1n severe
shoek which results from the redistsbunon of body flwds

The spleen acts as a storehouse for enythrocytes Such snmub as exeresse
emotional disturbances and epinephrine cause 1 1o contract and expel ad
disonal erythrocy tes nto the airculaston A shight transient poly ¢y themia
results

Srcospary Porxoytusaua—-LRyrsrocyrosts

Secondary polyeythemia represents an actued mncrease n the number of
ey throcytes and 1n the amount of hemoglobm as well as an inerease an tharr
concentration per ume s olume of blood The poly ¢y themu 15 secondary to
some condition w hich acts as a sumulus to erythropowsis A lowered oxygen
eension 1n the blood has been shown to have such 2 sumalating effect and
1s probabls one of the snportant factors m regelanng red cell producton.
An sbnormally low owvvgen tension m the blood will be present at hugh
alatudes because of the low oxygen pressure in the ar Tt wilf also resule
from cardiocreutarory disturbances and wath amy lesion which mterferes
wath the gaseous exchange s the lungs

Causes
High Altnudes

It has been yecogmzed for many 3 ears that exposuze to the low ovigen
pressures which prevadd at togh alurudes results 1n an mcrease 1n the envth
focyte count and i the hemoglobin level There are apparently tvo stages
m the dey clopment of this polycythema The first reaction appears rapdly
dutmg sscenston from Jow to high alurudes and the greater number of
erythrocy tes 15 unassoctated wath any evidence of new cel! formauon Ir s
probably the result of contraction of the spleen with expuiston of the reserve
supply of erythrocy tes mto the blood stream The second stage appears after
the mdn idual has remamed i the area of Jow barometnc pressure for some
days Tessaccompanied by evdences of new cell formanon and s presumably
due to the angxsc ) of the ery thropoietic centers m the bone mar
0% The height of the respense 15 reached after sbour one wech s exposure
to the low barometnie pressure and the poly evrhes persiste as long as
resdence n the Tugh atnrude conunues Polyey themsa is present m naties
who are acetstomed to the high afutude as well as i nevcomers counts a5
highas 7 5 ta 8 million hiave been found i the Indians of the Peruvian Andes
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POLYCYTHEMIA

Poucnnm\im IS A CONDITION CHARACTERIZED BY AN INCREASED NUMBER OF
ery throcy tes and an ncrease in the amount of hemoglobim per unit olume
of blood The average number of erythrocytes in the normal adult ranges
from 4 5 to 5 milhon cells per cubtc millimeter of blood although counts
of 6 million with a correspondingly high hemoglobin level are not infre
quently encountered 1n active healthy males In a consideration of polycy
themia 1t 1s essential to disunguish between those ery throcy te and hemoglobin
values which represent 2 high normal level, those which represent 2 phys
tologic ncrease, those in which the increase 15 secondary to some patho
logic condition causing a demand for additional erythrocy tes and hemo
globin, and those i which there 1s an 1diopathic hyperplasi of the bone mar
row—polycythemn vera or erythremia Condittons m which there 15 an 1
creased stimulus to hematopotesis whether secondary or 1diopathic have
not only an increase m number of erythrocy tes and hemoglobin per unit
volume of blood but also an mcrease 1n the total blood volume

RevaTive PoLycyThe ia

Relative polycy themia refers to that condition n % hich the erythrocyte
count and the hemoglabin per umt volume of blood are increased although
there 1s no increase m the actual number of cells or amount of hemoglobnn
It 1s encountered m patients who have lost large amounts of flud from the
body, or whose flud mtake 15 markedly restricted and represents a diminu
tion 1n the volume of blood plasma and in the total blood volume w 1th 2
resultant hemoconcentration The amount of hemoglobin and the number
of ervthrocy tes per unit yolume of blood are mcreased withour an absolute
increase 1n cither of these Such a condition 15 found 1n severe bums pef
sistent diarrhea or severe vomiting and may be present to a shight extent v sth
the poly uria of diabetes mellitus The patient shows evidences of dehydra

254
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dequired Heart Discase

Some forms of acquired heart disease are occasorally assocuted with
polveythermia but 121y seldom as sesere as that found n the congenutal form
Mirral stenosss, particularhy when it deselops earhy 1 chuldbood s the Jesion
smost prone Yo prodvece such changes

Clenncals and Drugs

Certain chemueals and drugs may produce polv et thenua Among these are
ansenic phosphorus cobalr analine dies and mitrobenzol Chronie carbon
monoside possoning may also cause a moderate degree of pohcythemia

Pory ovrueans \ ere (ERyTHREAIL)

Poly cvihermia vera 1s a chronic progressne disease of unhnown cause char-
acterized by an increase n the number of ey throey res the amount of hemo-
globun, and the toral blood velume and by b perplasia of the hematopotetic
bone marrow The outstanding climcal feature 1s the dushy brick red color
of the slun and mucous membranes

The term eryt] renna has been applied to the disease m recent 3 ears 1 con
tradistinction to the werm erythrocytovs whuch 1s used to denote a transient
or secondary merease mn the number of envthrocites In this way the rerms
2re ssimular 1o the use of leukemia and leuhocvtosss in reference te changes o
the white blood cells The disease 15 also hnown as Vaquez s disease because
of the ongmal dcscrxpncn wotten by Vaquez m 18p  Since Obler called
atrention to this disease an rwo papers published 10 1903 and 1904, 1t has also
been termed Osler s disease

Inaidence and Euology

Polyevthemn vera 15 a relstnely rare condinen although recent reports
hase stressed the great vanety of chnscal mantfestations They have suggested
that many cases are overloohed and that 1ts actual madence 15 considerably
greater than has heretofore been supposed Reports by Rezshoff and others
mdicare thar 1t 15 especiatly commeon among Jews parucularly those from
eastern Europe In a senes of 134 collected cases he found that 48 per cent
oceurred m patsents of Jewssh descent All of the 19 cases formung the basis
fora report by Dameshel occurred m Jews On the other hand there were
10 Jewssh patierts i a senies of 6 cases from the Lnnersin of Towa chne
The disease 1s extremely rare among Negroes

Poly cx thesma 1ra 1s more common m men than sn women and 15 most
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The increase 1n hemoglobin parallels the increase m number of erythracytes
5o that a normal color index 1s mantamed

Chrome Pulmonary Discase

Chronic disease of the lungs such as fibrosss, emphysema or lesions of the
pulmonary vascular bed may mterfere with the gaseous exchange between
the alveoll and the pulmonary circulation The interference may be great
enough to cause a low ered oxy gen tension 1n the blood and a resuleant anoua
of the bone marrow which sumulates the formation of erythrocytes

Empbysenta Emphy sema 15 the most common of the pulmonary lestons
which cause poly cy themia although a greater increase m the ery throcy tes 15
7Pt to occur when there 15 thickening of the walls of the pulmonary vessels

Ayerza’s Disease Ayerzas disease 15 the most ourstanding example of
leston of the pulmonary vessels which will cause polycythemua Tt 1s a rare
disease of sy philitic ongm characterized by a thickening of the walls of the
pulmonary vessels extending mnto the smallest of the capillaries There 15 an
mterference with gaseous exchange mn the alveol1 because of this fibrosis so
that the oxygen tension of the blood 1s markedly lowered Tiis acts as a
stunulus for an accelerated productron of erythrocy tes Features of the dis
ease are polycythemia cyanosss, shortness of breath and hy pertrophy of the
nght ventricle Evidences of farlure of the night ventricle of the heart ultt
mately develop The term Ayerzas disease 1s sometimes loosely used to
include almost any condition characterrzed by extreme pernvascular and pert
bronchral fibrosts of the lungs when assocrated with poly cy themia It seems
better to restrict 1ts use to the specific syphilic entiy rather than as an all
nclusive term

Congenital Heart Disease

Those types of congenital heart disease assoctated with cyanosis are prone
to produce polycythemi Such lesions usually have a defect which allows 2
shunting of the blood from the nght side of the hearr or pulmonary artery
into the artenal crrculation In this way unoxy genated blood 15 carred to the
nissues, and the lack of oxygen mn the bone marrow acts as a sumulus to
erythropotesss Among the congemal defects which may produce pol)f
cythemia are pulmonary stenosis with a defective septum the tetralogy ©
Tallot, and complete transposition of the artenal trunks Pauents with (hclsc
defects usually have clubbing of the fingers and toes retardation of gm“t;
and varying degrees of cardiorespiratory distress in addition to cyanosis an

poly cythema
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tound m this organ The diner 15 hhewse enlarged and hypereoue and may
contam stands of hematopoetc tssue

Al organs of the body shiow extensie degrees of hy peresmua and engorge
mene of the copitaries Thrombosed vessels and anenuc infarets are not
uncommon Hemorrhages mto the vanous organs or beneath the scrous sur
faces are frequently encountered Pepuc ulcer 15 found m about 10 per cent
of the pauients A fibrosis of the vascular system withm the bene marrow
has been descnbed by Rezndhoff

Symptomatology

The onset of poly oy themty vera 15 so msidions and he early sy mptoms are
s 1ague and wdefimte that it 15 difficule to ascertain exactly when the dis
ease begns with any degrree of accuracy It s probable that the mapient or
developmental phase recuires several y ears to reach is peak but a5 Rosenthal
and Bassen have emphasized there are no hematologie features on which to
base the diagnosss dunng this stage The d cannot be d
before the acrual pofy cy thenne stage fs devefoped

Inn many tnstances the disease 1 practically asy mpromatic and 15 discovered
on a youtine blood evamnation More frequently the patent complains of
headache dizziness a fechng of fulness i the head mild confusion weahness
tredness or shortness of breath The symptoms are frequently vague and
il defined and may be referred to almost any organ ot system of the body

The prumary feature of the disease 1s the great mcrease m the hemoglobin
erythroey te count and toral blood volume whuch leads to engorgement of
the entire vaseulor system This engorgement and the resultane sluggish pe
nipheral blood flow s responsible for the peculiar color umparted to the shin
and mucous membranes Synce the same degree of engorgement 1§ present
malf the organs the sy mptoms may be referable to any part of the body

-4

Skan and Mucous Membranes

One of the most chartceerisiic and eutstanding features of che discase 15
the dushy brick red color of the skin which 15 most appareat about the
face on the nose cars Iips cheeks and nech It 15 present but less strihing
on the distal portions of the extremities The dusty red color is not a true
©yanos:s although a blursh unt may accasionally become apparent Cyanosis
15 readily nduced mn a panent with pob oy themm because of the elevated
hemoglobin concentration The pecubar color depends upon the antense en
gorgement and distention of the superficsal capillanes The sluggishness of
the cureulanion allows a grearer degree of 0¥y gen foss than i normal n the
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frequently encountered i middle or late adult hife The youngest patient
our series of cases was 36 and the oldest 7o with an average age of 546 years
There have been several reports on the familial mcidence of polyeythema
vera Undoubtedly such a famulal form ewsts although the question has
been raised as to whether 1t 15 rdenucal to the nonhereditary vartety The age
of onset 15 much lower 1 the familial cases so that the disease frequently
appears n carly childhood and 1ts course 1s more benign bemg almost sy mp-
tomatic In many Instances

The cause 1s unhnown Evidence 15 lacking to support the hy pothesis that
there 15 1 decreased rate of destruction of the ery throcy tes or that the Iife
span of the ery throcy tes 15 increased beyond normal An increased produc
tion of cells appears to be the basic feature of the disease although the cause
for this has not been ascertamed It 15 commonly believed that the disease 13
similar to leukema and represents 2 malignant or neoplastic type of hyper
plasia of the ery throporetic bone marrow Rezmikoff belieses that 1t 15 caused
by anoxsa of the bone marsow which results from fibrosss and thickening of
the walls of the capillary v essels withm the marrow so that the blood 1s unable
to give up 1ts oxygen to the tissues The anoxa acts as a stmulus for the
production of erythrocytes The cause for such a fibrosis n the capullanes
1s ot known but the sumlanty to thromboangntis obliterans was suggested
Further hstologic studies are necessary to substantiate this view

An endocrine dy sfunction has been proposed as the cause bur there
proof to support this contentron It has also been suggested that an excessive
secretton of the gastric hematopotetic factor might be the cause This view
1s disproved by the fact that polycythemia cannot be produced by the ad
minstrasion of excesstve amounts of Iiver evtract nor can 1t be cured by
repeated gastric lavage

15 N0

Pathology

The bone marrow 1s dark red in color Microscopic exammation re eals
hy perplasia and increased cellulanty Al of the cellular elements of the mar
row are increased but the eny throporeuc cells predominate Megahary ocyte>
and Jeukoposetic cells may be especially promment 1n some cases The cel
lular portion of the marrow 15 mcreased m 1ts extent so that 1 encroaches
upon that portion W uch 1s normally filled wich facty tissue The prcture 1
that of hyperplasia with extenston of the hematopoienc marrow bey ond 115
usual confines

The spleen 15 enlarged firm and deep blwsh red in color and s found to
be engorged and distended with blood In some cases hematoposetsc foct are
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eral vessels as well Thromboanguus obliterans may occur and present the
usual chimeal manifestations and pathologic changes but ™amy patients com
plain of punful extremities both on rest and on exertion without the ty pieal
pathologic features of this disease Warm panful and sweatng extremities
are not infrequently encountered Lrythromelalgta and Raynauds disease
may also be simulated

Neurologic Symptoms

Symptoms referable to the central nervous system are probably the most
frequent mamifestations of the discase and are a result of the sluggishness of
the cerebral airculavon Headache and dizziness are the two most common
complaints A sense of fulness m the head and a shight sense of confusion may
also be noted by some patients Others who have noticed no complamts of
this nature are aware after treatment that their head seems more clear and
that a sense of pressure has disappeared Weakness fatnting spells tinmus
poor memory mental depression 1rnitabiliy snability to concentrate numb
niess and tingling of the extremities are only a few of the cerebral and neuro
logie symptoms which may occur Scotomas dimness of vision and spots
before the ey es are common ocular manifestations

More serious are the vascular accidents which are frequently the cause of
death Cerebral hemorrhage and progressive thrombosis of cerebral yessels
result in hemiplegia aphasia or other ty pes of neurologic syndromes depend
ing upon the area myolved

Hemorrhages from mucous membranes are frequent occurning erther as
slighe oozng or as profuse hemorrhages with the loss of large amounts of
blood

Physical Examination

The outstanding feature on examunation 15 the peculr dusky red color of
the skan and mucous membranes Hemorrhages into the skin or mucous sur-
faces are frequently encountered The eyes are usually congested bloodshot
and lactimating profusely

The spleen 15 enlarged 1n a majonty of the patents and was palpable n
19 of our 26 cases It 15 firm and smooth retainmg 1ts normal configuration
The enlargement may not become apparent unul late 10 the course of the
disease and the size varies from an organ which 1s barely palpable to one
which extends to the brim of the peluis Infarcts of the spleen are of common
occurrence and cause severe pamn A friction rub may be audible over the
splenic area because of the pensplentis
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perpheral vessels, and a slight degree of cyanosis results Dilated capillanies
1 the slin may become prominent 1n addition to the diffuse red color Small
hemorrhages in the sl im or large ecchy mouc arers may appear Various ty pes
of skin eruptions are common

The color of the mucous membranes 15 similar to that of the sk the deep
red color bemng apparent on the lips and conjunctina The eyes may be
shghtly mjected, and lacrimaton 1s frequently excessne Hemorrhages from
the nose and gums are common

Gastromtestrd Tract

Some 1y pe of gastromtestmal disturbance 1s present 1n 2 majority of p3
uents with poly cy thema vera becanse of the vascular engorgement through
out the intestinal eract This may be mild consistng only of dy<pepsia with
gas and bloaung or it may be severe and distressing Pepuic ulcer with 1s
usual sy mptoms has been found 1n about 1o per cent of the pauents Hemor
thages of varyng seventy into the stomach or bowel may occur as a result
of the mrense congestion Thrombosis of the mesenteric vessels 1s not nfre
quent and produces severe pain suggestive of perstonitis

Cardio ascular System

Symptoms suggestuv ¢ of cardiac disease are frequently encountered i pa
tients with polycythemia vera and were present 1n 1. of our 26 pauents
Shortness of breath on exertion 1 the most frequent of these but parotysmal
nocturn1l dyspnea palpttation substernal pain or pressure, and dependent
edema may occur Cardiae hypertrophy is not common mn uncomplrcnrcd
cases and a severe grade of polycythemia may be present without evidence
of cardiac disease However since 1t occurs in late adult Iife polycy themia
vera 1s frequently assoctated with arteriosclerosis hy pertension, and cardiac
hy pererophy Tt is difficult to evaluate the pare played by the poly ¢y themia
m producing these vascular changes Thrombosts of a coronary artery with
the usual picture of coronary occlusion 15 not an nfrequent complication
and may be the termmal event

Pesspheral vascular disease of various ty pes occurs n 2 large percentage
of patients The frequency with which thromboangnus obliterans appears ﬂ?
2 complication of polycythema vera has been commented upon by severa
observers The increased viscosity of the blood the sluggishness of the cr
culation and the rise n the number of platelets all predispose to sp
intravascular thrombosis This accounts not only for thromboss of t:t
ry cercbral and mesenteric vessels but for thrombosis of the perip)

corona
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A huboey tosis of varable degree 15 frequentdy but ot consistently pres
ent In 1 of our .6 cases the Jeud ocs te count was 10,000 or over the highest
being jo000 A majonty of the counts sanged betw een 1 oo and .o ooo but
much hugher values are occasionally encountered The leuhocy tes vary 1
degrec of immaturits and there 15 an increased percentage of nonsegmented
neutrophils 4 few mnelocytes (o to 3 per cens) are occasonally found
The lugher total count 15 due to an mcresse mn the granulocy tic sertes of
vells Eosinophtls and basophils may be shghtly more abundant than normal

The placclets are frequently more numcerous as evidenced m just g0 per
cent of our cases Lutremely lugh counts have been recorded by some ob
servers, and by the volumetric method we found values of over 2 per centin
5 of the cases 0 6 per cent bemg the upper limie of normal This iocrease
the mumber of platclets and  the Jeuhocs te count mdicates that the entire
cellular portion of the nnrrow s hy peractss ¢ and that the hy perplasia 1s not
confined to the erythropotetic elements

The bleeding nme and coagulation tume are notmal The dlot frequentdy
retracts poarls, and the sedtmentation rate 1s decrezsed More ery throcyees
are being destroy ed than normal which produces an mereased bilirnbimerma
an elevated van den Bergh reaction and icterus ndes and an sereased
amount of urobilinogen tm the feces The plasma protemns are not siymfi
canely sleered

The sternal bone marrow 1s by perplastic wath the by percellufanty smoh
mg 2l of the marrow clements so that the ery thracy tic my elord ratio 1s not
sgnficanely alteeed AMans nucleated ery throcy tes 1 various stages ot de
velopment are found but sy elocy tes and my cloblasts are Iihewise a prom
ment feature

Although the basal metabolic rare may be mereased this 1s not a constant
ﬁndmg The unine commonly shows small amounts of albumun and a few
casts bur hematuna resultmg from hemorrhage nto the urmary tract 15
rarely encountered It has been shown that the cardtac output 15 normal m
patients with poly ¢y thermia vera In the absence of by pertension the cardiae
wort 55 within normal fimuts The venous pressuze § rormal bue the capi
hary blood flow 1s greatly reduced because of the mcreased biood 1olume
and vasoddacatson

There have been numerous reports of the diseasc termmating wuh a
hematologic and pathologic picture of myelogenous leukemuz so that an
intimate relanonship between the two diseases has been assumed In other
instances there 15 ¢ termunal drop in the hemaglabmn aad ery throcy te levels

5o that a severe anenma supexryenes
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The hver 1s usually enlarged to a shghe degree but jaundice 15 not com
mon Examination of the ocular fundi reveals engorgement of the vessels,
ncreased tortuosity, and wregulanty of their cahber Papilledema 15 occa
stonally noted The heart may be enlarged, and the blood pressure s ele
vated i many of the panents Reflev and sensory changes in the extremines
ppear when Jesions 1 the central nervous system such as cercbral hemor
rhage or thromboss, are present

Hematologic Features

The erythrocyte count 1s mcreased frequently to 8 or ¢ mitlion and
sometimes to 11 or 1. million ery throcy tes per cubic muillimeter of blood
The average size of the cells may be shghtly reduced Wintrobe found the
average mean corpuscular volume to be 8o cubic microns as compared to the
normal of 87

The hemoglobin 15 hhewise increased Values from 18 to 4 Gm per
too cc of blood are common Higher values have been recorded occasion
ally The mncrease n the hemoglobin 1s usually somew hat less than the 1
crease 1n the number of ery throcy tes so that there 15 a slightly low ered color
index and mean corpuscular hemoglobin The ery throcy tes on a blood smear
appear essentrally normal with but shight or no evidence of hy pochromiz
Some polychromatophilia and basophilic suppling may be noted as evl
dences of the rapid production of ervthrocytes The number of reticulo
cytes 1s shghtly rased and an occasional nucleated ery throcy te may be seen
on the smear

The hematocrit 1s markedly elevated This increase 1n the volume of the
packed ery throcy tes 15 one of the most important factors accounting for the
symptoms of the disease The reading was found to be 65 or lugher m over
80 per cent of our cases the highest value being 77 Wintrobe has found 1t
to be as hugh as 84 The great mncrease 1n the volume of packed red cells
explains the greater viscosity and specific gravity of the blood and this ©
gether w sth the mcreased total blood volume explains the vascular conges
non and sluggishness of the crrculation The total blood volume may resch
10 Liters or almost twice the normal value Haden has show n thar this mcrease
15 almost entirely due to the increased cell mass with but little change the
volume of plasma The greater blood volume results tn a marhed sasodilata
tion the capillaries becoming elongated tortuous and distended w 1th blood
The specsfic gravity of the blood ranges from 1 075 to 1 080 as comparcd t0

the normal of 5 0y5 to 1065 and the viscosity 15 from 5 to 8 rumes as great

as normal
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Treatment

The puman object 1n the treatment of pols ¢y thema vera 1s a reduction
mn the viscosity and the 1volume of blood since these are the features chiefly
responsible for the svmptoms of the disease Numerous methods of treatment
have been used The most successful appears to be the remosval of blood by
venesection combmed with irrzdiation of the e thropoietic centers so as to
slow the regeneration of en throcyvtes By this means prolonged remussions
may be produced

Venesection

Remosal of s00cc of blood at daily or two dav intersals untd the hemato-
ent 20d the erythrocvte count approach thewr normal values results 1n
prompt relief from most of the subjectne manifestations The procedure
may be repeated as often as 15 necessary to mamntain sn approumatel normat
hematologic picrure The frequency will vary from one patent to another
Difficulty may be encountered in drawing blood at the first venesection
because of the mcreased viscosity the sluggish flow and rapid coagulanon
This difficulny disappears after one or two bleedings It 15 our practce o

the hemoglobmn and h 1t levels at a pont slightly above the
normal values rather than to bring them down to normal There 15 no con
trandication to the use of this blood for transfusion purposes Ve are ac
customed to adoumster 1t to any patent requirmg whole blood wransfusions

Repeated blood loss results i a reduction of the iron reserves of the body
and a consequent slowing 1n the rate at which hemoglobin and ery throcy tes
ate bemg formed \What 15 essennally an won deficiency anemua deselops
1 these patients A low 1ron diet has been ads ocated m conjunction with the
bleedings but this 15 not necessary as the blood loss alone will lower the 1ron
reserves enough It s advisable however to prohibit the eating of liver and
other foods which YWhipple has shown to be most effective m hastenmg
hemoglobin regeneranion

Venesection alone may be used 1n the treatment of poly cy themia vera but
15 best used m conjunction with rrradiation therapy

Irradution

Irrzdiation may be used alone but since sts effects are slow 1 appearing
and there 15 no immediate relief of svmptoms 1t 1s best combmed with s ene
section It may be given at the same time or after the blood 15 remo ed Tt
applied over those bones which are active m erythroporesis—the sternum nibs
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Diagnosis

The symptomatology of polycy themia sera may be vague and indefinite
or 1t may suggest the presence of peripheral vascular, cardiac or gastro
mtestinal disease The dragnosis 15 based more on the charactenstic laboratory
features and the physical findings than on the symptomatology ‘The m
portant diagnostic pownts are (1) the mncrease 1n the hemoglobn level (2)
the increased hematocnit and blood volume (3) the elevated erythrocyte
count, (4) elevated leukocyte and platelet counts (5) enlargement of the
spleen and (6) the charactenstic color of the skin and mucous membranes
Lvidences of accelerated activity of the bone marrow are shown by the
polychromatophilia of the erythrocytes and the shght immatunity of the
leukocy tes

Secondary polycythema or erythrocy tosis must always be excluded In
most wnstances this can be done by excluding the presence of any primary
diseasc of the heart or lungs which might lead to a demand for an increased
oxy gen catrymg capacity of the blood The oxygen saturation of the blood
15 less i secondary polycythemra than mn polycythemia vera and the ev1
dences of bone marrow hyperactivity, such as the presence of nucleated
erythrocytes leuhocytosis and mcreased numbers of platelets, are usually
Izching m the secondary form The erythrocy te count hematocnt and total
blood volume seldom reach the exceedingly high values encountered 1 the
primary form although m exceptional cases they may do so

The carly stage of polycy therma 1s difficult to recogmze The diagnosis 1
usually questionable if the erythrocyte count 1s below 7,000 000 A pcrlOd
of observation may be required before a conclusive diagnosis can be made
Tuberculosss of the spleen may reproduce the picture of polycytherma vera

Course and Prognosis

The course of polycythema vera 1s chrome A majonty of the patients
have noted mild svmptoms for several years before consulting 2 plysiclan
A patent may Ive for ten o fifteen years after the onset of symptoms but
the disease 15 ultimately fatal and 1s incurable In some instances jts COUISE 1S
more rapid and death may occur withm four or five years of the onsct As
the resistance of the patients 1s low the disease may terminate with an snter
current infection Although hemorthages are frequent and occasionally
severe, they are seldom fatal Thrombosis of a cerebral artery or coronary
thrombosis 18 frcquemly the cause of death These may occur at any ume
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but further study and longer periods of obsersation are necessary to evaluate
radophosphorus and to compare 1ts value with roentgen irradiation

Radiophosphorus has also been used in the treatment of myclogenous
leukemta 1y mphocy tic leukerma Hodghan s disease, and 1y mphosarcoma but
with the exception of chrome my elogenous leulema the results 1n this group
of diseases has e not been sausfactory

Nitrogen Mustards

The nitrogen mustards (see p 374) have also been tried 1 poly ¢y therma
vera with encouraging results but they do not seem to be as effective as erther
radiophosphorus or \enesection combined with irradiation

Drugs

Phens Ihy drazine hydrochlonide o x Gm per day or every other day may
be gren by mouth unul the ery throcy te count begmns to fall Tt should then
be guien at less frequent mtersals and a mamtenance dose determmed The
effect of the drug continues for several days after its administration has been
discontinued so that the blood must be carefully and frequently studied
Administration should be stopped before the desired ersthrocvte level 15
reached Acetylphenylhydrazine may be used i the same dosage as the
hydrochloride It 1s somew hat less tonc These drugs cause hemoly sis of the
ery throcy tes so that evidences of excessne red cell destruction become ap
parent and jaundice occasionally results Overdosage causes anorevia nausea
vomung durrhea jaundice and weahness Hemarum has been reported
and an increased tendency to thrombosis There 15 2 cumulauve action of
the drugs and a severe anemia may be produced by thar contmued admin
wstration They are contrandicated in the presence of advanced artenosclero
st or in pauents who are bedfast Sansfactory therapeutic results can be
obtained by the careful use of these drugs but their towic effects and the
danger of overdosage are so great that they are bemng replaced by other
modes of therapy

Although benzol has also been used for s depressing effect on hematopote
sts 1t1s dangerous and toxac Fowler s solution has been used with some bene
ficial results but 1t too has been superseded by other methads of treatment

Gastric Javage at frequent and regular mtervals to remove the mtnnsic
factor has not been successful Irradiaton of the pilorie portion of the stom
ach to mhibit the formation of this substance has Iikewise been meffecene
Toral thy rodectomny to produce anemna or myvedema has been tried bur
must be condemned Splenectomy 15 harmful
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pelvis vertebrac and the proximal ends of the long bones The amount of
irradiation should not be large since depresston rather than complete suppres
ston of the hematopoietic function 1s desired It 1s our custom to gne reh
trvely small amounts to observe the rapidity with which the blood regener
ates, and to give further therapy when necessary The spleen as the organ
primarily concerned with the destruction of erythrocy tes, should be pro
tected agamnst irradiation for 1t 15 unwise to nterfere wich this function

Spray therapy or total wrradiation has been advocated n recent vears It
consists n the administration of 30 to 50 roentgens over the entire body from
a distance of 2 § meters ~t daily intervals This method may be used in place
of local irradsation which 15 applied directly to specific areas Care must be
taken 1n 20y form of irradiation to prevent a sexere depression of the Jeuho
cytes or the development of anemia It must be remembered that the effects
of irradiation are not immediately apparent but continue for some time after
cessation of therapy

Radioactive Phosphorus

Radroactine phosphorus which mav be gnen orally or intravenoush fis
been used in the treatment of this condition 2nd has produced very promising
results Isotonic solutions of dibasic sedium phosphate prepared with radio
active phosphorus (P* ) may be given intravenously The P? 1s uuhized by
the body 1 the same manner 1 which ordmary phosphorus 1s metabolszed
and high concentrations are found in the bones as well as in Irver, spleen and
lymph nodes 1ts effect 1s due entirely to the emission of beta rays 1s the ator
disintegrates and s effect 15 similar to that of roentgen rrradiation The half
Iife of P* 15 14 3 days so that a substantial radioactivity 1s mamenned for dnvs
Reinhard ez 4l gave 3 5 to ¢ nulbcurtes by mntrayvenous njection and a second
injection ninery days later of the ery throcy te count was oser € million Occa
sionally this was repeated after another nmety day period A progressine fall
in the ery throcy te count occurred with a parallel reduction m the hematoerit
and hemoglobin Jevels There was also a fall 1n the leulocy te and platelet
count sometumes to subnormal levels The drop n the crythrouyte cour;!
does not appear unul six or eight weeks after the injection because the P
does not injure the circulating cells but only depresses the formation of new
cells Because of the delay ed action it may be necessary or ads 1sable to do 2
venesection at the beginning of treatment With the fall in the en throcyte
count there 15 2 subjectni e smprovement although not complete rehef of all
5y mptoms The spleen becomes smaller and the appearance of (hi pfls::n’(';:‘
proves The duration of the remission varied from five to thirty thre



Chapter XVI

HCEMORRHAGIC DISCASES

MA‘!\ OF THE DETAILS IN THE MECHANISM OF BLOOD COAGULATION RUMAIN
unsolved In the absence of a pl d ding of this p
there are certain to be many unexplained features in the hemorrhagic diseases
as ed 1n chnical med A blood clot 1s composed of a mesh
work of fine fibrils m which erythrocytes leuhocytes and fragments of
platelets are entrapped These fibrils are composed of fibrin which has been
derrved from the soluble fibrmogen of blood plasma and are deposited as
fine needle shaped crystals to form the basis of the clot When coagulated
blood 15 allowed to stand there 15 2 retracuion or shrnhage of the clot
(syneresis) and a clear slightly yellowish flud the blood serum escapes
As the expressed serum 1s mcapable of coagulation, the clotting phenomenon
15 obviously a functien of the blood plasma rather than of the serum Blood
plasma contains prothrombin which m the presence of calerum and throm-
boplasun (thrombolunase thrombozyme or cephalin) 1s activated to throm
bin This 15 an actne coagulant and fibun s formed by the reaction of
thrombin wirh fibrinogen to form the basic structure of the actual clot

The first step 1n coagulation of the blood 15 the conversion of prothrombin
to thrombin Prothrombin 1s apparently formed m the liver and 15 present
1 normal blood plasma Although caleum 15 necessary for the conversion of
prothrombin to thrombin 1t probably acts as a catalyst for 1t does not be
come part of the thrombin molecule The actual activation 15 produced by
thromboplasuin “Thromboplastn 15 abundant m the blood platelets but the

blood plasma also contams a thromboplastic sub 1 tts globulin frac
non which 1s entirely separate from th:u: found m the plarelets Cephalin
1s another sub th boplastic activity  Aq tissue ex

tracts are rich in thlS materal Thromboplastin may thcrefore be obtamned

from the platelets the blood plasma ar the nissues There 1s still 2 question

4s to the method by which thromboplastn converts prothrombin to throm

bm 1e whether thromboplastm enters mto a direct combmation with
69
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appear m crops or showers with large numbers suddenly appeining at about
the same ume so that all the lesions 1 onc area are of approumately the
same color and 1n the same stage of resolution In other mnstances lesions of all
ages may be mtermingled or large ecchy moses may occur nstead of the small
purpuric hemorrhages
Purpura may occur 1n a great number of diseases and under a wide
vamiety of circumstances so that the etiology 1s not sdentical m all cases The
pathogenesis 1n most 1f not all of the cases 15 an increased permeability of
the capillary walls The cause of this capillary change 1s not alwas s the same
Certain cases have no recogmuzable etiologic factor others are secondary to
some recogmized disease Sometimes purpura is found associated with a de
crease 1 the number of blood platelets—thrombopenic purpura ather pa
tents present the same hemorrhagic features but have an abundance of
platelets—nonthrombopemic purpura This feature forms the basis for the
most logrcal and the simplest of the classifications of purpura
1 Thrombopenic Parpura
A dwopathic thrombopeme purpura or Werlhof s disease
B thrombopenic purpura d with some other disease
ntowication or mfection
Il Nonthromboperic Purpura
A Hopathic
1 Schonlein Henoch or allergic purpura
2 Purpura simplex
B Symptomatc purpuri—a miscellaneous group secondary to other diseases

Ipiopataic Turovirorric Pureora

Idiopathic thrombopenic purpura or purpura haemorrhagica 15 a disease
which 15 characterized by purpura by hemorrhages from the mucous mem
branes and by a duminution of the platelets i the circulating blood Tt was

first described by Werlhof 1 1735 and subseq Iy has been d 1
Wertlhof s disease The eatlier literatere on the subject 15 confusing because
the differentiation berween thrombop and nonthrombop purpura

was not made and the pnimary and secondary forms were not separited
Among the important contributions to the subject were those by Pellefonds
m 1811 Hayem 1 1900 Frank m 1916 and Kaznelson 1n 1916

The basic cause of the disease 15 unknown The humber of platelets 1n the
blood stream 3s diumnished but the cause for their disappearance has not
been ascertained nor can 1t be stated with certamty that this dimunuton 1n
number 1s the primary feature of the disease Thrombopenic purpura 1s most
common m children and y oung adults 2 majonity of the reported cases occur
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prothrombin whether 1t acts as an enzyme or whether 1t acts by neutraliz
ng an mhibitor substance such as hepann

Fibrinogen 15 conyerted to fibrin through the action of thrombm The eut
dence ar hand suggests that this 1s a proteolytic reaction The fibrin 15 25
mentioned above the basis of the blood clot When the clot 1s first formed
1t 15 soft and spongy but when platelets are present 1t shrmks retracts and
becomes more firm In the absence of platelets the clot remains soft friable,
and nonretractile

Corgulation of the blood within the circulatory system does not ordinanly
occur because of the presence of heparin which prevents the converston of
prothrombin to thrombin The mode of action of hepinn 15 not defimitely
Inown It mwv prevent coagulation either by mactivanng the prothrombin
itself or by neutralizing thromboplastin

Smce blood congulation 1s such a complex mechanism with so many sub
stances mvolved it 1s theoretically possible for hemorrhagic disease to occul
from a great vanety of causes A deficiency m any of the substances nvolved
may lead to pathologic hemorthage It 1s also obyious that the pathogenesis
of the recognized types of hemorrhagic disease will not be entrrely clear
when the basic mechamsm of coagulition 15 so confused and so pootly under
stood The hemorrhagic states can be separated roughly 1nto three groups
(1) failure of the clot to form owing to a deficiency of one or more of the
substances concerned ( ) falure of the clot to retract and become firm
owing to a lack of platelets (3) weal ness and mcreased permeability of the
capillarv walls

The hemorrhagic diseases comprise a heterogeneous group n 50 fir a5
their pathogenests 1s concerned Although they are grouped mto certait
chnical entities there are miyny atypreal forms which are difficult to
classify

Purrura

Purpura 1s 2 hemorrhagic disease charactenized by extravasavion of blood
into the shin subcutaneous tssues and mucous membranes The size of the
hemorrhages vartes but the most characteristic lesions are small petechiae of
pmhe-:d size The color 1s first a bright red but undergoes the usual changes
of extravasated blood changmg from red to purple greenish brown an
brown as the pigments are liberated They completely disappear as the blood
1s absorbed The lestons even m the early stages do not blanch with pres
sure The term purpuras derved from the deep red or purple color of these

small ntracutaneous hemorrhages It 1s common for the purpuric spots 10
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normal numbers i the bone marrow in most instances The second theory
proposed by haznelson suggests that the platelets are produced m normal
bers and the thrombop results from their excessive destruction by

the spleen In support of this theory are the benefit denved from splencc
tomy by many pauents with idiopathic thrombopenic purpura the marhed
mcrease 1n the number of platelets 1n the blood following splenectomy, and
the great number of platelets which are oceasionally found within the spleen
at the tume of 1ts removal These two theonies may not be entirely contradic
tory as there are some who believe that two ty pes of thrombopente purpura
eust In one ty pe the disease 15 due to a decreased production of platelets and
1ts course 15 unaltered by splenectomy The second ty pe 1s due to excesse de
struction of the platelets withm the spleen and 1s cured by removal of this
organ Dameshek has found an increased number of megal ary ocy tes but few
platelets in the bone marrow 1n these cases before splenectomy whereas after
splenectomy there was a great increase m the production of platelets He be-
lieves that the disease 15 a form of by persplentsm 1 which the megakaryo
cytes are mhubited from normal platelet production possibly through a hor
monal mechanism of the spleen Definute conclusions cannot be drawn at the
present time either as to mechanssm by which the dsease deselops or as to
the presence of a splenic hormone which regulates bone marrow actvity
There 15 alse conflicting evidence 2s to whether or not an extract prepared
from the spleen of a patient with rdiopathic thrombopenic purpura contams
a specific platelet reducing substance

Because of the close relationship between thrombopenic purpura agranu
locytosis and aplastic anerma the simularicy of many of their features and
the fact that the secondary vamneties of each of these diseases arse from
sunilar etiologic agents the three diseases have been grouped together under
the term bone marrow msufficiency The fact that each of the cells mvolved
onginates wathin the bone marrow gives credence to this correlation and
there are certain atypical borderline cases with overlapping clinrcal features
which cause difficulies m the differenunal d and further h
the stmilanities of the diseases '

Pathology

Since the histelogic changes in the bone marrow and spleen 1 wdiopathic
thrombopenic purpura are not uniform our concept of the pathogenesis has
been confused rather than clarified In some nstances there 1s a diminution
of the number of megakaryocytes 1n the bone marrow or their nucles are
shrunken and pyknotic In other cases with an equally low platelet count m
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ring before the age of twenty one It may however occur at any age and
cases during the sixth and seventh decades of Life are occastonally encountered
There are many conditions to which 1t 15 secondary possibly all cases are
really secondary to some unrecognized condition, and in those which are now
classified as idiopathic we are merely adrmitting our lacl of 1 nowledge asto
posstble causatrve agents There are no clinical or hematologic differences
betw cen the 1diopathic and the secondary ty pes aside from modifications due
to the pnimary disease A famihal incidence has been noted n rare rstances
and 1t may occur 1n 1 congenital form

Pathogenesis

The pathogenests of 1diopathic thrombopenic purpura has caused much
discussion and even now cannot be considered as defimtely settled It is ob-
vious from the climical features of the disease and from the results of the
constrictor test that there 1s an increased permeability of the capillary walls
allowing blood to escape into the shin and other tissues Whether this i
creased permeability 1s the primary defect or whether the basic factor hes
in the mability of the blood to coagulate and control the capllary Jeahage
has not been settled The present consensus fas ors the Jateer view The defect
m coagulation 1s apparently due to the absence of platelets

It 15 generally agreed that the platelets are formed from the megahar 0
cytes in the bone marrow have a life of but a few days or hours, and are
erther used up m performing their duttes or destroyed by the spleen They
accelerate blood coagulation but apparently do not consttute the mam
source of thromboplastin Their principal function hes m their effect on
syneresis or clot retractton rather than m clot formation Bleeding 15 00t
controlled 1n the absence of a firm adherent and retractle clot so that al
though the coagulation ume of the blood 1s found to be normal the bleeding
time 1s marhedly prolonged By direct observauon of the capillaries under 4
mucroscope 1t can be seen that these vessels constrict after wjury, thus help-
ing to control the hemorrhage unul the blood coagulates The capillanies
dilate to therr normal size after coagulation has occurred and if a firm clof
15 present there 1s no bleeding If the clot 1s soft, frable and nonretractile,
there 15 bleeding when the vessels dilate

Two explanations have been offered for the reduction i the number of
platelets in thrombopenic purpura Franh suggested that an msufficient numd
ber of platelets 1s produced by the megakarsy ocy tes 1 the bone marrow an
that the disease 15 essentially an msufficiency of the bone marrow This

nt 1n
theory cannot be prot ed histologically since megahary ocytes are prescl
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bleeding from the gums exher spontaneous or from shght trauma, are com
mon The gastromtesunal tract 15 often the site of blood loss so that the
somiting of blood or the passage of bloody or tar-colored stools 1s of fre-
quent occurrence There may -be bleeding mto the unmarsy tract with hema
turia but this 1s not especially common Utenine hemorrhages are particu
larly frequent 1n women and menorrhagia 15 occastonally the first and some
tmes the only mamfestation of the disease Such hemorrhages are often
extremely severe and uncontrollable although the same may be true of bleed
g from other areas Vaginal bleeding before puberty 1s sometimes encoun-

Y
- 2

Fic 47 Retma m 2 case of thrombopenic purpura showng areas of hembrrhage

tered and may be the first symptom of the disease Hemorrhage 1nto the joints
such as occurs 1n hemophilia 1 rare Intracranial hemorrhage 1s frequently
the cause of death in the acute fulminating ty pe of the disease and may also
occur at any tme during the course of the apparently muld and chronic forms
This may be 2 massiv ¢ hemorrhage into the brain tissue or a subdural hemor-
rhage Frequentlv there are multple small but extremely widespread petechial
hemorrhages Reunal hemorrhages (Fig, 47) are very common

Since the hemorrhage may occur trom any mucous membrane and since
hemorrhages mnto the sl m are not constantly present 1t 15 necessary to con-
sider thrombopeme purpura i the differential diagnosts of any disease char
actenized by abnormal blood loss In the acute variety of thromlmpemc pur
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the peripheral blood the megal ary ocy tes are present m normal numbers and
are struccurally normal

There 15 no unmiformtty in the histologic picrure i the spleen The findings
are not specific or dragnostic Often the spleen 15 essenttally normal or shows
a simple fibrosis In other nstances 1t 15 enlarged and shows endothelul cel
hy perplasta ot both the sinuses and the malpighian corpuscles The lymphoid
elements may be dummished, normal, or mcreased The number of platelets
found withm the spleen may be very large or they may be entirely lacking
With such a diverse histologic picture m both spleen and bone marrow one
mwst conclude that there 1 no uniform pathologic change, and the possibility
of there being two distinct ty pes of pathogenests 1s only speculation '

Climeal Features

Idiopathic thrombopenic purpura 15 ordmantly separated mnto acute and
chronic types which differ only 1 the seventy of thew mamfestations and
the rapidity of their course The acute type 1s more frequent m children Its
course 15 steadily progressive without interruptions The chronte form usu
ally presents less severe manifestations which mayv be confined to purputic
lesions of the slin There are relapses and renussions in the hemorrhagic
marufestations

Hemorrhage 1nto or beneath the shin either as purpura or as ecchymos
1s the most charactenstic feature of this disease and s the ty pe of lesion from
which 15 common nime hemorrhagic purpura 1 dernved Purpura
manttested etther by a few scattered lesions or by crops and showers of
innumerable small mtracutneous hemorrhages These occur most frequently
on the estremities nec! and upper thorax but may appear on any part of
the body and m scvere cases may almost completely cover the body The
[estons are bright red when fresh but undergo the color changes of absorbing
blood They are not rased and do not disappear or blanch w 1th pressure A
great number of the lesions appear 1n one Or more 1reas at the same tuné
and after a quescent pertod of varable length another shower of hemor
rhages occurs In severe forms of the disease new purpuric spots becomie ap
parent conuinuously rather than m showers Purpura usuallv appears spoP
taneously but the larger and deeper ecchymouc areas are more apt to come
out after shight trauma Although purpuric lesions are the most characteristc
feature of the disease they are not always present Severe bleeding may oceus
from the mucous membranes with no nyolvement of the shin "

Hemorrhages may occur from the mucous membranes of any part of Z
body It 1s from this sousce that severe hemorrhages arise Lpistass an
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be too low to read on the thrombocs tocrit tube The coagulation ume 15
normal since all the elements necessary for blood coagulation are present but
because there 1s no retraction or firmness to the blood clot the bleeding 15
not controlled and the bleeding ume 15 prolonged When a tourniquet 1s
placed about the arm petechuae appear below the constricuion In mild cases
there may be only 2 few small hemorrhagic spots but i severe cases mnu
merable purpuric spots appear over the entire flexor surface of the forearm
The leuhocy te count may be increased with a neutrophilic leuhocy tosis after
2 hemorrhage Otherwise the white blood cells are not affected The hemo
globmn level and ery throcy te count are lowered as a result of the blood loss
Therr levels depend upon the sevenity of the hemorrhage

\ anable findings have been reported from sternal aspiration and the pro
cedure 15 usually of no diagnostic value except that 1t may exclude other con
ditions which nught cause a secondary thrombopenia The megakary ocy tes
are increased according to Dameshek and other observers have described
various 2bnormalities 1n the morphology of these cells The other cellular
elements are normal except for evidences of ery throcy tic regeneration fol
lowing hemorrhage

Duagnosis

‘Thrombopeme purpura must be considered mn the differential duagnosss of
all cases of abnormal bleeding The diagnosis rests upon the four laboratory
tests mentioned plus the presence of a normal coagulation ume VWhen the

of thrombop purpura 1s established 1t 15 necessary to rule out
the secondary form of the disease and to exclude those diseases to which
the thrombop may, be dary before a di of idiopathre throm

bopenic purpura can be made The greater madence of the secondary form
1s emphasized m the table on page 80 The frequency with which thrombo
penic purpura accompanies an infection deserves special attention as 1t 1s
possible for a hidden focus such as a mddle ear infection to be the causative
factor 1n a case that otherwise appears to be diopathic

Since thrombopenic purpura 1s an integral part of the picture of aplastic
anemia the latter must be considered in the differential diagnosis In aplastie
anema there 15 a progressnve anema independent of and more severe than
that produced by the hemorrhage the reuculocytes are absent or few n
number and 2 levhopema s present In thrombopemc purpura the anemia
depends upon the loss of blood 2 reticulocy tosis follows a hemorrhage as an
evidence of erythrocyuc regeneration, and the leukocytes are normal or
increased in number
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pura the hemorrhage usually occurs from multple areas and may be faul
within 2 short time ether from exsanguination alone or as a result of 3
cerebral hemorrhage The bleeding may be temporanly arrested but 1t usu
ally recurs In the chronic form of the disease purpura may be the only mant
festation or 1t may be associated with hemorrhage of varying ses ety from
other areas Spontneous remussions and relapses are the rule in the chrone
cases There may be a lesserung of the bleeding tendency with advancing
age, but an acute episode of hemorrhage may mterrupt at any time what here
tofore had been a chronic and bemgn course

Fever may accompany the hemorrhagic sy mptoms but usually 1t 1s not
high The spleen may be shightly enlarged but this 15 not constant There 15 no
lymphadenopathy Pallor and other mansfestarions of anema will depend
upen the severity of the blood loss

A form of thrombopenic purpura has been described which 15 assocrated
with multiple thrombs of capillaries and small artersoles, the thromb: apparently
being composed of masses of agglutmated platelets This has been called throm
botic thrombocy topenic purpura and thrombocs tic aeroangiothrombosis It
1s characterized by an acute febrile course purpura, ecchymosis and throm
bopema with a prolonged bleeding time and a nonretracule clot A severe
hemoly tic ty pe of anemua 15 present There 15 enlargement of the liver and
spleen and evidences of central neryous system myolvement with headache,
confusion delirium, convulsions muscle weal ness and coma The leukocyte
count 15 elevated with 1 leuhemoid reaction of the myeloid type becomin?
evident Our hnowledge of this disease 1s based entirely on faral cases There
1s no mhubition of the bone marrow and splenectomy has been of no value
The cause of this syndrome 1s unknow n but the outstanding, pathologte feature
1s the pressure of the platelet thromb:

Laboratory Features

The diagnosis of thrombopenic purpura 1s based primanly upon the labo
ratory findings The four cardinal features are (1) dimimished platelets (2)
prolonged bleeding ume (3) nonretracule clot and (4) positive constrictor
test The coagulation time 1s normal

The platelets fall below their normal Ievel of 300 0o to 500 000 per cubic
millimeter of bload so that only 10 000 to 75 0oo may be present The critcal
lesel below which bleeding 15 apt to occur has been grven as from 30000 0
60000 but there 1s no absolute correlaton berween the number of platclclS
and the tendency to bleed When determined volumetrically (normal o4
to 0 6 per cent) the platelet Jevel frequently drops to o or or below and may
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Since 1nfections are prone o cause thrombopema 1t 15 possible that some
cases which are appirently 1dropathic 1n ehigin may actually be secondary to
annfection Iris advisable therefore to search for and eradieate amy obvious
focus of infection before more radical procedures are undertaken m the treat
ment of the chronic form of the disease

The chronte relapsing course of thrombopenic purpura with sp
remissions makes 1t difficult to evaluate various forms of therapy and many
substances and procedures have been recommended Among these are 1ra
diation of the spleen snake venom and antivenoms Iiver extract and various
endocrine preparations It 1s doubtful 1f any of these are effective

Splenectony

Splenectomy 15 the most effective remedy m 1diopathic thrombopenic pur-
pura and the advisability of this operation must be given careful consideration
mn every case The procedure 1s of no value and 1s defimtely contrandicated
1 secondary thrombopentc purpura so that a diagnosis of the 1diopathic form
of the disease must be established When the diagnosts has been confirmed
splenectomy should be done sf the bleeding 1s at all severe and persistent and
does not show evidences of dimmishing mn intensity after transfusions

The operative mortality has been high when splenectomy 1s performed in
the acute fulminatig cases but 1t has been performed successfully even mn
such patients W henever possible the operation should be performed during
a quiescent period rather than during an acute exacerbation of the bleedmg
Tt 15 best to give repeated transfusions during the episode of hemorrhage m an
attempt to produce 2 remission rather than to attempe splenectomy mmme
diately If the bleeding 15 not readily controlled by this means 1¢ may be neces
sary to go ahead with the operation mn spite of the activ¢ bleeding

In many pauents the mamfestations are mild and consist only of purpuric
sl n lesions with or without slight bleeding tend Spl 15 not
necessary 1n these muld cases especially durning the first episode If however
there are recurrences of these mamifestations it 1s advisable to remove the
spleen Since remussions can vsually be induced by means of transfusions 1t 15
best to watch the patients through one or more attacks to determne the sever
1ty and frequency of the hemorrhagic eptsodes before advising that the spleen
be removed The author has seen a fatal cerebral hemorrhage oceur {1) n
a young girl who had had only shight purpurtc manifestatron on the
( ) m a patient who was scheduled for splenectomy the following morning
and (3) m a 70 vear old female who had only purpura and ecchy moses of
mild degree for the preceding weeh 2nd had never noted hemorrhaglc tend-

legs
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Prognosts

In the acute forms of the diseasc the hemorrhage may be profuse and
rapidly tatal Lven sf the bleeding 15 controlled the chances of recurrence
are very great Spontancous recov ery from the hemorrhagic cpmdc 15 the
rule m the chrome forms, but recurrences will occur 1 about 75 per cent of
the cases although these may not appear for several months or vears and will
vary an their severity Recurrences tend to be more frequent and more severe
1n women than in men In some instances there may be only a single episode
of hemorrhage with no recurrences The mortality 15 ugh n those cises of
thrombopenic purpura complicating pregnancy

Treatment
Symiptomatic

Local treatment may be applied to the bleeding areas when these are acces
sthle 1e, the use of nasal packs mosstened wath normal blood serum or one
of the local hemostatic preparations (fibrinogen cephaln thrombm)

Transfusions

‘The most effective means of comrollmg hemorrhage 1s the adoumistration
of blood transfustons preferably several small (150 to 50 cc ) transfustons
rather than a single large one In the acute form of the disease this frcquenth
will have no effect but in the less severe forms, and occasionally m th\e acute
saniety the bleeding may be completely stopped or marhedly Jessened The
effect 1s temporary and the hemorrhage 15 apt to recur In our experience
this has been effective 1n controlling the hemorrhage 1n a vast majority of
patients with 1dtopathic thrombopemic purpura but his been less successful
mn the secondary forms It should be used mn an atcempt to produce 2 remis
ston i the hemorrhage mantfestations before splenectomy 15 undertahen
Blood which has been stored 1n 2 blood bank 1s Justas effectrve 2s fresh blood
or a drrect transfusion

Intramuscular myections of whole blood 30 1o 40 cc given in the blutcal
muscles have been effectnie agamst mild hemorrhages but are much Jess
effectnve than ntravenous admunustration

Foreign protein mjccrtons have been tried with questionable results At
tempts have been made to control the bleeding by sensitizing the patient mf
horse serum and then producing a muld reaction by subsequent mjections 0
the serum The resules are equivocal In our expertence the procedure has not

been effectne
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Purnicsous anenmy "
Aplastie ancrma 1
Tamitsal hemoly ue scterus ¥
Acqurred hemoh tic wrerus *
Ancmiz of pregnancy 3
Idiopathee hypochromic anemia H

4 Liver disease 13

5 hscellaneaos 19

The hterature on dus subject md that the d of dary
thrombopentc purpura follow ing the use of drugs 15 far more frequent thn
was evidenced 1 this particular serses of cases

‘There 1s no apparent factor common to all these condstions w hich accaunts
for the decrease 1n the number of platelets The pathagenesis is just as obscure
2s m the idiepathue npe The pathologic altesatsons 1 the bone marrow
and spleen are diverse and depend upon the primary disease which 15 present

The chimcal featuzes are the same as those of the idiopathuc vanety Hemor
shagie mansfestations may be so severe as to overshadow the symptoms of
the primary disease They my be the first evadence of iness The dragnosis
rests on the Jaboratory features (1) decreased platelers (2) prolonged bleed
ing ume (3} nonretracole clor and (4) posittve constrictor test The coagu
latron ume 3s normal Al cases of thrombopeme purpura should be consid
ered to be of the secondary 1y pe unul the presence of 2 primary disease has
been defimrely evcluded

Causes
Infection

Infection 1s an mportant euologu: factor m secondary thrombopcmc pur
pura A hdden focus may account for the trouble m @ patient who appears
to have the whopatine vanery We have obsersed several cases in which
purpura appeared with cach acute flare up of 2 chrone mfection and dis
appeased when the scute phase had subnded Infection 15 more frequently
the cause of thrombopene purpura 1 children than m adubs

Toxmns and Drugs

Towns and drugs have frequentdy been wenminated in the production of
thrombopesc purpura The actual mcidence from drugs and chemcaly s
mauch gher than that recorded m the preceding table of cases from tins
chiwe Amaong the drugs which are commonly to blame are the arsemcals
used sn antisy phulsise therapy  gold salts bismuth 10dides sedormd benzal
dinstrophenol and the sulfonamide group of drugs Qthers such as tndione
sodim sabicy late wnd pyribenzamme have been erminated
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encies before After such experiences the tendency 15 to become more Iiberal
n recommending splenectomy

The operation 15 not successful stopping the hemorrhagic tendenctes m
all cases and this fact must be presented to the pattent prior to operation There
m1y he only a shght mprotement n the bleeding tendencies and relapses
My occur at variable pertods after the operation Some recurrences are due
to accessory spleens w hich are not found and remos ed at the trme of operation

The plateler count increases rapidly after splenectomy reaching a peak
from ten to fourteen days after the operation and then substding to a norme!
level In the unsuccessful cases a thrombopenta mav agam deselop after 2
varable pertod of time and hemorrhagic tendencies may again appear

The results of splenectomy are vanable Spence reported good results m
91 per cent of the chronic and 16 per cent of the acute cases from a total
of 101 patients Whipple followed 61 pauents postoperately and found 51
with good results 4 f:url) successful and 6 not relieved In those patients
with the acute form of the disease there were 7 postoperatie deaths 1
8 cases Splencetomy 1s mdicated 1 all bur the very mild cases of 1diopathic
thrombopentc purpura 1 spite of the operative mortality and the fact that
not all cases are cured It 15 the most effectss e method of treatment asailable
at the present ume There 15 2 sudden and dramatic cessation of hemorrhage
rmmeduately after higating the splenic v e 1n many patients who are operated
upon duning an active hemorrhagic episode

Secovpary THRoNiBOPENIC PUrPURA

Secondary thrombopenic purpura 1s far more frequent than the idiopathic
vanery and 1s found assocrated with a great many diseases The accompanying
table compiled from a study, of 160 cases of thrombopentc purpura shows the
relative frequency of the secondary type as encountered in this clinic and
the wide vaniety of diseases with which 1t may be associated

1 Tdiopathic thrombopenic purpura 17
1 Acute 3
2 Chrome 13
11 Secondary thrombopenic purpura i
1 Iafections 25
2z Touns and drugs 6
3 Blood dseases 81
Lymphatic Jeukemia 8
Lymphoma 1
My elogenous Jeukermnia 6

Aleulermc myvelosis 7
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results are not as good as i the sdiopathic form The usual local measures
for controlling hemorrhage may be used

NO\TIROMBOPENIC PURPURA

Nontt t purpura includes a number of condions which have

1n common a purpunc type of shin isoliement Davis has shown that these
heterogeneons conditions are actually interrelated and has found a definte
familial tendency in nonthrombopenic purpura In 7 famihies there were 88
cases of spontaneous ecchy moses of the shin 79 of these were purpura sim
plex 4 were Schonlein purpura 4 were Schonlein Henoch purpura . bruised
easily and there was 1 case of pseudohemophilia He found the mamfesta
tions appeaning at progressively earhier ages i succeeding generations and
also noted the frequent occutrence of rheumatic fever in the same families
This interrelition of the various ty pes of purpura suggests that they have a
common background

In none of these conditions 1s there any sigmificant alteration 1n the blood
The platelets are normal the clot retracts properly and the bleeding and
coagulation tmes are normal In most the bleeding 1s not suffi
to produce an anemia

Schonlein Henoch Purpura Anaphylactord Purpura

Schonlein Henoch purpura 1s characterized by purpura or 2n erythema
tous ty pe of skin Iesion associated with joint or visceral mamfestations Tt was
formerly divided into two separate types Schonlemn s purpura in which there
was mnvolvement of the jomnts and Henochs purpura m which there were
visceral manifestations m addition to the skin lesions The disease 1s rare bue
occurs more frequently in children and y oung adults than m older patients

The cause of this symptom complex 1s unknown Infection appesrs to
be the etologic factor in some cases but usually 2n anaphy lactord or allergic
reaction 1s strongly suspected because of the similanity of the manifestanons
to serum sichness In a few instances a sensitnity to some foreign protein can
be demonstrated and an attack snduced by exposing the patient te this al
lergen The pathologic change which 15 common to all cases of Schonlemn
Henoch purpura 15 an ncreased permeability 1n the walls of the capillary
vessels Thi allows plasma or whole blood ro escape into the slin joints
and mucous membranes of the gastromtestnal or genitourinary tracts Ery
thema urticaria or edema of the shin may occur as well as purpura
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Blood Dyscrasias

Blood dyscrasias accounted for the Jargest number of cases of secondany
thrombopenic purpura 1n our experience ‘Thrombopenic purpura 1 an i
tegral part of the picture of aplastic anems, and the hemorthagic mmfes
tations comnonly overshadow the other clinwal features It occurs in acute
leuhemi1 of all types and m the ternunal stages of chrontc leukemi In
ateuhemtc leukema the hemorrhagic mamifestatzons may be the predomnat
ng feature Pernicious anenma 1s usually accompanied by a shght reduction
1 the number of platelets but thrombopemc purpura ss refatively uncom
mon The other blood dyscrasms with which thrombopenic purpura mi)
be associated are shown m the table When this complication appears 1
association with another blood dy scrasa, 1t adds fo the gravity of the prog
nosts as the hemorrhages accentuate the anemia and hasten the course of
the disease

Liwver Disease

Vartous forms of liver disease frequently cause thrombopenic purpura In
many mstances the number of platelets will be low and the ather laberatory
features of purpura will be present even though there are few or 10 hemor
rhagic mamfestanons The occurrence of this complicatton even though the
hemorrhagic manifestations are not severe adversely affects the prognosis
of the prumary disease

Pregnncy

Thrombopenic purpura has occasionatly been encountered dunng preg
nancy Although tlus 15 a rare complication 1¢ 15 a sertous one as the mor
taliey has been hugh m both mother and ferus Purpura has been found in
the fetus of mothers having the disease

There are many unrelated diseases to which thrombopenic purpura ms
be secondary This iustrates the face thae the platclets are reduced by 2
wide vareety of diseases

‘Treatment

The treatment of secondary thrombopenic purpura & prunardy that of the
causatne disease, but unfortumately 1 many instances hetle can be done
for that condition Splenectomy should not be atcempted m any case 1
which the thrombapemc purpura 1s a sccondary manfestation Although
transfustons Wil sometumes control or modify the bleeding tendency the
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rily from the train of svmptoms menuoned after other types of pathologic
change have been excluded Tt is particularly difficult when the mamfesta
tions are confined to the gastromtestinal tract with no msoliement of the
st It an allergic state can be demonstrated 1t 15 an a1d 1n establishing the
dugnosis

There are no hematologic changes the coagulation and bleeding nmes are
normal the blood clot 15 retracule and platelets are present 1n normal num
bers The constrictor or arm band test 1s usually positive so that petechuze
appear below the constniction, but this 1s not always true Hemorrhage 15
seldom sufficient to cause a significant degree of anemua although this may
occur sn some cases

Treatment

The treatment of this form of purpura 1s not satisfactory consisting mainly
of symptomiuc measures to control the abdominal pain, diarrhea and jont
manifestations The condition may be cured if an allergic basis can be estab
lished from the histors or by skun tests for specific sensiniry 20d the offend
ng food or allergen elimmated This 1s usually 1mpossible Calerum lactate
15 grams by mouth three imes a day or calcium chlonde  y cc of a 10/
solution mtravenously has been effectne in controlling the abdominal pan
i same cases The diet should be smooth and nomentating when the gastro-
wntestinal tract 15 imvolved Belladonna or atropine may rehieve the distress
to some extent Vitarmns D and C have been 2dvocated empanically  but therr
effects eness has not been proved If the shin lesions are urticanal n tvpe
they may be controlled by the use of adrenalin hy drochlonde subcuta
neousls o5 cc of a1 1000 solution If bleeding 1s sexere 1t may be controlled
by blood transfustons

Puarpura Stmplex

Purpura simplex 1s a rather common type of purpura which appears m
otherwise healthy mdnidualy and 15 not assocrated wath visceral, joint or
consurutional mamifestations  There 15 no evidence to suggest an allergic
bachground, and there are no demonstrable chaages m the blood although
the constrictor test may be positive It may occur at any age 1t 15 more
common 1n females than n mles

Ty pical small purpunc spots mav occur anywhere on the body but are
most common on the extremities Mansy of these intracutaneous hemorrhages
arc apt to appear suddenly There may be 2 single shower of purpuric lestons
or recurring showers over a2 peniod of months or vears The appearance of
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Symptonn

The symptoms arc extremely variable as to location, type and sesenty
There are cases that eshubit only shin mamfestations These may be m the
form of purpura edema, urtscara or ery thematous lestons which may be
local or generalized The lesions usually appear suddenly and subside grad
wally but they may recur after an mterval of a few days after a year ot more
or never There are usually but few constitutional sy mptoms s mstances m
which the manifestations are Jtimited to the sk although fever chilly
malaise, anoresia and headache may occasionally usher i an attack These
symptoms arc far more common 1f visceral numnifestations are present An
acute mfection such as a sore throat or upper respitatory wfection may pre
cede the shin mamifestations by 2 few days or a week

The arucular manifestations (Schonlem s purpura) are the result of exuds
tion of blood or plasma into the jomnt caviues and permrticular tissues This
causes extremte pain tenderness and stuffness of the jomts The clmical fez
tures are simylar to those encountered n serum stchness There 15 no red
ness or snflammatory reaction 1 the region of the jomt and but htle s ell
ing The jomt sy mptoms develop rapidly m one or more jomts only to sub
side and recur The pam and swelling may mugrate from joint to jomt i
much the same manner as acute theumauc fever Fever malase and other
constitutional symptoms are common 1 the arthriie ty pe of purpurd

Abdommal manifestations (Henoch s purpura) occur when the evtraias
uon of bload o plasma occurs mto the walls of the gastromtestnal trace of
other viscer1 This may happen alone or may be assoctated with shi or
jomnt mamsfestations It 1s frequently accompanied by rather sesere constity
tional sy mptoms particularly by fever and maluse The abdommal poin may
be severe and colichy n nature and contnue for several days It s often
assoctated wath tenderness and wath rigidiey of the abdominal muscles Nauses
and somiting are commen During the acure attachs there may be gross
blood in the stools occult blood 15 frequently present

The gentto-urmary tract mayv be the site of mvolvement pun hemarura
and albummuna bemng the usual manifestations This 1s far less common than
joint and gastrowntestinal sy mptoms

Insolsement of shin jomnts and viscera may occur m am combnation
or the sy Mptoms may ppear in am one of these locations and subsequcmh
volve the others Attacks of sbdormmal pan v omiung, melena and diar
thea mav occur repeatedly over a period of years and the dgnosss nat be
suspected unul shin lesions appear i assoctation with one of the attachs

The dizgnosis of Schonlen Henach purpura is difficalt ft s made prima
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Purpure Due to Intovicatsar s

Purpura has been reposted to have followed the use of a wide vanety of
chemicals aud drugs The list of those which have been serminated would
be too long to be of value parucularly since complete blood studies were
not carrsed aut t many of the reported cases A majority of the drugs which
have been mentioned are known to affect the platelets Some cases of simple
nonthrombopemc purpura are undoubtedly due to drugs or chemicals and
quinine mercary belladonn2 and the 1odides appear to be the most com
mon causatne ageats The venom of certam sual es such as the Crotahdae
{rattlesnat pperhead and water 1) causes 2 particularly severe
form of purpura beeanse of 1ts touc effect on the endothelial lraing of the
capitlaries

Treatment consists of removing the offending wubstance

Hraorminia

Hemophiha 15 an mherited tendency in males to bleed It 1s characterszed
by 2 marked prolonganon of the coagulation ume of the blood although
the bleeding ume 2s ordinanly determuned 1s normal  Fhe tendency ta bleed
appears early and 15 present throughout hfe although 1t may become some
what less severe i those react dulthood The bleedmg usnally follows
srauma sather than appearng spontsneousty

The disessc and sts famshal tendency have been recogmzed for centurtes
The defect 1s transmscced a5 2 recessice sex linbed characterstic and follews
the laws of meandehian mhentance It affects ondy males 55 transmuteed only
by female carriers who have no chuucal or laboratory evidenice of the dis-
ease and 15 nat eransoureed by unaffected males Although 1 ts theoretscally
possible for 3 female to inhent the disease no anthenuc case of this £y pe has
been reported The posssbihues of its transtmssion are as follow s

Hemophilic male and narmal female

Sons are not bleeders and cannmot transmut zhe disease

Al daughters are carmrers

Normal male and femsle carricr

Sons—half of the sons are biecders

Dianghters—half of the danghress are carsiers There 1 no method of ditngushng
the carners from the noncarners

Hemophilic mate and female camer

Sons—~half of the sons are bieeders

Daughress-balf of the daghters ace carriers and hall shauld be bleeders although such
3 case has oot been observed



286 Hematology

the purpura may be accompanted or preceded by a slight ungling sensation
m the mnvolved area

Since this condition 1s characterized by spontaneous remisstons and re
lapses the evaluation of therapeutic procedures 1s difficult The use of eal
cium lactate or gluconate 15 gramns three times daily by mouth has been
advised and 1s frequently combined with the admimstration of vitamns D
and C The purpura has disappeared under this form of therapy although
one cannot be sure that a spontaneous remussion did not tahe place

Symptomatic Purpura

Senule or cachectic purpura mechanical purpura s a sunple form not i
frequently encountered m elderly or artertosclerotic persons in whom there
15 no evidence of disease aside from the snfirmities of age There are no altera
tions 1n the number of blood platelets or 1n the coagulability of the blood
nd the explanation for the condition seems to be merely a capllary weah
ness The lesions are apt to appear on the extrenutics, especaally the legs
The conditton 1s not uncommonly found m patients suffering from some
wasting or debilitaung disease or during the convalescent period following
a severe or protracted illness It 15 often seen 1n patients with a severe grade
of malnutnition Patsents who have been confined to bed for a period of
weeks as with coronary artery occlusion are apt to develop a few purpunc
spots on the lower extremities when they first assume an erect posture Pur
pura may also occur 1n the extremuties after fractures or other mjuries and
also after the application of bandages or casts No treatment ts necessary and
none 15 effective 1n this £y pe of purpura

Purpura of Infectious Diseases

Some acute mfectious diseases may occasionally be accompanted by pur
pura This has been noted most frequently with smallpox scarlet fever cere
brospinal meningrtis Rocky Mountam spotted fever measles typhus, and
septicemia

Purpura Due to A stantinosis

Purpura s a part of the usual picture of scurvy a deficiency of vitamin C
It may also appear asa result of vitamin D defictency Simce st may be caused
by chrome debilicy and malnutrition alone 1t 1s difficult to evaluate the part
play ed by the vitanuns m these cases
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blood from a hemophihiac They believe that the coagulation defect 15 1 the
plasma rather than the platelets Patel and Stetson have shown that platelets
ohtamed from the blood of a hemophiluc are as effectne in promoung
coagulation as normal platelers Recent ms esngations on the globulin fraction
of the plasma proteins hue strengthened the behef that the defect 15 1n the
plasma and have shown that the anuhemophibic globulin or globulin sub
stance 1s found 1n subfraction U of fracuon I and occasionally i frac
tion L of the blood plasma

Chinical Features

1 Tul

The most 1suc feature of b 1s the tendency to uncon
trollable bleeding The bleeding may be very profuse or only a slow cozing
but 1t 15 protracted and of long duration It usually follows trauma of some
type rather than appearing spontaneously but the shghtest cut scratch or
bruse may cavse a fatal hemorrhage Although the disease 15 present at birth
bleeding does not commonly occur at the ume of delivery or in the first few
weeks of hfe The tendency usmlly makes sts appearance dunng mfancy
or childhood Many of the pauents die of hemorrhage during the first year
of ife A smooth clean mncision, such as a pinprich or stab wound of the ear
or finger for drawing a symple of blood 1s not followed by ecessive bleed
ing and vempuncrure may be performed with safets The danger Les m
ragged and irregular cuts or scratches m which the cut surfaces cannot be
brought into apposiion Fatal hemorrhages frequently result from tooth
extracuions loss of deciduous teeth or after munor surgical procedures such
as cireumeision

The tendency to bleed vanes from tme to time There are quiescent pe
nods durmg, which 1t 1s shght and pauents may withstand moderate trauma
without hemotrhage The coagulation tume of the blood 1s shortened duning
these stages of remission and may occasionally be found to be normal During
an active stage the coagulanon time becomes greatly prolonged and hemor
rhage occurs with the shightest provocation The course of the disease 15
characterized by alternatng quiescent and active penods of variable length
and severity

Shght traurna may produce biceding from the mucons membranes of the
nose gums and mouth Hemorrhage from other mucous surfaces 1s mnfre
quent Sesere gastric and ntestinal hemorrhages such as occur mn thrombo-
pemc purpura are not common No part of the body 15 exempt however
and bleeding may occur from any area which 1s traumatized Profuse hema
turia has been observed repeatedly m a patent with a renal calculus
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Elemophilin 1s widespread throughout the world Although 1t occurs pre
dommantly m the white race 1t has been observed m Negroes The most
noted cases have occurred 1n the Spamush and Russian royal families

The Defect 1n Coagnlation

A delay m the coagulation time has been recognized for many years as the
fundamental defect in the blood of hemophihiacs but the exact cause for ths
slow coagulation has not been adequately explained mn spite of numerous and
extensive researches in the field It may requre many hours for a clot to
form 1n hemophiliac blood but once 1t has formed 1t retracts m a normal
manner and 1s normal 1 1ts chemical constituents and structure The bleed
g time as determined by Dukes method m wluch the incision 1s 2 small
clean cut which allows close apposition of the cut surfaces and relatiely
large amounts of tissue juice 1n the woundy 1s normal These facts suggest
either a lessenmg but not a complete absence of one of the substances con
cerned 1n the coagulation of the blood or a delay ed reaction i the contersion
of either prothrombin to thrombin or fibrmogen to fibrin

Vartous iy estigators have shown that calcium prothrombin and fibrm
ogen are present m normal amounts 1n the blood of hemopluliac patients
that prothrombin 1s converted into thrombm much more slowly than normal
and that thrombin 15 destroyed by antithrombimn almost as rapidly as 11
formed A subfraction of serum globulin obtained from normal blood pro
duces coagulation of hemophiliac blood The amount of tlus substance In the
blood of a hemophilic appears to be much less than 1 normal blood although
equal amounts of the substance are equally effectve in therr coagulation
producing action regardless of their source Blood transfustons shorten the
coagulation time of hemophiltac blood It 15 evident that the transfused blood
supplies some factor which 1s lacking n the blood of a hemophtliac Minot
and Lee believe that the deficiency lies i the blood platelets The addition
of platelets from normal blood to hemophiliac plasma shortens the coagula
tion time whereas platelets from hemophiliac bloed lengthen the cmgulnﬂon
ame of normal plasma Brinhhous believes that platclets from hcmophl]lJC
blood contan a normal amount of thremboplasun but liberate 1t more slowly
than do platelets from normal bloed so that the com ersion of pmthmmlnn 10
thrombin 15 delaved These observatons on the platelets support the theory
that the coagulation defect m hemophilia 1s due to the platclets bemng more
stable than normal and consequently disintegrating more slowly

Pohle and Tay lor have imestigated the globulin substance from blom;
plasma and found 1t to be effectrve in shorteming the coagulanion tume o
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long coagulation time 1n vitro there 15 considerable sedimentation of the
erythrocytes and the clot contans but few of these cells

The course of hemophilia vanes 1n different patients There are some 1n
whom 1t 15 relatnely mild, although occastonal hemorrhagic eptsodes occur
they are not parncularly frequent or severe and the patent Lises through

Fic 48 Roemgcnogr:m of a knce from a patient with hemophitia Note the wadening
and deepening of the mtercondylar notch fringng of the margins and cloudiness of the
Jount space

the normal span of life There 1s a tendency for the bleeding to become Jess
severe with advancing age so that the outlook becomes more hopeful when
the ctuldhood y ears have been passed successfully Hemorrhages are profuse
and frequent 1n severe forms of the disease A faral hemorrhage duning the
first year of ife 15 common The mortality during the first ten years of life
15 about 4o per cent As any trauma howeter slight, 15 apt to result in a fatal
hemorrhage the patients live in constant fear of mjury and hemorrhage
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Subcutaneous bleeding 15 frequent, and ecchy moses or hematomas follaw
a shght brusse The pressure of clothing 15 sufficient to cause ecchymotc
areas 1 severe cases The subcutancous hemorrhages vary m size from sm.ll
discolored areas to extremely large extravasations of blood, which may be
panful or may cause 5y mptoms from pressure on nerves Fever and fenho-
cytosis may accompany the larger hematomas Purpura does not occur

Some hemophilincs experience attacks of renal colic and pass clots of blood
which are oby sously blood casts It 1 interestsng that the blood should clot
1n the ureter m the absence of obstruction when the coagulation tme of shed
bloed 1s extremely long Tocntins and Lindquist have demonstrated the pres
ence of thromboplastic actnity m the urme of normal and hemophilize indt
v1duals and the clots which form are probably due to the extrasasared blood
comng in contact wth the thromboplastun of the urme

Hemorrhage mto joints 15 2 common manifestation of hemophiba The
large jomts of the extremuties are usually msohied As 2 result of 2 shight
bump, jar, unusual weight bearmg or even with no recognizable trauma
the jome becomes swollen pamnful and suff from the mtra arucular bleed
g The hemorrhage may be 5o shght that the sy mptoms dissppear wubna
few days or so profuse that the swelling and pan persist for weeks There
are frequentdy securrent hemorrhages mnto the same jomny, and fibrous ad
hestons result from incomplete absorption of the blood The joint vlumately
becomes saff and anhs losed Tt 15 uncommon to find a hemophilac who has
reached adult age without ane or more deformed and anhylosed jonts
Roentgenograms show atrophy of bone and penosteal thichening which
resemble the changes occurring m arthrius deformans (Fig 48)

The most charactersstic finding 1 the blood 15 a marhed prolongation of
the coagulation tume The bleeding tme 15 within normal limies The cotgd
Jaon tme vanes with the severity and activity of the disease, beng much
longer duning the actise phases when hemorrhages ace most ape to occur
It becomes shorter but seldom rerurns to normal m the quiescent pcnods
The Howell prothrombin nme (coagulation ume of recalaified p]nsmﬂ) s
prolonged Prothrombn determmatrons by the method of Quich and Smith
are normal

The hemoglobin and ery throcy tes arc normal unless recent bleeding has
pmduccd ant anenma The leuhocs te and differentral counts arc normal un
less altered by a severe hemorrhage which causes a neutrophilic fenhocy (o513
The number of platelets 10 the blood is normal and they show no constant
structural changes Although the ime required for coagulation of the blood

f the
5 Pm)onged once the clot has formed st regracts normally Because o
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ficult 1o evaluate the results of therapy since spontancous remisstons occur
regardless of the type of treatment

Transfusion 1s the most effectnve procedure i controlling active hemor
thage A single transfusion 1s frequently effectuve 1n the less severe cases
repeated small transfustons may be necessary for the more severe episodes
Transfustons reduce the coagulauion time of hemophiliac blood and so con
trol the bleeding The effect 1s transient The maxsmum effect on the coagu
lation time 15 obtaned immediately after gning the transfusion and there
15 a gradual return to the previous lesel within eighteen to forty eight hours
Small amounts of blood are just as effectve but somew hat less rapid m acton
than Jarge transfusions Transfusions of 100 cc given at six to twelve hour
mteryals are more effective than an equal amount of blood given m a single
mjection Direct transfusion citrated blood stored blood from a blood bank
and blood plasma have been found to be about equally effectnve Trans
fustons cannot be relied upon to control the bleedng in all cases They
may be of httle or no benefit i pauents with a severe episode of bleeding
The use of plasma has certam advantages over whole blood m that 1t can
be stored mdefintely 1n a frozen state without detertoration and may be
given without regard to the blood group Extreme care should be taken to
protect the vemns of 2 hemophiliac since repeated transfusions will be neces-
sary throughout hus bfe A vem should never be cut and ligated for trans-
fusion purposes

The intramuscular mjection of whole blood .o to 30 cc i the gluteal
muscles has some effect m controling mild hemorrhages but 15 pamnful
and much less effecuve than blood gren mntravenously Blood can be grven
by this route mn case of emergency without recourse to typmg or cross
matching but the procedure has no other advantage

Surgical procedures constiute a real hazard for the patient with hemo
philiz and should be avorded when possible If such a procedure 1s necessary
however the bleedng can usually be controlled by means of preoperative
transfusions and repeated small transfusions dunng the period of healing
The same precantions are necessary for the exeraction of a tooth A tooth
can frequently be removed however by winding 2 short rubber band
around 1t and forcmg 1t agunse the gam margin more tghtly each da) unti}
the tooth ulumately drops out without loss of blood

Varsous forms of Jocal trentment may be applied when the site of bleed
g 15 accessible Sumple compression 15 ordinanly ineffectual but the ap
phication of 1 1000 solution of cpmephrine may be temporarly effective
The application of cotton or gawse soaked 1 norma! bloed serum or tissue
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Dragnosts

The diagnosis depends upon the presence of a4 hifelong tendency to bleed
m a male with a family history of a similar condition 10 other males on the
maternal side of lus family The onset of bleeding comes i mfancy it
follows shght rrauma and commonls oceurs inte the jomnts The prolonged
coagulation time with a normal bleeding time re the important hematolagic
findings

These charactersstie features serve to differentiate hemophilia from other
t) pes of hemorrhagic disease In thrombopenic purpura the platelets are few
and che bleeding time 15 prolonged whereas the coagulation time 1s gormal
Congenital fibriopenta shows a lowered fibamogen content of the blood
In pseudohemophilia the bleeding time 15 prolonged and the fanudy hustory
mdscares that females are affected as frequently as males Herediary telangtec
rasia 1§ ac I d by normal h Jogic findings shows the capillary
dilacatrons and seldom appears in mfiney Hemorrhagic disease of the new
born 1s associated with 1 lowered prothrombin content of the blood and
there 1s no fanuly lustory of bleeding In scurvy a dretary deficiericy m
vtamin C may be detected

The detection of female carriers of hemophilia 15 1mpossible smee there
are no chmeal or hemarologic evidences of this state The huse mdication of
the trait 15 the appearance of the disease i 2 male offspring

‘Treatment

There is no form of treatment at the present ume which fundamentally
alters the course of hemophilia Recurrences of the hemorrhagtc eptsodes
sill take place 1n spite of any of the numerous remedies which have been
praposed All possible precautions should be taken to prevent trauma of any
type The nature of the disease should be explamed to the patient of hus
parents and they should be warned ot ws dangers The patient must Jead 2
sheltered lfe and be protected agamst myury as far as possible [t s 2 comt
mon practce to carry an afficted mfant on a pillow rather than holding
fum 1n the ordinary manner and to pad the objeces with which he 1s apt
come I contact so as to prevent bruses Obviously the mfant or child can
not be prmectcd agamst all minor inyurics so that hemorriges will occur n
spite of all precauttons

The treatmene of actie bleeding 1s none too sausfactory The great
qumher and duersity of substances and procedures which have been ad

wocated are 10 themsels es good indications of their ineffectiveness 1t 15 def
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HercoiraRy PSEUDOHENOPHILIA

There have been numerous reports of a hereditary hemorrhagic diathesis
which presents features distinctly different from those of hemophilia and
thrombopenic purpura Some of the reports refer to it as thrombasthena al
though nvestigations have shown the platelets to be normal both in number
and 1 their function Platelets from a patient with this disease produce
coagulation m normal platelet free plasma The term thrombastbema there-
fore does not seem to be applicable and although the term psendobemo-
philiz has many objectionable features 1t 1s more sausfactory

The chincal features consist of recurrent hemorrhages from the nose gums
gastromntestmal tract or uterus which may begm spontaneously or as a
result of 2 mmor trauma Hematuria hemoptysis and hemarthrosis may
occur The bleeding may be muld or severe and 15 not nfrequently fatal
It tends to be more profuse i y ounger patients and to diminish mn severity
with advancing age The pauents may bruse easily and bleed profusely
from small njurtes but intr. hemorrhage or purpura
1s not common The manufestations are present at brth or appear 1n infancy
Sometimes they are delayed unul later childhood or adolescence

Hematologic exsmmation reveals a normal plateler count The bleeding
ume 15 prolonged but the coagulation time 15 normal Results of the con
strictor test are vartable

The disease affects both males and females and may be transmutred by
erther sex directly to their sons and daughters so that the familial and
hereditary features are distinctly different from those of true hemophiliz
The changes m the bleedmg and coagulation ume are just the opposie of
those found in hemophilia

There 15 no satisfactory treatment Whole blood transfusions grve the best
results m controlling the hemorrhage although the benefits are transient
The bleeding time 15 not altered by the transfusion Injections of whole blood
meramuscularly will control mild bleeding

HerEpiTARY HEMORRHAGIC TELANGIECTASIA

Hemorrhagie telangiectasia is a hereditary abnormality characterized by
localized dilatation of the capillaries and v enules i the skin and mucous mem
branes which rupture and cause spontancous hemorrhages The lesions are
pinhead szed tumors composed of dilated capillaries and venules They are
brght red 1n color and are most frequent 1 the skun of the hands face and
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extract will sometimes stop the bleeding A globulin substance dern ed from
humn bovine swine, or rabbie plasma has produced good results on local
apphication, and the same 1s true of punified thrombin These may be apphed
to the bleeding area in hiquid form on gauze mna spray from an atomizer, or
as a more forceful strexm from a sy nnge The powdered form 1s less easily
washed away by the blceding than 1 the iquid and 1s particularly effectne
when applied on a compression pack m a tooth sochet after an extracuon
This globulin substance has been prepared 1n smable form for intramuscular
mjection and shorrens the coagulition e Intramuscular injection 1 Just 25
efficactous as the intrayenous administration

An extract from human placental ussue has been prepared which, onn
tramuscular njection, shortens the coagulation time VWhen grven repeatedly
1t has protected hemophihac children from hemorrhagic episodes It 15 ap
parently more effective than ussue extracts prepared from other sources

Patients with hemophihia have been dehiberately senstuzed to a foreign
proten such as sheep serum and subsequently gnen small intradermal 1
Jections of the allergen This mav shorten the coagulation time and the bleed
ing tendency may be lessened by repeated injections The value of this form
of therapy 15 questionable as 15 the advisability of repeated mjections of any
material during quiescent periods of the disease

The use of venom from various species of snal es has been ds ocated but
this procedure 1s of doubtful value The admuustration of estrogenic sub
stances and ovaran extracts 1s of no value 1 controlling active bleeding
or the hemorrhagic tendency

The pamn accompany ing hemarthrosts should be controlled by immobiliz
ing the jomt by means of molded splints The adminstration of salicylates
may have some analgesic effect Gentle massage hear and passne motion
are mndicated after the acute symptoms have subsided Acmve use of the
jomt m the carly stages may lead to severe damage and anky losis

Although the available methods of treatment leave much to be desired
some of the newer methods such as placental extract plasma globulm and
Punﬁed thrombm gne promise of grear effectineness in controlling the
hemorrhage in hemnophihia patients Intrasenous mjections of annhcmophlhﬂ
globuhn result in 2 marked shortening m the coagulation tune of hemcphlhc
blood and 1t has been found that 200 to 4oo mg of the matersal wili heep the
coagulation time at low levels for exght to twelie hours and that rcpcﬂ“d
injections may be gn en without the des elopment of a refractory phase It1s
to be hoped that further development of this materral will result in a substance
«which can be gnenin small volume and which may be used prophy Tactrcally
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g 15 presumably on the basis of capillary weakness without amy obvious
dilatatton of the vessels There are no alterations mn the blood

We have found many pauents particularly females m whom there s
no evidence of telangiectasia and no alterations 1n the blood but who have a
tendency to brusse easily to bleed excesswely from slight trauma or to have
recurring hemorrhages from one sousce or another Many of these panents
have a posttive constrictor test as their only abnormal finding The hemor-
rhages may be evtremely severe Such cases have been listed under the un
sausfactory term tendency to bleed Hemorrhage can usually be controlled
by one or more small blood transfusions

FieriNoPENIA

A few cases have been described i which a hemorrhagic tendency was
found 1n association with an absence or lowering of the fibrinogen 1n the
blood plasma The fibrinogen Jevel at which hemorrhage occurs has not been
firmly established and even though the fibrinogen level 1s continuously low
the bleeding may be wtermuttent The normal plasma level ranges fromo  to
04 Gm per roo cc

Fibrinopenia 1» found more frequently 10 children as a congenital and usu-
ally a familial disease with the hemorthagie tendency becoming apparent
after trauma The condition may also occur i an acquired form in ssociation
with a wide varety of diseases

Vizamin K anp Irs ReLatioN 10 HEMORRHAGE

The recogmmon synthesis and climcal application of vitamn K form
one of the interesting chapters mn the story of invesngative medicme Al
though the picture 15 not complete there has been great progress i our
Lnowledge of this phase of blood coagulanon Dam first observed a hemor
rhagic tendency developing m chicks that had been Lept on a specfically
restricted dier Soon after this McFarlane and also Holst and Halbrook noted
a simular tendency A diet which prevented this hemorrhagie disease was
found to contan a substance which had the charactenstics of a vitamun
It was called vitamn K by Dam The coagulation ume of the blood was
prolonged durmg the hemorrhagic state and the delayed coagulation was
found to be due to a deficiency i the prothrombin of the blood plasma
The hemorrhagic tendency could be stopped the coagulation time reduced
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trunk or on the mucous membranes of the nose mouth, and tongue Larger
lesions spider angromas and nodular vascular tumors, may also occur YWhen
senules are mvohved, the lestons are darher and more purphsh 1 color than
those composed of diated capillaries The lestons are occasionally encoun
tered mn cluldren but ordinarly de not become numerous or Jarge unui early
adult Iife Rupture and hemorrhages are morc common w1th the larger lesions
i later ife There have been numerous examples of families through which
this erait hias been transmitted so thae 1ts famibal sncdence ss firmlhy estab-
hished

The most common locations for the lesions and hemorrhages are the shin
of the face and the mucous membranes of the nose and buccal cavittes They
may be present howeser on any mucous membrane, and hemorrhage ma
occur from any miolsed area Hemoptysis hematara melena or uterine
hemorrhige mayv resule Spontancous hemorrhage may oceur at any ume
from any of the lestons and although hemorrhage may precede the recog
niton of the vaseular lesion 1t does not occur in the absence of such a Jesion
The bleeding may be shght or severe and fatal Hemorrhages usually become
more frequent with advancing age Hemorrhages from the shin are ordins
rily not as severe as those from lesions m the mucous membranes

Three members of one family observed m this hospital had had repeated
episodes of hemorrhage from the base of the left mdex finger This had been
the only source of bleeding m  of these pattents whercas the third had bled
from mulnple areas

There are no alterattons in the blood except for anemma resulung from the
Toss of blood

‘The only trearment which 1s of value for telangiectasta 15 cautery or hga
tron of the local lesion Unfortunately the lestons are frequently inacces
sible and treatment 1s mpossible The outlooh 15 not good Rutin m doses of
4o mg three imes a day has been reported to be of benefit i these cases but
the value of the drug m this and other condttrons has not been fully substan
trated

RecurrenT HLAIORRIAGE

n addimon to the famshal v pe of telangiectasta there s 2 form which
symular vascular lesions occur without a familial erast These produce recur
renc epistasis of hemorrhages from other regions

A familal tendency to epistavis and other forms of hemorrhage which
d wich tel 7 15 o 1 ed The bleed

I1s not
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eliminated by the use of water soluble preparations of vitammn k and by
thewr parenteral admunstration

A low prothrombin level of the blood, which can be corrected by the
admmstration of vitamin R occurs under the following conditrons accord-
ing to Saell and Bute

After mgestzon of a diet which 15 imadequate 1 vitammn h

In newbom mfants as the hemorrhagic disease of the newborn™ or “melena
neonatorum ”

From mnadequate absorption of viramun . i the mntestnal tract. This mav _resale
from a lack of bl due to (1) nadequate secretion { ) loss of bile through a bilary
fistala or (3) obstruction of the bile ducts from any cause whatsoever It may also
result from nadequate absorption of the vitamun because of vanous mtestnal lestons

such as sh g surgical procedures ntesunal or duarrheal dis-
eases
4 Liver disease The Liver 15 directly a with the of prothromt

and when this orean 15 damaged there 1s madequate prothrombmn formation In many
instances however when this organ 15 the sest of evtensne damaze the amount of
prothrombin 1n the blood does not merease i spite of the 2dmmstration of large
amounts of vitamm h

It appears therefore thar the factors necessary to prevent hy poprothrom
bmemz are (1) the presence of bile in the ntestnal tract ( ) a diet con-
tamng adequate amounts of the vitamin (3) a normal absorptive surface
mn the small mtesune and (4) a liver capable of svntheszing prothrom
bin

Concentrates of the extract of alfalfa are effectis e i raising the prothrom
bin level of the blood when admunistered orally but they cannot be given by
mjection Synthetic derrvatives of quimnone are easus prepared and mexpen-
sne and the dosage and strength of the preparanons can be easily adjusted
They can be admmistered by any route and consequently have largely re
placed the crude preparations The most actie preparation 15 methnl «
4 naphthoqumone This mav be ginen by mouth with bile salts or intra
muscularly 1n solution m o1l Tt 1s msoluble 1n water The dose by the oral
route s mg daly for prophylactic measures or § mg daly when hemor-
rhagte manifestations are present From . to 4 mg mmy be grven ntramus-
cularly and will be effective for several days V arious water soluble quinone
dernnanves have been tested and found to be effecne These can be given
orally without the addion of bile salts and mas be adminstered intrave
nously  For these reasons thev may entirels replace the crude concentrates
and the oil soluble preparations The water soluble compound 4 anmno-
methy] 1 naphthol may be gnen to newborn infants i 1 mg doses etther
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to normal and the prothrombin level of the blood plasma returned to s
usual level by gning an adequate diet or by the admimstration of an ether
extract of alfalfa which contained the fat-soluble vitarmn 1N

Subsequent 1y estigations on the vitamin K content of various foodstuffs
have shown that its principal source 15 i the photosynthetic portron of
plants and 1n vegetable oils It 15 found 1n the green leaves of alfalfa cab
bage, spinach, and cruliflower and to a lesser extent n frnts vegetables, and
berries Ammal products are a relatwvely poor source although some 15 present
i putrefied protemn as in fish meal

The chief source of vitamin K used m the early expernments was an ether
extract of alfalfa although an extract of fish meal also furmished a potent
substance Improvements 1n the technic of extractron resulted 1n products
of mcreasing potency and greater purity, and although the active prmciple
was not crystallized from these products a substance was obtamed which
had the properties of a quinone An entirely separate investigation had pre
viously ssolated a substance, phthiocol from the capsules of tubercule bacills
and this had been synthesized Since 1t was a naphtha quinone 1t was em
pureally tested m the hemorrhagic disease of chicks and was found to be
highly effective 1n 1ts antihemorrhagic properties The relationship between
the quinones and vitamin k was thereby firmly established Subsequent 1
vestigations have studied the effects of various naphtha qumone compounds
m an attempt to find the member of the group which 15 most valuable in
combating this ty pe of hemorrhagic disease

Vitamin K 1n weself has no coagulant action but 1s directly concerned with
the mamtenance of a normal prothrombin level 1n the blood The mjecuon
of vitammn K 1nto animals with 2 low prothrombin level produces an mcrease
m the prothrombin of the blood after a peniod of a few hours The expen
mental work of Smith YWarner and their associates has shown that the Iiver
15 directly concerned with the productton of prothrombin although this or
gan may not be the only one mvolved nats production Their work mdicates
that an adequate amount of available vitamin K 1s necessary for the sy nthe
sis of prothrombm \itamm K 1s a fat soluble vitammn Tts absorption from
the intestinal tract 1s hindered by an absence of bile Quich suggested that
this accounted for the low prothrombin level and the hemorrhagic tenden
cies which are observed m patents with obstructive jaundice In the early
chnical mnvestigations vieamin K 1n the form of an ether extract of alfalfa
was admnstered by mouth 1n association with bile salts These aided 1n 1ts
absorption from the intestinal tract The necessiy of giving bile salts was
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Hemorrhagic Diseasc of the Newborn

Hemorrhagie disease of the newborn 1s 2 condwion characterized by
spontaneous hemorrhages Winch may occur from any par of the body It
occurs only m newborn infants usually before the fourth day of ke, and
never after the tenth day It 1s found i about 1 per cent of newborn
infants

This disease 15 due to 2 low prothrombin content of the blood plasma and
a sesultant defect 1 the coagulability of the blaod Brinkhous and hus co
wothers have shown that the prothrombin level of all newborn infants s
low bemng less than half the normal level of adults and that a further drop
occurs from the second to the sixth day of fe Following this there 15 2
slow ncrease so that the adult level 1s reached ar the end of the first year
The fall n the prothrombin Jevel dunng the first week of hife 15 of sig-
mificance becavse 1t 18 during this period that the evidences of hemorrhagic
disease usually makhe their appearance Even though their prothrombin level
1s Jow most infants do not bleed because prothrombin 15 converted to
thrombm so rapidly m infants that it p for the low protk b
Ievel There 15 also some evidence to suggest that an excess of thromboplas
tn 0 the blood of infants may be a compensators factor Whatever the
reason may be 3t is obvious that mnfants do not bleed with a prothrombin
level which would be definitely i the danger zone for adults There 15 an
unusually low prothrombin Jevel m hemorrhagic disease of the newborn
It has been found to be as low as 5 per cent of the normal adult Jevel

Symptoms

Spontaneous bleeding from any tissue or organ of the body 1s the charac
tensuc. feature of thus disease Purpura does not occur but ecchy moses and
targe subcutaneous hemotrhages are common and may be the only evidence
of biceding Bleeding frequenty occurs from the umbilical stump and may
be very profuse Profuse hemorrhages to the intestinal tract are so com
mon that the name ‘mclena neonatorum  has been given to the disease 1If
mstraments were used at the time of delnvery hematomas are found at the
site of their apphcation, and severe bleeding may occur from any abrasions
of the skin which were produced Cerebral hemorrhages are common and
produce vanious neurologic manifestations or they may be fatal Bleeding
fromludneys vagma and from the serous surfaces 15 ess frequent An anerm

of varying seventy will develop 1f a large amount of blood 1s lost A shght
degree of jaundice 15 usvally present
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mtramuscularly or ntravenously and repeated at siX hour mtervals From
3 to s mg per day may be given with safery to adults Menadione U 8§ P
15 . methy] naphthoquinone which s soluble m vegetable als but msoluble
mn water and 1s administered by mouth an 1 mg doses

Patients with extensive liver disease and Iver insufficiency do not respond
to erther the oral or the intravenous adminsstravton of vitamm K Ther
prothrombin level cannot be mncreased by any of these preparations

Hemorrhage Associated with Jaundice

The tendency of the jaundiced patient to bleed has been a matter of grave
concern to the surgeon It has beena prominent cause for the fugh mortality
that accompanied surgical treatment of jaundice accountmg for about 50
per cent of the postoperattve mortality This hemorrhagic tendency has pre
viously been blamed on alterations 1 the blood calerum bilirubin placelets
fibrinogen and thromboplastin but the recent investigations have defintely
shown 1t to be due to a low prothrombin concentration 1n the blood It has
further been shown that an absence of bile 1n the imtestinal tract interferes
with the absorption of the fat-soluble vitamin K resulung mn 2 Towered
prothrombin preduction and hy poprothrombinenma In obstructive jaundzce
there 1s an absence of bile i the intestinal tract and a similar condition €sts
with a bihary fistula

The bleeding tendency 1n the jaundiced patient seldom appears spont2
neously prior to operation but becomes apparent durmng the first ten days
of the postoperatns ¢ pertod usually from the second to the sith day Esuma
tions of the prothrombin concentration 1n the blood of patients with obstruc
tive jaundice show that the prothrombin level 1s reduced m a large number
of the cases Hemorrhage 15 apt to occur when 1t 1s below 70 per cent 35
determmed by Quick s method or 6o per cent by Smuths method A post
operative hemorrhage may occur m 2 patient whose preoperative prothrom
bin concentratton was above the critical level Ths level 1s reduced by tissue
fluids which difute the blood mn restoring a normal blood volume post
operatii ely

“The preoperamne treatment of a jaundiced patient should mclude the
adminsstration of vitamin k. m sufficient amounts to bring the prothrombin
concentratton to 1ts normal level Vitamin K should continue to be tahen
during the postoperatn e consalescent period Methods for the dﬂcrmm:.]mur;
of prothrombm are simple and quickly performed so that the blood leve!
can be followed contunuously to govern therapy
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Hemorthagic Disease of the Newborn

Hemorrhagic disease of the newborn 1s a conditton charactenzed by
spontaneous hemorrhages which may occur from any part of the body It
occurs only 1 newborn infants usually before the fourth day of hfe and
never after the tenth day It 15 found in about 1 per cent of newborn
nfants

Thus disease 18 due to 2 low prothrombin content of the bloed plasma and
1 resultant defect m the coagulability of the blood Brinkhous and his co
worl ers have shown that the prothrombin level of all newborn mfants 15
low bemng less than half the normal level of adults and that a further drop
occurs from the second to the sixth day of lfe Followmng this there 15 a
slow merease so that the adult lesel is reached at the end of the first year
The fall 1n the prothrombin level during the first weel of life 15 of sig
mificance because it 15 during this period that the evidences of hemorrhagic
disease usually make their appearance Even though thesr prothrombin Jevel
15 low most mfants do not bleed because prothrombin 15 converted to
thrombin so rapidly in snfants that 1t compensates for the low prothrombin
level There 15 also some evidence to suggest that an excess of thromboplas
tm n the blood of nfants may be a compensatory factor Whatever the
reason may be, 1t 15 obvious that infants do not bleed with a prothrombin
level which would be definitely 1n the danger zone for adults There 15 an
unusually low prothrombm level m hemorrhagic disease of the newborn
Tt has been found to be as low as 5 per cent of the normal adult level

Symptonis

Spontaneous bleeding from any tissue or organ of the body 15 the charac
tenstic feature of this disease Purpura does not occur but ecchy moses and
large subcutaneous hemorrhages are common and may be the only evidence
of bleeding Bleeding frequently occurs from the umbilical stump and may
be very profuse Profuse hemorrhages mto the mtestinal tract are so com
mon that the name melena neonatorum  has been given to the disease 1f
instruments were used at the ime of delivery hematomas are found at the
site of their application and severe bleeding mav occur from any abrasions
of the shin which were produced Cerebral hemorrhages are common and
produce vanous neuralogic manifestations or they may be fatal Bleeding
fromludnevs vagina and from the serous surfaces s less frequent An anemia
of varymg sevenity will develop 1f a large amount of bload 15 Jost A shght
degree of jaundice 15 usually present
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Lxamunaton of the blood reveals a prolonged coagulation time although
the bleeding time 15 normal The platelets are present 11 normal numbers
and the clot retracts normatly

Diagnoss

The diagnosss 1s based on the appearance of the bleeding tendency durng
the first few days of Iife and on a low prothrombin level in the plasma
Although the usual ty pes of hemorrhagic disease must be considered 1n the
differential dragnosis of this condition they seldom mahe therr appearance
m a newborn infant The mortahity m untreated cases of this disease 15 about
5o per cent but rapid and permanent recovery tahes place with proper
treatment

Treatment

The most effective therapy consists m the adnumstration of a water
soluble preparation of vitumin k. This may be gren erther mtramuscularly
or intravenously but the latter route gives the most prompt results The use
of 1 mg of 4 amuno  methyl r-naphthol every six hours until the bleedmg
ceases has been recommended

The admunstracion of 1 mg of this preparation soon after birth has been
suggested as a prophylactic measure but does not seem to be a jusufiable
procedure to follow 1n all newborn infants The prothrombin level of the
infant can be rased by givng the vitamin to the mother before delvery
Thus prophy lactic admimstration of vitamin k to those mothers with 2 low
blood prothrombimn level or to those ;n whom a defictency of vitanun K
suspected may prevent the occurrence of hemorrhagic tendencies 1 the
nfant

Hemorrhage of the newborn may also be controlled by blood transfusion
This supphies direcely the prothrombin which 15 lacking m the blood of the
wnfant Repeated small transfustons are preferable to a single large one Blood
which has been stored 1n a blood bank should not be used 1t has been shown
that the prothrombin content of the blood decreases rapidly during storage

DiIcountAR™ AND THE INpucep HEMoORRHAGIC STATE

Heparn has been used as an anticoagulant 1t an attempt to Jessen the 10
cidence of postoperative ycnous thrombosts and to prevent the extension of

b1 which have already formed Heparm 1s expensive and has not been

throm he blood

100 sinsfactory although it does prolong the coagulaion time of U
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Its action 1s immediate but of short duravon so that 1t must be admimstered
ntravenously by continuous dnp or by repeated injections of 5o mg doses
at mntervals of three to four hours

Dicoumann has recently been used for the same purpose and possesses
certam advantages over hepann It 15 mexpensne nontouc except for s
effect on blood coagulation, and may be gren by mouth Dicoumann
(3 3 methylenebis—4 hy droxy coumann) 15 the actne prmciple found in
improperly cured sweet closer hay which produces a hemorrhagic disease
in cattle The substance was isolated from sweet clover and later synthe
sized by Link and hus associates Dicoumanin delay s coagulation by intubiting
the formation of or by destroy ing the already formed prothrombim It does
not damage the liver The prothrombin nme (Quick or Snuth method) 15
prolonged, there 15 an d rate of sed 10n of the erythrocy tes
and the retracuon of the biood clot 15 inhibited Too farge amounts of the
substance cause a prolonged coagulation ume and serious or fatal hemor
rhage may occur

Dicoumarin 1s admmistered by mouth 1 an asverage dosage of 150 to 300
mg per day The dosage must be indnidualized and regulated by the pro
thrombin time whach should be determined at daily or twice daly 1ntervals
The prothrombin level should be mamntained between o and 30 per cent It
has been shown that intravascular thrombosts rarely occurs when the per
centage of prothrombin 1s less than ,0 and bleeding rarely occurs when the
percentage 1s 1o or more ‘There 15 a latent period of about twenty four hours
before its effect becomes evident so that hepann 15 frequently gnen for im
mediate action Both hepann and dicoumnann are gnen during the first
rwenty four hours so that the immediate action of hepann can be utilized As
the effect of diconmann becomes mamfest after twenty four hours hepann
may thenbed dand only & 1n ad, ed Fifty millsg)
of heparn mayv be gnen intravenously every four hours or by contmnous
intras enous drip unul the dicoumarn has taken effect Three hundred millt
grams of dicoumann are given orally with the firse snjection of hepann and

oo mg the followmg day The subsequent daily dose depends upon the
prothrombin level

The acuon of dicoumarin may be stopped immediately by transfusions of

fresh blood and 1n most mstances synthetic vitamm h (64 mg of menadione
bisulfite) given intravenously will contrel the bleeding Dicoumann 15 2
dangerous drug because of its lability to cause faral hemorrhage and should
be gren only when 1ts effect can be followed by determinanions of thy
thrombin level 1n the blood

€ pro
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Anticoagulants are coming juto more and more cornmon use m the follow
ng conditions (1) acute coronary occlusion, ) after nonfatal pulmanary
embolism, (3) for thrombophleblrls and phlebothrombosns, (4) for sudden
arteral occlusion, () as prophylais agamst postoperative venous thrombo
sis It should not be used m (1) ascorbse acrd or vitamun K deficrency, ()
renal insufficiency , (3) blood dyscrasias with a bleeding tendency, (4) recent
surgical operations (5) ulcerative lesions or open wounds and (6) subacute
bacterial endocardins

The exact place of anticoagulant therapy and the true mndicattons for 1ts
use are still under consideration
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Anticoag ulants are coming mto more and more common use 1 the folios
mg condrtions (1) acute coronary occlusion (2) after nonfatal pulmonan
embolism, (3) for thrombophlebtis and phlebothrombosis (4) for sudden
artersal occlusion, (5) as prophy laxis against postoperative venous thrombo
sts It should not be used 1n (1) ascorbic actd or vitamin K defictency ( )
renal insufficrency (3) blood dy scrastas with a bleeding tendency, (4) recent
surgical operations (s) ulceratn e lesions or open wounds, and (6) subacute
bacterial endocarditis

The evact place of anticoagulant therapy and the true sndicanons for its
use are still under constderation
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LLUREMIA

Ll:uuuu 1S A SYSTENIC DISEASE OF UNRNOWN CAUSE CHARACTERIZED By 4
rapid and abnormal proliferation of leukoct tes m the hematopotetic organs
and by the presence of immature leukocy tes in the peripheral blood stream
The total leuhocy te count 15 elevated in most of the pauents bur the presence
of immature cells 1n the blood stream 1s a more sigmficant feature than 1s a
rise 1n the total leukocy te count The disease 1s mvanably fatal

Leukerma was first described as a climcal sy ndrome m 184y by Bennett and
Virchow whose independent obsersations were published almost simul
taneously It was called leukocy themia by Bennert and leuhemia by Virchow
The following year 1846 the first ante mortem dragnosis of the disease was
made by Fuller Virchow later recognized that one type of leuhemua was
charactenized by enlargement of the lymph nodes and another presented a
marhedly enlarged spleen Neumann studied the bone marrow from patents
with leukemua and described 2 third 6, pe my elagenous leukemia The stam
ng methods devised by Ehrlich in 1891 showed that the splenic and mye
logenous forms were 1dentical Naegeli i 1goo described the my eloblast and
emphasized 1ts relationstup to leukermra Monocyuc leukernia was first de
scnibed by Reschad and Schulling Torgau m 1913

Leukemta 15 most satisfactorsly classified according to the &y pe of leuhocy te
that 15 predominantly affected The myelogenous lymphocytic and mono-
cytic ty pes of leuhemua are the most common ‘There are rare cases of plasma
cell feukema and megakary ocytic leuhemra From a clinseal standpomte alf
types occur mn an acute and a chrome form so that each variety may be
subdivided m this manner

1 Myelogenous leukemnsa 3 Monocytic lekemsa

Acute and chrome Acute and chrome

Lymphocytic leukemm 4 Plasma cell Jeukemia
Acute and chrome 5 Megaharyocync leukeme

The leukemras are further subdnided mto lenkemic subleukemuc and
aleukemic types or phases depending upon the changes m the peripheral
blood In the leukemic ty pe there 15 elevation of the toral leukocy te count 1n
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the penpheral blood stream and immature cells of the myolved series are
present The subleukemic type or phase shows no elevation i the total
leukocyte count or 2 lower than normal count, with immature cells of the
mvolved series apparent 1n the peripheral blood The dividing line between
the leuhemic and subleukemic phase 1s usually taken arbitranily as 15,000 2
putient showing immature cells but with a leuhocyte count below t5000
15 1n a subleuhemic phase whereas one with a count above 15,000 15 In 2
leukemic phase The term * aleuhermc  Jeuhera 1s admuctedly poor but by
common usage has come to denote those leuhemias m which the toral
leukocy te count 1s normal or low and 1n which no immature cells are ap
parent It 15 probable that 1 all such cases immature cells could ulumarely
be found after prolonged searching but they are not encountered i the
usual careful differentnal count

Histologie exanunation of tissue reseals that the pathologic changes are
the same regardless of the number of leukocy tes 1n the perpheral blood so
that one cannot differentrate the leuhermic subleukemuc, or aleukerme phases
by this means The leuhocy te count 1 the peripheral blood may change at
any time from a leukemic to an aleukemic phase or vice versa with no altera
tion m the chinical mamifestations and the height of the leuhocyte count 15
not of definite prognostic value Likewise the total leuhocy te count cannot
be used as an absolute indication or contraindication for therapy

Euology

The cause of leul emia 15 unknown, but the two most prevalent theortes
hold that 1t 1s exther a neoplastic disease or an infectious process There are
some who look upon it as a deficsency disease in the sense thar pernicious
anermia 1s a deficiency state The neoplastic theory 15 most widely accepted

Leukemua consists of a rapid and uncontrolled growth of a parucular type
of blood cell with a deposition of these cells 1n various tissucs of the body
and 1n some diseases such as chloroma the formation of tumor lihe masses
There has been a tendency for pathologusts to include Iy mphocy tic leuhemia
n that group of diseases which are characterized by a progressive enlarge
ment of all the fived lymphatic tissues the Iy mphomas or lymphoblastomas
since 3t presents a stmilar pathologic picture The course of leuhenua w ith 1ts
cachexia and invanably fatal outcome 15 extremely suggestive of a neoplasm
as 15 the histologic picture Bur even if this view 1s accepted 1t does not
explam the basic etology

The onset and course of the acute leuhemias have many of the character
wstics of an acute mfectious process Many different orgamsms have been
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cultured from the blood and from the tissues of patients with leuhernia It s
difficult to say however that these are not secondary invaders which gamn 2
foothold because of a lowered resistance of the host A leukerma hike (leuke-
moid) reaction occasionally occurs as a response to an nfectton, and 1t 15
sometimes hard to differentare such 2 reaction from true leuhemsa inasmuch
as acute leuherma frequently has an infection of some type as 1ts first recog-
nizable feature No single organism has been definitely proved to be re
sponsible for leuhema nor has the disease been transmitted by any stran
of orgamisms Defimte proof of fectious ongin 15 lacking
Trauma particularhy to bone has been followed by leuherma Lewsen
found 6o recorded cases 1n which this relationstup ewsted In pracucally all
of these the leukenua was of the myelogenous type Absolute proof that
trauma was the causative factor 15 lacking
Exposure to certam drugs and chemucals has been followed by lenkema
m a few mstances Benzol has been incnimmated most frequently and
studres have shown thar exposure to this chermical not infrequently causes
hy perplasia of the bone marrow with the appearance of immatare myeloid
cells 1n the blood stream Other substances such as pyndme anihine dves
and neoarsphenarmune have also been blamed Expennmental studies on am
mals have tended to substantiate the belief thar they may produce leukema
or a leuhemia like disease Exposure to roentgen rays or radioactive sub-
stances has lihewise been followed by leulenua and Forkner has summanzed
these cases Since radtoactrve substances are hnown to affect the bone mar-
row and also to cause carcinoma of the shin he believes that srradiation may
be a factor n the production of leukemia m some cases although perhaps
only 1n indrviduals who already have a predisposition to the disease
Although attempts to transmit leukemia from one patent to another hu
man subject have faled the disease has apparently been successfully trans
nutted from humans to expenimental amumals by the injection of an extract of
the unne from a patient with leuhemia Myeloid hy perplasia resulted from
the admmistration of an extract from the unne of patients with m eloid
leuhemsa and a Iy mphocy tic reaction with thar from patients wich ly mpho-
cvtic leukenma It can be transmytred 1 mice guinea pigs and fowls bur the
sigmificance of these expersmental studies 1s sull m doubt There 15 some ques
tion as to whether or not the leukemsa which 15 found m man 1s the s2zme
d sease as that which occurs 1 ammals and fowls
Leuakemia 15 widespread throughout the world It occurs i all races and
in all countres It appears to be more common 1 the white race than among
Negroes and 15 more frequent 1n males than in females There have been a
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few instances 1 which 1t developed in stblings m twins and s 2 mother
and herson Levherma and malignant growths hate occastonally appered m
the same family From the avatlable data no definite conclustons can be
drawn as to the hereditary nature or the familal tendencies of Jekemia An
extremely few cases of congerutal leukemm have been recorded

The incidence of leukemna 15 rather difficult to determine with even a
moderate degree of accuracy At the Unnersity Hospatal we encountered
207 cases among 36,4.0 admisstons to the medical and pediatric services, an
merdence of 1 case of leukemia for each 175 admusstons Iheda found 77 cases
of leukerma among 12,396 necropsies at the Unnersity of Minnesota Hos
prtal In Denmark the death rate for leukema was 1 per 50,000 population
statistics for the United States show 2 8 deaths from leuhema per 100 000
populition n 1936 A recent study has shown a steady ncrease in the death
rate from leukemua since 1900 In 1940
there were 3 7 deaths from leuhemia per
100 000 popu)anon and each Jear since
1940 there have been over 5000 deaths
from leuherma m the United States In
v1ew of this apparent mcreasing ncidence
Dameshek has suggested increased exX
POSUI’C to pDSSIbIC Canl"OgCn(C agen(s as
the cause Ulnch showed statistically
CHRoMIC lf"ffﬂ‘;g(:m’”oﬂﬂc) that the ncidence of Jeukemra among

I radiologsts 15 far hugher than among other

physteians
CHROMIC LEUKEMIA (MYELOGERQUS)
247 cAsES

ACUTE LEUKEMIA
398 CAMES

The age incidence vares with the v pe
of leukermia (Fig 49) Forkner has stressed
the hugh incidence of acute leuhemi
childhood of chronic Iy mphocytc leu
kema dunng the fifth and sixth decades
and of chronic myelogenous leuhemia
during the third and fourth decades of Iife

Fic 49 The age madence of leuke 1€ frequency of the various ©pes of
ua arranged n five year pertods (Re  lenherma has vaned with different ob
drawn from the data of G Ward (oo 1n our expenence Iy mphocs tic
Brit ] Clikd Dir) Jeuhemia has been the most common but

NUMBER OF CASES

020 30« 30's0 ™ 0
AGE PERIODS 1M YEARS

Osgood reports their frequency as follows my clogenous leukemna 6 per
cent lymphocytic lehemn 3 7 per cent and monocy tic feubemia ¢
¢t cent This relats e incidence 1s approumately the same as the frequency

with which the corresponding v pe of cell appears m normal blood
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Acute Lanvrrocr Tic T FURFAITA

Acute hmphocy tic Jeukesma 35 pomanhy a disease of childhood Tts maci
dence s relnely Jow 1 adule Iife Although 1t 1s reported to have been
present at birth in a few instances such congenital cases are exceedingly rare
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Fio 50 The age mcidence m 61 cases of acure lymphocy tic leuhernia (Falkenstemn and
Fowler Am J Dis Ciid)
It occasionally occurs duning the first y ear of hife but 1s more frequent during
the succeeding five vears In a group of 61 pauents with this discase we en
countered only 3 m whom the symptoms appeared during the first year
of ife ther ages were 3% 5 and 11 months respecuvely (Fig 5o} The
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FG 51 The frequency with which vanous entrance complamnts wete encountered 1
acute lymphocytic leuhemn (Falkenstem and Fowler Am ] Di Child )
disease 15 more frequent in males than 1n females by 1 ratio of about . to 1
The onset may be abrupt or insidious bur the course 15 rapdly progressive
and the disease 15 usually of only a few months daration The most common



312 Hematology

few mstances i which 1t developed m siblings 1 twins and 1 2 mother
and her son Leuherma and malignant growths have occasionalls appeared
the same family From the available data no definite conclustons can be
drawn as to the hereditary nature or the familil tendencies of leukemia An
extremely few cases of congemtal leuhemia have been recorded

The 1ncidence of leuhemra 1s rather difficult to determine with even 2
moderate degree of accuracy At the Unnersity Hospital we encountered
207 cases among 36 4.0 adnussions to the medical and pediarnic services an
incidence of 1 case of leukemta for each 175 admssions Theda found 77 cases
of leukema among 1.,396 necropsies at the University of Mmnesota Hos
pital In Denmark the death rate for leuhema was 1 per 50000 population
statisties for the United States show . 8 deaths from leukema per 100000
populition in 1936 A recent study has shown a steady increase m the death
rate from leukemia since 1900 In 1940
there were 3 7 deaths from leuhema per
100 000 population and each year smce
1940 there have been over §ooo deaths
from leukemia mn the United States In
view of this apparent increasing medence
Dameshek has suggested mcreased ex
posure to possible carcinogenic agents 25
the cause Ulnich showed statsucally
CHROMIC LEUKEMIA (LYMPHOCYTIC)|  that the incidence of leukema among
84 CA3ES radrologists 1s far ligher than among other

-F-’-FH*W'!—!—F physicians
The age incidence varies with the tvpe

s CHROMIC lEU;‘E,Mg:sEI\;\VELUGEHOUS) of leukermna (Fig 49) Forhner has stressed
the hugh incrdence of acute leukeme2 m
childhood of chronic Iy mphocytic Jen
Lemia dunng the fifth and sixth decades
and of chronic myelogenous leuhema
= durmgthethudandfounhdccadesofhfe

Fic 49 The age modence of leke 1 he frequency of the vanious types of
smia arranged m five year periods (Re  leuherma has varted with different 0b
drawn from the data of G Ward  qoryerg In our expertence Iy mphocy tic
i ] Chld Dis) Jeuhernta has been the most common but
Osgood reports their frequency 1s follows ny elogenous leukemia 62 2 per
cent lymphocy tic Jeulemm 3 7 per cent and monocytic Jeukerma §!

er cent This relatre ncrdence 1s approxumately the same as the frequency
h which the corresponding vy pe of cell appears i normal blood

ACUTE LEUKEMIA
398 CASES
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sion of lung nssue by the leuhenc cells i 5 of our 61 pavents In those
patients with mediastinal obstruction 1t must be remembered that irradunon
therapy first causes some swelling of the lesion under treatment Conse-
quencly a marked and sometumes dangerous aggrasatan of abstructi e sy mp-
toms may precede any evidences of mprovement

Pam 1n the bones and joints 1s often encountered i acute tymphoevuc
leakema in children This sy mptom was present i one thurd of our patients
w a few mstances st was the firse sy mptom of the disease The chimeal preture
15 suggestve of acute rheumatc feser when jomt pams occur early i the
course of the disease and are associated with feser redness and s cllmr' of
the joints 2 rapid pulse and patior The b 5
1f the leuhema 35 of the aleuhemic ype An arregular motthng and osteo
porasis of the bones may be detected on roentgenofoge exammnation but
there 1s no correlation betss cen che sesenry of the yome pains and the extent
of the roenigenologic changes m ercher the bones or the jants
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Fie sz The frequency with which vanious abnormalinies were encountered on physical
examination of patients with acute hmphocvtie feukerma  (Failenstem and Fowler
Am | Ds Chidy

Gastromtesunal sy mproms are but usually P i char
acter Leuhemic nfiltranon of the mtestnal wall occasionally produces se
vere mamfestauons or subserous hemorrhages may cause extreme pan
Hematuna s an infrequent complicanon The cardiovaseular symptoms are
due to the accompanying anemu although an actual levhemic infiltranon of
the my ocardium has heen encountered occasionally

The abnannalines encountered on physical examinanion are confined
manly o the lymphaue system (Big 5 ) Enlargement of the ly mph nodes
t acuee by mphocy tc leukema is usually less marked than that which occurs
m the chroruc form of the disease The nodes are not sigmficantdy entarged
n 2 fes nstances but a majorsty of the patients show a generalized but

shght iy mphadenopathy  In some the lymphadenopath

1S extensive
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mode of onset 15 with fauigue, malaise, and Listlessness accompansed by pallor
and weahness ([1g 51) In g0 per cent of our patients the leukemia was pre
ceded by an acute nfectious process followng which the child did not
convalesce as rapidly as expected In other mstances the onset 1s more abrupt
and the disease may be ushered 1 by hemorthagic manifestatsons, by chils
fever, and prostration, or by the occurrence of difficult breathing When
acute lymphocytic leuhenma occurs 1n adults, the climcal and hematologic
features are similar to those encountered mn children although the course
may be somewhat Jess rapid

The chimical features are varable and nonspecific, but weakness faugabil
1ty, listlessness, and pallor are ultmately encountered m all pattents There
may be some loss of weight usually not extreme and cachewa 15 not to be
expected The weakness and faugability become more marl ed as the dis
ease advances Commonly a continuous or remitent type of fever fre
quenthy reaching 105 T and associated sith marked prostration suggests
the presence of a virulent mfectious process

Hemorrhagic mamfestations appear in practically all pauents in the ter
munal stages of the disease They may also mark its onset The most common
mantfestation of the hemorrhagic tendency 1s purpura This may oceur in
the form of small 1ntracutancous hemorrhages or as larger ecchy motic areas
which appear spontaneously or as a result of mmor trauma Epistaus and
hemorrhage from the gums are frequent and the bleedng may be mild or
profuse Although bleeding from the gastrontestinal tract and from the
uterus occur less frequently than does bleeding from the gums and nose, 2
profuse uterine hemorrhage may be the first symptom of trouble even 1
young girls prior to the onser of therr menses Ulceration of the mucous
membranes of the mouth may occur The gums may be swollen and spong
from a leukemic infiltration of these tissues Such an involvement of the
gums and buceal cavity 15 less frequent in lymphocytic leukemia than n
either the myelogenous or the monocytic form Retinal hemorrhages are
present 1n most pattents 1n whom there are any hemorrhagic mantfestations
and sudden deafness may result from bleeding mnto the middle ear Cerebral
hemorrhage 15 occastonally the cause of death

Difficult breathing and 2 distressing cough are evtremely troublesome
features which occurred mn about .5 per cent of our patients These symp
toms are usually due to enlarged mediastinal Iy mph nodes causing pressure on
the trachea A dry raspng type of cough frequently develops Edema of the
nech and upper extremuties with engorgement of the superficial vens M2y
result from ‘mediastinal obstruction Pleural effusion may account for short
ness of breath 1n other instances but there was actual mfiltration and 1va
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enopathy tends to be somewhat less marked The difficulties in diagnosss
are greater, the condmtion must always be borne mn mind in pattents wieh a
severe progressne anemia which 1s otherwise unexplaned It 15 usually
accompamed by thrombopeni1 and the smear mas show a relstise 1y mpho
cytosss It can be differentiated from aplasuic anerma by the Iy mphadenopathy
splenomegaly and by sternal puncrure

Anemma 1s present 1n afl panents with acute Iy mphocytic fenkemua It may
be mild in the early stages but progresses steadily and rapidly to become one
of the most promment features The red cells appear normal or shghtly

el i . Batr ot

Fic 51 Photomicrograph of a blood smear m acute lymphocytc leherma A few small
mamre lymphocytes are evident bus most of the cells are large immature forms
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fiy pochromic and the color mdex remains about vormal The usual symp-
toms of anemia will be present and mav be the mam feature of the illness
Nucleated erythroey tes in vary ing numbers are often encountered

The platelets are dimnished i number frequently in the early stages of
the disease A pany ing the thrombop 15 2 prolonged bleeding tme 2
nonretractile clot and a posittve constrictor or arm band test This secondary
thrombopenic purpura accounts for the hemorrhagic symproms that are so
common and so dangerous

The basal merabolic rate 15 elevated to a degree roughly proportional to the
severwty of the course Bence Jones protemn mav be present mn the urne
which also contans albumin and casts The blood uric acid 15 usaally m
creased in this and other leukemias Blood cholesterol may be lowered
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The medistinal nodes are particularly apt to become much enlarged m chil
dren The spleen 15 usually palpable but an extreme degree of splenomegaly
1s rare The Iiver 1s shightly enlarged m many cascs

Infiltration of the shin 1s not as common 1n the acute as in the chromc form
of the disease When encountered 1t 1s frequently in the form of rmsed nodu
lar areas of varying size and number These shin mfiltrates have appeared
before there arc changes n the peripheral blood although the bone marrow
shows the ty pical mfiltration Some cases with this ty pe of v olvement hate
pursued a very ripid course after the blood changes have become apparent

Blood

Acute 1y mphocy tic leuhemia may occur mn a leukemic or an aleuhenic
phase The leukocyte count may shift from onc phase to the other In
the leukemic stage the leuhocyte count 15 elevated and 1 000 000 or more
cells per cubic millimeter of blood are occasionally encountered The count
15 usually lower than thus and as 1 rule does not become as high 10 the
acute as n the chromc form of the disease The predomnant cell on the blood
smear 15 the Iy mphoblast a large cell with a round or ot al nucleus contaning
one or more nucleol The chromatn forms a fine net work which 1s evenls
distributed throughout the nucleus The cy toplasm 1s basophilic and contains
no granules Degenerated cells or bashet cells which consist of only 2
smeared our nucleus are frequently noted They may comprise 2 majority
of the leukocy tic elements on the blood smear A few small marure Iy mpho
cytes m1y be seen (F1g 53) Cells i all stages of deselopment between the
lymphoblst and the mature ly mphocyte will be found on the smear and
only an oceasional neutrophil Usually  the more acute the course of the
disease the higher will be the percentage of immature cells

The subleukemic phase of acute v mphocy tic leuhemia 1s characterized by
2 total leulocy te count of 15000 or less with immature cells m the pert
pheral blood The aleuhemc phase presents a normal or low leul ocy te count
with almost no immature cells Undoubtedly immature cells enter the pert
phcml blood stream 1n every case but so rarely that they are undetected 1
4 careful differennial count The leuhocy te count may drop to 1 000 of less
and this aleuhemic phase may persist throughout the entire disease OT 3
feuhernie phase may supervene ar any ume Lihcwise a Jeuhemic state may
become sublcukemtc or aleahenuc The aleuhemic form 1s far more common
than was formerhy supposed

The clinical course of those cases which are permanently aleukemc 15 not

s]gmﬁcaml) different from that of the leukemrc ty pe although the 1y mphad
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ment of the lymph nodes splenomegaly or ymmature cells m the blood
stream nor are nucleated ery throcytes d A bopsy of the sternum
or of 2 lvmph node may be necessary for a final mterpretation

Thrombopenc purpura 13 3 part of the picture of acure lenhemia This
secondary form of the disorder must be diffs § from the sdiopatt
vanety  The presence of immature fymphocyvtes the progressn e anerma, and
ty mphadenopathy found with feukema serve for differentiation

Acute exacerbations are of common occurrence m the course of chronic
lymphocytic Jeuherma Duning these episodes the clinical and hematologic
pictures are similar to those of acute lewhemia

Course

Acute ly mphocy uc Jeuhemia 13 invanably faral usvalhy within six months
The aserage duration of hfe in the 61 cases from this chruc was eighteen
weeks One patient died a week after the onset of symptoms one atter
fifry srxweeks Death may be due to the progressive weakness and anema ot
hemorrhage intercurrent infection or mediastnal obstrucyon

Treatment

“Treatment 15 unsausfactory Deep roentgen ray therapy may reheve ob
structve symptoms 1n the mediastmum or rehieve the pan in the bones and
jouns otherwise 1t 1s of no value Such therapy makes the condinon worse
n many instances by marhedly increasing an already elesared basal metabohe
rate Roentgen ray therapy should not be used except to reheve speaific pan
or obstructne symptoms
guve temporary 5ymp 1c improvement but are of only
transient benefit

Arminopterm a folie acid antagomst has been tried but 1s extremely tovic
and sull purely in an experimental stage The results have been enconraging
with temporary remissions in some pauents It 1s not coranve

Curovic Lyspuocynic LEUREMIA

Chrome Jymphocy ne lehemia 1s primanly a disease of muddle and late
adult hfe In contrast to the acute form 1t 15 encountered only rarely
children Tt 15 ch 1zed by generalized Iy mphadenopathy and hy per
plasia of all the lymphatic tissues of the body and 1n the blood stream by a
lymphocy tosis and vary ing numbers of immarure 1y mphocy tes

Pathologically the disorder 15 charactenized by Iy mphod b perplasia and
mfiftration so that the architecture of the Iymph nodes and 1ymph nodules
15 replaced to varying degrees bv masses of small or medium sized 1}y mphe
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Sternal puncture reveals the marrow to be crowded with cells of the
1y mphocy tic series which have replaced the normal my elord ussue The per
centage of cclls of the ery throcy tic and my eloid series 1s far below normal
The Iy mphocy tes are found i 1 ary ing stages of immaturity with the Iympho
blast predonunating Infiltration of the marrow has been found before there
are sigmficant changes in the peripheral blood and we have encountered one
child 1n whom the charactenistic bone marrow changes were discovered at
2 time when the onhy manifestation was an unexplaned feser The lenhemi
and aleul emic phases of the disease present the same marrow picture

Pathology

There 15 no difference 1n the histologic picture of the ussues i cases which
have a leul emic blood picture and 1n those m which 1t 15 aleuhemic The
Iymph nodes are enlarged, and the architecture 1s destroyed by an over
growth of lymphoid cells which are large and ymmature These cells pre
donunate 1n all the Iy mphoid tissues throughout the body  Organs and nssues
of the body are mifiltrated to vary ing degrees by these 1y mphoblasuic cells
particularly the spleen liner and to a lesser extent the bone marrow

Diagnosts

Acute by mphocy tte leuhemia must be differentiated from other forms of
acure leul ema This can usually be accomplished by esammation of the
blood smear If the cells are so immature as to be unidentifiable some help
may be obtained with the perowidase stain although this 1 of httle value with
extremely 1mmature cells Sternal puncture or microscopic examination of 2
node taken for biopsy may be necessary to establish the diagnosts These pro
cedures may fail to classify the leukema m some instances 10 which a vast
majonity of the cells are very immature Such cases are rarc but have been
diagnosed simply as acute stem cell or blast cell leuhema

Infection may produce a leukemoid blood picture of the lymphocytic pe
but seldom shows the progresstve anemia Iy mphadenopathy splenomcgnly
prostration and thrombopenta of leukerma

Infectious mononucleosss during s acute phase closely simulates acute
l)mphoc} tic leukemia The charactenisuc cells of the former disease are
large abnormal lymphocy tes rather than immature cells There 1s no slgmﬁ
cant degree of anemia or thrombopenia The heterophile anttbody test 15 a0
a1d 1n the diagnosis of infectrous mononucleosis

Aplasuc anemia 15 closely simulated by the aleuhemic form of acute
Iy mphocytic leuherma as 1t presents anemma thrombopemia and leukopenia
with a relative Iymphocy toss Aplastic anemra docs not produce enlarge



Leukenna 31

2 widened medmastunum 1s detected on physical or roentgenologic examina
tion and pressure sy mptoms may occur from encroachment on the trachea or
on the vessels and nerves 1n this region Histologic evidence of mvolvement of
the mediastinal nodes 15 obtamed at necropsy even though there was no
chinical or roentgenologic evtdence of enlargement The abdormunal and
retropentonenl nodes may become large enough to be palpable gs firm iwregu
lar masses but more frequently they are not large enough to be detected In
a few they are suffi 1y enlarged and so situated that they pro-
duce symptoms from their pressure on the common bile duct intestine
ureters or other structures Ascites may occur but 1s not common Since the
lymphadenopathy 1s generalized the vanery of symptoms from pressure of
enlarged nodes on various structures 15 almost unlimuted

The spleen 1s always anvolved and 1s suffictently enlarged to become pal
pable m practically all pavients with this disease Its size 15 varuable In one
patsent 1t may extend a hand s breadth below the costal margin 1n another
1t may be barely palpable The extreme degree of splenomegaly found 1
chronic my elogenous leukenua 1s not commonly encountered m the Iy mpho-
cytic type The lner becomes shghtlv enlarged i most patents but only m
rare mnstances 1s st extremely large

Extremely few cases of chrome lymphocs tic leuhemia have been reported
mn which there was no demonstrable enlargement of any of the Iy mph nodes
although the blood picture was characteristic of the disease

Weakness fangabihiry and pallor may be the first symptoms of this dis
ease but they usnally appear only after the lymphadenopathny has become
apparent The e symptoms are progressive although the rate of their pro
gresston varies n different patients and from time to ume m the same pa
tient There may be no symptoms of the disease for many 4 ears i the very
chrontc form, and the only mamfestation will be the persistent 1y mphadenop
athy In other mnstances there 1s 2 shght fatigabilis which does not progress
but remains constant over a long period of ume Such pauents may fulfil
their Life expectancy and die of an unrelated condiion An acute episode
which 15 suggestive of acute leukermia may supervene at any ume This may
subside to a chromc state or progress to a fatal termination In the late stages
of the disease there 15 loss of weight and cachexra 1 addition to a marled
loss of strength Anemia with 1ts associated sy mptoms may be present in the
advanced stages and 1n many 15 the pred
15 50 mild as to cause httle or no trouble 1n the 1 ery chronic forms

1on It
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cytes Thus nfiltration 1s found n any part of the body where there
ly mphotd ussue The spleen Iver and bone marrow are imvariably msolved
There may be imvasion of organs m which lymphoid tissue 15 not a con
spicuous part of the normal histologic picture The spleen 15 enlarged to
varying degrees and the normal architecture 15 obscured by the overgrowth
and mfileratton of Iy mphocy tes Infarcts and persplenitis re frequently en
countered The bone marrow 15 simularly infiltrated, often to such an extent
that the Iy mphoid cells overshadow the normal bone marrow cells

The disease has been cl d by some 'r--.' ! g as the Iymphocytic
type of malignant Iy mphoma since the histologic picture 15 so smlar to
ly mphosarcoma and 1y mphoblastoma

Chronic ly mphocy uc leuhemia 1s most frcqueml\ encountered between
the ages of 45 and 60 and 15 extremely rare below the age of 10 It occurs
about twice as frequently 1n males as in females

Clinical Features

The onset of chrome lymphocytic leuhemia 1s so gradual and msidious
that no more than an approxumate beginning date can be determmed The
accidental discovery of enlarged Iy mph nodes or a gradually increasing # eak
ness and fatigability are the mansfestations which most frequently bring the
patient to a phy sicran Hemorrhagie sy mptoms or purpura may occastonally
be the first recogrzable mamifestation but this 15 unusual The disease 15 not
mfrcquentl} detected on a routine physical examination or on a routine
blood count in a patient who complains of some entirely unrelated disorder

The most characteristic feature 15 the generalized ly mphadenopathy The
enlarged nodes may occur singly or chains of nodes may be involed with
the size of the individual members vary g from a few mullimeters 1in diameter
to 4 or 5 em It 1s unusual to find extremely large masses of lymph nodes or
single nodes such as those encountered i Hodghmns disease The nodes are
rather firm and rubbery 1n consistency not tender and movable the o\c;
Iy ing skan 1s not mvohved The capsule 1s not mvaded so that the nodes do
not become matted together or immobilized It 15 usual to find all the super
ficial nodes my olsed to about the szme degree rather than to have extremely
large nodes 1n one area with shight or no msolvement elsev here 'I;I'C
ly mphadenopath) may be generalized at the ume the disease 1s first re;u_.;l
mized or palpable nodes may be found 1n one or more areas with a gra

nsion to other regions The size of the nodes may vary shghtly from pme

exte xtent that

totime The meduastmal Iy mph nodes may become enlarged to the €
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Occasional deafness from Jeuhemic snhitraton aboue the muddle ear ana
yerti, 0 and tinmitus are encountered

Blood

Anemia 15 2 pare of the hemacolagic picture of by mphoey ue leuherna, but
its sevenity vanes greatly from patient to patient In the very chromc form
of the disease, m which lvmphadenopathy s the only clinteal manifestation
the anemaa 15 shight or negligible In the more rapdly progressne forms it
becomes more severe In the acute exacerbations or 1 the termnal stages of
the 1llness 1t becomes a very prommnent feature The erythrocytes appear
normal ar shghely hy pochromic and the color mdex remams normat or but
stightly lowered The anemia of Iy mphocytic leukerna 15 my elophittusic m
ongin but 1 rare cases there may be a hemely e element wuth icterus and
mereased fragiity of the ery throcy tes Nucleated exy throcy tes are not wfre
quently found on the smear but are not numerous or constantly present

The plateless are usually not affected unul the fate stage of the disease
when they are marhedly reduced Wich this reduction in the number of plate
lets the other laboratory features of thrombopenic purpura appear {pro-
jonged bleeding tme positive constrictor test and nengetractde clot), and
hemorshagic 5) mptoms may occur

Chronic h mphocy tic lewhemsa may appear i a leuhenue, sublenhemse or
aleukemic form 1In the leubemic vanety the total leukoey te count 15 elevated
to a varable degree usually Jower than that encountered m my elogenous
teuhemia The count may infrequently reach s oooocoo or moere 1 our
expenience between 40 000 and 100 000 15 most frequent The count 5 sub
ject to wide flactvanons from dayv to day

In the very chronic and slowly progressive forms of the disease the pre
dosnant cells are the small mature Iy mphocy tes which comprs ¢ from go to
95 per cent of all the white blood cells on the smear (Fig 54) A few larger
and more smmature cells ase encountered but they are not numerous and
Iy mphoblasts are infrequent In the more rapidhy progressne cases or m the
acu ¢ evacurbations of the disease 2 highes percentage of the cells m the
blood stream wall be tmmature so that ome 1des of the rapsdty of the conrse
can be obtaned from exanunation of the smear alone Azure granules are
less often encountered in the ¢y toplasm of the young }ymphocy tes then m
mature cells The blood picture in Iy mphoey tic lenkenua 15 monotonous alf

of the celly beng sumilar 10 ther structural charactenstics there are no
strihing variavons w the structure of the ly mphocy tes as are found in the
maturanon of the myeloid cells
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A low grade fever, erther conunuous or remuttent 1 type 15 common
dunng the actve stages of the disease although 1t 15 not as promumneny 25 m
Hodgl s disease Infiltration of the salnary and lacrimal glands may occur
and produce Aihulicz s syndrome prosss of the eyelids and excessne salna
von and lacrimation

The basal metabolic rate 1s frequently elevated n chromc Iy mphocy ue
leuhemia and readings may be +.o to -+30 per cent i the actie stages This
may be associared with excessti e sweating 1ntolerance to heat loss of weight,
and tachycardia Such symptoms are less marked 1 this than n the acute
form of the disease i which the metabolic rate mav be much higher

Purpura and other hemorrhagic mamfestattons are rare unail the late stages
of chrontc Iy mphocy tic leuherma but ultimately appear 1n a majonity of the
cases The ty prcal hemorrhagic festanions of thrombopenic purpura are
thent present Patients frequenth bruise eastly even m the early stage of the
disease when the platelets 1re unaltered and small ecchy motrc areas are com
menly encountered

Leukema cutss or infiltrauon of the shin by Ieukemic celfls may occur It1s
far more common 1 Iy mphocy tic than mn my clogenous leuhemia There may
be exther a diffuse and generalized skin mvolsement with thichering dry
ness and itching or eircumsenibed nodular lesions The nodules vary i size
from a few millimeters to . or 3 cm 1 diameter and therr color vares from
yellowssh brown to red or purple There may be vesicles, papules pustules,
or nodules 1n whuch specific leuherme infilerations are found

Since the gastromtestinal tract 1s rich m Iy mphatic tissue which becomes
molied m the general Jeuhemic reaction 1t 15 not surprsing to encounter
many symptoms referable to this tract They may be vague and nonspevific
complants of anorexia nausea vomting dyspepsia flarulence and duarrhea,
or there may be severe pam and obstructrve 5y mptoms due to actual mvasion
and mfiltration of the intestinal wall

Symptoms referable to the circulatory system are pnmanly due to the
accompanyng anemia bur there 1s occastonally an actual invaston of the
wy acardium by leukemuc cells Infiltration of the Iung ussue 1s not infrequent
and has been found 1n as high as 30 per cent of a senes of autopsled cases

Pamn 1n the bones and jonts mav occur 1n chrome Iy mphocy tic Teukemna
The former 1s more frequent in m elogenous leukemia the latter in the acute
§orm of hvmphocytic leukemma Neurologic manifestations may appear as 2
result of Jeukemic mfilerations sn the bram or spinal cord or from the pressure
of small tumor hike nodules Cerebral hemorrhage occastonally complicates
the chmeal prcture There may be hemorrhages m the ocular fundi s well 1;5
rgement of the verns and leuhemic mfiltrations of the pers ascular tssue:

engo!
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Occaswnal deafness from leuheme mohltration abour the middle ear and
sertyro and tnmutus are encountered

Blood

Anenua 15 2 part of the hematologic prcture of b mphoey tic leuhemia, but
1ts severtty varies greadly from pauent to pauent In the very chrome form
of the disease, m which Iy mphadenopathy 15 the onky cbnical mamfestation.
the anenisa 15 shight or negligible In the more rapidly progressnve forms n
becomes more severe In the acute evacerbations or mn the termunal stages of
the sliness st becomes 2 very promunent fearure The erythrocytes appear
normal or shightly by pochromic and the color sndex remans normal or but
shghtly lowered The anemia of hymphacy tic Jeuherua 1s ms elophthusic
ongm, but in rare cases there mav be a hemoly ue element wich scterus and
mcreased {ragihty of the ery throcy tes Nucleated ery throcs tes are not mfre
quenth, found on the smear but are not numerous or constantly present

The platelets are usualhy not affected unti) the late stage of the disease
when they are markedly reduced With this reduction m the number of plate
fets the ather laboratony features of thrombopenic purpura appear {pro~
tonged bleeding ume postive constrctor test, and nonretracnle clot), and
hemarrhagic sy mptoms may occur

Chrome Iy mphocy tic feuhemia may appear in a jeuhermie subleukhemc or

alenhenuc form In the leukemic vaniers the total leahocy re count 1s elevated
t0 @ varable degree usualh, lower than thar encountered m mm elogenous
teukerma The counc mav mfrequently reach 1000000 or more w onr
experience between yo 000 and 100 000 18 most trequent The count 15 sub-
ject to wade fluctuations from dav o day

In the very chronte and stowly progressne forms of the disease the pre-

donunant cells are the small mature b mphocy tes whuch comprse from ga to
95 per cent of all the white blood cells on the smear (F1g 54) A few larger
and more smmature cells are encountered bur they are not numerous and
ty mphablasts are infrequent In the more rapidh progressnie cases or m the
acute evacerbattans of the disease 2 higher percentage of the cells m the
blaod stream will be mmrmatuee so that some sdez of the raprdiey of the course
can be obramed from examunanon of the smear alone Azure granules are
tess often encountered n the cytoplasm of the young hvmphact tes than m
mature ceils The blood picrure i h mphocyue lenkemua s monotencus all
of the cells beng similar m thew structural charactensties there are no
strihing vanations m the structure of the hmphocyies ay are found n the
smaturation of the myeloud cells
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Basl et cells (degenerated cells naked nucler) are frequently found on the
smear 1n lymphocy tic leukermia These structures represent cclls which hue
disintegrated so as to Jeave only the nucleus, which may be but shghtly larger
and Lighter stawung than normal or 1t may be smeared out in many bzarre
forms (T1g 55) Nucleol may be very plamly visible in those nucler which
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how ing
I Photormicrograph of a blood smear of chronic Iy mphocytic Jeukemsz s!
a [fl’idomlnzncc o?sm.\ll mature lymphocy tes with four basker or smudge cells

are distorted and spread out Bashet cells are usnally immature Iy mphocytes
and are often a promnent feature 1n ly mphocy tic leukema
In the aleukemic ty pe of 1y mphocy tic leuhemua the total leuhocy te count
15 normal or low Insome instances there 1s 2 ligh percentage of Iy mphocytes
in the differential count, 1n others the distribution of cells 15 found to
approach the normal Few or no immature cells are to be found so thath::lvi
diagnosis must be based on the histologic changes i the 1y mph nodes »
are the same 11 the aleukemic as in the leuhemic form y
Sternal puncture reveals the marrow to be densely mfiltrated by ;ellsose
the I}mphOC\ tic series most of which are very immature ahho\;g ]\“:n "
mature lymphocy tes are encountered than m acute Iymphocytic len cc”s
These replace to a large extent the normal myeloid and ery throcy e ¢
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Course

The course of chromie ly mphocy tic leukemia vanes greatly from one case
to another As a rule the later 1n hife the disease makes sts appearance the
stower will be 1ts course The disease may go on for ten fifteen, or even
twenty years after the onset of symproms and then be only a contributory

Fra 55 Photomicrograph of a bloo i smear from a patient with ymphocy tic leukemia.
This shows 4 small marure lympt an immatere Iymphocyte with nucleol and a
basket or smudge cell

cause of death Tlhis exceedingly bemgn form 15 not common The usual
duration of Iife 1s from three to four years and the disease 15 charactenzed
by remussions or latent stages followed by exacerbations of weahness and
fangabuliy with elevation of the leuhocyte count and larger numbers of
smmature cells in the blood stream The disease 15 unrersally fatal

A sudden 1ncrease 1n the leuhocyte count with the appearance of many
ymmature cells n the blood stream 1s of grave significance A sudden drop in
the count 15 also sersous The omset of bleeding sendencies adds to the graviry
of the prognosis Patients with Ivmphocey tic leukemia are more susceptible
to nfections than are normal indu iduals so that an intercurrent infection 15
often the termmal event In some mstances however an mfectious process
has apparently mitiated a romission 1n the disease

Diagnosis

The diagnosis of chromc hmphocytic lenkemn 15 easily made n the
presence of the ty pical blood picture The greatest difficulty 15 encountered
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m those patients m 1n aleukenne phase A lymph node may be rcmoved for
histologic examination when the blood preture 1s not diagnostic A few con
ditions, such as infectious mononucleosts or an nfection accompanied by 2n
abnormal Iy mphocytic resp may 1ly late the blood prcture
of ly mphocy tic leukemn

Treatment

Irradiation 15 the most effective form of therapy 1n chromic Iy mphocyte
leukemia  The subjective 1mprovement which follows srradiation of the
spleen and Iy mph nodes 1s sometimes strihing The sense of faugue and weah
ness disappears There 15 a reduction 1n the basal metabohc rate with relief
from the symptoms of hypermetabolism The decrease 1n the size of the
Irver and spleen relieves the patent of che sense of wesght and pressure
which may have been present from these organs The leukocyte count can be
brought to the desired level by wrradiation therapy, but there 15 no direct
correlation betw een the height of the count and the sesenity of the sy mptoms
so that a reduction m the count does not 1n 1self gne subjective improve
ment When large masses of Iy mph nodes are producing pressure sy mptoms
roentgen ray therapy will reduce therr size and reliese the pressure

There 15 no need for irradiation therapy 1n many of the very chronic cases
which are practically asymptomatic

The response to irradiation 1s far better in the carly stage of the disease
both subjectnvely and in respect to reduction m the size of the nodes The
respounse 15 fess marked with each subsequent trearment

Care must be taken not to reduce the leukocy te count to dangerously low
levels as Jeukopenia may eastly be produced The leukacyte count must be
followed closely during the course of therapy and the treatments discon
unued before 1t has reached normal smce 1t continues to fall for a short time
after the treatments have been stopped

The duration of life 15 probably not much prolenged by irradition ther
apy, but 1t temporarily reheves many of the sy mptoms and decreases the size
of the glands so that pressure svmptoms disappear It may slow the progress
of the discase to some extent and comvert 2 subacute course inte a more
chronic form The mdicauion for this form of therapy 1s not so much the
height of the leuhocy te count as the presence of weakness fatigabhity loss
of weight progressiie anemia or a marhed Iy mphadenopathy

Irradiation sickness occurs 1n a large percentage of the patients recening
cius form of therapy and 1s especually severe when it 15 applied to the hver
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spleen or other abdomnal organ It may occur, however with treatment of
any area The predominant mamfestations are anorexia nausez, vomiting,
diarthea and weakness The duration of irradiation sichness 1s short after
the treatments are discontinued

Irradiation therapy should be stopped if the pauent’s condition becomes
worse espectally 1f loss of weight profuse perspiration or progressive anemia
develop It should 2lso be stopped when a rapidly falling leukocyte count
approaches normal as there 15 danger of producing a levhopenia However
irradiation may be used 1n a panient who 15 already 1n an aleukemic phase of
the disease The higher the leukocyte count at the onser of therapy the
more rapid and greater will be the drop so that 1n an aleukemic stage there 1s
but a slow and shght drop m the count

The recent nvestigations on the use of radioactive phosphorus and other
substances with aruficually induced radioactivity have gu en promsing results
but do not seem to be as effectn e as roentgen ray therapy Ly mphocy tic leu
Lerma does not appear to respond as well to radiophosphorus as either myel
ogenous leulema or poly ¢ thema vera although prolonged remussions have
beeninduced The use of these radioactive substances 1s sull n an expersmental
stage The mtrogen mustards have also been used but the results are less saus
factory than i Hodghun's disease or Iy mphosarcoma

Urethane (ethy] phenylcarbamate) has been tried expenimentally m the
treatment of ly mphocy tic leukemia and a reduction n the Jeukocyte count
has resulted 1n some patients but jt does not seem to be as sausfactory tn this
condition as 1n my elogenous leukermia

Arsenic 1n the form of Fowler s solution has been used but 1s not effective

Transfusions of temporary benefit in giving symptomatc relief to those
patients with severe anemi are seldom required in chrome lymphocy tic
leukema except termunally They may temporanly decresse the hemor
rhagic mantfestations when the platelets are decreased i number

No dietary restrictions are necessary ‘The patients activities need not be
restricted except for the limitations imposed by the subjective symptoms

Acurc MyELoceNous LLukenIa

Acute myelogenous leukemia 15 pumanily a disease of young adults al
though st occastonally occurs in infants and children We found only 3 cases
of acute myelogenous leukerma i children under 16 years of age during
the same mterval in which there were 61 cases of acute ly mphocytic leukemta
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and Wollstein and Bartlete found only 1 case of acute my elogenous leuhemia
to 14 of the acute Iy mphocytic ty pe The disease 1s Iikewise rare 1n late adult
Iife although acute exacerbations of chronic myelogenous leuhemia may
present a clinical and hematologic picture which 1s stmiltr to the acute vanety
The diseasc 15 two to three tiumes as common tn males as i females

Pathology

In my elogenous leukemia the hematoporetic bone marrow which 1s nor
mally red i color, becomes gray or reddish gray and has a glstemng gelat
mous appearance The yellow or fatty marrow 15 encroached upon and re
placed to a vary ng degree by the hy perplastic cellular ty pe of marrow Mye
locy tes and my cloblasts predommnate 1n the histologic picture Not only are
the neutrophilic myelocytes mcreased but the eosmophilic and basophilic
forms as well In some mstances the number of megal aryocy tes 15 greadly
increased The ery throposetic elements of the marrow are crowded out by
the proliferation of the myelowd cells and although normoeblasts and other
mmmature cells of the ery throcy tic senies are encountered they do not form
as large a proportion of the cellular elements as 1s normal

The spleen 1s enlarged the size ncreasing with the duration of the disease
The most evtreme degrees of splenomegaly are found i chromic long
standing cases rather than 1n acuce forms The organ 15 smooth and mamntans
1ts normal shipe 1n spite of the increase m size The consistency varies being
rather soft i the acute cases but becoming more firm as fibrosis develops
The capsule may be thicl ened and scarred as a result of the persplenius
which follows infarctions On microscopic examnation the normal architec
ture of the spleen 15 lost and the organ densely infiltrated with my eloid cells
myeloblasts predominating m the acute disease and melocytes or other
more mature forms in the more chronic form

T'he Iiver becomes enlarged and shows pernascular infiltration with mye
loid cells The ly mph nodes are not enlarged unul the late stages of my elog
enous leuhemia although varymg degrees of mfiltration with myelowd cells
will be found lustologrcally There are varymg degrees of leukerme infiltra
trons 1n almost all other organs and ussues of the body

The presence of myelowd cells m the various organs and tissues has been
considered to be an infiltration by cells which have been carried to those
locattons by the blood stream but which originated m the bone marrow
This nfiltration 15 as intense and as generalized 1n the aleuhemic a5 1 the
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leukemrc type A more acceptable explanation for the widespread distribution
of these cells 15 that there 1s a metaplasia of the reticulo endothelal cells m
the various organs a reversion to their fetal potentialities of producmng
leukocytes The reticulo endothelml cells mantam the potential ability to
form myelowd cells so that leukemia may represent a metaplasia of these
ussues and a reestablishment of their fetal leuhopoicuc funcuons rather than
an infiltration of the various tissues by blood borne cells

Clintcal Features

The onset of acute my elogenous leuhemia may be sudden or gradual A
sudden onset 1s usually characterized by sy mptoms which are suggestive of a
severe mfection with fever chills profuse perspiration and possibly sore
throat or other localizing mamfestations Esen m those with a less abrupe
onset there 1s frequently a history of a preceding infection commonly of the
upper respiratory tract We have observed several patients n whom the dis
ease developed rapidly after the extraction of a tooth Hemorrhagic mam
festations either purpura or profuse hemorrhage from some mucous surface
are not nfrequently the first symptom In many mstances the bleeding 1s
exceedingly difficult or impossible to control Ulceration of the buccal
mucous membrane accompansed by pamn Jocal swelling and regional lym
phadenopathy may be the presenting symptom

In other nstances the onset 15 more wmsidious and 15 charactenized by
svmptoms of severe and progressive anemia weakness pallor lassitude short
ness of breath and palpitation Purpura painful bones or joints menstrual
disorders or gastrointestnal symproms may be the first manifestaion We
have encountered 3 cases of acute ms elogenous leukemia i which the first
symptom was a pecubar numbness of the lower jaw

The symptoms of acute my elogenous leukemia are simlar to those of the
acute lymphocyuc type and the course 15 essennially the same There 15
marhed prostration and weakness together with the symptoms of a severe
and progressive anemia Hemorrhages from the mucous membranes occur at
some time during the course of the allness m most nstances The gums are
frequenrly swollen, edematous and mfiltraced frequeml} to the pomt that
the teeth are completely buried (Fig 56) This 15 accompanied by bleeding
which begins spontaneously or as a result of shight trauma Ulcerations of the
phary nx and buccal mucosa are common and a necrotic membrane covers
the ulcerated area The surrounding tissues are edematous and swollen These
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ulcerattons may be cxtremely paful, and the edema of the pharynx may be
so extreme as to cause respiratory difficulty  The necrotic tissue and the
decay ing blood in the mouth give an extremely offensive odor to the breath

Deafness may occur as a result of hemorrhage mto the middle ear or from
myolvement of the bone Meniere s sy ndrome may sometimes be produced
Hemorrhages in the ocular fundi are usually present and hemorrhages or
lenkemic mfiltrations may occastonally occur i the central nervous system.

U P r

Fic 56 Swollen mfiltrated gums 1n 2 patient with acute myelogenous leukenia

There may be tenderness and pam mn the bones especially 1 the sternum
and nibs but painful jomts are more frequent m acute ly mphocy tic leuhemua
than in the myelogenous form Attacks of abdommaal pan may suggest acure
appendicitis or intestinal obstruction

The spleen 1s enlarged to a moderate degree 1n acute my elogenous leukemi
but does not become as large as m the chromic cases nor 1s it as firm m con
sistency The Iver may be slightly enlarged but there is no Iy mphadenopathy

Roentgenologic exammation may show erosion of the cortey of the bones
or fine perpendrcular spicules extending outward from the pertosteum Dif
fuse osteoporosis localized osteolytic areas and subpertosteal swelling have
been encountered In some bones there are small areas of destruction sur
rounded by  sclerotic reaction Roentgenalogic changes mn the boncs ar¢
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prone to accur 0 younger patients but considering the extensive medullary
msolvement 1t 18 surprising that such roentgenologic evidence of bone 1n
volvement 15 not more common

Blood Findings

The total leuhocy te count m acute my elogenous leuhernsa 1s vanable fre
quently bemg around 100 000 or 00 000 but occastonally as gh 25 1,000 coa
or more The total covnt 15 <ometimes normal or low bur an aleukemic
reaction s rarer in acute my elogenous than in acute Iy mphocyuc leukerma

In the leuhenue form in which there 15 an elevated leukocyte count the
predomimant cells on the blood smear are the my eloblast and myelocvte The
more acute the disease the Ingher will be the percentage of myeloblasts
Vanable numbers of the more mature cells of the myeloid series are present
but mature cells with segmented nucler are not numerous 1 the acute form
A majority of the myelocy tes are of the nentrophibe tvpe although eosin
ophilic and basophilic my elocy tes appear occasionally to the pont of pre-
dommanng m the differental count Such cases have been designated as

or basophilic lenk although they are merely a vanety of the

my elogenous form Thc structural characteristics of the myeloblast have
been discussed As was pomnted out they are so sumilar to those of the lym
phoblast that 1t 15 difficult to distinguish betw een the two "There are usually
a sufficiently Jarge number of my elocy tes and metams elocytes present to
ndicate the ty pe of blast cell with which one 15 dealing

In the subleukemic phase the total leuhocy te count 1s normal or low with
a smaller percentage of immature cells Some evidences of immatunty of the
cells wiil always be found In the aleukemic form only careful search wait
find the estremely few mmmature cells m the peripheral blood stream

A progressive anemia 15 charactensuc of acute leukema and 15 usually
severe by the time the disease 1s recognized It 1s steadily progressive and
becomes severe n the terminal stage The color mdex remamns about normat
bur may be shghily lowered

The platelets are usually decreased i number 1n acute my elogenous Jen
kemia and may almost completely disappear from the blood stream Che
other laboratory teatures of thromboperic purpura appear (positive con
stnictor test prolonged bleeding ume and a nonretracule clot) and hemor
thagic features develop m the climcal picture

The phagocvtic power of the leul ocytes m patents with leuhemn 1s
dimamshed and the cefis are more fragile than normad In rare mstances the
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my clocy tes or promy elocy tes contamn small red rod shaped boducs n their
cytoplasm which are termed Auer bodies These rods may occur singly or
there may be several in the cy toplasm of one cell They are ovidase positve
and are most frequently encountered 1 very acute cases and n chloroma
The nature of the Auer body 1s unknown

Sternal puncture reveals a marrow which 1s exceedingly by pcrccllular with
2 predominnce of my eloblasts The proportion of cells of the enthrocy ue
series 15 marl edly reduced

Course

The course of acute myelogenous leuhemna 15 steadily downward al
though infrequent remissions may occur Those patients i whom there 15 31
abrupt onset of the disease are apt to have a very rapid course The duranon
of life vanes from one week to six months Warren found that 83 per cent
of the patients died within two months of the onset of sy mptoms The cause
of death 1svarizble The terminal stage may be characterized by a progressié
anemi with weakness and prostration or death may result from an inter
current mfection or hemorrhage The disease 15 always faral

Diagnosis

The diagnosts of acute my elogenous leuhema is based pnimarily upon the
blood preture which 1y preally 15 sufficiently charactenstic to Jease lirtle
doube as to the disease Sometimes the cells 1n the peripheral blood cells are
so tmmature that 1t 15 difficult to distingussh this v pe from the Iy mphocy tic
or monocytic varsety and many such cises have been diagnosed smply as
acute or blast cell leuherma Sternal puncture or biopsy should establish
the diagnosis

Aplastic anemta causes more difficulty mn differential diagnosis than any
nonleukemic disease when the leukemia 1s m the aleubemic state In aplastic
anema the spleen 1s not enlarged immature leuhocy tes are not present in the
blood stream and nucleated ery throcy tes and reticulocy tes are seldom en
countered Asprration or biopsy of the sternal bone marrow may be neces
sary to distinguish between the two diseases

Thrombopenic purpura 1s usually present n acute my clogenous leuhemia
and this must be differentiated from the diopathic form The anema of
1diopathic thrombopenic purpura 1s no more severe thap can be accounted
for by the hemorrhage and 1s not progressive 1n the absence of blood loss
A moderate leuhocy tosis may occur as a result of hemorrhage but the v
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dences of immaturity of the cells are not marked Examiation of the blood
smear usually sufhces for differentranion without recourse ro sternal puncture

Agranulocytosts may be suspected 1n the aleuhermc phase of leuhema
but 1t 15 not panted by anenua bop or hemorrhage and sm
mature cells are not present

Leukemod reactions resulung from infections or other conditions may
simulate acute my elogenous leukermia Lxidences of the primary disease will
be present however to serve as a distnguishing point 1 most mstances

Acute exacerbations of a chronie my elogenous leuherma will present sy mp
toms and findings similar to those of the acute varsety but the hustory of
prestous episodes will usually suffice to distmguish the two The spleen s
usually larger m the chromic form than in the acute cases but this charac-
tenstc 15 not distinctive enough to serve as a differential point

Treatment

There 15 no form of treatment that 15 of definite value m acute myelog
enous Jeu) emia Roentgen ray therapy s apt to be more harmful than bene
ficial because of its tendency to merease the basal metabolic rate which 1
already high and also because of the irradiation sichness which it engrafts
upon the consttunional sy mptoms already present In rare instances 1t may
gne some temporary relief but 1t 15 contraindicated i most cases

Transfusions may decrease the hemorrhagic tendency but seldom stop 1t
entirely  Although a transient subjectsse improvement in those sy mptoms
which are due to the anerma may be noted after a transfusion the effects are
of short duration Transfusions are of trtle use

Amnoptenn and other folic acid antagorists may produce a temporary
remussion with both the marrow and the penpheral blood returming to near
normal The results are transient The drugs are extremely touc and sull in
an experimentaf stage

Curonic MYELOGENOLS [ EUKEMIA

Chronie myelogenous leukermia 15 a disease of middle adult hfe with the
peah of 1ts incidence occurning during the third and fourth decades ft 15
rarely encountered 1n children and 1s infrequent n very late adule Iife It not
only 15 more common than acute leukemia of exther the myelogenous ot the
lymphocy tic ty pe but in 2 large series of collected cases has been found to
be the most frequent of all the Jeukemias It 15 about twice as common in
males as i females
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Pathology

The pathologic features of chromc my elogenous leukerma are similar to
those of the acute form The enlargement of the spleen 15 greater, the con
sistency of the organ 15 more firm, and the capsule 15 thicker The hems
topotetic bone marrow 1s gelaunous in appearance and yellowsh or pilash
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T'ic 57 Photograph of a sccton of normal bone marrow from the shaft of the femur
(Forkner Leukemia and Allied Disorders The Vacmulan Compansy )

gray 1 color This cellular portion of the marrow 15 more extensn¢ tha;
normal and has encroached upon that portion which 1s ordinanly occupie:
by yellow or fatry marrow The displacement of fatry matrow 1s more wide

1n the chronic than 1 the acute form of the disease The bone mar

spread the

row on microscopic exumination 1s found to be extremely cellular and
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predonmmant cell 1s the myelocyee although the more nnmature my doblisty
as well as cells 1n all stages of dexelopment may be found (Figs 57 and 58)
In certain instances ery thropoietic hy perplasia 1s a stiilung feature In others
the megakary ocvtes are particularly numerous Cosinophilic my elocy tes are
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Fic 58 Photograph of hyperplastic bone marrow from a case of ms elogenous leuhemia
(Forkner Leukernia and Allied Disorders The Macmillan Company )

sometimes very promunent s the listologic picture although the neutro
philic varery 1s usmll) the predommnant ty pe Mjyelod nfiltration or meta
plasia 15 extensive m the spleen and liver and occurs to a vanable degree n
other organs and ussues The question as to whether the great numbers of
myelod cells 1n extramedullary locations occur as a result of mfileration
of blood borne cells or because of metaplasiz and reversion of the retculo
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endothehal tissues to their fetal function of cell production 1s debarable It
appeats that the reticulo endotheliat cells retain the potennal ability to form
blood cells and revert to this function 1n my elogenous Jeuhemia Any organ
or tissue may show these myelotd changes but they are pamcularl\ strih
g n the organs which are rich 1n reticulo endothehal nssue However, the
Iymph nodes are not sigmificantly mvolved unul the late stages of the dis
ease The blood capillaries throughout the body are filled with my cloid cells,
and there are linear or nodular collections outside the vessels

An actual mfiltration of the my ocardium 15 occastonally encountered
An extensive imfiltration of the fungs 15 sometimes present The ovanes are
not infrequently enlarged and show estensive cellular mfiltration The Led
neys adrenals, and other orgns may be invaded Hemorrhages mto the
varous organs and under the serous surfaces are common m the late stages

Chinical Features

The onset of chromc my elogenous leuhema 15 charactenstically slow and
msidious so that by the ume 1 physicran 1s consulted there may be a history
of mild symptoms dating back a year or more The most common mode of
onset 15 a gradually progressne weakness uredness and easy fangability
whereas other patients first notice a sense of weight and dragging n the left
upper quadrant of the abdomen which results from the greatly enlarged
spleen A firm mass may be felt 1 this region by the panent before any
sy mptoms are noticed

During the course of the disease a wide variety of sy mptoms may appear
none of which are pathognomonic of my elogenous leuhemia Since the course
1s charactenized by remissions and exvacerbations the mtensity of the symp-
toms will vary from time to time VWeakness loss of strength fatigabulity
Distlessness and a gradual loss of weight occur m all cases but their severicy
and the rapidity of their progression are varrable A progressive anemu 15
associated with the disease so that shortness of breath on exertion pallor
tachycardm and palpiation will be noted by many of the patients

The gastrointestinal sy mp are likewise pecific in character Mamy
patients complan of a sense of fulness and distenuon frequently of early
satiety so that their hunger 1s appeased by small amounts of food and they
feel distended and umable to finish a meal Nausea vomuting and gaseous
eructations are occasionally noted although they are not apt to be trouble
some until the late stages of the disease The abdominal and gastromtesunal
sy mptoms are surprisingly muld 1 many patients 1n whom the spleen 15 50
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enormoush, enlarged that it would seem 1t should mterfere more senously
with the functions of the other viscera

Bleeding tendencies are prone to occur m the terminal stages ot this dis
ease There mayv be severe hemorrhages from any mucous surface with
epistais melena hematunia or uterine hemorrhages Bleeding from the gums
as a result of shght trauma 15 very common even in the early stages and
many patients have noted that they have brused easity for months or years
These shight bleeding tendenctes are not necessarily associated with throm-
bopenta Smull hemorrhages are usually present in the ocular fundi and oc
casiorally extensie bleeding results 1n a loss of vision Hemorrhage mto the
mternal ear mav cause deafnesy Menorrhagia and other menstrual disturb
ances are not infrequent

The enlarged spleen frequently cawses a feching of weight and fulness in
the abdamen and may be the seat of severe sharp pams which are mten
sified by respiration and are accompanied by a friction rub These are due
to mfarcuions of the spleen with a resultant pensplenius Although many
patents do not expenence this distress 1t accurs repeatedly in others

Pan and soreness of the bones is a not mfrequent complamt 1n my elogenous
leukeria It 15 most commonly encountered over the lower sternum and
ribs but there may be transient and severe pams over any of the bones
Tenderness on deep pressure may of may not accompany the pain

The basal metabolic rate 15 elevated but the degree of clevation varies
from time 1o ume A markedly rased metabohic rate 15 present during the
acute exacerbations and 1s accompamed by profuse sweaung weakness tachy
cardia and intolerance to heat A low grade fever may accompany the dis
¢ase Duning the acute phases the temperatute may reach ro3 or 104 F
Fever 15 a far less conspicuons feature 1n chronic than m acute my elogenous
leukema Priapism 15 occastonally present Shortness of breath and other
symptomns referable to the circulatory system are common but occur more
frequently as a result of the anemua than from actual cardiac mvolvement

Physical Bxamination

The spleen becomes markedly enlarged 1ts size depends to some extent
on the duration of the disease It not mfrequently extends below the brm
of the peluis and far to the nght of the nudline of the abdomen It s very
firm 1 consistency but maintams 1ts normal configuraien with a sharp
medul border n which one or two notches may be felt Occasionally nt
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causes a bulging of the abdomunal wall below the costal margin More fre
quently there 1s no visual evidence of the enlarged organ or only 2 shght
fulness sn this region The size of the spleen may vary from tme to tme
with the exacerbations and remussions of the discase or 1t may decrease dur
ing an itercurrent infectton The spleen may be tender, especally after in

Fic 59 Retinz i a patient with acute my elogenous leakcrma showing some edema of
the nerve head engorgement of the vessels and extensive hemorthage

fraction has occurred There have been a few instances recorded m which
there was no demonstrable splenomegaly

The lwer 1s enlarged mn most pauents but this 15 less constant and less
pronounced than the splenomegaly The lymph nodes are not enlarged 11
the early stages of the disease and most cases run their entire course without
evident mvolvement A few pattents develop generalized lymphndenopath)
usually m the termmal stages This signifies a generalized and extenstve my €
Joud mnfiltrauon In rare a marked lymphadenopathy has been en
countered mn the early stages
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Retinal hemorthages are often encountered, wsually small round or stnate
lesions which occasionally have a whitish center Engorgement of the blood
1essels 15 common and edema of the nenve head occasionally occurs. Leuke-
mie rettmus with feuhocy e snfiltravon mto the renna and along the course
of the v essels may also be present (Figs y9 and 60) Vemere s sy ndrome with
deafness and vermgo may accompany hemorrhage imto the labyrinth Ascites
15 mfrequent m my elogenous leukemia

Fic 6o Retna from a patient with my elogenous Jeukemia shawing Venous engorgement
edema of the nerve head and small hemorrhages

Purpura 15 of common occurrence but leukemic mfilerations of the sk
are far \ess common in myelogenous than 1n }ymphocy ye leukemia YWhen
they accur they are uswally small flar paputar lesions with  dull reddish
color (Fig 635) They are of grave sigmficance as they ordinanly appear
only i the termunal stage Lesions of the central nervous system are rare
except for instances of cerebral hemorrhage

Leuhemic infiltravon of the gums 15 frequent dunng acute exacerbations
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Fi6 61 Leukemic shin infiltrations 1n a patient with chrome myelogenous leukemia

Fic 62 Osteoporosis motthng and perpendicular spicules of bone outside of !hl;
Ecnoﬁeum as found in a patient with aleukemuc myelogenous leukemia (Baldridge a0
owler Arel Int Med)
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and in the terminal stages The gums are spongy bleed easily and may be
so swallen as to completely buny the teeth

Although the unine shows albumin and casts the remal funcuon 15 not
senioushy mpaired Bence Jones protem is occasionally found mn the unme
The excrenon of unic acid 15 ancreased dunng the active phases of the dis
ease and the unc aaid coneent of the blood may become elevated Gour has
been encountered as a complication of leuherma and remussions of the len-
kemua have been obseried to comerde with exacerbations of the gout The
blood cholesterol 15 frequently subnormal

FiG 63 Roentgenogram of the hand of the same patien whase Lnee is shown 1 Figure §
The perpendicular spicules on the bones are very prominent

14

Roentgenologic alterations n the sheletal system are encountered rather
mfrequently in chronic my elogenous leuhenma Some nstances of localized
corucaf destruction marttling of the bones and generalized osteoporosts have
been noted (F(gs 6 and 63) VWolf found 7 patients with osteoselerosts in
Which the blood picture was that of my elogenous leuhemua

Blood Picture

The total leuhocyte count 1s extremels 1anable i chrome my elogenons
leukemia In the usual case 1t 15 several hundred thousand but not infrequently
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1t reaches 1,000,000 or more Occasionally the leul ocytes outnumber the
erythrocytes In an andividual patent the count will fluctuate within wide
Iimits 1n short periods of tme and may drop to normal values spontaneously
as a result of an infectton, or as a result of therapy Spontancous and per
sistent aleukemic phases are not infrequent so that the total leuhocy te count
15 not of great srgmificance 1n the prognosts cxeept that a sudden ncrease or
decrease 15 frequently a terminal event An unexplained Jeulocy tosis 15 the
carliest manifestatton of the disease 1n many, 1f not all of the cases

T -

4

e @
Loy X
- ﬁéﬁ

LESAWA
'?‘(‘:}l&: 5‘_"':‘@ i, i
W

v N

v Fo 3),,»’ *~
[y

! .

L - — . e

Fic ¢4 Photomicrograph of blood smear from a case of my clogenous Jevhemna show
ing a group of myeloid cells ranging m maturity from a myelocyte o a segmented neutro
phil One nucleated erythrocy te is present

In the differential count the predomimnant cell 15 of the myelod or grant
locy tic sertes All degrees of immatunity will be found (Fig 63) The more
acute and rapidhy progressive the disease the higher will be the percentage
of immature cells My cloblasts are present during acute evacerbations but
mn slowly progressing and relatrely quiescent stages they are infrequent
My elocy tes are the most charactenstic cells These may comprise from 10 t0
go per cent of the leukocy tes the higher values occurring mn the more rapudly
progressive cases Metamyelocvtes and nonsegmented polymorphonuck:r
neutrophils are also present 1n varying numbers In very chromc cases the
mature neutrophils and band neutropluls predominate on the smear but as
the disease increases acusty these gne way to more smmature forms

Neutrophilic granulocy tes predominate 1n most cases but cosinophls and
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basophils may appear in large numbers exther as mature or as immature forms
When high percentages of these cells appear the disorder has been desig
nated as costnophilic or basophilic leuhema although 1t 1s merely a varant
of ordinary m elogenous leukerma n which these cells rather than neutro-
phuls predomunate Eosinophilic mvelocs tes are encountered 1n any case of
my elogenous leuhemta and are a valnable pomt in distngushing my elogenous
leukemta from a leukemord reaction due to infection since eosmophils dis
appear from the blood stream in the presence of infecuon.

The percentage of Iymphocytes 1s decreased and but few monocy tes are
encountered Care must be tahen to disungussh 1y mphocy tes from small myve
foblasts {micromy cloblasts) and the monocy tes must be distinguished from
certam stages of the metamyelocyte The blood smear of my elogenous leu
Ierma presents an interesting and vanable picture with cells in 2l stages of
development appearing 1n the blood stream and all ty pes of granules oceur-
ning 1 their cytoplasm In the terminal stage or with the onset of an acure
exacerbation a high percentage of immature cells appears and the mature
forms of the cells disappear from the blood stream

Anemma 1s 2 constant feature of my elogenous leuhemta being muld at first
but gradually progressing to a severe grade mn the termmnal stage The color
mdex 15 normal or shghtly low and only tn the late stages of the disease do
the erythrocvtes appear unusually pale Nucleated erythrocytes are com-
monly encountered on the smear often appearng 1n showers

The platelets are sometimes increased m number n the early stage but
usually become markedly fewer as the disease progresses so that hemorrhagic
features are common Many large platelets are found n my elogenous len-
kemta These may contan unusually large dark granulatons

Aleukemic myelosis or aleuhemic ms elogenous leuhemia 15 a frequently
encountered form of the disease m which the total leukocyte count 1s nor
mal or low and immature cells are almost completely absent from the pen-
pheral blood This aleulhemic phase may be temporary or permanent bur 1s
more cornmon 1n the acute than 1n the chronic cases The chnical features and
the course are the same as 1n the leulemic type although roentgenclogic
changes 1n the bone and 1 ols ement of the skin appear to be more frequent

The bone marrow obtained by sternal puncture reveals a by percellularty
as m the acute ty pe but the cells are somew hat more mature The bone mar
row presents the same findings i both the leukemic and aleuhemic forms
Duagnosts

The diagnosss of chronic myelogenous leuhemia 15 casily made n the
ty pical case as the blood smear 1s characterisic An elevated leukocyte count
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vath vary ing numbers of immature cells or an abnormal leukocy trc reaction
to an infectton may precede the splenomegaly by many months In such
cases the diseasc must be differentiated from various types of leukemord
reactions

The aleuhemic form presents more difficulties 1n dragnosis partcularly 1
distinguwishing 1t from aplastic anemma The progresstve anemia which does
not respond to thcrapy the splenomegaly, and an occasional smmature
my eloid cell mn the pertpheral blood are the principal features Sternal punc
ture or biopsy may be necessary to establish the diagnosis

Course and Prognoss

The rapidity of the course 1s extremely varmble so that the disease may
last for months or years There are usually spontaneous remssions and 1¢
lapses The number of immature cells m the blood dtmmishes during a r¢
misston and there 1s a remarhable subjective mproyement which may last
for months Ulumately a relapse occurs and with this an accentuation of 2l
the symptoms As an acute episode develops more immature cells appear
1n the blood stream YWe have encountered many, instances in which mfection
trauma or ever the extraction of a tooth has been the factor mitiating an
acute exacerbation Such features have also been found to precede the mtual
onset of the disease

Pregnancy should be avoided by women with myclogenous leuhema
since a severe relapse may be mmtiated by this condition Most pregnancies
ternunate i premature lﬂbor but m most mstances no C‘ldCﬂCCS Of Jen
Lema have been found m infants born to a leukemic mother

The disease 15 mvariably fatal the average length of Life 15 from three to
four years Rare mstances in which the disewse has been presenc for fifteen
to twenty years have been recorded

‘Treatment
Irradiation

The most widely used and most satisfactory method of treatment 15 1
radiation There 1s o umform procedure for its use and menrgsno)oglm
differ widely on the subject of proper voltage amperage and length of ex
posure There 15 a diversity of opiron also as to the areas which should be
srradiated Some advise trertment only to the spleen Others irraduate bones
spleen and chest or use a form of spray therapy to the enure body The
spleen 15 ordmarily treated from the anterior posterior and lateral aspects
(cross fire method) with adequate filters to protect the overlyng shon
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Irradntion of the bones must be used with castion since it may affect the
erythroporetic tissues and so aggravate the anemi which 15 constantly asso
cated with the disease Irradianon of the enure body wirh only the head
nech and genital organs protected has been wsed with granfying results
This requires rather small but frequent exposures The numerous treatments
and the frequency of srradiation sichness are objections to the procedure
The results are only palliative and temporary regardiess of the method of
irracbanon Yt s doubsful if srradiation with extremely ugh voltages has anv
great advantage over that using Jower voltages

The responsc to wradiation varkes from one person to another The pa
nient should be under close observation dunng the ennire course of therapsy
and have dailv leuhocste determunations The lenkocyte count can be re
duced very rapsdly by this form ot therapy and continues to fall for several
days after therapy has been stopped Treatment should be discontinued
betore the count reaches normal as a severe leukopena may otherwise de
1velop The most rapid reduction in the leakocyte count accurs 1 those pa
uents with the lighest imnal count The higher the percentage of ynmatare
cells the more rapidly will it fall A refatnvely low minal count or an alen
fLemic state 1s not a contrundication to therapy aithough o rapid decrease to
1 near normal level from a previously igh level s an mdicanion for cessation
of trearment A sigmificant fail m the hemoglobm and erythrocyte levels
during the course of therapy 1s also an indication to stop the irradiation as
15 2 mar} ed mcrease m the basal metabolic rate or the appearance of large
numbers of nnmature cells

The best response to 1raduation 15 obtamed dunng the firse exposure and
progressively less effect 1s to be expected with subsequent therapy Fuen the
first course of treatment in some patients docs nat gue satsfacrory results
A tavorable response produces a redacnon of the leukocyte count to a pont
approaching the normal level and a reduction 1 the number of 1mmature
cells m the blood The spleen recedes m some instances a spleen which has
extended to the brim of the pelvis may shnnk beneath the costal margin
Comncident with these changes there 15 2 marked subjective 1mpros ement
and a return of strength a lowering of the metaholic rate and a gan m
weighe The duraton of the remission vanes with the acuiry of the disease
so that 1t may last for only a few weeks or may persist for vears Subsequent
therapy should be gien when the patient s sy mptoms return and should not
be governed enurely by the feulocyte count Increasing weakness progres
sive enlargement of the spleen or Inver and mcreasing metabolic rate should
be considered as mdications for further therapy aswell as a nsing leukocy te
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count Roentgen 1ay therapy produces a beneficnl resuls i 1 very hgh per
centage of the patents Companisons between 2 series of treated and un
treated patients show that this form of theripy prolongs their Ines as well
as producing a marl ed subjectrve improtement Minot Buckman, and Isazcs
found that the duration of efficient life was 3o per cent longer in treated
than in untreated patients

Irradiation 15 not indcated mn all pattents with chrome my elogenous leu
Lemia Ina few extremely chronic cases the sy mptoms are shght or negligible
m spite of rather high leukocyte counts and n such patients 1t 15 advisable
to withhold therapy unul the sy mptoms become more severe Such cases are
less commeon 1n chronic my elogenous than in chronsc Iy mphocy tic Jeuhemn

Irradiation sichness oceurs m most 1nstances 1n w hich ntensive therapy 1s
given over the spleen or Iner Irradiation of the bones 1s less apt to cause
severe illness Many measures and many drugs have been used to prevent o
lessen this sichness but none are successful

When radium has been used 1 place of roentgen ray therapy the results
have been similar but 1ts use has been largely superseded by the rocntgen
ray Radiophosphorus has been used effectnely n the treatment of chrome
myeloid leuhenua nd satisfactory remissions have been produced by this
means although repeated transfustons may be necessary because the P3+ delays
the production of erythrocytes as well as Jeul ocytes Although the radio
phosphorus may be grven orally 1t 15 usually gi en mtravenously and repeated
as frequently as necessary It 1s given in the same manner s 1n polycy therma
vera (see p 267) It does not mduce 1rradirtion sel ness but the results do not
appear to be any better than those obtamed with roentgen irradiatton

Urethane

Expenimental work has shown that ethy} pheny learbamite and 1ts dernna
tnves exert a profound effect on the mitotic ¢y cle of plant and antmal cells A
suppressive action on the growth of certan bacteria protozoa and plant and
ammal tissues has been noted and as a result the effects of these drugs have
been studied 10 patients with certamn forms of malignancies They were found
to produce a fall n the Jeuhocy te count in such patients and were therefore
used 1n the treatment of leuherma The pallative effect has been very great
n many cases although 1t 1s temporary and the patients have not been fol
lowed for a long enough period of time to evaluate the results sausfactorily
There are 1 most cases 2 fall in the leukocy te count and a reduction mn the
number and percentage of immature cells m the blood stream so that the dlf‘
ferentnl pattern approaches normal The hemoglobin level tends to rise an¢
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the spleen becomes stmller There 15 2 complete lack of response 1n some 1n
stances w hereas 1 others a dramatic 1mprosement results

In 1y mphocy tic leukemia the lymph nodes and spleen regress n size and
the leulocy te count drops but the results are apparently less satisfactory than
n my elogenous leukemia

There 1s no ndication that urethane 1s of permanent benefit i the lenhemias
nor has it been determned how long these remissions can be mamtamed The
use of this drug 15 yn a purely expenimental stage

Obhter Therapeutic Measures

The nitrogen mustards have been used 1n my elogenous leukemma but the
results are not as satisfactory as those obtained with roentgen irradration

Arsensc m the form of Fowler s solution has been successfully used both
alone and mn conjunction wich radration therapy It 15 best given con
unuously 1 small doses beginming with a small amount gradually ncreas-
g unnl evidences of tovicity appear and then dropping to the small imtial
dose for continuous adminsstration

Benol has been used but 1s dangerous and the results are not as sausfac-
tory as those obtamed by rradiation or arsenic

Thiouracil which may produce agranulocy tosts 1s of no value i the treat
ment of leukemta even when given in very large 2mounts

Transfusions of whole blood are effecuve m improving the pauents gen
eral condition and mn rebieving many of the subjective symptoms which ac
company the anemua The effect 1s transient but they may prolong life m
the termmal stage hemorrhagic manifestations may be lessened and the
relief of the subjectrne mamfestations may be stulung It 1s unwise to rou
tinely transfuse all leukemic patients 1n the termnal stage of the disease but
the judicious use of transfusion in some cases 1s advisable

The general measures for treatment include 2 high calonc and well bal
anced diet to maintamn the patient s strength and nutntional state The re
striction of the patients actnittes should be commensurate with therr symp
toms They may be as acuve as their strength permuts but should not tax their
endurance beyond reason There 1s no effectn e treatment for the accompany
ing anemia except the use of transfustons

Movocyric Lrunenna

There has been 2 great deal of confuston 1n the Literature regarding mono-
cytc leukemia Much of 1t has anisen because of the differences of opmiton
which ewist with regard to the ongin of the monocyte Recent studies sup
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port the idea that fmonacy tes represent 2 separate series of cells and that
monocy tic leul emia 15 a chinseal entity entrely separate from my elogenaus
nd lymphocy uc leukema If thus vievs 15 COFTect 1t 15 unnecessarv to separate
monocy tic leukermia into the Naegeli and Schilling ty pes as 15 occastonally
done, to mdicate that the case 1n question 1s 2 modification of my elogenous
leukemia (Nregeh type) or strictly, monocytic m ongmn (Schilling tvpe)
The terms retrculosss and reticalo endothelions have also been used sy nony
mously with monaey tic leukema

Monocy trc leuhemta 1s less frequent than esther m) elogenous or lympho-
cytic levkemia representing only about 5 per cent of all cases of leuherma
It may nceur at any age and has been reported 1 patients as young 2s 11
months and as old as 78 vears In our experience 1t has been more common
n adults during the fifth and sixth decades of Iife and 15 more frequent 1n
males than 1n females Tt occurs in acute and chronic forms and may be leu
Lemtc or alevkemnic m regard to the toral leuhocy te count In this clinc the
acute leul emic form has been by far the most common

Pathology

Extensive leukenue mfiltration of all organs particularhy of the spleen and
Iymph nodes 15 found at autopsy The predominant cell n the histologic
picture 1s the monocyte A widespread hy perplasia of monocytc cells 15
found in all connective tissue and there 15 hy perplasia of the endothelm 1
the Inner spleen 1y mph nodes and bone marrow Ms eloid hy perplasia of
the bone marrow 1s encountered 1n some cases

Clmrcal Features

The clmical prcture of monocy tic leukermia 15 sumlar to that of other types
of leukemia 1n most respects There 15 a progressive anemia with the usual
symptoms related thereto such as weakness fatigabilies  shortness of breath
and palpitation The metabolic rate 1s mereased Profuse perspirauion loss
of weight fever and tachy cardia are promunent symptoms Hemorrhagie
manitestations occur i most mstances

Swollen spongy gums are encountered more frequently mn monocy tic than
1n other forms of leukemia Another out tanding clinical feature 1s the ne
crotic ulceration which so frequently occurs n the buccal cavity and m the
pharymy The ulcers are sharply demarcated necrotic lesions which are sur
rounded by an extensn e edematous infiltrated area with Iittle or no purulcx;ll
matenial The swelling 1n these areas may be great enough to interfere wx;
breathing or with swallowing The regional Iy mph nodes mav be cv(ensl:}t]:l;
imnvolved so that a large firm indurated mass will be apparent either Wi
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the mouth and pharynx or presenting externally 1 the submruifany region
Incision of the mdurated area hberates only a small amount of serosan
gutneous materal rather than pus These lesions mav be extremely painful

Slin lestons also occur m a tugher percentage of patients with monocyne
leuterna than with the other types There may be a diffuse exanthematous
eruption with small macules and papules wiuch become shate blue i color

Fic 6, Leuhemic mfijtrauons of the shin 1n a patient with monocvtc leakerni

or the lesions may be large subcutaneous nodules which are firm, not tender
and ot a dull reddish blue color (Fig 6y} [hese may be so numerous as te
be almost conft and are especiall on the extremities Small
puscalar ke lestons may also appear Thn are usnally transient, do not con

tam pus and disappear without coming to a head \icroscopic examinauion
of the fesions shows a leuhermie mfiltranon i the deeper lavers of the shin

When 1rradiavion 1s apphed there 15 a rapid dsappearance of the lesions

Pain i the bones and yonts has been noted and transitory migraung pams
of a neunuc tvpe have been encountered m a few panents N \o ndcquatc
explanation has been found for these
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The Iy mph nodes may or my not be enlarged Palpable nodes were noted
monly 77 per cent of the collected cases according to Osgood The enlarge
ment of the nodes, when present, 15 usually of moderate degree and not as
cxtenstve 15 that encountered m Ivmphocy tic leul emi1 The spleen 15 always
found to be enlarged at autopsy, but this enlwrgement may not be sufficient
to palpate during life or to apprectably increase the area of dulness It seldom
extends more than » or 3 em below the costal margin The hver 15 usually
enlarged bue seldom excessnely A diffuse pern ascular infiltranon of the
lungs may accasionally be detected on roentgenologic exammation
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Fic 66 Photomicrograph of a blood smear from a case of monocytc leukemiz show g
our 1mmature monocytes with wregular folded nuclet

Blood Findings

A progressive anema 15 encountered which becomes extremely severe m
the terminal stage of the disease The number of platelets 15 decreased 1 the
late stages

The total leuhocy te count vartes within wide hmies In 1-3 reported cases
Osgood found that 1t ranged from 660 to 461 0co With an average of 99 600
“There were , cases with persistent leuhopenia and 6 which showed a leuko-
penia at some ume during the course On the smear the charactenstic cell
1 the monocyte which 1s found m varving stages of smmaturity (Fig 66)
Monocytes comprse a large percentage of the leul ocytes with the more
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acute cises having 1 higher percentage of immature forms Blast cells m
disunguishible from myclablasts and lymphoblasts by therr strucrural fea
tures are present m smill numbers but 1o a majonsty of the cases the most
numerous cells are those of the promonocs te stage of deselopment These
are Jarge celis with a t tulic ¢y toplasm many fine red dust~
Uike granules The nucleus 15 large and wrregular 1n shape and appears to be
lobulated The chromann network is so loose meshed that the nucleus 15
senutransparent and appears to be folded on iselt since because of the
transparency the outline of the underlying folds can be seen through the
upper layer (T1g 67) All shape and configuranons of the nuclens can be
found and nucleoh ate frequent Typical mature monocyies are hhewsse
found 1n increased numbers A few myelocytes are often encountered As
wn the other feuhermas the acute forms hate a high percentage of immature
cells in the blood stream and the chronic forms fewer immature but more
mature monoci tes In the aleuhermc phase immature cells are almost com
pletely absent and the disense 1s extremely difficult to recogmize

The sternal marrow 1 monocyuc Jeuhemia shows a hy percellulanty m
shich monoey tes and promonocy tes predommate The morphology of the
monoblast 15 so similar to that of the other ty pes of blast cells that it cannor
be disunguished with certanty and the recogmtion of the discase depends
upon the presence of the more mature forms These compnse a majonty of
the cells encountered In no form of Jeukerma 1s the duagnoss so difficult as i
aleukemic monocy tic leukemia and sterml aspurition must be relied upon for
a diagnosis 1n many instances The abnormally large number of cells of the
monocy tic sertes the presence ot many cells contaming mitouc figures and
a depression of the ery thropotenc elements are the characteristic features

Duagnosis

The diagnosis 15 based on the finding of immature monocy tes m the blood
stream and the presence of a progressive anerua Monocy tic lewhema can
usually be differentiated from myelogenous and Jymphocy tic leukemia by
examination of the blood smear but sternal aspiravion or hiopsy of a lymph
node may be necessary 1n some cases An enormously enlarged spleen favors
a duagnosis of my elogenous leukema and an extensine Iy mphadcnopath)
the fymphocytic vpe Only a moderate or sliht degree of splenomegaly
and tymphadenopathy accompames monocy tic fenkema

A leulemod reaction of the monocyuc type as a resulr of an nfection
1s wfrequent but may occur with infections of the gums espectilly with
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fi¢ 67 Camera luaida dravwinos of monocyres from cases of morocync Jenhent
‘There are five ervihrocyies for comparison 38 to size In the upper centes 15 2 four
lobed neutzophul for compsrison and below it @ mature monocy i The other seven
cells are wmmature forms of the monocytic serics showmg the folded seroguiar a0

yransparent nucler (Fowler J Lot © Clm Ued)
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Vincents angina We hne encountered two cases with an mncreased per
centage of monocytes and few smmature monocy tes m the blood stream

The course and prognosis of monocy tic leuhema are simlar to those of
other leukemuas Most of the cases which we have encountered have been
of the acute type and Osgood found the average duration of Iife i 104
cases to be five and one fourth months The longest duration was four years
It appears that there 15 a greater tendency for this form of leuherma to be
acute rather than chronic m 1ts course The disease 15 unnersally fatal

Treatment

There 15 no samsfactory form of treatment As i other acute leukemias
srradiation 15 apt to do more harm than good although irradiation to the areas
1n the mouth which are the seat of necrotic ulceration and mfiltration may
relieve the swelling and pam and gne considersble subjective rebef Thi
does not influence the course of the disease In the chromic forms irradiation
by the spray techmque should be used

‘Transfusions may be used as a supportive measure but are of only tem
porary benefit Other forms of symptomanc treatment should be used to
make the patient as comfortible as possible

CHLORONM A

Chloroma 15 a varant of acute myelogenous leuhemia which 15 charac-
terized not only by a leukemic blood picture but by the presence of mvasive
tumor Iike growths ot myeloid msue These growths wsually anse from
bones most frequently from some part of the shull but may occur m other
organs and tissues A greenssh color 1s apparent on the cur surface of the
fresh specimen and 1t 1s from this color that the name chloroma s de
rived The green color disappears upon exposure of the ussue to air although
1t may be restored by moistening the specimen with hydrogen peroude
The disease 15 more common 1n males than i females and occurs predom
tnantly un children and 3 oung adults

The blood picture of chloroma 1s that of an acute mj elogenous leukemia
Only occastonally does 1t suggest the chronic form of the disease A majority
of the cells encountered on the smear are myeloblasts and my eIOC) tes and
only a few are mature cells Ve have observed one patient in whomn Auer
bodzes (small red staining rods) were present 1 50 per cent of the cells a
majonty 1 the promy elocy tic stage without specific granulations
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The general symptoms are those of any acute form of leukemn with
weakness fever, palpitation elevated basal metabolic rate, loss of weight and
a2 progressiely downward course

The tumor Iike masses of my eloid cells have 2 specral predilection for ars
ing from the bones of the slull the sternum nbs and vertebrae and i
these Jocations produce sy mptoms by thetr pressure on various structures
Lxophthalmus 1s a common feature of the disease when the bones about the
orbit are ivolved The 1nner ear or the eighth ncrve may be affected when
the temporal bones are mvolved, deafness may result The tumors are usually
muluple and have a tendency to mvade the pertosteum and dura so that many
neurologic complications may result from crantal or yertebral lesions There
may be pam, paralysis or weahness of the cxtrermtes mcontence and
evidences of myelitis or of mvolvement of the crantal nerves Perosteal swell
ing may occur mn any bone Osteoporosts 1s 1 common feature and pathologic
fractures may occur Doel and Warthin collected . cases and found the
follow ng mncidence of bone involvement orbits 1 smuses g temporal 7
temporal fossa 8, sphenoid 3 ethmotd ., vertebra ¢ sternum 7 ribs 8 as well
as the sactum coceyx thac bones, extremities and other short bones

In addition to the mvolvement of periosteum and bone these greenish
tumors have been found i the 11dneys Iner spleen ly mph nodes ovartes
and other organs

The tistologic picture reveals an mvastve rumor mass composed of 1m
mature myeloxd cells wlich destroy the substance and structure of the bone
Although 1t affects predominantly bone and periosteum other organs miy
be studded with small greenssh colored tumors

"The course 15 that of acute leuherma Duration of Itfe 15 usually a matter
of a few weeks or months

Irradation therapy may not influence the ulumate outcome of the ds
ease but 1t does decrease the size of the tumor masses and relieves the pan
and other pressure symptoms There have been two cases of apparent Cure
followng rrradiation therapy so that intensive and prolonged therapy 15 ad
yisable even though most cases do not show such a favorable response

Prasiia CerL LLUREMIA

“There has been some question as to the evstence of plasma cell leuhemia

as a distinct clhinieal entity since the ongin of thus parucular cell 15 not well
established The general opimon has been that the plasma cell 15 a member
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of the Iy mphoey tic series and that plasma. cell leuhemia accurs ewher as 1
vamnt of lymphocytsc leuhemia or as an unosutt bloed reaction m cases
of muluple mycloma

A majority of the cases of muluple myeloma are of the plasma cell type
(plasmacytoma) In most mstances there are no sigmficant changes n the
leuhocytes of the peripheral blood Occasionally m thus disease plasma cells
are found in the penpheral blood . sufficrent numbers to suggest leahema
and this may be accompanmed by an mfiltravon of the vanous ergans

Osgood and Hunter record 2 case i which the Jevhocyte count was
24 oo with 54 per cent plasma cells No lesions of the bone were found
There was entargement of the spleen and lymph nodes and the climcal
course was more suggesise of leahemm than of multiple myeloma The
predominating lenhocyte 1 the blood stream was round or oval 1 shape
with an eccentyse nuckeus which had a coarse chromatin structure and dense
masses of chromatn at the pensphery In their opmion the ongmn of the plasma
cell 15 entrely separate from the Iymphocyte They feel that plasma celt
leukesmia should be considered as a disunct enuty  Sumslar cases have been
described but a hugh plasma cell count 1 the peripheral bloed 15 more fre
quently d wuh multple mieloma Occ ity the b 1
features suggested plasma cell Jeukerma when firse obsersed but wlumately
developed the ty preal features of Iy mphocy tie lewhemia

Whether or not plasma cell Jeuhesya consutures a clinical entiry a gen
eralized or levhemic phase of plasmocytoma or a form of lymphocy tie len
hemia cannot be defimcly scttled at the present time bur there s tnereasing
evidence that plasma celt leuhemia consurutes a ¢hmeal enury separate and
distiner from multple my eloma

Lossvopuric Levansia

Eosinophslic leukerna s a vanery of myclogenous leuhema m which
cosmaphuls and cosmophilic my clocytes are unusually prominent 1n the blood
streamn This condition may occur 1 etther the acute or the chrome form of
the disease and the sy mproms findings and course differ i no nay from
those of ordmary my elogenous Jeshemsa n which the neutrophihe stram
of cells predominates In most cases of my elogenous leukerma there 1 both
an actual and 5 relatn e increase in the number of eosinophils 1n the blood
stream Not only are phihe my elocy tes d m the peripheral
blood bur thesr number s marhedly mereased m the bone marrow Eosino
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phils 1m sarious stages of growth hasc been found 1o account for 50 10 80
per cent of the nucleated cells of the blood stream 1 some cases of mic
logenous leukerma e 1s this tvpe of case that has been termed eostnophilic
leukemma Since thus 1s merely 2 varant of my elogenous feuhenuz 1 would
seem best to avord confusion and drop the term cosinophihic leahema

The presence of eostnophilic my eloct tes 1 the blood stream 15 often of
defimte value 1 aren ing at 1 duagnoss of my elogenous leuhema Fosmophds
charactensstically disappear from the blood stream m the presence of ann
fectson so that the appearance of cosinophilic my elocy tes aids in evcluding
1 levkemond reaction due to nfection

Basopmizic (Mast Cerr) Levhesss

Certain cases of my elogenous lenkem show a great wcrease m the per
centage of basophils 1 the penipheral blood Exarnation of the bone mar
row reveals excessn e prohferation of basophihic my elocy tes These hate been
reported as examples of basophibic or mast cell feuhemm although they are
merely varants of my elogenous leukemia the onhy condiion with a0
creased number of basophils and basophibe mi elocites i the penipheral
blood stream The presence of these cells 1 an aid n dbungusshing ms clog
enous Jenhemu from leuhemotd reactions due to mfection

AMECsnarsocyTic LEUREMIA

Megaharyocy tes are occastonally found m the blood stream in pattents
with Hodghm s disease polycs themua vera and m elogenons Jeuhena In
the lotter condition they occtsionalls appear 1 taich Jrrge numbers and
have comprised s hugh as 18 per cent of the nucleated cclis Such cases hase
buen reported a+ megakaryacvtic leukemia but it 15 probable that this i
only a varant of myelogenous leuhemm

Acnousnic MYELold METALLasts OF THE SPLFEN

Agnogemie. m cloid metaplasia of che spleen 1s characterized by a progres
sue enlugement of the spleen and by the presence of immature ery throcy1es
and leukocy tes s the blood stream The prancipal symptoms are weahness
abdomnal distress and hemorrhagie tendencies The leukoctte count 18
Jaruble and may show etther 3 moderate efevatton or a shyht leahopenia
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The percenaage of band neucrophls 13 increased and a fess my elocy tes and
metamy elocy tes are found with san g numbers of nucleated ery throey tes
A moderate or severe anemsa 35 2 constant finding Jeterus may be present
but the fragility of the ery throcy tes s normal and there 1s no spherocy tosis
Esamunation of the sternal martow does not show 4 leukemia mfiltranon

Histologic exammation of the spleen shows scattered focs of hematoposests
with smmature erythrocytes leul ey tes, and megabary ocytes Sumlar foor
are encountered i the hver snd lymph nodes but there 15 not the unsform
distribution and mfiltration of smmature cells that s found m lenkemn Al-
though the bone marrows may show esther fibross hy perplasia or aplasia
us candinion 15 not supgesune of leuhemsa

The course of the disease 15 chrome The merage durasion of fe i the
reported cases was ten years after the appeatance of symptoms vith 4 of
the patients having sy mptoms for fifreen years Ic mase be distinguished from
hemoly e rcterus Banuss syndrome and m elogenous leukema

Both srradiation of the spleen and spl y are contramdicated as the
condinon becomes worse after these procedures There 5 no treatment
known to be of benefit except supportiie measures
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LYMPHOMAS

Tm: L3 M HOMAS CONPRISF A GROUI OI PATHOLOGIC AND CLINICAL ENTIIES
which arc charcterized by progressne panless enlargement of the fived
1y mphatic tissues and fatal terminzaon They are the subject of much dis
pute among both pathologusts and chimcians as to thew etiology and classt
ficaton Any classificatron which 15 adopted at the present pme or 2r)
terminology which 1s used will be subject to crueism The cltmcal mantfes
rations of the various conditions mcluded under the term lymphoma are 0
simtlar that, in the absence of speaific changes w the circulating blood, thewr
differentiation 1s frequently 1mpossible except by microscopic exammation
of a lvmph node The histolagic picture 15 usually sufficiently distincone ©©
make the sarious &y pes of the discase recognizable bur occasionally p,nhﬂ‘o
gists differ 1n therr interpretation Although we prefer to thinh of these
discases as bemng neoplastic in origin and use the term wrligrant lymphoma
1n referring to them, the passibnlity of an fectious otigra cannot be dened
The lymphomas are separited into Hodghn s disease or the sclerosing 13 p¢
of lymphoma the Iy mphocy tic tvpe the Iy mphablasuc &y pe of Iy mphosar
coma and the follicutar type

Hopgrin s Disease

nlargement

Hodghun s disease 5 2 conditton charactenized by progressive
well

of the fived }ymphatic ussues which causes sy stemic manifestations as
as pressure symptoms from the enlarged Iy mph nodes The course 15 pro-
gresstvely downward with ulumate cachexia and a fatal rermmation This
disease 15 also known as Iy mphogranul Iy mphog 1 and as
the sclerostng ty pe of 1y mphoma

Hodghms disease s widespread throughout the s orld and dogs not 3p
unduly prev alent in any ane lacahey or country or among any
lar race of people There 1 no herediary or famuhal predisposs

367

pear to be
one particy.



Lymphomas 363

non 1nd occupation plays no pare 1n us incidence Tt s primanly a disease of
early adult bfe being most common 1 the third and fourth decades No
age 15 exempt however as it has been encountered in children as well as
adults over fo years of age 1t 15 two or three times as common 1n males as 10
fermates

The cause of Hodglms disease has not been ascertamed The histologic
appearance of the mvolsed Iy mph nodes resembles an mfectous granuloma
n many respects bue the course of the disease 15 more suggestive of a neo-
plastic lesion The numerous attempts to reproduce and to transout the dis
ease have all faled g5 have attempts to demonstrate a causative orgamism
Although the disease has been thought to be an aty pical form of tuberculosts
or due to avian tuberculosis there has been no consmnaing proof of these
contenuons It has also been blamed on a diphtherord bacillus a Brucella
mfecuon and a virps infecton bur adequate proof has not been forth
coming to defintely incrumnate any of these organisms Although 2 sub
stance obtained from a node mvolved by Hodghuins disease has been found
to produce encephalius 1 expenmental anmuls subsequent 1m estigations
have shown that the same response can be obtaned with extracts from any
ussue contmning cosimophuls

Many pathologsts beleve that the histologic picture 15 more n Leeping
with a neaplastic disease than an infecnious pracess The clinteal course with
1ts mvanably fatal outcome tends to substanuate this behef Che present
consensus 10 thus country favars the neoplastic theory of ongin but this
must be left an open question at present

Pathology

The charactenstics of the involved tymph nodes vary a great deal with
the stage of the disease at which the examinanion 1s made Each node 1s round
or oval in the carly stages the surface 15 smooth there 15 no mvasion of the
capsule and no penadenttis [he consistency of the node 15 elastic and rather
soft whereas 1n the later stages it becomes firm and hard The color vanes
from grayish whute to piok The early histologic changes consist of hy per
plasia of the tymphoid eluments proliferation of the germmal centers and
dillatation of the Iy mph sinuses There 15 also proliferation of the supporting
reticufum, and with this evpansive growth the normal architecture of the
node 1s displaced the hilus pressed out and the capsule stretched In Jarer
stages the node becames sclerouc with the normal structure enurels replaced
by conneetne ussue prohiferauon The reticular networh becomes more
promumnent coarse strands of fibrous tissue appear and within the meshes



364 Henntology

of this networl are Iy mphocvtes, epithelial cells and plasma cells together
with many  eosinophils and gant cells The poly nucleated grane cells~
Dorothy Reed glant cells—form a conspicuous feature m the histologic pic
ture Ly mphoid tissue, wherever it 1s
found 1n the body, may be the seat of
these pathologic changes and nodules
have been found 1n almost every tissue
and structure of the body The spleen
1s usually enlarged on cut secuon the
pulp 1s red with many small rregular
white or yellowish masses Infarctions
of this organ are frequently encount
ered

Clinical Features

The manifestations of Hodghms
disease are so variable that it 15 impos
sible to describe any thing which might
be called a ty prcal course The sy stemic
manifestations the pressure sy mptoms
— and the symptoms arising from 1ma

Lic 68 Hodglans disease A large mass  s1on of vartous uissucs tend to produce
of cervical nodes 15 present on the nght o sy ndrome which may stmulate al

and pressure on the sympatheuc nerves
has produced Horners syndrome The —mostany disease and be referred toany

ptoss of the right Ird with a narrowmn
of the P“lgehml fissure 1s evident 1n thE part of the body
The most conspicuous feature but

photograp

by no means an nvarable manifesta
tion 15 ly mphadenopathy  This 1s usually the patient s presenting complaint
and commonly makes 1t first appearance 1n the cervical region The nodes
are small at first but gradually increase mn size and number They are
usually not tender or pamnful so that they oceasionally become quite large be
fore they are noticed by che patient In many mstances there are pertods of
spontancous regresston during which previousls enlarged nodes become
smaller or shrink to their normal size only to enlarge agam after a varable
interval They may appear first on one side of the neck and Jater spread to
the oppostte side or there may be 2 generaltzed molvement by the ume
they are first detected The nodes are smooth discrete not tender and freely
movable and the overlving shin is unmvolved In the early stage they are
firm but rather elastic 1n consistency,  As the disease progresses the adenopathy
extends along the Iy mphatic chains and the nodes become more numerous and

'

L



Lymphouns 365

larger (Fig 68) A large pyramud shaped mass of nodes frequently develops
m the cervical region with is base at the clavicle and its apex directed
upward

The avillary mgumal and femoral nodes become enlarged Their involve
ment may precede or follow the app of cervical adenopathy These
nodes have the same charactenistics as those in the certical region but usually
do not become as large Eprtrochlear nodes subclasicular nodes as well as
nodes in the most unusual locations may ultimately become palpable The
typically discrete and mosable nodes of Hodghin's disease become matted

Fic 69 Hodghms disease mvolvmg the medustnal nodes showing a smgle node of
medmm size

together and anchored only 1n the late stage of the sllness Although they are
tather soft in the early phase of the disease they later become extremely hard
In consistency Suppuraton of the glands has been observed but rarely In

volvement of the superficial nodes may be shght or absent with the greatest
enlargement beng found elsew here The mediastmal nodes may be enlarged
to varying degrees either alone or m conjunction with involvement of nodes
1n other locations (Figs 69 and 70) The abdonunal nodes erther mesenteric
or retropericoneal may become enlarged and form irregular tumor masses
The detection of enlarged abdomunal nodes 15 more difficult than of nodes
n other parts of the body so that thetr imvolvement 15 recognized less fre
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quently In certain mstances, however, the abdommnal 1y mphadenopathy 15
the most outstanding feature

The L mphadenopathy Hndgkms disease 15 not unsform Extremely
farge nodes may be presenc 1n one location while only small ones will be
found elsewhere The tonsis are mfrequently mvolved although mvoke
ment ot extranodal 1y mphoid tissute elsewhere in the body 15 not uncommon

The spleen 1s enlarged 1n practically all cases which come to necropsy
but the splenomegaly mmy be so shght as to be undetected dunng fe [he

Mo

o
by

&
i
y 4

4
¢

- «
Fic 70 Hodglins discase showng a massive mvolvement of the medrstinal nodes

organ 1s palpable m about 75 per cent of the cases but the enlargement 55
usually moderare 1n degree I xtreme grades of splenomegaly are not com
mon In some instances splenomegaly precedes the Iy mphadenopa(h} or it
may be present with only shight enlargement of other nodes Alchough such
cases have been termed the splenic type  of Hodghun s disease 1t 15 doubt
ful if the spleen 1s ever the only site of nvolvement In the abdomunal type
there s splenomegaly and sy olvement of the abdominal nodes viith absent
or mimimal myolvement m other regions

Pressure Symiptoms

Pressure from the enlarged nodes may be exerred on the neighborng
scructures with production of a wide variety of symptoms Enlarged cervical
nodes may press upon the cervical sympathetics to produce Horners svn
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drome unilateral ptosis of the upper lid enophithalmus myosts and anhidro
sis on the affected side In other instances pressure of the enfarged cervical
nodes causes severe pamn

Ixtensne imvolsement of the mediasnnal nodes 1s prone to produce alarm
mg and troublesome s\ mptoms due to pressure on the trachea and esophagus

. R

fic 71 Engorgement of the vemns in the nech and chest ss 2 result of the pressure of
enlarged mednsunal nodes 1n Hodglins disease=

aswellas on vessels and nerves Dyspnea stndor and a distressing cough may
be cansed by tracheal obstruction and dysphagia results from pressure on
the esophagus Cyano 1s and engorgement of the vemns of the nech and up-
per chest wall result from obstruction of the SUpETIOT vena cava (Flg 71)

Pressure on the recurrent lary ngeal nerve m1y cause paralysis of the 1ocal
cords and pressure on the vagus may produce tachycardia Atelectasis of a
portion of the lung with secondary infection and cavity formation may, fol
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low occlusion of a bronchus Pleural effuston may resule from venous ob
struction and n some mstances may be accompanied by ascites and edema
of the lower extrermues A chylous effusion may result from pressure on
the thoracic duet

Pressure of nodes within the abdorminal caviry may lead o vanous gastro-
ntestinal symptems such as dy spepsia, constipation, and early satety Jaun
dice may resule from pressure on the common bife duct Pressure on the
kadney and urinary tract has not been common n our experience although
pamn unnary retention, hematuna and pyura have been reported

Enlargement of the mguinal and femoral nodes may interfere wath the
venous recurn from the jow er extremities and so lead to edems

Infiltratiie Lesions

Infiltration of any organ contanung Iy mphotd ussue may occur m Hodg
Iins disease The gastromtestinal trace 3 not mfrequently okt ed with
thickerung, induration, and infileration of the walls Such 11 ol ement seldom
occurs mn the lower bowel, being more frequent n the stomach and uppes
part of the tract This mfiltravon may cause a filhng defect and a thichenng
of the wall of the stomach which suggests gastric carcioma on roentgend
logic examnation We have observed one case ta which roeatgen ray studits
fatled to reveal an infileranve lesion which could be seen through the gasto
scape Gastromtestnal sy mptoms are commen as a part of the systemt
reaction to Hodgkm s discase whereas acrual mifileration and pressure symp
toms are relatively mfrequent It cannor be assumed thar all patients with
dy speptic and digestsv e sy mptoms have actual lesions in the nzestnal tract

Infiltration of the lung has been encountered m as lugh as so per cent of
autopsted cases This 55 more frequent mn patients whom the medustnal
nades are mnvalied but 1s not a sunple compression from this enlargement
The mfiltration may be shight and nodular 1 type or there may be an exten
sive lobular mvolvement with symptoms and findings suggestive of tubercu
lous pneumonta Pleural effusion may be due o venous or Iy smphatc abstrue
tion from enlarged meduastnal nodes but actual miaston o the pleurd b
Iy mphomatous ussue ma) also cause it Hod

Bone 15 frequently imaded—m 4 per cent of one sexies of cases of Hodg
tuns disease The type of leston which resnlts 15 varmble It may be aher
destructve or proliferatne both v pes having been observed sn some p2
tsents Almost any bone may be avolved although the flar hemnmpmculc
bones are tmyaded most frequently \ ertebral im ohvement may cause c:“
tapse of the vertebra with p essure on spimal cord or nerve roots Severe p
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over the involved area 15 suggesuve of osteomyelitts in some mstances
other cases the mnvasion of bone 1s symptomless A parucularly severe grade
of myelophthisic anemia deselops when the involvement 15 extensive 1 the
shull pelvis or other hematopatetic bones

Hodgl s disease frequently involves the shin in many different ways
Intense stching 1s a very common complant It 35 frequently generalized and
unassocrated with any obvious histologrc alteration m the skin This may be
the imuial complamt preceding other evidences of the disease by 2 consider
able period of tume The sk 1s usually dry and rough with inflaimmatory
thickening from the conunued scratching In a few mstances there 15 2
diffuse mfiltration of the skin or there mav be a nodular type of mnvelve
ment with small or large tumor masses Herpes zoster 15 a frequent compls
cation

Invasion and destruction of the adrenal glands with the development of a
typical chmical picture of Addison s disease have been noted

Systenmc Mamfestations

The systemic mamfestations of Hodghins disease are varable and may
appear either before or after the 1ymph nodes become enlarged In some
instances an unexplained fever with malase profuse perspiration and loss of
weight appears before the lymphadenopathy In even more infrequent m
stances these are the only obvious mantfestations of the disease Fever and
prostratton are apt to be more severe 1 those patients i whom the spleen
and abdommnal nodes are the primary site of the disease The lymphad
enopathy 15 usually discovered before systemuc manifestations make ther
appearance Ordinanily 1t 1s only after Iy mphadenopathy has been present for
several weeks that the febnle reaction occurs Fever 1s probably present
all patients at some time 1 the course of the disease It may be continuous or
termuctent ‘The most charactersstic febrile course 1s the Pel Ebstemn ty pe
mn which there are alternatng febrile and afebrile periods The temperature
gradually mcreases frequently to 10, or 104 F and persists at this level for
one to three weeks then subsides to normal for a varuble period only to
rise agam and repeat the cycle Chills lassitude and profuse perspiration are
noted during the febnle periods

The constitutional symptoms are more severe 1 the acute rapidly pro
gresstve cases and in the terminal stage of the chronic forms The patient
may go for a long period of nme without sigmficant weght loss or there may
be a progressie loss begimming soon after the onset of the disease The basal
metabelic rate 1s usnally mereased
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Blood Findings

A moderate degree of anemia appears relatssely early m the course of mo ¢
cases of Hodghan s discase In the acure form of the disease the anesua 15 pro
gressive and parallels the course whereas m the chroatc form ut remams
stattonary or s very slowly progressne unal the termnal stage when
becomes severe A particularly severe grade of anemsa of the ms elophdusic
type develops when there 1s cajensive sy ol ement of the bones There ate
no significant changes in the ery throcy tes evcepe for shght hy pochroma at
though aceastonal nucleated ery thracy tes may be found on the smear v nen
the bone marrow 1s myvaded

The leul ocs te count may be low normal or elevared leukocy toss besng
common 1nd leul opensa rare Lenhocy te counts of .0 000 to .5 000 are not
uncommen although 10 000 to 15,000 15 the usual range The count may 1ary
greatly from day ta day wuh na apparent reason There 15 no corTelation
between the stage of the disease and the total leuhocy te covnr

The differential count 15 Wso vamable The most common Aading 1 the
late stage of the disease 15 an mcrease m the number of neutrophils These
frequently comprise from 85 to go per cent of the white blood cells An
eosmophlia 1s nfrequent but may occur n the late stage and occasionally i
astnlang feature We have encountered one case m which 85 per cent of the
leuhocytes were cosmophils The number ot monocy tes s accrstonally 1
creased to a moderate degree tn the eachier stages of the disease and a shight
ty mphocy tosts with sonte abnarmal forms bas also been encountered dunng
the period when the Iy mph nodes were rapidly enlarging

Course

The course of the disease mav be acute and rapidly progressive or Very
chronr. In a few cases the discase begms with fever and malase assocnted
with foderate Iy mphadenopathy and pursues a very rapid course with pro
gressive anemiz weahness and cachewa The enure course may Jast bur a
few months In other mstances the Iy mphadenopathy appears before the
svstemnte manifestanions, the size of the nodes mcreases slowly and che course
15 very chronic so that the diseasc has been known to go on for s long 35
fifteen v ears or more after the onser of sy mproms The late stages are char
acterized by weakness Joss of weight and cichexa and the picture is hhe
that of a malignant growth The course may be complicated ar any nime by
pressure on arious structures or organs Death mmy be dune directly to the
“The average duration of Iife after the onset of symptoms 15 trom three

four years
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Dragnosis

The diagnosss of Hodgl s disease 15 difficult or mpossible wathour his
tologie examimanon of 3 1y mph node A pn:.sumpu\c diagnosys can be made
n the p of a dl pathy \uxh the characteristic
dlscretc smooth nodes splenomegaly nnd Pel Thstemn fever, but a2 sumlar
chmucal picture mav be produced by other diseases Final proof of the dag
nosis hes m bxopsy of a node

Tut Iy mphadenopathy has £ 1y been d with Hodg

)
hins disease alrhough the ghnds have 2 greater tendency to become fused
together tosnvolie the overly g shan to syppurate and to remam more o
cahized In the absenice of these disunguishung features a biopsy may be neces
sary for differentanion

Ly mphocy tic Jeul emua the ly mphoey tie £y pe of Iy mphoma will produce
a generabized b mphadenopathy but can be recognized by the blood findings
Aleulemtc Iy mphocy te Jeuhenua causes a g lized Iy mphadenopathy 1
which the nodes are quite umform m size Thcre are 10 disunctn e chmical
features and the final snterpretation will depend on biopsy

Other ty pes of by mphoma such as the by mphoblastic iy pe and the
oy pe are so simular to Hodglan s disease that an absolute differentiation & sm
pessible wathont hustologie examunation of a ly mph node

Caremnoma of the nasophary nx may give pise to cervical ly mphadenapathy
that simulates Hodglun s disease although the nodes are very bard even when
they first make thesr appearance

Boeck s sarcosd may avohe the shin mediastmal nodes lungs and bones
and presents a picture resembhing Hodghin's discase so that the differentia
ton by clivical means s difficalt

Lupus eryth d us may lly present 3 picrure ge
sembling Hodghm s disease but Iy mphadenopathy 1s nova p! featare

Infectious mononucieows or glandolar fever may cause generahzed
lymphadenopathy It 15 accompanied by fever sore throat and usually
splenomegaly but the other sy mproms are excremely vartable The blood
smear 1s usvally disgnostic with many abnormal and degenerated ly mpho
eytes I thys femrure 15 indererminate the heterophile antbody test may
establish the diagnous

Infecuons of various v pes mav cause generahzed Iy wmphadenopathis
among the most common beng secondary syphibs  German measles
plague tuberculosis infections arthrins e children (Solls discase) or a
generalized dermotiis

fottont
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Localized tymphadenopathy 1s usually due to an mfectious process or 4
metastane mahgnant tumor m the area dramned by the myolsed nodes

Treatment

The best therapeutic results are abtamed by swradizuion therapy This may
be gien only to the obiiously mvolved Iy mph nodes or to other aress of
lymphaid tissue which are suspected of beng myohed The toral amoust
of wrradiaion as well as the amount which 15 given w1th each treatment must
be mdmdualized so that an effectne dosage will be admimstered but m
small enough doses to be well talerated The erythrocyte and lenhocyte
counts should be followed closely during the course of treatment so as to
prevent a severe anemua or leul openia from developing A dose of oo ris
commonly applied to superfictal lestons v hereas 1.00 to 1500 r may be gnen
to deep seared lesions

The response to srraditton therapy 1s frequenty dramatc Large masses
of lymph nodes may rapidly subside to normal or near normal size and
large mediastinal masses may shrimk to the pone that no evidence of enlarge
ment remams on roentgenologic examsnauon (Fig 7.) Pressure sy mptoms
rapidly subside as the size of the glands dimisshes but 1t must be borne m
mund that smmediately after therapy there may be some mncrease 1 the size
of the nodes with a remporary accentuatton of symproms This is parncu
larly important when there 1s partial cracheal occluston as m thus location
the additional swelling may cause alarming sy mptoms or even asphyws The
most rapid response to therapy 15 obtamed m the early stage of the ducease
when the glands are soft in consistency and contan many Iy mphocy tes which
are sensitiv€ 1o wradiation The response s less stoking when scleross and
scarrmg are present in the glands Progressuvely less effect is obtamed with
repeated courses of therzpy

The duration of the benehicial effect 1s varable Months or years mas
elapse before further treatment 1s necessary n some cases 0 others if )
only a matter of a few weeks Treatment should be repeated when there 3
evidence of recurrence Irradiatton will frequently control the pam asso
ciated with lesions m the bones and may cause a marked regresston of the
wfilerats ¢ lestons m che Tungs In the later stages of the dwease the mien als
betw een courses of irradiation therapy will become shorter

“The effect of srradiation on sery early localized ly mphadenopathy without
pressure Symptoms or consututional manifestatons has not been adequarel)
studied There are some w ho believe that the ulumate course of the ;ixsczsc
1s unchanged by srraduaton and thar therapy should be reserved untl pres
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sure symptoms or markedly enlarged glands are present Others feel that
wrradianon of nodes before the mvoh ement becomes generalized may stop
or marhedly retard the course of the disease even though an actual cure may
not be obtaned The latter view seems the most logical one to accept at
present The survival period 1s apparently longer in treated than in untreated
cases even though a complete cure 1s not obtained

Radwm may be used 1n place of roentgen srradiation parncularly for

Fio 7: Hodghins disease of the medustmum The figure on the left shows the size
of the mediastinal shadow before roentgen rty therapy Right the medusunum of the
same pavent after therapy
localized and superficral lesions but its use has been largely replaced by
roentgen ray therapy

Surgical removal of the affected nodes has been attempted when the dis
ease 15 1n an early and localized stage It 1s doubtful however if all the af
fected nodes can be removed so that rather than bemng cured the disease 1s
merely retarded to some extent Although apparent cures by surgical treat
ment have been reported the diagnosis in such cases 15 doubrful

Fowlers solution which has been tried in Hodghins disease has been
largely replaced by irradiation therapy It 15 sull used to some extent in con
Junction with irradration although its value 1s questtonable

General symptomatic treatment should include 2 high calonic and high
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vitamin diet Transfusions may be used to counteract the anemua as this does
not respond to other forms of therapy

Nitrogen Mustard Therapy

The mtrogen mustards tris (B-chloroethyl) amune hy drochloride and
methy 1 bis (8 chloroethy 1) amine hy drochloride des eloped as contact vess
cants during World War II were found to have 2 tovic action on cells whtch
1svery simmlar to that of roentgen rays The effect of these drugs are most pro
nounced on the hematopoietic tissues bone marrow and Iy mphoid tissue but
also are active against any raprdly growing and prohferating tissue causing
fragmentation, degeneration, loss of mitotic actrvity, and ultmately atrophy
of the ussue These drugs are still 1n an experimental stage and 1t 1s to be hoped
that more effective and less toxic compounds of this ty pe may be dev eloped
The compounds are admimistered ntravenously in a dosage of o 1 mg per
Kg of body weight with a sertes of four to six such njections being grven 2t
tuelie to twenty four hour intersals Such courses may be repeated as often
and for as long 2 period of time as the hematologic status of the patient per
muts, usually allowmg a four week mterval berween courses The matersal 15
obtaned 1n dry form i sterile tubes and 1s dissolved by injectng 10 cc of
sterle saline mto the origmal concamer and withdraw ing the amount of solu
tion required It must be admimistered within five minutes after its prepara
tion The best method of admmistration 1s by 1njection of the material 110
the rubber tubmng of an ntrasenous medication set through which fsotosic
saline 1s already runming The drug must be given with extreme caution since
1615 extremely rrricating to the shin and tissues and 15 also lable to cause throm
bosis within the vem

The tovic effects of methyl bis (ﬁ'chluroethw 1) ammne hy drochlonde ac
cording to Rhoads consist of (1) a severe local inflammatory reaction if the
material escapes 1nto the nssues at the site of mjection (-) varyng degrees of
nausea and vomiung occurring one to erght hours after the mjection and
lasting three to twenty -four hours associated with anoreva wesght loss
weakness and headaches and (3) damage to the blood forming organs The
aleerations an the perspheral blood which may result are (1) Leuhopentd
which may be moderate to severe and may persist for a month or more This
15 first a lymphopenta but 15 followed by a neutroperna (.) Normocyuc
anemma 1s not mfrequent (3) Bleeding tendencies are rare

“Che therpeutic value of mitrogen mustards according to the official state
ment, 15 (1) They are not a cure for such neoplastic discases as have been
seudied (2) The merogen mustards 1n large enough doses are mjurious t0
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many types of tissue they appear to exert thr greatest effects on rapidls
growang ussue presumably eicher normal or neoplastic (3) Thesr predomt
mnt toueologic effect 15 damage 1o normal hemoposetic function The exrent
of this :njun 15 the limnng foctor m determinng the amount that can be
given to an indn idual In some cases the hemopoetsc mjury exceeds the effect
an the tumor (4} The tumor regressions mnduced by these compounds (even
with maumum dosages) are remporary  with maximal persistence rarely ex
rending bevond seversl months {3) The effects of the mtrogen mustards are
m many respects sinslar to those of roentgen ravs It should be nored how
eier that the grewt adiantage of radsation therapy s that it can be grven
focally

Methn ! tis (8 chloroethy!) amme hy drochloride has proven to be more
effective 1 the treatment of Hodghins disease than 1n any other tipe of

I mph or neopl: In many a marked regression in the size of
the nodes has been abserved togecher with a disappearance of the constre
tioral and subjectss ¢ manf Such are temporary however

fastng for a few weeks or months at the most It has frequemthy been noted
that patents © hio hiave become resistant to roentgen ray thcmp\ may agam
respond to irradiation after one or 1 0 courses of wutrogen mustard We have
found 1t most useful i patients m whom the b mphadenopachy 15 well con
trolled by uradition therapy but who contmue to complam of weakness
fever and mght sweats

Because of the effects on the ery thropotetic elements 3n anemia ss prose to
des elop three to four weeks after 2 course of treatment and transfusions may
be necessary at this tme A subsequent spostancous mmprovement in the
ery throey te count may oceur A leuhopenta develops a5 o result of the mitro
gen mustard therapy but even though the leuhoet te count drops to a low
fevet infecnons seldom desclop and 2 spontancous inerease in the Jeuhocy te
count oceurs A thrombocy topena also oceurs and hemorrhagic tendencies
may develop The height of the snemia leuhopenia and thrombocy topenia
usually occur ebout three to four weeks after treatment

The remisssons produced by nitrogen mustard tend as with roemtgen ra\
therapy 5o become sharrer and shorter wich subsequear courses b same 1
stances the best results are obtaned with @ combinazion of or akternaung
coursey of gen mustard and wradiation The drugs at the best are pal
hauve not curatwe but do provide a means of temporarshy arresting the
progress of the disease in some cases and have produced granfying ameliora
ton of symptoms at tmes

Equally good results but of shorter duration have been obtamed 1 some
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patients With Iy mphosarcoma In this disease, as well 1s in Hodghm's disease
the best results are obtamed in the more chrontc and slow Iy progressing forms
while in those with 1 more rpud course the results are less graufying

The resules obramed with the nerogen mustards in chromc h mphatic le
| ermia are simular but less pronusing than those obtamed in Hodghun's disease
but acute b mphatic Jeukemia has fuled to respond Ay elogenous Jeuherma
pparently does not respond as well as the Iy mphocy tic ty pe but promising
results have been obtaned 1 polycy themia vera The pam of multiple my
cloma has been controlled but otherwise the mitrogen mustards have been
without value in this condition They have been used in moperable broncho
gemic carcmoma but the results are equn ocable although some patients are
apparently improved Other ty pes of mahgnancies n noperable stages have
been treated without appreerable success

Before using the mtrogen mustards one must carefully consider the panents
condition and the possibiities of benefit since the nausea yomiung and
anorexia arc occasionally severc and their use may do more harm than good 11
a seriously 1ll patient

Lyvienocyric Typr oF Lyarenonaa

The Iy mphocy tic type of lymphoma occurs n a levkemic or circulatung
form (lymphocytic leukemm) and a nonleukemte or noncirculatmg form
(aleuhemic leukemna, pseudoleukemta small cell lymphosarcoma) The
1y mphocytic type of lymphoma with leukemia has been discussed as Iy mpho
cytic leuherma

The form of lymphocytic lymphoma which 1s not accompamed by any
alterations 1n the peripheral blood presents a histologic picture i the lymph
nodes which 15 identical to that of the leukennc type There 15 no adequate
explanation as to why the leukenuc cells enter the circulation 1n one pateent
and not 1 another The normal architecture of the lymph nodes 15 rcp]aced
by small or medum sized ly mphocy tes giving the appearance of a sa¢ flled
with cells These collections of cells occur not enly m lymph nodes and
spleen but wherever Iy mphoid assue m any form is located

Lymphadenopathy 15 generalized and no group of glands 1s apt to escap®
ivolvement The nodes are soft and elastic 1n consistency and do not usually
become as hard as in the late stage of Hodgkins disease They tend to be
more untform n size and enormous masses of lymph nodes do not ordl
nanly devclop Pressure sy mptoms are less frequently encountered than 1
Hodghmn s disease although they may occur in the medizstinum
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Nane of the clnucal features are sufficently distncuve to differenuate this
from Hodgluns disease so that one must resort to bropsy 2nd lustologic
examinauon of 2 ly mph node ta establish the dizgnosis The leukemnuc vanety
18 recognized by the ch istic changes in the penpheral blood

“The course of the leuhemie and aleuhenue eypes of lymphoeyue ly mploma
are sumlar An acute rapudly progressive form may occur m children and
young adults whercas the chronic vanety 1s more frequent in later adult life
‘When 1t makes 1t5 appearance in late adult bfe the disease may be extremehy
chromc m xs course lasting for many vears and producing few chmcal
manfestations

“The results of seradiation therapy are sumilar to those obtaned i Hodg
hins disease Nitrogen mustards may be of temporary benefit 1n the chronie
forms but seem to hrve Jess effect than e Hodgkn s disease

Lyveenosrastic Tyee of Lynenova

The by mphoblastic ty pe of Iy mphoma 15 also known as Iy mphoblastoma or
large cell lymphosarcoma The pathologie picture 15 simar 1o that of the
fymphocy tie ty pe except that the cells whuch fill the lymph nodes are large
ummatuze lymphoblasts rather than mature Jymphocytes There 15 2 greater
tendency for the cells of the Iy mphoblastic ry pe of lymphoma to mvade and
penetrate the capsule of the node Simce they are more 1mmature cells the
growth and progress of the disease 15 apt 10 be more sapid

There are no charscrensiic changes in the peripheral blood stream m the
usual case although o progressne anemma oceurs wm copjunction with the
disease In a relanvely few mstances 3 leukenme blood pictare develops which
15 mdistngushable from acute 1y mphocy e leskemia

The Iymphad hy 15 aot d A final & must be made
by hstologic study of the node taken for biopsy

Roentgen therapy and the mitrogen mustards are used as in Hodghm s dis
¢ase but the course 15 rapid and the outlook poor

Foruicvrar TyPe of Lyrrnonia

The folhcular typc of iy mphoma presents 2 chascal picture sumifar to the
other Iy mph of a lymph node reveals mul
tiple nodules of vanous size which compress and distore the Iymph spaces
and smuses The nodules or follicles are round or oval bodies filled wath
tymphord cells wiich are chiefly of the large lymphoblastic type There is
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some tendency for fusion of the follicles sa that a picture simulating Iy mpho
blastic lymphoma may develop
The diagnosis rests upon microscopic examimnation of an excised node
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Chapter XIX

AGRANULOCYTOSIS

SY\O‘I\\!S GRANULOCYTOPENIA AGRANULOGYTIC ANGINA, MALIGNANT NEU
tropenta permictous leukopenia

Agranulocy tosss 1s a disease characterized by a sudden and marhed reduc-
tion sn the number of granulocy tic cells in the blood stream and usually by
ulceratnve lesions of the mucous surfaces

If agranulocy tosis 15 to be recognized as a distinct climical entity 1t must be
separated from those diseases and infections which have leukopema as one of
their mamfestations The cause of many cases of agranulocy tosis 15 unknown
so that the disease 15 subdivided 1nto two groups one 1dwopathic m origin and
the other secondary to a recogmzed causative agent By far the greatest num
ber are of the secondary type and a vast mejority of these follow the use of
certain chemicals or drugs There are a number of drugs which cause a depres
sion of all of the bone marrow elements but kracke was the first to demon
strate a selective action of small amounts of benzene on the my elocy uc cells
Madison and Squuer first called attention to the fact thar amidopy rme was the
causattve agent m a majority of the pauents having agranulocytosis It was
noted that this disease was particularly frequent in women especially those
who were in some way associated with physicians such as doctors wives
nurses technicians and others who had easy access to drug supplhes The 1n
vestigations culmmated 1n the observation that amidopy rime was frequently
used by these women for relief of headache or the patn associated with men
struation and that the agranulocy tic syndrome was prone to follow 1ts use
Confirmatory evidence of the effect of amidopy nine on the leukocy tes was
obtained by giving a small dose of the drug to patients who had recovered
from an ateack of agranulocy tosis This caused a sharp drop in the neutrophil
count Neutroperua does not occur 1n all mdrs iduals ustng amidopyrme 1t 15
necessary to presuppose a suscep(lblll[} or sensittvity to the drug n the af-
fected persons The development of agranulocytosis under these circum
stances does not preclude the possibihty that some preevisting defect 1n the
bone marrow may be present

379
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In addition to amidopyrine stself there have been numerous compounds on
the market, available to patients without a prescription from a physicran
which contan amidopy rine combined with other drugs These frequent
bear a trade name which does not suggest the presence of the offending
substance They are as dangerous as amidopy rine itself since the disease may
be produced by a very small amount of the drug 1n susceptible mdnrduals
Amldop) rine and 1ts compounds have undoubtedly been the cause of alarge
percentage of the cases of agranulocy tosis

Other drugs have been less frequently but no less definitely menyunated
1n the production of this disorder Ditrophenol, formerly used for reduc
ing body werght not only causes agranulocy tosis but leads to the develop
ment of cataracts Orgamic arsenical preparations used 1n antisy phiite ther
apy, such as arsph ve and neoarspl 1e have caused agranulocy
tosis but mapharsen has been used with safety mn patients mn whom ars
phenamme has prevtously caused agranulocy tosts Agranulocy tosis has re
sulted from the use of bismuth mn anusy philiie therapy gold salts 11 the
treatment of arthnts and tnidione

Thiouractl which 15 extensnely used in the treatment of hy perthn roidism
causes leukopema 1n 2 rather high percentige of the patients to whom 161
admimistered a neutropenia with a total leuhocy te count of from 3000 t0 4000
being not uncommon In a much smaller group of panents apparently about
1 per cent of those taking the drug a severe agranulocy tosis develops The
complication unfortunately does not alway s occur early in the course of treat
ment but may appear after the drug has been given over a period of many
weeks so that each patient must have frequent leuhocy te counts throughout
the course of treatment Propy! thiouracil 1s reported to be less apt to cause
agranulocy tosts but 1t 1s not without danger

The sulfonanmde compounds such as sulfilimide sulfapy ridine sulfa
thiazole sulfadiazine and suceiny Isulfathiazole are prone to cause agr:nuloc\
tosis This usually develops after prolonged admimstration of the drug al
though cases are reported i which the agranulocy tosis developed suddenly
soon after treatment was started VWathms found several cases 1n which 2 bar
brturate was apparently the causati e agent of agranulocy tosis but this group
of drugs are mfrequent offenders Many other drugs and chermicals are r¢
poncd to have produced agranulocy tosis 1n ssolated instances and a complete
Iist of all of these 1s impractical but 1t must be remembered that any prepar2

a ring 1 3ts ch I structure 1s potentially danger
tible ndsidunls and their leuhocy te count must be carefully

tion
ous to suscep!
watched
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Although drugs 1nd chemicals are the most common cawse of agranutocs to
sis there are many cascs m which these seem to be definuely evcluded as an
ctiologie agent The disease has been thought to be the direct result of an
overwhelmung mfection m some cases but 1t 1s more probable that the infec-
von ganed a foothold as a result of the Jowered protects e mechamsm of the
body rather than bemng the actual cause of the agranulocytosis In many
stances the white cell count has been found to be low several days before
evidences of infection deselop It appears however that many of the severe
depressions 1 the leuhocy te count follow the use of amidopy rine or 2 smlar
drug m patents whose lenhopoience ussue has already been dimaged by a
severe infection Allergic and endocrime disturbances have been sugpested as
etologic or predispoung factors but this theory has not been fully substan
nated although some features of the attack suggest an allergic reaction Ant-
bodues have not however been demonstrated 1n suscepuble ndniduals and
shin tests and scratch tests have been negame Rezniboff believes that fatigue
and AT Unp predisposing factors

Imvestigavions on the effect of pteroylgluitamic (folic) acid and urethane
and sts athed compounds on hematoporetic and embryonic tissues may lead
to a better understanding of agranulocy tosis The suggestion has been made
that 1t 15 a reaction due 1o compeution for certam essential substances or an
mterference with the enzy me sy stem of the tissues which leads to 2 dcﬁcxcnc)
of cell production The rapidity with which the agranulocy tosis develops in
some instances 1s more suggest e of cell destruction than of an rrest in ther
development although the lacter mechantsm is hughly probable n more stowly
developing cases of leulopenia

The disease is mote common n women than i men and gccurs most fre
quently in mud aduit life Most cases have been encountered dunng the fifth
decade The mcidence of the disease 1s much lower since the drugs which are
apt to cause 1t have been recognized and their use has been restricted

Pathology

The pathologic changes i the bone marrow 1 agranulocytoss are
sarble Some of the discrepancies m the findings may be explaned by the
examinations beng made at different stages of the disease and some on &if
ferences i the methads used An extreme degree of hvpoplasa of the
my efoporcuc ussues has been encountered 1n some cases n others there 1s
aplasta of afl the celivlar elements In sull other mstances the cellutanty of
the hemaroparetic marrow has been found to be essentially normal or acrually
hvperplastic with myelocytes and my cloblasts present unusually large
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numbers To explun these discrepances 1t has been suggested that there ss 2
maturation arrest which stops the growth and devclopment of the granulo-
cytes or produces degeneratne changes 1 the cells before thev migrate to
the peripheral blood stream T'hys maturation arrest occurs at the my eloblast
myelocy te stage of development Since they do not mature to the proper
stage for liberation into the blood stream the young cells accumulate
greater than normal numbers m those areas where they are being formed
Thus ty pe of hyperplastic cellular marrow 15 encountered during the early
stage of the disease and 1s found 1n those patients who die with acute ful
mmating agranulocy tosis There 15 a termmal or secondary destructine re
action with hypoplasia and decreased cellularity of the bone matrow m
those cases which are of longer duration

Necrotic ulcerations may be found on the mucous surfaces of the mouth,
esaphagus intestine or vagma These ulcers are sharply outlned and are
characterszed by 2 very shghe inflammatory reaction and an almost complete
absence of granulocy uc leukocy tes 1n the area

Clinical Features

Agranulocy tosis occurs 1n an acute and a chronic form The acute form 1s
characterized by the mamifestations of an acure fulminating infecuion The
temperature nises rapidly and s accompamed by chills headache muscle
pans malaise, and extreme prostration Nausea and vomiting or other gastro
mtestinal sy mptoms may occur An extremely sore throat is present n 2
majonity of the patients and 15 assocrated with a diffuse inflammation of the
pharynt in the early phase of the disease This progresses to ulcerative and
necrotic lesions of vary mng stze which inyolve the tonsils pharynx gums or
buccal mucous membranes and 1n some cases extend to the larynx and
esophagus The ulcers are sharply demarcated and covered by a necrotic
membrane They are extremely painful in most nstances and seriously inter
fere with or completely prevent the pattent from swallowing A firm brnwn)f
edema may be present in the surrounding tissues Gangrene and sloughing ‘;
the necrotic areas may occur The regional Iy mph nodes become enlarge
Similar ulcerations may develop on the mucous surfaces elsewhere espe
cially about the rectum vulva and vagina Soreness or aching of the gur::
has been noted n some tnstances i the early, stage of the discase before t
fever or ulceratve lestions have made their appearance The lcul\OPm;: ;:
present, however at the time these svmptoms appear The acut:miﬂzlhcr
sometimes prcceded by 2 nunor illness an Njury an operation or s i
disorder for which anudopy rine or other drugs were taken The cours
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be rapid with a persistenthy hugh fever delimum coma and death within a
few days of the onset A lugh unremutting temperature 15 of particularly
grave signif Bronct 15 a frequent complicatson and cause
of death Neither hemurrhaguc manifestations nor purpura oceur with this
disease although a shin rash 15 commonly encountered

The course 1s less severe 1n many patients the febrile reacuon bemng lower
and the lesions of the mucous membranes less promment or absent The
picture 35 sull that of an infecttous process with chills fever and prostranon
but these symptoms are less severe and the outlook 15 more hopeful than m
the acute type Fatigue and extreme weahness are promnent features in the
less fulminatng cases a fangability which s out of proportion to the nfection
whuch 15 present and which 1s difficult to explain on the basis of leukopema
alone

Splenomegaly 15 not present in acute agranulocytosis The regional ly mph
nodes may become enlarged as a result of the ulceratve lesions of the
mucous membranes but there 15 no generalized ly mphad hy  Jaund
occasionally oceurs as a result of hepaun but the Iner 15 seldom enlarged
The urine contamns albumin and casts

Hematologic Features

‘The most 1suc features of ag) 'y tosis are the marked reduc
tion 1n the total leuhocyte count and the disappearance of the granulocytes
from the blood stream These have been found to precede the acute febrile
onset of the disease by several days so that by the nme the sy mptoms become
severe the charactenstic blood picture is well established In those cases which
are secondary to amidopynne or other drugs there 1s 2 vanable interval be
tween the drug s admimstration and the appearance of the leuhopema Most
patients require only a small amount of the drug to bring about the Jeu
hopemia and the symptoms appear withm a few days In a few cases the
leukopenia develops only after prolonged admunistration of the causative
agent

The total leukacyte count 1s usually below 500 cells per cubic millimeter
and frequently 1t 15 less than 1ooo Jackson reports that nearly a third of the
cases have less than 500 white blood cells Examination of the blood smear
reveals that the reducuion 1 the total leukocy te count 15 due 1o a reduced
number of neutrophils The percentage of neutrophils may drop to 10 or 15
per cent In the very severe cases these cells are almost completely gbsent
Most of the neutrophuls which are found 1 the blood stream are old and

deg d forms although oc Ily an smmature cell may be seen
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Eosmopluls are also absent from the blood stream A vast majonty of the
cells on the smear are Iymphacytes In the carly stage of the disease and m
less severe cases the actual number of 1y mphocy tes will reman nomal so
that a relamne 1y mphocy tosis results In the late and severe stages there 152
reduction in the number of Iymphocy tes as well as neutrophuls, as must ob
viously be true when the rotal Jeu] ocyte count 1s below 1000 Tt 15 apparent,
therefore thar although the neutrophils are primanly affected in this disease
the Iy mphocy tes may also be involved The monocytes are not signuficantly
affected as 2 rule although 1t has been stated that when they are present
unusually large numbers 1t 15 o hopeful prognostic sign

When improy ement beguns the leukocyte count increases rapidly the num
ber and percentage of neutrophils rise, and there 15 2 nuclear shift to the left
signify ing che appearance of young granulocy tic cells 1n the blood stream
My elocy tes and metamy elocytes are frequently encountered at the onsec of
a remussion

There 15 no more change i the hemoglobin and ery throcy te levels than
occurs with any acute infection and anema 15 not a sigmficant part of the
picture of agranulocytosis The platelets are not affected so that hemor
thagic episodes do not appear

Sternal puncture reveals a varable preture as indicated 1 the discussion of
the pathology of the discase The variations are probably explamable on the
stage of the disease 1n which the examination 1s made and the sey erigy of the
particular case In some mstances there 1s a hy percellulaniy with many 1m
mature granulocy tic cells This may represet a Mmaturation arrest or 1t may
imdicate begmmng recovery In other cases there has been aplasia of the
granulocy tic series of cells and this 1s the common finding 1n the severe forms
of the disease Sternal aspiration 1s of greatest value i excluding "euhemic
leuhemua and aplastic anema in the differential dragnosts

Dragnosis

The diagnosis of agranulocytoss 15 based upon the characterstic hlout:
findings These may or may not be associated with necrote ulcerations od
the mucous membranes A history of having used one of the mncrimmate
drugs 15 of value in establishing the etiology of the disorder but such a h;sturfj
cannot be obtamned 1n many instances Every effort should be made to fin
che responsible agent

The disease must be differentiated from those infectious diseases which are
commonly accompansed by leukopenia and a relative lvmphocy tosis such as
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influenza, typhoid fever typhus measles and the early stage of infectious
mononucleosis It must also be differennated from those blood dyscrasias
which cause leukopenia such as pernicious anemia Banu's syndrome and
pnmary splemic neutropemia None of these causes such a profound change
1n the neutrophul count as occurs with agranulocy tosis

Greater difficulty 15 encountered in differentiating ths disorder from aleu
kemuc leukerma and aplastic anemia Aleukermic leuhernia may occasionally
produce a marhed leuhoperna and there are immature cells i the blood
stream enlargement of the spleen or lymph nodes progressie anerma and
thrombopensa It 1s rare for an acute aleukenuc leuhemm not to show some
mmmature cells m the blood stream, but 1f the diagnosts 15 1m doubt a sternal
puncture and examination of the aspirated marrow may settle the problem

In aplasic anemia which may cause difficulty 1n the differental diag
nosis the erythrocy tes and platelets are lowered as well 2 the leukocytes
Severe hemorrhagic mamfestauons are common i aplasuc anemiz and the
anemia 15 more profound

Prognosis

The mortality in agranulocy tosis formerly ranged from 70 to 85 per cent
Recognition of the causative drugs their restricted use and immedrate with
drawal together with the use of chemotherapeunic and antibiotic preparations
to curb the secondary imfection have greatly improved the outlook The mor
tality rate also appeared to be lowered by the use of pentnucleoude although
this 1s doubted by some In spire of the protectn e measures now available sris
still a dangerous disease The prognosis 15 poor if the leukocyte count 15
below 1000 and 1s worse 1n older patients than 1n y ounger ones Death occurs
as a result of infection commonly with sepsts or bronchopneumonia

When recovery ensues there 15 a nise 1n the leukocy te count with an increase
of the granulocy tes 1n the peripheral blood Varying numbers of immature
forms appear in the blood stream The increase in the leuhocy te count may
be rapid and a leuhocy tosis frequently follows commonly reaching 12 ooo
o 15000

Treatment

The first step 1n the treatment of agranulocytosis 1s to discover and re
move the ettologic agent  There are numerous propnetary preparauons for
the relief of pan which contain anudopynine or pyramidon and the Patient
should be carefully qucsuoned r:gardmg the use of any drug of this nype



386 Hematology

The offending drug or any drug which 1s closely related from a chemical
standpornt, should not be grven This holds true even though no hustory of
1ts use 15 obtaned

Since nfection 1s the greatest danger and the principal cause of desth m
agranulocy tosts cvery possible effore should be directed toward presenme
and treating infection Penierllin has been of the greatest value in this regard
and should be started immediately 1n adequate dosage and continued until the
infection has subsided or until the danger of nfection has passed It 1s gnen
m dosages of 50000 to 100 000 units every three hours or m larger amounts
if necessary The use of this anubrotic has reduced the mortality of agranulo-
cytosis ably The sulfi des may be used 1 the same manner but
their propensity for producing agranulocy tosts inuts therr usefulness m the
treatment of this condition They may be used m treating those patients 1
whom the agranulocy tosts was not produced by their use, and have on occa
sion been used 1n patients 1n whom they appe:ucd to be the causative agent
Their use 15 seldom justficd however, 1 the presence of agranulocytoss
It should be realized that pemcilin 15 used for the treatment and pres ention
of infection until the normal protectye mechanism of the body has recov
ered It has no effect on the bone marrow and 1n no way stmulates the forma
tion and development of granulocytes General supportive measures should
be used If there s difficulty 1n swallowing because of infection or necrotic
Iestons 1t will be necessary to admimister flurds pnrcnterall\ and 1n every case
a large flmd mtahe should be mantained

Transfustons are of value as a supportive measure although they have no
spectfic effect on the agranulocy tous They are best grven in relatnely small
amounts rather than as single large transfusions From .00 to 250 c¢ of blood
at daily intervals in the sersously 1l patient 15 ads 1sable

Pentnucleotide appeats to be the most benefical therapeutic agent although
some obsert ers question 1ts value and do not believe that 1t 15 of any benefit
Jachson and Tighe found that the mortality was greatly reduced by 1ts use
In our own expenence 1t has apparently been effectine Pentnucleonde 15 ad
mumstered mntramuscularly mn 10 cc doses and 1s grven four times a day untif
the leukocyte count begins to rise and then once or twice a day ual the
count has returned to normal Definite evidences of improvement wall usu
ally appear on the fourth or fifth day of its admumistration If no beneficsal
sesults are apparent by the tenth day of 1ts use 1t will not be effectne and
may be discontinued Rather alarming reactions shortness of breath or 2
sense of substernal constricuion are encountered rather frequently after its
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adnunsstration "L he necessiry for a prepiration of this tvpe has been greatly
reduced by the use of peruaithn

1 nver extract by mntramuscular injection has been ads ocated but 1t 15 doube
ful 1f 1t has any sigmficant effect Roentgen ray therapy in the form of
small doses dessgned to sumulate the bone marrow has also been used Its
apparent beneficial effect seems to be due to a hastening of the maturation of
the lenhocy tes rather than to an actual sumulation of the bone marrow It
has more of a degenerative than a sumulating effect and has been largely dis
continued Nonspecific therapy 1n the form of foreign protein mjections has
also proved to be worthless

Adenine sulfate and bone marrow estrace have been used i the treatment
of agranulocytosis but the results are equivocal Both of these preparations
should be regarded as being 1 the expenimental stage

Pteroy Iglutamic (fohc) acid has been advocated m the treatment of
agranulocy tosis but there 15 as vet no conclusive evidence of its value in this
condition fiotin and py nidoane have a similar status

Priviary Serenic NEUTROPENTA

Primary splenic neutropema 1s 1 syndrome descnbed by Wiseman and
Doan an which a profound nevtropema 1< the most outstanding feature It 15
thought to be closely allied 1o thrembopemic purpura and hemoly tic 1cterus
although the redecnion mn the number ot thrombocy tes and erythrocy tes 15
far Jess than the reduction n the number of neutrophils Hemorrhagic fea
tures do not occur and anemia when present, 15 of only moderate seventy
The course of the disease may be acute or chronic and the chnical manifesta
nons may include fever ulcerations of the oral mucous membranes chrome
mfections ab and other 1ons which reflect the pauients in
creased susceptbility to mfection Chromc ulceranons of the shin over the
shins hav e been observed

The spieen 1s enfarged and pain 1n the spleme area has been reported The
bone marrow shows myeloid hy perplasta but not of a leukemic type There
are no demonstrable evidences of Iver damage as m Banti s syndrome

fThe microscopic appearance of the spleen has been vamable Wiseman and
Doan reported evidences of increased phagocy tosis of neutrophils and eryth
focytes by the macrophages of the spleen and hyperplasia of the reticulo
endothekial elements but these patholoic features have not been found con
sistently by other obserers

The pathogenesis of this form of neutropenia has been assumed to be 2 too
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raprd removal and destruction of the neutrophuls by the spleen and this 15
borne out by the evidences of mcreased phagacy tosis wathm this organ and
the my cloid hy perplasia of the bone marrow Other obserers have hy pothe
sized that a substance formed and liberated by the spleen suppresses the de
velopment of the neutrophils 1n the bone marrow The condinon must at
the present ttme be considered as a chmcal sy ndrome rather than as 2 patho
logie entity but its recogminon 1s an mdication for splenectomy

Removal of the spleen 1 primary splentc neutropenia leads to complete
and permanent recovery from both the chnical and laboratory standpomt

Primary Splemic Panhematopenia

Doan has also reporred cases m which there 15 mdiscriminate destructon
of circulaung elements of all ty pes (erythrocytes leukocy tes, and platelets)
by the spleen There 15 a compensatory hy perplasia of all cellular elements
of the bone marrow but despite the mncreased regeneratton of cells m the
marrow they are depleted mn the peripheral blood This may occur as 2
prumary and congemtal dysfunction of the spleen and remotal of the organ
under these circumstances 1s curatne The syndrome may also occur second
ary to other ty pes of splenic disease
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rapid removal and destruction of the neutrophils by the spleen and this s
borne out by the evidences of mncreased phagocy tosis within this organ and
the my cloid hy perplasia of the bone marrow Other obsers ers have by pothe
sized that a substance formed and hberated by the spleen suppresses the de
velopment of the neutrophils 1n the bone marrow The condinon must, at
the present time, be considered as a clmical sy ndrome rather than as a patho
logic entity but 1ts recognition 1s an mdscation for splenectomy

Removal of the spleen in primary splenic neutropenna leads to complete
and permanent recovery from both the clinical and laboratory standpomt

Primary Splenic Panhematopenia

Doan has also reported cases i which there 1s mdiscrimmate destructon
of circulating elements of all types (ery throcy tes leuhocytes, and platelets)
by the spleen There 1s a compensatory hyperplasia of all cellular elements
of the bone marrow but despite the ncreased regeneration of cells i the
marrow they are depleted 1n the peripheral blood This may occur as 2
primary and congenital dysfunction of the spleen and removal of the organ
under these circumstances 35 curatine The sy ndrome mny also occur second
ary to other vy pes of splenic disease
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Chapter XX

INFECTIOUS MONONUCLEOSIS AND
INFECTIOUS LYMPHOCY TOSIS

IMEcnous \IONONUCLEOSIS 1S AN ACUTE INFECTIOUS DISEASE OF UNKNOWN
cause characterized by fever lymphadenopathy splenomegaly and the pres-
ence of many abnormal Iymphocy tes i the blood stream The term smifec-
tious mononucleosts 1s used synony mously with glanduiar fever, a name grven
to the disease by Pfeiffer mn 1889 There has been some discussion as to
whether these terms refer to the same chinical enury but the present con
sensus 1s that the diseases are 1dentical
Infectious mononucleosts 15 widespread throughout the world and occurs
m sporadic endermic and epidemic forms It 1s posstble that many of the
sporadic cases represent the more severe instances of a small eprdemic 1n
which many of the cases are so mild as to escape notice The disease 1s most
frequently d 1 children but 15 m young adults as 15
plified 1n the eprdemics enct d 1n the Army camps during World
War 1T No age 15 exempt and 10 per cent of the cases i one eprdemic were
berween 45 and 65 years of age Many cases have been reported from hospital
clinues so that the apparent incidence n young adults such as medical stu-
dents, nurses and the hospital resident staff has been unduly high Recent
reports mdicate that the disease 15 not uncommon 1t Negroes

Etiology

The cause of mfectious mononucleosts 1s unknown but evidence that it 15
aspecific virus infection has been steadily accumulating Absolute proof how
ever 1s sull laclung and atternpts to transmut the disease to laboratory amimals
and to human subjects have not been wholly successful n reproducmg all
manifestations of the disease Many different organmisms have been suspected
of bemng the cawsatns e agent and several have been 1solated from the blood
stream of patients with the disease but adequate proof has never been forth
corng to merminate definitely any one of these
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toms hue appeared Soreness of the throat appears at varying sntervals after
the premonitory sy mptoms and may be a mild discomfort or extremely pan
ful wath 4 severe inflammatory reaction of the pharynx and tonsils A patchy
or 1 diffuse membrane may be present but ulcerations are not common The
glands are enlirged out of proportion to the seventy of the pharyngeal in
volvement in most cases This feature frequently calls atrenuion to the pos
sibility of infectious mononucleosis rather than a simple pharyngits as a
dugnoss In a few cases the glandular mvohement 1 mimmal or absent
Many such cases undoubtedly escape recog] and a d of simple
plary ngitis or tonsithis remans unquesttoned Fever 15 presene thronghout
the acute phase of the sllness and may reach 104 or 105 F Although the
sevenity vanes the disease usually runs its course in two or three weeks and
spontaneously subsides Fatigue and lassitude may persist and the Iy mphad
enopathy may remain for months after the acute febnle episode has subsided

The glanduiar or Pfeiffer type of infectious mononucleosis may occur
sporadically but 15 more frequentdy epidemtc Tt 1s the ty pe most commonly
encountered n children It differs from the pharyngeal vanety in that the
throat sy mptoms are mild or absent and a generahzed Iymphadenopathy 1s
the predomunant fearare ¥nlargement of the mediastnal nodes may cause
irnitation and cough Retroperitoneal and mesenteric Ivmphadenopathy may
produce abd 1 pam and gast 1 symptoms The course of the
disease 15 simalar to that of the phary ngeal vy pe—rather acute and rapid—so
that recovery 1s usualty complete w sthin two or three weeks

The febrile type descnbed by Tidy has as its predomnant feature a
febrile course with headache maluse and generalized mwscular aching
Soreness of the throat 1s rare and glandolar enlargement 15 miumal and
does not appear until about the third weeh of iliness After several days of
rather lagh fever the temperature subsides but recurrences are common and
the course of the disease may be prolonged

Clinical Features

The accompany 1ng, table shows the frequency with which the various
symptoms and findings were d m an epd of
mononucleosts observed by Baldtde Rohner and Hansmann

Symptoms Percentage Physical Observations Percentage
Headache 70 Tever 100
Malase 70 Enlarged glands 100
Sore throat 68 Post cervical 88

Tender glands 6o Axllary 86
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Although infectious mononucleosts 15 a conragious disease the degree of
contagrousness 1s so low that quarantine and strrct 1solation of sporadic cases
are unnecessary  Some degree of segreganon 15 advisible durmg the febnle
period, however The contagiousness 1s much greater during epidernics than
with sporadic cases

Pathology

The lymph nodes removed for hustologic examination are soft and <pongy
mn consistency with the capsule distended and white The nodes appear gray
and granular on cut section and the normal architecture 1s distorted by
Iy mphord hyperplasia which compresses the smuses and distends the capsule
Some gernunal centers arc enurely replaced by lymphoid hy perplasia the
cells contaming numerous mutonc figures There are many lymphoid cells
free in the Iy mph sinuses The fibrous reticulum of the node 1s not mcreased
and there are no areas of necrosis

The bone marrow does not show the Iy mphocy tic mfiltration and replace
ment which characrenze the marrow m Iymphocy tic Jenkerma but rather 2
my eloid hy perplasiz of the type seen i other infections

Clintcal Types

The mcubanon period of infectious mononucleosss 1s apparently vanable
usually ranging from ten to fourteen days The chnical mamifestations ke
waise are extremely varable and it has been stated that it 1s second only to
sy philis 1n sts ability to mimic other conditions Several clinical ry pes are com
monly described These subdn isions are based upon the predominant mamifes
tations but there 1s a great deal of overlapping The onset may be insidiots or
acute the sporadic cases frequently having a prodromal period of several
days or a week with anorevia malasse fatigabihity and headache In other
cases the onset 1s manifest by fever chills sore throar and more severe pros
tration Vary ing degrees of enlargement of the Iy mph nodes and spleen are
usually encountered although these features may not appear until later 10 the
course of the illness

The pharyngeal type of infections moponucleosis 1s one of the most fre
quent It 15 more commeon 1n young adults than n children and tends to oc
cur sporadscally m the spring and fall rather than i epidemic form The onset
1s usually msidious and 1s charactenzed by a few days of malaise, Jassitude
headache gencralized muscle soreness and chilly scnsattons followsng whlcg
there are fever chills and mght sweats The Iy mph nodes become enlarge
and the spleen becomes palpable a few days or 2 week after the other symp-
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1s common but nausea and v omting are relatsels nfrequent Dracrhea 1s not
2 common svmptom and 15 encountered less frequently than 15 constipation

The medastinal nodes are 1m oh ed but do not berome evtremely large A
widemng of the medustinum may be derected on roentgenologic examinanon
n some instances but whereas coughing 1s a frequent symptom there 1s no
correlation betw cen the presence of cough and increased mediastmal shadow s
Pulmonary comphications occasionally anse with cough expectoration pain
i the chest and the presence of sibilant rales Roentgenclogic examination
oceastonally shows a haziness or mottling indistinguishable from that of atvp
1cal pneumonua It clears raprdly

Lymphadenopathy may appear i one area disappear as the acute mam
festanions subside and reappear 1n another area with recurrence of a febnfe
course In most nstances all of the nodes become enlarged at sbout the same
time although 1n some the 1y mphadenopathy spreads from one area to an
other The lymphadenopathy usually reg as the acute mamfestations
disappear but 1z 15 not for a shight enlarg of the nodes to
persist for months after all other chimeal mamfestations have subsided

The spleen 15 palpable 1n about 75 per cent of the patients The area of
splemc dulness 15 increased 1n many others m whom the organ 1s not large
enongh to be felt The enlargement 15 not extreme and the edge seldom
descends more than 3 or 4 cm below the costal margm In an occastonal
patient the spleen may be considerably larger It 1s frequently tender and
complamnts of a dull ache, soreness or of sharp pleunsy ke pans in the
splenic area are not infrequent The size of the spleen slowly dimuaishes as
the acute stage of the discase subsdes but splenomegaly may persist for
months after the acute attach  The fner 1 occasionally enfarged usnally to
onl) 3 shight degree slthough it may extend a handbreadth below the nght
costal margin Tt may be slightly tender

Various ty pes of skin lesions may appear duning the course of the discase
the frequency varying in different eprdemucs from 4 to 18 5 per cent In our
experience they have not been common and occurred in onfy a small per
centage of the cases They may be maculopapular urticara Iike lesions or
a generalized rubeliform eruption Petechize occasionally occur 1 the shin
and mucous membranes

There are no severe hemotrthagic mamfestations but shght epistatus and
bleeding gums are dly d H 12 may be present as a
result of acute foca) nephons but diffuse glomerutar nephritis does not oc
cur A granular conjucts s may develop duning the course of the disease
Fdema of the ey ehds 15 sometimes noted Coughing may result from inta
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Symptoms Percentage Physical Observations  Percentage
Backache 54 Subangular &
Chilliness 4 Submaxdlary 5z
Anorexia 38 Inguinal 50
Sweating 34 Epitrochlear 32
W eahness 32 Submental 10
Cough . Tender glands 76
Drzziness 26 Enlarged spleen 48
Sore bleeding gums 26 Lnlarged tonsils H
Nausea 24 ( Membranous angina 22
Suff nech 24 Enlarged Iner 16
Abdomunal pam 16 Throat injected 58
Vomting wl Perttonsillar abscess i
Photophobza 10 | Abdommnal tenderness 4
Aphthous sore mouth 10
Pleurssy 8
Loss of weight 6
Famung 6 [

Consupation 4
Duarrhea 2

Enlargement of ly mph nodes 1s the most characterisue and constant feature
of this disease Although an occasional case 15 encountered without apparent
ly mphadenopathy, this 1s rare The enlargement 15 usually generalized and
mvolves all of the superficial nodes but sometimes only those of the cervical
region will be obviously affected The cervical nodes rarely escape par
ticularly those of the antertor chan The size of the nodes will vary from
one patient to another as well as m various Jocations m the same patient They
do not reach the extremely large size of those encountered 1n Hodghins
disease Ordinanly the nodes are abour 1 cm 1n diameter with an occastonal
one, particularly beneath the mandible or m the axilla being 3 or 4 ¢m 10
dizmeter They are rather soft and rubbery mn consistency they are not
attached to the surrounding uissue so that they reman freely motvable and
they do not ivolve the overlymg shin The discomfort produced by the
glands 15 varable In many instances the patient 15 completely unaware of
their presence since there has been no pam or tenderness In other cases the
nodes are tender and cause pain and stiffness of the nech Suppuration does
not OCCUr €XCept IN rafe mstances Lymphatic dramage from certain 2reas
may be blocked which may lead to edema

1 he mesenteric nodes are seldom suffictently enlarged to be detected on
Ph)SlCﬂI evamynation but they are undoubtedly 1nvolved more frcquentl)
than 15 generally supposed Abdominal pam is a common symptom som |
ames being severe enough to simulate appendtcis or regional tleitis 3n¢
the mesenteric Iy mphadenopathy may contribute to 1ts production Anorexia
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no greater anenya than v ould be found with any scute infection The absence

of anena x5 important 1 distngmsting this disease from leukesna The blood

platelets are unaffected and although thrombop h1s o lly been
d t1sa rare phication

The total Jeukocr te count 1s vamble vsually besg trom 16 000 to 20 000

by the nme the patent consults a physician Occasionally it 15 elevaced to

50000 of o000 but this 1s unusual Leuhopenta s a frequent or perhaps 3
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constant feature of the very early stage of the disease Leukacyte counts
of 3000 to 4000 at this time are not mfrequent

A newtrophihic feukocy toss occurs eardy 1 the course of the disease but
soon gives way to a lymphocytosis Tymphocytes usually comprise 50 to
90 per cent of the white blood cells within a few days of the onset of the
disease althongh they may not become promument untid the second weeh

The abnormal lymphocyres which appear in the blood stream are the
most charactersuc hematologic feature (kig 73) These cells varv i thewr
structure and appearance bot are mature forms of the Ivmphocvtic senes
and must be differentiated from immature lymphocytes which are found
n levhemia Most of the 1ymphocytes encountered on the smear are ab
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tton caused by enlargement of mediastinal Iy mph nodes but 15 more fre
quenty due to an extension of the mflammatory process to the laryn
trachea, and bronchi

A positive Wassermann reaction 1s often encountered m infectious mono
nucleosts Tidy found this to oceur m about half of the cases the reaction
becomng posiine durmg the second week of the illness persisung for
several weeks and then becoming negative In our experience such a reac
tion has been less frequent

Jaundice occasionally occurs as a complication of ifectious mononucleosis
as a result of diffuse hepatitis which may be accomparued by an obstrucion of
the bile ducts and a derangement of Irver function The lver may be enlarged
and tender occasionally extending four or five centimeters below the costal
margmn Wechsler Rosenblum and Sills state that the clinical picture of m
fectious mononucleosts complicated by hepatitis was ndistingusshable from
the ordinary case of 1nfectious hepautis except that the rcterus cleared more
rapidly and the gastromntestinal sy mptoms were milder It 1s doubtful 1f jaun
dice results from pressure on the bile ducts by enlarged nodes as has fre
quently been suggested When hepatins occurs m conjunction with small
shotty ly mph nodes and a positrve Wassermann reaction it is extremely sug
gestive of a diagnoss of carly sy philis

Menmgitis and memingo encephalitis have been obsery ed during the course
of infectious mononucleosts although their incidence 1s extremely low Head
ache 1s 2 partcularly troublesome feature when these complications occur
and 1s assocrated with other evidences of meningeal irritation of cerebral
imvolvement such as mental confuston irriabiliey  difficulty with speech
lethargv and cranual nerve palsies The spinal flud shows an elevated cell
count rangmg from 25 to 300 cells per cubic millimeter most of which are
Lymphocy tes

Cardrac complications have been menfroned by Bernstem and by Wechsler
but are apparently uncommon Abnormal rhythms as well as § T segment
changes and low voltage of the QRS complexes mn the electrocardiogrims
were epcountered during the course of the disease but definite evidence of
permanent damage to the heart 15 laching

Hematologic Features

The most strthing features of the disease are o be found upon €
of the blood The dragnosis can be established with reasonable cer!
a2 majorsty of the pauents by this means The erychrocy tes and hemoglobin
level are not sigmificantly affected by infectious mononucleoss and there 1

xamination
ramney 1N
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normal n thewr structural charactenstics only a few normal Iy mphocytes
bemg present An occastonal abnormal 1y mphocyte may occur 1 other
diseases which are characterized by 1y mphadenopathy, but there 15 none
1 which they are so prominent and form such 1 large percentage of the
lymphocy tes in the blood stream Downey and Mchanlay divided these
abnormal Iy mphocytes into three types, emphasizing the face that they
must be recognized primanly by the inner structure of the nucleus rather
than by the size or configuration of esther the nucleus or the cell sself

The size of these abnormal Iy mphocy tes varies from a cell which is but
shghtly larger than 1 normal mature Iy mphocy te to one which approaches
or exceeds the size of a monocyte The nucleus may be round or oval but
1s frequently irregular in outline and appears to be lobulated The chromatin
is arranged mn coarser strands than 1s normal for the Iy mphacy e and forms
a netw ork contmmng 11l defined masses of ¢hromatn matersal In some eells
these blocks of chromatin are grouped at the periphery of the nucleus so
that 1ts appearance 1s suggestrve of a plasma cell In others there 1s 2 dense
rng of chromnn a short distance mside the outer margin of the nucleus
leaving the outer ring and central portion of the nucleus hightly stamed The
chromatm of some cells 1s arranged m a close network of fine strands gving
an even diffuse staning reaction which resembles that of an ymmature cell
Vacuoles and fenestration of the nucleus are frequent Osgood has placed
considerable stress on this feature 1n the diagnosis of mfectious mononu
cleosts

The nucleus of the abnormal Iy mphocyte may almost completely fill the
cell More frequently 1t 15 eccentrically placed and 15 surrounded by cyto
plasm which 13 more abundant than normal The cytoplasm stains more

Prate VIII

Abnormal types of Iy mphocy tes as encountered n the blood of
patients with mfectious mononucleosts Cells 7 to 77 are mature but
abnormal forms differing from the normal in ther cytoplasmec
granulation tacualation or depth of staiming and 1n the chromatin
structure of their nucler Cells 7_ to 74 are immature cells from a case
of acute lymphocyuc leukemia for comparison (Heck Infectious
mononucleoss In Downey s Handbaok of Hematology Pwl B

Hoeber Inc)
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deeply and 1s more basophilic than normal for the Iy mphocy te and m some
mstances approaches the deep basophulia charactensue of the plasma cell
In place of the clear hyvalne blue cyvtoplasm of the normal lvmphocyvte 1
a darker mottled and blotchy cytoplasm The cytoplasm at the perphery
of the cell frequently stans more decply than that which 1s close to the
nucleus If the nucleus 1s ndented the ¢y toplasm in the bend of the nucleus
1s particularly hight staiming
Azure granules are found m most but nor all of these abnormal cells and
the number of granules m each cell 1s usually greater than normal Many
of the granules are larger and more promment than the usual azure granules
of the hymphocyte Vacuolation of the o) toplasm 15 common some eells
have only one vacuole whereas in others the entire ¢y toplasm is studded or
there 15 a ning of vacuoles just mside the cell membrane The cells vary
greatly in their size and structure but they are mature cells Ouly occasionally
do rmmature lymphocy tes gan access to the blood stream m this disease
Although varying numbers of normal 1y mphocy tes will be present on the
smear ordinanly they form a relamnely small percentage The abnormal
lymphocyte 15 not however pathognomome of infectious mononucleosis
Monocytes are present in normal or shghtly mcreased numbers m n
fectious mononucleosis and may show an increased granulaney of therr
cytoplism This monocytosis may persist during the comvalescent period
The percentage of abnormal lymphocytes decreases after the clinical
manifestations of the disease disappear Their disappearance from the blood
stream lags behind the chmcal improvement and n many nstances they
persist for months after the other features of the disease have subsided

Hereropuite Antisopy TEsT For InFECTIOUS AMloNONUCLEOSIS

In 1932 Paul and Bunnell found that hghly diluted bload serum from
patients with infecnons mononucleosss would sgglounate and hemolyze
sheeps erythrocytes “This observation has been amply confirmed by other
mvestigators and 15 now recognized as a relable method for the serologic
diagnous of this disease A low dilution of blood serum from a majority of
normal persons 15 also capable of causing agglunnation and hemolysis of
sheeps erythrocytes ‘The agglunnms and hemolysins which produce this
teaction are known as heterophile antibodses The number of antibodies 1s
wncreased after injections of horse serum especially 1f serum sickness results
The heterophile antibodies which are present m normal serum and which
develop after mnjections of horse serum can be removed from the serum by
absorption with guinea pig hidney ussue whereas the anubodies which ap
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phocy tes in the blood stream and 4 positiv e heterophile antibody test The
chinical marufestations are extremely vanable and may simulate a great many
diseases so that numerous problems anse n the differental diagnosis

Manv cases of nfecuous mononucleoss are suggestne of lymphocytc
feukemia because of the generalized ly mphadenopathy, splenomegaly feser
prostranon and preponderance of large cells of the ymphocync senes 1n
the blood stream The differentation can be made from the blood smear
Jn most Instances, immature 1y mphocytes bemng present m those patients
with leuhemia whereas 1n nfecnous mononucleoss the tymphocytes are
farge and sbnormal but marure cells Although anemua 15 present in leukemia
i mfectious mononucleosis the hemoglobin erythrocytes and platelets are
not significantly affected The heterophule antibody test 15 also of value in
dxstmgmshlng between these diseases

Leukocyte and differennal counts are not made on many patients with
acute pharyngiis Undoubredly some of these patents have unrecognized
mfectious mononucleosss A careful differenual count should distinguish
berween the two diseases

Infectious hep may be lated 1n those of infectious mono
nucleosts whuch are ch d by fever g 1 symptoms and
yaundice Generalized Iy mphadenopathy does nat occur with mfecuous hepa
tinis and a careful exammation of the blood smear should make the differ
entianion The disease may also be confused with brucellosis

Because of the falsely positive Wassermann reaction that occasionally
oceurs duning the active stage of infectious mononucleosts the disease may
be confused with early syphilis parncularly of the imvolied glands are small
and firm The Was ermann reaction 1n infectious mononucleos:s usvally re
mains positve for two or three weeks and spontaneously becomes negame

Although the disuncuve blood picture and the heterophile anubody rest
sene to establish the diag, of nfe ! there are many
diseases which 1t may simulate under certam conditions 1n addimon to those
already mentioned st may at times resemble typhoid fever mibiany tuber
culosis septicernia influenza tularemia and Hodgluns disease When aly
domunal sy mptoms are a prominent feature appendicitis or regional ilertis
may be simulated

Course and Prognosts

The course of the disease 15 extremely varmble In 2 majority of the pa
tients 1t runs from one to three weeks with complete recovery occurnng
P ) ly In other the malaise and lassitude may persist for
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pear in the serum of patents with infectious mononucleosis are not absorbed
to the same extent by this means

In performing the heterophile antibody test varymg dilunions of the sus
pected serum are added to a 2 per cent suspension of washed sheeps eryth
rocytes and the ighest dilution which causes agglutmation of the erythro
cytes 1s noted Agglutnanion of the erythrocytes 1n a serum titer of 163
1s suggestive When 1t occurs mn a titer of 1 224 or over, 1t may be con
sidered as presumptive evidence of mfectious mononucleoss prosided the
pauent does not have serum sichness at the time the test is made This pro
cedure 15 known as the presumptrve test  If any doubt as to the diagnosss
remains the ‘ differential  test should be employed

The differential test 15 based on the fact that the heterophile antibodies
of infectious mononucl are not pletely absorbed from the serum
when 1t 15 exposed to a suspenston of guinea pig hidney tissue In performing
this test o 1 cc of the suspected serum, which has been mactivated 15 mived
with o 5 cc of a 20¥ suspension of boiled gumea pig ussue The mixture 15
centrifuged after standing for an hour The supernatant flud 15 added t0
the suspension of sheep cells 1n varying dilutions just as in the presumptive
test The gumea pig tissue remov es some of the antibodies but agglutmation
should occur 1n a tter which 1s at least one-fourth as high as that w huch
caused agglutination 1 the presumptise test 1¢, not over three fourths of
the agglunnins are removed If the presumptrve test showed agglutmation
mn 2 titer of 1 2 4 there should be agglutmnation mn the differential test 10
a titer of 1 56 or above 1if infectious mononucleosts 15 presenc If more than
90 per cent of the agglurmms are removed by absorption the diagnosis of
mnfectious monenucleosis 1s doubtful

The heterophile antibody test becomes posttrve rather early 1n the dise:
n a majonity of the patients probably from 7 to ro days after the onset
In some cases a postuve reaction will not be obtaned unul as many as 2!
days of the illness have passed The lengrth of time that these antibodies
persist 1n the blood serum varies but they are present long after the acute
mamfestations have subsided They have been found to persist for as 1on3
as 296 days (average 119) after the acute phase of the diseasc has passed
The heterophile antibody test does not become posttive m 2 small but asyet
undetermmed pumber of cases of infectious mononucleosis

ase

Dragnosts
The diagnosis of infectious mononucleosis 1s based upon the febr:
lized lymphadenopathy - spl galy appearance of abnormal lym-

1le course
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nanely mature small hmphocy tes It 1s apparently unrelated to mfectious
mononucleos:s although the Iy mphocy uc cells are predomnantly affected 1n
both diseases It ss pnmanly a disease of childhood although cases in young
2dults has e also been reported Evrdences of an upper respiratory tract mfec
tion have been common and a shin rash usually maculopapular 1 type 15
frequently present The chinical mansfestations are usually muld and of short
duration but may be entirely absent In some mnstances fever vomting and
abdominal pan have been promunent suggesting the need of surgical inter-
vention Irntability headache and pam 1n vanious parts of the body have been
described Ly phadenopathy and spl Is have been described 1n some
cases but are usually absent

A leukocy tosis with 2 preponderance of mature 1y mphocy tes 15 the out
standing hematologic feature the total leucocy te count reaching 5o coo or
over 10 some mstances with from 8o to go per cent of the cells being 1y mpho
cytes A shight cosinophuha has been reported n some cases There 15 no
anemia and no thrombocy topenia Abnormal Iy mphocy tes of the ty pe found
m nfectious mononucleosis are absent Aspiration of sternal marrow shows an
abnormally high percentage of small adult Iy mphocy tes Wwithout evidences
of a Jeukemic mfiltration of mmature forms

Although the chinical manifestations are self Iimited and of short duration
the Iy mphocy tosis of the blood and sternal marrow may persist for seseral
weeks The heterophrle antibody test 1s negatie An increased number of
mphocy tes has been found m the spinal fluid

The disease must be differentiated from lymphatic leukemia 1nfectous
mononucleoss and pertussts by the hematologic serologic and bacterrologic
methods
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several wechs after the febrle reactton has subsided The disorder may be
so muld throughout 1ts entire course that the patient has few complamts and
the disease would not be suspected 1f blood cxaminations were not made on
exposed mdividuals during an epidemic In other cases there 15 2 stormy
course with 2 Iugh fever and marked prostration

The enlarged nodes and splenomegnh usually subside within a few weeks
but occastonally persist for months or years The abnormal lymphocytes
may also persist n the blood stream for months after the acute episode
subsides

Completc and spontaneous recovery s the rule, and the disease itsclf 15
not fatal Complications are extremely rare but suppuration of the glands
and bronchopneumonia have been observed Spontaneous rupture of the
spleen during the course of the fliness his occurred m several cases Recur
rences and relpses of the disease are common The prolonged convalescent
period encountered m many instances even in the muld forms of the disease
15 a discouraging feature to many patients

Treatment

Rest m bed, adequate flurds, and other forms of symptomatic treatment
during the acute febnle period are all that 1s necessary 1n the way of therpy
1n a vast majority of patients Specnﬁc convalescent scrum has been used and
appears to shorten the febrile pertod of the disease and to produce marhed
subjective smprovement Its use 1s justified only in severe cases The serum
should be obtamned from a pauent who has recently recovered from the
disease bemng drawn one or two weeks after the fever has subsided From
50 to 300 «¢ are administered mtravenously The sulfonamide drugs have
been used but with no apparent effect on the course of the disease Roentgen
ray therapy to the Iy mph nodes 1s of no benefit

Hot or cold compresses may mitigate the soreness and pan 1n the ly mph
nodes and aspirin or codemne relieve the headache and generalized musculat
aching Blood transfustons may be grien for subjectre relief when the
course 15 protracted It 15 seldom necessary to resort to this procedure

Acute INrecTiots LanipHOCYTOSIS

Acute nfectious Iy mphocy tosis has been described by Smth and subse

uently by 2 number of others as an acute mfectious and contagious disease
characterized by an absolute Iy mphocy tosis in w hich the cells are predom!
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mantly mature small lymphocytes It 1s apparently unrelited to infectious
mononucleosis although the Iy mphoey te cells are predominantly affected in
both diseases It 35 primarily a disease of childhood although cases 1n young
adults have also been reported Evidences of an upper respiratory tract infec
tion have been common and a shin rash usually maculopapular m type, 15
frequently present The clinical mamifestations are usually mld and of short
duration but may be entirely absent In some instances fever vommng and
abdomnal pain have been promiment suggestimg the need of surgical inter
vention Irntability headache and pasm i v anows parts of the body have been
described Ly mphadenopathy and spl Iy have been described in some
cases but are usually absent

A leulocy tosis with 1 preponderance of mature 1y mphocy tes 15 the out
standing hemarologic feature the total Jeucocy te count reachmg so oo or
over i some 1nstances with from 8o to go per cent of the cells being Iy mpho
cytes A shght eosmophilia has been reported m some cases There 15 no
anema and no thrombocey topema Abnormal Iy mphocy tes of the ty pe found
m infectious mononucleosis are absent Asprration of sternal matrow shows an
abnormally high percentage of small adult ly mphocy tes without evidences
of a lenkemic infiltration of immature forms

Although the climcal mamfestanions are self hmited and of short duration
the lymphocy tosis of the blood and sternal marrow mav persist for several
weeks The heterophile antibody test 1s neganve An ancreased number of
Tvmphocy tes has been found m the spinal flmid

The disease mmst be differentiated from lymphatic leal ema mfectious

mononucleosis and pertussis by the hemartologic serologic and bacteniologic
methods
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MULTIPLE MYELOMA AND LIPOID DYSTROPHIES

MurtieLe Myerovia

Muu‘xnt MAELOMA IS A NEOPLASTIC DISEASE CHARAVCTERIZED BY AULTIPLE
fumor masses originatng in the bone marrow from one of the various types
of cells which are normally present in the hematopotetic portion of the mar
row These tumors apparently arise from any of the marrow cells and they
have been classified accordinghy The plasma cell 1y pcmplasmaqromm—has
been by far the most common but there 1s a wide diversity of opimon as to
the origm and nature of these plasma cells It 15 probable that they arse from
reticulo endothelial cells but whether or not they represent an abnormal
form of lymphocy te or an entirely separate series of cells 1s open to question
There 1s 2 growing tendency to speal of them as my eloma cells rather than
as plasma cells In 1ddition to this ty pe of my elom there have been described
myeloblastomas  ery throblastomas and Ivmphocy tomas but these are €x
tremely rare and the evstence of these litter types has been quesnoned by
some observers who feel that all are of the plasma or my eloma cell type

The disease 15 characterized by widespread lesions of the sheletal systen
with the bones contaimng hematopoietic marrow being most frequently and
most extensively mvolved Although the lesions may occur 1n any bone they
ar¢ more common 1n the shull ribs pelvis and vertebra The lesions are
usually multiple by the nime the disease 1 recogmzed and it appears to orig
inate m multple foc: rather than to spread or metastastze from one onginal
area In many instances only a single lesion 15 found on roentgenologic exam
ination, but subsequent histologic study of the bones reseals muluple and
extensie imvolvement A few cases of apparently solitary mny eloma have
been recorded

T'he disease 1s most cortmon 1 the sixth decade of hfe and males oumumber

fernales about 3 1
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Patholagy

The lestans m the banes are grayish red i colar and of gelatnous con
sistency The cortex everhving the areas of medullany mvoliement may be
exremely thin or complerely eroded sa that the tumor extends through the
peniosteum ynto the sur dmg soft tissues  Histol fly the tumor 15
found to be very cellular and composed almost entirely of one 1y pe of cell
A fine fibrous reticulum supports masses of these cells sn sarious stages of
development more smmature forms beang found i those with a high degree
of mahgnancy  As was stated above a vast majonny of these rumors are com
posed of plasma (ms eloma) cells while those composed of erythroblasts
and am cloblasts are extremely rare

The relationshep between the my eloblaste o pe of muluple ms elomn and
m clogenous leuhemia 15 mnreresung and tnguwg The predomaaung celt
and the histolagic preture within a my clablastoma are sunilar to those en
countered sn the bone marrow of leuhemic patients except that m my eloma
the Jesions are localized whereas i leuhemma there 15 generahzed 1m oh ement
of the marraw  The terrelationshup betw een solnary m eloblastoma mul-
uple my eloblastoma alenhemic ms elogenous levhema and ordinary m elo~
genous leukerma 1s not understood Smmlarhy 1115 found that muluple my eloma
of the plasma celt type may oceasianally be assecnated with she peripheral
blood picture of plasma cell leuhena

Symptematology

Pain 1s one of the most outstandsng symptoms of mulisple myeloma Ie
may be localized directly over an area of bone imohement or referred to
a nerghboring jomt 1t may be an mtense constant pam or mtermuttent in
character It 15 most frequent i the thorax and in the lower lumbar rejion
and sts onset 15 commonly attrbuted to some shight trauma "The pam s usually
aggravated by movon and exertion and 15 relicved by rest A twmor mass
may sametunes be fele ansing from bone i the panful area but this 1s rela
tinely mfrequent Occasionally there 15 extreme superficral tenderness m the
affected area but this too 15 not constantly present Mam of the fesions are
as\mp and o rams show extensive hosne msohement
regons where there has been no pan or tenderness whatsoever V4 eakness
which aceompanies the ses ere progressive anemia may be the only v mpram
Puhologic frctures partcularly of the nibs are frequent and mas be the
first indication of iliness Abnarmal bleeding usually of the nose or gums s
sometumes encountered
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A progresstve anema, presumably of my elophthisic origm s a constant
feature of multzple my eloma, although 1f discovered in the early stages of the
disease the anemta may as y et be relanvely mld Its severnity progresses asthe
erythroporetic marrow 1s displaced and anemua may be the predommnant
manifestation of the disease The leukocyte count 15 extremely variable
ranging from a disunct leuhopenta to a leukocy tosis of 100 ooo or more In
most mstances there are no sigmificant alerations 1n the differential count
although a few immature cells of the my eloid and erythrocytic seres ma)
occastonally be encountered My eloma or aty pical plasma cells gara access 0
the peripheral blood stream 1n some patients, and in rare mstances are 50
numerous as to suggest 1 diagnosis of plasma cell leukemia The presence
of these cells 1n the peripheral blood is so mfrequent that they ate rarely of
help in establishing a diagnosis although when encountered they are of
sigmficance

Sternal asprration 15 an extremelv valuable dragnosuc aid Lven thoueh
there 15 no roentgenographic evidence of iy olvement of the sternum the ma
tertal which 15 aspirated will contain the my eloma cells m a high percentage
of cases A negative resule does not exclude the possibihiey of multiple my
eloma as the bone marrow mvolsement may be irregularhy distrtbuted rather
than diffuse and repeated asprrations may be necessary The plasma cells
encountered on bone marrow smears do not have the stme appearance as 1
hustologie sections There 15 considerable variation 1 therr size and fre
quently the cell 1s very irregular in outle with one or several pseudopﬂdu
like projections of the cytoplasm The cytoplasm 15 basophilic but stuns
less deeply than m the plasma cell as seen 1n tissue sections It 15 frcqueml)
sacuolated occasionally conrams azurophilic granules and may be blotchy
or irregular m 1ts staining reaction The nucleus does not usually show the
typrcal cart wheel or clock face distribution ot chromatun but presents
2 more irregular distribution although a tendency for the chromatin to be
clumped around the peniphery of the nucleus 15 frequently obsersed The
nuclens may be centrally placed or eccentric mitouc figures are not utt
common and occasionally there may be more than one nucleus Plasma cells
do not entirely replace the normal marrow cells but usually about 5o per cent
are of the plasma cell ty pe although occasionally the percentage 1s much
higher It has been stated that a diagnosss of multple myeloma can be made
with more certamty trom the findings of sternal asprration than from the
roentgcnologlc findings

The roentgenologte appearance of the iy olved bone is varisble bu
t frequent findings are multiple circumscribed osteolytic lessons w.

¢ the
hich
mos
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Fic 74 Roentgenogram of skull showing multiple small osteolytic lesions 1 a case of
‘multiple my eloma

%
Fic 7, Roentgenogram of skull sho ving three sharply defined osteolytic lestons n a case
of multiple m eloma



408 Hematology

A progressive anemia presumably of my clophthusic origin 15 a constant
fercure of multiple my eloma, although if discos ered in the early stages of the
disease the anemja may asy et be relatn ely mild Its severity progresses as the
erythropotetic marrow 1 displaced and anemia may be the predominant
manifestation of the disease The leukocyte count 1s extremely varmble
rangmg from a distinct leuhopenn to a leukacy tosts of 100 000 or morc In
most instances there are no significant alterations m the differential count
although a few immature cells of the myeloid and ery throcy tic series may
occasionally be encountered Alyeloma or aty preal plasma cells gun access to
the peripheral blood stream 1 some patients and mn rire mnstances are so
numerous as to suggest a diagnosis of plasma cell leul emia The presence
of these cells in the pertpheral blood 1s so infrequent that they are rarely of
help 1n establishing a diagnoss although when encountered they are of
significance

Sternal asprration 15 an extremely valuable diagnostic aid Even though
there 1s no roentgenographic evidence of involvement of the sternum the m2
terial which 1s asptrated will contain the my eloma cells m a Iugh percentage
of cases A negatve result does not exclude the possibility of muluple my
elom as the bone marrow 1 olvement may be srregularly distribuzed rather
than diffuse and reperted aspirations may be necessary The plasma cells
encountered on bone marrow smears do not hat e the same appearance as m
hustologic sections There 15 considerable variation m thar size and fre
quently the cell1s very srregular i outline with one or several pseudopodia
like projections of the cy toplasm The ¢y toplasm 1s basophtlic but stuns
fess deeply than m the plasma cell as seen 1n tissue sections It 1s frequently
vacuolated occasionally contans azurophilic granules and may be blotchy
or arregular i its staining reaction The nucleus does not usually show the
typical cart wheel or clock face distributton of chromatm but presents
a more 1irregular distribution although a tendency for the chromatin to be
clumped around the periphers of the nucleus 1s frequently observed The
nucleus may be centrlly placed or eccentric mitonc figures re not un
common and occasionally there may be more than one nucleus Plasma cells
do not enurely replace the normal marrow cells but usually about so per cent
are of the plasma cell type although occastonally the percentage 15 much
hugher It has been stated that 2 dragnosis of multple my eloma can be made
with more certainty from the findings of sternal asprration than from the
roentgenologic findings

The roentgenologic appearance of the involved bone 1s varable bue the
most frequent findings are muluple crrcumscribed osteoly tic Jestons which
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Albunun and casts are found i the anne and vidences of renal msuffi
ciency ultimatels appetr in most of the patients There 15 a low ening of this
renal funiction an elesation of the nonprotem mtrogen of the blood and the
appearanee of other symptoms and findings of chrome nephntis
Duagnons

The diagnous of mulnple myeloma is based prumandy upon the presence
of osteah tic bone lesions and 2 progressive ancmis in 2 patent camplamny
of weahness and paint 1n the bones or jours Hy perprotememia high blood
calerom and Bence Jones protesnunta are of help m establishing the dugnosis
but may nor be present m the carhy stages of the disease The pathologic
cells which comprise the tumor may be present mn the matersal aspirated
by sternal puncture This procedure may gne sufficient evidence to firmh
establish the diagnosis A biopsy may be taken from an accessible Jesion of
the digrosis 15 sull i donbt

z\(uk&plc s cloma mwst be differentiated from metaseatse maligming tumars
of the bone Iy perparathy rowdism and other osteoly e &y pes of bone lesions

The dwewne 15 umformls fatal with progressive weahness cachewa and

anemur The arerage duration of hie after the onser of symptoms 15 about
two years

Treatment

Ireadiation may relieve the pun of muluple myeloma but does not ap
preciably, after sts course “The bone lestons are nor altered 1 their roentgenn
logic appearance by this reatment Transfusions ate of value for the sub
jective improvement which they bring aboue although the effects are tran
sent

Stibasmdine given i conjunction with a dict Jow n ansmal protemn 1s
reported by Snipper to rehieve the pan m most cases of muluple my eloma
This treatment checks the discase and rebeves the pam but does not care
and daes not influence the roentgenologic chnnges not alter the sternal
marrow findings except for the devel of basoph: h bodies
wsthsn the o toplasm of the my eloma cclls The dru:r 15 ghen i enoushy
somg dissoleed i 10 cc of distfled water as the first dose 100 mg as the
second dose after a two day menval and thereafter s g0 mg every other day
until a total of 4 to 5 Gm has been gnen

Solstary Myeloma

Solttary my elomnas have been reported bus these are probably anly a differ
ent phase of the same disease and the ﬁndmn of 2 single leston om Toentgeno
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may occur in any bone but are most common 1 those areas contamng
hematopoteuc marrow These osteoly tic lestons appear as sharply demar
cated areas of rarefaction which have a

punched out appearance (Figs 74 o
76) There may be generalized osteopor
osts of bone occurning exher with of
without circumscribed osteoly tic lesions
In other cases there 1s generalized motthino
of the bones A roentgenogram of the
shull should be taken 1n all patients m
whom muluple my eloma 1s suspected a5
lesions are more lthely to be visualized 10
this location than elsew here

Autoaggluunation of erythrocytes 153
strtking feature i many cases of muluple
myeloma Tt may occur to such an extent
that 1t 1nterferes with the enumeration of
erythrocytes and may cause roufeau for
mation on the blood smears Rouleau for
mation may also mterfere with ts ping and
cross matching of the blood in prepara
tion for blood transfusions Warming or
dilutng the serum wll somenimes prevest
this reaction The sedimentauon rate 18
exceedingly rapid as the erythrocyees
clamp mgelhcr mparang a granular appearance to the suspension, and settle
very quichly

Hy perproteinemia 15 found m a high percentage of patients with muluple
myeloma Values up to o Gm per 100 cc have beun recorded The 1n
creased protemn content of the blood plasma 1s due to an increase In the
globulin fraction causing a reversal of the albumm globulin ratio The
hy perprotememit 1s responsible for the mncreased sedimentation rate and
autoaggluunation The serum calcim 1s frequently increased but the serum
phosphotus and phosphatase are normal or but shghtly increxsed

Bence Jones pratemn 1s found n the urine of about 75 per cent of the
pauents It forms a white cloudy precipitate which appears when the urine
15 heated to berween 5o and 60 C and disapp at higher peratures
Bence Jones protemn has been found mn other diseases which mvolve the
bone marrow and 1s nat pathognomonic of muluple my cloma

Fi ,6 Mulople myeloma \Muluple
osteoly tic lestons 1n the bones of the
leg
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Fic 77 Roentgenogram of the shull of a child with Gauchers disease showng a large
osteolytic defect

-

Fie 78 Roentgenogeam of the shull of a child with Gauchers disease showing several
stall osteolytic lestons
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logic evammnation does not necessanly mean thae it represents a solitaey
process Masny apparenth solitary lestons ulttmately become generalired, and
sternal aspiration will frequently reveal thae what appears to be a solitary
my elom s actually multple The solitary lestons have a better prognoss i
50 far as longessty 15 concerned and some ace actually bentga tumors Lxtrs
medulliry my clomas may occasionally be encountered

Lrrotd DystropHizs or Lipom GRaNULONATOSIS

The reticulo endothelial tissues are subject to damage by a group of
diseases characterized by 2 disturbance of hipord metabohsm These Jipod
dy strophues have been subdnided into separate chimical entities which differ
slightly 1n their chinical picture and in the chemustry of the abnormal tipords
They are all mansfestations of a simular metapolic disorder The principat
finding 1 so far as the hematologic prcture 15 concerned is an anema of
my elophthisic origmn due to displacement of normal bone marrow tssue by
reticujo endothehal cells contamng abnormal merabolic substances

Gaucher’s Discase

Gaucher s disease 1s a rare familal conditton charactenized by an extreme
degree of splenomegaly chromc anemsa, and the presence of lirge * foam
cells 1n the retculo endothelial sy stem

The spleen 1s large firm and pale red in color On cut section 1t presents
a granular surface with yellow or grayish red spats Aicroscopic examing
tton reveals thae the pulp 1s almost enurely repliced by large pale cells with
small cccentric nucles The ¢y roplasm 15 abundant and fantly staming and
ont chemical analysis 15 found to contawn herasm Smular cells are encoun
tered throughout the entire resculo endothelial system they have been
called ‘foam cells because of the appearance of their cytoplasm These cells
mav be found i the materal aspirated from the stemal marrow ang also
1n that obtamed by splenic puncrure

The disease 1s farmbial 1 ineidence and chronte in 1ts course 1t begins
mfaney or childhood although the symptoms may not become mamfest
until much later 1 life The discase will pursue an especially chronie courst
when the mamfestations do not become apparent uned the second or third
decade, but the course 15 more rapid when the onset occuss wfaney The
outstanding chmeal mamfestaton 15 an caremefy enlarged spleen This n'{l
creases i size very slowly and causes 2 heavy dragging sensation im she lefe
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appear Epsstaus bleeding gums and purpura are the most frequent hem
orrhagic sy mptoms

The course of the disease 1n infants and children may be quite raptd with
progressive weakness pallor and cachexia In older children and adules
1ts progression 15 apt to be very slow with only mild fatigability accompany
g the enlarged spleen It 15 ultmately fatal

Splenectomy may be performed to relieve the discomfort caused by the
splenomegaly This may gnve considerable subjective mmprovement but 1t
does not signuficantly alter the course of the disease Deep roentgen ray
therapy has apparently caused some improvement but the results are not
stnking ‘The treatment 1s otherwase purely sy mptomatic and supportrve

Niemann Pick Disease

Niemann Pick disease 1s 2 form of hipord dystrophy which appears earlier
m Iife than Gaucher s disease Its course 15 more rapid It 15 congerutal and
familial 1n incidence and has been found predommantly m Jewish females
The spleen and liver become enlarged and there may be 1y mphadenopaths
Gastromntestnal disturbances are a promunent part of the chimeal picture
and lead to a poor nutritional state The shin becomes pale and edematous
and a brownish pigmentation appears The blood cholesterol 1s elevated 1n
some of the patients Large cells similar to those descibed in Gauchers
dhsease are present throughout the reticulo endothelial nssues and may be
found n the matenal aspirated from the sternal marrow In Niemann Pick
disease these cells grve a positive reaction for lipord and on chemical analy sis
are found to contamn a phosphatide rather than herasin

A moderate degree of anemn 1s caused by the lipoid contamning cells re
placing the hematopotetic bone marrow A leukocy tosis 15 more commonly
encountered than leukopenia The platelets may or may not be affected

The prognosts 1s hopeless and no treatment has been found to be effectrve
Niemann Prck disease 1s more rapid n course than Gauchers disease and
death usually occurs within two months of the onset of symptoms Splenec
tomy 1s of no benefit

Hand Schuller Chnstian Disease

Hand Schuller Christian disease 15 a disorder of lipord metabolism appear
ing 1n childhood frequently duning the ﬁrs( two years of life There are no
racial or farilial tend, The 1ons consist of exoph

thalmus diabetes mnsiprdus and large ycllowxsh softened areas in the skull
and other membranous bones
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upper quadrant of the abdomen Sharp pain may result from an sfarcuon
of the organ The spleen may almost fill the left side of the abdomunal caviny,
and 1t 1s surprising that 1n such cases 1t does not cavse greater difficolues
The hver becomes moderately enlarged but there 1s no apprecuble Iym
phadenopathy There 1s a shight browmsh discoloration of the sl 1 many
of the patients Yellowish wedge shaped thichenings—pigucculae—appear in
the conjunctiva on both sides of the cornea in older panents Roentgeno-
grams may show either a generalized rarefaction and thmming of the corte

Fic 79 Roentgenogram of the chest of a child with Gauchers disease showing 2 diffuse
pulmonary infiltration

of the bones or sharply demarcated osteols tic lesions (Figs 77 78) Pams
occastonally noted over the arex of bone involsement In some cases a af
fuse mnfiltrauon of the lungs has been noted which 1s suggestine of muban
tuberculosss 1n 1ts appearance (Fig 79) The blood cholesterol may be
creased but 1s usually within normal limies

The anemia 15 usually moderate n degree and the erythroctes appear
normal or but shghtly hy pochromic This anemma 1s due prmarily 10 dis
placement of the normal cellular elements of the marrow by herasmn con
tammg cells Leuhopena 1s 2 charactenstc feature of the disorder the
gmnulocw tes bemng reduced so that a relatnve 1y mphocy tosts results There
may bea reducuonm the number of plarelets so that hemorrhagic tendencies
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2 marhed reduction 1 number of enthrocytes leuhocytes and platelets
Death resulted from profuse hemorrhages 2 complration of the thrombo
enia

’ The ycllowish nodules and diffuse mfiltratne Jesions of the shan present

a sthang appearance The cholesterol and toral hpasd levels of the blood

plasma masy be eviremely fugh There are no hematologie changes m the

bemgn or focalized forms

Letterer Stwe Dusease

Letterer Stwe disease 1s 2 nonhipord retieulo endothehiosss which affects
wifants The bone lesions on reentgenologie examwauon are denuical to
those of Hand Schulter Chnstuan disease but histologic examunation shaws
heede or na Iipod nuterial present Ly mphadenopathy  splenomegahy hepat
omegaly bone defcets and cutaneous lesions are present The disease 15
usually facal

Eosmophilic Granuloma

Eosmophslic granuloma 15 a disease of cluldren and young adults sn whuh
there are single or muluple bone lesions due 10 a renculo-endotheliosss
The pathologic prcture ts similar to that of early Hand Schuller Chrstian
disease Tt s possible that this disease 1s merely one srage i the dey elopment
of a hpaid dystrophy
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There 15 extensive hy perplasia of the renculo endothelil cells and wide
spread nfiltration by large cells of this system which contan cholesterol
In many cases there 1s more extensie fibrosts in the hematoporetic portion
of the bone marrow than 1s encountered vwith other lipord dy strophies Roent
genologic exarmnation reveals areas of rarefacuon n the bones which on
histologic examination are found to be composed of degenerated cholesterol
contaming cells Txophthalmus 1s caused by lesions 1n the orbital bones and
diabetes msipidus by lesions of thus type 1n the region of the prauitary gland
There may be actual mvasion of the pwtary gland sself as well as de
formties of the sella turcica The penibronchial and pernvascular trssues of
the lung may become densely mfiltrated with the cholesterol contaimng
cells A diffuse fibrosis results which stmulates the appearance of milury w
berculosss on roentgen ray evammation This may be the most mportant of
the visceral lessons and may be the cause of death Cufancous lestons are
frequently encountered and consist of papular, pustular or hemorthagic
eruptions on a dry yellowish shin These have been shown to be due toan
mfiltrzuon of the shin by the Iipoid contaming cells The blood cholesterol
may be increased in the late stages of the disease

Headaches drowsiness and irntabihty are common sy mptoms There ma
be severe pam and tenderness over the bones of the extremities The gums
may be swollen and the teeth loosened The Iner and spleen are usually but
not always enlarged never to an extreme degree The lestons in the bones
domnate the chcal picture of this disorder The course of Hand Schuller
Christian disease 15 usualls more chronic than that of Ntemann Pick disease
but more rapid than Gaucher s disease The anemia 1s muld 1n the early stages
but becomes progressively more severe as the disease advances and may be
accompaated by leukopera wnd thrombopenia  The blood picture 15 sug
gestie of aplastic anemia when the leukocyvtes and platelets are reduced

Roentgen ray therapy to the Iner spleen and other mvolved areas par
ucularly the bone lesions has proved to be of temporary benefit but does
not alter the course of the disease

Xanthomatosts

Orange or yellowssh hpoid matenal may be deposited in localized areas
ar generally throughout all of the cells of the reuculo endothehal tissues
Thus condition 1s known as xanthoma or \anthomatosis In the generaly
form of the disorder the i olvement of the bone marrow may be eucnsug
enough to produce a severe nny elophthrsic anemia We have ::ncounrcrel
whom there was a hematologic pr ture of aplistic anema with

zed

ane p:menl n
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Chaprer XXII

HEMATOLOGY IN INFANCY AND CHILDHOOD

Smcr THE NORMAL BLOOD FINDINGS AND THE RESPONSF OF THE BLOOD TO VA
niaus diseases during infancy and early childhood differ from those of the
adult, special consideration must be given to interpretation of changes mn the
blood at this age The hematopoletic organs of the mfant are more libile
and more active than those of the adult so that there 15 2 more rapid 2nd
more 1ntense response o an mfection or other stimulus Because of thus Iy

perreactviry nucleated erythrocytes are commonly found s an mfants
blood as a marufestation of regeneration whereas a symlar sumulus i later
life would cause only shight poly chromatophia Infection or other stimulus
to leuhocy tes may result 1n the appearance of my elocy tes metamy elocy tes
and a hy perleukocy tosis 1n place of the adule reaction of 2 moderate Jeuho-
cytosis and an increase n band neutrophils Ihts hyperacenry gradually
substdes so that the hematoporenie reactions at the age of puberry are essen

tually the same as i the adult These peculranties of the hematoporetic re
sponse during childhood muse be barae 1 mund 10 order to evaluate properly
the hemarologic changes which occur

Hemoglobin

The blood hemoglobin 1s tugher at birth than ac any subscquent time, but
there 15 3 rapid decrease during the first weehs of life The amount of hemo
globin per umit of blood in nfants ss varble, and there are vanations m the
rapidiry and eveent of the subsequent decrease, the latrer being mfluenced
by emvironmental factors and differences in the methods of feeding fants
The high hemoglobin level at the ume of birth 15 a resule of the low ovygen
tenston which has presaled m utero With the begimng of respiranon the
avzlahility of oxygen 1s greater and the need for excessu e amounts of hemo-

globn disappears The blood hemoglobin level falls rapidly and there 15 3
tes and

decrease 1 the number of ery throcy tes This destruction of erythrocy
Liberapon of thewr prgment accounts for the phystologic icterus of the

newborn
30
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The blood hemoglobin at the tme of birth averages between -. and
3Gm per 100 cc of blood This decreases rapidls 50 that by the tenth week
there remain but 11 to 13 Gm per 100 cc of blood which lev el 1s mam-
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Fic 8o Showng the decrease i the b ery count, | and
blood iron dunng early mnfancy The values were obtamed from repeated analyses of
blood of seventeen infants between 10 and 160 days of age The average values at birth
are estumated the curves are drawn from the average values obtamed at the different ages
Cell volumes and hemoglobin are shown i percentage red cells m mulbons per cubic
centimeter of blood and wren m milligrams per hundred cubic centimeters Sinus blood
was used except for a few hemoglobmn determinations noted by + which were deter
mined on capllary blood (Steamns and Vichunley ] Nutrition)

taned throughout the next two vears There 1s a gradual but slow increase
after z y ears of age and the adult level 1s reached at about the sixeeenth y ear
The hemoglobin level during this period 15 subject to mmor fluctuations and
mdividual varations but 1n general follows the above course Curves showmng
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the decrease in hemoglobm red blood cells hematocrit, and blood 1ron dur
ing carly infancy were prepared by Stearns and are shown in Fgure 8o She
has shown that the blood hemoglobin 1n breast fed babies does not drop to
as low a level as 1n artificually fed infants and that the addition of iron or
iron contamng foods ads 1n g a lugher hemoglabm level The
amount of hemoglobin 1n the newborn 15 high 1n relation to the number of
erythrocy tes since the average ery throcyte 1s larger than normal There 15
no demonstrable difference in the blood values between the two sexes at
this age

Al has shown that removal of blood from the umbilical cord at the time
of birth or the early tying of the cord deprives the infant of needed hemo-
globm and erythrocy tes and causes a significantly lower hemoglobin level
and erythrocyte count duning the first weehs of Ife This procedure 15
equivalent to subjecting the infant to a severe hemorrhage and may lead to
an 1ron deficiency dunng the first year of hife The mean corpuscular hemo
globin 15 lower at the age of 8 to 10 months mn those nfants w hose umbilical
cords were clamped immediately after birth than 1n those in whom tying of
the cord was delayed

Erythrocytes

The erythrocyte count 1s high at birth and has been found to average
5,850,000 cells some observers reporting considerably hlgher values There
15 a great fluctuation durng the first days of life but the count dechines to
an average level of 39 0000 at 6 weeks and reaches the Jowest average of
3400000 at 11 weeks There 15 2 subsequent rapid increase 1n the number
of erythrocytes to about 4000000 and then a gradual jncrease to adult
levels the rise i number of erythrocy tes parallelng that of the hemoglobin
values
There 1s some vanation mn the size of the erythrocytes as observed on the
smear but the average dumeter 15 greater than mn the normal adult, bemg
from 8 5 to 9 microns The varmtions in the size of the cell disappear within
a few days and the macrocytosis soon disappears Hematocrit values have
been found to average 54 per cent at the ume of birth to decrease to 24 per
cent by the eighth week and then gradually to ncrease to between 30 and
4o per cent by the thirry seventh weck of hfe

Nucleated erythrocytes are frequently encountered i the blood of 3
newborn mfant from 1 to 2 nucleated erythrocytes per 100 leuhocytes

usually bemng present although larger numbers are not infrequent These
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are usually normoblasts but more forms may be en
countered They disappear from the blood stream within a few days

Reticulocytes are present in fairly large numbers frequently reactung
from 6 to 7 per cent at the ume of birth but they gradually decrease to
1 per cent or below by the end of six weeks

The platelets are not significantly altered as compared to adult values but
thetr number tends to be somewhat high immedtately after birth and to re
main clevated dunng the first few years of hfe

Leukocytes

The total leukocy te count 1s high at bith most obsers ers finding 1t above
15 000 per cubic millimeter of blood Occasionally 1t 15 as hugh as _, oo
Repeated counts during the first hours and days of life show moderate fluc-
tuations but m general there 1s a decline which reaches its mmmum on about
the fifth day 15 15 shown 1n the accompanying table compiled by Wollstein
Following this there 15 an increase ta around goco to 1 0oo where the count
remams duning, the first year of Lfe although there may be rather marhed
daly varnnons which appear to be independent of feedng evertion or
other exciting factors The leuhocyte count does not fall to the normal adule
level unul about the tenth year

VWuire Ceris rrom Birtet 1o Frrreew Davs

Total Total
Per Cent| Total |PerCent| Total [PerCent
Age s | T N Lymph | Mon | Mon | Eosin { Eoum

sstday 14500 | 3456 2 144 1 58 2
2nd day 13000 | 310 4 130 1 6o 2
sriday 11700 3159 7 35 2 468 4+
ath day 7360 2796 3% 3 1 94 4
sthday 7100 911 41 o o 436 6
7thd ¥ 7320 001 a1 146 365 5
8th day 8350 s 59 88 T 136
gth day 9700 4248 a4 291 3 91 3
1oth day 7520 35 4 47 75 1 215 3
11th day 9700 5141 53 582 6 o o
15tk day 9550 4585 48 o o 475 5
Aduft boaoto | 150t | otego| woto | 3106 | s00te | 110y

7000 000 350 -0

Immediately after birth there 15 an increased percentage of neutrophils
on the differential count but during the first week or two this gradually
recedes to an abnormally low level so that neutrophils may comprise only
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-0 t0 40 per cent of the white blood cells There 1s an mcrease 1 the num
ber and percentage of Iymphocytes so that they usually exceed the neutro
phuls throughout the first six y ears of ife Eosmophils and basophuls may be
unusually high at birth but decrease with the neatrophils The number of
monocy tes tends to parallel the lymphocy tes, being rather low at burth but
increasing to relatvely high percentages at abour . weeks of age

Immarure white cells are not mnfrequently encountered on the smear dur
g early infancy so that an occasional my elocy te or metamy elocy te dunng
the first few days of life 1s rather common They are seldom found after
the tenth day The percentage of band or nonfilamented neutrophuls 15 ke
wise high at birth frequently ranging from 30 to 4o per cent but decreases
to the normal adule level of 4 to 5 per cent by the end of two weeks Large
and relatively smmature ly mphocytes are also more common in nfants blood
than m adults

Parsorocic Brooo Prcrures v InFancy anp CriLpHooD

These physiologic vanations m the hemoglobmn erythrocytes and leuho-
cytes must be taken mnto constderation when mterpreting the blood picture
of mfants and children Likewsse the hyperreaction of the hematopolenc
systerm to varous stmuli must be borne m mind as the blood picture 12 2
child may be constderably different from that encountered mn an adule w1th
a stmilar disease A roentgenologic examination of the skeletal system espe
crally the shull s often a particularly valuable ard mn the diagnosis of hemato
logic disease n children Under the demand for excessive blood formation 1n
children as in the hemoly tic anemuas there 1s an expansion of the bone mar
row with absorption of the trabeculae of the marrow and a thinning of the
cortex Perpendicular spicules of bone radrating outward from the periosteum
have also been encountered This overgrowth of the marrow 15 pamcularl\
striking 1 Cooley s (Mediterrancan) anema and the detals of the bone
changes are described m more detail n Chapter \IIT Stmular changes are en
countered m other forms of hemolytic anemia which have therr onset 1t
infancy The lipoid dystrophies which appear in childhood produce wypical
osseous defects and osteosclerosts with 1ts thickeng of the cortex and re
duction of the medullary space also makes its appearance at this 1g¢ Both
of these conditions may produce a seiere anemm Bone changes may be cvt

n with my elogenous levhemia whereas such roencgenologic

dent m childre oLe.

features are not commeon in the adult with this disease These hav
discussed m Chapters \ and NI respectny ely
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Anemuas
The anemias of infancy and childhood have been discussed m the ap-
propnate sections on anemta but certain features mav be re emphasized at
this point Anemia 1 the newborn nfant 15 seldom encountered etcept n
rare cases of congemal hy poplastic anerma and en throblastosis In the Jat-
ter condition there are extremely farge numbers of nucleated erythrocvees
mn the blood stream together with a marked degree of pol chromatophula
and diffuse basoptulia This response 1s similar to but much more ntense
than thar of an adult wath severe and rapid hemolvsis of the envthrocytes
Other forms of the hemolvtic anermuas which are discussed m Chapter \11I
may appear in early clildhood These include familial hemolyue scterus,
sichle cell anemm, Lederers anemua, and Coolev s anerma The essential
features are the same as m 2dults excepr for 2 more mntense reaction 1n
fancy Nucleated envthrocytes are frequenthy found w an mfant’s bload
when only poly chromasia or z renculocytosss w ould be noted n the adult
and the polychromasia which develops in the nfant 15 even more marked
than 1n the adult Such poly chromasta 15 apt to be a stnhing feature in any
ty pe of mfantle anemia except the aplasnc tv pe \ucleated ery throcytes mav
appear 1 apprecuble numbers in response to any rather mild grade of anemia
1 which there 15 compensatory regeneration of eny throcy tes The hemolytc
anemuas are characterized by a2 leuhocy tosis which 15 parneularly stnhng
when the disease occurs in infants Immature cells appear i the penpheral
blood so that my elocy res meramy elocytes, and band neutrophuls may be
numerous Ths leukocy tic Tesponse o an anerm, pamculaﬂ\ the hemolyne
tipe has led to the erroncous use of pseudolevhemi™ n describing the
disease
Megaloblastic anenna Although true Addisoman pernicious anemia does
not occur tn childhood there 1s 2 somew hat sumlar & pe of anemia in chuldren
from one to eighteen months of age the pathogenesis of which has not as v et
been determined This 15 charactenzed usually by 2 macrocvtosis but with 2
wide vanation 1 the diameter of the ervthrocstes and by the presence of
some nucleared er throcy tes 1t tends to be normochromie rather than hy per-
chromic There 15 a reduction n the leuhocs te count with hy pecsegmented
neutrophils and guant metam efoc tes m the penpheral blood The platelets
are reduced and this 15 often associated with hemorrhagic tendencies and
purpura. The bone marrow 15 similar or sdentical to that found i permcious
anemia witha megaloblastic reaction and mamy abnormal v oung granulocy tes
An achlorhy dria 15 commonhy present but does not persist after the anemia
o cured Sple 15 iy but not Iv present A histony
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ofa preceding episode of v omiting anorexia fever, and upper respiratory 1
fection 1s commonly obtamed The nutniional hustory, res eals madequacies in

mumstration of folic acid from 5 to omg per day, with a reticulocyte
Increase, a reversion of the bone marrow to normal and a steady rise in the
hemoglobm and erythrocy te levels No relapses have been obseryed

Aplastic anemun s not comnon 1n childhood and only rare cases of con
genital hy poplastic anemia are encountered Most of the cases n which the
blood preture 15 suggestive of aplastic anemia eventually turn out to be
leukemsa 1n an aleukemic phase, a disease which 15 not infrequent in child
hood and must be considered i the differential diagnosis of all unexplaned
progressive anemias Examination of the sternal marrow should be done
all such cases as the leul emic mifiltration 15 diagnostic

{ron deficiency anemnis (Chapter T\) are not present at barth but tend
to dev elop duning the first vear of life commonly after the fourth month
Even when the mother has a severe grade of Iy pochromic anemia the nfant
sl have a normal amount of hemoglobin at birth although there 13 2 greater
tendency for this mfant to dey elop a hy pochromic 2nemia during the first
vear of Iite than for a child born of 2 normal mother

The anenua of prematurity 1 primarily an iron defictency anemta and 15
described more fully under thar heading It 15 not present at busth but de
velops during the first year of ife when the demand for rron by the rapudly
growing child 1s particularly great Since the iron stores of the body have
not been adequately filled before birth the avatlable iron 1s soon utilized and
ty preal hypochromic anenua develops It 1s aggravated bv an madequate iron
intake and can be corrected by the addition of 2 stmple 1ron sale to the childs
feeding The blood volume of such infants 1s less than normal at the tme
of burth so that the source of matertal for new blood formation the products
of blood destruction, 1s not adequate to meet the needs of the rapdly growng
mfant It has been suggested but not proven that the hematopotetic sy stem
of these mnfants 15 not fully deseloped and that this may comtnbute to the
uemia

Even though the 1ron stores of an nfant are adequately filled at the time
of birth they may become depleted during the period of rapid growth if not
adequately replemshed by the diet Nutrstronal anenna of infants may oceur
1f the child 1s kept on 2 diet composed exclusively of cow s milk for too long
a period or if supplemental foods are not added to the diet at the proper ume
A careful dietary listory should always be obtained from the parents 1n any



Hematology m Infancy and CFildhood 7

case of unexplamed anemus i childhood An zdequate diet may quickly
correct 2 severe anemia which has developed on this basis.

Celtac disease may interfere with the absorption of 1ron from the wmtesunal
tract and so lead to a typical hy pochromic anemia A macrocyuc hy per-
chrome anemsa 1s found m other instances of celiac disease, especially when
the disease 15 of long standing 1t 1s thought that thus tvpe of anemu 1s due to
fauln sbsorption of the maturation factor It can be corrected by the
adminsstration of autolyzed veast from - to 4 Gm per day

Gos* s il anerma 15 3 macrocvtic anemn encountered prmanhy n Ger
many and Irah and appears to be a form of nutnuonal anema Tess rare m thus
country Tt oceurs in mfants fed exclusively on goat s mulk and may be cured
by Iner extract veast, or an adequate dier

Congen tal Lypoplastsc anerma resembles aplasne anemta n the adult but
1s present at buth It 15 2 rare disease and responds only 1o repeated blood
wansfusions.

Von Jaksch s arerrsa s an ll-defined disease charactenzed by severe anemu
mn childhood associated with a marked elevauon 1n the leukocyte count and
the presence of smmarure granulocytes m the blood stream The latter fea
rure has led to the use of the term mfmnle psendolenkerna This disorder
probably represents a severe anemia 1n earh chidldhood which results from
mfection or from hemolvsis of the ervthrocvtes and 15 accompaned by a
hvperreacovin of the bone marrow with a resulrant hugh leuhocyte count

As pomted ot 1 Chapter \IIL 1t would be best to drop the term <on
Jaksch s anerma since 1t does not seem to represent a speatfic disease enuty

Irfection leads 1o the development of anemu 1n children as i adules
Acute infections seldom produce a severe degree of anemua although a rather
rapid fall may eceur in the fhiemoglobin and ervthrocyte levels at the onset
of the mfection.

Chronic infections fead to varving degrees of snemua depending upon
therr seventy  duranon, and the cavsanne orgamsm The anemsa 15 due to

wterference with the nutnnonal state of the child, to hemolysis of ervthro-
cvtes, and to a toxc depression of the bone marrow The disabiliy which
goes with a persistent outs medn mav be due as much to the accompany g
anema as to the onginal infecuon  \ search for 2 hudden 1nfection must be
uadertalen 1n alf obscure anemas
"Htm(l)r‘xh:xg]c diseases are not infrequent dunng infancy and childhood
t P 1s che most of these and frequenth makes 1ts appear
iﬂic carhy 1n hfe Hemorrhagme disease of the newborn due to uitamin R
s ot Thrombop purpura of the 1diopathic vpe
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of a precedig episode of \omiting, anorexia, feser, and upper respiatory i
fection 1s commonly obtamed The nutritsonal history reycals nadequactes 1n
many but not all of the cases and 1t 15 probable that this anema 1s the result
of a nutrinonal deficiency or snfection It responds promprly to the ad
ounistration of folic acd, from 5 to z0 mg per day with a repcolocyie
increase, a reversion of the bone marrow to normal, and a steady rise in the
hermoglobin and ery throcyte levels No relapses have been obser: ed

Aplistic anewsa 15 not common 1 childhood and onls rare cases of con
genttal hy poplastic anemua are encountered Most of the cases i which the
blood picture 15 suggestive of aplastic anemi1 eventually turn out to be
leukema n an aleuhernic phase a disease which 15 not infrequent 1 child
hood and must be considered 1n the differential diagnosis of all unetplamed
progresstve anemas Exarmnation of the sternal marrow should be done
all such cases as the leuhemic infiltration 1s diagnostic

Iron deficiency anennas (Chapter TA) are not prescnt at birth but tend
to develop during the firse year of life commonly after the fourth month
Even when the mother has a severe grade of hy pochromic anema, the mfant
will have 2 normal amount of hemoglobin at birth although there 1s a greater
tendency for this ifant to develop a In pochrotmic anemia during the first
year of hfe than for 2 child born of a normal mother

The anenua of premturry 1s prumanly an sron deficiency anemu and 15
described more fully under that heading It 15 not present ac birth but de
velops during the first year of Iife when the demand for 1ron by the rapidly
growmng cluld 15 particularly great Since the iron stores of the body have
not been adequately filled before burth the available sron 15 soon utilized and
ty pical hypochromic anemia develops It 1s aggravated by an madequate aron
intake and can be corrected by the addition of a simple wron sal to the childs
feeding The blood yolume of such infants s less than normal at the ume
of birth so that the source of material for new blood formation the products
of blood destruction 1s not adequate to meet the needs of the rapidly growing
infant It has been suggested but not proven that the hematopoictic sy stem
of these infants 1s not fully developed and that this may contribute to the
nemia

Esen though the 1ron stores of an infant are adequately filled at the ume
of birth they may become depleted during the period of rapid growth i not
adequatehy replensshed by the diee Nutritional anenrua of mfants may occut
+f the child 1s hept on a dier composed exclusively of cow s milk for too long
3 pcnod or 1f supplemental foods are nor added to the diet at the proper tme
A careful dietary history should always be obtained from the parents i any
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In bronchopneumonta the leul ocyte count will frequently reach 30000
to 40000 with ncutrophils predonunating and especially n younger chil
dren a marked degree of immaturity of the cells

Lobar pneumonia may be associated with a leuhocyte count of 15000
to 50000 with a preponderance of neutrophils and many 1mmature cells
A typical leuhemoid reaction my result from this infection

Empyema brings forth a very high leukocyte count frequently from

©000 to 40000 with many immature cells

Measles causes little or no 1ncrease i the total leukocyte count although
a differential count shows a relatnve ncrease i neutrophils A leukocytosis
may be detected during the mcubation pertod but at the time of the catarrhal
stage and shin eruption this has disappeared A 1y mphocy tosis rather than a
neutrophilia may occur

German measles does not cause a sigmificant elevation 1n the leuhocyte
count but plasma cells may become a promunent constituent of the periph
eral blood

Mumps may be associated with shght or no increase 1n the total leuko
cyte count An actual leuhopera 15 sometimes encountered

Meningius ether cic or due to other pyogenic organisms re
sults 1n a particularly high leukocy tic response from 30 000 to 50 0oo cells be
g a commen finding There are vanious degrees of immaturity of the cells

Mastoiditis results in a neutrophihic leuhocytosts frequently from o ooo
to 40 000 cells

Otius medra causes a leuhocyte response which 1s ordinanly not as high
as 1n mastorditis

Influenza does not cause a leukocytosis An actual leuhopema may de
velop with the count ranging from 3000 to 5000

Osteomy elitis produces a varmble response but ordinanly the leukocyte
count runs from 26 000 to 4o 0co 1n the acute forms Although this 15 usually
a newtrophslic response we have obserted a 1y mphocy tosis with this disease

Pertussis as alreads mentioned produces an increase 1n the ymphocy tes
which reach thewr greatest number during the parovysmal stage At that
tme a total leul oryte count of o ooo or over 1s not uncommon

Py ogenic abscess results 1 a neutrophilic leukocytosis of varying degree
the height of the count depending upon the ty pe of organism and the loca
tion of the abscess A count of 15000 to 0000 15 not uncommon and vary-

ing degrees of tmmaturnity of the cells will be encountered A stmilar neutro
philic lenkocy tosis will be observed with an acute appendiaitss
Poliomy elitss leads to a vanable blood picture with usually a moderate
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1s rare but may be present at the tme of birth or appear during the early
months of life Profuse hemorrhage from any of these conditions will produce
asevere degree of anemia

Leukemuia

Congenttal leuhenma which 1s detectable at the time of birth, 15 exceedingly
rare but 1t 15 not uncommon for leukemia ro make 1ts appearance durng the
first year of Iife (Chapter \VII) We encountered 3 such cases among 61
chuldren with leukerma Ly mphocy tic leukemia 1s by far the most common
type i childhood and 1s practically alwayvs of the acute type Aleuhemc
forms comprise about a third of the cases Alyeloid leukema ss seldom seen
n nfancy but occasionally appears 1n later childhood although 1t 15 far
less common than the ly mphocy tic ty pe even then Various ty pes of infec
tious diseases m infancy may cause extremely high leukocyte counts with
the appearance of my elocy tes and metamyelocy tes n the perspheral blood
The possibility of such 2 leukemotd reaction must therefore always be borme
i muind when these blood findings are encountered in children

Infections

An nfecton m infancy or childhood may occasionally cause 2 1y mpho
cytic response rather than the usual increase i neutrophils Such 2 Lym
phocy tosis 15 to be expected 1n pertussis when the toral white count may
reach 40 000 with a preponderance of Ivmphocytes but 1t 1s oceastonally
encountered 1n other ty pes of infectious diseases We have found a leuhocyte
count in excess of 50 000 with go per cent Ivmphocy tes mn a case of osteomy€
litss which upon control of the infection returned to normal

The usuval neutrophilic leuhocy tosis 1s encountered 11 most patrents with
infections but the total count 1s usuaily higher The percentage of immature
cells 15 greater than would be expected mn an adult with a simular infection
These so called leukemord reacuons present troublesome dagnostic pmb
lems 1n many cases

Leukocyue Response to Conmnon Chidbood Diseases

Chichenpox 15 usually assocrated with a relatnely low leukocy te count
usually below 10000 and a ly mphocy tosis

Diphthera causes a leukocy te count of 15 000 to 20 000 With an ancrease

mn neutrophils
Acute bronchitis does not produce a marked nise i the number of leuho-

cytes unless 1t 1s cumphcntcd by bronchopnenmona



Chapter XXIII

TRANSIUSION OF WHOLE BLOOD AND BLOOD
DERIVATIVES

by Elmer L DeGowint

Assocnte Professor of Internal Medicine
State Unwversity of Iowa

InTRODUCTION

THE TRANSFUSION OF BLOOD MAY BT REGARDED AS THE MOST SUCCESSFUL
type of tissue transplantation so far developed The history of 1ts evolution
15 long and mterestng but 1s not withm the scope of the present chapter
Chemical and physiological knowledge has progressed to the stage where
1t 15 no longer practical to regard blood merely as individual cells suspended
m tissue juice Rather should 1t be considered as a complex mixture of pro
teins and crystallowds containing cells which if not living are at least phys
1ologically actrve

It 15 necessary to take cogmzance of the composition of the plasma mn
order to consider intelligently the indications for and the technic of blood
transfusion Plasma 1s 2 solution of crystalloids and protems the latter mn a
concentrauon of 6 to 7 per cent Three fifths of the plasma protemn s al
bumin which exerts about 8o per cent of the total colloid osmotic pressure
and 15 readily assimilable by the body Most of the remander of the pro
temn fraction 15 composed of globulins of higher molecular weights which
are consequently less osmotically active Intimately associated with the glob
ulins are the isohemagglutinins the antitoxins and other immune bodies
Most of the factors concerned i the mechanism of coagulation of the blood
reside 1n the plasma  prothrombin fibnnogen anuthrombin and calerum
Only thromboplastin 15 derived from cellular elements

The erythrocytes may be regarded as sacs of hemoglobin enclosed by
semipermeable membranes through which diffuse oxygen, carbon diovide
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leukocy tosis However, counts of 20 000 or over may be noted The whie
count returns to normal with subsidence of the febrle course

Rheumatic fever causes a moderate or high degree of leuhocy toss with
neutrophils predominatng

Scarler fever causes a leuhocyte count of 15000 to 30 0go with smmature
cells somenmes present and occastonally with § to fo per cent eosinophils.

Subacute bacterial endocardttis does not cause a particularly high leuko
cyte count This may range from 8ooo to 15,000

Fractures of larger bones mav cause 2 surprisingly high degree of leubo-
cytosis
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Hemolysis results from the combination of red cells and hemolysins in the
presence of complement so thar the reaction cannot be demonstrated m
bloods n which the complement has been inactnvated by aging or by sub
jection to 36 C for thirty munutes

Nomenclature of Groups

The four blood groups arc named from the agglutnogens in the erythro
cytes They are designated by the captal letters 4, B, AB and O The leter
O was onginally employed to represent zero wmphving an absence of ag
glutinogen but 1t 15 now hnown that the agglutmogen O 15 a speaific sub-
stance for which there 15 no naturally occurnng aggluunin The plasma of
group A contams g or ant: B agglutinin plasma of B contams « or ant1 A
AB contamns no agglutinins in the plasma group O blood has both ant A and
antt B agglutinins These designations are according to the Landstemer or
International nomenclature and are now almost umwversally accepred because
of the descriptiveness of the terms They supersede the older numerical
designanons which unfortunately persist 1 use 1n some mstitutions The
equivalent classifications are as follows

International ~ Moss Janshy
A il 11
B m m
AB 1 IV unnersal recaprent
o v I um ersal donor
Inheritance

It has been firmly estabhshed that the blood groups of the ABO sys
tem are transmutted through mhentance according to the mendelan law
The mechamsm by which this occurs has been extensively studied The
theory of Bernheim has now been widely accepted This postulates the ex-
istence of three allelic genes 4 B and O Since each germ cell contains only
one of the genes there exists the possibility of combination between three
1 inds of sperms and three I inds of ova A and B are domunant over O Two
laws of heredity have been derived from these considerations (1) A child
cannot acquire an agglutinogen which has not been present i the blood of
one or both of the parents ( ) Since O 1s recessive 1t 1s impossible for a
child to belong to this group 1f one of the parents 15 AB and cony ersely the
combination of group O parent and group AB child 1s impossible Only the
heredutary bmations listed in the pany ng table are possible
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chlondes and destrose  The human erythrocy tes contain about eighteen
times as much potassium as 1s found n the surrounding plasma Although
the concentration of sodium 1n the plisma ss hugh scarcely any can be found
in the cells The body under normal conditions forms about 1 per cent of
the circulatmg crythrocytes daly and destroys a corresponding number
Any volume of blood, therefore, at the tume of collection 15 composed of
cqual quantities of cells from 1 to appronmately 100 days of 1ge

Broop Grouts anp SUBGROUPS

The ABO System
Defimtion

All human beings may be classified as belonging to one of four chief blood
groups They are distinguished by the presence or absence of certam spectfic
poly saccharides 1n the ery throcy tes and 1n all body cells These substances
are designated by the capital letters A B and O When present m the
erythrocytes they are known as wobemgglutimogens in other nssues of
fluids they are referred to merely as growp specific substinces There are two
chemical forms the lipordal and the water soluble Al persons have the
Itpodal form in their ery throcs tes and other nissues Most m addition havem
herited the ability to produce the water soluble form in quanuty and this1s
secreted 1n the saliva unne tears semen gastric juice and milk These mdt
1iduals have been designated secrerors those lacl ing sufficient water soluble
fraction are clled monsecretors Tt has been shown that the abiliny to secret®
group specific substances 15 inherited as a mendelian domnant character It
15 of some practical interest that substances present mn the stomach of the hog
and 1n the capsule of Ty pe I pneumococcus give rezctions immunologically
similar to that of the A group specific substance The saliva and gastne
mucosa of the horse contam substances smmunologically 1dentical with both
A and B substances

Plasma may contain agelutmns which react speerfically w 1th the agglu
tmnogens A and B of the red cells to produce clumping or agglutmation ’I]‘he
agglutimin specific for the A substance is called alphr ( ) orants A, and that
spcclﬂc for the B substance 1s termed beta (8) or anti B Tt follows that 1§ 15
brologically impossible for the blood of one individual to possess an agg; Ut
unogen and the specific agglunnin wich which it reacts In about 30 per cen
of the plasmas contaning a0 hemagglutinin b Jysins arc de?‘[’}:‘c
strable specific n all respects for the same group substance The mcrl 0t s
hemolysin 15 usually lower than that of the corresponding isoagglutt
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Hemoly sis results from the combmtion of red cells and hemoly sins in the
presence of complement so that the reaction cannot be demonstrated mn
bloods 1n which the complement has been inactivated by aging or by sub
jection to 56 C for thirry minutes

Nomenclature of Groups

The four blood groups are named from the agglutinogens i the erythro
cvtes They are designated by the capital letters 4, B AB and O The letter
O ws ongmally employved to represent zero 1mplying an absence of ag
glutinogen but 1t 15 now 1 nown that the aggluunogen O 15 a specific sub-
stance for which there 15 no naturally occurning agglutimin The plasma of
group A contamns £ or anti B agglutmin plasma of B contains « or ant1 A,
AB contams no agglutinins in the plasmy group O blood has both ant1 A and
anti B agglutimns These designations are according to the Landstemer or
International nomenclature and are now almost untversally accepred because
of the descriptiveness of the terms They supersede the older numerical
designations wluch unfortunately persist s use in some nstituttons The
equnialent classifications are as follows

International Moss Jansky
A u n
B I et}
AB 1 1V uniersal recipient
(¢} v 1 unnersal donor
Inheritance

It has been firmly escablished that the blood groups of the ABO sys
tem are transmutted throu h mhentance according to the mendelian law
The mecharusm by which this occurs has been extensively studied The
theory of Berntheim has now been widely accepted This postulates the ex
ntence of three allelic genes 4 B and O Since each germ cell contains only
one of the genes there eusts the possibiity of combination between three
Linds of sperms and three 1 inds of ova 4 and B are dominant over O Two
laws of heredity have been derrved from these considerations (1) A child
cannot acquire an agglunnogen which has not been present 1 the blood of
one or both of the parents { ) Since O 15 recessive 1t 1s mmpossible for a
child o belong to this group 1f one of the parents 1s AB and conversely the
combination of group O parent and group AB child 15 impossible Only the
hereditary combinations listed 1n the accompany ;g table are possible
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Groups of Parents Groups of Children
oxo o
OxA OorA
OxB QorB
AXA OorA
AXB O A BorAl
BXB OorB
O X AB AorB
A XAB A B or AB
Bx AB A B or AB
AB X AB A B or AB

It 1s therefore imposstble for an individual permanently to change blood
groups Instances apparently to the contrary are usually due to fauley determi
nation of the aggluunogens m the cells

Development

The agglutinogens are first detectable during the second month of feul
life Thereafter up to the age of approuimately 20 y ears the sensitviry of the
agglutmogens mereases At birth the cells have attained about o per cent of
the maximum potency On the other hand 1t 15 believed that no newborn
infant possesses agglutiins of 1ts own although some agglutnins are de
tectable 1n about so per cent of the cases These are thought to belong t0
the mother and to hase filtered through the placenta They usually disappear
during the first ten days of postnatal life The agglatinins gradually ncresst
i titer and artam therr masimum between the tenth and twenueth year
Thereafter the potency gradually diminishes during the remander of Lfe
Most bloods contaming both agglutimins have one m higher uter than the
other the ant A usually bemng the stronger The low sensiuviry of the ag
glutinogens n y oung children readily accounts for the difficultes frcqucnth
encountered m the determnation of the blood groups and the occasonal
errors 1n crossmatching associated with transfusions 1n pediatric pracnice

Inctdence

The maidence of the four blood groups 1s of practical :mportance when
transfuston 15 under consideration The proportionate occurrence of each
group aries greatly n different races This darum has been employed 10
anthropologic studies The approumate mcidence 1 the white popul:ml);]1
of the United States s O 45 per cent A 4o per cent B 1o per cent ﬂln
AB, 5 per cent In the Amenican Negroes the distnibution 1s approur;f'!(;;‘
O 45 per cent A 30 per cent, B 20 per cent and AB 5 per cent e
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half the population therefore are universal donors but only one twentieth
are umy ersal ICC]P]CHYS

The Subgroups A1, A., A1B, and A=B

If the cells from a number of group A bloods are combimned with a potent
antt A serum 1t will be noted that a few bloods are but weally agglutinated
1n comparison with the majority This difference can also be observed when
group AB cells are tested with anu A serum The cells with weak sensitiviey
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Tfe compied from data from severdl sourses s dunng

belong to subgroup A or A B whereas the majonity are classified as A, or
A,B About 20 to 25 per cent of group A bloods belong to subgroup A The
subgroups are usually not differentiated m routme grouping and cross
matching because the anti A agglunnin 1n group B blood 15 in reality a
muvture of anu A, and antt A The cells of both subgroups are there
fore agglutinated and termed group A The pracncal importance of the
subgroups 1 groupings s that the lesser sensitviry of the Ao agglutmo
gen sometimes results mn the erroneous concluston that an A blood 15 an [o]
orthatan A Bisa B This error can usually be avouded by employing ant1 A
groupmng serum which 15 known to be potent against Az agglutmogens

In 1 to 2 per cent of group A and m one quarter of the bloods of group
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Groups of Parents Groups of Children
axo Q
OxA CorA
OxB GorB
AxA Oora
AxXB QO ABor M
BxB Qor B
O xAB AorB
AxAB A B or AB
Bx AB A B or AB
AB X AB A B or AB

It 15 therefore impossible for n ndis sdual permanently to change blood
groups Instances apparently to the contrary are usually due to faulty dererm
nation of the agghunogens in the cells

Development

The agglutimogens are first detectable durmg the second month of fen!
life Thereafter up to the age of appm“matel;. 20 y ears the sensitv1gy of the
agglutinogens increases At birth the cells have attamed about o per cent of
the mawmum potency On the other hand 1t 15 beheved that no newborn
mfant possesses agglutnins of 1ts own although some agglutmms are de
rectable 1 about 50 per cent of the cises These are thought to belong 0
the mother and to hase filtered through the placenta They ususlly disappest
during the first ten days of postnatal ife The agglutimins gradually 1ncrease
n ater and attam therr maumum between the tenth and twenueth year
Thereafter the potency gradually dinunshes duting the remainder of Iife
Most bleods contammg both agglunnms have one m Iugher tier than the
other, the ant1 A usually bewng the stronger The low sensitnity of the ag
glutinogens 1 y oung children readily accounts for the difficulties frequcmh
encountered in the determunauon of the blood groups and the occasional
errors 1n crossmatching assocrated with transfusions 1n pediatrie pracuce

Incidence

The incidence of the four blood groups 1s of pracucal importance when
transfusion ts under constderatton The proportionate occurrence of each
group vanes greatly m different races This darum has been emplosed 1
anthropologic studies The approuimate mncidence mn the white pcpul:um:
of the Unired States 15 O 45 per cent A 40 per cent B 10 per cent an!
AB s percent In the American Negroes the distribution 15 appummn(:l;
O 45 per cent A 3o per cent B 20 per cent and AB 5 per cent Nearly
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The Rh Hr System

The blood of human bemngs may be further differenuated by another sys
tem of aggluunogens in the ery throcytes the components of which are in-
herited mdependently of the ABO the MN, or the P systems Since there
are no corresponding natural agglutiuns the aggluunogens can be demon-
strated only by the action of immune human sera or to a limited extent
by immune anmima' sera YWhen first discovered by Landstemner and Wiener!
the system was concerved as 2 simple one determimed by the presence or
absence of a smgle factor This was named the Rb agglutinogen because 1t was
first demonstrated with serum from rabbuts immunized by mjections of
erythrocytes from the Rhesus monkey The cells of about 15 per cent of
white persons were found to be unagglutinable by this serum and were termed
Rl negan e whereas the 8y per cent whose cells were acted upon were
designated as Rb positie Agglutimns were soon found i immunized human
beings which gave reactions at vanance with this conception and the group
of Rh positrve ndividuals was divided 1nto a number of types Three defim
nve agglutinating sera were designated by Wiener asants Rby anti rb and
antrth  The cell tvpes were named from the agglutinogens which they
contain accordmg to the following scheme

CrasstricatioN of Rh Tyees

Incidence in

Antisera

Cell Types AntiRhg  Antith Antirly Caucasians

(Percentage)
th (Rh neg) - - - 130
Rip + - - T
Rhy (Rho) + + - 510
Rh (Rh, ) + - + 150
RhRb (Rho ) + + + 145
th - + - 10
h - - + o5
thrh - + + oo1

Ann Rho serum agglutmates the cells of about 8, 57 of Caucasans st ch serum
reacts with about 6957 ant th serum aggl about 307 The serum
anti Rhy agglutinates about 86 5 and anti Rhy” reacts with about 86.0%

The nomenclature of Wiener 1s not difficult to master The syvmbol for Rh
negatneisth (verbally  hrtler b orsmply rh ) The types agglutinated
by anti Rho serum are marhed by subscripts o 1 or » depending on whether
they react with antz rh or anti th serum also The subscripts 4 and _ are
shortened forms for the combinations ¢ and ¢ The t pes which are not
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A_B there ss found ananu A, agglutinin which makes these bloods incompat
ible with the other subgroup Very rarcly in A; B or A,B serums an mn-0
agglatmin occurs which reacts with all O cells and about 95 per cent of A
cells  This 15 sometimes called ants 4 aggluumn These anomalous aggly
unins are discovered 1f routine crossmatching of bloods 1s employed before
transfusion The usual procedure when two group A bloods are found to be
icompatible 15 to match that of the prospective recipient with a group O
blood and to accept the Jatter 1f compatible If the serum agglutinates group
O cells, 2 blood of the same subgroup must be found

The MN System
Defimtion and Sigmficance

Bestdes the ABO system of agglutnogens contained m the human erythro-
cytes there are many others which can be demonstrated by special techmcs
Although valuable in the further idennfication of individual bloods in medico-
legal problems they are of hirtle or no sigmificance m blood transfuston be
cause there are no naturally occurnng specific agglutnins found w human
plasma One such system which has been extensn ely studied 15 that of the M
and N agglutinogens By testing with immune ammal scrums all human
bloods can be assigned to one of three groups depending on whether the
cells contain M, N or MN agglutinogens The occurrence of these 1 nde
pendent of the ABO system Only seven human serums have been reported
as contamning anu M agglutmins none have so far been found with anf N
factors

Inberstance
Two laws of heredity have been worked out for this system (1) The
factor M or N cannot appear 1 the chuld unless present i one or both of the
parents (z) An M parent cannot have an N child and an N parent cannot
have an M offspring Only the following combinations are possible
MNXMN=AMN M o N
MNXN =7MMNorN
MNXM =MNorM
MxN =MN
MxM =M
NXN =N
By determumng the M and N agglutnogens in addition to the A B and o
1t 15 thereby possible to 1dentify many more ndividual bloods than would
be possible if only the latter aggluunogens were determined
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Ru Hr Gexorvees

Phenon pes Anusera Genoty pes Antisera Phenotypes  Incidence m

Tvpes Ann Ann Ann Anti Ant Ann Subtipes Caucastans

Rig 1 rh Hr, Hr Hr (Percentage)

th - - - " + + * 130
rr + - + rhrh ool

wh - F "{ e + 4+ + rhih o Lot
- e+ 4 — thih"  ooo,

o - - *‘{ e+ % 4+ sheh o5 1 05
RhRE — 4+ 7 + o+ o+ oot
RRe -+ 4
Rho + - -—{ O } 0
RIR! - —

Ry  + — i} RiuRhy 200
Rhy + + —{Rr + 4+ o+ 540
RR - & 4! Ruth 340
'R+ 4+
RR — 4+ =~
Re o+ o+ _} RhRh a4
Rh 4 - 4+ {Rr + 4+ o+ 5.0
RR  — 4+ i Rhth 1»
”RY + + +
(RR -~ + +
RhRh + + +¢ R + + “+ 145
R+ 3+

This table s shightls expanded from Wieners It does not contam all the gemotypes
which are possible with the theory of eight allelic genes

Fisher and Race! concene a somewhat different mechanmism for the 1n-
hentance of the Rh anugens They postulate three pairs of genes m closels
related loci on a pair of chromosomes One pair of loct 1s occupied by one of
three gene combinations CC (e orcc another par by the gene combination
DD Dd or dd and 2 third by the combinauion EE, Ee ar ee The capral
lexters are the equrialent of three Rh genes whereas the lower case letters
symbolize three Hr genes

Equi alent Gene N omenclature
Wener R ROR(H) (H)  (H7
Lisher Cc D E c d e
The antibodies were given Greek letters by Fisher but this has proved
quite confusing to many and the suggestion of Cappell has been widely
accepted

Fqus alent Antibody N omenclature
Wiener  AnuRh AnuRho AnuRh  AnuHr AnuHry Ano Her
Cappel Anu C AnuD AnuE Antic Ann d Anue
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acted upon by antt Rhy are marhed with the superscrips  or * to denote
agglutination by antt th oranti rl serum

With the cxpansion of knowledge of the Rh ty pes the defimtion of the
terms Rh positive and Rh negats ¢ underwent a change Actually one 1s now
required to specify the serum to which the cells fal to react For example
antt Rhy serum classifies the types Rh and R Rh  as Rh negatnve wheress
the use of ant1 Rhy’ serum classifies them as Rh posttive but sull does not
react with the rare Rh” cells

The mhentince of the Rh ty pes 15 concened by Wiener as resulting from
the distribution to the individual of one of erght allelic genes at 2 single cor
responding locus m cach of two patred chromosomes The genes thus paired
may be sumlar or dissimilar The genes R%, RY, R, R, R, R¥ and R are
domunant whereas 7 15 recessive The Rh ty pes are designated as phenotypes
because they can be demonstrated directly by the reactions of the cells with
the three sera anti Rhy, anti th and anuth  Each phenotsy pe represents
one or more genotypes which denote actual gene composttion The hey o the
recogmition of some genoty pes was found when Levme in the United States
and Race and Tay lor in England discos ered sera contamnmg agglunmns which
reacted with an anugen which Levine named Hr (the letrers Rh reversed to
express the reciprocal relation to Rh antigens)

The theoretical reactions of the genes with the vanous anusera must be
considered to demonstrate the rectprocal relation of Hr to Rh This 15 shown
1n the accompany ing table

GeNE—ANTISERUM REACTIONS

Anusera
Genes Ants Rbo Ants Hr, Antivi Aus He' Anes vl Ants Hr"
r - - + - +
Re + — - + - +
Rt (RO) + - + - - +
R (RO) + — - " T z
’ - + + - - +
” ~ + - + + -
R* (R ") ~ + + - + -
RE(R) + - M - T -

If the same pranciples of nomenclatu e are extended to denote the presence
of the Hr anugens the genes H® H and H rmgh be included m the formu
lae of the genotypes but this has not been considered advisable by Wiener
although some such implication 15 made

A pam:\l differentiation of the genoty pes according to Wiener's theory 15
contamed n the accompanying table
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Aun individual may recene the ery throcy tes of another by transfusion or
through the placenta of a fetus In the latter case 1t 15 beheved that the red
cells of the fetus pass the placental barmer possibly through minute Teaks
betw een the fetal and maternal circulation When 1sosensitization has occurred
by erther route 1sosensitivity 15 mamfested in eicher of two ways If the sen
siuzed indrs 1dual recen es the anugen m transfused ery throcy tes intravascular
hemolysis of the anugemic red cells results Should the sensiuzed person be a
woman bearing a fetus whose cells contan the anugen the mother s annbodies
diffuse through the placenta and cause vartous grades of hemoly tic anemn
1 the fetus The sy ndrome in the offspring 1s called bemolynic disease of the
newborn or erythroblistoss fetahs

Any of the 1sohemaggluunogens which are now recognized 1n human
ery throcy tes are possible annigens when introduced etther by transfusion or
pregnancy mto the body of a person without them Chintcally 1t 1 apparent
that some are much more anugenic than others Some perspective mav be
obtamned from an admittedly rough approuimarion in the accompany ing rable

CLINICAL INCIDENCE OF ISOSENSITIZATION BY | ARIOUS ANTIGENS

Antigen Guen by Transfunon  From Fetus During Pregnancy

A to A negatnve persons approvumately 100" rare

B to B negatine persons approumately 100 rare

M to M negative persons rare uareported

N to N negative persons unreported unreported

P to P neganve persons rare unreported

Rh to Rh negauve persons approuimately §¢% approumarely §%

Hr to Hr negatise persons ported pp 1y 5%

Some elaboration of the statements 1 the table are desirable When an
A negative person (belonging either to group B or O) recen es an mjection
mtravenously of erythrocytes contaming the A substance the titer of the
natural anu A agglutmuns s greatly augmented m two or three weeks and it
15 several months before the imnal titer 15 restored The same phenomenon
occurs when 2 B negative person (either A or O) receves group B blood
This reaction occurs n nearly all instances and can be accepted as evidence
of isosensinizanon In striung contrast 15 the usual case of the B negatne
mother who has a fetus of group A or AB (heterospeaific pregnancy ) In
most 1nstances 1o 1sosensitivty develops although there are now on record
a few authenticated cases m which the A negative mother has become sens:
tized to the A subsrance m the blood of the ferus The natural anu A agglu
tiuns of the mother increase greatly 1n uter and apparently cause ery thro
blastosis i the fetus The great difference berween the antigenicity of the
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Wiener s genoty pes can be expressed 1 Fishers terms as sllustrated by
the followmng examples 77 = cde/cde, R'r = CDe/ede R'R = CDe/cDE
ete

An abstruse controversy has arisen as to the relatn e merts of the Wiener
and Fisher theories of mheritance pare of which 1s symbolized by the two
nomenclatures It will probably be resolied by the accumulation of further
data and the statistical analy s1s of gene frequencies to determime the validin
of Wiener s hy pothess that the antigen combmations R! (R°), R (R”)
R*(R ) and R*(R®’ ) are always mhented as gene units as he contends
or are sometimes broken mto their component parts as the theory of Fisher
1mplies

Regardless of the genetic implications 1t 1> probable that esther nomencla
ture could be made to fit the facts as they emerge from further study Both
are logical aand systematic The unhity of the two terminologies howeter
15 2 highly practical problem Wiener s has the advantage of greater verbal
factlity The Jongest genoty pe 15 pronounced R two-prime R two prime
whereas 1ts equnalent 1s Small-c small d large e small ¢ small d large ¢
or n a shghtly shortened form ¢ d large-e ¢ dlargee On the other
hand while Fisher s sy mbols state all the facts Wiener s imply much which
1s not direct]v- expressed There are no phenoty pe names mn the Fisher term
inology so that Wiener s terms must be employ ed for them Some who % 1sh
to use the Fisher nomenclature employ incorrecthy the formula for one gene
as a phenotype name Since only the sera antt C anty D and anu E ace
readily available to most worhers, there should be terms by which the results
of tests with these reagents can be mndicated without making unw arranted
assumptions about the genots pe Wieners phenoty pe names supply such 2
need The reader 15 referred to the escellent book by Potter for a detatled
discussion of ths subject

Isosensttivity

Orte of the clief climcal implications of the studies on the Rh antigens has
been the demonstration that human bemngs can produce antibodies aganst
antigens 1 the ery throcy tes of other persons The phenomenon by hich
these develop 15 termed (or 10n) and the state 1
called ssosensiti 18y (or 1soummumity } T prefer not to employ the term im
mumity, because 1ts primary meaning implies protection for the mdrdual Tts
use m this subject 1s very spectalized and might lead to the erroneous con
clusion that the antibodies which are developed are protectre whereas the

e
opposite 3 tru
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Acute and Chromc Anemnas
Acnte and chrome anemuas are the pnime ndication for the transfusion of
whole blood Not only does the procedure supply circulating red cells which
funcrion as oxy gen carners for 2 nme but 1t has also been show n that the 1ron
from the hemoglobin of the disintegrated cells 1s readsly utihzed 1n the forma

tron of nexs ery chracy tes of che b o 53 steat 18
Carbon AMonoude Hemoglob and Aeth tob
In carbon monowde hemoglob and mett tob new oxygen

carniers are supplied by the transfusion of whole blaod
Inm ure Therapy

Many climieians consider that transfusions of whole blood are of salue
the treatment of s stesmic nfections such as bacrerema puerperal sepsis
rheumanc fever The practice 15 purely empine and 15 not based on well

recognized immunologic knowledge Evaluanon of the efficacy of this ry pe
of therapy 15 extremely difficult

Deficien y of Con plement

It s well hnown that pl survnes tramsf and even storage in
blood tar some ume There are few 1f amy, clinical conditions in which a
deficiency of complement can be said to be of importance howeter

Defictency of rothrombm

There are few occasions when the necessity for correcuon of 2 deficiency
1n prothrombin 15 5o urgent as to demand the relatinely mnefficient method of
sapplymg it by blood transfusion \fuch greater increases 1 prothrombi
can be obrained i rwenty four hours by the admimstration of itamin R
Oceasionally when there 15 severe hemorrhage because of hy poprothrombt
nerma transfusions of whole blood may be mdicated as an emergency meas
ure 1 supplying preformed prothrombin

Arresting the decnon of Dt o ann

When d 1m s being ad d 35 an ant lant 1ts action may
be superseded by supply ing prothrombin in transfusions of whole blood fresh
or preserved ”

Treatnient of Leukopenta and Thrombopema

Theorencally transtusion of blood 1 mdicated for lenkopena and throm
bopensa Actually the number of Jenkocy tes and blood plazelers which can be
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A and B substances when ginen by transfusion and encountered m the
blood of the fetus has not been satisfactonly explamed There appears t©
be no distinction as to the route of contact n 1sosensitization to the Rb and
Hr antigens

Levine estimated that of 100 cases of ery throblastosts fetalis about go ar¢
caused by sensitization to the Rh antigens abour siv to the Hr antigens
and the remamder are due to the A B, or unexplamed anugens Rh, s far
more antigenic than the rest of the Rh group Hr 1s the most frequent of
the Hr antigens, as a causatiy e agent 1n sensitrzation

In 1sosensitization to the Rh and Hr antigens acquiced antibodies appear
1n the blood stream There are at least two v pes Those which produce the
clumping of suitable erythrocytes when the latter are suspendsd 1n saline
solution are vartously termed agglutrnims, early mmme antibodses, complete
antibodtes, and bivalent antibodies A second type characrenstically causes
the clumpmg of suitable er throcytes only when no electrolyte has been
added to the serum cell mmture These are called blocking antibodies, late

bodies, pl bodies, and monotalent antibodies Early

m the course of 1sosensitization the agglutinmns appear 1 the blood stream
whereas the blocking antibodies occur later and therr presence therefore
denotes a greater degree of sensitization

InpicaTIONS AND CONTRAINDICATIONS FOR TRANSFUSION

The mdrcations for whole blood transfusion have been based partly on
sound practical considerations and partly on highly theoretical grounds w fuch
render the results doubtful

Indications

Shock Due to Hemorrbage

It 1 now recognized that the best method of restoning the blood volume 1n
shock. due to hemorrhage 1s the transfusion of whele blood Although transfu
ston of blood plasma or alburmn 15 efficacious as a first-ard measure 1t 15 dis
tinctly inferior to the use of whole blood

Shock with Hemoconcentration (Burns Crush Syndrome)

Whole blood 1s nferor to the transfusion of plasma or serum albumin but
1 not contraindicated in cases of shock with hemoconcentration Tt has been
found that yany pauents with scvere burns subscquently develop anemia
which requires transfustons of whole blood
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Sexex or Prasus
{Agglutinins Indicated 1n Parentheses)

AB() AlB) Bl Ofed)
AB - + i 1
A - -
can 4 - 3 * T
[+ - - . .

(+ indicates agglutnation or hemolysis)
{~ indicates no agghutinalion or hemolysis)

Te will be noted thar the plasma of group AB biood contains no agglutinins
and therefore causes no reactions wich cells from any other blaad group
Group AB 15 therefore sometmes designaved as the uniersdl recprent The
erythrocy tes of gronp O contain no aggluunogens and thus are not aggly
tinated by the plasma or serum from any other group Group O 1s therefore
called the wm ersal donor but can receise blood from ne other group A
reciprent belonging to group A can recene blood only from group O or
group A donors A group B recyprent will rolerate blood only from group B
or group O The rare exceptions to these statements have been noted 1 the
discussion of the subgroups of A and the irregular agglonmns

Tt 1s also evident that the blood group of unhnown cells may be idenufied
by determming thewr reaction to the serum or plasma of groups A and B
These serums are therefore used for groupmg A shght addinional chech may
also be obtaned by the vse of group O serum When the unknown cells are
found to be agglutinated by group O serum but by none of the others 1«
should call attention to errors in habeling or manspulation or to deficiency m
potency of the A or B serum

Grouping Serums
Sources

The sousces of groupmg serums are at present rabbit antserums prepared
commercally human serums prepared in reputable Jaboratories from donors
selected becanse of nararal bugh titer of agglutinins and human serams pre
pared by the worker who 15 to employ them

Preparation

Human serum may be prepared from blood collected from donors selerted
because of gh natural uter of aggluuruns Several methods of increasing the
porency of human grouping serums have been meraduced Serums of low
uter may be employed by preciprtating wath ammontum sulfate w ashing and
redissolving the globulin fraction according to the method of Thalfimer ®
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mnjected by transfusion 1s small, and one must question the efficacy of the
procedure

Treatment of Hemophila

The coagulanson me may be greatly d
by the transfusion of whole blood

1 i
P 1y m p

Contrandrcations

Cardnc decompensation esther potential or actual, should serve as an al
most absolute contraindication for blood transfusion The question should
always be raised before transfusion 15 performed of whether the patients
circulation will stand the increased load of the additonal blood volume This
pomt 1s frequently overlooked when the need for transfusion 1s urgent In
certain situations it 1s a justifiable procedure to perform phlebotomy prior
to transfusion

Broop GRroUPING AND CROSSVIATCHING

Grave Responsibihity of the Techmician

It cannot be overemphasized that the determination of the blood groups
nd the crossmatching of bloods before transfuston impose a responstbility
on the techmician which 15 almost unique 1n climcal medicine The usual
laboratory test serves only as a supplement to the clmical dragnosis and the
clinician 1s frequently 1 a position to suspect or detect errors made m the
laboratory The patient 1s not placed n hazard of s Iife as 2 result of mis
tahes made 1 the usual laboratory procedures The situation 15 completely
reversed however n the tests prelmmary to blood transfusion An error
may result directly m the death of 2 patient and the chimenan may be
unable to detect the mistahe m advance The very nature of the tests aluays
makes the possibility of errors imminent for the followng reasons (1) The
technic of the tests 1s deceptively sumple (.) There are no mherent absolute
checks i the procedures (3) A negatnve result 1¢ absence of agglutmatton,
has the same diagnostic weight as a positive result (4) The urgent require
ment of the patient frequently places on the technician the psvchological
handicap of worl ing against ime

Blood Group Interactions
The iateractions of the blood groups must be known to derermme the
1dentity of groups and to practice transfusion The chef reactions are tabw

1ated as follows
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ton One expresses the nter 1 terms of ongimal divtion of the scrum before
the cell suspension 15 1dded, the other includes a correcnion for the volume
of cell suspension and possibls sakime solanion added A sumple set of exper-
ments will cons ince the reader that dilupon of the serum cel} auxtute within
fairhy wide hmues wall not alter the abibity of the azglutntas to 2ct upen the
cells provided opportumey 1 grven for the cells to come mta contact with
one anather It 1s therefare onhy proper to express the tter n terms of the
onginal ditunon of scrum emploved making no correcnon for added celt
suspension ar saline Another obstacle i stating the numencal tter of a
serum 15 that there 1s no adeguate method of determuning the sensttiviny of the
rest cells which the worker mn emplos A third varmble s the method of
reading the end pome of 1gglutmation i 2 senes of ditutions of serum—
whether to detect agglutimnon macroscopically or microscopieaily

The author recommends the fallowing method for the determination of
ddution riter Sersal dilogons of serum i geometnic progression are made n
small serologic test tubes A /4 cell uspension 15 made 1n the proportion of
1 drop of blaod to 1 ¢c of 1sotonsc saline solunion Tqual s olumes of cell sus
pension are added to each tube of diluted serum The tubes are then centrt
fuged at Jow specd for onc to three mmnutes The mixrures are shaken to 1e
suspend the cells ang are poured onto 2 glass plate Aggluunanon 1 detected
with the naked eye by sffumnation of the suspensions with s beam of hght
from below The nrer 15 evpressed w terms of dilution of oniginal serum
without correcton for added cell suspension It 15 desirable to employ fresh
cell suspensions from the same source for each ttravon

The Subcammuttee on Blood Substtutes of the Nanonal Research Counail
has accepred the followng critern for blood grouping serum

Group d serwm Gz B) Mimmal tter Prepare a 1 16 dilution of the serum by mrung
o1 cc of serum with 15 ¢ of salme Mix one drop (oo5 cc ) of the difuted serom on
a slde warh 2 deop of 2 group B fre b celt suspenwon 1/} T possible sec up 4 paraliel
test with 2 cell suspen son from 2 second sndiadual of group B Rrc with an appheatar
or toorhprck agrtate by roclang the shide to and fro 2t mrervals of ope mmare The ticer
of the serum 15 sausfactory 1f acglunnation readily visible to the naked eve appears m
fess than so munutes with both bloods

Speed and mtcnsity of aoghitimaton tavidity) Set up a test simifar 1o the sbove s
undduted erum and rock contmuonsly Agglutinanion mast be visible to the naked eve
within 1, seconds and aeglutmation should be complete wichin g0 seconds
Gronp B Seram (anp A Misymal wier Test as described for A serum except use
group A ceffs The 1 16 dilunon should acglutinare A cells 1 to mnutes

Speed and miensn of aeglvtinsuan Casidity) Test as descnbed for A setum except
sse group 3 eells at Jeass one specumen of which 1 A, Distinet clumping shoold be
vistble withm 6o seconds with A cells and within 15 scond with A cel's

Speufiesty Each serum should be emplosed to test at feast so bloo Is raken at random
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The blood serum may be concentrated by allowing the evaporation of water
through a ccllophane bag The globulin fraction may be concentrated by
precipitation 1n ethanol at low temperatures m vacuo ® Witebsl 20 has re
cently perfected a method of mcreasing the titer tremendously by repeatedis
mjecting the donor mteravenously with solutions of the A and B substances
The autochwed stlina of 4 secretor of approprrate group may be mnected
mtramuscularly o 1 surtable donor (Wiener)

Liquid serums will T ecp for months mn the refrigerator under aseptic con
dittons Frozen or dried serums will retain potency for years Fresh serums
should be mactrated by heating m a water bath for sty munutes at 56 C
to destroy the complement which might otherwise permut the action of
1sohemoly sins which might be present Serums stored 1n the hqutd state for
two weehs or more n the refrigerator are usually incapable of producing
hemolysis The scrums may be colored with amline dyes for 1dentificanion,
yellow for A and blue for B 1s recommended

Rabbit ant1 serums are prepared by repeated mntravenous mjections mto
rabbits of humin red cells of the appropnate blood group The anumals are
then bled and serum prepared The anti-A serum should be absotbed by group
B cells and the anti B should be absorbed by A cells to eliminate the species
ggluumns The serum 15 then drted and mived with pow dered sucrose The
mnture 1s pacl 1ged 1n a mosture proof v1al contaming a dehy drabing agent
Care must be eniploy ed not to expose the dry povwder to the air unnecessanly
as 1t readily absorbs wter and forms a cake Antmal unmune sera agglutinate
the cells of all infants whether Rh positne or Rh negatse They have not
proved very susfactory

Potency

Every writer stresses the importance of working with grouping serums of
tugh potency yet the most common cause of errors in the determination of
blood groups by the inexpenienced 1s the use of serums of inadequate s(rcngrh
One reason for this has been the vagueness with which adequate potency
has been defined In the evaluation of 6 ping serum tests should be made
for (a) spearficity (b) dilution uter or greatest dilution causing agglutina
tion (¢) avidiry or speed of reaction There 15 good correlauion for the
most part berween the results obtamed from tests (b) and (¢), bue some
worhers state that serums are occastonally encountered which agglutinate 1n
high dilution but which react slow Iy 1n concentrated form The dnﬁiculr;cs
met 1n defining potency exactly so thar other worhers may duplicate results
should be briefly discussed There are two methods of caleulation of dilu
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group of recipient and prospective donor and to crossmatch the two bloods
in five mnutes when the centnifuge technic 1s employ ed throughout
Agglutination may be detected excher with the naked eye or through the
mucroscope When potent grouping serums e used one method 15 as good
as the other The mevpertenced observer has a tendency to rely on the
microscope but with a hietle practice he will find the macroscopic method as
accurate and much faster There are probabls more errors made with the
microscope 1 assigming diagnostic importance to nsignificant clumps of
cells In h dings are more necessary because the

g microscopic
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Fic § Appearance of scrum erythrocyte maxtures i tests for blood group
and for compatbility

potency of the serums mvolved 1s frequently weak and the resulung cell
clumps may be small Roulean formation may also occur and thus 1 betrer
differenuated from rrue agglutimation by means of the microscope In
grouping 1€ 15 usually practical to use both methods of reading checking the
suspensions which are apparently negative to the naked eye by the micro
scopic appearance In mass blood grouping Microscopic readmg 1s impractical

Shide Methods

On a microscope shde appropriately labeled with a wax pencil a drop of
group A serum 15 placed on the lefc and a drop of B serum on the nght A
drop of the red cell suspension to be tested 15 then placed on each drop of
serum The shde may then be allowed to stand at room temperature for
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wt parallel with a serum of known potency At least one bload belonging to group A
should be mcluded mn the series

It 15 to be hoped that the problem of evaluanion of typing serum will be
sall further clanified n the near future when some authortative body will
mahe available a standard reference serum with which products may be
dircetly compared ™ This w1ll compensate for varmations in sensitiv ity of test
cells and 1n 1ndividual techmes

Methods of Grouping the ABO System

The 1dentfication of blood cells according to the ABO system consists 1n
the addison of groupmg serums from groups A (anu B) and B (ant1 A) to
smtable specimens of ery throcy tes to be tested The presence or absence of
agglutnation of red cells 1s noted after an appropriate interval of ume The
mechanism of agglutmation operates 1n two steps The union of agglonmn
m the serum with specific agglutinogen 1n the erythrocyte takes place at
once Most of the ime consumed 1n the test 1s taken 1n bringing the red cells
1 contact so that clumpmg will occur When the red cells are allow ed to st
tle by gravity 1n a test tube through a depth of 3 mm, the tme required for
reading the test will be very much longer than when the red cells are i 2
drop on a glass shde and travel only a fraction of a millimeter to reach the
bottom Agiration of the cell mrxture by tlting the <lide to and fro will
increase contacts between cells and accelerate the reaction Centrifugaton of
the test rube contaming the cell mrxeure will produce results in the shortest
possible nme Comparatre tests employ ing the same ery throcy te serum miX
ture with the various methods will demonstrate that all are of equal accuracy
if the proper time 15 allow ed for each Adequate ume required for the differ
ent methods 15 as follows suspension setthing 1 a test tube by gravity 120
mmutes cells setthing m a drop on a shde 30 nunutes cells agitated on 2
shide 10 mmutes suspension centrifuged m a test tube 1 mnute It 1s also
true that the methods employ ing agitation of the cells tend to produce larger
clumps of cells and are thus more eastly read with the nahed ey e

The choice of method therefore depends almost entrely on the nme
avaslable 1n which to perform the test and the equipment at hand Some
authors have stressed as an advantage of plasma transfusions over the use of
whole blood that the former saved much time by the elimunation of grouping
and crossmatching 1 feel that this acgument would be greatly w eakened if

of testng were adopted wherever practical With the equip

faster methods he blood

ment of the modern hospital laboratory 1t 1s possible to determne t
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temperature neverat 37° C (<) contaminated serums {d) panagglutinanion
occurring m cerpain diseases detected by testng cells against group AB
serum, (e) autoagglutnation detected by testing cells agamst serum from
same blood (f) false agglutnation of umbilical cord blood {(g) errors m
labeling  (h) clotted blood

In case of doubt i the idenufication of the agglutnogens of the cells
further check may be made by testing the serum against suspenstons of cells
Inown to belong to groups A B,and O

Blood Grouping en Masse

It 1s not generally appreciated that the determnauon of the blood groups
of large numbers of specimens has special potentraliies for errors when
undertahen even by experienced workers Tlus 15 true for the following
reasons  The opportumty for clerical error 15 greater, the chance of mis
labehng multiplies wth the large number of sp therc 15 no d
check up by crossmatching such as occurs when a transfusion 1s to be per
formed as an immediate resule of the laboratory procedures Data have been
presented by me elsewhere on the ty ping of over 5000 blood specimens
which show ed that the errors made by individual workers 1n such situations
varied from 1 to 10 per cent It was recommended that all projects for group
ing large numbers of bloads be carned out with tw o independent determina
tions on each blood The results of the two tests should then be compared
and the subjects of discrepancies be recheched This proves a much simpler
and more reliable methad than cheching by groupmg the serum from each
blood In the latrer case more time 15 consumed in the separation of the serum
from the cells and one 15 dealing with serums of unknown uter which are fre
quently weah and difficult to evaluate

Methods of grouping which are desirable when tests are performed pror
to 2 transtusion 20d where speed 15 necessary are wnpracuical and unneces
sary In mass typing The centnifuge method 15 1deal for the transfusion serv
1ce where each test 15 performed separately In mass groupng the result of
any one test 1s not mmmeditely sought and the advantage of speed m the
diagnosts of the mdividual blood 35 lost Without special equipment 1t takes
more ime to test 500 bloods with the centnfuge technic than by the shde
method The author recommends for mass agglutinanion the use of large glass
plates upon which a number of tests may be performed more or less ssmul-
taneously The serum and cell suspensions are allowed to remamn quiet at
room temperature for churey munutes after which the plate 1s agueated to
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30 minutes after which 1t 1s tlted several tmes to agitate the mixrure Surr
able precautions agamnst evaporation or depredation by nsects may be neces
sary The presence of agglutnation may be observed with the naked eve,
using a white background or by reflecting light from below through the cell
suspension The preparation may also be examned mn the microscope To
accelerate the test the slide may be contnuously ulted to and fro by hand
or mechantcally for ten minutes

Another method employs whole blood without making a cell suspension
The shin of the subject 15 punctured a drop of blood no larger than the head
of a pm 1s placed on the shide, and a drop of ty ping serum 1s added 1mmed:
ately before clotting occurs Conunuous mung 15 accomplished with an
applicator or a toothpich Some practice 15 required to obtam a sufficienty
small drop of blood and to accomplish mixng before coagulation occurs If
strong typmng serum 15 used the reading tme can be thirty seconds This
method requires the presence of the subject when the test 15 performed and
there 15 no cell suspenston for subsequent cheching

Test Tube Methods

Sutably labeled test tubes without lips measuring 7 to 13 mm (mnside
diameter) by 70 to 100 mm long may be used In a tube 15 placed a drop of
serum a drop of cell suspension and a drop of 1sotonic saline solution The
tube may be allowed to stand at room temperature for 1 o mmutes or may be
centrifuged for one minute at low speed It 15 then shaken to resuspend the
cells Agglutmation may be obseried with the naked eve erther by nlung the
tube and lookmg through a thin lay er of fluid illumnated by a beam of light
or by pounng the suspension on 4 glass slide and examuning as described
under Slide Methods Some workers prefer to use 2 hand lens to examine
the muxture m the tube

Sources of Error

False negatn e reactions may be caused by (a) weal serums (b) msensitne
cells i infants or m groups A of A B (c) msufficient time of observation
(d) use of excesswvely heavy cell suspensions which absorb agglaetmns
(e) errors 1n labeling (f) farlure to mmactnare hemolyss 1n fresh serums
False positnic reactions may be due to (a) rouleau formation (usually dif
ferenniated microscopically by demonstration of stachs of cells clumps are
broken up by dilution of serum with saline and shaking) (b) cold agglutna
tion due to agglutinmns which react ar low remperature seldom at room
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breakn, up the sediment 1n the bottom of the tube the borders of the celf
mass may be inspected for the charsctenstic patterns in Tigure 83

The shide method of Diamond and Abelson® has been widely used with
satsfaction This employs a 40 to s0% crythrocyte suspension in serum or
plasma from the same source 1n neutral serum from a person ot group AB
or in serum albumn exther buman or bovine A drop of antiserum and celf
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Fie 83 B of d ervelirscytes m test tubes viewed from

beneath 1 te (mg with anti Rh serum (Landstemer and W iener ] Exper Med)

suspension are tmxed on a shde [he shde 15 held over an ylluminated box
which also furnishes the heat for mcubation The shde » frequently tidted
and signs of agglunnation are expected within three minutes if the test 15
po e Pracuice 15 required to differentiate rouleaux from true agg latination

Titration of Acamred Antibodres m Isosensitszation

Anti Rh and anu Hr agglutinns and blockung antibodies may be demon
strated 1 the blood serum ot the person who has been sensitized to the
antigens Perhaps the simplest method 15 to ser up two parallel titrations
Senal ditutions of the serum to be tested are made 1n 1sotome saline solution
n a senes of serologic test tubes A 2% su pension of test ery throcy tes 1n
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resuspend the cells and the tests are read Specimens which are the subjects
of discrepancies 1n the two independent determmations should be cheched
with serums from several different sources

Typing un the Rb Hr System

The determinauon of Rh ty pes 1s employ ed 1n the transfusion laboratory
for three purposes (1) the selection of donors for blood transfusion () the
study of the mechamsm of 1sosensitization n hemoly tic disease of the new
born (3) to determine whether the husband of a sensitized wife 15 homo
2y gous or heterozy gous

Most commonly iformation 15 desired as to whether the prospectiie re
cipient and donor of a blood transfuston are Rh positine or Rh negatnve so
the Rh negative reciptents will be grven Rh negative blood to avoid ssosenst
tization For this purpose 1t 1s frequently advised that the cells of the donor
be tested wich anu Rhy' serum (the 87 per cent serum) which wall prevent
donors belonging to types th and shrh from bemng used for rh reciptents
The blood of the reciptents should be ty ped with antt Rhy serum (the 85 per
cent) to classify those belonging to types rh and rhrh as Rh negamne
so that they will not recen ¢ the Rhy antigen 1n transfusion

To study the mechamsm of 1sosensitization a detailed 1y ping of the blood
of the husband wife and Ining children 15 necessary  This requires the use
of auts Rhy ant: rh, and ant-rh” sera

VWhen a famuly 1 which ery throblastosis has occurred desires an estma
tion on the possible outcome of future pregnancies all members of the famils
should be rvped with respect to the Rh system In addiion if the husband
belongs to type Rhy or rh the agglutination of his cells by anti-Hr serum
will indicate 1n all probabslity that he belongs to the genoty pe R'r or 7’7 and
therefore so per cent of his offspring with an rh wife will be of the genoty pe
77 and hence frec from ery throblastosis fetalis

Ant Rh and anu Hr anubodies differ from ant A and anu B agglutins
n Hwo ymportant respects the serum cell mixtures must be incubated at 37
C and the agglutinates w hich are formed are very fragile and must be observed
and handled with care

Several pracedures are employed m Rh & ping In the test tube method
one drop of a . % ery throcy te suspenston i saline solution 1s placed mn a sero
logic test tube with 2 drop of the specific anuserum The serum cell mxture
1s meubated ar 37 C m a water bath for thirty to sixey munutes The tube 1s
then centnfuged for one mmnute at low speed the tube 1 then remuf\ed
cautiously and tilted and rolled during inspection for agglunnation Before
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Several points should be emphasized in connection with crossmatching in
contradistinction to blood grouping Crossmatching is generally performed
when transfusion 1s imminent and speed 15 desited so that the centrifuge 1s
particelarly recommended  Microscopic examination for agglutination 15
more necessary m crossmatching because the potency of the serums 1s un
hnown and may be very weah and therefore the clumps of cells may be
small Thirdh  hemolysis should be looked for The serums in the cross
match are usually fresh and are not mactnated The most dangerous situation
15 the occurrence of a high titer of hemolysin 1n the recipient In the cross
match the observer may muss the agglutimation n the major match and find
ing the clumps have disappeared may conclude that the bloods are com-
patible whereas the cells haye agglutnated and the clumps have hemolyzed
1 have known of at least two fatahiuies from this error

Crossmarching to detect the anu Rh factor 15 performed with a techmc
precisely stulir to that for the determination of the Rh factor except that
the cells of the prospective donor and the serum of the recipient are com
bined

Serrcrion ofF Tae Dovor

Qualifications
1t 15 common practice to accept as blood donors persons of erther sex be

tween the ages of 18 and ,0 or 6o vears They should state preferably in
wning that they are 1n good health A hustory of malana ar any time should
be cause for rejection If the prospectne donor is having svmptoms of
pollen hay fever or aschma, he should not be vsed although donors with hay
fever are generally acceptable dunng seasons when pollen 1s not present i
the mr A history of angioneurotic edema or chromic urticarsa should be
cause for rejecuion A story of chancre gonorrhea or other venereal disease
should lead to closer scrutiny of the question as to whether the person 15 suit

able as a blood donor The person who gies a hustory of jaundice within six
months should be rejected on the possibility that it was of the infectious ty pe

It has been recently learned that the virus of thy discase 15 transmussible by
transfusion and that the incubation period 15 from 30to oo days The work
of Oliphant'3 showed that the blood of an mfected persan 1s not infectne
after two and one half months but the virus may be transmirted before
jaundice has appeared in the donor The person with the imual sy mptoms
of an upper respiratory infection should not be accepted because subsequent
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saline 1s added to each tube 1n the sertes In the other row of tubes the sersl
dilutionts of serum are made with neutral serum or serum albumimn, either
human or bovine withour added sodim chlor:de The same test ery throcytes
are employ ed but they are suspended mn the protein solution mstead of saline
All the cell serum mxtures are then incubated for 60 minutes at 37 C and
evidence of agglutination observed The greatest dilution in which clumpmo
occurs i the saline series 15 the nter of the agglutimns whereas the reading
1n the tubes without added saline 1s the titer of the bloching antibodses

Deternumng the Subgroups of A and AB

If determination of the subgroups of A and B 1s desired special serum 15
required The usual antt A grouping serum contams both ant A; and
antt A_ agglotmuns If 1t 1s sufficiently potent all the subgroups of A aggly
tinogen will be agglutnated by 1t the A and A B reacting less strongly than
the others The ant A serum may be altered by adding one fifth the volume
of known A cells mrung and allowmng to stand for sixry mmutes The cells
absorb the antt A agglutinin and are then separated from the serum which
1s then known as absorbed anti-A serum Thys will agglutinate only A, and
ABeells The A and A B cells are 1dentified by farlure to react to thus serum

CROSSMATCHING OF BLooD FOR TRANSFUSION

Whenever possible crossmatching of the blood of the recipient with that
of the prospective donor should be performed prior to transfusion even
though homalagous groups are thaught to be muolved Statistics as to the
low meidence of transfusion reactions without tests of compatibiliy will not
be impressine to the worker who has crossmatched many bloods and en
countered occasional mncompatibilities parucularly m groups A and AB
Crossmatching 1s also a check on the blood grouping In matchmg infants
blood and the groups A and A B 1t may occasionally be found that the
agglutimns 1n the serum of the blood tested are stronger than those of the
1y ping serums and will thus reveal errors in the groupmg

T he procedures for crossmatchiny are the sime as for blood grouping but
the sources of cells and serums are different The cells of the donor and the
serum from the recipient are combmed 1 whac 1s rermed the  major match
the combnation of the recipient s cells and the donor s serum 15 known as the

muor match  The major match 1s of prime importance to the transfusion
but perform:mce of the minor match 1s an additional chech on the correct
ness of the group determination and should be carried out whenever possible
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Several ponts should be emphasized n connecuon with crossmatching
contradistinction to blood grouping Crossmatching 1s generally performed
when transfuston 15 imminent and speed 15 desired so that the centrifuge 15
particularly recommended  Microscopie examunation for agglutination 1s
more necessany 1 crossmatching because the potency of the serums 1s un
known and m1y be sery weik and therefore the clumps of cells may be
small Thirdly hemolysts should be looked for The serums m the cross
match are usually fresh and are not mactnated The most dangerous situation
15 the occurrence of a high titer of hemolysin in the recipent In the cross
match the observer may muss the aggluunanon m the major match and find
g the clumps have disappeared may conclude that the bloods are com-
pauble whereas the cells has e agglutinated and the clumps have hemoly zed
[ have hnown of at least two fatahties from this error

Crossmatching to detect the anu Rh factor 1s performed with a technic
precusely similar to that for the deternunanion of the Rh factor except that

the cells of the prospectine donor and the serum of the recipient are com
bined

Sivtcrion ot The Dovor
Qualifications

It 15 common pracuce to accept 25 blood donors persons of either sex be
tween the ages of 18 and 5o or 60 years They should state preferably m
writing that they are 1n good health A history of malaria at any time should
be cause for rejection If the prospecttne donor 1s having symptoms of
pollen hay fever or asthma he should not be used although donors with hay
fever are generally acceptable during seasons when pollen 15 not present
the air A lustory of angioneurotic edema or chrome urucama should be
cause for rejection A story of chancre gonorrhea or other venereal disease
should Jead to cluser scrutiny of the question as to whether the person 15 suic
able as a blood donor The person who gives a hustory of jaundice withm sre
months should be rejected on the possibility that 1t was of the infectious type
It has been recently learned that the virus of this disease 15 transmussible by
transfusion and that the sncubation period 1s from 3o to oo days The worl
of Oliphant!® showed that the blood of an mnfected person 1s not infective
after two and one half months but the virus may be transmitted before
jaundice has appeared mn the donor The person with the 1mual sy mptoms
of an upper respiratory infection should not be accepted because subsequent
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events mighe prove that he was suffering from the prodromes of contagious
disease or of pneumonia A recent tovic mamifestation from sulfonamides
should be cause for rejection if the recipient 15 to recen e simdar drugs Thave
scen one example of passive transfer of sensivity to sulfathizole by trans
fusion

The Blood Donor Service of the American Red Cross has established the
value of 1. 3 Gm per 100 cc as the mimmal level of hemoglobin for an ac
ceprable blood donor male or female Determmation of acceptability, using
this eniterion 1s made by puncturing the finger of the prospectiv ¢ donor and
collecting several drops of blood m a glass capillary tube The blood 15
quickly expelled by means of a small rubber bulb (used for vaccme virus)
mto a bottle containing a solution of copper sulfate with 2 specific gravity of
exactly 1 053 A globule 1s formed by precipitation of protem on the surface
of the drap If the drop floats temporanly the hemoglobin 1s less than 123
Gm and the prospective donor 15 rejected If the globule sinks the hemo
globin 15 greater than 12 3 Gm and the donor 1 accepted This method s an
adaptatton of the procedure for determumng hemoglobm devised by Phillips
et al *

Blood Group of the Donor

It 15 possible to dispense with the determinanion of the blood group of the
donor 1n an extreme emergency, where a compatibility test can be performed
In general 1t will be found that this practice wastes more time than 1t saves
The 1dentificaion of the blood group of the reciprent and of prospective
donors usually enables the prompt selection of smtable blood for transfuston
The use of blood of homologous groups for transfusion 1s usually recom
mended but this practice 1n 1eself does not necessarily msure compatbilicy
and crossmatching should be performed In case the recipent belongs 0
group AB or B selection of a homologous group from a small number of
persons may be 1mpossible A recipient of group AB can take blood from
any other group but a group B person must recerve blood from his own
group ot from group O The possible implications of these cross transfusions
will be discussed 1 consideration of the wnwersal donor

The Umversal Donor

By defimuon group O blood contains the tw o agglutinns ant Aand anu B
1 the plasma but no agglutinogens in the cells Persons of this group were
called unnersal donors on the assumpeon that therr agglunmns w ould be
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rendered meffectine when diluted with the plasma of a reuipient of a heter
ologous group The absence of clincal reactions after transfusions employ-
ing the unn ersal donor 1n which the niter of the transfused mcompauble ag

glutnns 15 relatvely high has led to the realizavon that at least two other
factors are at work to mactate the heterologous agglutinins  combnation
wich small amounts of group-specific substance m the plasma of the reciprent
and more important combination with group-specific substance mn the
fixed tissues of the reciprent These facts are recognized by all and 1t 15
agreed that blood from most group O donors 1s safe when transfused 1nto
recipients of heterologous groups The use of unnversal donors has been 1n
vogue for many years n some large hospitals m this country and has re
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cenved tnals on a large scale 1n many of the armies engaged 10 W orld War I
A controversy sull ewsts as to whether the group O blood with an excep
tionally high titer of aggluunins 1s safe for transfusion into other groups
The Rh factor was discovered in 1940 so that cases reported before that nme
purpotting to show reacuions from unnersal donor blood included no ex

aminations for the anti Rh factor Aubert et af ' have mjected large amounts
of plasma selected for agglutimins of hugh titer into recipients of heterologous
groups and have shown minor amounts of agglutination of the recipients
cells but there were no ymporeant clhinical reactions hlendshoy ez a 1% have
reported one case 1 which group O blood apparently caused a fatal hemolync
reaction 1n a recsptent when the presence of the anu Rh factor had been ex

cluded Further study 15 required to settle this pont If the agglutmns m
group O blood are deemed dangerous 1n transfusion, there s now at hand a
means of mnactnatung them m vitro by the addition of 2 solution of the
A and B group speaific substances described by Witebshy er af
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Cottrcriov or Broon For TRANSFUSION

General Care of the Donor

Frequently smce blood transfustont has become 4 common procedure the
donor 15 an mexperienced person who approaches the operation of grng
blood with some treprdation If he can be i the company of others who are
undergong the same procedure without discomfort the example 15 often
reassuring A long peniod of waiing before drawing the blood especully
when the tme 1s spenc m conversation with others who are also apprehen
sive 15 a poor psychological prelude Care tahen to provide a cheerful and
reassuring environment for the collection of blood will repay the effort many
tmies 1n lessening the number of donor reactions

The donor 15 placed i the recumbent position on a table and the collectng
flask 15 50 arranged as to be out of his sight The antecubiral fossa of the
extended arm 1s prepared w1th tincture of 1odme and alcohol A tourmquet 1s
placed around the arm just above the prepared site A conserient method 15
the use of the cuff of a sphy gmomanometer nflated to a pressure of about
4omm of mercury Witha 4 gage needle a bleb of °/ solution of procame
1s rased over the vem to be entered The vem selected 1s usually the largest
and most accessible one i either arm After Jocal anesthesta has been attamed
a needle of 13 to 16 gage 15 inserted n the vein through the procame wheal
The blood 1s then allowed to run freely esther by graury or by the applica
tion of gentle suction In many donors 1t will be found possible to release the
tourniquet entirely without impairing the rate of flow Other donors msy
have to flex and extend the fingers slowh to secure an awntlnry pumping
action It 1s helpful m such a case to give the donor samething to grip such
as 2 roller bandage or a piece of sponge rubber

When sufficient blood has been withdrawn (usually not over soo cc ) the
tourmquet 15 loosened the donors hand s relaxed a pressure bandage 15
placed over the site of mjection and the needle 15 quichly w ichdrawn The
donor 15 ashed to flex the arm and the bandage 1s later fixed oghtly n place
for several hours The donor 1s requested to hie 1n the supme posicion for
fifeeen to thiry munutes The foot of the table may be elevated shghth At
the end of the rest persod the dopor may be allowed to sit up cautioushy and
finally to stand An expenienced person should be present and on the alert for
signs of vasomotor disturbance and ar the first indication should tactfully
suggest that the donor he down

YWhen the donor fecls able to walk he should be encouraged to drink fimds
and may be gnen llght refreshments such as nulk drinks cookies or crachers
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Lacessnely hot or cold drinks should be avorded The ingesuon of hot drinks
by a person who has recently lost blood may further deplete the circulating
blood yolume sufficiently to cause sy ncope

Reactions 1n Donors

Tt was formerly thought that pracucally any ene could lose 500 cc of blood
without extubinng symptoms With the recent expenence in bleeding thou
sands of persons 1t has been found that from 1 to § per cent of donors have
more or less sesere symptoms The mamfestations vany from a feeling of
weakness on resuming the erect position to syncope The sy mptoms my ap
pear at amy ume during the collection of blood or up to an hour or so after
the donation  There 1s usually a sudden pallor and profuse sweaung the blood
pressure falls and the pulse 1s slow  Consciousness may be completely lost
\ omiting involuntary defecanon and micturition may occur

The most disconcertng and dangerous tvpe of reaction 15 the delayved
fane The donor may feel and appear perfectly normal at the conclusion of
the usual rest period following donation He then walks away from the
bleeding center and suddenly faints some tme later at penl to himself For-
tunately such stances are rare but no method 15 now known of preventng
this ¢y pe of acaident The causes of famting 1 donors are not fully under
stood Extensne studies have been made with mconclusine results Obvi
ously some fainung 15 due to apprehension 1n the mexperienced ndiidual
This type 15 contagious The excited comversation of apprehensne persons
avwaitng their turns to give blood 1s not reassuring to the novice A few
would be donors swoon hefore they are ever touched with a needle A
psy chogemic etology does not seem to explan the case of the person who 1s
not afrad and m whom the svmptoms onls appear after most or all of the
blood has been withdrawn There are cases of expenienced donors who al
ways fant when a certam defimte amount of blood has been collected It has
been suggested that these persons have sensine caroud sinus reflexes !

A rare ty pe of reacuion 15 the occurrence of generalized convulsions with
or without loss of consciousness The chmical picture resembles an epilepti-
form attach It has been shown that many persons who react in this way have
the patrern of the epileptic m the electroencephalogram although they have
never had clintcal epilepsy

Hypenenulation tetany occastonally occurs n an apprehensine blood
donor Thave seen at least one case 1 which hy persentilation was not evi-
dent a5 a cause for the tetany and niesther holding the breath nor rebreathing
would relies e the sy miptoms
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TecuNic or InJEcTiON oF Broop

Methods

Modern experience has left hitcle 3f any argument in favor of the direct
methods of transfusion They are convenent considerable shill and com
plicated apparatus are required and the propiquity of the donor and recipt
ent 1s frequently undesirable As knowledge of pyrogens has ncreased, Jess
has been heard about the tovicity of sodum citrate Recent expernence with
masswve transfusions of citrated blood and plasma has conclustvely demon
strated that the amount of sodmm citrate injected 1s not harmful and does
not produce reactions

A detarled description of the hundreds of methods of mdirect transfusion
would be unprofitable It 1s trite to say that successful transfuston depends
upon mtroducing the blood 1nto the circulation of the reciprent, neverthe
less, many transfusions fail because this cannot be accomphished I know of no
way of remedsng thus siuation except by practice on patients Although
most phy sicians assume an air of supertoriry toward the operation of transfu
ston apparatus 1t 1s surprising how many are not familiar with some of the
laws of hy draulics upon which the successful operation of the equipment de
pends It 1s splendid advsce seldom followed thar the physician should prac
tice with a dummy apparatus before being confronted with a flash of blood
which 1s destined for the vemn of his patient

It 15 generally recognized that citrated blood should he passed through
some tvpe of filter before admimstration Obviously the filter should be
sufficrently fine to withhold particles of fibrm and debris which would other
wise clog the needle There 1s no agreement on the mmimum size of the pores
of the filter The problem of filtration 1s not serious when fresh blood 15
belng given but when presert ed blood 1s employed filters of fine mesh which
are satisfactory for the former frequently become completely plugged with
the shreds of fibrin and degenerated leukocy tes which accumulate duning
storage The filterng surface must be greatly enlarged or the mesh must be
much coarser to pass preserved blood This problem has not been sausfac
torily solved for the administration of preserved blooed m a closed system
Inan ‘open system the blood may be poured through three or four lavers
of sterile surgical gauze wich satisfactory results

Selection of a Site of Injection
Ta general am accessible vemn which 1s sufficently large can be used for
transfuston One route frequently ignored when the peripheral vesscls are
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destroved 15 the femoral vein The physician should become famibiar with
this techmic for use n an emergency  This region of the body 15 seldom
traumatized, and hnowledge of the method of admunistration mav be hfe-
saving The femoral artery 1s palpated one inch below the ingmnal higament
the femoral vemn will Ie yust medial to 1t although 1t cannot be seen or felr
The needle 15 mserted blindly and perpendicularly at this site until venous
blood 15 withdrawn No fixation of the needle 15 vsualls required although
1t appears to be 1n a precanous position

I have had no expenence with ntrasternal transfusion Three cases n
which fatalities have occurred are known to me In each mstance the needle
prereed the inner table of the sternum and blood ws injected mto the meduas
unum. It 35 a marter of opmion 2s to whether this could have been avoided
by shilful manspulation It 1s to be hoped that a needle will be devised which
will make impossible such aceidents

Dosage

It 55 usually stated that the maumum dose of blood for children 15 -0 cc
per hidogram of body weight This value has been satisfactory The usual
volume of blood given to 2n adult n one transfusion has been 500 cc This
has been determmed largels by the himitation of the donor and not by the
needs of the reciprent There 1s much more reason for adhering to this prac
tice when fresh blood transfusions ate employ ed than when a large resenve of
stored blood 15 available In determining the «olume of blood to be admumis~
tered at a single transfusion two factors must be considered the circulating
blood solume of the reciprent and the condimon of the cardiovascular svs
tem Vith large quantities of blood at hand 1n 2 bank 1t 15 logical and prac
tical to replace the blood lost by acute hemorrhage even though the olume
15 several hiters This is the accepted treatment for shock from hemorrhage
1f the carduac funcuion s mmpaired, even oo cc of added blood may resulr
mn franl. decompensation In the treatment of carbon monoude possonung
for example when 1t may be necessary to transfuse Jarge quantities of blood

nto 2 patient with hearr disease 1t 15 logical to bleed the patient before
transfusion

Rate of Injection

It 15 frequently stated that the mavimum rate at which blood transfusions
should be given 1s .o cc per mnute This hmitation 15 msleading In the
treatment of severe grades of shock 1t has been found necessary to restore
the circulating blood volume as raprdly as possible The Britsh have found
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that a rate of 50 cc per nunute ts desirable at times 1 This ss practically un
attamable mn a gravity system unless a needle of 16 gage 15 employed In lien
of this, the blood may be forced i under pressures greater than grasity
On the other hand when cardiac function ss impared, many advise a very
slow rate of transfusion This practice has virtue when mfustons of crvstal
loid solutions are being adnunstered because the velocity of adminstration
may be made to approximate the rate of loss of fluds from the circulation
It1s doubtful whether this equilibrium can be obtamned however when blood
1s bemng introduced into the circulation Here one 15 adding a mivture of
cells and protemn solutions which are not mtended to leave the curculation
The readjustments by loss of water into the tssues occur much more slowly
after blood transfusion than was formerly thought

Temperature

Formerly 1t was considered necessary to adjust crystalloid solutions and
blood to body temperature before mjecting them imto the veins of the pa
uent There are few types of apparatus which will actually accomplish this
Most of the reactions attributed to the infuston of cold solutions have prob
ably been due ro the presence of psrogens in the fluds Pyrogen free fluids
or blood may be admmustered intravenously at temperatures as low as 10 C
without reaction ** Attempts 1t heating blood during transfusion may actually
be disastrous if the temperature madvertently becomes excesstie Much
expertence has proved thar the heating of solutions and blood for intravenous
adminustration 15 not only time consuming and expensive but unnecessary

SurinnaL ofF TransFusep ERYTHROCYTES

Many recent studies have been made of the survival ume of transfused
erythrocytes to evaluate the various methods of preservation of blood The
methods of experimentation which have proved the most satssfactory are
modifications of the agglutmation techmc first described by Ashby and the
labeling of hemoglobin i the transfused erythrocytes with radwactrne
1sotopes of won For details of the modified Ashby technic the reader 1§
referred to the papers of Mollison and Young ¢ and of Denstedr Qsborne
Stansfield and Rochlin ' m which extensne studies are reported With
transfustons of fresh blood a varible number up to 4o per cent seem to
disappear from the crrculation n the first three days in some recipents
Thereafter there 1s an irregular decline mn the number of transfused red
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cells although somie arc retamed as long, as 1 o davs When blood preserved
as long as 15 t0 o duys 1s transfused the red cells seem to persist nearly
as well as fresh blood if correction 1s made for the fact that all of the cells
i the stored blood are o davs older Gibson and Ivans  also Ross * by
labeling cells with hemoglobin contaming radioactise sotopes of iron hue
shown that when the transfused cells disintegrate in the recipient s cireula
tion the hemoglobin thus released 15 readily assimlated in the formation of
new cells

RricTions Frost Broop TRywsrusions

The average physician 15 inclined to regard all reactions from blood trans
fusions as 2 single clintcal entity This 15 as meaningless and as unscientific
3s to be content with a diagnosis of fever m a patient whose body tem
perature 1s elevated A vamery of syndromes may accompany the trans
fuston of blood and proper understanding of the euology prognosis treat
ment and prophylavis can be forthcormng only by making a differential
diagnosis

Pyrogenic Reactions
Enology

‘The work of Seibert 1n 19 3 demonstrated that certan river bacter;a many
of them nonpathogenic can grow in disulled water and produce substances
which cause fever when njected parenterally mto ammals She named these
substances py rogens and showed that they pass through bactenal filters and
therr fever producing abihity 15 not destroved by the usual amount of heat
employ ed 1n the stenlizanion of flds for parenteral use When flurds con
taming pyrogens are ad d p lly to man or p pre
pared with pyrogenic flmds 15 employved in parenteral therapy a defiie
climeal sy ndrome 15 produced There 15 great mdnidual varanon m sus
ceptibility to Py rogens so that when a number of patients receive pyrogen
contaming fluds from the same lot not all or even a majonity of pauents
may have reactions Also mvolved are the factors of dosage and rare of
adminustranion

Py rogens may accur m the manufacture of crystallowd solutions for par
enteral jection They may also contaminate the equipment employed for
the adminsstration of crystallord solutions or blaod transfusions Organisms
may be imtroduced into the blood ac the ume of collection and during
storage pyrogens may be formed before the bactersa are hilled by the nat
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ural bactericidal agents of the blood The meidence of pyrogenic reactions
mn one seryes of 4.3 blood transfustons was . 1 per cent *

Climeal Description

The mamfestations of this type of reaction occur durmg or within an
hour after, the parenteral administration of crystallord solutions blood or
plasma The muldest ty pe 15 characterized by the occurrence of a chill vath
out feser More violent reactions begin with chills and are accompanted by
raptd rises in body temperature to Jevels from 100 to 105 F During the height
of the reaction the patient may be somewhat dyspneic and extremely un
comfortable The fever persists for only a few hours after which the tem
perature resumes the premjection level There are no sequelae

Diagnoss

The associatron with parenteral injectrons 15 prima facte evidence, but
other conditions must be considered It 1s sometumes difficule 1f not ympos
sible, to differentiate a py rogemic reaction from the clinical manufestation of
the pimary disease for which the patient 1s being treated The onset of severe
pyrogenic reactions resembles the mutul symptoms due to mntrasascular
hemolysis The latter condition must be excluded with all possible speed
by withdeaving a small amount of blood from the vemn of the patient cen
mifuging it and inspecting the supernatane serum for free hemoglobmn or
bilrrubin

Treatment
The transfusion 15 discontinued Usually no other measures are required
Sedatives may be given if the recipsent 35 uncomfortable

Prognosts
Thus ty pe of reaction 1s annoy mg but usually not dangerous

Prophylaxis

The prevention consists n scrupulous preparation of equipment and
fluids to exclude the presence of pyrogens The collecuon of blood should
be performed preferably i a  closed system with due regard for asepsis
If the equipment 15 thought to be contammated with py rogens but py rogen
free crystallord solurions are available the equipment may be washed out
with 100 to 200 cc of sterile pyrogen free fluid prior to use
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Urticana
Enology

About 1 per cent of bloud transfusions 15 accompanied by urticaria of
greater or less degree Injection of plasma may also produce this reaction
One physician told me that he has developed urticana several tumes follow-
g the intravenous admiustration of ssotonic saline solution In most cases
of urticana nether donor nor ICC]plCh( gl\ eany prc\1ous hlS(Or} Of urticana,
hay fever orasthma On the other hand I hnow of one person whose blood
has gnen urtcana to eight out of ten recipients recenng 1t The donor has
had many attacks of angioneuronic edema some of which are defimely re-
lated 1o emotional disturbances Some recipients developing urticama after
rransfuston will fail to reace the next day from transfusion of more blood
from the same flask Blood from the same flask has been transfused nto two
recipients producing urucarsa 1n one and not 1 the other This vy pe of
reaction i olves no known assocuanion with 1solmmumt)

Clinical Description

During or soon after the transfusion of blood or plasma the pauent de
velops urticana Only a few wheals may appear or massue angioneurotc

edema may develop The erupuon usually disappears spontaneously m a
few hours

Diagnosis

Diagnosis 15 made by mspection The disease can scarcely be confused
with any thing else

Treatment

The transfusion should be discontinued if the extent of the lesions 1 great
or1f edema dex elops in sites which are perucularly vital such as the pharynx
or the larynx Epiephrme hy drochloride (03 to 1 ¢c of a 1 1000 solution)

may be gven hy podermucally and repeated m a few mnutes if the reaction
proves severe

Prognosis

There 15 very hede danger from this type of reaction provided prompt
treatment 35 guven before edema of the larynx develops
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ural bactericidal agents of the blood The incidence of pyrogenic reactions
1 one serses of .4 3 blood transfusions was . 1 per cent 4

Chnteal Description

The mamfestations of this type of reaction occur during or within an
hour after, the parenteral admmnistration of crystalloid solutions, blood or
plasma The mldest ty pe 15 characterrzed by the occurrence of a chull with
out fever More violent reactions begm with chulls and are accompamwed by
rapid rises m body temperature to levels from 100 to rog F During the herght
of the reaction the patient may be somewhat dyspneic and extremely un
comfortable The fever persists for only a few hours after which the tem
perature resumes the preinjection level There are no sequelae

Dragnos:s

The association with parenteral mjecuons 1s prima facie evidence, but
other conditions must be considered It 1s sometrmes difficult if not 1mpos
sible to differentiate a pyrogenic reaction trom the chinical manufestatton of
the primary disease for which the patient 15 being treated The onset of severe
pyrogemic reactions resembles the inimal symptoms due to mtravascular
hemolysis The latter condition must be excluded with all possible speed
by withdrawing a small amount of blood from the vem of the patent cen
tofuging it, and nspecting the supernatant serum for free hemoglobin or
bilirubin

Treatment
The transfusion 1s discontinued Usually no other measures are required
Sedatives may be given of the recipient 1s uncomfortable

Prognosts
This type of reaction 15 annoymng but usually not dangerous

Prophylaxis

The presention consists m scrupulous preparation of equipment and
fluids to exclude the presence of pyrogens The collection of blood should
be perfomled preferably 1n a closed system with due regard for asepsts
If the equipment 1s thought to be contaminated with pyrogens but pyrogen
free crystallod soluttons are available the equipment may be washed out
with 100 to 200 cc of stertle pyrogen free flud prtor to use
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Treatment

The therapeutic test and the emergency treatiment 1s to place tourniquets
on all four extremties The tournuquets should be applied as near to the
trunk as possible and only tightly enough to produce venous stasis The
artenal blood supply should not be shut off Ebert and Stead ¢ have shown
that this maneus er results in the pooling of at least r5 per cent of circulating
blood 1 the extreruties Prompt rehef of dvspnea and disappearance of
rales in the lungs should follow About every twenty minutes the tourmquets
should be released and reapplied one at a time to restore the circulation n
the hunbs 1f blood or plasma has been admustered 1t 15 probably wise to
withdraw 500 ce of blood from the recipient after the efficacy of the tourms
quets has been proved If crystallord solutions have been given 1t 15 possible
to temporize with tourmquets untl the fluid has left the airculation Prompt
dugnosts and treatment are sometimes lifess g measures

Prognosts

The author has seen one aduit who was not previously 1n cardiac fatlure
die from left sided heart falure from the 1njection of oo cc of compatible
blood before the treatment for this condition was hnown Another patient
died 1n sumlar manner from soo cc of blood Prompr recovery from the
condinon has been observed on many occasions when treatment was i~
suruted

Prophylius

“The condition can frequently be prevented if the starus of the cardio
vascular sy stem 1s considered more often when transfusion 15 contemplated
When a blood transfusion 15 mdicated the question should always be asked
Can the circulation tolerate the sncreased blood volume? In selected cases
1t may be possible ro bleed the patient before administering a transfusion of
blaod or plasma Suspensions of erythrocytes may be gnen for the treat
ment of anemia where the plasma 1 whole blood 15 deemed unnecessary and
the increased \olume of circulating plasma protemn 1s dangerous

Hemolytic Reactions
Etiology

The products of dismtegrated erythrocytes are potentally dangerous
when smtroduced into the circulation m sufficient quannties There are two
mechanisms by which this occurs Exeravascular hemolysis may be caused
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Prophy lavis

Lack of knowledge prevents any effectual prophy lactuic measures Pro-
spective donors should be rejected if they give a history of chrome urtar
or angioneurotic edema This precaution will prevent only 2 small number
of reacrions however

Circulatory Overload
Ltology

The normal heart can cope with a moderate mncrease 1n the crculatng
blood velume but it has been shown by Murphy e al  that when there
1s borderline compensation the intravenous mjection of as httle as soo cc
of 1sotonic saline solution 1» sufficient to nduce frank cardiac falure Such a
procedure 15 less than equitalent to the admimistration of a similar volume
of blood or plasma as crystalloid solutions rapidly leave the blood stream
and the resulting increase 1n circulating volume 15 therefore quite transient
On the other hand the increase n crrculanng flurd obraned after the mnjec
tion of blood or plasmn 15 much more stable and therefore more dangerows
to the circulatory system which is already mmpaired When circulatory fal
ure 15 induced by the mtras enous injection of fluds or blood the left side
of the heart fails first and edema of the lungs results Fatal left sided heart
failure has been observed by the author after the transfuston of as bttle as

oo cc of blood mto 2n adult 1 whom there was prev tously no clinical sipn
of cardiac nsuthciency The condition should be anticipated when trans
fusions or intras enous infustons are admumstered to any patient who has heart
disease or condttions predisposing to heart disease

Chmical Descripnon

Durmg or withm rwo hours after blood transfuston the patient may sud
denly become dyspnerc and extremely cvanotc The heart rate is vers fast
and arrhy thomas such as auricular fibnllation or auncular flutter may de
velop The lungs are filled with coarse moist sibilant rales Death may
occur within one half hour to s hours if prompt treatment 15 not st
tuted

Dragnosts

Diagnosts depends on the appearance of the symptoms and signs and 1s
proved by the response to therapy  When diagnoss s doubtful the panent
should be treated for the condition
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1swually ¢ direct 1f abtuned at this stage turmng to 1ndirect  the nexe day
The jaundice fades within two or three davs The scteric phase may oceur
without the preceding acute phase

The anuric phase 1f 1t occurs, usually intersenes shorely after the acute
phase There may be complete anuna or ohguria with a daly excretion of
too to 500 c¢ of urine Hemoglobin 1s only present in the unne for the first
two days at most Casts of hemoglobin pigment can be observed in the unne
for another day orso When hemoglobinuna occurs there 1s usually sufficient
pigment to color the unne deep red or brown to black Duning the anunc
stage the patient may appear to be recovering except for the steads ncrease
mn the degree of szotemia the daily urea nurogen values of the blood fre
quently increasing almost by arthmencal progression

Death from renal nsufficiency seldom occurs before the fourth or after
the twelfth day The blood pressure remains normal 1 most cases although
there are well authenticated nstances 1 which hy pertension developed Con
vulsions are usually not a promiment feature Coma supervenes durmg the
last days of lfe Spontaneous and complete recovers mayv occur at any of
the three phases without detelopment of the succeeding stages In the anune
phase dwresis mas oceur suddenly either as the result of treatment or spon
taneously and the evidence of mtrogen retention gradually disappears

Dagnogsis

The problem of diagnosts vanes somewhat depending upon the phase at
which the question anses The acute phase must be differentiated from severe
Pyrogenic reactions and from circulatory embarrissment The absence of
rales in the chest evcludes edema of the lungs A sample of blood should be
unmedately collected 1 a clean dry syringe and centnifuged 1n a clean tube
Simple mspection of the supernatant serum will reveal the presence of sig
mficant quantiues of free hemoglabi or bibirubin The 1cteric phase must
be differentiated from jaundice due to other causes If the screrus 1s accom
pamed by hemoglobinuma the presumption of a hemolytie reacuon can
usually be made The anuric phase of a hemoly nic transfusion reaction musr
be disungusshed from anuria due to shock the crush syndrome sulfonamide
intovication quintne 1diosyncrasy blackwater fever or nephnns Differen
tiation may be mpossible erther chmceally or pathologically 1n some cases

Ifa hemolyuc transfusion reaction can be diagnosed a subsidiary prob
lem 15 the cause of the hemolysis Intrayvascular hemolssis 15 diagnosed by
demonsmmng mcompatibiity in the transfused blood For this purpose a
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by the transfuston of whole blood which has undergone spontancous hemly
sis during storage by the application of excesstve heat or cold to the blood
before transfusion, by the addition of large quantities of cry stallod solutions
to whole blood m concencrations etther by pertonie or hypotonic, by the
addition of other hemoly tic agents to blood which 15 to be transfused Most
of the conditions mmplied m this category are more frequently encountered
m transfusions of preserved blood than when fresh blood s employ ed
Intravascular hemoly sis may occur from the transfusion of erythrocytes con
taiming agglutinogens which are incompauble with agglutimns occursing 1n
the blood of the recipient It may also occur from the transfusion of red
blood cells the contents of which have been rendered hy pertonic or hypo
tonic to normal blood plasma by mmproper preservation

At present, the preponderance of evidence supports the view that free
hemoglobin itself in sufficrent amounts 15 deleterions when i1 appears 1n the
circulation in large quantities When the plasma hemoglobin Ievel exceeds a
value between 35 and 45 mg per 100 cc, hemoglobinuria occurs “The free
hemoglobm circulates m the blood stream as such only a few hours bemg
rapidly converted to bilirubm 1n man Some hemoglobin also forms 2 more
or less stable combimation with plasma albumin which has been desgnated as
methemalbumin by Fairley Much of the hemoglobin 15 rapidly tahen up by
the retculo-endothehum

Climical Description

For descriptive purposes 1t 1s convenient to drvrde the clincal course ofa
hemolytic transfusion reaction mto several stages The acute phase lasts
from the ume hemalyzed blood 1s mrtroduced mto the circulation until 2p
proximately one day post transfusion If the total free hemoglobm released
15 small or 1f the amount mtroduced per minute 15 mummal no mmedte
symptoms may occur If the dose 1s larger the patient experiences a moderate
or severe chill followed by a transtent fever There may be dyspnea with a
sense of constriction 1n the chest cyanosis and severe pams in the abdomen
and i the lumbar region radunng down the legs If the il symproms
are severe shoch may mtervene promptly and death results at this stage
1 have observed an adult who died 1n shock within six hours after the trans
fusion of .00 cc of mcompatible blood The acute phase 15 seldom prolongcd
beyond eight to twelve hours after which the patent 1s refatnvely com
fortable

About six hours post transfusion scterus may develop This 1s symptom
Yess and 1s presumably hemoly tic 10 ty pe although the van den Bergh reaction
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Unhnown factors m the body of the recipient undoubtedly play an impor
tant role as some tolerate severe degrees of hemoglobimuna without renal
falure wWhereas others develop fatal anuriz Death may result i the acute
phase from shoch or in the anunc phase from renal insufficiency 1 have
observed ten patients with transfusion anuna seven of whom died and three
recovered Pracnically ail had recersed some of the methods of therapy men
voned Usull have no defimte opinion as to the efficacy of treatment

Prophylis

The prevention of both 1n vitro and 1 1o hemolvsis depends on the
care and shall with which the entire procedure of blood transfusion 15 han
dled A blood transfusion service with tramed personnel to superise every
detail has proved the hest method of prophvlaxs As to the preparation of
the patient the admumstration of alkalis to msure an alkaline rexction to
the urme prior to transfusion may be of some value n preventng anuna

Transtmssion of Infectious Discase by [ransfusion
Enology

The principal diseases known to be d by blood £ are
syphilis malana and infectious hepautss Theoretically almost any organism
producing bacterema 1 the donor could be transmitted to the reciprent
by mjection The transfer of brucellosis should be guarded against It should
be emphasized that the donor with 2 pnimany lesion of sy phulis and a nega
trve blood Wassermann reaction 1s potentually more dangerous in the trans
mussion of syphulis than one with well established serologic evidence of
syphilis Malarsa 35 notorously a chromic disease and the use of a donor
known to have had 1t at any time 1s potenmally dangerous The long meuba-
tion period of infections hepatitis of from 6o ro 1 o days s parncularly de-
ceptive Transfusion sy phulis differs from the usual ty pe 1n that the first mans
festation 15 the appearance of secondary lesions the chancre being absent
The mcubation period may be several months

Dingnosts treatment and prognosts are problems n general medicine

Prophylaus

Obtainung a careful history and performing a physical examination should
exclude most of the chances of transmitting disease by transfusion Donors
are rejected who have had jaundice within six months if the cause of the
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sample of the blood to be given should always be held n reserve If preseried
blood has been given, osmouc hemolysis may be tested for by diluung the
blood muxture with four or five volumes of 0 9% sodum chlorsde solution
centrifuging, and comparing the color of the supernatant with that of cen
wnifuged citrated plasma from the mixture A similar test may be employed
using the recipient s serum or plasma nstead of salt solutton If the hemolyss
occurs under the conditions of the test 1t 15 a farr assumption that the 1m
properly preserved cells hemolyzed i the body of the recipient Extravas
cular hemoly sis may be presumed from a careful check of the history of the
handhing of the blood during the transfusion or demonstration of excessiie
hemolysis 1n the reserve specimen of blood

Treatment

If the reaction is detected during the transfusion the injection should be
immediately discontinued It has been stated that the transfusion of less than
200 cc of incompatible blood has nev er been fatal in an adult I have obsersed
one patrent who died from approvimately thar amount In the absence of 2
certan know ledge as to the mechanism of transfusion anurma 1t 1s probably
safer to take immediate steps to msure an alk1hine reaction in the urine either
by admmistration of sodmum bicarbonate or sodium citrate m large doses
orally or by the mntravenous mjection of 1/3 or 1/6 molar sodum r lactate
solution If the reaction 1s first detected during the icteric phase and there 15
no dimmution in renal excretion the recipient may be given alkalis by mouth
and merely observed for possible development of oliguria or anuna If the
anuric phase develops fluds should be given by mouth and saline and dex
trose should be mjected mntravenously In wiew of the uncertain prognosts
without treatment and the lack of hnowledge of the mechanism no one treat
ment can be recommended with enthusiasm Procedures which have been
reported as effective n some cases and faling in others are the intravenous
admunistration of all alis, hy pertonic dextrose solutions intrayenously roent
gen ray rradianion or diathermy 1o the hidney regions lavage of the renal
pelvis with hot water spmal anesthesia transfusions of companble blood
and decapsulztion of the hidneys

Prognosts

Hemoly tic reactions should be seriously regarded but the prognosts 5
evrremely varable depending probably on a number of factors The amount
of hemolyzed bload 1s undoubtedly tmportant as well as the dose per mmute
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Prrst rvep Broon

The preservation of whole blood for transfuston has made possible the
separation of the donor from the recipient m space and the remote dis
association of the act of blood collection from that of admimstration in
pant of ume These are desirable features i the mechanics of blood trans
fusion because they make possible the maintenance of stores of blood known
as blood banks The chuef advantages of the operanion of a blood banl are
(1) A quanuty of whole blood previously grouped and Wassermann
tested 15 immedately available for transfusion in emergencies (2) The rela
trves or friends of a recipient are enabled to exchange their blood of what
ever group for the blood of the proper group recenved by the pauent
(3) Plasma 15 a by product of preserved blood in the bank and may be
employed for surtable indications

Operation of a Blood Bank

A blood bank 15 best operated 1n conjunction with a hospital or a series
of related hospitals A capital of from 25 to 5o flasks of blood with suitable
proportions of all blood groups should be acquired and maintamed at all
times 1n a refrigerator where the temperature 1s controlled at . to 5 C As
withdrawals for transfusions are made from the bank equal quantities of
blood of any group should be obtained from relatives or friends of patients
tn replacement Transfusions of homologous groups should be made to
mamtain the proper proporuon of blood groups in the bank A number of
financral and replacement arrangements are possible

An important detail m operation 15 the method of assigming responsibility
for the procurement of donors Three systems are possble each with s
advantages and 1ts disadvantages Each service in the hospital or each hosprtal
i a series may have its account with debits and credits i quantittes of
blood This works well where the services are well organized and supervised
The serplus accumulated by a service may be sufficiently large to allow
drersion of occasional blood transfustons to the patient who can procure
no doners Another method 1s to mamntain an account for each intemn or
house officer Ths has the advantage of placing responsibiliey directly on
the physician for the procurement of donors Its disadvantage 15 that the
service suffers for the presence of an uncooperatnve physicran The inds
vidual surpluses are never large and can be used with difficulty for the re
ciptent who ean procure no donors The third arrangement 1s to charge each
panent receiving transfusions with the blood recessed and allow him to make
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1cterus 1s not defintel blished as fectious Lab v studees have
1

rated that Trep 2 pallidum in eitrated blood 1s not viable after
storage m the refrigerator for seventy-two hours Vluch longer petiods of
storage how ever, will not apparenth Lill malarial parasies

Serum Sichness and Drug Sensiivity
Euology

The cause of serum sichness occurnng after transfusions of human blood
15 not known although it has rarely been reported Drug sensumn ity has been
passtvely transferred in ansmals by transfuston and 1t seems logical that 1t
could also occur 1 human beings

Chmical Description

I have observed two cases in which the r prcal manifestations of serum
sichness developed 1n one pauent four dayvs in another seven davs after
blood transfusion The disease was marked by fever urtcanma arthrosis
and panful hmphadenopathy The course 1n each was typical \either
donors nor recipients had eser recen ed horse serum

A third case 1llustrates what 1s apparently another mechanism A donor
had been under treatment for a streptococcic phanyngttis and had recerved
sulfathiazole which had produced an erysipeloid eruption necessitanng dis
continuance of the drug One month later blood from this donor was trans
fused mnto a morbund pattent with a severe genito unnary infection The
patient had been recening sulfathiazole without mansfesting amy tovic re
action. While the transfusion was bemng admimustered the recipient sud
denly developed a generalized en thema and massie edema coiermg most
of the body The patient died probabhy from the nfection before the course
of the transfusion reaction could be determined Thus case 15 mterpreted 3s
being an example of passive transfer of drug sensimun With the wide
spread usc of sulfonamude therapy 1t may be anticrpated that such a com
bination of circumstances will become more frequent

Diagnosis should not be difficult 1f the possibiliy 15 borne 1 mund

Treatwent 15 sy mptomatc

Prognosis cannot be stated from the paucity of evperience so far

Prophylaxis 1s uncertam but 1t seems logical to prevent persons who have
acquu'ed sensitivity to drugs from giing blood to recipients recen ing the
same drugs
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the emergency treatment of shocl from hemorrhage Should the plasma be
consdered of prime mmportance technics should be adopred which alter the
plasma less but at the same time preserye red cells for a much shorter period

The red cells then become an incidental asset during a short penod of
storage during which the whole blood may be used sf occasion demands
The plasma 1s then processed and the red cells are etther used within a short
tme 1 resuspended form or are discarded In this ty pe of arrangement the
erythrocy tes are actually the by product of the system It should be clearly
understood that the latter system deliberately substitutes a large supply of
plasma for the emergency treatment of hemorrhagic shock when the dis

carded whole blood would be more efficacious The arrangement may be jus

ified, however on the grounds of madequate factinies for grouping and
crossmatching blaod or for purposes of long storage

Changes m Blood Durmg Storage

In most preservative muxtures the red cells remamn intact longer when the
temperature 15 maintamed below 10 C The usual temperature of storage 1
acceptedas to 5 C Hemolvsis proceeds relatively rapidly m citrated blood
The rate of disintegration 1s accelerated by the addition of sodmm chloride
Hemolyss 15 retarded by the addition of dextrose and it 15 now accepted
that some combmation of citrate dextrose 15 desirable for preservation of
whole blood ‘The available evidence ndicates that the additon of dextrose
solutions to citrated blood impedes hemolysis by 2 dual effect The sugar
¢ven In concentrations as small as 300 mg per 100 cc furnishes a substrate
for glycolysis and Leeps the formation of morgamie phosphorus at 2 min
mum A further inhibitory effect 15 obtaned by the dilution of the plasma
by a nonelectroly te such 25 a solution of dextrose The greater bulk not only
permuts longer storage but lessens the precipitation of fibnin in the plasma
so that filters 1n admimstration apparatus employing 2 closed system are
not so readilh plugged Loutit Molson and Young demonstrated that
dextrose citrate solurions apparently presersed blood better s #tro and m
viio when the pH of the solution was adjusted between 7 1 and 7 3 by the
addinon of citric acsd They studied a series of such mivtures and found ses eral
which were satsfactory \ arious solutions of trisodum citrate dextrose
and citric acxd are now widely employ ed in the United States under the name
ACD (acid citrate dextrose) but there 1s great vanaton 1 the formulae

The pertinent facts on sex eral blood mixrures are summarized m the accom
panjing table
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restitutton n kind or in money This system 1s most pracucal where no
indigent patients are treated

Centralization of the laboratory tests and the custody of the blood 15 de
strable for smooth operation of a blood bank Collection of the blood can
well be performed under the direct auspices of the transfusion service Ad
murustration of the blood may be left to the indnidual physicians who have
immedzate care of the panents It 15 most sausfactory to entrust the group
ing and crossmatching of blood only to expenenced techmenans Although
the tests may appear simple 1 principle they actually require considerable
care and knowledge for accurate results

It has been the experience m many nstitutions that the number of blood
transfusions has more than doubled when a banh has been established This
should be recogmized when plans are made for the physical plant Complete
success 1n operation of a blood bank cannor be attamed unless the director
of the transfusion service possesses and exercises full authonty to refuse
demands for blood when an appropriate balance does not evist an the bank
for the service making the request Many urgent situations arise, and al
though the physician 1s laudably concerned that Ius patient should recene
prompt and efficient treatment he may be inclined to regard the securing
of donors to cover the transfusion as an unnecessary deratl Such an atatude
if allowed to persist will obviously result in falure of the blood banl
princple

Technic of Preservation of Blood

It 15 not withun the scope of this article to present all of the details s olved
mn the storage of blood for transfusion but rather to consider some of the
principles More detatled treatment will be found mn 2 technical manual of
the Office of Civihan Defense enutled The Operation of a Hospital Trans
fusion Service (OCD Publication - o)

‘There are now available many mixtures 1n which blood may be stored at
. 10 §° C for transfuston The selection of one for use m a particulr siewatton
should be governed by the following consideravons

Promary and Secondiry Purposcs of the Blood Bank

If 1t 15 desired to furmish whole blood transfusions for the treatment of
anerma and to protide mavumum therapy for | pattents hod:
should be adopted which will best preserve erythrocytes for the longest
d of ume The plasma from the out dated blood then becomes a by
hich s efficacious mn the correction of hy poproteinemn and n

penu
product W
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Some shight mhibion of hemolysis may also be obaned by dwsplacing
all of the air 1n the collecung flash with the blood mixrure The agiauon
of flashs of blood ncurred n wsual handling or ta transporcation results
10 no demonstrable damage to the red cells

During starage the potassum of the ery throcy tes diffuses mnto the plasma
and s replaced by the sodmm from the plasrm The organic phosphorus
of the cells 1s changed to the morgame form «wluch slonly diffuses mto the
plasma This process 15 much reduced when added dexerose is present The
erythrocy tes graduathy swell dunng storage and thew resstance to hypo-
tanse saline solutions becomes fess In solunions to which considerable quan
uties of dextrose are added some of thus change may be ascnbed to diffusion
of dexerase mta the cells The dextrose may be washed out and the asmotic
fragiity partally restored to normal

The changes i the plasma duriag the presersabion of whole blood are Jess
smportant The albummn and globulins change very htde m the short nme
Prothrombnn 15 mactvated slowly bemng about 70 per cent of normal i
tuenty one davs and abour 3o per cent of normal m thury dags Com
plement survnes about fifteen days Antirowns are apparently hule af
fected

The Jenhocytes are quelly autolyzed probably most of them are dis
mtegrated 1 rwo days The platelets are even more ephemeral lasting only
@ fow houss The fate of the thromboplasun released from the dismtegrated
platelets 1§ unknown

Broop Derss svves
Erythrocyte Suspensions

“The most source of sus af red cells for transfusion 15
a program for the processing of plasma The whole bload 15 collected o
rated and centrifuged and most of the plasma asparated from the flash lear~
ng 2 faver of pached erythrocstes These may be resuspended m 1sotome
saline grouped tested for stenhty and for hemolysis and employ ed 1 trans
fusiens Tris preferable to Leep the cells unsuspended at  to 5 C untul ready
for use before adding the sabme It 15 not desirable to employ cells 5o stored
more than five days after collection Red cell transfusions are extremely
useful i the treatment of anemia Because of the lack of plasma doses as large
21 or hers may be guen s oge without emb the
cuculanon This provides 1 more rapd method of mcreasing the hemoglobin
of the anemic patient than by the transfusion of whole blood
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Blood Serum

The serum from coagulated human blood 15 terchangeable therapeu
tically with plasma except when prothrombin 1s desired The processing 15
somew hat easier than for plasma and serum may be forced through bac
tenal filters where plasma may not The disadvantage 15 that the red cells
cannot be employed for transfusions as a by product of the method

Human Serum Atbumin

Human plasma or serum may be subjected to a phy sicochemical fractiona
ton process developed by Cohin 3 which produces 1 solution of plasma
protens that 15 more than g9 per cent albumin Serum albumen 15 scluble
m nearly any concentration and 15 extremely stable in the liquid state form
g rio precipitate when stored at tropical temperatures over Jong pertods of
tme The albumin of the plasma exerts about 8o per cent of the total os
motic pressure of the protems It may therefore be employed 1n the treat
ment of secondary shoch instead of plasma It was pachaged for the armed
forces na 5% solution Ttus 1s four times ssotoruelry  this concentration
was employed because of the compactness of the paclage One hundred
cubic centimeters of salution will evert approvumatels the same osmote
effect as 500 cc of plasma Its advantage 1s 1ts compactness for certam
fudieary purposes The disadvantages are the expense of processing and the
hy pertomieity  The clinical trial of a salt poor human serum albumin solution

1S nOW 1n progress m the treatment of nephrotic edema and certain other
conditions

Human Plasma Globulins

With the fractionation methods des eloped by Cohn the anubodies agamst
measles which are present i pooled plasma mn great dilution can be concen
trated to such an extent that a small dose 15 equally effectne 1f not saperior
to the placental extracts as a prophylaus agunst measles Another fraction
of the globulins can be concentrared by chemical methods so that the titer of
the 1sohemagplutmins 1s greatly nereased This product can be employ ed for
the f: e of blood groupng globulns on a farge scale A matenal can
be 1solated from the globulm fraction which decreases the coaguhtion time
mn hemophibiacs when the substance 1s grven intrw enously

Human Fibnn

Human fibrm can be 1solated from the plasma by chemicophy sical methods
described by Cohn and can be fashioned 1nto strong films which have proved
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Blood Plasma

The transfusion of citrated human blood plasma 1s indicated for the treat
ment of hypoproteinemsa and in the treatment of shoc! from burns Ir 152
substitute for transfusions of whole blood in the emergency treatment of
shock from hemorrhage bur 15 distinctly nferior to the latter In severe
grades of evsangwnation there 1s a greater tendency for relapse to oc
cur when the patient 15 treated with plasma than when he recerves whole
blood

Plasma mayv be obtained by sedimentation or by centnfugauon of pre
serred whole blood It 15 preferable to centrifuge citrared blood but for
scdumentation the blood mutures which cause appreciable dilunion of the
plasma are better because the vield of the aspirated plasma protem 1s greater
Sedimentation 15 the 1deal method where plasma 15 regarded as a uvseful by
product of 1 blood bank When the whole blood 15 out dated the plasma
may still be separated and stored

Liquid plasma may be stored n the refrigerator at  to 5° C for short
periods of time but 1s better stored at room temperature when the pre
cipitanton of fibrin 1s slower than at lower temperatures It may be stored
at room temperature for two years and 15 effectn e m the treatment of shock
after that length of tme

Plasma may be hept mn the frozen state mdefinitely preferably at tem
peratures of minus 15 to o C Just before use 1t should be thaw ed 1n 2 water
bath at 37° C VW hen 1t 15 allowed to stand for a few hours after thawing 2
heavy precipyare 1s formed The advantages of frozen plasma are that pre
cipitazion of protem and bacteral growth are nhibited complement and
prothrombin are preserved The disadvantages are the added expense of
storage 1n the frozen state and the nme consumed m thawmng during an
cmcrgency

Dried plasmn will heep indefinitely 1n a sealed container at room or trop!
cal temperatures The plasma 15 dried from the frozen state by withdrawing
the morsture by creation of a high vacuum When properly dred with a
motsture content of less than 1 per cent 1t may be completely dissolv ed n
thirty seconds when sterile distilled water 15 added \ artous concentrations
of plasma may be reconsttuted up to four times 1sotonicity by adding less
water than was wichdrawn The disds antages of drred plasma are the added
expense of processing and the large bulk of storage space required The flash
in which the dnied powder 1s stored must contain sufficient space to accom
modate the reconstiruted matenal and a flask of sterile disulled water ac
companes the plasma for reconsutution
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supertor to other substances a5 a substitute for dura mater m neurosurgen
The fibin has also been produced in the form of a sponge or film which
when impregnated with thrombin 15 employ ed 1 neurosurgery as 1 hemo-
static agent

Human Thrombm

Thrombin may be isolated from the plasma by Cohn's methods and may
be employ ed as a hemostatic agent m neurosurgery and also mn combmation
with fibrinogen as a cementing agent 1n shin grafts

Human Globin

Strumma has devised methods for the production of solutions of globin from
human ery throcy tes which have collordal propertes and are proposed for
mntravenous njection to restore the blood volume m secondary shock This
application must sl be regarded as experimental

Human Hemoglobin Solutions

Amberson has proposed the transfusion of solutions of human hemoglobin
to ncrease the oXygen capacity after hemorrhage This must be considered
as dangerous untl more 1s known abour the toviaity of hemoglobin

Blood Denvatves from Heterologous Species

Historically the transfusion of blood from other species into man was oc
casionally practiced for hundreds of y ears but was finally abandoned because
of the dangerous and fatal reactsons frequently ensuing Recently attempts to
employ transfusions of bovme plasma or bovine albumin to restore the blood
volume m shoch have been made They must at present be regarded as expen
mental Bovine thrombin may be employed as a hemostatic agent and Js 2
cementing substance 1 sl in grafts
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using fresh bload as 1t 1s difficult to resuspend the ery throcy tes evenly after
they have once sertled Ly throcyte counts and hemoglobm deternunations
are apt to be shighthy low when owlated blood 15 used

Broop Counting

The hemacs tometer (Fi1g 85) consists of two pipets one for the ery thro
cyte and one for the leuhocy te count, a counting chamber with two ruled
aress separated by a moar and cover ships which are ground perfectly flar
and are of greater thickness than those in routine laboratory use The hines

Fic 8 Henucytometer cousistng of councng chamber with double ruling and ewo
pipets for dilunng blood (E H Sargent and Co)

on the floor of the countng chamber may have been made directly on the
ghass or upon 1 thun metallic coating which covers the floor of the chamber
This latter bright line instrument (F1g %6 makes the rulng more eastly
visible, the lines appearing as bright streahs upon a darker background

The pipets are not made to hold an exact amount of flud or blood but the
fauo between blood and difuting fluid 15 very accutate Swce the diluting
fimd which remains 1 the stem of the pipet does not become mixed with the
blood, the prpess are marhed for sos and 11 parts rather than 100 and 10
When blood s draw n to the o 5 mark and dilunng fluid to the ror mark m the
red cell prpet 1 gives a dilunion of 1 to oc In the white cell prpet blood
drawn to the o 5 mark and drtuting fluid to the 11 mark gnes a diution of
11020

The counting chamber 1s so constructed that the depth of the layer of
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HEMATOLOGIC METHODS

Ostainine Broon

Tm: S\MALL AMOUNT OF BLOOD REQUIRED FOR AARING 1 SVIFAR AND BLOOD
count 15 obtained from a puncture of the ball of a finger or lobe of an ear 1
adults or of the heel or toe of an infant The procedure 1s less panful if the
lobe of the ear 15 used but a finger 15 more ble and easter to pul
The area sclected for puncture should be cleansed wth alcohol and wiped
dry with a prece of gauze or cotton The puncture should be made with 2
[ancet or other sharp nstrument which will make a short lmear mncision
- to 3 mm 1 length and about 2 mm deep The mnstrument must be sterile
An automaric lancet 1s a satisfactory mstrument which can be set to make an
mession of a given depth and 15 sprung by a tngger mechamsm A narrow
sharp-pomted knife blade (Bard Parker No 11) 15 also sansfactory This
may be 1ept in the cork of an alcoho! bottle wich 1ts pomt projectng far
cenough through the under surface to be ready for mnstant use the corh sery
g as a handle and guard A + entpuncture needle 1s not satisfactory since the
wound it produces 1s small and round and closes quickly The messton should
be large enough so that a drop of blood wells up immeduately but not Jarge
enough so that blood drps from the finger No more than very shght pres
sure should be used to express blood as further manipulation resules i ad
mixture of ussue juice with the blood If the incision 1s made on the ear 1t
should be on the edge rather than on the flat lateral surface An mciston on
the ball of the finger should be a kittle to one side rather than i the mddle
and not ar the up The first drop of blood should be wiped away witha drv
gauze and each specimen used for a count or smear should be from a fresh
drop the remaining unused portion bemng wiped away each ume The skun
surface must be dry so that the drop of blood wil well up and not spread out
over a monst surface If desired blood counts and smears may be made from
ovalated blood obtamed by ventpuncture but this 1s less sanisfactory than
48.
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From a puncture wound on the finger or ear draw blood exactly to the
marh o5 on the stem of the red cell pipet wipe the tip of the pipet clean
with a nonabsorbent matenial and fill to the mark 101 with ddutng flmd
After shakung the pipet for a few seconds lay 1t aside (preferably on a2 level
rach so the fluid does not run out) until blood 15 obtamed for the leukocyte
count and smear Before filling the counting chamber shake the prpet for a
full three munutes holding the ends between the thumb and finger, so that
the cells and diluung flud are thoroughly and evenly muixed Discard the
first two or three drops before filing the counting chamber

[
i

Fic 87 Improved Neubaver suling On the left 15 the enure ruled area Erythrocytes
are counted 1 the ceneral portion contanmg the smallest squares Leukocy tes are counted
m the four comer areas each of which contams sixteen small squares On the nghe 1
a group of sixteen of the smallest squares from the center portton the ones used in count
ing erythrocytes (A H Thomas Co)

The erythrocy te count 1s made 1n the central pare of the ruled area of the
counting chamber using the high dry objective of the microscope The small
est squares, which are used s the red cell count are 1/20 mm square and are
arranged 1n groups of 16 (Fig 87) Each group 1s surrounded by a heavy
line double lines or triple lines depending upon the type of ruling on the
chamber Count the erythrocytes m § blocks each of which contains 16 of
the smallest squares Ir 15 best to count the 4 corner blocks and one of the
central blochs so that a total of 8o of the smallest squares are counted Record
the number of erythrocytes 1n each block of 16 squares which m normal
blood will contamn from go to 100 cells The varation 1n the number of cells
per block of 16 small squares should not be over 10 To avord confuston 1t 15
best to count the cells lying on the upper and left boundary Iine of each
square as being within the square and disregard those lying on the lower and
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blood between the floor of the chamber and the under surface of the cover

slip 15 exactly o 1 mm
To fill the counting chamber preparatory to mal ing 2 count, place them
strument on a firm level surface and lay

B e the cover shp in place Both the floor of the
sanceny mproved || counting chamber and the cover ship must
Pivrynil be perfectly clewn and free of grease Blow

n Patented out and dtscard two or three drops of di

luted blood from the pipet and then expel
:r :‘éhffmcc"t‘:ﬁ::!‘;& (%“‘Ehes’“;e‘;}[‘ enough of the suspension so that a very
and Co ) small drop hangs to the tp of the pipet
Touch this drop of flmd to the aperture
between the cover ship and the floor of the counting chamber The flud 15
drawn into the chamber by capllhn attracuon and wll fill the chamber evenly
and without air bubbles »f the surfaces are clean Too large a drop of diluted
blood results in an oy erflow nto the surrounding moat This should be ay orded
Allow the fluid to settle for a few minutes so that all the cells will be on the
floor of the chamber and in the same focal plane when examined micro
scopically

Erythrocyte Count

The two most commonly used diluting fluids for erythrocyte counts are
Totsons and Hayems FEither s satisfactory  Both solutions must be filtered
occastonally to rid them of fung?

Hayem s solution

Mercuric chloride oy
Sodium sulfate 30
Sodmm chloride 10
Disulfed warter 000

Tosson s solunion

Sodim chlonde 1o
Sodium sulfate 8o
Glycenn 300
Distilled water 1600

Add enough methy 1 violet to give a hight purple color

Accurate counting of blood cells requires 3 technic which can be acquired
only with practice The ability to stop the diluting flurd exactly at the desired
mark on the pipet cannot be attained by reading, direcnions i a textbook
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In 2 well mixed suspenston the samauon 1n the number of cells per square
should not be over to To obtan the number of cells per cubie mullimeter
of blood multiply the total number of cells m the 4 squares by 50 (Drvide
thesumby and add . ciphers ) Smee each corner area 1s 1 mm square the
depth of the flud 01 mm  and the dilution m the pipet 1 o the factor 1s
obramed as follows

1X1X1/to¥ 1/ 0 L4=1,50

Cleanmng the Instruments

Wash the counting chamber and cover ship with water or alcohol and dry
with a soft cotton cloth or gauze

Pipets should be cleansed by drawing successively distilled water alcohol
and ether or acetone through them Aur should be drawn through the prpet
unul free mosement of the glass bead mdicates that st 1s dry  This 15 best
done by means of a suction apparatus Do not blow through the prper with
vour mouth as mossture will condense 1n the bulb

Coagulated blood may be removed from the bulb of the pipet by allowing
hydrogen peroude to stand m 1t for a short time If this 1s not successful
strong nutrtc acid may be used but do not allow this to come n contact with
the punt 1 the marhings on the stem of the piper Foreign matenial in the
stem of the pipet may be dislodged with a horse hair or fine wire

Heniocronin DETERMIN 4TioN

The hemoglobin content of the blood should always be reported as grams
of hemoglobm per hundred cubic centimeters of blood It should never be
expressed as percentage of normal unless the statement mcludes the normal
value 1n grams from which the percentage was computed

Oxygen Capacity Method

The \ an Slyke modification of the Haldane method for determinmg the
oxygen absorbing capacity of the blood 1s used to standardize other methods
and mstruments used 1n hemoglobm determinations It 1s not applicable for
routine chnical use This method measures (by means of an apparatus for gas
analysis) the amount of oxygen requred to saturate 1 known amount of
blood One volume per cent of oxygen 1s equnalent to o 746 Gm of hemo
globin or 1 34 cc of oxygen combimes with 1 Gm of hemoglobin
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right boundary hnes Lach small square 15 1/70 mm on each side the depth
of the chamber iso t mm  the dilution s t 0o and 8o squares are counted so
that the number of cells per cubic millimeter of blood 15 calculated from the
formula

1/.0 X 1/.0 X 1/10 X 1/200 X 80 = 1/10 000

Muluply the number of cells found in the 80 squares by 10 000 or smply 2dd
4 ciphers to the mumber of cells counted If 2 different dilution 1s emplosed
i the pipet as 1 100 the formula 1s changed accordingh

Leukocyte Count

The dilutung fluid used for the leukocy te count 15 acetic acid from 1 1oy
per cent A small amount of methylene blue may be added so that the solu
uion 15 shightly colored The dye not only serves to disunguish the flud but
also makes the nucler of the cells stand out more planly 1n the counting
chamber

Draw blood mto the white pipet to the mark o5 and diluung flurd to
the mark 11 A much larger drop of blood 15 necessary to fill the leukocyte
prpet than the red cell pipet The color of the flmd changes to brown almost
immedrately after miung because acid hematm 15 formed after hemolysis of
the ery throcy tes by the acetic acid Shake the pipet for three mmutes discard
the first tw o or three drops and fill the countmg chamber just as n dong an
erythrocyte count Because of the larger bore 1n the stem of this ppet the
fluid runs out more freely than with the red cell pipet and the danger of
flooding the stage of the countmg chamber 15 greacer If the opposite side of
the stage of the counting chamber 15 bemg used for an ery throcy te count be
sure that the two fluds do not come 1n contact with each other Allow the
slide to stand unul the cells have settled to the floor of the counting chamber
The count 15 made with the low power (16 mm) objectne Under the
microscope the leukocy tes appear as small blach dots (nuclet) which are
either round or irregular 1n shape with a bright halo (ey mplasm) around
them Use the ligh power objectne of the microscope when 1t 15 necessan
to 1dentify a cell as spechs of dirt may cause some confuston

The enure ruled area on 2 counting chamber 15 9 g mm In each of the
4 corners of the ruled arez 1s 2 large square subdvided 1nto 16 smaller squares
(see F1g 87) The leuhocs tes are counted in the 4 large corner squares W hich
are 1 mm square each of which nearly fills the field of viston with the Jow
power objectne Record the number of cells n each of the 4 large squares
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blood or the percentage of hemoglobin the scale on one side of the tube
reading 1 grams and on the other side the percentage of normal In the
Sahli instrument 138 Gm 15 considered to be normal while 1n the Sahh
Hellige instrument 14 5 Gm 1 used as the normal

Haden Hausser Hemtaglobmameter

The Haden Hausser Hemoglobinometer cousists
of 2 movable carrier with indiadual glass standards
represenung from 75 to 18 Gm of hemoglobin
Beside the glass standard 1s a channel of varying
depth for the unhnown acid hematin solution The
reading 1s made through an attached magnifs ing lens
(Fig go) Blood 15 diluted 1 o and thoroughly
mned with tenth normal hydrochlonc acd m a
leuhocyte counting pipet and allowed to stand for
thirty minutes The solution 1s placed an the channel
of the movable carrier and the color matched with
the glass standards The result 1s read m grams of
hemoglobin per hundred cubie centimeters of blood
from that standard with which the color of the solu
tion matches If the hemoglobim 1s below 75§ Gm 1t

15 necessary to make a 1 10 dilution of the blood
and correct the reading from the standard accord
ngly One advantage of the Haden Hausser mstru
ment 35 that 3 lenhocy te count can be made on the
same specimen of dituted blood from which the

Fie 89 Sahli type he
moglobinometer Asquare
tube for the unknown
soluuon 15 graduated to
read 1 grams of hemo-
globin pet hundred cubic
cennmeters of blood A

glass prism standard 15
placed on each side of the
unknown (A S Aloe

hemoglobin 15 determimned

Nev.conter Method

The Newcomer method employs a standard brown glass dish which 1
placed 1n one of the light paths of a Duboscq ty pe of colonnmeter The cup
on the side 1n which the disk 15 placed s filled with diluted water Twenty
cobic milhmeters of blood 15 diluted to 5 cc by tenth normal hy drochlonc
acid 1n a special pipet, and this acid hematin solution 1s placed in the opposite
cup of the colonmeter The colors are matched by rasmg or low enng the
cup contamnung the acid hematin and the micrometer scale 1s read as 1 any
colonmetric examination The manufacturers of the mstrument supply a chart
which indicates the grams of hemoglobin represented by each division
of the micrometer scale Fach Newcomer disk has 2 correction factor and
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Tallqvist Scale

The Tallqust scale 15 probably the most widely used and the most mac
curate of all methods of hemoglobin determmation (Fig 88) A drop of
blood 15 placed on a piece of absorbent paper and allowed to dry The color
1s then compared with a color scale which represents varying percentages of
hemoglobin concentration This method 15 not acceptable

Acid Hemaun Methods

In all the modifications of the acid hematin method hemoglobm 15 con
verted to acid hematin by the addition of an acid Acid hematin 15 brown
and the mtensity of the color s compared to that of 2 known concentration
of actd hematin
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Fic 88 Tallqust scale (A H Thomas Co)

Sabl; Hemoglobimometer

The Sahli Hemoglobinometer consists of a case contamng an upnght
brown glass standard with an adjacent graduated tube for the unhnown solu
tion of acid hematin (Fig 89) The color of the unknown solution s com
pared to that of the standard while both are standing 1n front of an opaque
glass bachground Tenth normal hydrochloric acid 15 placed i the gradu
ated tube to the mark 10 A special pipet 15 used to collect 20 cu mm of blood
which 1s thoroughly mixed with the acid 1n the graduated tube The mixture
1s allow ed to stand for 10 minutes for full deselopment of the color Disulled
water 15 added drop by drop and thoroughly mixed with the solution until
the color of the fluid exactly matches that of the standard The upper lesel
of the fluid 15 then read on the scale etched on the tube This 15 graduated o
read directly the grams of hemoglobin per hundred cubic centimeters of
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the solution of acid hematm must stand at least thirty nunutes before being
read A special Newcomer colorimeter 1s obtunable on which the microm
eter scale of the mstrument 1s calibrated to read directly 1 grams of hemoglo
bin per hundred cubic centimeters ot blood (Fig 91)

Photelometer

There arc several nstruments on the marker which unlize a photoelectric
cell for the esumation of hemoglobin using erther an acid hemaun or an
oty hemo,lobin solution (Fig 9 ) These are rather evpensiie but thes are
accurate easy to operate and require hetle time With proper filters they may
be used for other colormetne determimauions i addiuon to their use for
hemoglobin determinations

Broop Siiears

A mucroscopic exanunation of a blood smear should be made on all pa
tients The usual preparanon for this examination 1s a fived blood smear
stuned by one of the polvchrome or modified Romanowshy stans which
combune basic methy lene blue and acid eosin stan The most common stains
of this ty pe are Wright's and Giemsas Other ty pes of stain are used for the
study of certain specific features of blood cells These may be used on fresh
blood a5 brilliant cresy | blue for reticulocs tes or neutral red and Janus green
for supravital staiming or on fived smears as with peroudase stam

Making the Blood Smear

The glass shdes used for malung a blood smear mwst be thoroughly
cleaned preferabls washed with soap and water rmsed 1n 95% alcohol and
drnied with a lint free cloth A dirty shide causes an uneven smear and grease
as from 2 fingerprint causes a moth eaten appearance Always pick up shdes
by their edges so as not to touch the surface with the fingers

Touch the surface of a slide near one end to a drop of blood and place 1t
on a flat firm surface Place the end of a second shde across the surface of the
first shde ahead of the drop of blood and at an angle of about 3o degrees
Draw this spreader slide back unul 1t comes 1n contact with the blood hold
1t stationary unul the blood has spread across the wdth of the shde and then
push the spreader slide forward with a firm steady moton In this way the
blood 15 drawn along the shide rather than pushed

As an alternate method put the shide on which the smear 15 to be made on a
firm flat surface Obtain a drop of blood on the end of the spreader shide,
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[16 9o Haden Hausser hemoglobimometer 1 Rear view showng light filter o place
Comparator shde with cover glass m posiwon (A H Thomas Co)

Fic g1 Newcomer hemoglob nometer diluting piper and standard dish The hemo
globin 1 erams 15 read direetly on the micrometer seale (A H Thomas Co)

s Co)
Tic 9 Photoelecttic colonmeter tor hemoglebin deteemnanions (A H Thom
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Place a small drop of blood on the surface of a cover glass (No 1 7/8 mch
square) which has been carefully cleaned Drop another cover glass on the
drop of blood in such a position that the corners of the cover glasses do not
comerde Allow the blood to spread in a thin film between the two cover
glasses and as soon as the blood film reaches ts maumum size pull them
apare, heeping their surfaces parallel Allow the smears to dry n air without
heating Cover shp smears may be placed on small corks which are standing
onend wiile stammng and are mounted on shides for exammanuon

Stainng the Blood Smear
Wright's Stan

The most sausfactory stan for route use on blood smears 15 Wrights
stain It may be prepared from dry powder or purchased 1n a prepared form
ready for use It deteriorates rather rapidly and must be kept 1 small dark
brown bottles which are tightly stoppered It should be exposed to air as
little as possible With some Wnght's stams 1t 15 necessary 1o use a buffer
solutson as a diluent 1n order to mantan a proper pH and obtain a sausfac
tory staining reaction When a buffer solution 15 necessary each new batch
of stam may require some alteratson 1n the pH of the buffer solution 1n order
to obtam the desired results Some Wright s stain may be diluted with fresh
distilled water i place of 2 buffer solution We are accustomed to use 2
commercually prepared stam (Coleman and Bell) without a buffer solution

Preparation of Wright s Starn
o1 Gm Wnghts dye
6o cc pure acetone free methyl alcohol
With a clean mortar and pestle grind the dye with alcohol adding the
alcohol very slowly untd all of the dye 15 m solution Place m 2 dark bottle
allow to stand at least twenty four hours and filcer
A buffer solunion 15 prepared a< follows

s phosp ) 663 Gm
Dibasic sohum phosphate 256 Gm
Distilled water 1000 00 CC

Stasming Techm.  Place the blood smear on a level stamng rack This
may consist simply of two rods placed across a sk or any type of open ves
sel Do not stain a smear with the shde lying on a flac surface It 15 essential

 that the rack be level otherwise the stam will gravitate to one side or one
end of the shde and result 1n a concentrated stam m one area and a diluge
stain m another and portions of the smear will be overstaned or under
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place that end on the surface of the first shide near one end so that the blood
spreads across the shde and 15 contamed 1n the angle away from the direc
tion of moton Spread the same a5 above with a quic] firm motion (Fig 93)

The smear should be allowed to dry 1n the air and drying should be com
plete within a few seconds m a properly made smear The sde may be
Inbeled by writtng with an ordinary pencil on the thicl end of the blood
smear At least two good smears should be made on each patient

A good smear s thin and the cells are evenly drstributed It 15 nearly as
wide a5 the shide on which 1t 15 made and covers from one half to two thirds
the length of the slide At the starting end where the blood was first applied

= =
-

Fic 93 Methods of spreading the blood m prepanng a blood smear

to the shde the smear 1s thickest and 15 unsatsfactory for differential counts
bue ¢ gradually thins out toward the distal end The drop of blood was too
large when the smear extends the whole length of the slide and the smear
will be too thick If the smear 1s thick dark red m color and without 2 thin
even distribution of the cells at one end 1t should be discarded There 15 no
use 1n staiing & poorly made smear

Co rer Glass Method for Blood Films

Some workers believe that there 15 2 more even and accurate distribution
of cells and less distortion when blood smears are prepared on a cover sitp
Such smears are more difficult to prepare and more troublesome to mount
and, unless they are very carefully made are less sansfactory than ordmnary

shides
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the my elocy tic series of cells The smear 1s first stamned with Wright s stain
by the usual method The stain 1s washed off and the smear immedtately
immersed in dituted Gremsa stam where 1t remains for twenty minutes

Examination of the Blood Smear

Exanunation of an improperly made or poorly stained blood smear should
never be attempred It 1s not only a waste of ume but may be rmisleading
The smear should be thin with the enythrocytes evenly distributed n 2
single layer and close together but not overlappmg The thin termunal por
uon of the blood smear 1s the most satsfactory area for study  Always ex-
amine the erythrocyvtes noung thewr size shape stammg reacuon and
whether or not poly chromasia or basophilic stippling 1s present Note the
relative frequency with which platelets are encountered

Differential Count

A differential count must alway s be done wath the o1l immersion objectnne
on 2 portion of the smear which 15 thin and has an even distbution of cells
A mechamcal stage while not necessary greathy facilitates the examnation
and increases the 1ccuracy of a differential count ake a list of the various
tvpes of leukocy tes and place a mark mn the proper column as a cell of each
particular ty pe 15 encountered on the smear Count all the cells which ate
seen using an unclassified column for those y ou cannot 1dentify and under
the heading degenerated cells mclude brohen cells bashet cells and naked
nucler A total of 100 cells 15 usually recorded and from this 15 determined
the percentage of each of the constituent types A differennal count from
200 or 500 cells 1s more accurate

“There 15 2 tendency for the larger cells pamcularl\ the granulocy tes to
be more abundant at the margms and at the end of the smear so that the
method of exammnation should be designed to give a representatn e sampling
of all portions of the smear (Fig 94) After bringing the cells nto focus
move the slide across the field of vision until the edge of the smear 1s reached
laterally through a few ocular fields along the outer margin of the smear and
then bacl across the smear to the other edge Repeat this procedure until the
required number of cells has been recorded A second manewser starts the
exammnation along the edge of the smear moves inward a short distance
parallels the margin and agam moves out to the edge of the smear Repea[
the procedure as many times as 15 necessars to idenufy the required number
of cells
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stained accordingly Apply enough Wrights stain with a dropper to just
cover the surface of the shde Allow this to stand for one minute Dilute the
stain by adding with a dropper as much distilled water or buffer solution as
will remain on the slide without overflowing About three times as much
water as stam 1s required A metallic sheen appears on the surface of the stain
with this dilutton Allow the diluted stain to remamn at least ten minutes Re
move the stain by flooding 1t off with distilled water from a wash botde
Wipe off the under side of the shide with gauze and stand the slide on end to
dry i the air Gentle heat may be used to hasten drving but do not get the
shde hot Do not blot the smear with any absorbent matersal to dry 1t

Concentrated Wrights sttn fixes the smear but the staning properties
before dilution are ummportant Staming of the cells occurs only after the
diluring fluid has been added The best results and the clearest defimition of
¢y toplasmic granules 1re obtamed with 1 dilute stain which 1s allowed to stay
on the smear for a long time (1t least ten mmures) The distilled water should
be neutral m reaction since excessne acidity accentuaces the eosn of the
stan at the expense of the basophilic properres, and an excesase alhabmity
causes a staning reaction which 1s too dark and basophilic In an understaied
smear the ¢y toplasm of the leuhoct tes may be stained but the nucler v Ml be
unseained or very slightly stamed In an overstained smear the leukocy tes are
dark and too blue so that the ¢y toplasm and granules are not distmnct

Gromsa Stan

Another modification of the Romanowsky stam 1s the Giemsa stam Itis the
best method when a large number of smears are to be stamed

Gremsa stain—stock solution

Azure II cosin 30 Gm
Azure 11 08 Gm
Glycern C P 500 ct
Methy1 alcohol 500 ¢C

Tor staming dilute 1 part of the stock solution with 10 parts of distilled

water
Fix the blood film by 1mmersion in methy ] alcohol for two or three nunutes

and then immerse 1n diluted Giemsa stain for twenty munutes

7y 1erst Stamn
Combmed Wright s and Giemst St .
The combmation of Wright s and Giemsa stam 15 somenmes used to bring
out basophilic changes 1 the ery throcy tes and to accentuate the g ranules 1o
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Remcurocyte Count

There are several methods for staming reuculocyzes all of which require
the living erythrocyte to be brought mto contact with the dye They can
not be stamed on a previously fixed smear

Staining Reticulocytes
Capillary Pipet Method

1 Prepare a supply of fine capillary prpets by heatng glass tubing n a
flame until soft Pull the heated portion out mto a long capillary be A
satssfactory prpet has at least 3 cm of the ongnal tubing with 2 capillary up
several cenumeters long Draw staimng fluid into the pipet blow out the
excess and allow that adhering to the walls of the tube to dry As many pipets
as destred can be prepared at one time and kept for future use The staning
flud consists of 5 cc of 2 saturated aqueous soluvon of brilliant cresyl blue
mixed with 1 cc of 2/ sodium oxalate the latter being added to prevent
coagulation of the blood n the tube Draw a small amount of bloed into the
tube from a puncture wound and agitate back and forth in the tube 2 few
tumes by alternate suction and blowing Allow 1t to stand 1n the tube for
twenty minutes Spread on a shide as for an ordinary blood smear and allow
it to dry This may be counterstamned with Wrghts stam if desired The
reticulocyte count 1s somewhat lower when a dned stan 15 used but this s a
time saving method when a supply of tubes 15 2vatlable

2 A second method unlizing a capillary pipet consists m drawing a drop
of blood mnto a clean prpet followed by a drop of the same dve used n
method 1 Mix the blood and dye for a few seconds and allow the mixture to
stand for twenty munutes Make a smear as 1n the preceding method

Moist Preparation

There are many methods whereby a drop of blood 15 placed directly m
contact with a solution of the dye The cells may then be examined m the
moist state or they may~be spread on 2 slide and allowed to dry One very
satisfactory method requires tv o solutions

1 03/ solution of brilhant cresyv1 blue 1 o085 /4, saline

2 03/ solntion of sodum citrate 1n 0 60/ saline

Mix one part of no 1 with three parts of o just before use To 1 cc of
this mixture 1n a centnfuge tube add a drop of blood Shake for a few sec
onds and then allow the cells to settle to the bottom or cenmfuge for tw enty
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As has been previously pointed out the nucleus of the mature neutrophi
has two or more lobules connected by narrow filaments of chromatin mate
ral A few nonfilamented or band forms appear 1n normal blood, and x
should be a routme practice to separate the nentrophils into band and seg
mented forms i all differenttal counts (see Fig 1o, page 63)

Sehillmg Count  The neutrophdls are separated into myelocytes, juvendes
(metamy elocytes), band (nonsegmented), and segmented forms and each
group 1 recorded separately m the differential count

3
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Fa 94 Methods of examming the blood smear 1 making a diffesential count

Arneth Count  The neutrophls are classified according to thewr degree of
nuclear segmentation The young forms are classified as 1n the Schilling count
but the segmented forms are further subdivided, accordmg to whether they
have two three four or five or more lobules The percentage of each type
1s determined by counting 100 neutrophuls When the pescentage of Iughly
segmented forms 15 increased 2 shift to the right  has taken place An h“[‘
crease 1n the percentage of immature nonsegmented forms 15 termed a shift

fr
© EE :;::;m Nonfil Count or Seg Nonseg Count This cons]s(‘;
1n separating the band (nonfilament or nonsegment) cells and the ﬁlamﬂ:;fcr
or segmented forms of neutrophils It 15 a simpler classification than et

the Schilling or the Arneth method
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Stains

Stock solutions of stan
Saturated solution of vital neutral red 1n absolute alcohol
Saturated solution of Janus green (duzne green of Natonal Ansline
Company ) in absolute alcohol
Keep ughtly stoppered m the dark

Dilute stam for use on blood
Dilute solutions do not keep well and should be freshly prepared as
needed Add 20 to ,0 drops of the concentrated stock solution to
10 ¢ of absolute alcohol For leukenue blood 1t may be necessary to
use from 4o to 70 drops to 10 cc of alcohol

Combination of neutral red and Janus green
Add 3 drops of concentrated Janus green solution to t cc of didute
neutral red solution

Stamnmg

Glass shdes are scrupulously cleaned and dried They are flooded with a
dilute solution of dye the excess 1s poured off and that adhering to the shide
s allowed to dry while the shide 1s 1 an upnght postion Slides may be pre
pared for future use if stored 1n a dustproof box A small drop of blood on a
cover slip 15 inverted and placed on 2 warm shde which has been prepared
with the stam This 1s sealed wirh vaselne The slide 15 placed on the warm
stage and examined with oil ymmersion lens afrer ten mnutes The cells
remain alive and actvely monle for one to four hours

Neutrophilic leukocytes are actively moule and contain numerous small
red granules which constantly stream through the cy toplasm Red digestrve
vacuoles are present and the nucleus 15 usuallw 1 the rear of the moving cell
The granules of a dying cell do not take up the stain Both EDSInOPh]lS and
basophuls show the red granules

Monocy tes are rounded and are almost immobile Fine red granules are
grouped zbout a centrosphere and many red dlgesme vacuoles will be
found

Lymphocy tes show a clear cytoplasm with a few red \acuoles With
Janus green a clump of blue hondrra 1s found PP the
n the nucleus There 15 usually no mouliey +
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nunutes Setthng will require about two hours A smear or 2 moist prepara
tion 1s made from the sediment

Dried Stan Method

Use 1°, brillant cresyi blue i ethy! alcohol Cover one end (about one
thurd or one fourth) of a glass shde with stam removing the excess and allow
itto dry A supply of shides may be prepared m advance

Place a drop of blood on the stained area Caver the blood and the stamed
area of the slide w1th a second unstamned shide the slides o1 erlapping for about
one third of their lengths Allow this preparation to stand about ten mmutes
At the end of this ime smear the blood over the prevtously unused portion of
the two slides and count the reticulocy tes

Oualated Blood (Osgood-Wilkehn: Method)

Mix equal pacts of oxalated (or caplary ) blood and 1/ brifhant cresy!
blue n 0 85 /; saline Allow the mvture to stand for at least one minute Make
smears and allow them to dry mn the arr If desired counterstam with Wrights
stain

Counting Retrculocytes

Tn the ey epiece of a microscope place a paper or cardboard disl from the
center of which a small square has been removed This cuts down the field of
viston and facilitates counting Count the number of ery throcy tes and the
number of renculocy tes i the field of vision move the shide to a new field
and repeat until 500 or 1000 erythrocytes have been counted Report the
results as the percentage of ery throcs tes which are reticulated

The reticulocvte count ranges from o5 to , per cent m normal mdt
viduals with an average count of 1 to 1, per cent The percentage ts 1
creased when ery throcey tes are being regenerated raptdly 1nd s low ered with
decreased ery throposesis

SutravITAL STAINING

For the study of [ining cells a moist preparation of blood 1s examined on 2
w arm stage mucroscope Certam dyes tre used which stam the leul ocy tes but
do not damage them or interfere with therr moulits The various ty pes of
leukocy tes may be recognized by the imount and the kind of dye that thev
tahe up by us distribution within the cyvtoplasm and by the degree and

tpe of mothity
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varying numbers of small darh dots which appear larger than those stamed
by Wnght s method
Unna s all aline methy lene blue

Methvlene blue 1 Gm
Potassium carbonate 1 Gm
Dustilled water 200 cC

Thick Drop Method

1 Place two drops of blood on a slide and <pread to form a circle three
tmes the diameter of the onginal drop Dry for several hours 1n air or 11 an
incubater Cover the shde with diluted Giemsa stam and let stand for three
minutes or until the hemoglobin begins to dissolve Tt the slide and allow
the stam to dram off and agam cover with dilute Giemsa stan Allow this to
stand for thirty minutes flood the stan off with distilled water and let the
smear dry while standing on end Examne with ol mmmersion Jens The
erythrocytes are not fixed and consequently are hemolyzed by the diute
Gtemsa stun Only the mner structure of 3 oung erythrocytes and the stip
pling remain The thick drop method 15 useful m examming blood for
malarial parasites since each field in the thick drop preparation 1s equivalent
to abou fifty fields of the ordinary thin smear

Spread a large drop of blood on a slide Dry thoroughly 1 air or 1n the
meubator for one half to one hour Put the slide 1 a solutton of 5 per cent
formahn n 1 per cent acetic acid for a few mmutes This takes out the hemo
globin and fixes the cells at the same time Wash m water dry and stamn with
Wrights or Gremsas stan Counterstamn for one yunute in 2,5 methy lene
blue 1 5% borav solution

Hcraratocrir

The hematocrie reading expresses the percentage of the total blood volume
which 15 composed of pached erythrocy tes It 15 deternuned by centrifugmg
aspecimen of blood to the pomt that further centrifugation does not diminish
the v olume of pached red cells The length of time required for centrsfugation
must be determined for each centnifuge at certan speeds usually 3500 rpm
Different ty pes of tubes may be used including the ordinary conical centrifuge
tube with volume graduations etched on the side Five ce of blood 15 placed
1n the tube or a smaller amount 1f a small cenmfuge tube 1s used with an
1sotomic anticoagulant such as 1 3% sodum oxalate The volume of the packed
enthrocy tes 1s ascertamed after centrifuging the blood for the required time
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Prroupase or Oxipase Starv

Prepare a blood smear 1n the usual way Cover the smear with 2 measured
amount of Goodpasture s stam and allow 1t to stand one mmnute Add an
equal amount of freshly prepared hydrogen peroxide solution and let stand
for four minutes Rinse with distilled water, dry mn air, and examine with the
o1l immersion lens

Goodpasture stamn

Alcohol 10000 CC

Sodwum nitroprusside ao5 Gm
Benzidine C P ooy Gm
Basic fuchsm ooy Gm

Dissolve the nitroprusstde an 1 or 2 cc of water mix with the alcohol and
then add the other ingredients

Hydrogen peroude solution

1 200 dilution of hydrogen peroxide mn water

The granules of the myelocy tic senies of cells show the peronidase reac
tion becormung large dark staning granules My eloblasts whuch do not have
granules do not gne the peroudase reaction A few of the dark granules are
found 1n monocy tes but they are not as large or as numerous as in the granu
locytes Lymphocytes do not show the perowidase reaction and are pink m
color Nether my eloblasts nor Iy mphoblasts contam the peroudase ferment
so that they cannot be differentiated by this means

Combined Peroxidase and Wrght’s Stamn

Proceed with the Goodpasture stain as just described nnse off the stamn
but before drying stain with Wright s stam 1n the ordinary way

BasopHILIC STIPPLING

Basophilic stppling will be apparent with Wright s or Giemsa stain but 15
best demonstrated with methylene blue Prepare a blood smear 1n the usual
way but allow tt to dry for twenty-four hours Protect the smear from dust
during the drying period Cover the shde with Unna’s alkaline methylene
blue for two or three minutes Remove the stam by flooding the shde very
carefully xath water Smce the smear 1s not fixed except by the drying the
bload cells will be washed off easily Erythrocytes stam a pale blush color
and only the penphery of the cell may be seen Stppled corpuscles show
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onto the field of viston The scale readings must be stindardized by pragecting
them on the markigs of a stage nucrometer ot on the ¥ o mm drstons of
an ery throcy te countng chamber The ocular objectne and tube Jength of

the microscope must remain the same after this standardi
2avon Measure the diameter of 500 or 1000 ery throcy tes
on a thin and evenly distributed blood smear

Duffraction Method

The diffracnon method determines the average cell di
ameter on a gunen field of a blood smear but does not
gne the maumum and nunmum dumeter of nduiduat
cells The instrument used 1s termed an ertometer, halom
eter or erythrocy tometer (Fig 98) When a beam of
hght 15 passed through a blood smear the diffracuion of
light produces concentric circles of rambow colors the

Fic 97 Lyepiece
nucrometer  scale
for use mn meisur
1ng the diameter of
erythroestes  (E.
H Sargentand Co )

dumeters of which are sniersely proporuonal to the average dumerers of
the erythrocy tes on the field through which the hght passes when the hght
source remains at a constant distance By varying the distance of the hght
from the blood smeir one can make the size of the red aircle comeide with
a pattern of dots punched 1n a metal disk and the mstrument 13 cahbrated
to read the sverage red cell drameter i microns

Fic o8 Haden Haus r ervch
rocyrometer (A H  Thomas
Co)

Breeone Tine

Dukes Method

The most common way to determine
bleeding ume 15 by Dukes method A stab
wound as for drawing blood for a cell
count 15 made 1n the lobe of the ear At half
minute intervals the blood at the site of the
meision 15 blotted on a piece of filter or
other absorbent paper It 1s important not
to make the shghtest pressure near the i
cision or touch the shin with the absorbent
paper The bleeding time 15 the interval be
tween the time of making the stab wound
and the first time that the absorbent paper
15 not stamed with blood when touched to
the wound The usual bleeding tume by this
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and 1s expressed as the percentage of the total blood 1 olume or as the 1 olume
ot ery throcs tes in 100 ¢ of blood

Small tubes such 1s the Wintrobe tube may be used (Fig 9,) Ths
requires only a small amount of blood and the use of heparin a5 an antico
agulant

The van Allen hematocrit tube (Fig 96) has proved sery sapssfactory m
our expersence Blood from a finger or ear puncture 15 drawn mnto the tbe
to the top of the scale and 15 difuted with a small but unmeasured amount of
1 3% sodum oxalate solution A spring sealing chip with a rubber cushion to
prevent lealage s pliced aver the tip and the rube 15 placed n the centnfuge

t -

e 95 YVWm
wobe  hematocrit
tube and filling ;2
pet The same tube

15 used for deter s

mining  the sedh Fic 96 Van Allen hematocric
mentation rate (A wbe and spring c[xE to prevent
H Thomas Ce ) leahage (A H Thomas Co}

The upper level of the mass of red cells i the tube 15 read on the engras ed
scale on the stem of the pipet after centrifugation This scale mdicates di
vectly the percentage of blood volume which 15 made up of pached ent thro
eytes The notmal volume of pact ed red cells per 100 cc of blood 1 about
45 cc for males and 41 cc for females

DerrratinaTion ofF Rep CeLr DIAMETFR

Direct Measurement by Micrometer Eyepiece
An ey eprece micrometer dish o w hich a scale 15 engrmved (Fig 9} l;
placed the ey epiece of a microscope The dnistons on the scale are projecte
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drop of blood that appears Touch the end of one of the capillary tubes
to the next drop of blood Blood will be drawn into the wbe by capillary
artraction Carefuily break off about half an inch of the twbe after two mmn
utes and conunue breaking off a piece at half minute meersals unnl a fine
thread of fibrin appears betw een the broken ends (T'ig 1vo) The coagulation
nme 15 the intenal from the appearance on the shin surface of the drop
of blood used for the rest unnl a bridge of fibrin remains betw een the broken
ends of the capillary tube The glass tubing must be brolen with care so as
not to break the thread of fibrin The normal coagulation ume by this
method 15 from three to five minutes

Venous Blood Methad, Lee and White s Methed

Draw blood from a ven with a syninge and needie winch have been ninsed
sn normat saline Place 1 ce of blood m each of two small W assermann tubes

Fie 100 Determunation of coagulwion ume Showing the strand of fibrn between the
broken ¢nds of the capilary tube mndicating that coagulation has occurred

of 8 mm inside diamerer which have also been rmsed with normal saline
just before use After the tubes have stood at room temperature for three
nmnutes tip one tube endwise every thirty seconds unal the blood no Jonger
flows and the tube can be imerted The second tube serves as a check on
the first The coagulation time 15 the intertal between the appearance of
bleod 1n the sy ninge and the ume that the Wassermann tube can be merted
The coagulation tme of venous blood 15 longer than that of capillary biood
since there 15 no ussue juice mixed with 1t The normal 1s from five to eight
minutes by this method The clottng tme 15 longer with rubes of greater
dameter

The coagulatson time 15 lengthened m certain hemorrhagic diseases natiblhy
hemophilia and prothrombin deficiencies It 1s normial sn thrombepensc pur
pura even though the bleedng time 1s markedly prolonged There s no cor
iclation betw een the bleeding and coagulition times

Cror ReTRACTIITY

Place a few cubic of blood 1 a scrupulonsly clean 1V
tube or small test rube Allow this to stand undisturbed ar room temperatore
and obsery ¢ at hourly mtervals Under normal conditions the coagulum begins
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method 1s from one to three minutes (Fig g9) It may be prolonged to an hour
or more 1n certain pathologte conditions notably thrombopemc purpurt

Ivy's Method, Venous Pressure Method

The cuff of a sphy gmomanometer 15 placed around the arm 1s n t1king
a blood pressure reading, and a pressure which 15 just below the drastohic
blood pressure 15 maintaned so as to shut off the venous return The shin of
the flevor surface of the forearm 2 little below the elbow s cleansed with
alcohol and wiped dry A small stab wound as i the preceding test 1s
made 1 the skin in the cleansed area and the blood blotted up with absorbent
paper at half minute mntervals The bleeding time by this method 1s shightly

1 z
Fic 99 Bleeding ume by Dukes method 7 Prolonged bleeding time of 9': mmnutes
2 Normal bleeding time of 24 mimnutes

longer than with Duke s method the upper hmit of normal 1s four minutes
Ivy s method 1s more accurate and will frequently show a prolonged bleed
ng time W hen there 1s a vitamm K deficiency even though the bleeding time
by Dukes method 1s normal

Coscuration TIME

Capillary Tube Method

Heat the center of a prece of glass tubing untl it 15 soft and pull the ends
apart qulcl\l\ so that a long fine capillary tube 15 formed having a diameter
of about 05 to 1 mm Breah this into lengths of about 15 to 25 em Make
a puncture ound n the finger or lobe of the ear and wipe anay the first
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mally begms at 0 43 or 04 % sahine and 15 complctc at 0 345 The concen
trauon should be carned above the o 5,/ level of hemolysis 15 present in this
concentration

A control senes of tubes should be set up and a parallel test run on normal
blood at the same tme the test 1s bemng performed on the unknown In this
way a chech on the accuracy of the saline solution may be obtained

Iy throcy res are not hemolyzed n normal saline solution but fluid 15
tahen nto the cells from hy potonic solutions untt! they rupture or hemolyze
A series of tubes contaiming vary ing degrees of hy potoruc saline solution 15
therefore set up and the resistance of the celfs to the varying concentra
tions of salt solution 1s determmned Cells which are more fragile than normal
as 1n hemolyvtic icterus begin to hemolhvze m o5 § saline or even higher
concentrations which niore nearhy approvimate siormal sabne Ina few con
diwons such as chronic ancnna and obstructne jaundice the cells may be
more resstant than normal

Pratecer Count anp VOLUAFTRIC DETERMINATION OF PLATFLETS

A platelet count 1s subject to such maccuractes that it 1s difficult to get
results that checl closehy Because of thus there are numerous methods and
diluting fluds proposed for the procedure There 15 a great tendency for
the platelets to adhere to glass surfaces and to clump together Consequentls
an even distnbunion for counung 15 difficule to obtam

Esttmation from a Blood Smear

On the ordinary Wright stamed blood smear obsers e the number of plate
lets encountered while doing a differential count They may be found sin
gl 1 small groups or 1n large clumps and may be especially numerous at
the point where the blood first came m contact vath the glass shde It should
become a habit to observe the platelets on all blood smears and to estmate
whether or not they are present in normal numbers Because of the unequal
distribution 1t 1s smpracuical to count the number of platelets in comparison
to the number of ers throcy tes

Platelet Count—Olef Method

Prepare a small paraffin cup by melung out the center of 2 cube of parathn
with a hot glass rod Place 2 or 3 drops of sodwim metaphosphate solution
m the cup The solution 1s made as follows
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to retract and pull aw v from the sides of the tube at the end of one hour
At the end of four hours the clot has retracted from the walls of the tube
and 1s almost completely surrounded by serum The degree of retractibny
should be reported as absent poor, or
complete at the end of the four hour
pertod Observations beyond this pe
riod give hittle addinional information
A clot which shows no retractility at
the end of four hours 15 abnormal
(Fig 1o1) and 1s usually associated
withadeficiency 1n the blood platelets

Fracirry Test

Arrange a serses of twelve small test
tubes n 2 rack and number them from
fourteen to twenty five mnclusive
With a capdlary pipet place in each
tube the number of drops of o,
saline solution that 15 indicated by the
number on the tube The salt solution

Fie 101 Clot recracoliny Showing 2 MUSt be accurately prepared and the
noaretractle clot (left) as compared to  size of the drops umform With the
one wth normal retraculity (right) same pipet after 1t 1s thoroughly
rmsed, add to the tubes the number of drops of disulled water necessary t©
make the volume of each tube 5 drops and shake each tube to mrx the contents
thoroughly The percentage of salt solution m each tube 15 ascertamed by
multplymg 1ts number by ooz

Obtain venous blood by venipuncture with a syringe nd needle and
place one drop of blood m each tube and mux Let the tubes stand at room
temperature for two hours The nonhemolyzed erythrocytes will have set
tled to the bottom of the tubes at the end of this tme and any hemolysis
will be evident by a reddish discoloration of the supernatant flud A fant
prh color with a large collection of ery throcy tes in the bottom of the tube
indicates shght hemolysis A red fluid with no sediment ndicates complete

fhemoly sis
Record the strength of the solution m which hemolysis 15 first apparent

and the first solurion 1 % huch complete hemolysts 1s present Hemoly sis nor
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The depth of the fluid 15 0 1 mm and the dilunonis 1 oo
Platelet count per cu mm = Platelets counted > 10 X oo

‘Thrombocytoent Method of Van Allen

The thrombocy tocrit method 15 used routinely n this clinic m preference
to zctual counting of the platelets Although mmor varations m the number
of platelets cannot be detected the results are reliable and are sausfactory for
chinscal work The method requires a spectal spherical sedmentation chamber
of o cc capaciry and a special thrombocytocrit tube with a spring clip
(Fig 10 )

Mix exactly 16 cc of 1 3% sodium oxalate solutton and 4 cc of blood 1n
the sedimentation chamber and allow this mixture to stand for 3% hours

!

Fic 10 Van Allen thrombocstocnt tube spring chip and sedimentation chamber
(E H Sargent and Co)
During this tme the ery throcy tes settle out but the platelets are sull equally
distributed between the supernatant fluid and the ery throcytes Place s cc
of the supernatant fimd 1 the thrombocytocrit tube mcluding just a trace of
the corpuscular sediment so as ro give a shightly reddish tnge to the flmd
Centnfuge at 3000 rpm for 1% hours The erythrocytes will be packed
i the bottom of the tube and the platelets will appear as an wory white
column sbove them The v olume of the platelets 1s read directly on the scale
of the tube 1 thousandths of a cubic centimeter and the percentage of plate
lets per volume of whole blood 15 found by shifng the decimal pont tvo
places to the nght The normal range 1s from o 4 to o 6 per cent of the total
blood volume
Howerr s Protrosizin Tiie

Howells prothrombn test determnes the coagulanon time of plasma to
which an excess of calerum has been added It 15 not a true determimanion
of prothrombin time nor 15 1t 2 measure of the prothrombimn content of
the blood
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Sodmwm metaphosphate o
Sodium chloride o9
Distlled water 1000

Let a drop of blood from the finger or ear drop ito the solution stir with
1 paraffin coated wooden applicator Transfer 2 drop of the mixture to 2
clean gliss slde cover wath a cover ship and seal with petroleum Cut 2
square opening n 1 disk of paper or cardboard and place this n the ocular
of the microscope so that the field of vston 1s reduced as in domg a reticulo-
cvte count With the o1l immerston lens count the number of platelets and
the number of ery thracy tes 1n fields taken at random untl 5’00 ery thracytes
have been counted Determune the number of erythrocytes per cubic mil
hmeter of blood in the ordinary way From the erythrocy te count and the
ratio of platelets to erythrocytes on the moist preparauon the number of
platelets per cubic nullimeter of blood cn be determined

Platelet Count—Dtrect Method
Method 1 Diluting flud
Aqueous solutton brilliant cresyl blue (1 300) . parts
Aqueous solunion potasssum cyanide (1 1400) 3 parts
Keep the solutions in separate bottles mix and filter just before using
The cyantde solution should be fresh every ten days

Using an erythrocyte piper draw the diluting flud to the marh 1 then
draw blood from a freely flowmng puncture to the mark o5 and finally
draw dituting flmd to the mark 101 Shake gently for two munutes fill the
counting chamber of the hemacy tometer and allow 1t to settle for ten mmn
utes Count with the lugh drv objective as in domng an ery throcyte count
Since the dilution 15 the same as for a red cell count the calcutations will
be the same The red cells are decolorized the leukocy tes are stamed and
the platelets appear as rounded Lilac colored bodies The normal count ranges
from 150 000 to .50 000 per cubic millimeters of blood

Method . Draw hlood to the o 5 mark in 2 red cell pipet and 255 sodum
catrate to the mark 101 Shake slonly for two minutes The shaking must be
less vigorous than with an ery throcy te count as the platelets are more fragile
and are easily destroved Put the suspension on a counting chamber and allow
1t to stand on a level surface for five rmnures The platelets appear s round
sharply outlned refracale discs under the high dry objectne Count the
placelets i the entire center square (the arer used for ery throcyte counts}

which 1s t square mm
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Wintrobe Method

Place 4 cc of blood 1n 1 tube or bottle 6 mg of

oxalate and 4 mg of potassium ovalate as an anuceagulant Fill a Wintrobe
hematocrit tube to the 10 cm mark by means of a capillary prpet (see Fig
93) Place the tube in a vertical position at room temperature and observe
the pomt on the scale to which the corpuscles settle during one hour After
taking the reading centnifuge the rube of blood unul paching of the eryth
rocvtes 15 complete and read the yvolume of packed enthrocytes (hema-
tocnit) The sedimentation rate 1s corrected for the hematocrit reading by
means of a chart (see oniginal arucle)

Fic 103 Westergren sedimentation tube and rack (A H Thomas Co }

Interpretation

Interpretation of the results of this test 15 somew hat difficult since there
are many varmbles to take into consideration, the hermatocnit en throcy te
count, and hemoglobin content of the cells all influencing the sedimentation
rate The rate 1s more rapid 1 women than mn men 2nd 15 1ncreased during
menstruation and during the second and third tnmesters of pregnancy Tt 15
somew hat more rapid 1n children than 1 adults There 1s an ncreased sed
mmentation rate with 2l vy pes of mfections mahignant neoplasms v ounds
operations hemorrhage coronary occlusion and 1n anemua and leukerma
The test 15 of bittle value as an a1d in differennial diagnosss but finds 1ts greatest
usefulness 1n determmng the degree of actunity of vanous infections such
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Collecr 5 cc of blood, place 1t 1n a centnrfuge tube contaming ¥ cc of
3 1 ammonwum oxalate solution and centnfuge In four clean test tubes
plice , 3 4 and 5 drops respectiely of a o 5% calcrum chlonide solution
To each tube add § drops of the blood plasma obtned by Eentnfuganon
Note the time at which coagulation occurs m each of the four tubes The
prothrombin tme 15 the elapsed interval between the adding of the plasma
to the caleum chlonde solution and the time coagulation occurs as deter
mined by mverubulity of the tubes The normal ume 1s less than twelve
minutes but 1t 15 greatly prolonged in hemophilia

Oxalated blood does not coagulate because the calcrum has combined with
the oxalate but mn this test an excess of calcium 1s added It determmes the
time required for the platelets to break up and liberate prothrombin pIus
the ume necessary for prothrombin to change to thrombin m the presence
of calclum

SepnaEnTATION Rate

Many methods have been devised to ascertain the sedimentation rate of
the erythrocy tes The results are reported mn \arious ways so that the method
which 1s emploved must be stated or the results reported m comparison to
the normal values by the same method When a column of blood 15 used
the results may record the distance the ery throcy tes have settled 1n 2 gnen
period of time the nme required for the ery throcy tes to settle to an arbitra
rily fixed point or the height of the corpuscular column after a gnen perod
of ime Multiple readings may be taken at fixed intersals and a cunve plotted
from these dara

Westergren Methad (Osgood Modification)

Westergren sedimentation tubes and a rack to hold them in a vertical po
sinion ase necessary (Fig 103) Obtun venous blood with s\ ninge 1nd needle
and oxalate 1t { mg of potassum ovalate per cubic centimeter of blood)
to prevent coagulation Draw blood to the zero mark m the Westergred
tube and place thisinay ertical position n the special rach which s cqmppcd
with a rubber cushion to prexent leal age Read the upper leycl of the column
of blood and record the ume when the cube 1s put in place Read the upper
level of the red cells after fifteen and forry five minutes Ina normal mndt
vidual the ery throcy tes will not settle over » mm 1n a fifteen minute mrerval

or over 15 mm ina forty five minute period A sedimentanion of over 30 mm

m forcy-five qunutes 15 abnormal
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SternaL Puncrure

With the patient Iy ing on his back prepare the area ov erly ing the manubrio
sternal junction with anuseptic solution and drape with sterde towels In
filtrate the shin subcutaneous tissue and periosteum with 2 local anesthenc
When anesthesia 1s complete ntroduce a large bore needle Jumbar puncrure
needle shortened to 3 5 cm or one of the specially made sternal puncture

Fie 105 Constrictor test Showing petechiae which have appeared on the arm below
the level of canstricuon

needles 1n the mdhine of the manubrio sternal jomnt Tile the needle to an
angle of 30 to 60 degrees and puncture the marrow cavity VWithdraw the
styler, attach a syninge to the needle and aspirate 1 or  cc of the marrow
contents Put the aspirated matenal mto a small tube with 4 mg of dry
potassium oxalate or make smears directly from drops of the matertal from
the needle Cover the puncture wound with cotton and collodion after with-
drawal of the needle Hemoglobin determination ervthracy te and leukocy e
counts and smears for differential counts may be made from the aspirated
material which has been ovalated

The aspiration may be done by mserung the needle directly through the
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25 1n tuberculosss, pelvic nflammations, rheumatic fever, and mfectious
arthnitis It 15 of value m differentrating nfectsous or atrophuc arthritis from
hypertrophic osteoarthnits since the sedimentation rate 15 mereased m the
infectious ts pe but not m the hypertrophic form

Broop Voruve

There are several methods for determnation of the total blood volume The
dye method 15 the one most commonly employ ed and consists of mjecting a
Inown amoupt of dye and measuring 1ts concentration mn the blood plasma
after a grven period of ime usually after twenty mimutes Evans blue dye
seems to be the most satisfactory as 1t 1s elimmnated slowly The concentration
of the dye i the plasma 15 determined by a spectrophotometer The plasma
volume 15 ascertained from this reading and with the hematocnt reading on
whole blood the total blood volume can be calculated

The volume of the ery throcy tes may be determined by the adnunistration
of 2 I nown amount of carbon monovde gas and then measuring the amount
of carbon monoxide per unit of blood

A newer method uses radioactive 1ron or phosphorus to tag ery throcy tes
Blood contaming a known amount of such erythrocy tes 1s transfused 1mto
the subject and the dilution of the tagged ery throcy tes determmed

CapiLLary Reststance TEst

Constrictor Test, Arm Band Test, Rumpel Leede Test

The cuff of a sphy gmomanometer 1s placed about the patient s arm as for
taking a blood pressure reading and mflated to a pomt shghtly above the
dastolic level This pressure 1s mantamned for three minutes A rubber tour
mquet may be used but the pressure exerted must be below the systolic
pressure After removal of the cuff or tourniquet 1t 15 noted whether or not
petechiae appear below the level of the constniction Normally there will
be none The appearance of petechiae indicates an inereased permeabihity of
the capillaries (Fig 1o4) A positive result may be expressed as the number
of petechtae per unit area of skin or the result may be graded from 1 plus
(very few) to 4 plus (confluent or almost confluent areas of subcutaneous
hemorrhage) A positive result will be obtained when there 1s a deficiency
of plarelets as w ell as with nonthrombopentc purpura The test may be post

subacute bacterial endocarditis severe anemmas and occz

tve I seurvy
ng hor w eather

stomally m normal mdniduals particularly m women dur
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Solutions

1 Stock soluten Dissolve 1 Gm of potassium bichromate i 50 cc
of distilled water Add drops of concentrated H SO, and dilute to exactly
too cc with disulled water This solution 1s stable when Lept s a brown
bottle

2 Dilute standard Dilute 1 cc of the stock solution to 100 cc with dis
tilled water

Obrain venous blood with a syringe and needle and exther centnfuge or
allow it to coagulate Compare the color of the serum or plasma to that of
the dilute standard 10 a colorimeter with the standard tube set at 15 If the
color of the serum 1s too ntense to read m the colormeter 1t may be diluted

Reading of standard

Reading of unknown X dilution = Icterus tndex

Normal 5ty
Subclimeal 1cterus 5 t0 10
Vasible scterus 10 and above

Vax pev Bere Rrscrion

The van den Bergh reaction differentuates between vanous forms of
bilirubin  Water soluble bilirubm gives a direct reaction and 1s present m
the blood with obstructive jaundice An mdurect reaction 15 obtained with
bilirubin before 1t has been acted upon by the hver This type of reaction
results from hemolvsis of erythrocytes and from liver disease unassociated
with bilary obstruction

Procedure
Qualstatt e
Diazo Reagent

Solunon A Solution B
Sulfamlic acid oy Gm Sodium mitrite o5 Gm
HC concentrated 500 cC Water to 100 ce

Water to 1 hiter

Mix 33 cc of soluuon A and 1 cc of solution B mmmeduately before
use

In a centnfuge tube place . cc of blood serum and layer with 1 cc
ot drazo reagent A positne direct reaction ts shown by the appearance
of a red or purple ning
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outer table of the sternum by 4 few sharp taps with the knuchles or with a
small mallet rither than going through the manubrio sternal jowe The spe
cual needles for this procedure hive guards which present too deep nsertion
of the needle

Pain 15 produced by the suction of the sy ringe 1n withdewing the ma
tertal About o 5 cc of materal 1s usually obrained

Rubinsten has show n that aspiration from the crest of the sternum is equally
as saussfactory s sternal puncture

The results of differential counts on normal marrow as guen by Osgood
are found i the table below A great varation m sernl counts on the same
material may be expected even though several hundred cells are counted and
as might be expected the values gnen by other observers van considerabh

Percentage
Range Average

Neutrophils—segmented 7-5 133

Fosmophils o~ Lo 045
Basophils o-o012 oto
Neutrophls—staff (band) cells 15-35.0 2410
Eosinophils o 6 o8o
Basopluls o~ 10 006
Metamy elocy tes—-neutrophiic 1-10.0 740
Metamy elocy tes—eosinophlic o~ 20 063
Mjyelocvtes neutrophilic o-100 086
Promyelocytes type 1 o- 50 168
Promyelocvtes type 11 o- 50 148
Ay eloblasts o- 20 044
Lymphocytes 4-16.0 1060
Monocy tes o- 50 06
Normoblasts 5-200 1240
Megaloblasts o-50 170
Disintegraung cells 10-30.0 ofo
Retsculocy tes 1- 50 195
Myelord erythroblast ratio 21 91 361

Bone Marrow Biopsy

Biopsy of bone marrow 15  surgical procedure i which a piece of red
marrow 1s removed by a trephine opening into the sternum The material
removed may be fived staned and studied histologrcally

Icterus InpEX

The scterus toden measures the ntensity of the vellow pigmentatton of
the serum as compnrcd to a standard solutron of potassium bichromate
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Do~ Lanostaver Tosv

In paroxysmal hemoglobmuria the patient s blood contains an 1sohemoly sin
which untes with ery throcy tes only at low temperatures and causes hemoly -
s1s of the cells after being warmed to 37 C To detect the presence of the
1sohemoly sin the Donath Landstemner test 15 employved

Prepare a suspension of the patient s red cells 1n normal saline and also ob
tamn several cubic centimeters of the patient s serum Mrx equal parts of serum
and cell suspenston and divide this mixture into two equal parts in test tubes
Iveep one tube at room temperature as a control Chill the other tubeto . C
(xce water or refrigerator) for ten minutes Compare the color of the serum
cell suspenston 1n the tubes there should be no dufference at this stage of the
test Place both tubes i a water bath at 37 C A posttve reaction 1s mdicated
by hemolysis occurring within thirty mmutes 1 the suspension which has
previously been chilled There should be no hemolvsis 1n the control rube
If no hemolysis occurs add one quarter volume of normal serum to each
tube (to supply adequate complement) Ieep at 37 C for another thirty
mynutes and note whether or not hemolysis has occurred in the tube which
was previously chilled

CoLb AGGTUTINNS

Prepare senal dilunons of plasma or serum in saline begmmng with 1 . o4
1 5 dilations placing o 5 cc of the dilution m 100 ¥ 11 mm test tubes Add
to each tube an equal amount of 2 per cent cell suspension 1n saline using
Group O cells Shake the tubes and store in the refrigeratorato®to s C forat
least esght hours Place the racks of tubes i an 1ce water bath prior to readmg
Invert the tube several times to loosen all of the cells from the bottom The
agglutination 1s graded from 1+ to 4+ the latter representing a single hard
clomp not brohen up by mrang while the 1+ reaction is 2 floccular aggluema
tion visible without magnification The uter 15 the lighest final agglutination
giving a 1+ reaction

After readings are made the tubes may be placed i a water bath or n
cubatorat 37 C for two hours and the agglutnation disappears

ProTuroMBIN TEST FOR Viramm k DEFictency

A dehciency of vitamm K leads to hemorrhagic tendencies through s
effect on the prothrombin content of the blood Simple tests have been de
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M the solutions and set aside until the maximum color has des eloped
Add 2 cc of saturated ammonium sulfate solution mux, and add 8 cc of
95% alcohol The appearance of the red color only after the additton of
alcohol sigmifies an indirecr reaction

Quantstatnne

M the solution after the addition of alcohol centrifuge and to the su
pernatant flwd add 2 cc of concentrated HCl and let stand for several
mimutes

Standard Solution Dissolve 10 mg of pure bilirubin 1 10 cc of distilled
water with 5 drops of 10% N1OH Dilute to 100 c¢ with distlled water
Add 50 cc of freshly prepared diazo reagent 100 c¢ of saturated ammo
nium sulfate, and 400 cc of alcohol When a red color has dev eloped add
100 cc of concentrated HCI Let stand several hours before using Store
in 1ce box

Compare the unknown with the standard solution 1n a colonimeter with
the standard ser at 20 mm

Calcudation
Reading of standard

X 10 =mg of hilirubin per 100 cc of serum or
Reading of unknown £ P

plasma
Normal 0 5 mg or less mdirect

Hentosibcrin 1n URINE

Mix equal parts of . potassium ferrocyamde and 15 hy drochloric actd
Add 1o this the sediment from fresh urine and allow 1t to stand for fifteen
minutes Centnfuge and examme the sediment mcroscopically for the blue
granules of hemosiderin

ScHLESINGFR s TEST TorR URoBILIN IN THE URINE

To . cc of urine 1n 2 test tube add 3 or 4 drops of Lugol s solution To
thus mixture 2dd an equal amount of a saturated alcohohe solution of zinc
acetate Centrifuge to throw down any precipiate or filter the solution
Throw a strong beam of light through the solution (the beam of bght from
an ophthalmoscope) a greenish fluorescence mdrcates urobilin If bile pig
ments are present 1n the urine they should be remosved by adding one fifth

+olume of 10% calclum chlonide solution and filtering beforc performung

the test
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clapsed time betw een the adding of the CaCl solution and the appearance of
coagulanion 1s the prothrombin time Repeat the test on the second tube and
run 2 test on normal blood as a control

Prothrombin_tume of controf

100 = per cent of prothrombmn actny
Prothrombin ume of patient P p ty

Values of 8, to 100 per cent are normal 'V alues under 6o per cent are 10
the danger zone and hemorrhage may occur The normal clotung ume 15
eleven to twelie seconds

Link Shapro Modification of the Quick Method

This method of prothrombin deternunation 1s recommended by the Amer
1can Heart Association for the control of dicoumarol admimistranion 1n acute
coronany occlusion This differs in mmor respects from the Quick method and
the details may be found m the ongmal arucles hsted i the bibliography
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used to determme the prothrombin time or prothrombin content of the
blood

Sruth’s Method

Thromboplastin for performing Smuths test 1s available from seseral
manufacturers Dissolve 1t completely i distilled wter and add o1 cc of
the solution to each of two test tubes To one tube add 09 cc of normal
blood ymmeduately after 1t 15 drawn, mix and note the time required for a
clot to form The normal tme 15 twenry five 1o forty seconds To the other
tube add 09 cc of freshly drawn blood from the patient and observe the
clotng tme The result m1y be expressed as the prothrombm time 1 Sec
onds but because of \ariations m the strength of the thromboplasun solutton
1t 15 best expressed by comparison with the pormal

Clotung ume of normal blood
Clotung tune of patient s blood

Values below 70 per cent are considered to be an indication of vitamin k
deficiency Below 40 per cent 15 in the danger zong, and hemorrhage 15 apt to
occur

Quick’s Prothrombin Method

100 = per cent of prothrombin actnity

Reagents
1 Calcium chloride solutton Dissolve 0 .78 Gm of CaCl m 100 cc of
water

Phy siologic salt solution

3 Sodwum onalate solution Dissolve 1 33 Gm of sodium oxalate 1n 100 ¢¢
of water

4 Thromboplasun Add o 15 Gm of thromboplastn to . 85 cc of saline
\In thoroughly warm i water bath (45-50 C) and let stand for
sedimentanion Use the mulky supernatant fluid for the test This may
be stored 1n a stoppered vial at y° C

Procedure

Obtain blood by ventpuncture and to o cc of sodum oxalate solution
add 1 8 cc of blood M and centrifuge or allow the erythrocy tes to settle
Into each of three test tubes 9 X 6, mm place o 1 cc of physiologic salt solu
ton o1 cc of the pauents plasma and o1 cc of thromboplastin soluttont
Let stand for fifteen munutes then warm in a water bath for one minute at
37° C Warm the CaCl solurton to 37 C and add o ¢ cc to one test tube
Invert the tube at two second mtervals unul clor formation occurs The
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