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Preface

Lrusruty, Like cancer and poliomyelitis, has bren classed as one of the “dread
diseases” Without donbi, it represents the most important single problem in
hematology In the United States alone it kalls at least 10,000 annually, many of
them bright, active children orintelligent men and women in thew prime of hife.
Mot statisties ndiente that the disease 15 on the increase, particularly in the
Jast three deeades of Tife, Whether ar not thix is actually true or due simply
to more case studies and better recogmtion, there ean be no question regarding
the seriousness of the problem and the necessity to cope with it by all available
means,

There have been many thousands of srticles written about leukemia but the
pucity of books on the wubject i amazing Torkoer's text of 1938 was ency-
clopedic 1n its seope and for many years remained almost the ouly central <ource,
The cnormous resurgence of interest in the disease, brought about n large
meusure by the posibility of ndueving at least temporanly beneficial re<ults
with various chermeals, has fed to a quest for more precise hnowledge of the
divease its character, the nature of the leuhemic cell, the pathophy-iology of
such features a3 the anemia, hyperuricemia, the hemorrhagie «tate, ete Etiolome
factors, previously unhnown, hive come to the surface, and today there is
great talk of the viruses and much statsstieal evidence for the leuhemogenic
effects of 10mzing radiation. The empineal nature of mo-t of our therapy, even
that with the newer antimetabohe and (¥totoxie agents, and its evcntually
unsatifactory charuetenstics, have naturally led to an mereaving inquiry mto
the more fundamental aspeets of eellular growth and proliferation.

TWhat 13 feukemma? 18 it a reactive dssturbance, or s it neoplastie? Does it
represent o ceflular reaction to an infectious or other agent, or does a harmful
mutation tahe place, leading to an abnormal ty pe of unu<ually rapid leukocyte
proliferation? The lenhemic cell «cems to hatve some rather characteristic features
as we exarune 1t, but when one tnes to analyze 1t feature by feature, chemical
by chemical, the apparent differences betwcen normal and leukemic cells become
less and less pronounced Perhaps this in why, in treating leuhemma, we are al-
ways hmted by what the chemical or other agent does to the normal cells, the
action upon buth leuhemie and normal eells 13 o much alike

This work on lenkenua 15 imited alimost entirely to a conwderation of human
leuherma Not that mouse leukemua and fonl lenhema are not important, they
are of utmost importance, particularly from the mvestigational aspeet We
present in this monograph a rather personal account, not only of our own -
terests i this ficld but of what we think the practitioner (internint, pediatrician,
pathologist and elnteal pathologist) may be interested 1 The work 1s by no
means encyclopedic nor 151t a textbook, although rometimes, as m the chmeal
deseriptions, it mu<t partake of rome of the features of the latter There 1s
probably more emphass on certain aspects than on others, agun an mdieation
of our specal fields of interest etiologie agents, the myeloproliferatny ¢ syndromes,
therapy Nevertheless, we believe that there 15 presented 1n these pages a farrly
comprehenane picture of the present state of our knowledge (some might say

"



x LEUREMIA

“ignorance”) of leukemia. We realize full well that this is but an interim report
and that perhaps in a short time, whether 1t be a year or a decade, a revolution
in understanding and control of the disease may well take place. Actually, the fact
that one has a difficult time mn defining leukemia may 1n itself be somewhat
hopeful. Since there 1s no complete certainty that the condition is malignant, nor
even what “malignancy” 1s, it 1s altogether possible that leukemia may eventually
turn out to be a deficiency state or an immunologic reaction or a respense to an
mfectious agent. Again, what we learn from leukemia, with 1ts readily available
blood and tissue cells, should certainly be of considerable value m the under-
standing of neoplastic dreease in general,

This work could never have been completed without the help of many -
dividuals From our patients we have learned a great deal, particularly in courage
and forbearance From our colleagues, who have come to work with us from
many lands and many parts of this country, we have gleaned much valuable
information, and the give-and-take of our daily discussions has been of utmost
value. We may smgle out a few who have worked with us on speetfic problems
m this field: Drs. Maro Baldimi, Boston; Luis Bergna, Buenos Aires; AMarvin
Bloom, Buffalo; Edmund W. Campbell, Boston, Jyoti Chatterjea, Caleutta;
William H, Crosby, Washington, D C., Solomon Estren, New York; Henry
Goldenberg, Toronto, Norma Granville, Hartford, Zacharias Komninos, New
York; William McFarland, US Navy, Bethesda, Maryland, Carlos Mesa Arrau,
Santiago, Chile; Enrique Perez Santiago, Santurce, Puerto Rico; Anthony
Pisciotta, Milwaukee; Jack Rheingold, Washigton, D. C., Martin Rosenthal,
New York; Fernando Rubio, Jr, Boston; Richard H. Saunders, Rochester;
Laurence I Schwartz, New York, Jay Silverberg, Pittsburgh, Karl Smger,
deceased, Mario Stefanini, Boston, Asuman Unugur, Istanbul, Lows Weisfuse,
Long Island, New York; Leda Zannos, JAthens, Greece,

In addition, we wish to achnowledge with thanks the help of the following
individuals, all of New Zealand Drs G.C T Burns, A F. Burry, A J. Campbell,
A. M. Goldstemn, R. I Hough, J B Jameson, G L. Rolleston, D, T. Stewart,
and Messrs 8 E Brooks and K A Donald~on.

Our «ccretarial staff headed by Miss Joyce Rock and including Mrs Arlene
Morris, Mrs. Mildred Scagraves and Miss Zelda Cushner, has somehow tri-
umphed over & mountatnous collection of drafts, copies, bibliographies, il-
lustrations, made all the more complex by the half-world separating the two
authors Among our many techmicians over the years, we must particularly
note Mrs, Irma B Medmnicoff and Mr, Lowse D’esy Chomskt

Spectal thanks are due to Dr . Edward MacMahon, Professor of Pathology,
Tufts University School of Medieine, and his staff for their cooperation n pro-
viding most of the photomterographs of sections i the text {except those other-

wive ated), Dr Ahee Ettinger, Radiologist, New England Center Hospital, for
her contmued mterest in our work, and for <upplying most of the x-ray Mlustr.-
tion=used i the text, Dr W .J Mitus of our laboratory, for tus ard i the lusto
pathologie and histochemieal sectrons, Professor Y Kawahita of Kumamoto
City, Japan, for s meticulous llustrations done while he was withusin Bowon,
Dr. Joseph Beurd of Durham, North Carolina, » horeviewed thesection on v iryses
and with whom we had ~everal p le d on th portantsubject Dy
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Charles Congdon of Oak Ridge National Laboratories, Qak Ridge, Tennes-ce,
who cxamined the section on reactions to x-rays and with whom we have col-
laborated in a bone marrow transplantation project; Dr. Wayne Rundles of
Daucham, North Carolina, who reviewed the sections on multiple myeloma and
urethane and supplied reveral execllent electrophoretic patterns of rerum and
urine; Dr. Mareel Bessis, of Paris, who generously allowed the use of some of his
v electron micrographs; and to Dr. Leon Dmochowski of Baylor
Houston, Texas, who supplied eleetron micrographs showing viruses
m levikemie cells from different animal species and humans Me, Tucherman Day
compited the index

We acknonledze with appreciation the help of our wives, Mrs, Ruddy Dane-
<hek and Mrs. Joan P Gunz, whose patience wa~ undoubtedly trained at
tumes while their husbands toiled over an ever-demanding manuscript. To our
long-time recretary, Mre Edith M. lorentine, we extend thanks for her constant
cooperation, pirticularly in unearthing pertinent clinical data,

Tinally, we cannot fail to achnowledge the generons support throughout the
years of the American Cancer Socicty, Iue,, the American Cancer Society (Massas
chusetts Division), the National Cancer Institute of the United States Public
Heaith Serviee, the Medical Research Branch (Division of Biology and Medicine)
of the Umted States Atumie Energy Commtssion, the Damon Runyon Memorl
Tund for Cancer Rescarch, Inc, and of generous private donors Among these
may be listed Mr. L. Calvin Fownler, of Chattanooga, Tennessce (deceased May
29, 1938), Mr E. ftanley Wright of Worcester, Masachusetts, the Greenbaum
Family of Boston (in honor of Mrs Rarah Greenbaum, deceased), and the Rho
P1 Pha Ladies Autlury, of Boston, We are indebted to the Schering Corporation
and to 1ts Vice-Prewident and Medical Director, Dr. Edward Heuderson, for
their generous ¢ 1 s of large of predni: (Meticorten) and
therr financial aid i defraymg the cost of the colored plates

William Dameshel
Frederick Gunz






I. Leukemia in the Past

Ltunruis, since 1ts recognition ns a distinetive disease, has had a history
of Tttle more than 100 years, and it is therefore o comparative newcomer among
the major known scourges of humanty. It was first desenbed almost simul-
taneou-ly by two brilliant young men who, after upplymg their great gfts to o
meticulous cxploration of its features m the hving and the dead, engaged at
anee in an almost enomous weangle over the honor of having heen the first
to identsfy this fatal disease. Progress m the hnowledge of leukemia has been
fitful <ince these beginnings 1t should be realized that ot the time of its discovery
very hittle was known ahout the composition, the origins and the functions of
normal blood, nor were there any good methods available for investigating them.
Each «tep fornard had therefore to be preeeded by an exploration of the normal.
Where this lagged, speculation usurped the place of research and theory that
of fact. Much of the hterature of the first hundred years echoes with the clash
of controversy which, lacking a basis of substantial facty, could only be dialectic
and unproductive. Tt i regrettable hut true that even today we do not possess
the answers to many of the fundamental questions about the mechanism of nor-
mal hematopotesis or the regulation of the blood clements, This fact Jargely
explams our continumng ignorance of the canses of leukemia and of the means
of subjugating it.

It seems hikely that the first aecurate deseniption of n case of leuhemia was
given in 1827 by Velpeauw® His patient, a 63 year old florist and seller of lem-
onade, “who had abandoned himeelf to the abuse of apintuous hquor and of
women without, howeyer, becommg syphilitie,” fell 1l in 1825 with a pronounced
swelhing of the abdomen, fever and weakness, and symptoms caused by urmary
stones He died soon after admission to hospital and at autopsy was found to
have an enormous hiner and spleen, the latter weighing ten pounds The blood
was thick, “like gruel, . .. resemblmg in con~stency and color the yeast of red
wine ... One might have asked if it were not rather lwudable pus, mixed with
blackssh coloring matter, than blood.” It was in fact the peculiar charncter of
the blood, as seen post-mortem, which first attracted the attention of all the
early obeeryers of leuhemia, Thus Barth,? in 1839, wus so interested in the autopsy
findings in one of hus patients that he submitted the blood to microcopic exami-
nation. This was earried out by Donné, who reported that more than half of
the blood conwsted of “mucous globules” which eould not be distmguished from
pus corpusele~ It appears that Donné® was the first to exammne the blood of
another leukemie patient during hfe; it was so full of colorless corpuscles that
at first he thought 1t was pus

In spite of these and other carly observations, leukemia was not recognized
as n defimte entity until its description in 1815 by Bennett* in Scotland and by
Virchon® in Germany The mdependent publication, within one month of each
other, of two cases of the same new disease, was less remarkable than the fact
that each oberyation came from the pen of 2 man who was to become a leader in
Ius own field, Bennett m physiology and Virchow in pathology In each of the
two cases 3t was the post-mortem sppearance of the blood which first gave the

1



2 Hematology

and diagnosis of diseases of the blood should be based on a consideration of
the patient as a whole, not on examination of the blood alone,

With these features of hematology in mind, 2 brief discussion of the
structures and functions of the components of the hematopoieric system may
clarify the part these organs play in maintzining 2 normal blood picture,
and render more easily understandable the effect on the blood of pathologic
changes that they may undergo.

RETICULO-ENDOTHELIAL SYSTEA

The rerm reticulo-endothelial systen: was proposed by Aschoff to desig.
nate collectively 2 group of specialized cells widely seattered throughout
the body, in many organs and tissues intermingled with other rypes of
cells. Reticulo-endothelial cells are derived from embryonic connective tis-
sue, the mesenchyme, which is the source of the earliest blood cells in the
embryo. At different periods in fetal development and in different locations
the mesenchyme gives rise to all forms of blood cells. Remnants of the
mesenchymal cells persist throughout life and maintain their potential abil-
ity to form blood cells They differ widely in their stractural characteris-
tics, and are variously known as clasmatocytes, hemohistioblasts, or mac-
rophages. They have i common the ability to phagocytose foreign par-
ticles. This power of phagocytosis accounts for their specific supravital
staining properties, particles from 2 weak solution of a dye are phagocy-
tosed and assembled within the cell into such large groups that they become
visible under the microscope. Statned with specific dyes. cells of the reticulo-
endothelial system can be detected among ordinary tissue celis which are
not phagocytic. Because of their common properties and similarity of func-
tion, these cells are grouped together and are considered as a separate organ
even though they are widely dispersed thronghout the body,

The reticulo-endothelial cells may be separated into two groups, fixed
cells and wandenng cells

Fixed Cells

Fixed cells are found primanly mn the following sires: (1) in common
connective tissue and scrous membranes, where the cells may be round,
spindlc—shapcd, ot large, ieregular, branching forms, ordinanily they lie
among the fibroblasts but they may become free to wander through the
tissues; (2) in the reticula of the spleen, lymph nodes, and bone marrow,
where they are of large size and have branching processes by which they
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are attached to one another and to the reticular stroma of the organ; (3) lin-
ing the blood sinuses of the spleen and bone marrow, where they arc flat
and endothelial-like. Similar to thesc cells are the large, flattened, stellate
cells (Kupffer's cells) which occur in the blood sinuses of the liver. Cells
of both types have many branching processes which project into the lumens
of the blood capillaries and are so insecurely anchored that the cells may
break loose and become free in the blood channels.

Wandering Cells

Wandering or free reticulo-endothehal cells may be found in cither the
tissues ot the blood stream. The fixed histiocytes in the connective tissue
may become actively motile—particularly as a result of an inflammatory
stimulus—and may then move about through the tissues. Such cells are
observed most commonly in the spleen, lymph nodes, bone marrow, and

The large endothelial-like cells which are found in the walls of
the blood sinuscs occasionally break loose and become free in the cir-
culation, but because of their size they arc usually filtered out of the cir-
culation as they pass through the lungs. Monocytes that occur in the blood
stream are of reticulo-endothelial origin and belong to this system.

The role of the reticulo-endothelial system in formation of monocytes
of the blood stream and in removal and destruction of degenerated cells,
especially degenerated erythrocytes, makes it of special interest to the
hematologist. The spleen, which is particularly tich in reticulo-endothelial
tissue, is the organ chiefly involved in these functions. Not all erythrocytes
are phagocytosed by the reticulo-endothelial cells; many of them probably

dergo disintegration or fr ion within the blood stream as a result
of stresses and strains to which they are subjected. The fragments are taken
out of the circulation by the renculo-endothehal cells. Sce these cells can
also remove colloidal from suspension, they take from the blood
stream the heroglobin liberated by disintegration of the erythrocytes, Retic-
ulo-endothelial cells are able to break down hemoglobin ta the stage of
bilirubin; thus the blood leaving those organs which have a large amount of
reticulo-endothelial tissue has a significantly higher bilirubin content than
does arterial blood, Although the hepatic cells are responsible for elimination
of bilirubin, they are not concerned with 1ts formanon

In addition to destruction and removal of erythrocytes and formation
of ytes, the reticulo-endothelial cells remove all forms of particulate
matter from the blood stream, and in this capacity they form a vital part
of the defense against bacteria. They contnbute to the repair Pprocess
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which follows tissue injury and inflammation. In the lungs they remove
foreign particles that have entered the body through the respiratory pas-
sages. In the liver the Kupffer cells phagocytose thorium dioxide to such an

DECREASE IN RED BONE MARROW
WITH ADVANCING AGE
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Fi6. v. The approvimate rate of decrease in the cellulanty of the bone marrow with
advancing age (Redrawn from data obtamed by Whiby and Britron, Disorders of the
Blood. J & A Churchill )

T o

cxtent thar this organ can quently be ized roentgenographically,
As the cells have the power to store material they cannot digest, they are
the deposttory for ingested iron which 15 not used immediately in the for-
nution of hemoglobin. In certain metabolic disturbances such as Gaucher’s
disease and Niemann-Pick disease they store large amounts of lipoid sub-
stances. Antibacternial substances and antibodies 1n the bload serum are prob-
ably cluefly dernved from the reuculo-endothelial cells.

Boxe Marrow

The medullary caviues of bones i the adult contam two types of masrow
tissue. the hematopoietic poftion, or the red, celiular marrow in which blood
cells are formed, and the fatry or yellow marrow. In the fetus at the time
of birth the entire marrow cavity of all bones 1s filled with red, cellular
marrow, with advancing age this is rcplaccd by yellow marron, w hich ap-

eacs first 1 the centers of the long bones and progresses distally and prox-
imally from thesc pomnts. Replacement occurs first in the more distal bones
The fay marrow gradually increases sn extent until ar about the age ot
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wenty years all the macrow of che Jong hones s of this type cxcept that
in the provimal encs of the fern and huwmeri. Red marrow persies 10 the

fat bones, hence hematopoiesis by most active in
the ribs, stermuin, vertebral bodies, pedvis, and
skull Figure 1 shous the progress of replacesent
of red by yeltow marrow as it occurs in the bontes
wieh advancing age,

The fatty or yellow marsow consists of far
cells, Blood vessels, and a minimat amount of
reticular framework, Although blood cells are
not formed in this partion of the turrow, there
is ample roum for exprnion of the red narrow
into the shafts of the long bones, and under
proper sticnutacian fazey marraw may be replaced
by hematopoictic marrow.

The red marrow is the porton in which the
various types of blood cells are produced (Fig.
2); it is especially rich in reticulo-endathelal
cells. It s estimated that the active marrow n
the adult comprises from 3.5 to 6 per cent of the
body weight or from 500 €0 3500 grams which
is approvimately the waght of the liver, The
volume of the marrow ranges from about 7o cc.
at furth 1o gooo cc. tn the adule hut only about
half of this iy active Since ali of the marrow
afready actnve i hematapotesis in the fetus and
newborn mfant, an addmona} stmulus for red
cell formation results in extramedullary blood
formatson, whereas i the adult there 1s an exten-
sion of the hematoporetie marrow 1o the y ellow
fatty poruon The bone marrow is commonly
conssdered as 3 single organ cven though 1t s
scateered through the cavities of many bones.
The red marrow presents a delicate reticulum of
canmective tssue supporung numeraus vascular

channels amd cellular elements Lymphad ussue

Tie 7 Mematoporne bone
marrow in the adutt. The shaded
and darkened portions of the
skeleral system sepresent the
sreas in which red or hemato-
posetic marrow persists 1 the
nognal adult.

15 seanty but most observers laok upon {ymph follicles in the bone nurrow
as normal The circulation.is of the closed type, and the vasenlar bed is 2
meshwork of small snusords fined with flat endothehal-he cells similar
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to those lining the sinuses of the spleen. These lining cells are in intimate
contact with the stellate cells of the supporting reticulum, which also belong
to the reticulo-endothelial system. Under normal conditions many of the
sinusoids are completely collapsed and contain no blood, while others are
dilated but, owng to constriction of the efferent portion, are so shut off
from the circulation that a low oxygen tension results. Sabin believes that the
red blood cells are formed in these sinusords, the flat endothelal-like cells
dividing and subdividing into immature erythrocytes under the stimulus of
the anoxemia, Supported by the delicate reticulum are other types of marrow
cells, including the precursors of the granulocytes and megakaryocytes as
well as other large, branched cells of the reticulo-endothehal system. WWhereas
the erythrocytes are believed by many investigators to be formed intravascu-
farly, the granulocytic or myelocytic series of cells are produced outside the
vascular channels. Downey and others believe that the erythrocytes are like-
wise developed extravascularly and onginate from the general reticulum
rather than from that liming the sinusods. 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 primitive mesenchyme cell
to be found in the adult, and from them the granulocytes and possibly the
erythrocytes originate. Megakaryocytes also arise from the retrcular cells,
although they may likewise be formed from the cells in the sinusoids.

SPLEEN

The spleen is an important part of the hematopoietic system and as such it
serves three well recognized functions: (1) It destroys and removes blood
cells and platelets from the circulacion; (2) it serves as a reservoir for storage
of a reserve supply of erythrocytes; and (3) lymphocytes are formed within
its malpighian corpuscles. In addition to these hematologic functions it has a
role in the protective mechanism of the body against mnfecrions; it is the site
of formation of antibodtes, it 15 active in phagocytosis and removal of bac-
teria and other particulate matter from the blood stream, and it has other
less well defined functions

The spleen measures about 1z cm. in length, 7 em in width, and 3 em, in
thickness. With an average weight of from 150 to 200 Gm,, the spleen during
life is considerably larger and heavier than is the organ which is examned at
necropsy. It is reddish purple in color and pliable n consistency. It is en-
closed in a connective tissue capsule from which trabeculae extend into s
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substance, tendings to div ide the organ into imperfect and irregular lobutes.
The clastic fibers and bundles of smooth muscle in both the capsule and the
trabecale render the organ capable of contraction. From the trabeculae
atises a fine reticular framework which supports the splenic pulp and the
nodutes of lymphaid tissue—the malpighian corpuscles or splenic nodules.
Enmeshed within the pulp are many types of cells Erythrocytes predomi-
naze, bue there are also granulocytes, lymphocytes, and plasma eells, In addi-
tion ta these blood cefls dhere are large monenuclear cells which are motile
and have phagoeytic properties~the macrophages. The blood s delivered to
the splenic pulp by fine sricrial vessels, and ss it percolates slawly through
this spongehle structure, 1t s in intimate contact with the rerionto-endothelial
cefls, which are numerous in the pulp and the reticular framework of the
spleen. The bload is collected in venous sinusoids whese walls are composed
of spindleshaped cells separated by sliddike spaces allowing the blosd to
have frec communication berneen the pulp and the sinusoids.

Scatrered throughour the spleen are shinds of fymphoid tissue, the mal-
pighian corpuscles, which have a pale ceneral area known as the germinal
center. The malpighian corpuscles are similar in strueture and function to
fymph nodes elsew here in the body.

Function of the Spleen in Relation 1o Hematology

Macrophages are large amebeid cells of the spleme pulp frequently con-
wining fragments of, or even whole, erythrocytes. In conditions in which
there is eveessive destruction of red bload cefls, the phagecytic macrophage
cells may engulf fy targe numbers of frag d erythroeytes, with
the resufr that the spleen nlumately becomes impregnated with the iron
and § g pigment, t iderin, derived from the homoglobin of
the destroyed cells. It 15 probable that the phagocytic process s the spleen
remores only fragsmented or damaged erythroeytes and not healthy cells.
The spleen 15 not the only organ concerned with the removal of cry(h.rocyrs
as all pamis of the retculo-endothelil system apparently parrake in this func-
tion. The pracess of destruction and semoval of erythrocytes continues after
splenectomy but in the normal individual the spleen sppears to be the primmary
sire of erythrocytic destruction.

“That the spleen is active fa the removal of other crculating elements from
the blood stresm 15 suggested by the cffects of splenectomy on the leukocyte
count and plateler count in splenie neutropenty and thror'nhopcmc purp\;rm
There is some question as to the evact role the spleen normally plays in the
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removal of these elements but jt seems probable that their removal is due in
part to this organ,

The increase in the hemoglobin concentration and erythrocyte level of the
bloed which occurs under certain conditions is too rapid to be explained on
the basis of production of new hemoglobin and red blood cells. The concomi-
tant reduction in the size of the spieen indicates that its reserve supply of
erythrocytes js released mnto the circulation to meet additional demands, for
example, during strenuous exercise. A similar reaction occurs with hemor-
rhage, reduced atmospheric pressure, and asphyxia but the splenic function
as a reservorr 1s apparently not as important as it was once believed since a
similar increase in erythrocytes occurs in splenectomized individuals, The
blood flow through the splenic pulp is normally so sluggish that the stored
cells are not delivered to the blood stream, but by contraction of the smooth
muscle bundles in the framework of the spleen 1ts size is reduced, thereby
forcing the cells into the general circulation, This process can be reproduced
by mjections of adrenslin. During surgical removal of the spleen the en-
trapped erythrocytes may be forced into the circulation by manual pressure
on the organ before ns vessels are ligated.

Lymphocytes are produced in the malpighian corpuscles, as they are in
other lymphaid tissue 1 the body. Circulating monocytes are formed from
the reticulo-endothelul tissues of the body, and since the spleen is particularly
rich in this ussue, it 1s one of the principal sites of their development. Except
for these cells the spleen 15 not a site of hematopoiesis in the normal adult.
Under the influence of certan stimuly the spleen may resume 1ts feeal function
and arcas of extramedullary hematopoiesis make therr appearance.

Iron 1s stored m the cells of the reticulo-endothelial tissues throughout the
body, including those of the spleen, where because of the numerous reticulo-
endothelial cells the amount of iron stored is correspondingly large. It has
been demonstrated that splenectomy greatly reduces the reserve supply of
iron in the body.

During fetal hfe the spleen 15 actively engaged in formuon of erythro-
cytes, but this function becomes dormant when production of these cells is
taken oser by the bone marrow. Howcver, the splecn retains jts potential
ability to form erythrocytes, as well as cells of the myelocyuc series, and
under certain pathologic cond 1ts reticul Jothelial cells may revert
to this fetal function with resultane exeramedullary hemacopoiesis. This proc-
ess takes place i erythroblastoses, and the extremely Jarge numbers of mye-
locytic cells found in the spleen in myelogenous leukenma may be the sesule
of metaplasia father than of infileration.
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Effects of Splenectaray

.»\hlmugh the spleen b - : . T e
wopoctic systemandir - + e by 1838 10 an essengiaf
organ 2s has been amp., mmﬂmmcd by the cffects of splenceromy, Many
of its functions 3rc taken over by other portions of the reucolo-cndothelis!
system after o5 remosal so thas there is no apprccmhlc decrease in antibody
pmdumun nat apparent increase 10 the pmcnts suseeptilulity w nfection.

Tt has been shown in anunals that a cransient anetzia desclops after the spleen
is remon ed and this has been reported to accur m humans after the operation
fut it s not comsistentdy encountered. How elt-Jolly- badies in the cry throcytes
1s 3 comman finding in the blnod of a splenecromized mdnidual and suggests
an sbnormatine w nuclear extrsion, wdicating thac the spleent is in some way
concerned with this process. Targee cells are present in increased numders
after the spleen is removed. These cells ase thinner than normal and ther
increase in the blood stream may acesunt for the mereased resistance of the
ervthroeytes to hvpotonie saline followsng splenectomy. There is usually a
lowered urobilinogen output m the feees indicating 2 dunmmtion in hemo-
globin destruction.

Theee is an mmediare postoperatn ¢ sacrease s blood platelets, the sumber
frcquemly riing to over 5,000,000 pes cubic mitbmeter and the volumetric
determination to 3 per cent or hugher. Afser reaching a peak the number of
platelets subsides 1o the norsal level, although ¢ may remain sbove normat
for sererat wechs or months.

There is alo 3 postoperatus ¢ Jeuhocytosis, the white cell count beng com-
monly 20,000 10 30,000 per ¢ubie mutbmeter with an ncreased number of
young forims. The high leukocy te couns 1 due almost entirely to an -
creased number of neutrophils. The Jeukoeytosis disappears slow Iy and may
pessist for many weeks Losmaphilia occurs accassonally, and a lymphocyro-
sis has been observed

It has been noced thar persons whose spleens have been removed nre more
casily on exeruion than do normat persons,

The rate that the spleen plays i the regulatory 1 of } i
esns 15 nat well understood. Attempts have been made to prove the mstcnce
of 2 hormone or hormones 1n the spleen which regulate the aetnity of the
bone marzow and the produenion of blood plarclets, granulocytes, and eryth-
rocytes, Vanous extracts have been produced which seem ro exert some influ-
ence on the platelec o lewkocyte content of the blood but rthese studies need
confirmation hefare the eustence of 2 splenic harmone can be accepeed. The
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term “hypersplenism” has been returned to use in recent years in certam con-
ditions in which one or more of the physiologic functions of the spleen are
overactive but whether this overactivity is hormonal i nature is not known.
The overactivity js manifest by a reduction in any one or all of the cellular
blood elements: the erythrocytes, leukocytes, 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 in certain cases
corrects the deficiency but does nor answer the question as to how it is
accomplished.

Lynes Nobes

Lymphoid tissue is found in all parts of the body as (1) diffuse masses,
(2) simple nodules, and (3) large and complex lymph nodes. It is composed
of supporting reticulum containing Iymphoid cells within the meshes of its
framework. The strands of the reticulum vary in size. In areas in which the
Iymphoid cells are particularly numerous the reticular network is almost hid-
den. The simple lymph nodule, such as occurs in the walls of the intestinal
tracy, is irregularly spherical or elliptic in shape. It is composed of 2 mass of
lymphoid tissue with a dense pertpheral zone enclosing a central area of
looser and lighter texture known as the germunal center. Withm it are Iymph-
oid cells in all stages of development. Smce the lymph nodule Jacks a disunct
capsule, 1ts outer border 1s imperfectly defined by the surrounding con-
nective tissue.

Lymph nodes are interspersed along the lymphatic vessels, nsually em-
bedded in fatty tissue, They are more hughly differentiated organs than the
lymph nodules. They vary in size from minute bodics to oval- or bean-
shaped organs measuring z cm. or more m length They are enclosed in
distincr fibrous capsules which consist in part of elastic and smooth muscle
fibers. Trabeculae from the capsule penetrate the outer portion or cortex of
the gland, dividing it into pyramidal compartments. In the central or medul-
lary part of the gland the trabeculae are less regularly distributed, but rend to
divide this portion into cylindrical compartments. These poorly defined
cylindricn] areas—the medullary cords—contain masses of lymphoid celis
They are continuous with one another and communicare with the cortical

ortions of the lymph node. Interspersed between the Iymphoid tissue and
the trabecular framework are the intercommunicating fymph smuses, hned
with an imperfect layer of flattencd endothelial cells. Within the Iymph
sinuses is a reticulum which 1s conunuous with the adjacent reticular frame-
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work of the gland. The blood vesscls eatering the hitus of the gland sub-
diside to form a rich capilary network throughout the corical nodoles and
the medulfary cords, Germinal conters aceur oaly in the cortical nedules.

The fymphocs tes of the blood stream are developed in the [ymphoid dssue
throughout the body, nat only in the germina} centers of the Yymph plands
but also in the lymphatic tissue that i so widely dustritruted in the gdstro-
intestinat tract, thyms, tonsils, and elsew here, The minute Iy mphatic nodules
w hich arc present in most organs of the body also take pact in the production
of these cells, Large numbers of reticulo-endothelial cells are present in the
reticulum of ol b mphoid fissue, and the precursoss of the Iymphoblasts ase
derived from the indifferentiared primitive reticular cells of the stroma.
Lymphocytes are formed wherever theee is lymphoid tissuc, and cells in aff
stages of development 3re found in these tissues.

Lover

Daring fetal hfe the Hiver is actively engaged in the formation of blood
eells, particutarly from the sccond to the fifth month, but at the time of birth
this fas almost completely & d, although setn e blood islands
have been found in the liver of prcmamrc :md full-term infants up to the
ﬁfttcnth day of fife, Like the splees, hm\ ever, the fiver possesses, through ws

fa-cundothehal tissues, the f ! ahiliey to produce blood cells and
n certgin diseases may reverr 0 this fetat function. This happens, for ex
ample, in the myeloid mtmphsia observad in mw:)oqcnous levkemia and in
thee dullary hroy found in erythrobl The liver is rich
m rencnla-cndmhchzl cells (Kuplfer's cc)ls). which resct in the syme man-
fier as do reticulo-endotheln] cells clsewhere in the body. A few biood mono-
cvtes may be formed in the liver.

Bihicubin is the chief pigment in human Vile and is derived from the hemo-
globin of the ervthrocytes so that any conditian 1 huch results m an mereased
destrucuon of red blood celis causes a greater production of this bale pigment.
This pigment #s formed throughout the badv by the cells of the reticulo-
endothelial system and normally there 15 from o 2 to 08 my of bilirubin per
hundred evbee centimeters of blood serum The transformatian of hemoglobin
0 bitirubin 15 an mrraceliolar process within the reticnlo-endochelial cells.
The secretorv cells of the biver merely excrete the pigment that reaches them
preformed and do not phy any part w its formation. Diseases m which ex-
cessive destruction of exythrogyies 1s 2 prominest frature throw an exers
burden on the liver
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In addition to the function of the reticulo-endothelial portion of the hver
and its excretion of pigments, the liver has 2 regulatory cffect on erythro-
poiesis which is due to the maturation factor of Castle which is stored within
the organ. This matenal is apparently formed m the stomach but after absorp-
tion is stored in the hiver from which site 1t is liberated to the blood stream.
By this means the liver is essential for erythropoiesis and maintains a regu~
latory effect on the bone marrow,

The liver is the princtpal site of formation of fibrinogen, as well as the
source of prothrombim, so that the organ is of the greatest importance in rela-
tion to blood coagulation. The relationship betw een the prothrombin content
of the blood and hiver function 1s so intimate that the response of the prothrom-
bin Ievel to vitamin K administration serves as a liver function test.
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THE ERYTHROCYTES

\'in\\ COMTROVERSIAL POINTS ARISE IN A DISCUSSION OF THE ORIGIN AND
development of the mrmus s of blood eells, Al:hough these are of im-
portance for compl g of | poiesis, they are not essen-
tial for diagnosis and treatment of \»\ood dyscrasias, and, Yor the student,
3 complete comsidesation of all phases of the problem is hikely to be more
confusing than entightening. This discussion, therefore, will be limited to
essential features, and certan conteorersial points will be passed otver rather
bghy,
The earliost Vload cells to appear in the embrye arc erythrocytes which
atise from mesenchymal tissue of the yoik sac. These are nucleated but as
tume goes on they are replaced by non-nucleated ervehrocy tes arising from
the reticulo-endothelial tissues. The Jevkouytes appear s the circulating
blood at a considerably later stage of embyomic development, They arse
from revcula-endothelat oclls but are not sumcrous unnf feral hemato-
posesis shafts o the bone marrow about she third month. The formauon of
blood cells m the adult is 2 function of the reticul Jothehal tssues. Eryth-
rocytes and granulocytes are formed in the bone marrow, fymphocytes, 1
the Iy mphoid tissues, and monocy tes, from reticuio-endothehal cells m van-
ous Jocations The pont of greatest controversy concerns the queston of
whether all blood cclls are dernved from a single priesce stem cell i the
reticulo-endothelial system or whether each series of cells has an individual
precursor which puwes nse to only one type of celt
Accerding to the menophylenc theory there 15 a single polyvalent celf 1
the rencuto-endathelial tissctes which is capabie of producing, under varying
stumuht or anvwronmental conditions, any of the types of cells found in the
blood stream. Ths celt 1s called a hemocytoblase or by mphoidoeyte, and from
it are dessved erythrocyes, granvlocytes, l\mphacvtes. and monoq tes.
The polyphyletns theors assumes dhat 2 separace stem cell s pleseny for
cach series This conceptss modified by those who believe that there are two

13
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primitive scem cells (rachier than a separate precursor for each series), one
giving rise to erythrocytes and the other to all forms of leukocytes. Accord-
ing to the most widely held theory, each series of cells arises from a separate
stem cell in the reticulo-endothelial system. These cells develop into eryth-
rocytes, granulocytes, {ymphocytes, and monocytes, respectively. As it is
generally agreed that the primitive stem cell or cells are derived from fived
reticular cells of the reticulo-endothelial tissue, the controversy is mainly
concerned with whether or not there is another intermediary primitive cell.

Strucrure axp Fuxcrion or THE ERyTHROCYTE

The normal mature erythrocyte is a circular biconcave disk definitely
thicker at the periphery than in the central portion. There is no demonstrable
internal structure and no nucleus, Although a cell membrane cannot be
demonstrated, the reaction of the cell to hypotonic and hypertonic saline
solutions indicates that the outer surface of the cell acts as 2 membrane even
though no anatomic membranous cover can be observed. A large proportion
of the cell-the functioning portion—is made up of hemoglobin Thus is pre-
sumably held erther 1n the form of a gel within the meshes of a spongelike
stroma of lipoid substance or intimately bound to this substance,

The celis are extremely elastic. They are capable of undergoing great dis-
tortion when passing through small capillaries and can withstand great
trauma without breaking. The peculiar configuration of erythrocytes, which
gives them a large sutface area in companison with cell volume, factlitates
absorption and discharge of oxygen, It has been estimated that the total sur-

Puate I Tae EryrarocyTic Series

1. Megaloblast. Thus ymmature cell is similar to the myeloblast
and lymphoblast in its strucraral characterssucs, bur the chromatin
structure of the nucleus tends to be somewhat coarser and the
cytoplasm more opaque 2. Megaloblast with a still more opaque
cytoplasm and a more dense nuclear structure. 3, # Erythroblasts
showing dense blocks and strands of chromatin m the nucleus.
s Normoblast with Howell-Jolly bodies. 6. Erythrocyte with
Howell-Jolly body. 7. Normoblast with polychromatophilic cyto-
plasm. 8, 9, 10. Normoblasts. 11. Polychromatophilic erythrocyte.
12, 13. Reticulocytes 14 Four normal erythrocytes.
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face area of alt the erythrocytes in the body is in the neighborbood of 3000
square meters, or 1500 times the surface area of the body.

The primary function of erythrocy tes is to transpors oxygen from the
tungs to the twsucs sad this depends eaticely on cherr hemoglobin content.
While the blood is within 1he lung capillaries where oxygen tension is high,
oxygen combines chenrieally with hemaglobin to form oxyhemagiobin, but
when the blood reaches the capritaries of tissues w here oxygen tension is law,
the oYy hemoglobin, an ble compound, undergocs dissocistion and
owgen is hberated to the tissue fluids, The reduced hemoglobin is then
carned back to the lungs for reoxygenauon Carbon diovide is carried from
the tissucs to the Jungs m solution and not an chemical combination with the
hemoglobin, The slteration in the acidiey of the blood resulting from the
change of oxyhemoglobuy (HLO,) to reduced hemoglobin (FHRUQ)Y facili-
tates transportation of carbon diovide. This change in acidity helps o main-
a2 normal acid-base equilibrium.

Deserorsest of LRYTiROCYTES

The erythrocytes thas appeas m the embryo originate in that poruen of
the primitn e mesoderm which gives nse 1o the vascular system, They col-
lect snto syncytal masses and cords winch fiquefy at the center. After hque-
faction tahes place, certam cells break loose from cherr surroundings and
bega to circufate thraugh the vascufar clannels. At a later stage of fetal
hf, formavion of the erythrocy tes oveurs pomanly 1 the hver and spleen
but it finally becomes established in the bene marrow As chus function is
raken over by the bone marrow, erythropocsis decreases in the liver and
spleen so that at the tume of birth all these cells are beng formed in the bone
martow. Wah advancing age less and less of the bone marsow setamns its
erythropotetse funcuon; m adult hie the ery throcytes are formed pomanty
in the flat bones, such as the sternum, nibs, and pelvis, and m the provimal
ends of the lang bones as indicated in Figure 2.

The erythrocytes are beheved by many to deselop mneravascularly, ansiag
from endathelul-tike cells winch hine che capilfaries, These cells divide, the
daughrer cells beconung the prnmstive erythrocytes and the parent cefls re-
mamsng n the capittary wall The daughter cells progress to the stage of
mature erythrocytes and are then ready for duty m the circulaung blood,
fsaacs believes that the cells develop in a sticky, jelly-like matrx which lique-
fies and frees the cells snto the arcufation upon thew matunty. Doan, and
others belteve that portions of the capillary bed are wtermuttently shut off
from the circulation, either completely or partislly, and thar in these arcas the
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circulation is so stow thar the oxygen tension becomes Jowered to a point at
which it serves as a stimulus to erythroeytic production. In these areas the
cells develop to matursty. When they are ready for the perrpheral circulation,
there 1s a relaxation of the capillary constriction, with resumption of blood
flow through that poruon of the capilary system in which the cells were
developing, and they are carried away by the blood strezra. Others believe
that the erythrocytes, like the granulocytes, arise from reticulo-endothelial
cells outside the capillaries and upon maturity gain access ro the circulation.

The mechanism whereby the number of erythrocytes in the blood is main-
rained at a constant level 1s not known, although many factors which influence
development and maturation of erythrocytes are recognized. The red cells are
apparently destroyed by the renculo-endothelial tissues, with the spleen play-
ing the most important role, and there 15 some evidence to show that the prod-
ucts derived from this cellular destruction act as a smulus to erythropoiesis

There are many substances necessary for proper red cell formation but
many of the detauls and the exact role of certain of the factors are not clear.
The anti-anemic or maturation factor of Castle is essential for proper growth
and development of the cells but 1ts exact nature and compasitien are unknown.
In 1ts absence an anemia develops and it 1s undoubtedly an important regu-
fatory factor in maintaimng nogmal erythroposesis. In order thar this matura-
tion 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 is neither
the extrinsic nor intonsic factor 1t 1s necessary for normal erythroporesis and
n jts absence from the diet, or because of improper absorption, a macrocytic
anemia develops.

Fohe acid 15 3 member of the vitamin B group and other members of this
group such as pyridovine, nboflavin, macin, and others appear to play some
part mn erythroporests. Thetr exact role 1s unknown bur therr absence from
the dret of experimental animals causes anemma, Vitamma C may also be neces-
sary but agan 1ts exact role has not been determined.

Iron is necessary for hemoglobin formation and copper, although 1t dacs
not enter o the hemoglobin molecule, 1s needed as a catalytic agent. An
adequate protem mtahe 13 necessary and an anemia develops in its absence bue
globin appnrcml_\' can be formed even though the protein and anmno-acid
(aeake is exceedingly low. The prewrtany gland has leen shown to exert some
regulatory cffect on hematopotesss but s mode of action 1s n doubr The
thyroid is apparently not directly concerned with hematopoiesis but an ab-
sence of 1ts sceretion slows down the development of cells.
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Low ox) gen tension in the aie and in the alveoli of the lungs stimutaves the
production of cry throey tes and gnoxiz of the homatopoietie centers wiay be
g important factor in mamtaining a sormal ery throcyte fovel,

Marvranion o Envmirocetssy

The serminology: wsed for the sasious stages of exvihropoictic devclopment
is confusing and + anable and there 55 o agseament among workers in the
fick} of blood discases as to the exact progress of maturation of the ery thrao-
cvtes, There are tw o schools of thoughr on erythropoicsis. One group belicves
that there are tno separate desclopmental series of eny throeytes, the narmal
ersthrocate developmy through the hemocs soblase, proerythroblase, and
noreblast stages ante a normal cell, while the megaloblast 5 found enh 1
fetal marrow or i the mrrrow of pernicious anemia and the related macro-
3 tie anemias. The megaloblast develops through seseral stages into an eryth-
rucy e which ss Jarper than nermal, Naegel, Downey, Joncs, Wintzobe, and
athers adhere to this view, The second school of thoughe, including Sabin,
Doan, Isaacs, and others, behes es that the megaloblase 15 merely an carly stage
w the development of a normat erythroey e and pomts ont that, although
megaloblasts are numerous m the bone nnrrew of patients with permcious
anemu, (hc}' are also present in normal marrow as precursors of normal eryth-
socytes Isaaes found Soo00 10 12,000 lablasts per cubiic milt of
bone marrow tahen from patients With permions anemia whereas there were
25,000 10 35,000 per cubic malhimeter m normal marrow, The agthor agrees
with the latter concepr—that the megaloblast s an mumature celt in the normal
development of the erythracyte. He has been umable to diungusht to bis own

isf: and unable to d rate o students the morphotagre differences
between the megaloblist and the eardy pronormoblast, so that cells indss-
guishable from the megatablase are er d m normal marraw. Tius

concepe also seems to present a more logreal explanation for the bone marrow
findings 1 permyesous anemsa sn winch there appears to be a wawraton arrest
at the megaloblast fevel, with further developrent occurring s hen adequate
sherapy 1 gn en so that the megatoblasts mature and quendy & W in
number sn the narrow,

The following termnalogy and concept of desclopiment will be subject to
criticistn from many soureces,

Megaloblast

The megaleblast 15 che carhest form of ery thrucy te chat can be recogrized
by sts seructure. It 1s 2 farge cell, averagng 12 10 18 oucrons 1 dumeter, The



18 Hematology

nucleus js round or oval, usually centrally placed, and occupies from one-half
to two-thirds of the cell body. A network of fine chromatin threads is evenly
distributed throughout the nucleus. Because of the fine threadlike network
and the even distribution, the nucleus stains a light purple or lavender with
Wright's stain It may contain from two to eight nucleoli. Nucleoli are small
round light-staining areas which have a bluish tint and are surrounded by a
denser rim of chromatin materfal. The cytoplasm of the cell is nongranular
and deeply basophilic; it takes a deeper blue stain than the blast cells of other
serjes. On a blood smear this cell has a thick appearance, and the dark blue
staining reaction of the cytoplasm extends to the periphery of the cell. The
cell does not contain hemoglobin.

Erythroblast
In the process of maturation the immature erythrocyte and jts nucleus be-
come smaller, the chromatin in the nucleus becomes more densely packed,
and when hemoglobin appears in the cytoplasm, it acquires 2 slightly eosino-
philic staming reaction. In the erythroblast stage the cell is considersbly
smaller than in the megaloblast stage, and the nucleus is correspondingly
reduced in size. The evenly distributed chromatin material becomes com-
pressed into deeply staining blocks, These stain a deep purple, are irregular
- in size and shape and sharply demarcated, and have irregularly shaped clear
spaces between them. When grouped abouc the periphery of the nucleus,
they suggest a clockface or cartwheel nucleus. This blocking of the chromatin
into sharp, cleancut masses is so characteristic that there is little danger of
mustaking the erythroblast for any other type of bone marrow cell. The
nucleus is usually round and cencrally placed. The cytoplasm is gaining its
complement of hemoglobin; it has lost the deep blue color and owing to the
increasing eosinophilic staining reaction becames bluish gray or slate gray.
In some cells the cytoplasm approaches even closer the color of the normal
erythrocyte, staining a pink or buff color.

Normoblast

The normoblast is the type of nucleated erythrocyte most commonly en-
countered in peripherat blood. It s the most maturc of the nucleated
forms, being bue slightly larger than the normal non-nucleated erythrocyte.
The nucleus has become small and pyknonic and is dense and uniform in jts
staining reaction, so dense that no details of the chromann structure can be
made out. It is a deep bluish purple in cofor. The nucleus is usually round
and centrally placed, but occastonally 1t may be at one side or may even
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appear to be parcially extruded from the cell. In some inswnces it may be
lobulated with two, three, or four small rounded lobules, which gres it a
clover leaf appearance. The cytoplasm contains iis normal complement of
temoglobin and cansequeady has the same stainung reaction as the normal
marure erythrocyse. In some of the cells the cytoplasm tus 2 slighdy blaish
cast, o diffuse | hit philia, which is also encountered
in some young non-nucleated erythrocytes. Bluish dots (basophitic stippling)
or even a fine bluish network may occastonally be observed in cytoplasm of
normablasts with ordmary staining technic.

‘The next stage in the development of the erythrocy te s Joss of the aucleus
and entry of the cell into the peripherat ciseulation,

or polyet

DestrvcTion oF LRYTHROCYTES

The fe span of an erythrocyte and the evact method by which it is re-
moved from the blood stream are not known. Phagocytons of the cells, or of
patts of the cells after disintegrauon, occurs in the reticulo-cndothehal tis-
sucs, cspecially m those of the spleen and bone marrow, and it is thought
thar thus is the principal method of removal. The cclls are subjected to great
nechanical trauma in the vascular system, both fram the force of che blood
stream as it Jeaves the heast and from the changes in shape produced during
their passage through the smaller channels; there is also chemical traums
from constant aleeration 1 the osmatic tenston. As a result of these me-
chanical and chemeal fnsults the cells may be braken up withia the blood
stream and the particles removed, or the surface membrane may be alered
m such 2 way that enure zells are phagocytosed by the cells of the reneuto-
endothehial system. The orgon most acuvely engaged m the removal of these
cells s the splees There 15 hutle evidence to support the theory that erythro-
cytes are withdrawn from the circulation by hemolysis.

After the cell has been removed from she cuculanon by the reticulo-
endorhehial tissue, the pigment portion is separated from the stroma, The
stroma s not reeamed by the body, it 1s probably catabolized a5 an ordmary
protein The sron-containmg portion of the pigment is held, at firse by the
revculo-endothelial cells wherever the destruction of the cell oceuss. Ulti-
mately 1 fiads s way to the bone marrew, where it is reutilized in the pro-
ducuan of new hemoglobin. The i ining pigment of hemo-
globin 55 converted <o blirubin snd excreted by the liver,

Since the erythrocyies are Jeated cells and are incapable of growth,
teproduction, or repair, their Lfe expecrancy is considerably shorter than
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nucleus is round or ova), usually centrally placed, and occupies from one-half
to rwo-thirds of the cell body. A network of fine chromarin threads is evenly
distributed throughout the nucleus. Because of the fine threadlike network
and the even distribution, the nucleus stains a light purple or lavender with
Wright's stain. It may contain from twa to eight nucleoli. Nucleoli are small
round Jight-staining areas which have a bluish tint and are surrounded by 2
denser rim of chromatin material. The cytoplasm of the cell is nongranular
and deeply basophilic; it takes a deeper blue stain than the blast cells of other
series. On a blood smear this cell has a thick appearance, and the dark blue
staining reaction of the cyroplasm extends to the periphery of the cell. The
cell does not contamn hemoglobin

Erythroblast

In the process of maturation the immature erythrocyte and its nucleus be-
come smaller, the chromatin in the nucleus becomes more densely packed,
and when hemogiobin appears in the cytoplasm, it acquires a slightly cosino-
philic staining reaction. In the erythroblast stage the cell is considerably
smaller than 1n the megaloblast stage, and the nucleus is correspondingly
reduced in size. The evenly distributed chromatin material becomes com-~
pressed into deeply staining blocks. These stain a deep purple, are irregular

- in size and shape and sharply demarcated, and have irregularly shaped clear
spaces between them. When grouped about the periphery of the nucleus,
they suggest a clockface or cartwheel nucleus. This blocking of the chromatin
into sharp, cleancur masses is so charactenstic that there is little danger of
mistaking the erythroblast for any other type of bone marrow cell. The
nucleus 15 usually round and centrally placed. The cytoplasm is gaining its
complement of hemoglobin, 1t has lost the deep blue color and owing ro the
increasing cosinophulic stamning reaction becomes bluish gray or slate gray.
In some cells the cytoplasm approaches even closer the color of the normal
erythrocyte, staining a pink or buff color.

Normoblast

The normoblast is the type of nucleated erythrocyre most commonly en-
countered m penipheral blood It 1s the most mature of the nucleated
forms, being but slighsly larger than the normal non-nucleated erythrocyte
“The nucleus has become smail and pyknotic and is dense and uniform in 1ts
staining reaction, so dense that no details of the chromaun structure can be
made out. [t is 2 deep bluish purple in colar The nuc]eus}is usually round
and centrally placed, but occasionally it may be ac one side or may even
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Anisocytosis

The size of the crythrocytes varies in differene sypes of anemia: In some
anemias, the small cells or microcytes predominase; in others, large cells or
macrocytes. In many cases of Jong-standing anemia there is 2 wide difference
Berween the size of the largest and the smsllest cells to be seen on a2 smear,
The difference is most prominent in pernicious anemia, In normal bleod the
size of the cells tends to be uniform,

Poikilocytosis

Moderate variation in the shape of the erythroeytes is obsenved in many
cases of chronic anenua, It is most pronounced in sickle cell anemis, in
which the characrenstic feature is the presence of extreme poikiloey tosis
with 2 predominance of fusiform, sickle, crescent- or oat-shaped cells, Great
variations in the shape of the ey throcy tes are also encountered in pemnicious
anemu, fn which the abnormal cells asume many icregular and bizarre
forms. Such distortions are inherent i the cells; they are not due ro mechani-
3} trauma produced while making the smear,

Variations in Staining Reactions

Variztions in the staining resction of ery thrm:wcs are frtqucnr. The smv
plcst and most } d al is achromia or h h
in which the celt is pale and has an evcessively largc central pn!e area. ln
many cases the eplargement of the central area i sa extreme that only 2
narsow nm of cytoplasm remams at the periphery of the eell {nng or pes-
sary form). When thus peripheral nng of cyroplasm is also stained faintly,
the cell 15 spol.en of a5 2 “ghost™ cell. Sinee other factars besides the amount
of hemoglobn influence the depth of the staining reaction, neither the degree
of anemia nor the hemaglabin content can be yudged accurately from the
appearance of the erythrocytes on the smear. Two smears from che same
pattent and, in fact, different areas on the same smear may show considerable
difference i the depth of staming. Hyp 15 C dy tared
with microcytosis.

Hyperchromis sndicates sncreased mtensity of the staining reaction and is
assocsted with decrease in size or absence of the centmal pale area. This
change mn the appearance of the central area s probably due 1o preater thick-
ness of the cell rather than to acewad sncrease in the amount of hemoglobm
per umit of cytoplasm Hyperch ss practically always d with
lmcmcymsxs
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that of ordinary tissue cells. Bile pigments are derived almost entirely from
destroyed erythrocytcs, and chemical determinations of the amount of such
pigments excreted in a given period of time by a normal subject have sug-
gested that the life span of the erythrocyte is about three weeks Recent -
vestigations, however, have shown that at least some of the cells persist in
the circulation for periods up to 120 days. Thesc data were obtained by
transfusion experiments in which the transfused corpuscles were identified
in the recipient’s blood stream by means of their specific agglutinogens, The
average duration of life for an erythrocyte is probably somewhere between
these two extremes, but it is undoubtedly longer than three weeks.

EryTnrocytes oN THE Broop Sarear

Erythrocytes as they are found in the peripheral circulation are biconcave
disks with an average diameter of about 7.5 microns, a thickness at the pe-
riphery of about 2.2 microns, and an average cell volume of abour 87 cubic
microns (Fig. 3). On a well made smear with the cells lying flat and only one

Fie 3. Diagrammanc sketch to illustrate the size and shape of the normal erythrocyte

layer deep, the erythrocytes stain more deeply at the periphery and gradu-
ally shade off to a pale cenral area that 15 the thinnest portion of the cell.
Microscopte examination of the cells may reveal certain variations from the
normal appearance. These are

1. Variations m size (anisocytosts)
Microcyte~less than 6 microns in diameter
Macrocyte—over 10 microns in drameter

2, Varntons m shape (poikilocytosis)

3. Vartons in staining reactions
Achroma or hypochrome
Hyp:rchmmla

Punerate bisophilia or b.“upluhc snpplmﬂ
4 Varatons in stracture

Cabot's rings

Howell-Jolly bodies

Reuculocytes

Nucleated erythroeytes
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Target Cells

Targee cells are erythrocytes with a rounded central area, yather
stained; 2 clear ring surrounding this, lightly stained; and a dense
eytoplasm about the perphery of the cell,

Ovalocytes
Oval- or clliptic-shaped erythrocytes are infrequently encountc
a normal bloed smear. In some persons these ovalocytes predominate,
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cent or more of the erythroeytes having thus shape Such a condition s
ovalecytosss.

Spherocytes

Spherocytes are erythracytes that have lost thejr normal biconcay
and become neasly spherical. Since thear theckness is increased wh
dizmeter 5 lessened, their volume remains about normal. Such cells 4
easily hemolyzed than are normal eells Spherocyrosis, @ predomin:
these cells, s found in famdil hemolyte wterus,
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Polychromatophilia, polychromasis, and diffuse basophilia are synonymous
terms indicating a faint diffuse bluish tint in the cytoplasm of the erythro-
cytes. If the diluted Wright’s stain is too alkaline, 2 bluish cast will be jm-
parted to all the erythrocytes; this should nor be confused with polychro-
matophtha, in which only certain cells (usually macroeytes) show the bluish
gray color, while the neighboring erythrocytes have a normal staining re-
action Polychromatophilia is interpreted as evidence of immaturity of the
cell. When, thercfore, it is found in the peripheral blood, it is an indication
of active erythropeesis in the bone marrow. It is frequently seen in the
cytoplasm of normoblasts and is always present at some stage in the develop-
ment of erythrocytes.

Punctate basophilia, or basophilic stippling, appears as small pinpoint dots
of basophilic material scattered through the otherwise normal cytoplasm of
an erythrocyte This staining reaction may occur under the same circum-
stances as does diffuse basophilia. Jt may also appear in the cytoplasm of
nucleated forms of erythrocytes, It is particularly common in the blood of
patients with chronic lead posoning and thus provides a valuable sign in the
differential diagnosis of this type of intoxication, However, the fact that 1t
oceurs under such circumstances casts doubt on the significance of basophilic
stippling as specific evidence of immaturity of the cell, being more sugges-
tive of degenerauve change m a young erythrocyte All cells that react
to Wright's stain with basophilic stipphing can be shown to be reuculo-
cytes when stauned with bulhant cresyl blue, but not all reticulocytes are
stippled.

Variations in Structure

All erythrocytes are originally nuclested. The nucleus usually disinte-
grates or 1§ extruded before the cell enters the circulation, but in occasionsl
instances remnants are retamed. There are two rare types of nuclear yem-
nants, which are more frequently encountered i the blood of patients with
pernicious anemia than i any other condion Howell-Jolly bodies are
small, rounded, densely staining particles of nuclear material. They wsually
accur singly although occastonally there may be several within one cell
(Fig- 4). They are likely to be seen near the periphery of the cell. Occa-
sionally they are found in nucleated erythrocytes with an apparently intact
nucleus. Cabot’s rings are circular or ﬁgurc—of—clght-shaped strands of
basophilic marerial which probably represent remnants of nuclear mem-

brane.
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Significance of Reticulocyte Counts

The conscasus is that the presence of reticulnc tes in the blood stream
indicates active ervthropoiesis in the bone marrow, The seticulacyte couns is
of importance under the following conditions:

s, In pernicious anemis, the effectiveness of administration of liver ex-
tract js indicated by increase in the number of reticulocytes before any
change is apparent in the hemoglobin level or 3n the erythrocyte count.
A xhcnpcutic trial of liver exeract is of value as 2 disgnostic procedure jn
cases in Wwhich the § of pernicious anemia s questionable. In hnown
cases of pcrmcmus anerma the p()(ch) of a liver preparation can be tested
by ascerzaining the degree of reticnlocy te response.

2. In jron deficiency anemiss, the number of resiculocytes rises in re-

sponse to administration of adeq of iron.
3. Inanemiss of the hemolytic type, particularly familial hemolytic icterus,
there is 2 5p 15~ high reticulocyte count.

4. Following scute hemorrhage there is a rise in the number of rediculo~
cytes during the perod of blood rcgm:r:uon.

5. Renculocy tes are more diavely afeer spl

6. Reuculocytes are fewer an anemizs due to aplasia ar hvpophsm of
the bone marrow A seticulocyte count is of value in distinguishing berween
aplastic anemia, m which there are fewer reticulocytes, and id’xo;mhic
thrombaopenic puspura or agranulocy tosis, i m which thcxr pumber is nar-
mal or increased. :

7. Repeated transfusions may lead to diminution in the number of
Teucy! ptes.

Hratocroy

Hemoglobim is the coloring matter of the erythrocytes. By means of this
pigment the red cells are able to perform ther function of transporung
ovygen to the ussues, the hemoglobin formmg a Joose combinason with
oxygen i the luags and refeasing i ¢o the wussues. Hemoglobm s 2 con-
jugated proten consisung of an iron-vontaming pygment and a protein,
“globm.” TFhe ion-contaming poruen consists of a porphyrin motecule
composed of four pyrrole nucler. The porphynas are pigments which form
the basss for many complex compounds m plant and animal life and are
capable of combimng with vanous metals, Protoporphyrin when combined
with 1ron, probably in the ferrous state, forms the sron-porphyrin compound
of hemoglohin, 2ad 18 called “heme.” When heme 1s combined with a
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Reticulocytes

Reticulocytes are not cvident on fixed smears stained by the ordinary
methods. With a vital staining technic whereby the cells are stained while
in a living state, basophthic granules or filaments can be observed in the cyto-
plasm of .2 to 0.8 per cent of erythrocytes, Brilliant cresyl blue, the stain
most commonly used for demonstrating reticulocytes, stains the reticnjum
deep blue. The amount and arrangement of this granulo-filamentous sub-
stance vary in different cells; There may be only a few granules or threads
of material scattered through the cyroplasm; or granules and filaments may

-

Fie. 5. Reticulocytes showng varymg amounts and arrangemenss of the reticular sub-
stance. The lower cells, which have smaller amounts of the reticular matessal, ate pre-
sumably more mature (Hal Downey, Handbook of Hemarology. Paul B Hoeber, Inc )
combine to form a diffuse network throughout the entire cell. In some in-
stances a rather dense wreathlike serangement is found near the periphery
Reticulocytes are shightly larger than normal erythrocytes Some of them
are polychromatophilic with Wright's stain. The amount of reticulum pres-
ent has been considered to be an indicatton of the age of the cell; the younger
the reuculocyte, the more reticulum it contams (Fig. 5).

The nature of the reuculum 1s not known, but apparently 1t 15 not com-
posed of etther nuclear chromatin or mutechondria It has been generally
conceded that reticulocy tes represent a slightly immature stage of erythro-
cytes, but certam features of their occurrence cast some doubt on this hy-
pothesis. It must be acknowledged, however, that they represent a stage
the maturation of erythrocytes and that they afford the most reluble
criterion for estimating erythropoietic actvity of the bone marrow.
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as i any protein, that is, it is converted to amino acids and then reutilired.
The iren-containing portion is broken down, hberating iron, which is stored
in the liver and spleen for reutilization, and non-iron-containing pigment,
which is converted to bilicubin, The lateer is brought to the liver and cx-
creted, forming the principil if not the entire source of bile pigment.
After excretion into the intestine, the bile pigments are converted by bacterial
action into urobilinogen, of which part is excreted and part reabsorbed.
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protein, the pound s called “h 1 omogen”; when the protein with
which it combines is globin, the resulting h h is hemog|
Hemoglobin is therefore iron -+ porphyrin + globin. The pigment portion
of hemoglobin constitutes about 4 per cent and the globin about 96 per
cent of the hemoglobin molecule. Iron comprises 0.335 per cent.”

Hemoglobin combines with oxygen in the proportion of two atoms of
oxygen to one atom of iron. Therefore 1 Gm. of hemoglobin unites with
1.34 cc. of oxygen. Normally arterial blood is 94 to 96 per cent saturated
with oxygen; venous blood is 6o to 85 per cent saturated. The combination
with oxygen is unstable because the globin allows oxygenation of the hemo-

_globin to oxyhemoglobin but prevents oxidation. Methemoglobin is a true
oxide, one atom of oxygen combining with one atom of iron, This combina-
tion is stable and not reversible. It occurs in poisoning by certain drugs
such as nitrates, chlorates, acetanilid, and nitrob Carbon id
combines with hemoglobin in the same proportion as does oxygen but forms
a stable compound which is not easily disrupted; consequently the hemo-
globin is no Jonger available to carry oxygen. Because of jts ability to dis-
place oxygen, inhalation of carbon monoxide is highly dangerous to life.

Although the constituents of hemoglobin are known, the method of its
synthesis within the body remains a mystery. The pigment portion, heme
(porphyrin + iron), is present in a vast majonty of all foodstuffs, and it is
possible that the food porphyrins are broken down to thewr pyrrole con-
stituents and resynthesized. Globin is available in most meats, its absence
may be a definite factor in limiting hemoglobin production. Iron is absorbed
from the upper portion of the gastrointestinal tract, probably in the ferrous
form, and s5 transported erther to the hiver, spleen, and other parts of the
reticulo-endothelial tissues for storage or to the bone marrow for utiliza-
tion 1n hemoglobin Just how the vanous constituents are assembled is not
known.

Hemoglobin first appears m the cytoplasm of the erythrocyte at a rela-
tively early stage 1n the cell’s development. With 1ts first appearance a shght
eosinophilic staining reaction 15 noted 1n the cytoplasm close to the nucleus
of the cell. As the hemoglobin increases in amount, the cytoplasm becomes
diffusely polychromatophilic, and with further increase hemoglobin the
early basophilia decreases and the pink eosmophilic staming reaction of the
mature cell prevails

When erythrocytes are removed from the circulatton by reticulo-
endothelial cells, the hemoglobm is broken down mto globm and iren-

containing pigment. The globin is probably handled m the same manner
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Mycloblast

The myeloblast, normally found only in the bone marrow, is usually
large, nn;,mg from 15 to 20 microns in diameter. In some instances, how-
ever, it is so small that the term micromycloblase has been applied to it. The
ardmary large mycloblast when stained w ith a polychrome dye has a large
aucleus which is round or oval in shape and stains a hghe reddish purple.
“The fine and ey enly distributed strands of chromatin form a delcately woven
network which contains from three to five nucleoli. The nuclear structure
of the mycloblast gives it 2 bland aid homogencous appearance with no
apparent nuclear membrane. The nucleus is frequently eccentrically placed.

The cytoplasm of the mycloblast is abundant, 1s light blue in color, and
Tacks both a perinuclear clear zone and granules. In the absence of specific
granules in the cy toplasm it is impossible to tell whether a particular mye-
loblast will develop into a neutrophilic, cosinophilic, or basophilic my clo-
cyte.

Mycloblasts are common in the bone marrow but only under unusual

ditions, such as myclog, leukemia, do they appear in the peripheral
blood stream. Their structure is so similar to that of the prinutive cells of
other series that it is difficult to separate them with certainty from lympho-
blasts, The lymphoblast may have a coarser chromatin network, fewer nu-
cleali in the nucleus, and a perinuclear clear zone in the cytoplasm, bue
neither cell ins cy les. The differ ion of these cells
in the penipheral blood is nccnmphshcd primanly by noting the type of
mature cell that predonunates on the smear. If the predominating mature
cell is a lymphocyte, it is probable that the immature cel} in question is a
lymphoblast; 1f myelocytes or mature granulocytes predomnate, the cell
in question 1s probably a myeloblast. Thus the immature cell is recognized
by the company 1t keeps

The nex stage of develop is fested by the app of 2 few
purplish red, peroxidase-positive granules in the cytoplasm. These ultimately
develop into the charactenstic neutrophilic, eosinophulic, or basophilic granu-
fations of the myelocyte, but at first appearance they are nonspeaific. This
stage, the premyelocyte, 15 the immediate precursor of the myelocyte. It is,
however, merely an intermediary step n development, and does not merit
further discussion here. It has been our policy m teachmg 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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THE LEUKOCYTES

I. THE GRANULOCYTIC OR MYELOID SERIES OF CELLS
Poryatoreionuctear NeuTrROPHILIC LEUROCYTES

RJLYMORPHONUCI,EAR NEUTROPHILIC LEUKOGYTIS, IN THEIR MATURE FORM,
are commonly spoken of as neutrophils or “polys.” Under normal con-
ditions they comprise about two-thirds of the white blood cells in the
circulation  Developmentally, they are end cells and when damaged are
incapable of reproduction or regeneration. They are capable of active
ameboid motion and are phagocytic. Their primary function js to combat
infections. Although many conditions cause an increase in the number of
these cells i the blood stream, the greatest response occurs with a pyogenic
infection. The mechanism whereby this and other conditions bring about
an increased production of cells is not known.

The life of a neucrophil 15 short, apparenty from two to five days under
normal conditions. Many of the cells are lost or destroyed in fulfilling their
protective mussion; most of those not destroyed in this manner are excreted
through the gastrointestinal tract. Appreciable numbers are eliminated in
the saliva, and a similar ehminative process takes place throughout the entire
gastrointestinal tract Many other cells are elimmated through the respiratory
and nasal mucous membranes.

The granulocytic cells ongmnate in the bone marrow i the same areas
where erythrocytes develop but are produced extravascularly rather than
within the capillaries. They are derived from a fixed reticular cell of the
reticulo-endothelial system, This gives nise to ¢ primimve free cell which
1s the direct precursor of the myeloblast. The myeloblast 1s the earliest cell
of ths seres to be recogmzed morphologicaily by ordmary staming tech-

nc.
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simplifies the discussion of maturation and is satisfactory for all practical
purposes,

In place of the usual type of granule which appears at this stage of the
cell’s development there may be one or several small eosinophilic rodlike
structures in the cytoplasm, the so-called Auer bodies. Cells containing these
badies are encounteced most frequently in acute forms of myclogenaus leu-
kemia.

Neuntrophilic Myelocyte

The neutrophilic myelocyte js of approximately the same size as the mye-
loblast, averaging from 12 to 20 microns in diameter. The nucleus is Jarge,
and round or oval w shape but is frequently flattened on the medial side
and eccentrically placed. The chromatin strands are fine and evenly dis-
tributed so that the nucleus is bland, light staining, and reddish purple in
color and 15 similar to that of the myeloblast. Nucleoli are less numerous
than in the blast cell stage, and the nucleus may be slightly smaller and may
stain a lietle darker.

The cytoplasm 15 light blue m its staining reaction and contains the char-
actenistic neutraphilic granules. In this stage the granules reach their greatest
prominence. Their number depends upon the sge of the cell- They may
be few in number in the young forms; in the later stages there may be in-
numerable lavender or purplish granules. They are far more prominent
than in the mature nenerophil, and the large, dark purple granules of the
neutrophilic myelocyte must not be mustaken for the stll larger and darker
ones of the basophilic myelocyte. As the myelocyte becomes older the
granules become smaller and less prominent,

Prate I Tue Myeromw or Gravvrocytic SERIES—NrUTROPHILS
1. Myeloblast which dees not contam spectfic granules 2. My-
elocyte 1 which neutrophilic granules are present in the cytoplasm
3. Metamyelocyte s which the cytoplasm is changing from baso.
philic to cosmoplulic 4. Metamyelocyte with basophilic cytoplasm
but 2 relatively mature nuclear structure. 5. Metamyelocyte with
cosinophilic cy mplasm but an immature type of nucleus. § Band,
fil. neutrophil. 7, 8, 9. Marure seg-

mented neutrophlls.
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In notmal bone marrow the myclocyte is the predominant cell of the
myeloid scries. In myelogenous leukemia it appears in the pcriphcm} blood
stream §n varying numbers. The more acute and rapidly progressive the
discase, the higher the percentage of this immature cell. In many instances
it is the predominant cell on the blood smear.

The bone matrow is more responsise in infants and young children than
in adults and consequently reacts more vigorously to a given stimulus. For
this reason neutrophulic myclocyrtes, occasionaily found in the blood stream
of children as a resule of a severe infection, do not carry the same significance
as they would in equal numbers in the blood of an adult. The response of
the narrow in children to hemolytic and other types of severe anemia also
results in a leukacytosis and the appearance of myclocytes in the blood
stream In some instances the reaction has been so marked that the term
pseudoletskemia has been used when in reality the reaction was only sec-
ondary to a severe anemia.

Myelocy tes appear in the blood stream of the adult less frequently than
in that of children but theys may occur not only as a resule of leukemia
but with an extreme bone marrow stimulation from a severe infection, occa-
sionally with hemolytic anemias and metastatic malignant growths, and
during secovery from agranulocytosis. The presence of myelocytes in the
blood, howeser, should always suggest the possibility of myelogenous feu-
kemia regardless of the absence of other typical features,

Metamyelocyte or Juvenile Cell

There are great structural changes in the cell between the myelocyte and
the mature state. Development may progress in several ways so that it is
difficule or impossible to give an accurate description coveting all cells at
this period of their growth. In the myelocyte the nucleus is large, light stain-
ing, and of uniform density whereas in the mature neutrophil it is small,
with dense strands of chromatin. The cytoplasm is basophilic in the mye-
locytic stage but becomes eosinophilic in the mature cell. Progress through
the intervening stages may be even and regular, or atypical forms may occur
if either the nucleus or the cytoplasm matures at a more rapid rate than
the rest of the cell.

In the normal process of development the metamyelocyte is considerably
smailer than the myelocyte, ranging from 10 to 15 microns in diameter.
The nucleus is smaller, the strands of chromatin are morc dense and mare
deeply staining, the nucleoli have disappeared. The nucleus may be oval
or kidney shaped The cytoplasm has lost its basophilic tint and is now
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the smear that the connecting strands arc hidden and the nucleus appears
rod shaped rather than segmented. The number of lobes in the nucleus of
a neutrophil supposedly increases with the age of the cell, but this is not
strictly true, the observer should pay more attention to nuclear structure
than to nuclear segmentation in determining the age of the cell,

The cytoplasm is of uniform density with an cosinophhe staining reaction
and is filled with finc light purple granules These are small and cvenly dis-
tributed throughout the cytoplasm and give a strongly positive peroudase
reaction, The living cell is actively motile.

In the presence of a severe toxic or merabolic disturbance the granules of
the neutrophil may be Jarger, darker staining, and more prominent than
normal, res enting to the type of granule found in the myelocytic stage. This
condition is spoken of as “tonic granulation.”

Vacuolation of the cytoplasm may oceur and is also an evidence of de-
generation, Cells showing cxeessive vacuolation may be particularly nu-
merous in severe infections, and the ratio of cells showing this change 1o
normal cells has been called the “degenerative index.”

Arneth divided the neutrophils into a number of classes according to the
number of lobes in the nuclcus, When there is an increased production of
these cells, more of the younger forms, including those with band nuclei,
appear in the blood stream, when these comprise more than the normal
4 OF 5 ptr Teny, 3 nuckar “shift 1o the lef” hos oceurted, which sigmfies
a greater degree of immaturity of the cells than is normal. A “shift to the
right” means an increased percentage of neutrophils having highly segmented
nuclei and indicates that a majority of the cells are older than normal
A simpler scheme was introduced by Schilling i which the neutrophils are
separated into only two groups () the segmented forms in which there
are two or more lobes in the nucleus and (z) the younger cells with non-
segmented nuclei (Fig. 6). This scparation of the newtrophils mto non-
segmented and segmented forms should be a part of all differential counts.

Function of the Neutrophil

The neutrophilic leukocytes form the principal defense against bacteria
which have mvaded the body, in health they aid m preventing an invasion
by these organisms. Tissue mjury as well as bacteria apparently liberates
a 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 sie of bacterial invasion The neutrophil is phagocytic for many
types of bactern, the engulfed orgamsms being killed and destroyed. It is
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eosinophitic in its staining reaction and contains neutrophilic granules which
are smaller and stain less decply than those of the myelocyte,

This typical course of maturation is altered in some cells s chat the cyto-
plasm develops at a more rapid rate than the nucleus, and we find a cell
with an jmmature nucleus which shows nucleoli but a mature eosinophilic
cytaplasm with neutrophilic granulations. Not infrequently the cytoplasm
is blotchy, and there are cosi philic areas inter gled with the basophitic
cytoplasm. In other instances the nucleus matures more rapidly than the
rest of the cell, and we find an indented or band-shaped nucleus with rather
dense chromatin strands surrounded by basophilic, immacure cytoplasar
containing granules like those of the myelocyte.

Band Neutrophil or Stab Cell

The band neutrophil is approaching maturity and is but slightly larger
than the mature segmented neutrophul. The nucleus is elongated, of uniform
width, and rounded at the ends. It is usually curved in a horseshoe or 5
shape and may show slight evidences of constriction at the points of bend-
ing. The chromatin is in heavy strands forming a coarse reticular network.
It stains a Jight reddish purple. No nucleoli are present. The cytoplasm is
eosinophilic and contains innumerable fine dusthke particles, which are the
typical nentrophilic granulations.

These cells comprise about ¢ or § per cent of the leukocytes in normal
blood bur are more numerous in any condition in which there is an increased
production of neurrophils. An increase in the number of band neutrophils
and the other young forms is called a “shift to the left.” Since the nucleus
is composed of only one lobe, the band neutrophil 1s called a “nonfilament”
or nonsegmented cch.

Segmented Neutrophil

Segmented neutrophils are the mature neutrophuls that normally compnse
about 6o to 65 per cent of the white blood cells. As the cell matures st be-
comes smaller until at this stage its dismeter 1s from fo to 12 microns. The
aucleus 15 smaller and more dense and pyknouc than in the immarure stage.
The chromatin sttands are dense, the meshwork is tigheer, and the chromatin
rends to collect i wregular dense blocks w hich statn dark purple The
nuclens 1 lobulated, having from rwo to five lobes which are connected
ngle strands or filaments of chromatin matenial, Becavse of jts nuclear
lus cell is called a segmented or filament cell. The lobes vary
d arrangement and may be so pushed together in preparing

by st
configuration
in size, shape, an
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one of the substances necessary for blood coagulation and it may aid in
absorption from the intestinal tract.

TostNoriiLs—PoLyatorpHoNUCLEAR Losinorntuic LEUROCYTES

The cosinophils, being members of the granulocytic or myeloid series of
cells, originate in the bone marrow in the same areas in which neutrophils
are formed. They arise from an extravascular fixed reticular cell and pro-
gress through the stage of a primitive free cell and myeloblast withour the
appearance of any cytoplasmic granules to distinguish them from other
myeloid cells. Nonspecific azurophilic granules first appear in 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 myelocyte stage. The granules of the eosinophil are
rounded bodies with sharply demarcated and well defined margins and
are much larger than the granules of the neutrophil. The eosinoplulic gran-
ules obtain therr name from their great affinivy for acid dyes. With the usual
polychrome stan they take a bnlliane red color.

Eosinophilic Myelocyte

The eosinophilic myelocyte is sumilar to the neurroplulic myelocyte in its
structural characteristics except for the nature of the granules. The nucleus
is large with 2 fine even chromatin network, and the cytoplasm 1s slightly
basophilic in its staining reaction. The cytoplasm is filled with the large
round red granules, which are frequently so numerous that they completely
cbscure 1t and may parnally obscure the nucleus. The granules remain the
same through all stages of the cell's develop Eosinophilic myelocy
are prominent 1n smears made from bone marrow and are proportionately
more numerous i the marrow than are mature eosinophuls in the petipheral
blood

Since the number of eosinophils is not increased with infectious diseases,
this form of myelocyte does not appear in the blood stream as a result of
severe infections, when found m the peripheral bload eosinophilic myelocytes
are extremely suggestive of myclogenous leukerma.

Eosinophilic Metamyelocyte

The eosinophilic metamyelocyte conforms to the descnpuun cf the neu—
trophilic metamyelocyte except for the hil
It undergoes the same structural changes in the nucleus and cymplnsm durmng
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not effective against all types of bacteria and is not phagocytic for tissue
cells or cell fragments. It contains a proteolytic enzyme which aids in the
digestion of.necrotic tissue and the removal of fibrin of inflammatory origm.
In these ways it is an important agent in the defensc against invading or-
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ganisms It also plays a part m preventing bacteria from gaining 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 its part in the defense mechanism of the body, the func-

tions of the neutrophil are vague and mdefinite, bue it may be a source of
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one of the substances necessary for blood coagulation and it may aid in
absorption from the intestinal tract.

LosixopniLs—PoLyatorrioNUCLEAR Eostaoruiric LEUKOCYTES

The cosinophils, being members of the granulocytic or myeloid series of
cells, originate in the bone marrow in the same areas in which neutrophils
are formed. They anse from an extravascular fixed reticular cell and pro-
gress through the stage of 2 primtive free cell and myeloblast without the
appearance of any cytoplasmic granules to distinguish them from other
myeloid cells. Nonspecific azuroplulic granules first appear in 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 myelocyte stage. The granules of the eosinophil are
rounded bodies with sharply demarcated and well defined margins and
are much larger than the granules of the neutrophil. The cosinophilic gran-
ules obtain their name from their grea affinity for acid dyes With the usual
polychrome stain they take a brilliant red color.

Eosinophilic Myelocyte

The eosinophilic myelocyte is similar to the neutrophilic myelocyte n its
structural characteristics except for the nature of the granules. The nucleus
i large with a fine even chromatin network, and the cytoplasm is slightly
basophilic in its staining reaction. The cytoplasm is filled with the large
round red granules, which are frequently so that they pletel
cbscure it and may partially obscure the nucleus. The granules remain the
same through all stages of the cell's development. Eosinophilic myelocytes
are prommnent n smears made from bone marrow and are proportionately
more numerous 1n the marrow than are mature eosinophils m the peripheral
blood

Since the number of cosinophils is not increased with infectious diseases,
this form of myelocyte does not appear in the blood stream as a result of
severe infections; when found in the pertpheral blood eosmophlic myelocytes
are extremely suggesuve of myelogenous leukernia.

Eosinophilic Metamyelocyte

The eosmophilic metamyelocyte conforms to the description of the neu-
trophilic metamyelocyte except for the eosinophilic cytopl
It undergoes the ssme structural changes in the nuclcus and cy(oplasm during
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maturation. The granules are frequently so numerous and densely packed
that they obscure the nucleus,

Eosinophil—Mature Form

Following the metamyelacyte stage the nucleus of the eosinophil becomes
an elongated curved rod which ultimately divides into two or more lobes.
A majority of the cosinophils encountered in the blood stream have two
Jobes although three-lobed nuclei are occasionally seen. These cells are more
fragile than neutrophils and consequently are more easily broken in the
process of smaking a smear. The cell membrane js frequently ruptured leav-
ing the nucleus intact, the cytoplasm invisible, and the cosinophilic granules
scattered about the nucleus. Such broken-up eosinophils should be counted
as eosinophils n the differential count rather than classed as degenerated cells,

"The nucleus of the intact cell is usually either 2 band or a two-lobed struc-
ture. It stains a light purple color and seldom becomes the small, dark, pyk-
notic, multidobulated auclees commonly found in the nentrophil. The cyte-
plasm is eosimophilic but 1s usually completely hidden by the densely packed
eosinophilic granules, Occasionally the granules are few in number and do
not completely obscure the cytoplasm, bue this is infrequent.

Eosmophils comprise from 2 to 4 per cent of the circulaung leukocytes,
unless they mncrease m number to 8 or 10 per cent, the increase is usually
of no significance. They tend to disappear from the blood stream with acute
infections, hut a slight eosinophilia may accur during the convalescent stage
from such infections

The function of the eosinophil has not been determined with certainty
although the cell has been shown to be phagocytic. The high iron content
of the granules has led to speculation as to a possible role i 1ron metabolism,
but this has not been confirmed. The extremely vanied condicions that give
rise to an eosmophitia make interpretation of function difficult. The cells

Prare 1L Tue Myecoin or Granurocyric Serirs—Basopmits
axp EosiNoPHILS
1. Basophilic myclocyte. 2. Mature basophil 3. Eosinophilic
myelocyte. 4 Mature cosmophil. 5. Eosnophil in whech the cell
membrane has ruptured,
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are increased in aflergic discases, parasitic infestations, some shin discascs,
pesiantesitis nodasa, and in most cases of myclogenous feulemia as well
as a few other conditions.

There is no definite relationship between local or tissue eosinuphifia and
an increased cosinophil count of the peripheral iload, Many lestons are char-
acterized by a Jarger number of tisue comnophils without the appearance
of these cells i the bload seeeam. Local eminophalic reactions are particularly
frequent in lesions of the gastrointestint trace and of the pleara whereas
these fesioms seldom eanse an mereased blood eovinophibia,
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Basornns~Pors Monpnoverr s Basoritie LrunociTis

The basophils comprise the third type of granulucytic teukacytes found
in the blood stream, They are formed in the bone marrow in the same man-
ner and in the same location s the nevtrophils and cosmnophils. Their im-
mediate precussor s the niyeloblast, which daes not conrain specific gran.
ules, so that the first recognizable member of the series is the basophilic
myclocyte.

‘The granules of the basophilic serics of eells arc large spherical or oval
bodies, from o 2 10 0.4 micron i diameter, which «tan a very deep biue.
The number of granules & vanable, Usvally they are spanely bur evenly

i througt the eytoplasm. Their size and appearance are the
same in the unmature and mature forms of the cell and they da not go
through the mowsration changes that octur in the neutrophilic granules.

Basophilic Myelocyte

The basophiltic myelocyte is 2 large immature cell Wenucal to the neutre-
plulic myelocy te except for the ct of the basophil les, which
are larger, more deeply staining, and usually dess numerous than the neutro-
philic granutes at the same stage of development The granules may occa-
sionaily be so numerous as to obscure the nuclear outlines and structure.
These cells do not appear in the blood stream except with myelogenous fen-
kemia The cells go through the same stages of maturation as the neutrophilic
my clocyre.

Band and Segmented Basophils

The desenption of the band and segmented nentrophil suffices far the
basophuhic type except for the granules. The nucleus seldom becomes ex-
rremely segmented, and nucley with over two lobes are seldom encountered,
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Because of this refative immaturity of the cell the nucleus is rather light
staining and has a loose chromatin network. Broken or fragmented cells are
seldom seen on the blood smear. The cytoplasm is similar to that of the
neutrophil and contains varying numbers of the large deeply staining gran-
ules; occasionally only ten or twelve are present, but they are more nu-
_merous in some cells. They never complerely fill the cell as is the case with
eosinophils.

The basophils ordinarily comprise from o.5 to 1 per cent of the leuko-
cytes so that in many instances none are encountered in an ordinary differ-
ential count. These mast leukocytes or basophils have no relation to the tissue
mast cells, and their function in the blood stream s unknown. In acute in-
fections they tend to disappear completely from the blood stream and 1o
reappear during convalescence.

They are occasionally more numerous in polycythemia vera, and i some
cases of myelogenous leukemia they become very prominent. A shght -
crease 1n number has been noted in some types of shin disease and in some
cases of cirrhosis of the hiver but this is not constant,

II. LYMPHOCYTES

If the term lymphocyte is restricted to those forms which are found 1n
the circulaung blood and their immediate precursors in the fixed lymphatc
tissues, these cells make their appesrance late in embryonic development;
bat if the term is used to include the primitive hemocytoblast or lymphoido-
cyte, as is occasionaily done, the cells are found very early in the yolk sac
of the embryo. [n postfetal hfe the lymphocyrtes are formed m all lymphoid
nssues: n lymph nodes, spleen, tonsils, and the lymph nodules of the respir-
atory and gastrontestnal tracts, The cells arise from fixed and free rencular
cells which give rise to the early primordi! lymphoblast, which in turn
divides through mutosis to more advanced forms of the cell. There are no
defirte steps i the develapment of Iymphocytes, as 1s true m the granulocytic
series, but there 15 a steady growth from the large, immarure lymphoblasts to
the small mature lymphocytes which comprise from 20 to 3o per cent of
the white blood cells in the perspheral circulation under normal conditrons

(Fig. 7)-
Lymphoblast

The lymphoblast is 2 large nongranular cell which measures from 15 to 20

microns in dameter on 2 fixed blood smear but is considerably smaller when
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scen in tissue sections, Its structural characteristics are so similar to those
of the myeloblast that the two cells ordinarily cannat be distinguished from

It

Fic. 7 Pl of | hoblast wath four nucleols from a
case of lymphocytic B P s Rormai lymphocym ¢ Lasge lymphocy(e wich
azare granules in the cytoplasm. 5 Basket cell, 2’ degt P
m which only the nuclear material 1s visibte

cach other when scen on a blood smear and are recogmzed “by the com-
pany they keep.” The nucleus is large, round or oval in shape, and occu-
pies a large percentage of the cell area. The chromatin is arranged in strands
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which are slightly coarser than those foundin the nucles of the mycloblast,
and the chromatin network may be somew hat more dense at the periphery
than at the center of the nucleus. In most of the cells, however, the network
is uniform in s distribunion and stains a light purplish color with poly-
chrome dyes. Nucleoli are present i varying numbers.

The cytoplasm stains a ight blue and does not contain granules nor does
it give 2 perovidase reaction. A perinuclear clear zone may be present. There
are no definite development stages in the lymphocyte, but as the cell be-
comes older 1t becomes smaller and more deeply staming and nucleoli dis-
appear from the nucleus.

Large Lymphocyte

‘The nucleus of the young lymphocyte is smaller than that of the lympho-
blast and more darkly seaiming. It is round or oval in shape. The chromatin
is dense but evenly distributed, and there is no definite interlacing petwork
as 1 the young neutrophil or m the monocyte. This nuclear structure is one
of the most important features in differentiating the lymphocyte from other
cefls on 2 fixed smear.

The cytoplasm ss a clear hyaline blue and is usually abundane. In about
30 per cent of the cells granules are present 1n the cytoplasm. These are not
numerous, are irregularly scaitered throughour the cytoplasm, stzin a red
or reddish purple color, and are called “azure granules.” They are larger in
size and more distinctly outhned than the granules of the mature neutrophil
but zre smaller, dacker, and more dense than those of the cosinophil. They
do not give a peroxtdase reacuton. These granules are noc evident in im-
mature lymphocytes and are seldom encountered 1n the cells of lympho-
cync leukema

Praie IV, Tue Lyarerocyric Scries
1. Lymphoblast. 2, 3 Large iymphocytes with szure granules,
4. Large lymphocyte without cytoplasmic granules. 5 Small fym-
phocyte with granules 6 Small lymphocyre without granules in
the cytoplasm 7. Basket cell or degenerated cell.  This represents
the disintegratng nucleus of an immature lymphocyte = 8. Naked
nucleus or degenemted cell. Ths is also a disintegrating nuclens

of a lymphocyte.
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which are slightly coarser than those found 1n the nucleus of the myeloblast,
and the chromatin network may be somew hat more dense at the periphery
than at the center of the nucleys, In most of the cells, however, the nerwork
is uniform in its distribution and stains 3 light purplsh color with poly-
chrome dyes. Nucleol are present in varying numbers.

The cytoplasm stans a hight blue and docs not contain granules nor does
1t give a perovidase reaction. A perinuclear clear zone may be present. There
are no definite development stages in the lymphocyte, but as the cell be-
comes older it becomes smaller and more deeply staining and nucleoli dis-
appear from the nucleus.

Large Lymphocyte

The nucleus of the young lymphocyte is smaller than that of the lympho-
blast and more darkly staining, It is round or oval in shape. The chromatin
is dense but evenly distributed, and there is no definite interlacing nerwork
as in the young neutrophil or i the monocyte. This nuclear structure is one
of the most important features in differentating the Iymphocyte from other
cclls on a fixed smear.

The cytoplasm 1s a clear hyaline blue and js usually abundant. In about
30 per cent of the cells granules arc present 1n the cyroplasm. These are not
numerous, are irregularly scattered throughout the cytoplasm, stam a r:fd
or reddish purple color, and are called “azure granules.” They are larger in
size and more distinctly outhined than the granules of the mature neutrophtl
but are smaller, darker, and more dense than those of the eosinophil They
do not give a peroxidase reaction. These granules are not evident i m-
mature lymphocytes and are seldom encountcred m the cells of lympho-
cytic leukemia.

Prate IV Tue Lantenocyric Series
1. Lymphoblast 2, 3. Large lymphocytes with azure granules.
4. Large lymphocyte without cytoplasmic granules. 5. Small lyxfl-
phocyte with granules. 6. Small lymphocyte \\'lthou[' granules in
the cytoplasm 7. Basket cell or degenerated cell. This represents
the disintegraung nucleus of an immature lymphocyrc“ 8. Naked
nucleus or degenerated cell  This is also 2 disintegrating nucleus

of 2 lymphocyte.
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Mawre Lymphocyte

The nwture Iymphocyte is from 6 10 10 microns ju dismeter and is chare
acterized by having 2 nucleus which slmost completely fills it. In the larger
forms of the ecil the 3y toplism is somewhat ware abundaat. In the smaller
cells the ruckeus stains 2 dark blue 3nd is so dense that the nucleor stucture
cannot be determined and e chromatin network is evident. The distribu-
tiun of the chromatin is not uniform, howeser, but tends o thccr m if!
defined clumps in which dense areas gradually shade off to give an ncczn
wave” appearance. The clamps of ¢k in are frequently more g
3t the periphery of the nuclens. In the karger fornes of the eelt mc saining
reaction of the nucleus is highter, the chromatin is Jess dense, and the tend-
ency to clumping is less evident. The nucleus is usually slightly indented
on one side.

The cytoplasm of the mature Jyinphoeyte is scanty and siay be sisible
only at the pomt where the nuchews 55 indented or it may form a narrow
rim which entirely surrounds the nucleus, In the larger cells it is con-
sideraby more abundane. Azure granules may be present and are commonly
encountered withm the nuclear sndentation, The eytoplasm stans 2 highe
blue.

Abnormat Lymphocytes

Variations in the structure of the lymphocytes ocour frequently. It is
important to recognize them so that the aboorma! fymphoeyte 15 not con-
fused wath the immature Iy mphoblast. Many of the abnormal cells are large
2nd tave a great deat of evroplasa. The nucleus i usuatly targes than nor-
mal and frequentd gular w us configuration, the cf 55 ot svenly
distibuted, nor are nucleoh present. The cytoplasm 15 more abundany than
rormal and compnses a Jarge percentage of the cel} ares. Je is frequently
more basophihic than in the normal cell and may be cloudy and mottled in
appearance rather than a clear, umform hyaline blue The cytophsm s
vsually more granulas than thar of the racmal dymphacyte, 3 condition
wiuch sy be punifested by the presence of wnusually large pranules or of
an unusually large number of small granules Vazuoliuon of the cytophsm
or of the nucleus 15 common,

Although these cells are morphologically sbnormal, they are mature and
may appear w small sumbers in almost any discase causing lymphoid hypers
plasia They sre most numerous m snfccteys mosonucieosss, of wiuch they
are the most charscreeste feature. They must not be confused with the

targe wnmature lymphocy tes encs dan fymphatic Jeakemia since the
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Prasua Cerrs

There fave been many theories advanced 25 to the origin and function
of plssma eells, hut no incontestable proof to support any one theory has
bren brought forward. Osgood believes they represent 3 separate and in-
dependent series of cells having na direce connection swith lymphocytes,
ntvelocytes, or monacytes, whereas most abservers belicse them to be a
peculiar form of Iymphocyte. They are present in small numbers in the
bone marrow bur appear in the peripheral blood stream infrequently. Only
a fow cases of plasma cell leubemia have been reparted.

“The cells are from 1o to 15 microns in dameter. Their most characteristic
feature is ta be found in the nueleus, which 15 round or oval and wsually
ccceneeically placed in the cell, The chranutin tends vo form in dense
clumps tha are most prominent at the periphery of the nurleus. The clumps
ate roughly triangular in shape in many instances, with their bases outward
giving the nucleus a “clockface” or “eartwheel™ appearance when the
chromatin masses are sharply demarcated. The cytoplasm is 3 deep blue
color, Is frequently mottled, and occasionally contains a fow reddish gran-
ules which de nor give 3 perovidase reaction. There is a perinuclear clear
zone, and vacuoles in the cytoplasm are common.

Toerk Crut, Tuere Irriration Cree

The Tuerk cell is large, with an eccentric nucleus which stains 2 deep
purple The chyomaun is commonly armanged in dense masses about the
periphesy leaving a centrat light stawing area. The eytoplasm stams an in-
tense deep blue and is frequendy darker than the nuclens. Ir 1 usually mot-
ted tn apg and often les. Such cells are sarely en-
countered m normal blood but are accasionally found with irritatve lesions
of the bone marrow or with diseases of the lrmphosd tissues.

Ul MONOCYTES

The otigin of the manocytes has been the subject of considerable dis~
cussion. Vanous suthors have described them as arising from myeloblasts,
lymphoblasts, monoblasts, endothelial cells, hustiocytes, undifferentizced

hymal cells, or 2 ¢ of these sonrces. The present consensus
among chnieal hemarologists wdentifies monocytes a5 2 separate series of
cells with an independent ongin from a reticular cell of the reticulo-endo-
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differential diagnosis between infectious mononucleosis and acute lymphatic
leukemia rests primatily upon the structural characteristics of the cells,

Degenerated Cells

When a thin smear of the blood is made, 2 few cells will be broken up
so that only the nucleus remains visible. This may occur with any type of
cell but is particularly common with immarure lymphocytes. In Iymphatic
leukemia, therefore, there may be a great many of these broken and de-
generated cells, which are sometimes called “naked muclei,” “basker cells,”
or “smudges.” The nucleus may be left intact even though the cell mem-
brane has ruptured and the cytoplasm has disappeared. More frequently the
nucleus is so spread out and thin that it is impossible to be sure to which
type of cell it belonged. It may be smeared out i such a way as to form 2
large smudge, dense at one side but thinning out over a circular are2 with
strands of chromatin radating outward in a coarse interlacing network.
This type has been called a “basket cell.” Since such cells have been in-
cluded in doing the total leukocyte count, they must be accounted for in
the differential count and may be classified as basket cells, smudge cells,
naked nucles, or degenerated cells. They are particularly common 1n lym-
phatic leukemia, and since nucleoli are frequently seen in the nuclear ma-
terial, it may be assumed that they were immature lymphocytes.

Function of Lymphocytes

Little is known of the function of the lymphocytes in the blood stream or
of their life cycle. It 1s assumed that their span of life 1s short and that they
are eliminated through the gastromtestinal tract, but this supposition is not
well established. Lymphocytes are capable of some ameboid motion but
are not 2s active as neutrophuls, They aid in walling off chronic inflammatory
lestons but they are not bactericidal or phagocytic. They may function by
absarption and removal of toxins or, in the fixed lymphatc ussues, by pro-
duction of antitoxins, It is of interest to note that many diseases which are
followed by a lasting immunity are charactenized by an mncreased lymphoeyte
count during the acute phase. Not all diseases characterized by a lympho-
cytic response produce an immunity, however Lymphocytes are more
numerous n certamn nfections such as measles, murops, undulane fever,
and whooping cough, as well as during the convalescent pertod of other
acute infections. Their number may be mcreased with those diseases which
cause an enlargement of the fixed lymphatic ussue and in infectious mono-

nueleosis.
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ers are visible through the oveslying folds, givieg an sppearance of depth
to the cell, This folding s not apparent in all ¢ells, and the nucleus may be
aval ia shape, bur there are usually ane or more indeneations in its owtline
(Fig. 8). The ¢y tophsm is blue in color but cloudy or motiled, and darker
than the ¢y toplasm of the normal lymphacy te. The cy taplasm may be more
densely stained at the periphery of the cell thaa close to the nucleus. There
way be a few or many fine acidophitic granules within the ¢ toplasm, Cyro-
plasmic projections from the persphery of the cell are frequenr, either as
muldiple smalt budlike processes ar 35 larger rauaded pscudopodiumelike
strucres,

Masure Monocyte

“The marure monocyte is the targest of the normal leukocytes in the blood
stream, The nucleus is large and may be aval with a slighe indentation or,
wore frequently, kidney or horseshae shaped, It szaws 2 sather deep red-
dish purple. The chromaun strands are coarse and dense and arranged in 2
toose meshed network This network is evenly distributed s ith no clumping
of the cheomatin as 1 the lymphacy te, nar ace there dense blocks such as
are found in the granulocytes, The chromatin structure of the nucleus is
one of the most distinctive features of the ccll and should serve to differen-
tate ie from ather watare cells, The cytoplism s 2 light blue, shehly
cloudy and mottled, and 15 more densely stamed ar the penphery of the celt
There may be a pacticulasly hght stanmg area withua the bend of the nu.
cleus. A few or tany fine 2cidoplulic granules may be found in the cyto-
plasm These are sometunes gronped together opposice the bend of the
naucleus. They are much smaller and less disunct than the azure granules
of the lymphoeyte and giwe a shghtly pasitne peroxidase reaction.

Functions of the Monocyte

Menocytes are phagacytic m the blood stream and may oceasionally be
found vouh engulfed erythrocytes or celf fragments They are also phago-
cyuce for bactena and apparently angrate nto aress of mflammation where
they aid s the pratecuve mechanism of the body. They are increased n
number m monacytic lenkerua and moderately sa w certan chronic ifec-
wons and m thseasts accompanied by hypertrophy of the fixed Iymphatic
ussues, such a5 Hodghi's disease and ly mphosarcoma. A moderate increase
o shesr number occurs during the stage of hematogenaus spread in pul-
menary tubereulons and also 1 sut bactesial endocardws.
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chelial tissues. From this cell, which is present in lymph nodes, spleen, bone
nnarrow, and many other locations, 15 derived the monablast or parent cell.
It is nor directly related to either the Iymphocytic or the myelocytic series.
True, the monoblast cannot be differentiated morphologically from the
lymphoblast or myeloblast, but the absence of characteristic structural fea-
tures in this immature cell is not sufficieat evidence far plcing the moao-
cyte i the myeloid or Iymphocytic series. It must be acknowledged that at
the present time the origin of the monocytes has nor been conclusively
proved, but they probably represent a separate series which, in mature form,
comprises about 4 or § per cent of the leukocytes of normal blood.

P e e e .

Fic. 8 Photomicrographs of monocytes. On the lefr s an 1mmawre monocyte with
an srregular, folded nacleus showmng nucleols as found m 2 case of monoueytic leukeme
On the nght 15,3 matre monocyte

Monoblast

The monoblast 1s 2 large cell which from irs structural appearance on
the blood smear 15 mdistinguishable from the blast cells of other seres.
The nucleus is large, has a fine chromaun network which stains a light
pueple with the palychrome dyes, and contamns nucleol. The cytoplasm
is basophilic and may be somewhac darker and more mortled in appearance
than that of the Jymphoblast or myeloblast.

Immature Monocyte or Premonocyte

The intermedtary stage in the development of the monocyte 1s a Jarge cell
averaging from 15 to 20 mucrons mn duameter, It 15 charactenzed by a dis-
unctive type of nucleus in which che rather dense chromarm strands stain
a light purple color but form such a loose open network that the nucleus
be transparent The nucless 15 convoluted and folded so that 1t

eats to
i ry irregular 1 shape Because of 1ts transparency, the deeper lay-

may be vel
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SupraviTAL StANING OF Leurocyrrs

The descriptions given for the various types of cells have been based upon
their appearance when stained on a fixed dry smear with a polychrome or
Romanowsky type of stain (Wright's). The supravital method of staining,
in which the cells are stained and examined in the living state, has cerrain
advantages over fixed smear although it is impractical for routine clinical use.
For this method of staining the glass slides are meticulously cleancd, washed,
and dried, and the dye is applied to the stide in a very thin film and allowed
to dry. A drop of fresh blood is placed on the prepared slide, 2 cover slip
is applted and sealed with vascline, and the examination is made on a warm
stage microscope o as to preserve the life and motility of the cells The dyes
which are most commonly used are neutral red and Janus green.

With neutral red the neutrophilic granules of the granulocytic series stain
2 light pink, the eosi philic granules a yellowish brown, and the basophilic
granules a deep red. As the preparation is allowed to stand, vacuoles appear
in the cytoplasm. These gradually increase in size and number. They ap-
parently indicate metabolic activity and appear more quickly in the cells
of pattents having an acute infectious process. The adult cells of this series
are highly refractile in appearance, and the lobulations in the nucleus are
more apparent than on a fixed smear They are actively motile. Mitochon-
dria, which take the Janus green stain, arc usually not demanscrable in the
adult granulocytic cell, but are found in immature cells so that they will
be apparent in the myeloblast although there is no reaction to the neutra!
red stain. In the myelocyte stage both mitochondria and red granules are
present in the cell.

Monocytes present a variable appearance in so far as their size and shape
are concerned. They may be rounded or oval, as on 2 fixed smear, they may
be large and irregular with short blunt pratruding processes, or they may
be clongated. Neutral red vacuoles are numerous, and commonly from nwelve
to theeey vacuales of varying sizes are present, These may be evenly dis-

Prate V. Tue Moxocyric Sgrirs
7. Monoblast. 2 Immature monocyte with irregular folded nu-
clens, 3, 4 5. Manocytes with varying nuclear configuration
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tributed throughout the cytoplasm or grouped together as a rosctte op-
pnsitc the bcnd in the nucleus, Vacuoles sre not present in che protruding

processes, In addition to the red vacuoles there are mitochondria
\v.luch have been snained by Janus green, These are small and greenish in
color. They say be fairly cwnly distributed throughout the coll and mived
with red vacnoles bur more frequentdy they ate encountered outside the
area 1n which the vacuoles are found, The distribution of the red vacuoles
in 3 rosette formation is charmcteristic of the monocyre. This arrangement,
hawever, may be found in other types of cells as well. The monocyte is
stuggish in its motility.

The fymphocytes are characterized by+ () the small number of ncutral
red vacwoles which are present, frequently only two or four of these being
found and sefdom more than eight; (2} the numerous mitochondria, “which
are farge and of umform size, and (3) @ clear eytoplasm The red vacuoles
may be found in any location in the cyroplasm with no charactenstic dis-
tribution, The mitochondria tend to be clumped close to the nuclens, espe-
clally within the nuclear indentation. They are Jarger than those found in
other types of cells, whereas the vacuoles are small and uniform in size and
stain 3 deep red.

The supravital staning techaic is of value s a supplementary measure
to the ordinary fived smear and s an awd in judging physiologic actwviry of
the cells. It is not a procedure to supplant the fixed smear for routine dif-
ferential counts,
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Chapter 1V

THE BLOOD PLATELETS OR THROMBOCYTES

Tu, BIOOD PLATILETS OR THROMBOCYTES ARE NOT, STRICTRY SPFARING,
ecllular clements of the blood but the products of cells. They are not able
to regencrate or reproduce themselves, and as they are destroy ed in the per-
formance of their functions, they must be repliced in the circulation. The
normal bfe span of platelets in the blood stream is shor, probably varying
from a few hours to three or four days, so that these structures are replaced
in the circulating blood at an approxisnate rate of 100,000 platelets per cubic
milhncter of blood per day.

Origin of Platelets

Although many theones has¢ been adsanced to explain the origin of blood
platelets, the predominiting opinion at presenc is thae they are produced
from megakaryacytes and thar the primary sitc of their producton is the
bone marrow. Megakaryocytes are extremely large cells cach of which con-
tasns a relatively large multilobulated nucleus. The drameter of megakaryo-
cytes 1s 35 to 4o microns, and the nucleus occupies the greater portion of
cach cell. The nucleus bics that of 3 polymorpt fear feuhooyte in
us configuration, but is larger, and the filaments connccung its lobules are
coarses The chromatin forms a coarse reticular neswork in the nucleus and
stains 2 purplish color by Wright's method. In the cytoplasm of the cellss 3
penspheral clear zone which stains a bight hyaline blue, but elsewhere the
cytoplasm contatns many fine purplish red granules. The cell is extremely
variable in shape, sometimes 1t is round or oval and someumes it presents
a bizarre and irregular outline, Pscudopodia are frequenty present The
origin of the megakaryacyte has not been definstely ascertained, bur st
probably amses from a primutive cell~the hemocytoblast—or from a fixed
cell of the reticulo-endothelul tissue Megakaryocytes are more numerous
m the bone marrow than elsewhere in the body but alse exist In the spleen,
hver, and lungs in varymg numbers However, it is thoughe that those i

49




48 Hemnuatology

Evans, F. A. Experimental study of the mononuclear cells of the blood and tissues
Arch. Int. Med., 18 692, 1016,

Hanws, T, N, Guinany, £, Merrens, E, ano Ciicsr, W E. The role of the [ymphe-
cyte m antibody formation  J. Exper. Med , 81:73, 1945,

Lawsene, J. S, ano Josey, A, L Studies in the physiology of the cosiophil Folia
Daenat., 48.313, 3130, 1932,

Maxiow, A, A, Relation of blood cells to connective tissues and endothelwm
Physiol. Rev,, 4533, 1924. ,

Maxistow, A. A, Morphology of the mesenchymal reactions  Arch Patly, 4 557, 1927

Micuees, N. A The plsma cell. Arch. Parh., 11.775, 1031

Muciiers, N, A, The mast cells. In Downey’s Handbook of Hematology. New York,
Paul B. Hoeber, Inc, 1938. Vol I, p 135,

Musp, §, McCotcneoN, M., axp Lucke, B. Phagocytosis. Physiol. Rev, 14210, 1933

Oscoon, E. E., axo Huoxter, W €. Plasma cell Jeukernia, Folra baenat | 524369, 1934

RiNcoeN, A, R, Eosmophile Jeucocytes and eosinophiia  In Downey’s Handbook of
Hematology. New York, Paul B. Hocber, Inc., 1938 Vol 1, p. 131

SUPRAVITAL STAINING
Cunniveras, R. S, anp Tonexmss, E. H. The supravital stanmg of normal human
blood cells  Foluz haemue, g2:257, 1930.
Har, B.E A critical review of the hematology literatare deahng with the resalts of
the supravial stamning method. Fola baemat , 43 206, 1930,
Hatr, B. E. Evaluation of the supravial stammng method In Downey's Handbook of
Hematology. New York, Paul B Hocber, Inc, 1958 Vol I, p. 643



13
=
<
°
o
3

Prare vs



50 Hematology

the bone marrow are primarily the ones from which platelets are produced.
Megakaryocytes do not get into the blood stream except under rare patho-
logic conditions.

Blood platelets are similar in their structure and staining reaction to the
cytoplasm of megakaryocytes. They are probably broken-off particles of
megakaryocytic cytoplasm which have been set free in the circulating blood.
It was formerly believed that megakaryocytes were capable of ameboid mo-
tion and thac their pseudopodia penetrated the lumen of blood vessels, sub-
sequently breaking off within the vessels ro become platelets. It is now
thought that formation of platelers is indeg of megal yun.)(ul, pseu-
dopodia and that it occurs when megakaryocytes begin to increase in size
and thewr nuclei begin to divide. At this stage of development there is frag-
mentation or seg ion of laryocytic cytoplasm, and resulting par-
ticles of cytoplasm are carried away by the blood stream as platelets

Structure

Platelets are small, rounded, or irregular disk-shaped structures whose
average diameter is 2 to 4 microns and whose average thickness 15 o.§ 10
1 mucron. Their size and configuration are variable. Extremely large forms
are frequently encountered under abnormal conditions. These may be round
bodies equal 1 size to an erythrocyte or larger, or they may be rodlike
structures whose length can be 25 to 3o microns. The average volume of
normal platelets is approximately 10 to 12 cubic microns

Platelets may be found in many irregular and bizarre forms, particularly
upon dry smears Their staimng reaction and structure can be varied greadly
by different methods of fixauon and staiming For this reason, too much
significance should not be placed on their structural alterations On the dry
smear the platelet appears to consist of 3 peripheral clear zone with a clump
of coarse granules in the center In the lwing state the granular matecial 15

Prate VI
A group of platelets with three erythrocytes for comparison as to
size. These illustrate the vaniations in therr size and shape as well
as the internal granular structure of the intact platelet.
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fine, and is C\‘cnl‘\' distributed through the entire plateler. Centeal co
granalation obsersed on dried smears probably is the resule of precipita
which pecurs during the process of fixation and v

With Wright's smm l'w plente < . PR e
stanee in © N ) e L. B 'ﬂxc e
sles are g 0 c T s ‘ot the phrc!ct to foruy 3 18

dense mast s gesiwe of 2 nuclous sutrounded by blue cytoplasm, so
times, however, they are smaller and mote evenly distnbused through
entite ploeier. In some platelers the blue eyroplasm is noy apparent,

only the purple granules are noted, In Jarge, irregularly shaped, and clong:
placelets granules arc frequently coarse, quite basoplulic in staining react
ond evenly distributed throughout the steucrure so that no peripherat ¢
xone remains. No definite conclusion as o the age or funcyional capa
of a plarelee can be drawn from its size or strucrure. Grane forms arc @
monly absened in ayclogenous leuhemia, polycythemi vera, and hen
thagic conditions. It has been thoughe that they are unmature forims

that the usual smalh platelets are the matute forms. This hypothesis bas
been conclusnely proved. On o fixed smear platefers con be separate
clemped, and each clump ean contain 2 small or an enormous pumber
platelets (¥ig. g). Large masses of plateless frequenly occur at the pi
where blood first comes in covtact with the gliss shde whan the smea
made,

Physiclogic Variation in the Platclet Count

The number of plateless in 2 normat adule human bewmg ranges £
200,000 ta 400,000 per cutac mellimeter of blood, but ousnz to varat
0 methads and technics of counting, there ate great discrepancies in
aunbers reported by diferens obsenvers Counts pesformed on venous bl
give results somewhat fugher than diose obtamed from curancous ble
and eounts performed on arternal blood can give stiff fugher values Diw
vagations pmckt couats com AMOUAT ta 3 of 1o per cent The num
of platelers 15 somewhat fower wn women than 1 men and distinetly
creases xeith the onsex of o menstrual peried Dunng pregnancy the nuam
gradually rises, but st falls dunng labor. In pewbom infants platelers w
ber fess than m adults bur gradually vesch adulc levels dunng the firse th
months of life Platelet counts are decreased during dhe summier and
creased dunng cold winter months Strenuous evercse sespecially m
trained persons causes an increase.
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Theombocytosis or Tacreased Platelet Count

There is 2 marhed rise in the number of blood platelets after aperations,
which commanly reaches its pesk on abour the tenth postoperative day.
The degree of increasc roughly parafiels the amount of nissue injury, being
unusually high after bone operations and slight or absent following minor
surgical procedures. The greatest increases follow splencctomy. Counts of
4,000,000 of smore or 1alues gs high as 3 per cene by volumetric determing.
ton are frequent after removal of the spleen. Similar mereases hase been
observed following trauma, especially after fractures of bone,

Platclets arc more numerous in polycyihemia syeea, and the frequent oc-
currence of spontancaus intrasascular thromboses in this disease is possibly
due in part ¢o thrombocytosts in addition to increased blood viscosity and
stuggish blood flow. Thrombocytosis occurring after splencctonty and other
operatians may partially 2ccount for spontancous thrormbi and embol which
appear 35 }\ns!opcrau\e camphmuons of such ;\mc:durcs Phtdc(s ol
sionalfy increase in number in early chronse mytlog jrhougt
tate in the chronic form of the discase and in the acute Farms 2 zhrumbopcma
occurs, A permanent rise m number of platelers has been described as an
idiopathic clinical entity, The incsease after splenccromy may be permanent.

Thrombopenia or Lowered Platelet Count

2

Thrombopenic purpurs p the mast p d ¢xample of a de-
crease in the aumber of platelets, and this may oceur in either 2 pomary
or a secondary form. In a secondary form thrombopenic purpurz can be
found in sssocravion with many other diseases {Chapter XV1). The number
of platelets is also moderately reduced m § anemia and the related
macrocytic anemias, Bantr's syndrome, discases of the hver, and g5 2 ter-
minal eveae @ many blood dyserasizs. A muld grade of theombopema com-
wanty occurs during the ecute stages of mfectious diseases, and can occa-
stomally enst i association with wany other physiofogic and pashologic
conditions.

Function of Platelets

Although it is uaiversally agreed thac platelets are wtmately concerned
with blaad caagulation, thete exact role in the clattag mechamsm 15 disputed.
Avadable evidence suggesss that they play o dual role, firsst in accelermung
coagulation of blood, second m promoting syneresis of clot retraculiy to
form a firm and adherent clot
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By volumetr;c determination Pplatelets TEPIesent o4 to o6 Per cent of
the total blopg volume, AMinor Varations jn numbers of Platelets cannor be
‘detected by volumetr;e determination, but varjarions great enough 1o pe
of chimcal significance are deﬁmrel_y detectable by this technjc, In certain

f

|

t

Fic. g Phntam'icrogmph of a blood Smear of plareles showmg YaIations in the size
and in the density of stamng of the platelets Although deriveq from a patiene ik
thrombopemc Purpura, these Platelets are normal appearance (Hy) Downey, Hang.
book of H:mamlogy Paul B Hoeber, Inc)

instances there can be o distincr drop m the Platelet count, pyc 1t 15 possible
for this drop to be compensated by large or gtant forms of Platelets Under
these circumstances volumetrie dctcrmmarlon IS more precise than acryg)
platelet counts because 1 ndicates che amount of Pplateler material presene
regardless of individual siz¢ and number of Pplatelets.
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There is abundant evidence to show that platelets influence blood coagu-
lation but that they are not essential to the coagulative processes. Although
platelets are rich i thromboplastin, there are other available sources of
thromboplastic material, probably in blood plasma and tissue juice, so that
coagulation will take place when platelets are absent. However, addition
of platelets or of platcler extract accelerates coagulation of blood, and the
substance liberared by destruction of platelets probably inuiates blood co-
2gulation under normal conditions. When this substance is absent, coagula-
tion occurs, but onset of the process is delayed.

To accelerate or initate blood coagulation platelets apparently increase
the rate of conversion of prothrombin to thrombim. Platelets-do not contam
prothrombin, but upon disintegration thromboplasrm 15 liberated. It 15 prob-
able that an abundance of thromboplastin increases the rate of conversion
of prothrombin to thrombin and thereby accelerates the rate of coagulation.

The second function of platelets in coagulation of blood 1s more easily
demonstrated and more apparent in ordinary laboratory procedures than is
the first. Clots produced by blood without platelets lack the firmness and
rgidity of normal clots They are soft, amorphous, jelly-like masses easily
removed and easily broken and do not contract down to a firm mass or
shrink away from the sides of the tube i which the blood has coagulated.
When this type of nonadherent and nonretractile clot 1s formed at the site
of an injury 1n vivo there can be leakage of blood about the periphery of
the clot or the clot can be displaced from the damaged vessel. In either cir-
cumstance bleeding continues. When a normal clot 15 formed within the
lumen of an njured 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 is nor adequately controlled. Bleeding time is therefore prolonged
when platelets are few or absent even though coagulation time 2s ordinarily
determined may be normal.

Platelets tend to aggluunate in large wrregular masses or clumps, and also
to adhere to foreign bodies. Some evidence indicates that they are nvolved
1n ridding the blood stream of foreign particles and bactersa and 1n immune
and anubody reactions of the serum Their exact role, if any, m these proc-
esses is unknown.
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globin, the amount of hemoglobin per unit of blood can be calculated. This
method is used 1o standardize the simpler and more comntonly used fostru-
ments, but it is not practical for clinical use.

For clinical determination the acid hematin method is most commonty
used. A known amount of blood is difuted with tenth-normal hy drochloric
acid ta converr hemoglobin to acid hematin, which is brown in coler. The
intensity of the brown color is then compared to that of a fluid standard, a
brown glass rad or prism, or @ series of brown glass standards of varying
intensities, and the amount of hemoglobin is computed from the depth of
the colar. In the Newcomer method 3 standard brown glass disk js inserted
into one rube of 2 Duboscq colorimeter, and the unknown solution is com-
pared to ir. An advantage of zoid hematin snethods is that shades of brown
are more casily matched by mast observers than shades of red. A disadvan-
tage is thar the color of acid hemtin gradually deepens for a period of about
forty minutes, and readings must therefore be delayed for this length of
time. Depth of color 1s also affected to some extent by noshemoglobin sub-
stances of the blood plasma, Despue these duadvantages and individual in-
accuracics m matching colors acid hematin mechods are the most sarisf.
of those available for routne Uinical use. Instruments weilizing phamclccmc
cells for matching shades of brown sn acid hematin mixtures are becoming
more widely used. They are of great value and are precise m many respects,
howeier, they do not clinunate all sources of crror.

Other less often used methods utihze comparison of the calor of dduted
blood 1o red standards, but difficulty is frequently encountered 1n marching
vanous shades of sed. The Tallquust scale, feast precise of all commonly used
procedures, requires marching the color of bload which has been collecred
on a prece of shsorbent paper wich shades of red on a standard representing
10 to too per cent hemoglobm. The carbon monovide axthod of hemo-
globin determination s precise but not practicat for chnicat wse. A method
by whuch the amount of hemoglobun is d by deter jon of the
iran content of blood nor only 15 laborious but fails to take ico account the
nonhemoglobmn wron of the blood, which 15 not an inconsiderable amount

Normal b fobin levels ref d by di obserters vary, and «t is
chfficult 1o ser an absotute standard of normal. Osgood found 15.8 Gm. for
men and 13.8 Gm. for women 10 be the average normal. Wintrobe, from a
comptlation of data, found 1 sormat men valnes ranging from 14 to 18 Gm.
with 2n average of 16 Gm, and 1n normal women values ranging from 12
to 16 Gm. with an average of 13 Gm. Qur own resules, which were obrained

from determunanions on young adults, have been shghtly lower than the




Chapter V

NORMAL HEMATOLOGIC VALUES

T) INTERPRET RESULTS GBTAINID FROM A STUDY OF THE BLOOD [T I§ NECESSRY
to know not only normal values for its different constituents but also physio-
logic variations which can occur in the absence of any definite pathologic
condition, Normal variations are greac enough, in some instances, to cause
confusion unless their significance is recognized. In other instances there are
differences of opmion as to normal levels so that dividing hnes between
normal and abnormal are difficult to establish. The normal level of blood
hemoglobin particularly is the subject of many divergent views The present
chapter is a brief recapitulation of normal values for various constituents of
the blood to serve as a basts for jnterpretation of results obtained from hema-
tologic studses on patients.

Hento6LosiN

Estimation of the amount of hemoglobin in a unit volume of blood is one
of the most unsatisfactory 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 it 1s not advisable to express the hemoglobin level
in terms of percentage of normal unless at the same ume the amount ac-
cepted as 100 per cent is specified Obviously, to compare results expressed
as percentages of normal but obtained by different methods it is necessary
to transpose the percentage values into terms of grams per unic volume.
Readings should therefore always be made and reported as grams of hemo-
globmn per hundred cubic centumeters of blood. There 55 no better reason
for reporung hemoglobin levels on a percentage basis than for recording
erythrocyte counts or blood pressures 1 percentage terms.

Several methods have been devised for determming the amount of hemo-
globin 1 the blood. The most precise is tl}: oxygen capacity method, in
which the amount of oxygen which combines with a known amount of
blood is ascertained. Since 1.34 cc. of oxygen combines wich r Gm. of hemo-

56
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is not associated with evidence of new cell formation and is probably the
result of expulsion into the circulating blood of the reserve supply of erythro-
cytes. if a person remains in a region of Jow barametric pressure, evidence of
increased erythrocytic production appears, and his bore marrow becomes
hyperplastic. Anoxemia resulting from a low barometric pressure is a stimu-
lus for erythropoiesis. L.y throcytes are more numerous as long as the indi-
vidual remains at the high alfitude, and the increase in number of cells is
roughly proportional ta che altitude.

Sex. Differences in hemoglobin and erythrocyte fevels in males and fe-
males have boen previously mentioned. These differences do not appear
before puberty, and they become less marked in elderly subjects.

Muscular detivity. Excrcise, especially strenuous exertion in a person of
sedentary habirs, is associated with an elevation in the erythrocyte count.
This is 2 transient ph and is undoubtedly due to 3 redistribution
of existing cells,

Emotion. Cxcitement, fear, and other psvehic reactions arc followed by
increased erythrocyte counts w hich are due in part to hiberation of the stored
erythrocytes in the spleen. Hemoconcentraton with dimumished plasma
volume possibly plays a parr in this increase of erythrocytes because erythro-
cyte counts have been observed to risc following psychic stimulanion of
splencctomized subjects.

Season. Exythrocyte counts tend to be slightly higher i summer than in
winter, This difference is not great, and may be due to increased loss of
fuids by perspiration in hot weather, resulting in bemoconcentration,

Water Balance, Intake of large amounts of flurds dilutes the blood suffi-
cicm]y to lower the erythrocyte count to a shght degree. Dehydration from
any cause produces sufficient hemoconcentration to elevate the count Such
dilution and concentration produce changes 1n numbers of cells per unit
volume of blood rather than in actual numbers of cells 1n the circulation.

Distrnal Varigtion. Variations in numbers of esythrocytes and in hemo-
globin Jevels are detected when determinations are made at regular in-
tervals throughour the day and mght. Such vamations may amount to
1o per cent. They are probably results of acuwity, emotional factors, fluid
intake, and inherent errors 1n methods of determmation.

Erythrocyte Diameter

The diameter of erythrocytes can be measured ditectly on dried blood
smears by use of a micrometer disk in the eyepiece of 2 microscope, or the
mean diamerer can be ascertaied by use of a smeable instrument (halometer,
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above values, and similarly low values have been noted by other observers
in this region. Doan has stated that each healthy adult establishes an equilib-
rium for red cells and hemoglobin at the optimum for his oxidation require-
ments, but has an available reserve supply of red cells in the splenic pulp.
Thus consecutive counts can show considerable variation in the number of
erythrocytes, and fluctuations of 1 to 2 Gm. of hemoglobin can occur
within a short period of time. Results of studies carried out in our laboratory
are in agreement with Doan’s conclusions. It seems also that there are great
individual variations in normal hemoglobin levels so that a reading which is
normal for one individual may represent a mild anemia in another.

Physiologic variations which affect the hemoglobin level are the same as
those affecting the erythrocyte count and will be discussed more fully under
that heading. Diurnal variations, increases with muscular activity or with
psychic factors such as excitement or fear, and increases at high alritudes
have been observed. Hemoglobin levels are high at birth but fall rapidly
during the first weeks of life, and we have found a slight decrease in hemo-
globin in elderly subjects. Hemoglobin values are somewhat higher in sum-
mer than in winter, but no apparent difference has been noted between the
values for inhabitants of tropical and nontropical countries.

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

Physiologic Variations

Age. Ar birth hemoglobin levels and erythrocyte counts are high; how-
ever, they begin to fall after the first few days of life and reach normal
levels after a few weeks. These changes arc discussed more fully mn Chap-
ter XXIL Studies which were carnied out on a group of elderly subjects
show that a slight decrease 1n hemoglobin levels and erythrocyte counts is
encountered in older patients. The average 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 in younger individuals

Absitude. A rapid increase in the number of erythrocytes and amount of
hemoglobin appears during an ascent from low to high alttude. This change
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Is not associated with evidence of new cell formation and is probably the
sesult of expulsion into the circulating blood of the reserve supply of erythro-
cytes. If a person reauins ina region of low barometric pressure, evidence of
increased erythrocytic production appesrs, and his bone marrow becomes
hy perplasnic. Anoxemis resubung from a Jow barometrse pressure bs 2 stimu-
lus for erythropoiesis. Leythrocytes are mare numerous 35 loag 2s the indi-
sidual remains ar the high sldwude, and the increase in number of cells is
roughly proportional 1o the alritude.

Ses. Differences in hemoglobin and erythrocyte levels in males and fe-
males have been previously mentioned These differences do not appear
before puberty, and they become less marked in elderly subjects.

Muscudar detivity. xercise, especially strenuous exertion in 2 person of
sedenrary habits, is associated with an elevation in che erythrocyte count.
This is a transient ph and is undoubredly due to 2 redistribution
of existing cefls,

Emuotion. Excitement, fear, and other psychic reactions are followed by
increased erythrocyte counts which are due in part to Jiberation of the stored
erythrocytes in the spleen. Hemnnnmnzme .
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dilution and concemranon produce changes in numbers of cells per unit
volume of blood rather than in acrual numbers of cells in the circalation.

Diurnal Variation Varistions in numbers of erythrocytes and in hemo-
globin levels are detected when determinations are made at regular in-
tervals throughout the day and mghe. Such variations may amount to
o per cent. They are probably results of activity, emotional facrors, fluid
intake, and inherenc erross 1 methods of derermmnion

Erythrocyre Diameter

The dizmeter of erytheocytes can be messured dwectly on dried blood
smears by use of 2 micrometer disk 1 the epepiece of 2 microscope, or the
mean diameter can be ascertsined by use of 2 sunable mstrument (halometer,
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above values, and similarly low values have been noted by other observers
in this region. Doan has stated that each healthy adult establishes 2n equilib-
rium for red cells and hemoglobin at the optimum for his oxidation require-
ments, but has an available reserve supply of red cells in the splenic pulp
Thus consecutive counts can show considerable variation in the number of
erythrocytes, and fluctuations of 1 to z Gm. of hemoglobin can occur
within a short period of time. Results of studies carried out in our laboratory
are in agreement with Doan’s conclusions. It seems also that there are great
individual variations in normal hemoglobin levels so that a readmg which is
normal for one individual may represent a mild anemia in another.

Physiologic variations which affect the hemoglobin level are the same 2
those afecting the erythrocyte count and will be discussed more fully under
that heading. Diurnal variations, increases with muscular activity or with
psychic factors such as excitement or fear, and increases at high altitudes
have been observed. Hemoglobm levels are high at birth but fall rapidly
during the first weeks of life, and we have found a shghr decrease in hemo-
globm in elderly subjects. Hemoglobin values are somewhat higher in sum-
mer than in winter, but no apparent difference has been noted between the
values for inhabitants of tropical and nontropical countries.

ERrYTHROCYTES

Total Erythrocyte Count

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

Physiologic Variations

Age. At birth hemoglobmn levels and erythrocyte counts are high; how-
ever, they begm to fall after the first few days of life and reach normal
[evels after a few weeks. These changes are discussed more fully i Chap-
ter XXIL Studies which were carried out on a group of clderly subjects
show that a shght decrease 1n hemoglobin levels and erythrocyte counts is
encountered in older patients. The average hemoglobin 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 in younger mdividuals.

Altitude. A rapid increase 1n the number of erythrocytes and amount of
hemoglobin appears during an ascent from low to high altrtude. This change



Normal Hematologic Values 61

Exaonple:
Actuat reading = 11 Gm.
11 X 6965

For convemence in expressing cernain refati betw cen number, size,
and hemoglobin content of erythrocytes cesrain so-called indices are com-
menly wsed. These are an aid in study and classification of varous types of
anemia although they are less precise than expression of erythrocyte size and
hemoglobin content of the erythrocyte in absolute values.

Color Index

The color index is the ratio of hemoaglobin level expressed as percentage
of normal to red cell count expressed as percentage of normal, and indicates
the amount of hemoglabin per red cell in relation to normal. In a normat
individual both hemoglobin level and erythrocyte count are 100 per cent

. 1a0%, - N
of normal, therefore the calor index 15 1.0(@;}3) A positive color index,
A
greater than 1 o, indicates that each erythrocyre contains wore than the
normal amount of hemoglobin, and a negative color index, less than 1o,
indi a lonered hemaglobn content per ecti

Cob ot = Hemoglobin~% of normal
olor meey = Erythrocytes~%, of normal

Volume Inder

The volume index is the ratio of volume of packed erythrocytes to
the tumber of erythracytes per unit volume of blood, and mdicates the rela-
tive size of erythrocytes compared to normal. A volume index greater than
1o mdicases the average size of the mdividual erythrocyte to be preater than
nosmal,

Hematocrie~% of normal
Red cell count—~% of normal

Volume index

Satsiration Index

The saturation tadex is the ratio of smount of hemoglobin to volume of
packed erythracytes, and nd: of hemoglobin  the red
<t} mass rather than in mdividuat cells.

o

__ Hemoglobin—. of normal

Sarurati dex =
araration m Hematoenit—% of norma

These mdices have certain wherent disadvantages, chief among which is
the unpreciseness of percentages based an norma! values which are not ae-
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eriometer, erythrocytometer) in which diffraction of a beam of light pass-
ing through the dried smear is observed by projection on a suitable screen
or disk, The average normal diameter is 7.2 to 7.5 microns.

Hematocrit

The term hemnatocrit means the volume of erythrocytes packed by cen-
trifugation in a given volume of blood Hemarocrit is expressed as the pet-
centage of the rotal blood volume which is composed of erythrocytes, or
as volume in cubic centimeters of centrifugally 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 determination of various indices and other calculations it is necessary
to accept certain values of hemoglobin, number of red cells, and hematocrit
as normal and to express observed values in terms of percentages of normal.
For this purpose Wintrobe has used 5,000,000 cells as the equivalent of
100 per cent of normal for the erythrocyte count, and has accepted 14 5 Gm.
as the bemoglobin coefficient~the normal hemoglobin value which corre-
sponds to an erythrocyte count of §,000,000. The normal hematocrit value
which corresponds to 5,000,000 erythrocytes has been set at 43.2 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 millions X 20 (5—0—) = per cent of normal
Example:
Actual count = 3,500,000
35X 20=70%
Hematocrit: 43 2 = 100%
100
Volume per 100 cc. of blood X 2.3 (E;) = per cenr of normal
Example:
Actual reading =35
35X 23 =80%

Hemoglobin:  14.5 = 100%

Grams per 100 cc. X 69(l4 5) per cent of normat
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wooa are usually considercd as indicative of leuhocytosis, and covats of
tess than 5000 35 indicative of Jeukopenia. Certain normal individuals, how-
ever, have leukoeyte values somewhac sbove or belaw these levels.

Differential Count
Myeloid Series

Neutraphilr, Neutrophils are more numerous than any other type of
teukoeyte in the blood stream and represent 55 to 70 per cent of all white
cells in the circulating blood. They normally occur in the blood stream as
(1) band or nonsegmented forms, in which there is no separation of the
nucleus into Jobules, and () segawented or filumented forms, in which the
nucleus is scparated into two or mare labes connected by strands of chromatin

WNATLRE YOUNG ADYLY

Barpy SEEWTES | SERENTED i Facian]

MYELOCYTE
SEIEE]
O 108% | G (G6E | TwO LoRe  [DeeE 108 |

Lt
TR LO6E_{FivE (G8E

o o 1095, L7018 TReRE 108t | Pt oo, [ (e

PRI POMENTED | Picriexten | A aenTes | FRAVDNTS, FLARNTED [eavenTes s

Fie. v0. Dugrammadic shetch of the stages i the maturation of a eutrophil. This shows
the basts for the Schillng, Ameth, and segment-nonsegment differentul counts,

material (Fig. 10). Sep ion of band and seg & forms 15
known as 2 Schithing count, and inf thus ob! d 15 so valuable that
a Schalling count should be pesformed as a part of every blood examination.

Band neutrephils represent 3 to § per cent of toml lenkecytes in the blood
and are the youngest forms of the myelord series of cells n the bload stream
under normal conditions.

g il

prise 5a to 65 per cent of kukoc) tes. A ma~
jotity of the segmcntcd forms have two or three Jobes in the nucleus, but
five or more nuclear lobes are occastonally present. When neutraphils are
classified according to the number of segments in ther nucler the distribu-
tion 1s normally as follows:

Band or nonsegmensed 5%
2 lobes 3%
1 lobes 0%
4 lobes Y%

s lobes %
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curately established. It is therefore more satisfactory to express findings as
absolute values rather than in terms of percentage of normal. Mean corpus-
cular h lobin, mean corp lar volume, and mean corpuscular hemo-
globin concentration give in absolute terms information expressed in color
index, volume index, and saruration index respectively. This information
in absolute values is more relisble and more precise than are the various
indices.

Mean corpuscular hemoglobin:

MCH= Hemoglobin grams per 100 cc. of blood
© 7 77 Red cefl count, mitirons per cu. mm. of blood

Average normal value =29%: micromicrograms

Mean corpuscular volume:
Volume of packed erythrocytes per 1ooo cc. of blood

r =
MC V.= Red cell count, millions per cu. mm. of blood

Average normal value = 8725 cubic microns

Mean corpuscular hemoglobin concentration:

M CHC-= Hemoglobin grams per 100 cc. of blood X 100
T YT Volume packed red cells per 100 cc. of blood

Average normal value = 34%=*2

The average total blood volume is 65 to 80 cc. per kilogram of body
weight, or 6 to g per cent of total body weight. The average specific gravity
of blood 15 about r.052, and the viscosity is 4.5 compared to distilled warer.

Erythrocytes are remarkably constant on blood smears in thetr size, shape,
and staning reaction, and use of vital stans mdicates that o.2 to 08 per cent
of erythrocytes are reticulated.

LEurocyTES

Total Leukocyte Count

Total leukocyte counts performed on normal adults resulr 1n values of
5000 to 10,000 whire cells per cubtc milluneter of blood with an average
value of shout 7000 When an individual 1s at rest under basal conditions,
white cell counts give values of 5000 to 7000. Actisiey, among other things,
increases the total number of leukocy tes i circvlanng blood so that counts
can vary considerably from hour to hour and from day to day when per-
formed on the same normal person Toral leukocyte counts of morc than
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10,000 are usually considered as indicative of leukocytosis, and counts of
less than 5000 as jndicative of leukopenia. Certain normal individuals, how-
ever, have leukocyte values somewhat sbove or below these levels.

Differential Count

Myeloid Series

Neutrophils. Neutrophils are more numerous than any other type of
leukocyte in the blood stream and represent 55 to 7o per cent of all white
cells in the circulating blood. They normally oceur in the bload stream as
(1) band or nonsegmented forms, in which there is no separation of the
nucleus into lobules, and (2) segmented or filamented forms, in which the
nucleus is separated into two o more lobes connected by strands of chromatin

DAMATLRE Youns AouLt
vaiaast[waeerte |t | Buo  [semenme sguva—’s:mwm oD

O LOSE | ONE LOBE | OME LOBE | OME LOSE | Vw0 (OBE |TWREE LOBE | FOUR LOBE | FIVE LOBE
TR L o o=
PR TEo X ANENTED | FmwoniTeD | PAMeNTED | FRAMENTED ALAMERTED |FLAVENTED | FLAveNTED

Fie. so. Dragrammatic shetch of the stages in the maturaton of 2 nevtrophil. This shows
the basis for the Schilling, Araeth, and segment-nonsegment dufferentil counts.

material (Fig. 10). Separate enumeration of band and segmented forms is
known as a Schilling count, and information thus obtained 15 so valuable that
a Schilling count should be performed s a par of every blood examination.

Band neutrophils represent 3 to 5 per cent of total Jenkocytes in the blood
and are the youngest forms of the myeloid series of cells in the blood stream
under normal conditions.

Segmented neutrophils comprise 50 to 65 per cent of leukocytes. A ma-
joncy of the segmented forms have two ot three lobes 1 the nucleus, but
five or more nuclear lobes are occasionally present. When neutrophils are
classified according to the number of segments 1 their nuclei the distribu-
tion is normally as follows:

Band or nonsegmented 5%
2 lobes 35%
3 lobes 4%
3 lobes 17%

§ lobes %
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Eosinopbils. Eosinophils represent 2 to 4 per cent of the lenkocytes and
seldom contain more than two lobes in their nuclei. They are fragile cclls
and are frequently found on stained smears with cell membranes broken
and granules scattered about in the regions of the nuclei.

Basophils. Basophils are the least numerous of myeloid cells and often
are not encountered on routine differential counts. They seldom comprise
mare than t or 2 per cent of leukocytes.

Lymphocytes

Lysmphocytes make up 25 to 35 per cent of the white blood cells. A ma-
jority of lymphocytes in the blood stream are the small marure type with
2 narrow rim of cytuplasm, however, a few of the larger forms having more
abundant cytoplasm can be observed. About 30 per cent of normal lympho-
cytes contam azure granules.

Monocytes

Monocytes, largest of normal blood cells, comprise § to 10 per cent of
feukocytes A coarse network of nuclear chromatin, and fine eosinophulic
granulations in basophulic cytoplasm distinguish these cells from large
lymphocytes. Most monocytes have horseshoe-shaped nuclei, but some nucler
are oval or irregular 1n shape.

Physiologic Leukocytosis

Numerous factors can cause the total leukocyte count to increase without
any demonstrable pathologic condiion. In newborn mfants counts are high,
frequently 20,000 or more, but subside to lower levels within a few days,
although relatvely high counts prevail during chuldhood.

Exercise ncreases the total number of leukocytes, but similar increases
occur duning fnght, anger, and emouonal sumuli so that it 1s not certain
whether this response 1s due to muscular activiy aself or to increased
epnephnne secretion Smce the Jeukocytic response to exercise occurs 1
splenectomized animals, 1t cannot be due entirely to contraction of the
spleen The leukocyrtosis occurs rapidly, and immature cells do not increase
n percentage, so that st seems to be due to redistribution of eusting cells
rather than to increased production of cells by hematopoetic centers

A sumilar Jeukocytosis has been noted after convulsive seizures, attacks of
pam\ysml cachycardi, and pain.

Seudtes of the mfluence of temperature on total leukocytes are somewhat
ar vanance as leukocyroses have occurred after cold baths as well as after
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hyperpyrexia caused by artificial fever therapy. Slight leukocytoses occur
while individuals are becoming accustomed to high altitudes. They can also
be observed during the third trimester of pregnancy, the average count being
about 15,000. Total counts can increase during labor, but they become nor-
mal after four or five days.

Sabin has demonstrated 2 rhythmic dwrnal variation in total numbers of
leukocytes so that counts vary in the same individual from day to day and
from time to time during the day. Highest peaks occur late in the moming
and late in the evening. Tt appears probable that this thythmic delivery of
cells to the circulation accounts for the variations formerly ascribed to the
effect of food, and the idea of “digestive leukocytosis” has been discarded.

The mechanism whereby leukocyte counts are maintained within rela-
tively constant limits has not been ascertamed, nor has any substance w hich
definitely influences maturation of leuhocytes been discovered. Nucleic
acid, possibly derved from destroyed leukocytes, may have some influence
on leukocyte production. Probably most physiologic leukocytoses are re-
sults of redistribution of existing cells and changes in blood volume due to
altered water balance, because increases in total numbers of cells appear
rapidly and m most instances differential counts remaimn unaltered without
increases in percentages of band neutrophils to indrcate that young cells are
being thrown into the circulation. An exception is the leukocytosis of the
newborn.

Physiologic leukocytoses in themselves are mot important, but it is
essential to keep them in mind in evaluating leukocyte counts so as not to
interprer them as evidence of infection or other pathologic condition.
Diurnal varsations in counts must also be kept i mnd when evaluating
series of repeated leukocyte counts, as too much emphasis is not infrequently
placed on relatively minor changes in a seres of counts.

Prarerers

The total number of blood platelets normally ranges from 200,000 to
400,000 per cubic millimeter of blood, but higher values have been reported
by some abservers. When measured volumetncally, plarelets represent from
04 t0 0.6 per cent of total blood volume On blood smears they appear as
small round or oval bodies occurring singly or i variously sized groups
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 matersal s grouped to-
gether 11 a dense mass 1n the center, whereas in larger platelets the gran-
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ular material is diffusely distributed throughout the cytoplasm. Only rough
approximations of numbers of platelets can be made from examinations of
smears. Causes for increased and decreased numbers of plarelets have been
discussed in Chaprer IV.

BIBLIOGRAPHY

Dosn, C. A, The clinical impl of e B )] Medicine, 10:313,

1% (34

1931

Fowrer, W. M, Sreenens, R, L, anp Stoae, R B ‘The changes in hematological vatues
in elderly patients  Am: J. Clin, Path.,, 11 700, 1931,

McCarmity, E. F., ano Vax Suvke, D. D, Dxumal vatiations of hemoglobin in the blood
of normal men. J. Biol. Chem, 128 567, 1935,

Oscoop, E. E. Normal hematologic stznd:rds Arch. Int Med., 56.839, 1935.

Sany, F. R, Consivenant, R. S, Doaw, C. A, avp Kivpwart, J. A. The normal
thythm of the white blood cells, Bull. Jobns Hopkns Hosp., 37°14, 1925.

Wintrosr, AL M. The erythrocyte in man. Medicine, ¢ 195, 1930.

Wintrose, AL M Blood of normal men and women Bull, Jokns Hopkins Hosp,

2118, 1933.
VWemos, A M. Clinieal Hematologv. Phuladelphia, Lea & Febiger, 1946.



Chapter VI e

LEUKOCYTOSIS AND LEUKOPENIA

’Eu. NUMBER QF LEUKOCYTES IN THE PRRIPIEERAL DLOOD STRFAR OF A NORMAL
adult ranges fram 000 10 1a,000 cells per cubie millimeter of blood, averag-
ing about yoco, A total feukocyte count above 10,000 is tesmed a leukoey-
tosis. The leukocyrosis which occurs as a resulr of infection or other ab-
normal stimulus distuchs the narmol zatio between the vanous types of cells,
the increase in the total connt bemg due prmanly to an increase in the pum-
ber of one pmiculnr eype of Jeukacyte. Neutrophils are the cells most fre-
quently increased in number, and when thus 15 the case, the cendition 15
termed 2 !enLoeymsxs or phiba, E philia and basophil
leukocytases in which the phils ar basophils ate predominandy af-
fected. Lymphocytosis and menocytosss signify an actual increase in the
aumber of tymphocytes or monacytes

Lrunooyrosts

N 11 1 N, hil
philic Leokocytosis, Neutrop

Causes

Infection. The most common cause for neutroplulia 15 infection. The
heighe of the leukocyte count 15, 1n genenal, 1 dircer proportion to the acute-
ness and severiry of the infecnon, but the lewkoeyte reaction 1s modified by
the type of mvadmg orgamsm and by the of the body. Infecti
with pyogenic or pus-formung orgamsms cause 2 higher leukocyte counc
than do other orgarssims, the response being greater with infecuons due to
bt worgngRRasm, W 5 v T . A
higher leukocyte count usuauy rcsulrs with localization of the infection nnd
dbscess formagon than with the same organistm circulating in the blood
stream withour 2 porne of Jocalization. This suggests that destruction of tissue
s one factor in calhing forth a Jeukocytic sesponse and that bactena and
sheir tovins are not the osly sumulating mechanisms, A very high lewkocyte

&7
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count js with | Cic p i, ing i ingitis,
and abscess, mastoiditis, or peritonitis due to pyogenic organisms, The height
to which the white count will rise is affected by many conditions, but
the response 1n a debilitated or cachectic patient is usually less than in one
who is otherwise healthy. A low lenkocyte response in the presence of 2
pyogenic infection may indicate that the infection ss mild, but sf there is
an acute and extensive infection, the poor leukocyte response indicates low
resistance and a poor prognosis, An excessively high leukocyte response is
also of grave significance as it suggests that 2 last effort is being made by
the defense mechanism of the body to cope with an overwhelming infec-
tion. The response in children is usually greater than that encountered in
an adult with 2 similer type of infection, but even in adults 2 count of
30,000 Or 40,000 js not uncommon in severe infections, part?cu)ar}y in
preumonia,

A Jeukocytosis is due to the formation and liberation of additionat cells
by the bone marrow. The marrow ordinarily releases only mature cells, and
a majonity of the neutrophils in normal blood have segmented nuclei. Only
about 4 or § per cent are young forms with band or nonfilamented nuclei.
Under the demands of an mfection, however, there is an increased rate of
production; censequently, more immature cells are liberated into the blood
stream. This results m an increased percentage of band or nonsegmented
neutrophuls i the pesipheral blood, This “shift to the left” is an indication
of bone marrow stimulation rather than of infection itself. The rate at which
these cells can be formed is surprisingly high as 1s shown by the rapid in-
crease 1n the leukocyte count when it s followed at hourly intervals in pa~
tiencs with a severe infection,

Evidences of degeneration may be found in the neutrophuls in severe
infections There may be tovic granulation, the cytoplasmic granules be-
coming larges, more deeply stamed, and more promunent than normal
Vacuolation of the cytoplasm or of the nucleus is another sign of de-
generation of the cell, and there may be one or many small unstained
vacuoles. Extensive toxic granulation and vacuolation suggest that the pa-
tient’s resistance 1s poor and pome toward a less favorable prognosts. By
determiming the percentage of cells showing these changes the so-called
“degenerative ndex” is found.

Posthemorrbagte. A neutrophilic leukocytosis follows acute hemorrhage
if the loss of blood 1s extenssve. The leukocyte counc under these circum-
stances may reach 20,000 of 30,000, and the accampanying “shifr to the Jeft”
cates bone marrow sumulation The count begins to rise twenty-four

indu
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to forty-cight hours after the hemorrhage, reaches its peak within a few
days, and gradually subsides to the normal fevel.

Postoperative. A postoperative leukocytosis is encountered after extensive
surgical procedures, probably resulting from a combination of ussue damage
and loss of blood. It persists but a few days and then subsides. It must not be
considered an evidence of postoperative infection.

Coronary Occlusion. The leukocytosis which follows ocelusion of 2 cor-
onary artery is usually moderate in degree, but the count may reach
12,000 or 15,000, There is a nuclear shift to the left indicating that the higher
count is due to an increased production of cells rather than to a simple re-
distribution, This gives conclusive evidence that tissue damage is effective
in producing a leukocytosis even in the absence of infection.

A sterile abscess or the ntramuscular injection of inert material may also
cause a leukocytosis

Malignant Growths. Some malignant growths may be accompanied by a
leukocytosis, particularly those 1n a far advanced stage, but this is not a
constant finding. Secondary infection does not account for the reaction.

Intoxications. Intoxication of vatious types may be accompanied by a mild
1eukocytosis‘ This may occur with uremia, disbetic acidosis, and various
drugs and chemicals.

Eosinophilic Leuhocytosis

The cosinophils normally comprise 2 to 4 per cent of the white blood cells.
They tend to disappear from the blood stream during an acute infection but
may return in increased bers during the 1 stage. Litle or no

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

Causes

Allergy Allergic conditions such as hay fever, bronchial asthma, angio-
neurotic edema, urticaria, eczema, and allergic rhimtis are commonly accom-
panted by a moderate increase m the number of cosinophils. Certain gastro-
mtestinal diseases and some forms of arthrtis are apparently on an allergic
basis and may be accompamed by such a reaction The cosinophilia which is

ally found i tuberculosss, scarlet fever, and rheumauc fever is
probably due to an gllergic reaction to the bactenia or therr toxins. A few
cases of familial eosinophilia have been reported and are probably due to 4
familial allergic tendency.

Parasitic Inf Trichi prod a marked eosinophilia, and
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other parasitic infestations frequently evoke a similar response, but the ab-
sence of an increase in the cosinophils does not exclude the possibility of
parasitic disease. An eosinophilia is sometimes encountered with roundworms
(Ascarides lumbricoides), tapeworms (Cestodas), hookworms (Ancylos-
tomas), pinworms (Enterobius vermicularis), filariasis, and Echinococcus
infestation. The ¢osinophils may comprise 80 or go per cent of the leako-
cytes in these parasitic diseases, but the usual response ranges from to to
30 per cent,

Skin Diseases. Eosinophilia may accompany certain diseases of the skin
bur is not a constant feature of dermatoses. Identical skin lesions may pro-
duce an eosinophilia in one patient but not m another, Lesions of the skin
which cause destruction of epithelial cells are the ones commonly asso-
ciated with an increased eosinophil count. Searlet fever is the only acute
exanthem in which eosinophilia occurs.

Myelog leuk Myelogenous leukemia produces an increase in
the number of eosinophils, but the height of the eosinophil count is vari-
able.

Hodgkin’s Dis¢ase. The presence of eosinophils in the involved lymph
nodes is one of the distinctive and constant histologic features of Hodgkin's
disease. In 2 few cases of the disease there 15 2 marked eosinophilia in the
peripheral blood, but this 1s far from common; & majority of patients have
no increase in their cosinophit count The incidence of eosinophilia in Hodg-
kin’s diseas is frequent enough, however, so that the discase must be con-
sidered in the differential diagnosis in all panients having an unexplained
eosnophiha, YWe have observed one patient with an eosinophilia of 85
per cent Carcmoma of the uterus and a few other malignant growths arc

lly zccompanied by hal

Miscell Causes Spl y 15 regularly followed by Ieukoc;’msns,
and in some instances there is an increase m the number of eosinophils.

An eosinophiha was ly ed in patients with pernicious

anema whose therapy consssted of whole raw hver. It ss seldom §f ever en-
countered when liver extract 1s given parenterally.

Perwarteritis nodosa 15 accompanied by varymg degrees of cosinophiha,
occasionally reachung as high as o per cent,

Tropical eosinophilia has been reported as a disease entiey 1n which xherf are
fever, malaise, cough, and evidences of bronchitis on examtnation and Xray.
The eosinophilia is marked 1t has been suggested that a parasitic infestation 1
probably the basic factor m such cases. ) )

Loefler’s syndrome consists of a transitory lung infiltration of short dura-
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tion giving signs indicative of early pneumonia. It is sometimes associated with
roundworm infestations although this etiologic factor has not been found in
any of the cases under our observation It is presumably allergic in onigin and
is panied by an eosinophili

Basophilic Leukocytosis, Basophilia

The basophils normally comprise from o5 to 1 per cent of the Jeuko-
cytes. They are seldom significantly increased in number. A larger number
of basophils may be found in myelogenous leukemia, but their ratio to the
other granulocytes 1s seldom increased. They are occasionally more numerous
1n polycythemia vera and in some cases of cirrhosis of the liver.

Lxatpnocyrosis

Lymphocytosis 15 an increase in the number of Iymphocytes per unit
volume of blood. It is essential to distinguish between true lymphocytosis,
in which there is an actual increase in the number of lymphocytes, and a
relative lymphocytosis, in which the percentage of lymphocytes is increased
without an actual increase m number. A relative lymphocytosis occurs when
the total leukocyte count and the number of granulocytes are decreased
while the lymphocytes remain constant.

The increase in number of lymphocytes which occurs with lymphocytic
leukemia and infectious leosis will be d: d in the chapters,
devoted to these diseases, and the lymphocytosis of infants and children is
considered 1 Chapter XXII, “Hematology in Infancy and Childhood.”

The number of lymphocytes is seldom increased 1n acute infectious dis-
eases except in whooping cough. A true lymphocytosss is a charactenstic
feature of this disease and may be so striking that 1t suggests leukemia
A lymphocytosis occasionally occurs i active tuberculosis, mumps, measles,
and undulant fever but is not a constant feature mn any of these diseases
Lymphocytosis is a common finding during the convalescent stage after an
acute infection even though lymphocytes do not increase in number during
the acute stage

The lymphocytes are frequently but not consistently more numerous in
diseases characterized by enlargement of fixed lymphatic ussues, such as the
early stage of Hodgkm's disease, lymphosarcoma, and infectious lymph-
adenopathy

Acute infectious lymphocytosis 1s an infectious disease characterized by
fever, vomiting, and abdominal dastress, and a marked Iymphocytosts which
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persists after the other manifestations of the disease have subsided (see page
402).

A relative lymphocytosis is far more comnton than an absolute incresse,
being encountered in all cases in which there is a decrease 1 the number of
neutrophils.

MonocyTosis

Monocytes comprise from 5 to 10 per cent of the leukocytes under nor-
mal conditons, the average value being around 5 per cent. Monocytosis
means an increase 1n the number of thése cells above their normal value,
but such a reaction is not common and seldom reaches a high level.

Monocytes play an unportant role in the formation of tubercles in pul-
monary tuberculosis and by their phagocytic action 2id in combatng this
infection. They may be more numerous in the circulating blood when the
pulmonary lesion 1s active, but rather than being a favorable sign, this
mdicates actwity and spreading infection. The ratio of monocytes to
lymphocytes in the blood stream is normally about 1.3 (M L ratio). When
this ratio 15 altered during pulmonary tuberculosis so as to increase the
number of monocytes i relation to the Iymphocytes, it is an unfavorable
prognostic sign

In a few other bacterial infections there may be a moderate monocytosis.
This occurs occasionally, but not consistently, in undulant fever, subacute
bactertal endocarditis, and typhoud fever. In addition to these bacterial in-
fections the monocytes are mcreased 19 number n other types of infec-
tion such as malara, hala-azar, and Rocky Mountain spotted fever. There
may be a temporary rise in the monocyte count during the convalescent
period following acute mfections.

Monocyrosis may occur in those diseases i which there is a generalized
lymphadenopathy such as Hodgkin's disease. In infectious mononucleosts
the lymphocytes arc predomunantly affected, but there is also a moderate
degree of monocytosts although 1t 15 overshadowed by the Iymphocyzic
cesponse,

Levkesmoip Reacrioss

Leukemaid reaction 1s the term applied to those conditions in which there

is a leukemic-like reaction of the wiite blood cells as a result of an mfec-

tion or other stimulus. Such 2 reaction may be granulocytc, lymphocytic.
or monocytic depending upon the type of cell involved The reaction may
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be manifested by (1) an excey Hly high total leukocyte count with the
appesrance afa fc\\' or many immature eetlsor (2) a grcnt many immature
cells without 2 great increase in the total Jewkocyte count. The first type
of reaction is the most frequent. A leukemoid reaction is more common in
children chan in adults and is more frequently due ta an iafection than to
other forms of marrow stimulation.

Infections eccasionally produce a hyperfenkocytosis in which the white
cell count resches too,000 of more with a corresponding increase in the
percentage of band neutrophuls and a few metamyelocytes or myelocytes
in the blood stream. We have abserved such @ reaction 2 splenecromued
patient with p ia, 1n whom nucleated erythrocytes as weil as many
immature Icukoq tes nppcnrcd in thc blood stream. l’k«:cynomll) high feu-
Loc} te counts have been ded with i P
cic endocardisis, empyema, smallpoy, cluckenpnt, sepuccmm, miliary tuber-
culosis, and other diseases. The reaction may oconr with almost any type
of wfection.

A Jeukemoid blood pcrure may oceur with mabignane grow ths which
have merastasized 10 bone Such metastases aze prone fo cause stimulation
or jrrnavion of the marrow, end immature myeloid cells are released into the
biood stream, The toal white count 15 usually not parvicolarly high under
these eircumstances, but the anemua and wmmatarity of the leukoeytes sug-
gest Jeukemu, A sinular response has been encountered with muluple mye-
torma,

Leukacytoss follows 2 severe hemorrhage and an evaggerated response
may oceur with mmature cells appearing in the blood stream. Severe butns,
mustard gas potsomng, and mercury possoning have hkewise produced this
type of reaction Heck sentions the recovery stage of permcious anemms
as occastomally showing a leukemaid reacuon with excessive lenkocytoss
and myelocytes in the peripherat blood stream The hemolyte snemuss, par-
viculady dunmg infaney, are apt to have an excepuonally high lenkacyte
count with many immature cells

Lymphocytic and monocytic reactions may alse simulate their respective
types of leul A monocytic resp of this magnitude 15 not common
bus has been observed sn patients with severe infection of the gums and
mouth, A leukemod reaction of the lymphocy tie type 15 frequent with -
fectious mononucleoss Krumbhaar has observed ymmature fymphoid cells

in the blood stream as a resulr of infections, and cxtr:m&l) high Iy mphocyte
counts have been d i whoopsng cough, ch pat, and osteo-
myelitis.
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persists after the other manifestations of the disease have subsided (see page
Joz).

A relative lymphoeytosis is far more common than an absolute increase,
being encountered in all cases in which there is a decrease in the number of
neutrophils.

MonocyTosis

Monocytes comprise from 5 to 1o per cent of the leukocytes under nor-
mal conditons, the average value being around § per cent, Alonocytasis
means an increase in the number of thése cells above their normal value,
bur such a reaction is not common and seldom reaches a high level.

Monocytes play an important role in the formation of tubercles in pul-
monary tuberculosis and by their phagocytic action aid in combating this
infection. They may be more numerous in the circulating blood when the
pulmonary lesion is active, but rathec than being a favorable sign, this
indicates activity and spreading infection, The ratio of monocytes to
tymphocytes in the blood stream is normally about 1:3 (M:L ratio). When
this ratio 1s altered durng pulmonary tuberculosis s6 as to mcrease the
number of monocytes in relation to the lymphocytes, it is an unfavorable
prognostic sign.

In a few other bactersal infections there may be a moderate monocytosis.
This occurs oc ly, but not ly, in undulanc fever, subscute
bacterial endocardutis, and typhoid fever. In addition to these bacterial in-
fections the monocytes are increased 1 number m other types of infec-
tion such as malana, kala-azar, and Rocky Mountaim spotted fever. There
may be a temporary rise in the monocyte count during the convalescent
period followmng acute infections.

Monocytosis may occur 10 those diseases in which there 15 2 generalized
Iymphadenopathy such as Hodghin's disease. In infectious mononucleosis
the lymphocytes are predommantly affected, but there is also a moderate
degree of monocytosis although 1t 15 overshadowed by che )ymphocytic

response.
Leukeswon Reictions

Leukemad reaction 1 the term apphed to those conditions m which there
15 a leskerme-lthe reactron of the white blood cells as a result of an mfec-
ther stimulus, Such a reaction may be granulocytc, lymphocytic,

nion or ©
tic depending upon the rype of cell im olved. The reactron may

of monocy:



Leutkocytosis and Leukopenia 75

also present, The principal offending substances are discussed under aplastic
anemia (Chapter X) and agranulocytosis {Chapter XIX). Chemicals and
drugs containing 2 henzene ning m their chemical structure are the chief
offenders but gold salts, arsenic, dmitrophenol, sulfonamides, barbitarates,
thiouracil, bismuth, and quinine have been incriminated. Leukopenia s one
of the common complications and contraindications for the continued use of
the sulfonamides and thiouracil,

Irradation by radium, roentgen rays, and radioactive chemicals commonly
depress the bone marrow although a selective effect on the Jeukocytes may
accur from relatively slight exposure.

The nitrogen mustards regularly produce a leuhopenia and this is one of
the complications which regulates the frequency of therr administration.

Leukopenia may be found in cachectic and debilitated patients and has
been noted in certam nutritional deficiencies such as sprue and pellagra.

Various blood dyscrasus present leukopenia as a part of their hematologic
picture. In both pernicious anemia and aplastic anemua it is an integral part
of the disease It is also found m aleukemic Jeukemia of the myelog
lymphocytic, or monocytic type and in some my elophthusic anemias in which
the hematopoictic bone marrow is crowded out by other ussues.

Banti’s syndrome and Felty’s syndrome have leukopenn as one of their
characteristic features, and in Hodghin's disease and lymphosarcoma it is
occasionally present. Primary splenic neutropeniz and panhematopenia are
discussed elsewhere (Chapter XIX). .

Diseases of the liver such as catarrhal jaundice and portal cirrhosis are

ly panied by leukop

Myxedema presents a mild leukopenia in some instances, as do Gaucher’s
disease and lupus erythematosus disseminatus

Agranulocytosis 15 a specific disease entury in which there is a marked
leukopenia of sudden onset with almost complete absence of neutrophils
from the blood stream It is discussed separately in Chapter XIX.
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Lrukorenia

Leukopenia, a reduction in the total leukocyte count below 5000, occurs
in 2 wide vaniety of conditions. The lowered count in practically all of these
conditions is due to a reduction in the number of neutrophils, which causes
2 neutropena and a relative Iymphocytosis, The reduction in the number of
cells may be brought about by: (1) a decreased rate of production or libera-
tion of the cells, (2) increased destruction of the cells, or (3) redistribution
of the cells within the vascular bed.

A decrease 1n the production of cells is the most common cause of leuko-
penia and is apparently the reason for the leukopenia which is enc: din
most types of infection, whether it be bacterial, virus, or protozoal in origin.
It also accounts for the leukopenia encountered in those conditions 11 which
the bone marrow is destroyed or replaced as in the myclophtlusxc anemias.

The question of a splenic hormone which regulates the activity of the bone
marrow has not been settled so that it 1s impossible to say whether or not such
a substance exists. There are instances, however, such as in primary splenic
neutropenia and panh opema, in which a leukopenia develops either as
a result of excessive destruction of the cells by an overactive spleen or because
of a disturbance of the regulatory mechanism of the spleen.

A redsstribution of the cells 1n the vascular bed may account for the leuho-
penia encountered in anaphylactoid shock and foreign protein reaction.

The bactenal infections which commonly produce a leukopenia are
typhoid, pamt_\'phmd, and undulant fever, but it is occasionally encoun-
tered with subacute bacterial endocarditis and infectious or atrophic arthri-
tis. Severe nfections with other org such as a p infec-
tion or miliary tuberculosss, will lly cause a I kop

Virus mfections which may cause leukopenia include influenza, measles,
rubella, psittacos:s, dengue, and German measles. Infectious mononucleosis
may also show a leukopenta early i the course of the disease, and the same
is true of smallpox.

Protozoal infestations in which leukopenia may be a feature are malaria,
relapsing fever, and kala-azar,

The leukopenis associated with these infections 15 usually mild, seldom
reaching extremely low levels, so that leukocyte counts of from 3o00 to
4000 are most frequently encountered. The cause of the leukopenra 35 prob-
ably a toxic inhibition of the leukoporeuc bone MAITowW.

Certain chemicals and drugs may cause leukopenia althongh most of these
resule 1 2 depression of all the hematopoietic elements of the bone marrow
rather than causing only 2 leukopenia, so that anemia and thrombopeniz are
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also present. The principal offendi 1 are d under aplastic
anemia {Chapter X) and ngrnn\l\oc\ tosis (Chapter XIX). Chemicals and
drugs containing a henzene ring in their chemical structure are the chief
offenders but gold salts, arsenic, dmnmpheno] sulfonamides, barbiturates,
thiouracil, bismuth, and qummc fave been mcriminated Leukopenia is one
of the common complications and contraindications for the continued use of
the sulfenamides and thiouracil.

Trradiation by radium, roentgen rays, and radioactive chemicals commonly
depress the bone marrow although a selective effect on the leukocytes may
occur from relatively slight exposure.

The nitrogen mustards regularly produce a leukopenia and this is one of
the complications which regulates the frequency of their administration,

Leukopenia may be found in cachectic and debilitated patients and has
been noted in certain nutritional deficiencies such as sprue and pellagra

Varjous blood dyscrasias present Jeukopena as a part of their hematologic
picture, In both permcious anemia and aplastic anemia it is an integral part
of the discase. It is also found 1n aleuk leukemia of the myelog
lymphocytic, or monocytic type and n some myelophthisic anemias in which
the hematoposetic bone marrow 15 cronded out by other tissues.

Banti's syndrome and Felty's syndrome have leukopenia as one of their
characteristic features, and in Hodglkm's disease and lymphosarcoma it is
occasionally present Primary splenic neutropema and panhematopenia are
discussed elsewhere (Chapter XIX).

Dnseases of the liver such as catarrhal jaundice and portal clrrhosls are

acc jed b \!

Myxedema Presents a mild leukopema 1m some instances, as do Gaucher’s
disease and lupus erythematosus disseminatus.

Agranulocytosts 1s a specific disease entity in which there is a marked
leukopenia of sudden onset with almost complete absence of neutrophils
from the blood stream, It 15 discussed separately in Chapter XIX.
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Chapter VII eesocssrsssrossovsossonesross

CLASSIFICATION AND GENERAL DISCUSSION
OF ANEMIA

’;z\ Am::m\ DENOTFS A REDUCTION IN TIE NUMBER OF FRYTHROCYTES OR ‘THE
amount of hemoglabin per unit volume of hlood/lt may result from a
great many causes and is accompanied by various changes in the appearance
of the erythrocytes. The common classifications of anemia are based either
on the structural changes in the erythrocytes or on the etiology and patho-
genesis of the disease. To be of value in 2 better understanding of the anemic
states a classification should be as simple as possible while still grouping to-
gether those anemus which are closely related Erythrocytes are highly
specialized cells which do not have the power of reproduction or regenera-
tion. After circulating in the blood stream for a relatively short tume, they
are removed and destroyed Any change in their number or mn their seruc-
tural charactensstics is brought about by lesions extrinsic to the cells. Re-
placement, regeneration, and removal of cells from the circulation are de-
pendent upon the hematoposetic tissues. Anemua is, therefore, only one
manifestation ot symptom of a disease whose primary location s in another
organ or structure. A simple diagnosis of “anemia™ is consequently incom-
plete, and although descriptive terms such as “hypochromic” and “hyper-
chromic” or “microcytic” and “macrocytic” give more detailed information
about this symptom, they do not complete the diagnosis

lassification based on the patt and etiology of the anemia seems
preferable to one which 1s purely descriptive, for by this means anemmas with
similar backgrounds and with swmlar therapeutic implications will be
grouped together In some anemis more than ene factor 1s responsible
far thew productinn, 3nd m sofme the cause 1 sull unknown. Although
gteat strides have been made in furthering our knowledge of the pathogenests
of anemuas, there are stll distinct gaps to be filled, and any classification
based on our present knowledge will be incomplete and subject to change.

797
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An etiologic classification s firmly established from a historical aspect
since the .early grouping of the anemizs into primary and secondary types
was on this basis. Primary anemias included those idiopathic forms in which
there was no recognizable cause. Secondary anemias were those which ac-
companied some obvious disease. The most promment member of the
primary group was pernicious anemia with its large and deeply staining
erythrocytes, and the term primary was eventually applied to all anemias
showing these structural characteristics. It thereby became a descriptive
term rather than etiologic. Secondary anemia underwent a similar change
in usage and it too came to be used as a descriptive term to indicate that the
erythrocytes were pale and Ightly staining. Although these terms are stll
used to some extent, it is far better to replace them with the more descrip-
tive terms hyperchromic and hypochromic.

The erythrocytes may vary in their number, size, and hemoglobin con-
tent. These variations may be found in all combinations. Normocythemia
implies a normal erythrocyte count, hypocythemia a decrease, and hyper-
cythemia an increase in the red cell count. Erythrocytes which are normal
in size are normocytic, when their size is decreased they are microcyuc, and
when it is increased they are macrocytic. When erythrocytes contain a

» normal amount of hemoglobin the cells are normochromic, when the amount

{ per cell is decreased they are hypochromic, and when it is increased they

{ are hyperchromic, These terms are used in various combinations in describ-
ing types of anemia. Hypochromic anemuas have 3'low color index and a '~

"~ low mean corpusculeg,hemoglobxn content, they are usually microcyuc.”
Hyperchromic anemias have a high color index and an increased mean cor-
puscular hemoglobin content and are usually macrocytic. The volume index
is low in microcytic anenuas and high in the macrocytic type. A classi-
fication based upon these structural characteristics does not give an ade-
quate grouping of the anemias with respect to their etiology and path-
ogenests, and only vague generalizations with respect to therapy can be
drawn.

The following classificatson is not presented as an ideal arrangement but
it appears to be the most logical and has proved useful in clarifying the sub-
ject of anemia in the minds of medical students Errors will become apparent
and rearrangements will be necessary as our knowledge of the pathogenesis
of the anemias is increased, The classification 15 based on the three funda-
mental causes of all anemias. (1) decreased production of erythrocytes or
hcmoglobin. (z) increased destruction of erythrocytes, and (3) loss of blood

by hemorrhage.
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CLasubeation ae Ancauds

1. Deereased Production of Exythracytes or Hemoglobin

A. Deficiency in the maturation factor
1. Pernicious anemia
1. Gastrointestinal fesions of certain types
3. Nutritional deficiencres~sproe and pellagra (some casest
Tron deficiency anemias
1, Chronic hemorrhage
2. 1diwpathic hypochromic anemia
3. Hypochromic anemia of pregnancy
4. Hypochromic anemia of ifants
5. Chlorosis
. Aplastic anemia

1. Idiopathic

%, Secomdary 1o toxins, ¢k s and radioacti 1
phthisic anen h |
1 Leuhemu
2. Done marow tumaors, pranaty oc meeaseatic
3. Qsteoscleross
4. Lipoid dyscraphics
L. Depression of bone mmarrow function
1. Hypothyroidism
2. Nephrits
3. Chrome mfectons
4 Laver disease
5 Banu's syndrome
Nutntiona! deficencres
1, Awvirzmmosss
2. Chronre darchea
3 Malautnuon

.
=

2]

wich h ducth

=

85, Txeessne Destracuion of Lrythrocytes
A Intnnsic
%o Familal and acquired bemolytre jeterus
2. Acute hemalytic anenua (ederer’s anemiay
3. Sackle celi anemn
4 Lrythrablastic anesua (Cooley's anerma)
5. Erytheoblastosis
6 Paroxysmal hemoglobmurra
B Ewansic
5 Drugs and chermcals
2 Infections
3 Amumal parastes 304 theer tovuns
01, Loss of Blood

A Acute hemarthage
B. Chromc hemorrhagic anemu

The primary function of erythrocytes and hemoglobun is the transporr.
g of oxygen from lungs to tsspes When the smount of circulating hemo-



78 Hematology

. An etiologic classification is firmly established from a historical aspect
since the early grouping of the anemias into primary and secondary types
was on this basis. Primary anemias included those idiopathic forms in which
there was no recognizable cause. Secondary anemias were those which ac-
co.mpanied some obvious disease. The most prominent member of the
primary group was pernicious anemia with its large and deeply staining
erythrocytes, and the term primary was eventually applied to all anemiss
showing these structural charactetistics. It thereby became a descriptive
term rather than etiologic. Secondary anemia underwent a similar change
in usage and it too came to be used as a descriptive term to indicate that the
erythrocytes were pale and lightly stzining. Although these terms are still
used to some extent, it is far better to replace them with the more descrip-
tive terms hyperchromic and hypochromic.

The erythrocytes may vary in their number, size, and hemoglobin con-
tent. These varjations may be found in all combinations. Normocythemia
implies a normal erythrocyte count, hypocythemia 2 decrease, and hyper-
cythenma an jncrease in the red cell count. Erythrocytes which are normal
in size are normocytic, when their size is decreased they are microcytic, and
when it is increased they are macrocytic, When erythrocytes coutain a
normal 2mount of hemoglobin the cells are normochrorhic, when the amount _
per_cell is decreased they are hypochromic, and when it is increased they
are fryperchromic. These terms are used in various combinations in describ-
ing types of anemia. Hypochromic anemias have a'low color index and a
low mean corpuscular_hemoglobin content; they are usually microcytic.”
Hyperchromic anemias have a high color index and an increased mean cor-
puscular hemoglobin content and are usually macrocyuc. The volume mdex
15 low in microcytic anemias and high in the macrocytic type. A classi-
ficatton based upon these structural characteristics does not give o ade-
quate grouping of the anemiss with respect to their etiology and path-
ogenesis, and only vague generalizations with respect to therapy can be
drawn.

The following classification is not presented as an ideal arrangement but
it appeats to be the most Jogical and has proved useful in clarifying the sub-
ject of anemia in the minds of medical students Errors will become apparent
and rearrangements will be necessary as our knowledge of the pathogenesis
of the anenuas is wcreased The classification is based on the three funda-
mental causes of all anemuas (1) decreased production of erythrocytes or
hemoglobin, (2) increased destruction of erythrocytes, and (3) loss of blood

by hemorrhage.

'4
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degree of cardiac dilatation, There is usually a systolic hemic murmur. A
venous hum may be heard in the cervical veins owing to the increased
velacity of blood flow.

A severe grade of anemia is frequently accompanied by pitting edema in
the subcutaneous tissues, usually noted in the dependent parts of the body.
This may er ly suggest a diagnosis of cardiac d pensation when
accompanied by sl’ngr(vnﬂf breath, rachycardia, and murmurs. The edema

may be due in part to myocardial weakness and loss of muscle tone as a
result of tissue anovia but 1t js also partly due to 3 lowered osmotic pressure
of the blood which results from changes in the plasma proteins, to alterations
1 the viscosity of the blood, or to increased capillary permeability.

When anemia develops in a patient with preexisting carduc disease, the
symptoms and mamfestations of the latter are accentuated. When patients
with selerosis of the coronary arteries become anemic, they not infrequently
develop angina of effort which, upon recovery from the anemis, disappears
In such cases the anoxia resulung from the low blood hemoglobin super-
mmposed on that due to the jmpaired coronary circulation 15 sufficient to
cause pain, whereas the vasculsr lesion alone was not severe enough to do so.
It is doubtful if anemia will cause angina of effort when the heart is other-
wise normal.

Cyanosis seldom appears in a severely anemic patient. This mamfestation
is brought about by a high* jon of reduced h lobin in the
blood, and when the amount of hemoglobin s decreased, there will seldom
be enough reduced hemoglobm per unit volume of blood to produce the
change in color. When cyanosis does appear mn an anemic patient, 1t is un-
usually significant since a nonanemmc patient under the same conditions
would have a far more intense degree of cyanosis

Changes in the electrocardiogram may p a severe grade of
anemia. These are not specific and are due to anoxia of the myocardium.
They consist of changes in the electrical axis of the heart, alterations
the contour of the T wave, and occasionally in prolongation of the P-R
interval. 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 1n 2 normal mdividual. Electrocardiographic changes of this type have

been observed 1 children 1n whom there was no sclerosis of the coronary
arenies and are undoubtedly due to anoxa of the myocardum resulting
from the anemia.

A trace of albumn mn the urine 15 commonly encountered with a severe
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globin is reduced, there is a corresponding reduction in the ovygen-
carrying power of the blood. The resultant anoxia of the organs and tissues
of the body Jeads directly or indirectly to many symptoms which ate com-
mon to all types of anemis. The severity of these symproms will vary not
only with the degree of anemia but also with the rapidity with which it
developed. A patient in whom an anemia has been developing over a period
of months will have fewer symptoms directly referable to it than will 2
patient with a comparable degree of anemia which has developed rapidly.
¢ Pallor is one of the characteristic features of anemia, but the presence of
" pallor does not necessarily mean that the patient has anemia, nor are il
anemic patients pale, Pallor may result from other causes such as peripherat
vasoconstriction, edema, or myxedema. On the other hand, an anemic patient
may have sufficient vasodilatation to mask the usual pallor of the skin.

Generalized muscular weakness with lassitude and fatigability 15 one of

the common symptoms of any anemia. In severe cases it miay progress 10
such a point that the extreme weakness and faintness on exertion will con-
fine the patient to bed.
4 Symproms referable to the gastrointestinal tract are frequently present
znd may consist of anorexia, nausea, constipation, or gaseous distention
These are due to the general Joss of muscle rone in the intestinal trace as 2
resulr of the anoxia, It is essential, however, that a careful search be made
for an underlying Jesion 1 the gastromntestinal tract which might account
not only for these symptoms but for the anemia as well.

As a result of the diminished oxygen-carrying power of the blood there
is 3 compensatory mcrease m cardiac output and in the velocity of blood
flow. These changes are directly proportional to the degree of reduction
in the blood hemogiobin. They are acc ied by an increased heart rate
which, in severe grades of anemia or when the compensatory mechanism
is brought into action suddenly, produces many subjective manifestations

+ With moderate grades of anemia there is palpitznion, tachycardia, and mild
_sl;)rmcss of breath on exertion. The blood pressure may be slightly low ered,
but the pulse pressure is high so thar a t!lrobbmg sensation may be noticed
by the patient. The blood 15 carrying sufficient oxygen in most cases of
severe anemia to adequately supply the tissues when the patient Is at rest,
but exertion mereases the demand for oxvgen to such an extent that it can-
ot be fulfilled and dyspoea becomes evident. It 1s a bad omen when the
anemia is so severe that air hunger appears whife the patient is at sese, This
is usually an indication for immediate blood tramfuston, E'x:'xminntmn reveals
an increased hesrt rate, as well as evidences of overscrivity, and a slight
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PERNICIOUS ANEMIA AND RELATED MACROCYTIC
ANEMIAS

PERMCIOUS ANEMIA—ADDISON'S ANEMIA, BIERMER'S ANEMIA,
ApDisoN1aN PERNICIOUS ANEMIA

Prrscrons ssewnts » NMACROCKTIC 513 PEFCHROMIC ANEMIA WHICH 1S BUE
1o 2 deficiency of the erythrocyte matnration factor, a substance necessary
for the growth and development of erythrocy tes. The discase occurs only
in adults and is charactenzed b) r:nussmm,“nch!mh,) drl:s,~)‘1\xld jaundice,
and evidences of sclerosis of the cemral nesvous system.

Pernicious anerma was first described by Addison in 1839, 2nd the name
Addison’s anemiz was suggested by Biermer in 1872 when he described the
condition as a “progressive permicions anemia.” A great deal has been wric-
ten about the disease in che mtervening years, particolarly concerning the
pathologic changes and theories as to 1ts cause. Progress toward a complete
understanding of the disease was slow until the effect of diet on anenuz was
smdied by Whipple and his co-workers, and Minot and Murphy (19:6)
found that the ngestion of hiver was 3 speaific remedy for this type of
anerma. Subsequent investigations, particularly the work of Castle and Ius
associates and the more recent v an folic (pteroylgt ic) acd,
bhave clanfied and revised our 1deas on the pathogenesis of pernicious anemia.

Incidence

Pernicious anemia 15 one of the most common vaneties of stvere anemia.
In the Untersity of lowa Haspitals it accounted for 320 out of 2 total of
26,240 admussions to the medical service during a sixteen-year period, It is
common in northern Europe and America. Ia Ontario, Canada, there were
15 Cases per 100,000 population, and an even hgher incidence has been re-
ported from some European countries. It 15 seldom encountered in tropical

83
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grade of anemia, and there may be some diminution in the ability of the
kidneys to concentrate urine. In a patient whose Lidneys are already dam-
aged and nearing the verge of renal insufficiency, the appearance of anemia
may be sufficient to reduce the renal function to the peint at which retention
of nitrogen waste products develops. Restoration of the hemoglobin to its
normal level may result in a return of sufficient renal function so that the
blood mtrogen drops to normal.

Cerebral manifestations are of frequent occurrence jn severe anemia. A
feeling of faintness on exertion or on change of position is 2 Comrion symp-
tom. [:Ieadache, vertiga, inability to concentrate, and épnims are also cogm-
mon complaints. Visual disturbances such as blurring of vision and spots
before the eyes are not infrequent.

Anemia, with its accompanying train of symptoms, may complicate 2
greac many diseases. When these manifestations become engrafted upon
those of the pmary sliness, a complicated clinical picture may result, In
some conditions, such as carcinoma of the stomach or ascending colon, many
of the predominant symptoms are due to the associated anemia rather than
to the primary discase.
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minstered to the patient. When beef muscle is similarly treated with gas-
wic juice obtained from a patient with pernicious anemia, the resultant
product is not effective. It appears, therefore, that some constituent of nor-
mal gastric secretion is absent from the gastric secretien of patients with
pernicious anemia, and its absence interferes with normal blood formation.
This gastric (intrinsic) factor interacts with some consttuent of food
(:\mnsnc factor) to Egucc the active principle (mzmmuon or anti-
anemic factor) whichis stored in the iver, This substance eR’ccuv:lv n-
 blood formation in pernicious anemia and regulates hem:xtopm:s:s
in the normal person. Pernicious anemia and the allied macrocytic anemiss
may conceivably develop from a Jack of either the intrinsic or the evennsic
factor or from poor absorption or abnormal metabolism of the maturation
factar, Since the maturation factor is stored in the hiver, the administration
of fiver or a properly prepared liver fraction to patients with perncious
anemia corrects the deficiency and hematopoiesis proceeds normally,

‘The intrinsic factor has not been identified, but 11 35 not one of the recog-
nizable constitnents of gastric jwce, ie, hydrochloric acid, pepstn, rennin,
o Yipase. The extrinsic factar is present in 2 large number of substances -
cluding beef muscle, aurolyzed yeast, hiver, eggs, and whear germ. It has
not been isolated or identified. It contans, ar 15 closely allied to, the vita-
min B complex although they are not identical. The active principle which
is present 3 hiver and fiver exuract hos ot been identified slthough by
purification and fractionation it can be highly concentrated in a solution free
of protein and with a very low solid content. This factor can be demon-
strated jn normal human liver but is not present in the liver of a patient
dving of untreated permcions anemia.

The recent 4 ions of the latory effect of folic (preroylglu-
tamic) acid on erythropoiesis pronuse to shed more hght in ths field. ft has
been shown that this substance, in the conjugated form 1 which it occurs in
foods, 15 either not as well absorbed or not as well utilized in patients with
permcions anemaa as m the normal mdi 1dual, Present evidence suggests that
this lack of preroyiglutamic acyd or 3 closely relared substance plays an im-
portant role 1n the euology of pernicious and refated macrocyuc anemiss.
Subsequent investiganons 1 this field may unfold the mystery of their
euology.

The mhented features m this disease are achyha gastrica and an absence
of the mtnnmc factor. The achlothydrma 1s obviausly not the exsentiat factor
since all cases of achlorhydna do not develop pernicions anemia,

Te has bieen noted that the bone marrow in patients with pernicious anemu
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countries. It seems to occur with about equal frequency in the two sexes
although sonie reports indicate a slightly higher incidence in males, Seldom
if ever does it occur in full-blooded Negroes. It is a disease of adule life,
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 it is not infrequent
1n patients above this age, it is doubtful if true Addisontan pernicious anenua
ever occurs 1n children,

There are definite familial and hereditary tendencies in pernicious anemn
and there is an interrelationship between it and familial achlorhydria, About
20 per cent of patients with pernicious anemia will be found to have close
relatives similarly affected. Wilkinson and Brockbank were able to collect
from the literature a total of 139 famibes in which 2 or more members had
the disease and 59 families in which pernicious anemia and achylia gastricz
(achlorhydrsa plus an absence of pepic activity of the gastnic juice) were
present. On examining 291 relatives of patients with pernicious anemia they
found 70 persons (24.1 per cent) with achlorhydria, Familial achlorhydria
appears early in life as was shown by the fact that of 4 children of a facher
with permcious anemra there were 3 with achlorhydria whose ages were 10,
6, and 4 years respectively. ft has also been noted that idiopathic hypo-
chromic anemia occurs frequently mn those families in which pernicious
anemia and achlorhydria are common,

Etiology

The older theories that have been advanced to explain the cause of per-
nicious anenua have been excellently summarized by Cornell. The frequency
with which achlorhydnia accompanied pernicious anemia was noted soon
after the disease was recognized, and 1t was beheved thar this, ecither 1n self
or through 1ts action on protem metabolism or by its effect on the mtestinal
flora, mught be the etiologic factor Minot and Murphy’s discovery that the
ingestion of liver was effective 1n the treatment of pernicious anemia re-
vived the theory that 1t was a deficiency disease and led to further inves-
tigation along this Iine Castle and hus assocates firmly established the rela-
tionship between the abnormal gastric secretion and pernicious anemia, and
it 15 upon the results of their mnvestugations that the present concept of the
disease is based. They found that when the gastric sccretion from a normal
person is given to 2 patient with permicious anemsa, 1t produces no beneficial
results, nor is benefit derived from the admnistration of beef muscle alone.
However, a rapid regeneration of hemoglobin and erythrocytes ensues w hen
beef muscle is incubated with normal gastric juice and the mixture 15 ad-
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cells avershadow the more mature normoblasts and erythrocy zcs. Fat cells

are comp d and § The prepond of Ied
to the concept that the lmnc marrow in pernicious anemia had reverted to
an embryome 1y pe of cell develop This interpretation is questioned by

athers wha believe that the megaloblast, instead of being sn sbnormal or em-
Lryonic type of cell appearing only in this type of anemis, is really an early
stage in the normal maturation of the erythrocyte. The preponderance of
megaloblasts s believed to represent an arrest in their development at this
particular stage. The degree of hyperplasia and the relative frequency of
various itmmature forms of erythrocytes will vary in the marrow of different
bones so that the peripheral blood picture cannot be correlated with the
pathologic picture in any ote bone The number of fenkocytes found in the
marrow is variable, but leukocytes are present in greater numbers than would
be expected from the degree of lenkopenia which is present in the peripheral
blaod. Ie 15 doubtful if there 1s a fund; t defect in the feuhoblastic tissues.
The megakaryocytes are decreased in number,

The m?g:\!oﬁlasnc hyperplasia of the bone marrow as described sbove is
found during a relapse in the clinical manifestations, at 3 ome when the red
cell count is at 115 Jowest and when one might ressonably expeet to find
evidences of bone marrow inactivity rather than hyperplasia. Peabody has
demonstrated by repeated marrow biopsies, at vanous stages of the illness
in the same patiens, that the hyperplasia lessens as the peripheral blood count
rises and that the marrow returns to an essentially normal condition during
a chmeal remission. The excessive number of megaloblasts in the marrow
decreases 2s the patient improves, and these cells are replaced by more ma-
tute normoblasts and erythrocytes as a normal and ordetly erythrocytic
regencration 15 resumed. The amount of fat tissue in the marrow increases
as the red marrow recedes to its normal humits.

These successive alterations in the bone marrow agree with the present
concepe of the pathogenesss of pernicious anemia, which presumes that there

_is 2 maturation arrest of the erythrocytes ac the megaloblastic stage with the
cells developing o this point but no farther, Since they do not mature, they
ate not liberated mto the blood stream, and quently an anemia d lops.
“The bone marrow b ded with the cells, and the
hematopoicuc marrow extends beyond its narmal himits. When the de-
ﬁuency of the maturation factor 1§ corrected or when a spontaneous renus-
sion oceurs, the cells progress to their adult forms, which are liberated mto
the blood stream. The hyperplasia decreases and the red macraw recedes
1o its normal volume as the anema unproves.
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is hyperplastic during the height of the anemia but becomes less cellular
during a remission. It 1s now believed that the growth and maturation of the
erythrocytes are stopped at an immature megaloblastic stage because of a lack
of the maturation factor which is necessary for their continued development.
Maturation is resumed when this factor is supplied in the form of liver or
liver extract. The erythrocytes then develop to maturity and are delivered
to the blood stream. The cellularity of the bone marrow decreases as a
result of the iberation of mature cells. The maruration factor appears to
affect the erythrocytes at the megaloblastic stage of therr development but
has little or no effect at the slightly more mature stage of the normoblast.

Hyperbilirubinemia with a mild grade of jaundtce is present during a re-
lapse of pernicious anemia, and the cause of the disease was previously con-
sidered to be an excessive destruction of erythrocytes. One explanation for
the jaundice 1s that erythrocytes are not being formed as rapidly as is nor-
mal and the pigments liberated by the normal erythrocytic destruction are
not reutilized. As a consequence these pigments were thought to accumulate
mn the blood stream and produce jaundice. An excessive hemolysis of erythro-
cytes can be demonstrated in pernicious anemia, however, by the increase
mn the urobilinogen excretion in the feces, This does not appear to be the
primary factor in the production of the disease although the excessive
hemolysis and excessive excretion of pigment promptly cease with the onset
of an induced remission.

Pathology

Although the fundamental cause of pernicious anemta 1s located elsewhere,
the most striking histologic changes are to be found in the bone marrow.
Alrerations i the structure of the marrow were noted by Pepper in 1875,
and Cohnheim (1876) noticed that the red marrow extended into the shafts
of the long bones. The bone marrow alterations were not fully understood
until the fundamental information on the production of the erythrocytes
was obrained by Sabin and Doan, the bone marrow changes were cor-
related with the stage of the discase by Peabody, and the definite deficiency
basis for the disease was established by Minot and Castle. Gross examination
during a relapse shows the red or hematoporetic marrow to have extended
beyond its normal limits and to have invaded that portion of the bone nor-
mally n}c}xpicd by yellow or fatty marrow. Microscopic examination reveals
hat the red marrow is hyperplastic and shows o marked mcrease in cel-
talaricy. T‘}E‘ﬁyﬁﬁ-’f)ﬁsﬁ is ¢haracterized by the presence of great numbers

“of jmmature erythrocytes in the megaloblastic stage of develop These
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jncreasing indispostcion to exertion, with on uncomforrable feching of faintness of breath-
Iessness on sttempting it, the heart is realy made to palpitate, the whole surface of the
body presents 2 blanched, smoath, aad wayy appearance; the Yips, gums, and tongoe seem
bloadless, the flabbiness of the muscle§ fncreases, the appettte fails, extreme Janguor and
fantmess sup breatk and palpitation bemg produced by the most trsfling
exertion ot emotion, same shght oedema s probably perceived about the ankles; the
debiliry becomes evtreme. The patient can no longer rise from his bed, the mind occa-
sionally wanders, he falls tata & prostratc and half-torpid stage, and at length expires
Nevertheless, to the sery last, and after g sickness of, perhaps, severst months” doration,
the bulkiness of the general frame and the obesity ofren present 3 most striking coattast
1o the failure and exhaustion observable i esery other zespect.

The onset of the disease may be manifested by symptoms referable 1o
the anemia irself, xhc{mrdiomscu‘ar system, the gastrointestinal tract, or the
nervous system, Thémost frequent mode of onses is characterized by in:
ereasing pallor, weakness, fatigability, and lassivade. These progress to the
point at which it is difficult or impossible for the patient to pursue his
aceustomed activittes. The onset is usually so gradual that the patient becomes
accustomed to the wezkness and fatigue and, since compensatory measures
developed by the cardiovascular system partially offset the effect of the
lowered axygen-carrying power of the blood, a severe grade of anemua is
well tolerated. The patient 15 able to continue with activities which would
be impossible if a sirmlar degree of anemia had developed rapidly, and the
erythrocyte count is usually very Jow by the time the symptoms become
severe enough to bring him to a physician, The weak and lassitude are

i pamied by fai dizzsness, and tnnitus These symp-
toms may progress for several weeks ot months and then undergo spon-
taneous smprovement. A fustory of one or more preceding episodes is fre-
quentfy obtained at the time of the patient’s first exmmmnaton.

Cardiovascular symptoms such a5 occur with any severe anemia will be
present when the ovygen-carrymg power of the blood ss sufficiently reduced
by the lowenng of the bload hemoglobm, Thus results in shortness of breath
on exertion, which becomes progressively worse as the severity of the snemia
increases Palpirasion and dyspnea first oceur only with exertion bue may
progress until they are present even when the patient 15 ot yest. Air hunger
while the patient 1 ¢ rest 15 2 parncufarly ominous sign, ynmediate Glood

is usually indicated. The d velocity of bload flow which
occurs a3 2 compensatory measure for the decreased axy gen-tarrying power
of the blood 15 fested by palpi a throbb in the head,

¥ o
and frequently a venous hum which is audible over the farge cervical veins.
The area of cardiac dullness 15 increased as 2 result of dilacstron, and 2 sys-
tolic murmur of hemic origin is usually present at the apex or along the loft
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The rfxucous(mcmbmne of the tongue is atrophic and the papillae are_ab-
sent. The atrophy may extend into the esophagus. A similar atrophic process
involves all layers of the stomach wall, only the surface epithelium remain-
ing mtact. The process is largely confined to the upper two thirds of the
stomach, the pyloric region being almost uninvolved. The lver is usually
slightly enlarged and shows fatty degeneration, foct of ‘necrosis, and some
periportal infiltration. Deposits of hemosiderin are promi peciall
about the periphery of the lobules. The Kupfler cells have been found to
be hypertrophied in untreated patients dying during a relapse. The spleen
is frequently enlarged and contains deposits of hemosiderm as well as foct
of extr v h fesis, There is a moderate amount of sclerosis,
evidences of phagocytic activity are present, and the pulp contams many
fragmented erythrocytes. The heart is dilated, pale, and flabby and shows
fatty degeneration No renal lesions of consequence have been observed al-
though there may be some fatty degeneration and deposits of hemosiderin
The subcutancous fat tissue is well preserved and is deep yellow in color.

‘There were lestons 1n the spinal cord in about 6o per cent of the autopsied
patients, The characteristic leston is subacute combined sclerosis, This is 2
diffuse, symmetrical degeneration involving pumarily 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 neerosts in the white matter. These enlarge
and fuse together to produce more extensive damage. There 15 an early
demyelinanion of the nerve fibers. Areas of degeneration interrupt the tracts,
and secondary ascending degeneration results. These Iestons first appear in
the posterior columns but later extend to the lateral columns. Simular de-
generative areas may appear in the bran. Peripheral nerves are more fre-
quently involved than ss generally belteved, and sections of these commonly
show degenerative changes.

vl

Clinical Features

Pernicious ancmia is a chrenic relapsing disease in which the mode of
onset, symptoms, and course may be extremely variable. Typical cases arc
not being observed throughout therr entre course since the advent of
specific therapy, and Addison’s deseniption, written in 1855, will bear
repetition.

It made 1ts approach 1n 5o slow and nsidious a manner that che patsent 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 geners! frame flabby
rather than wasted, the pulse, perhaps large, but remarkably soft and compressible, and
occasionally with a shight jeck, especially under the slightest excitement, there 1s an
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had no soreness whatsoey er, Atrophy of the tongue may occasionally occar
in other types of anemia, particulatly in idiopathic hypochromic anemis.

Numbness and tingling of the hands and feet is a frequent manifestation
of pernicious anemia, It occurs in about 9o per cent of the patients and is
the symptom of onset in 2§ per cent, This subjective manifestation may or
may not be associated with objective evidences of spinal cord involvement.
The neural symptoms may be fimited to slight symmetrical numbness and
tingling or may progress to 2 stage of clumsiness, ataxia, and inability to use
the hands for fine or coordinated work. When the lower extremities are
involved, an ataxic gaic develops which may be first manifested by inability
of the patient to walk i the dark. This may progress to the point ar which
there I difficulty m walking at all dimes. The sense of pasition--kinesthesia—~
is lost when the posterior columns of the spinal cord are involved, and the
difficalty in watking is first noticed in the dark because the visual sense is
then unable to aid in properly placing the feet. The same mechanism causes
the patient to “lose his feer m Led™; he is unable to tell where they are or
to paint to them when they are not visible, The neural involvement may
progress uned the patient 1 incapacitated and wnable 1o care for himself and
fas lose control of the sphincters of the bladder and bowel.

Neurologic exammnation will reveal signs of involvement of the posterior
or lateral columns of the spinal cord or 2 combination of these tracts. When
the posterior columns are involved, there is ataxia, loss of vibratory scase
{pallanesthesia), loss of the sense of position of the extremities and of two-
pont discrimination, absent or dinunished deep tendon reflexes, and hypo-
_Egm‘m‘cy of the muscles. WVith lateraf column involvement, which is less com-
ma, there is spasticity of the muscles with hyperactive reflexes and evidences
of an upper motor neurone lesian. Extensive mvolvement of the posterior
columns may lead to a “spinal cord bladder” m addition to Joss of control of
the rectal and bladder sphuncters This represents one of the most senons com-
pheations of che disease since st ultumately feads to an ascending unnary tract
wfection, today one af the mast common causes of death in patients with per-
nictous anemiz, Peripherat polyneuritis occurs with great frequency, bur 1ts
manifestations are usually overshadowed by the evidences of spinal cord -
volvement,

Psychic distarbances often occur. They are first apparent as minor per-
sonahity changes, with restlessness and irritability predomsnating, bur may
progress ta deliciurm, canfusion, and hallucinations. Mentat changes disappear
during 2 50 that an 2§ bl and dsfficult patent may
become a most pleasant and agreeable one as the blood covnt mncreases,
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margin of the sternum. The pulse rate is increased. The blood pressure is
slightly lowered in some p;;ients, and the pulse wave is soft and easily com-
pressible although a quick thrust and a poorly sustaned wave are occa-
sionally found when the peripheral resistance is fow.

Gastrointestinal manifestations are common, representing the symptoms
of onset in about 30 per cent of the patients. A history of prolonged dyspepsia
is frequently obtained and may antedate the onset of the anemia by years
Many of these symptoms are ateributable to the achlorhydria. The nature
of the complaints varies, but indigestion, vague and ill defined abdominal
distress, 3’)255’-?' nausea, and vomiting are particularly common. Gaseous
distention 1s frequent; at imes there may be pain of a type suggesting pep-
tic ulcer. Recurrent attacks of diarrhea, usually mild, occur in about half
of the patients at some time jn the course of their jllness. These too have been
attributed to the achlorhydria, but 1t is doubtful if this is entirely responsible
since the diarrhea ceases when the blood has been restored to normal even
though the achlorhydria persists. Cholelithiasis and cholecystitis are un-
usually frequent in patients with pernicious anemia. The onset of the chole-
cystic discase usually precedes the anemua. Ateacks of acute upper abdominal
pain may occur withour recognizable gallstones or gallbladder disease.
These resemble the episodes of pain d in patients with hemolytic
anemja during a hemolytic crsis but are usually less severe. The attacks have
occasionally led to unwarranted laparotomy.

Soreness of the tongue occurs at some stage of the illness in over half of
the patients. It is more frequent daring a relapse when the anemia is severe
but may appear during a remission. It 15 the first symptom of the disease
in some patients There may be a burning sensation of the tongue or a feel-
ing of rawness which is aggravated by hot or highly scasoned foods. Only
the up and edges of the tongue or the entire buccal cavity may be mvolved.
The tongue may become red and inflamed and show superficial ulcerations,
but in other instances the burning sensation is present with no evidence of
inflammation. After persisting for a few days or several weeks the soreness
subsides only to reappear after a variable period of ime A simular burning
sensation may be present in the rectum but ths is less common.

Atrophy of the mucosa of the tongue 1s one of the common features
of permiciods anemia. It is first evident at the tip and along the edges b}lt
Jater spreads to involve the entire dorsal surface. The papillae are ntrl’Jp].uc,
the mucosa is thin, shiny, and unceated so that a glazed appearance is im-
parti o the entire surface of the tongue Thus atrophy 15 not dcpendcr'u

upon recurrent attacks of glossis but may be present in patients w ho have
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appears from eight to ten years later. Its association with arteriosclerosis of
the coronary arteries is of particular interest since angina of effort may occur
during 2 relapse of the anemia but be entirely absent after the blood count
has returned to normal. The electrocardiographic alterations are primarily
those of coronary artery disease, but minor alterations caused by the anemia
may be superimposed.

Impairment of renal function, indicated by 2 lowering and a fixation of
the specific gravity of the urine, may result from a severe grade of anemia.
When this is superimposed on a deficient tenal blood flow due to arterio-
sclerotic changes, morc serious evidences of renal insufficiency may follow.
We have observed patients who developed nirrogen retention during a re-
lapse of their pernicious anemia but whose blood nitrogen returned to normal
when the anemia was brought under control, Small amounts of albumin to-
gether with hyaline and granular casts may appear in the urine as a result
of the anemia. There may be a slight or moderate degree of peripheral edema
as a result of changes in capillary permeability, the plasma proteins, or the
altered viscosity of the blood. Water retention may occur with the onset of
an induced remission so that edema appears at 2 time when the patient’s
general condition is rapidly improving.

Laboratory Features

Although the hematologic features of pernicious anemia are characteristic,
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; venfication depends on the other
findings.

The anemia is usually quite severe by the time the subjective mamfesta-
tions have forced the patient to consult a physician so that an initial erythro-
_Cyte count of 2,500,000 or less 1s commonly encountered Much lower values
are found in many patients Counts in the nexghborhood of 1,000,000 are not
at all infrequent and occasionally may drap to 500,000 or less The reduc-
tion 1n the red cell count is propurtionatel) greater than is the reduction
ln the hemoglobin level so that a positive color index, frequen(lv 1.5 or
over, 15 one of the most charactenstic features of the disease. Tr mdicates that
the average hemoglobin content of the individual erythrocyte is greater than
normal, a hyperchromic type of anerma The reduction in the number of
erythrocytes is also proportionately greater than is the reduction in the
hematocrit—the volume of packed red blood cells per hundred cubic cen~
timeters of blood -so that the volume index 15 increased, averaging about 1 4.
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There is usually some loss of weight, but in spite of this the patients ap-
pear remarkably well preserved. A “lemon yellow” color is commonly pres-
ent and is due to pallor combined with mild icterus. The scleras are slightly
icteric rather than pearly white. A low grade irregular fever is often noted
during a relapse but subsides soon after the anemia begins to improve. Small
ecchymotic areas may be seen 1n the skin, and the patient may have bruised
easily over a period of many months or years. Petechize in the skin and
conjunctiva may occur but are not particularly common. Small retinal hemor-
rhages are frequent in any severe anemia but are more frequent in pernicious
than in other anemias of comparable severity except aplastic anemia and those
complicated by thrombopenic purpura. A slight yellowish discoloration of
the nerve head may also be noted on examination of the fundi. Vatligo, ir-
regular areas of depigmentation of the skin, is found in about 4o per cent
of the patients with pernictous anemia, but the connection between these
diseases is obscure as anemia, achlothydria, and a family history of pesnicious
anemia are not found in patients with simple vitligo, Areas of excessive pig-
mentation or of gencralized pigmentation of the skin suggestive of Addr-
son’s disease may be encountered.

Gastroscopic examination reveals 2 picture of atrophic gastritis with 2
thin, pale mucosa in which the deep vessels are visualized with unusual clar-
ity. This may be diffuse and generalized or patchy and associated with areas
of superficial gastritis.

The spleen is enlarged in about 40 per cent of the patients, but the en-
largement is never excessive, the organ seldom extending more than 2 or 3 cm.
below the costal margin. The Jiver may be slightly enlarged. Both the

pl ly and hepat ly disappear with adequate therapy. There
is no lymphadenopathy.

Since pernicious anemia is predominantly 1 disease of late adult Iife, it is
not surprising to find it associated with other diseases which are common
at this age. It has been found in association with diabetes mellitus, toxic
adenoma of the thyroid, myxedema, carcinoma of the stomach, and other
malignant growths. The frequency of the coexistence of pernicious anem
and gastric carcinoma in the same patient has been repeatedly emphasized and
although the incidence varies greatly mn the different reports it appears that
about 8 to 10 per cent of patents with pernicious anemia develop gastric
carcinoma. It has also been found that gastric polyps occur in about 6 per
cent of the patients The frequency with w hich these gnsrfic lcsifms c.ompli-
cate permcious anemia suggests that there 1s some unrecognized ctiologic rela-
rnicious anemia develops first and the complicating gastric lesion

tionship. Pe
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which appear rather decply stained and have lost their central pale ares be-
cause of their increased thickness. These vatiations in the size of the cells
are best demonstrated by Price-Jones curves (Fig. 13), which poreray
graphically the percentage distribution of cells of different diameters, Such
curves have a broad base, indicative of the wide variations between the very
farge and very small cells, and a peak which shows that a majority of the
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F:micmus anemia Above are normal erythrocytes. Below are two examples of cells

tom patients with permicious anemia showing macrocytosis and vartions m the size and
shape of the cells

cells are at Ity large with d ranging from §.5 to 9 § microns.
Irregular and bizarre forms of erythrocytes—poikilocytosis—are encoun-
tered with greav frequency.

A majonty of the erythrocytes are deeply stained In contrast to these
hyperchromic cells are some which are hghtly stained so that there 1 a
great variation not only 1n the size and shape of the cells buc in their stanng

reaction as well, Polychr phitic erythrocytes are found,
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This indicates that the average volume of the individual erythrocyte is
greater than normal, chnracrerizing the anemia as macrocyu'c 1 type. More
detailed studies confirm the hyperchromia and mac_rgc}?os'\s, the mean cor-
puscular hemoglobin content being increased as well as the mean corpuscular
}'olume. The greater amount of hemoglobin per cell parallels the increase
in the size of the cell so that the mean corpuscular hemoglobin concentration
remains about normal.

Erythrocytes of various sizes, shapes, and staining reactions are found on
the blood smear, but macrocytes predominate These are Jarge cells, round

Fic. 11 Bas-relief photomicrograph of normal erythrocytes compared to those from a
patient with pernicious anemia. Normal cells are on'the left On the righs are cells from a
case dof pernicious anemiz showing the greater size and thichness of the erythrocytes m
this discase

or oval in shape and deeply stamned because of their mcreased thickness
(Fig. t1). They may be 12 to 14 microns in dameter whereas the average
normal red cell 15 7.5 microns Macrocytes are present in great numbers dur-
ing a relapse and may comprise 30 or more per cent of the erythrocytes scen
on the blood smear In contrast to the macrocytes are many small cells—
microcytes—whose diameter may be no more than 4 or 5 microns. They
are less numerous than the large cells, but the contrast betw cen the very
large and the very small cells (anisocytosis) 1s striking and is typical of
pernicious anemia (Fig 12). Between these extremes there are large num-
bers of erythrocytes of normal or only shghtly increased dameter, many of



Pernicious Aneniia and Related Macrocytic Anemias 97

are usually within normal limits although there may be a poor clot re-
tractilicy, Only in exceptional cases will the thrombopenia be associated
with the other lsboratory and clinical features of thrombopenic purpura.

There is an increased bilirubinemia, because of which the blood plasma
is deep yellow in color, the icterus index is increased, and a positive indirect
van den Bergh reaction is obtained. This is accompanied by an increased
excretion of urobilinogen in the feces and, in some cases, in the urine. Bile
pigments are present in the feces but not in the urine. There is a reduction in
the total blood volume.

The blood picture during a remission s different from that seen during
a relapse. With the onset of a remission there is 2 rapid increase in the num-
ber of reticulocytes follow ed by 2 rise in the red cell count and hemoglobin
level. Reticulocy tes are larger than normal erythrocytes so that during the
time they are present in increased numbers the volume index and the mean
corpuscular volume remain high. After the reticulocyte response has sub-
sided, the evidences of increased cell volume decrease and macrocy tes dis-
appear from the blood stream. The hemoglobin level and the erythrocyte
count are normal during a complete remission, and there is nothing de-
tectable on the blood smear to indicate an abnormality of the hematopoietic
system. The leukocyte count increases, and shghtly immature cells may be
found in the blood stream for a short time at the onset of 2 remission. Thete
may be 1 transient eosinophilia. A sharp fall in the fecal excretion of uro-
bilinogen occurs as the erythrocyte count rises. The jaundice subsides.

Achlorhydria is 2 constant feature of pernicious anemis; the number of
authentic cases in which free hydrochloric acid has been found in the gastric
contents is so small a5 to be almost negligible. The admumnistration of hista-
mine acid phosphate does not stimulate the secretion of hydrochloric acid in
patients with permicious anemia. Not only do they have achlorhydria but the
total secretory activity of the stomach is decreased, and the volume of gas-
tric secretion is smail Achlorhydna has been shown to antedate the anemia
by many vears and to persist in spite of adequate treatment with a com-
plete chnical and hematologic remission.

The basal metabolic rate is moderately elevated during a relapse but returns
to normal during a remission. The uric acid content of the blood serum may
be low during a relapse but increases to normal as the anemia subsides.

The bone marrow, as found on sternal aspiration, presents fearures which
are extremely charactenstic. The most striking feature is the hypcrcellul:mw
of the marrow with a predominance of mc":llobhsts Cells of the erythrocytic
series comprise a much higher proportion of the nucleated cells encountered
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especially at the onset of a remission. These are slightly immature cells hav-

ing a diffuse blussh cast of the cytoplasm. Howell-Jolly bodies, Cabor's rings,

and small bits of chromatin material are sometimes found within the erythro-
cytes. Normoblasts are seldom encountered during 2 relapse although they
may occasionally appear in large numbers for a short rime. Megaloblasts are
found infrequently although both these and normoblasts may appear at
the onset of 2 remission. The resistance of the erythrocytes to hyporonic
saline solutions is normal or slightly increased.

PRICE -JONES CURVE
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Fi6. 13. The broad base of the Price-Joncs curve mn pernicious anemia shows the vara-
tion in the size of the cells. There are a few very small erythrocytes and a few extremely
farge cells having a dismetes of 11 microns or more The location of the peak of the

curve shows that the grearest number of the erythrocytes have a diameter of 85 1095
mucrens as compared to the cugve mn norma) blood, m which the greatest number of cells

have a diameter of about 7 microns.
A moderate reduction mn the Jeukocyte count is characteristic of per-
nicious anemia, but this leukopenia is not extreme. The leukocyte count is
usually 1n the neighborhood of 3000 to 5000. The lowering of the total white
cell count 1s due to a reduction 1n the number of granulocytes, A relative
Iymphocytosis results, therefore, the neutrophils averaging 48 per cent and
the lymphocytes 45 per cent of the toral leukocyte count. There is 2 nuclc{nr
“shift to the right” in the neutrophils so that nuclei with four, five, or six
lobules are more numerous than normal Extremely large neutrophils with
multilobulared nuclei having eight or nine lobules are occasionally encoun-

tered (see Fig. 6, p. 34)- .
The reduction in the number of blood platelets 15 proportionate to the
severity of the anemiz. The bleeding tume and coagulation time of the blood
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essential dagnostic features and still is not adequate to produce a complete
Temission.

If proper consideration is given to the following featuses of pernicious
anemia, the diagnosis will rarely be in error:

From the history: (1) Remissions. A majority of the patients will have
noticed one or more episodes of weakness, pallor, and icterus prior to the
selapse which broughe them to o physician. (2) Numbness and tingling of
the exuremities. This usually affects the lower extremities first and becomes
smost prominent in this region. Is appears in about ga per cent of the patients
with pernicious anemia but may also occur in other rypes of severe chronic
anemia,

From the physical examination: (3) Evidences of subacute combined de-
generation of the spinal cord. The type of reflex and sensory changes will
depend upon whether the posterior or the lateral column of the spmal cord
is most severely damaged. Some evidence of argante neuras! lesion occurs in
40 per cent of the panents. {4) Atrophy of the tongue. This is first apparent
at the tip and edges but may evtend over the entire dorsal surface,

From the Iaboratory findings: () Anemia. This usualty becomes severe,
with an erythrocyte count of 2,500,000 or less, before the pauent consults
2 physician unless the neurologic symproms predominate and appear wa-
uswally early. {8) Color mdex above normal, This is elevated because the
drop in the erythrocyte count is proportionately greater cthan the reduction
m the amount of hemaglabin. (7) Macrocytoss, This is evident on the blood
smear 20d also by the wcreased volume mdex and mean corpuscular volume.
Varnauons i the size and shape of the erythrocytes are stndang when the
anerma is severe. (8) Leukopems. The roral white count is below éoos m
go per cent of the patients and int a large group of cases has been found to
average shghtly over qooo. () Jaundice A mild grade of icterus grves thc
typical lemon yellow color and s P d by 2n e d bulieub

(10} Achiorhydna A diagnoss of pernicious anemia should not be made
when free hy drochloric acid s present in the gastnic contents {11) Megalo-
blastic hyperplasia of the bone masrow duning relapse 1s charactensne of
permicions anenua

A therapeutic test with a potent hiver extract may be tred a5 2 diagnosue
proceduse and the resules of the sseatment followed by a dasly renculocyte
<ount. It must be borne m mnd, however, that some other macrocytic
anemas respond to this form of therapy.

There are 2 number of diffesent types of anemia thaz may cause difficulty
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than is normal and although there are more normoblasts encountered than
normal marrow, the striking features are the great mcrease and the predomi-
nance of megaloblasts. These are frequently encountered in clumps and in
varying stages of development and mitotic figures are unusually common.
The delicate chromatin network of the nuclei and their deeply basophilic
cytoplasm (Chapter II) distinguish the cells. They vary greatly in size so that
too much attention cannot be pard to this feature. It is the author’s opinon
that they represent a stage in the maturation of the erythrocyte and that the
increase in therr number and percentage mn the marrow is the important diag-
nostic feature. Others believe that the megaloblast is an abnormal cell appear-
ing only in this and related anemias. Whichever view is held, it is agreed that
they are abnormally prommnent 1n pernicious anenua. There are evidences of
increased myeloid activity even though there 15 a leukepenia m the peripheral
blood stream and abnormalities of these cells, especially in the metamyelocytes,
have been described. Many of these are unusually large, stain pecularly, and
present a large irregular nucleus. The characteristic variation in the size, shape,
and staining of the erythrocytes is as apparent in bone marrow smears as in
the peripheral blood.

As a remisston ensues, either spontaneously or as a result of therapy, the
bone marrow reverts to normal. The hypercellularity dimnishes, megalo-
blasts decrease n number and are replaced by normal erythroblasts, and the
leukopoietic cells become more nearly normal mn their distribution. During
a complete remisston the bone marrow s indistinguishable from normal.

Diagnosis

A diagnosis of pernicious anenna cannot be made with ceruainty from an
examunation of the blood alone but must depend equally upon the history,
physical examination, and other laboratory procedures. Difficulty 15 en-
countered n arriving at 2 diagnosis 1 pattents who seck advice because of
paresthesias when the red blood counc 15 not significantly lowered These
neurologic changes may antedate the anemm by many months. In some
cases only a penod of obscrvation or a therapeutic trial with a potent Yiver
extract will settle the problem as to whether the pattent has pernicious
anemia or not. Another problem 15 encountered in patients who have been
inadequately treated with ¢ binations of liver and sron. Under thesc con-
ditions 1t may be difficult or imposstble to tell which of the preparations
wete of value in producing a partial remission and which, 1f any, should
be continued. Such therapy is frequently sufficient to obscure or cloud the




Pernicious Anemia and Related Macrocytic Anemias 101

Treatment

The i dministration of adeq of the maturation
factor is the fundamental principle in the treatment of pernicious anemia,
This material must be given in sufficient amounts not only to maintain the
erythrocyte count and hemoglobin at their normal levels but also to maintain
a normal color index and cell volume for the rest of the patient’s life. If
normal levels are kept, the symptoms will be adequately controlled. Should
symptoms recur under these circumstances, more intensive therapy is indi-
cated. The mamtenance requirements of an indwvidual may vary from time to
time. Thus, frequent clinical and hematologic observations are necessary to
be sure that 2 relapse is not insidiously developing from inadequate treat-
ment. The active principle of the liver extracr which is administered can be
stored in the liver, but in spite of this storage a relapse will begin within two
months after cessation of therapy, although six months or more will elapse
in most cases before symptoms reappear. A relapse may result in an extension
of irreparable damage to the spinal cord. It is essential that recurrences be
averted if possible. Overtreatment is far preferable to inadequate treatment,
and the patient must be firmly impressed with the necessity of continuing
treatment for the rest of his life.

Therapeutic Preparations

Whipple and his collaborators demonstrated that liver was the most effec-
tive food in promoting regeneration of hemoglobin in anemic 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 similar effect was produced by the administration of
dried hog's stomach. It was later found that the product obtained by in-
cubating a mixture of gastric ussue and liver before drying had a greater
therapeutic effect than that of either ingredient alone. Purification and con-
centration of hver extracts by Cohn and his assocsates have made avaiable
a materral which s suseable for parenceral admuustration. The physician has
at his disposal, therefore, a wide variety of preparations which contan the
active principle necessary for the growth and maturation of the erythrocytes
These preparations are of value in the treatment of only those cases of anemia
m which there is a deficiency of this maternal. They are of no value what-
soever in other types of anemia.

‘Whole liver, either cooked or raw, 1s effective in the treatment of per-
MICIOUS anemiz as was demonstrated in the ornginal work of Minot and
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in the differential diagnosis. Those macrocytic anemias which are closely
related to permcious anenia and also due to a deficiency of the maturation
factor will be discussed later. Chronic aplastic anemia is not macrocytic nor
does it present the extreme variations in size and shape of the erythrocytes
which are seen in pernicious anemia. The bilirubin content of the blood is
not elevated, spinal cord lesions do not occur, achlorhydria is not constantly
present, and a more profound reduction in both the leukocytes and the plate-
lets 1s present. Fannlial and acquired bemolytic 1cterus present spherocyto-
sis, a diminished but uniform cell diameter, and a decreased osmotic re-
sistance of the erythrocytes to hypotonic saline solutions. Spinal cord lesions
are not present, and jaundice, rather than anemia, 15 apt to be the pre-
dominating feature, In iron deficiency anemias the color and volume indices
are low and the erythrocytes appear hypochromic on the smear. There is
no evidence of spinal cord lesions with this type of anemia. The leukocyte
count is not reduced. A severe anemia accompanies mtyxedema and chronic
uremtiz so that these must be considered, but they can be recognized by the
proper laboratory and chemical tests The macrocytic anemia that accom-
panies certain types of liver disease may resemble pernicious snemia but
does not show the variability in the size and shape of the erythrocytes, the
atrophic tongue, or spimal cord lesions and is usually associated with other

id of hepatic insufficiency. Leuk in an aleukemic stage may cause
difficulty 1n diagnoss, but enlargement of the spleen or Iymph nodes will
usually be present, and a few immature leukocytes will be found in 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 permicious anema requires a specific form of therapy
for the rest of his life, it is essential that a diagnosis be firmly established
before treatment 1s started. It is particularly important that the picture not
be confused by the use of muluple therapeunc agents such as liver, vita-
mins, and iron before ascertaining which, if any, of these are needed

Prognosis

The prognosis of properly treated and uncomplicated cases of pernicious
anemia is excellent 1f therapy is inued regularly throughout life. The
specific therapy 1s not a cure but is cffeetive in controlling the anemia and
in arresting or preventing neurofogic comphecations VWhen the spinal cord
lesians are already extensive, particulasly with loss of sphincrer control, the
outlook is less favorable, and death may occur from an ascending urinaty
tract infection in spite of adequate treatment of the angmia,
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der which has the same therapeutic action as liver extract. From zo to 30 Gm.
of this material per day is necessary to restare normal blood values, It has
the same advantages and disadvantages as oral liver evtract bun is not available
for parenteral use at the present time,

Liver-stomach concentrates are digestion products prepared from 3 parts
of liver extract and t part of hog's stemach. By this process the potency
of the liver is augmented about tenfold Gram for gram thss is the most
potent product available for oral ad ration. Because of the effectiveness
of smalt amounts of the material, it can be dispensed in capsules. The usual
requirement during 2 relapse is 2bout 6 Gm, per day.

Solution of Liver Extract for Parenteral Injection

The introdoction of concentrated and purified preparations of liver extract
was a distinct advance 1n the treatment of pernicious anemia, Intramuscular
administration of these preparations has largely replaced the oral route. The
effects of the treatment become evident more quickly, absorption is certain,
nausea and vomiting do not interfere with its action, and the expense of treat-
ment js less than with orally administered extracts.

There are many preparations on the market, the strength of which varies
from 1 unit per 10 ce. 1o 15 units per 1 cc. The physician must be certain
of the strength of the solunion he is using as welf as being sure thar at is a
tested and approved product. The preparations are given intramuscularly,
and ic 15 best to mject them deep 10 the gluteal muscles, particularly when
the less concentrated preparations requiring 4 large volume of fuid are used.
There is less pam and distress following the injection of 1 cc. of the con-
centrated extract.

The amount of hver extract required will vary from patient to panent and
will depend upon the severity of the anemn, In an uncomplicated case with
an erythrocyte caunt of about 1,000,000 4 satisfactory outhne of treatment
is as follows: 15 units (1 cc of the concentrated solution) of liver extract
daily in the muscle for the first seven days, and then 15 umits twice 2 week 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 patients will re-
quite 15 units every two or three weeks. In less severe cases smaller amounts
of the extract will suffice to bring the blood to normal. If a tess concentrated

preparation is used, a farger volume of the material will be required. The
dosage adwised by the manufacturer of the extract and printed on the original
package 15 usually satsfactory The final eniterion which determines the
amount of hiver extract required is the condition of the patient and bis re.
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Murphy. Subsequent réports have shown that remussions of many years'
duration can be maintained by this means without the use of liver extracts.
Adequate treatment requires the ingestion of from % to % pound of liver
per day. So-called “liver cocktails” are prepared by grinding raw hver
finely, passing it through a sieve to remove the coarse particles, chilling the
preparation, and mixing it with challed frure juice of any type. Most patients
will tolerate this preparation without complaint for longer periods of time
than cooked liver. Whole liver is less effective, less reliable, and more expen-
sive than more concentrated products.

Liver extracts vary in form, potency, and concentration 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 derived. Such a basis
for standardization became inadequate with greater concentration and re-
finement of the extracts, as some of the original active principle is lost in this
process. The Anti-Anemia Preparations Advisory Board of the United States
Pharmacopeia defined a “unit” of Iver extract in order to better evaluate
these products The unit 15 designated as that amount of material which,
when given daily to a patient with permicious anemiz, will produce 2 satis-
factory reticulocyte rise and a sausfactory mcrease i the number of red
blood cells and hemoglobin. The effectiveness of liver extract varses with its
mode of administration, the oral route requiring at least thirty times as much
of the active principle as 15 necessary to produce a similar response by paren-
teral administration. The amount of liver extract constituting a unit is dif-
ferent for each route of admimstration. In treating a patient 1t 15 esscntial
that a product approved by the Council on Pharmacy and Chemustry of the
Amencan Medical Association be used so as to insure 2 potent preparation.

Liver Extract for Oral Adnnmstration

Liver extract may be obtamed m erther powdered or hquid form. The
strength varies so that t oral unit 1n a dry preparation may be present 1o
from 4.5 to 25 Gm of matenial, and in the Iiquid state 1 unit 1s present 10
from 45 to 60 cc. of the solution, These preparations provide a distnct ad-
vantage over whole liver, bue cven mn these forms ic 15 difficult for many
patients to take 2 sufficient amount of the maternal. The taste is noc‘plcasfml
and may cause nausea ot vomiting, which prevents adequate absorption 'I.'hc
oral route cannot be depended upon to supply adequate amounts of the active
principlc in severe or complicated cases so that preparations for oral ad-
ministration are less efficacious than those given parenterally.

Desiccated and defatted hog stomach (ventriculin) is a dry granular pow-
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extract. The reticulocytes increase in number rapidly to reach a peak on the
seventh to the tenth day, following which they subside to a normal level,
The height of the reticulocyte response varies inversely with the erythro-
cyte count at the onset of therapy so that the greatest response is obrained
in those having the Jowest initial erythrocyte count provided there are no
complicating factors. A reticulocytosis of from 50 to 70 per cent may be
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sponse to therapy. There is no danger and no harm in overtreatment; it is
our practice to administer doses in excess of 1 unit per day although the lat-
ter should be sufficient to produce a remission.

The maintenance dose must be determined for each patient individually,
and no specified amount of any of the preparations can be predicted before-
hand as the requirement. The presence of an infection or of advanced arterio-
sclerosis will necessitate 2 larger dose than is necessary in the absence of these
complications. Subacute combined sclerosis of the spinal cord is also an in-
dication for more mtensive treatment, Sufficient marterial should be given
to maintain a clinical and hematologic remission and to prevent or check
the development of neural Jesions. The treatment must be continued for Jife.
It is inadvisable to attempt to give the smallest possible amount of hver
extract that is necessary to keep the red cell count ar normal. A hule gen-
erosity in this respect will pay dwidends by preventing recurrences.

The advisability of using a highly punfied preparation in those patients
with neural involvement has been questioned. It is posstble that something
of benefit to nerve nissue has been removed n refining the product. For this
reason some physicians have advised that patients with neural involvement
receive a less concentrated product, such as one containing 2 umits of Jiver
extract in from 3 to 10 cc. of solution. From = to 12 units of this preparation
may be given daily, depending upon the severity of the anemia. This treat-
ment may be augmented by whole liver, crude liver extracts, or vcnmctflm
by mouth or by injections of thiamn chjonde. Recent observations covering
a period of several years have fasled to show any significant difference in the
effect of crude and highly purified extracts on the neural lesions. It seems
doubtful if chere is any advantage in using crude extracts in these cases, but
relignce should not be placed on oral preparations in patients m whom there
is extensive neural involvement.

Although the smaturation factor is stored n the liver following its ad-
ministration 1 the form of hiver extract, it 15 not practical to give eveeed-
wgly large amounts at nfrequene intervals either as a curative or as g fmarnte-
nance dose.

Results of Treatmnent

Subjective improvement will be noted by the paucn soon after treatment
1s begun aud before there is an appreciable increase in cl.xhcr the hemoglobm
or the erythrocyte caunt. The first manifestation of improvement 1m the
load is an increase n the number of reuculocytes, Thls‘ wall .bc npp:}'c,:m
within twenty-four to forty~eight hours after the first injection of liver
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doses of the extract. After reaching its peak the number of reticulocytes
drops rapidly to the normal level where it remains even though the erythro-
cyte count increases rapidly (Fig. 14).

During the time that reticulocytes are present in greatest numbers there
is no apparent increase in the erythrocyte count, but soon after they retumn
to their normal leve! the red cell count begins to climb. The rise in the cell
count 15 correspondingly more rapid than is the increase in hemoglobm so
thac the color index may drop below normal at this time, The erythrocyte
count progresses irregularly with periods of rapid increase followed by pe-
riods in which it remains stationary. It requires from eight to fifteen weeks
for the normal level to be reached. Subjectve improvement is apparent before
there is an apprecuble increase in the red cell count, and the patient feels
surprisingly well by the time the count has reached 3,500,000.

The leukocyte count rises rapidly, and a few immature cells of the granu-
locytic series may occasionally appear in the blood stream. An eosmophilia
frequently occurs at the onset of a remission but is more frequent and more
pronounced with the use of raw liver than with liver extracts.

A sharp spike of fever occasionally accompanies the reuculocyte crisis but
quickly subsides to normal. The mild febrile reaction, which is common dur-
ing a relapse, disappears after the rettculocyte response has subsided. A
slight dependent edema may appear dunng therapy or when the patient
first gets out of bed

Less raptd improvement 1s noted in patients with exrensive neural involve-
ment, but Strauss has shown thar complete arrest of the neural manfestations
may be expected with adequate therapy. If such manifestations have not
appeared, they may be entirely prevented. The subjective manifestation of
numbness and ungling may completely disappear unless there 15 extensite
involvement of the spinal cord. The objective manifestations mn the reflexes

Prate VIL
Blood smear from a patient with permicious anemia, stained with
Wright's and cresyl blue, showing the mcrease 1 the ‘numbcr of
reticulocytes which occurs with adequate therapy. Thus indicates an
increased activity of the erythropoietic elements of rl:e bone marrow.
(Sturgis and Isaacs, Pernicious anemia In Downey’s Handbook of
Hematology. Paul B Hoeber, Inc.)
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and sensations improve mote slowly or not at all. It is only by intensive
and continuous therapy that their progress can be arrested.

The urobilinogen content of the feces drops precipitously rvhen treatment
is begun. The jaundice soon disappears. All evidence of excessive hemolysis
of the erythrocy tes subsides. Rhoads has suggested that the active principle
which is contained in liver extract neutralizes some hemolytic agent which
has been present in the blood.

Unpleasant reactions will occur with injections of liver extract in a few
cases, These may consist of urticaria, localized redness and swelling at the
site of injection, or generalized reactions which may be so severe that it is
necessary to discontinue parenteral injections. A change to a different brand
of liver extract or to a preparation of different concentration will sometimes
prevent these reactions. It may be necessary to change to the oral route of
administration if the reactions persist.

Achlorhydria persists in spite of adequate treatment, the return of free
hydrochlotic acid having been noted in only three cases

In a few cases the hemoglobin increases satisfactorily to a certain level and
then remains stationary even though the erythrocyte count continues to rise.
This apparently results from exhaustion of the avatlable supply of iron. The
hemoglobin will eventually resume its upward trend, but the administration
of a simple iron salt at this time will hasten its regeneration (Fig. 15). This
does not mean that iron should be given routinely to all patients with per-
nicious anemu. It 15 necessary in only a few selected cases.

Patients with permicious anemia should be encouraged to be out of bed,
to move about, and to use their extrermues as much as their condition will
permit. Such actwuty 15 advantageous in combating the extension or ap-
pearance of subacute combrned sclerosis.

Transfusions are seldom required The response to intramuscular liver
extract 1s so prompt that other measures are seldom necessary even though
the red cell count 15 extremely low. A transfusion should be given imme-
diately, however, if orthopnea or air hunger 15 present while the patient is
at rest or if stupor or a semicomatose state develops It 15 advisable to type
and cross match the blood of patients having a red erll covnt below 1,000,000
so that a donor will be available immediately 1f a transfusion becomes neces-
sary.

The admmistration of hydrochloric acid does not influence regeneration
of blood but 1t may relieve the gastric distress or diarrhea in certain pa-
tients. It can be adminsstered in doses of 2 to 8 cc. of the U S, P. dilute hy-
drochloric acid n water with each meal.
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The diet should contain a liberal amount of meat, vegetables, and fruit.
It is advisable o include fiver in the diex at least once 2 weck, but this is not
necessary if it s distasteful to the patient. Regulation of the diet is not par-
ticularly important except for mumaining general heslth since ¢he specific
requirements for hematopoiesis are being filied by the liver extract.

Suitable physical therapy should be gwen to those with extensive neural
iavolvesnent. This consists of massage and passive motion and, if necessary,
the use of specific exercises for retesining muscles.

Folic dcid, Preroylglutamic Acid

Through a long series of researches by many groups of investigators there
has been discovered 2 member of the vitamin B complex which has a pro-

found eflect upon erythroposesis and which may ulumately lead to a better
d 1

of the pathog of permcioys anemis and the relared mac-
rocytic anemuas. Its place s the treatment of pernicious anemis is not entirely
clear at the present time but the first wave af enthusiasm for its vse in this
disease hag subsided.

It was shown ta 1940 that 2 substaoce obtatned fram plase or ammal tissue
was necessary for the growth of cestasn bacteria, The test organism used weas
Lactobacsllus caser and the substance necessary for ity growth was called the
L casei factor. It was present in cestain fractions of hiver and jater was ob~
med 1 haghly d form from spinach; because of this source it
was called “folic acid.” Earler work had shown that 2 macrocytic type of
afiemia with lenkopenna could be produced in monkeys wiuch were fed a
deficient diex and that this anerrua could be carrected by feeding a yeast ex-
rect (marauce), The substance necessary to relieve the anemia m these ani-
mals was called vitamn M. Subscquent mvestrgations showed that the anemia
and lenkopenn in these monkeys could alse be corrected by the L. casar
factor thereby demonstrating a relationship between folic acid and vicamun M,

Another group of invesugations on a autrivional deficiency in chicks which
could be corrected by feeding yeast, middhings, alfalfa, or wheat bran was
reported and 1t was noted that in addition to other features thete was a macro-
cyne hyperch ic aterma The sub nécessaty ta carrect these changes
was termed vitamuo B, snd subsequent studies demonstrated an mterrelation-
ship between vitasmn Be and folic acid. A crystatime compound was isolated
from hver which corrected the deficiency m ehicks and was also highly active
as a groweh facter for L casen. In so45 2 symhcn'c compound was prepared
which was believed 10 be 1dennical with the crysealline L caser factor previ-
ously wolated from hver,
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Those mixtures of liver, iron, and vitamins which are so prevalent on the
market today have no place in the treatment of pernicious or any other
type of anemia. Many of these do not contain an adequate amount of lver

PERNICIOUS ANEMIA
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extrace, and the other ingredients are unnecessary 1n a vast majority of pa-
Vitamns and 1ron can be administered sepnm(cly.m known and fnd.c-
quate amounts if they are necessary. If these shotgun mixtures are nd;mfus;
tered before a dugnosis 15 firmly established, they may confuse the cl xmc:
hat the future course of treatment cannot be accurately outhne

tients.

picture s0 th
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prevent the de elopment or progression of the neurologic symptoms of the
disease and we have observed, as has Heinle, an almose explosive progression
of the sut combined d of the cord even while the patient was
receiving folic acid in what is presued ta be an adequate dosage and int wham
the hematologic features of the hsease were adequately controlled.

Because of 1ts failuse to contral the neurologic features of the disease falic
a¢id cannot be recognized as adequate therapy for pernicious anemia and can-
nor replace ver exerses, I jts present seate the use of folie acid is dangerous
because the m:uro!og«c comphcarmns may dev :lop rapidly while the patient
15 Teceiving supp tr It s to be hoped that o satisfac-
tory potent oral prcpamrmn mav be found in the course of present investige-
tions with these compounds.

Viearin By, has recently been cry stallized from liver extrace and extremely
minute amounts have proven to be effective in treating pernicions anemia
and 1 controthing the neurologic features.

Macrocvric ANgntias Crosery ALirp 1o PErxicious ANEania

The relattonship between the g mal trace snd erythropaiesss has
been firmly escablished by the experimental studies on pernictous anemia,
fe is generally believed that the gastrie (munnse} factor acts apop certain
constrtuents of food {(extninsic factor) to produce an antianemic or matura-
tion facror which s absorbed from the gastrointestinal tract, stored in the
hiver, and released to the bone marrow for uvhzanon. The satrinsic factor is
lacking 1 pernicions anesma and as 2 sesult the antanemic ponciple is not
produced in adequate amounts 1t £5 obvious that defects or deficiencies may
aceyr at other stages 1 the production of this substance. There may be a de-
fictency of the extonsic factor from an madequate dret which will fikewsse
interfese with the production of the maturaton factor Absosption of the
maturation factor from the gastromtestinal tract may be madequate, or the
storage and distribution of the matenal by the liver may be disturbed 1
such a way as to mierfere wich 5 vulizanon A macrocytic anemya which
simulates permicions anemia resules of there 55 2 disturbance at any stage in
the production of the matwration factor.

Sprue

X

Sprue 15 3 chrome relapsing disease d by glossins, ind: g
diarrhea with voluminous frothy stoals, and an anemu which wsually of
a hyperchromic, macrocytic 1ype. It 15 common m tropical countries and
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Various investigators had shown that when rats were fed a highly purified
dier to which sucemylsulfathiazole, sulfaguanadine, or sulfasuxidine was
added t'here developed an agranulocytosis, leukopena, anemia, and hypo-
cellularity of bone marrow. These hematologic changes could be prevc'ntcd
or cured by the use of crystalline L. caser facror,

In the human it had been observed that the macrocytic anemia of preg-
nancy as well as tropical macrocytic anemia responded to the administration
of 2 yeast extract or a crude liver extract. It had also been shown that per-
nictous anemta responded to the admnistration of dehydrated brewers yeast
buc d}at there was a difference 1n the response of pernictous anemia and the
anemia of pregnancy. Various other types of macrocytic anemia had been
studied and it was noted that several of these responded to oral or crude lver
extract but not to the highly purified form that was effective in pernicious
anemia, Since folic acid had been found to be effective in the nutritional mac-
rocytic anemia of monkeys 1t was tried 1 certam cases of macrocytic anemi
in the human, A prompt hematologic response was obtained in nutritional
macrocytic anema, Addisontan permcious anemia, and the macrocytc anemia
of tropical and nontropical sprue It 1s recognized at the present nme that
folic acid 1s effective in restoring the hematoporetic system to a normal func-
tion in those macrocytic anemias which are charactenized by a megaloblastic
bone marrow. Microbiologic assay has shown that the blood of man contains
2 micrograms of free fohc actd per 100 cubic centimeters. The effect of diet
on this free folic acid level has not yet been demonstrated.

Folic acid, chemically, 1s pteroylglutamic acid and 1s closely related to
nuclerc acid and is erther identical, or closely allied to vitammn B, and vitamm
M. The exact mechamsm of 1ts mode of action 1s sull unknown but it is pos-
sibly a parr of the enzyme system of the body It has been suggested that the
conjugated form of folic acid, as 1t 1s found in foods, 1s not properly absorbed
or utilized by certain mdwiduals and 1n sts absence maturation of erythro-
cytes does not proceed normally. Folic acid 1s not the acuve prmeiple of liver
extract nor 1s 1t the inerinsic or extrnsic factor of Castle,

Folic (pteroylglutamuc) acid is effective i bunging about normal ery th-
topoiesis 1n pernicious anenia ‘With rts admumistration there 1s a reiculocyte
response identical to that obtasned with hver extract, the hemoglobin and
ervthrocyte levels increase to normal, the bone marrow returns to 1ts normal
stirc, the appeute improves and symptomatically the patiene improves This

hematologic remission can apparently be maintamed indefinitely with folic
serd in a majority of pauents although at the present time it appears thata few
patients relapse 1n spite of this treatment Folic acid does not mmprove not
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“The hematolagic changes in sprue are not constant but in most cases, par-
nenlaely m adulss, there is a macrocytic anemia which is indistinguishable
morphologically from pemicious anemia, It is sssociated with leukopenia and
thrombopenia, In some however, the anemis #s microcytic and
hypochromic in cype, Achlorhy dria, which is constantly preseat in permcions
snewia, is found in sbaut 30 per cent of the patients, The sternal marrow in
those cases showing a macrocytic anemia reveals a segaloblastic arrest simitar
o that encountered m pernicious anem.

Treatment

The most effective method of therapy is folic (pteroylglutamic) acid, A
dosage of 20 mg. per day by mouth is effective although 1t has not been deter~
mined as yet whether or not this 1s the mimmum effective dose, It has been
shown that folie acid in this amount prod a prompe reg of the
bloed and a retuen of the almentary trace to normal function. An improved
sense of well beng appears wichir a few days after the onset of treatment;
she glossitis 15 relieved, regeneration of the lingual papillae is soon evident,
and the diarrhea ceases, There 1s 2 gam in weight, an mereased appetite, and
an improvement tn the glucose tolerance curve. A reuculocyte response
occurs and these is an mcrease in al} of the formed elements of the blead.
The cellular elements of the bone marrow return to thesr normal distrtbution.
Folic acad, 10 conjunction with a proper diet, appears to bring about a corn-
plete and lasting remussion m sprue and to control many of the mamfestations
of the sprue-fike syndrome found 1 certain cypes of gastromntestinal lesions
We hnvc abserved one case of 2 sprue-hke syndrome, which followed 2 short

1 on the | tract, n which the anemis, weskness,
d:anhca, and wesght loss were adequately controlled by this drug

The sdmunistranion of hives or a erude hver extract has herexofotc been the
accepied and effective method of treatment of this disease and the response
tias heen similar to thet described for folic acid. The Liver extract should be
given intramuscularly rather than by mouth w order to insure sbsosptson in
the presence of diarrhea The treatment must be more mtensive with sprue
than with permicions anema. The hughly punfied and refined hver extracts
are of Imtle value; far better results are gbramed with the less concentrared
forms. The therapeutie results are tlent when t 15 begun early,

but m the long-standing, far-advanced cases httle can be accomplished.
Brewers yeast or autolyzed yeast shovld also be given,

The diet, particularly after the severe gastromtesunal mamfestatians have
subsided, should be low in fats and carbohydrates but high m vitarn and
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has been termed “tropical” sprue in contradistinction to “nontropical” sprue,
which is found in more temperate climates. The two conditions aré probably
identical.

The exact etiologic factor of sprue is unknown although it is undoubtedly
a nutritional deficrency and can be reproduced in expersmental animals by
means of inadequate diets. There appears to be a deficiency of the extrinsic
factor in the diet of persons with sprue and perhaps an inadequate absorption
of the antianemic factor from the sntestinal tract. The pathologic changes
encountered in sprue are somewhat variable, but atrophy of the walls of
the gastrointestinal tract is common and may lead to dilatation of the colon.
In patients having a severe macrocytic anemia the bone marrow is hyper-
plastic and presents a picture stmilar to that found in pemicious anemia,
The mechanism whereby folic acid enters into the producton of this anemia
is not clear as yet but it has been suggested that it may be due to unproper
absorption or an abnormal metabolism of this vitamin.

Clinical Picture

The onset of the disease is usually insidrous with a prolonged period of
indigestion, recurring attacks of diarrhea, flatulence, fatigability, listlessness,
and irrnability. In a few patients the onset is abrupt. The predominant fea-
tures throughout the entire course are referable to the gastrointestinal tract.
Glossitis with burning and rawness of the buccal mucosa is a proml'nmt
symptom, Not infrequently 2 similar sensation will be noted in the rectum
and vagina. This 1s usually nternuttent, and the mnflammation and ulceration
of the mucous membranes may spontaneously subside. Epigastric distress with
attacks of severe abdominal pain 1s of common occurrence. Gaseous disten-
tion may be particularly troublesome, Diarrhea is the most charactenstic
feature of the disease, but in the carly stages there may be only a single,
copious, frothy, fatty stool each day This 1s usually passed in the early morn-
ing. As the discase progresses, the stools become more numerous, and with
the continued drarrhea the patient loses weight and becomes extremely emact-
ated and cachectie. Although paresthesias of the hands and feer are common,
only rarely do evidences of degeneration of the spmal cord appear. Pallor,
glossitis, and emaciation zre the principal findings on physical examinatiofl.
Roentgenologic examination of the small intestine reveals a deficiency pattern
or “moulage” sign in a high percentage of the cases The charactersstic fea-
twres of this are best demonstrated by means of a motor meal. A flat oral
glucose tolerance curve 1S 2 charactersstic finding due to jmpaired nbsqrpnon
A low bload cholesterol Jevel may be present and 1n some a hypoproteinemia
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or it may be hypochremic, When the former type is present, it is probably
the resuls of 3 deficicney of the extrinsic factor.

Lesions of the shin are among the most mpostant of the clinical manifes-
ranons, Thry consist of a symmetrical dermatitis on the exposed surfaces
or an irritated areas of the body. They are first erythematous in type but
progress to darkened roughened areas wuh vesicles and bullae, Repeated
euacerhations Sead to thick, rough, pigmented sreas or 1o atsophy of the
skin. Glossitss and stomaticis occur early i the disease, and the rongue be-
comes red, swollen, and wlcerated. Abdominal distention and discomfort are
camman; in the later stages durrhiea becomes a paruculecdy distressing fea-
ture, Nervous, ond parceularly mental, symptoms are a pare of the charac-
teristie syndrome,

Treatment

Nicatime acid is spectacular in s effecaveness in the treatment of pel-
fagra bue shonld be supplemented by a lugh protemn and high caloric dier.
Oral administration of lwwer extract and yeast has been shown to be thera-
peutically effective, but parentesal injections of the Jess refined liver extracts
are more beneficral than 15 iver extract by mouth, Folhe acid, zo0 mg. per day,
has also been demonstrated to be effectv ¢ in producang a hematologic remis-
s1on when 2 macrocyuc anema compheates this disease.

Tropical Macrocytic Anemia

Tropieal macrocytic anemis 35 2 condivon oecasionally observed in
tropical coungries, most frequently in Inda. It may develop a5 a complice
tion of other diseases such as malara, syphubis, suberculosts, and hookworm
mfestation, but it has alsa been reported as a separate disease 2Bty Unasso~
ciated with infections or infestations It occurs i ether sex, but Wills has
found it more requently 1n women, p farly as 2 pheation of preg-
nancy.

1t scems doubtful 5f this condinon exists a5 2 separate distase entity, Ma-
larw, pusrnionai deficiences, mtestnal parasites, and unhygienic lving con-
dinons are prevatent sn the regions from which the disease has been reported,
and 1t 15 difficule to exclude these a5 enologic factors They undoubredly are
the cause of the anema in mosy, if not all, of the pauents.

The anemsa is macrocytie and hyperchromie 1n type. The hematologic
picrare 15 wenticdl to thar found in permeious anema, there being 2 reduc-
tion of the platelets and leukocytes as well as of the erythroytes The symp-
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protein content. The dret, with the additional yeast, may be sufficient to
control the symptoms so that liver extract or folic acid may be discontinued
after a remission is brought about. In some cases, however, the lver extract
or folic acid must be contmued indefinitely, A high calcium intake is advis-
able i chronic cases and if the serum calcium is low 15 cc. of 2 5 per cent
solution of calcium chloride may be given intravenously. Caleium lactate or
gluconate may be given by mouth in doses of 1 Gm three times daily.

Nontropical 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 is that these’ conditions are identical
to the tropical form and that all of them are mamifestations of the same dis-
ease. The differences in the chinical manifestations of tropteal and noneropical
sprue are prumarily 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 manifestations become more severe with irreversible changes
occurring 10 the gastromtestinal trace. Metabolic disturbances are likely to
be promunent 1n the advanced stages of the disease so that a Jowered serum
calerum accompamied by tetany 15 common The serum protems are fre-
quently decreased to such a degree that edema develops. The hematologic
features are the same as 1 tropical sprue, and erther a hyperchromic or 2
hypochromic 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 untl they
have reached a far advanced stage, the results of therapy are less sattsfac-
tory.

Macrocytic Anemia of Pellagra

Pellagra 15 a nutniional deficiency which occurs as a result of an inade-
quate diet or because of nadequate absorpuion of food from the gastro-
intestnal tract. It 1s characterized by lesions of the shin, alimentary tract, and
nervous system Nicotnic acid has been found to be a specific remedy for
many of the symptoms of pellagra, but there 15 also a deficency of ather
fmc'ticns of the vitanun B complen The disease s not a result of 2 deficiency
of mcotnic acid alone

Anemua 1s not an outstanding feature of pellagra, When 1c1s present it may
be exther a macrocytic hyperchromue type which resembles permicious anemia
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hydria or hypochlorhydria was found in 9 Pernicious anemia of pregnancy
has been rare in our experience, only 4 such cases being encountered among
11,370 admissions to the obstetrical service. Achlorhydria has been present
in all the cases we have observed, but there has been none with lesions in
the spinal cord.

Treatment

The treatment 1s the same as for Addisonian pernicious anemia Folic acid
has been shown to be effective in doses of 20 mg. per day. Liver extract is
Iikewse effective but a more intensive course of liver extract is advisable and
1t should be continued throughout the pregnancy. In some of the patients the
administration of an iron salt seems helpful There is no tendency for these
patients to have a relapse after delivery although recurrences may develop
with subsequent preg; If the lobin and erythrocytes have been
brought to their normal level, there is no necessity of contnuing treatment
after deliy ery. If the patients become pregnant again, it 15 advisable to give
lver extract prophylactically duning the period of gestation. Fifteen units
(1 cc. of the concentrated extract) intramuscularly every two weeks should
suffice for prophylavis. The dose should be mcreased 1f macrocytosis or
anemaa appears

The cause of pernicious anemia of pregnancy has been vanously ascnibed
to a dictary deficiency in which there 1s 2 lack of the extrmsic factor, to a
temporary inhibition or absence of the mtrnsic factor m the gastnic con-
tents, or to a depletion of the maternal supply of the maturanion or anti-
anemic factor owing to the fetal requirements A combination of these causes
may be present. It 15 of mterest to note that these patients develop a macro-
cytc anema only durng pregnancy and not with other metabolic dis-
rurbances or illnesses.

Anemia of Liver Disease

A macrocytic anema 15 frequently encountered in patents with severe
and long-standing liver damage. Since the liver 15 the principal depot for
storage and release of the antianemic factor, it 15 reasonable to assume that
disease of the liver might nterfere with these functions and so produce
an anerua. The anemta s normocytic O macroeyne in type when it 15 not
complicated by hemorrhage. Wintrobe found that 2 macrocytic anemia did
pot occur with munor lesions or with acute necrosis of the liver but was most
frequently encountered with diffuse mvolvement such as portal cirrhosis
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toms consist of soreness of the mouth and tongue, diarrhes, edema, weik-
ness, and fever i addition to the symptoms referable to the anemia Degen-
erative changes in the spinal cord are not present, and achlorhydria is rate.
Jaundice is seldom encountered, The bone marrow presents a megaloblastic
hypercellulanity similar to that of pernicious anemia.

The disease is fund lly a dietacy deficiency in which proteins, fats,
and vitamins are Jow. Although it is frequently encountered duting preg-
nancy, this is merely an exciting or contributing factor. This anemia can be
cured by the use of folic acid 1n 2 dose of zo mg. per day 1n conjuncyion with
an adequare diet. It also responds to the administration of a crude hiver extract.
Autolyzed yeast is also an effective therapeuric agent. The dict should be
high in proeins, fats, and vitamins. The resulrs obtained with crude lver
extract in this type of anenua and the absence of a response to the concen-
trated forms demonstrate that the crude extracts conrain some hematopoietic
factor not present in those which are more lughly refined.

Pernicious Anemia of Pregnancy

Hematologic studies on women during pregnancy show a steady decline
in the hemoglobin concentration and erythrocyte level as pregnancy pro-
gresses. When these findings are correlated with the changes in blood volume,
they indicate not 2 true anemsa bur merely a “physiologic anemia” resulting
from hydremia. The blood returns promptly to its normal level following
parturition. In addition to this physiologic change there are many wemen
with various types of anemia who become pregnant. In such patients the
pregnancy is coincidental and 1s not the cause of the anemn. Any type of
anemia becomes worse during pregnancy.

A true anemia develops during pregnancy in many women. In this group
of patients the pregnancy is the exciung factor and, at least mdirectly, the
cavse of the anema. An anemiz of the hypochromic, iron deficiency type
is the most common and will be discussed later. An additional group of
patients develops a macrocytic hyperchromic type of anemis which has been
rermed “pernicious ancrma of pregnancy.” Strauss reported 10 such cases
shich the hematologic picture was identical to that of pesnicious anemia,
there being a positive color index, maicrocytosis, and a reduction in the
number of leukocytes and platelets. The clinical mamfestations are more
severe than with a hypochromic type of anemia, and gastric distress, dur-
thea, and soreness of the tongue are pl bined de-
generation of the cord was present in only 1 of Strauss’s patients, but achlor-
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Gastrointestinal fesions

Strierures Number of Cases
Simalt Intestine
“Tuberculous 1
Nontuberculous &
Not specified 8
Total 25
Large lntestine
Tuberculous
Noarwberctlous
Caremoma
Poswperative
Not specified
Total 7
Anastomoses
S

[

or
Gastropepunocole fistala 4
Gastrocole fistula '
Toral 8

Diverticylosis ]

Tora kel

These patients mmay pressnt oot only the hematologic pictars of pere
nicious anemia but many of the other chinical featuces 25 well. Glossitis,
fcterus, paresthesus, and occasionally evidences of organic involvement of
the spinal cord have been observed. The macrocyue anemia is apparently
due 10 inadequate sbsorption of the antiznemic of marurzlion facror from
the intestnes. The bone marrow presents 2 meture sumbar to that of per-
nicious anemn,

Trearment, The primary festure in the treatment of such cases is to e«
fieve the obstructson and to ger nid of the areas of stasis. The administration
of fohc acsd or 3 potent lver extract leads o improvement of the anemia
Thus is of value i the preoperative trestment m some ¢35¢s and in controlling
the anerni of those panents m whom short-circuiting operations have been
done,

Anewtia of Bothriocephalys Latus Infestation (Fish Tap ]

An mfestation with the fish tapeworm will accasionally eause a macro-
cytic anemia which 1s indistingusshable from permicions anemiz 1 so far
15 the hematologic and chnical fearures are concemed. The incidence of
this type of anema 15 not hugh even among those known to be harboring
the parasite, Infestagon with the fish tapeworm is common in Japan and in
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The administration of liver extract js effective in controlling this anemia in
some patients whereas others fail to respond. It is advisable to give liver
extract an adequate therapeutic trial in such patients, but there is no value
in 1ts continued use if the anema is not definitely improved. Foltc acid should
also be tried in such eases although definite proof of its effectiveness has not
been demonstrated as yet.

Macrocytic Anemiz with Lesions of the Gastrointestinal Tract
Gastric Lesions

Pernicious anemia or an anemia with identical hematologic characteristics
has been observed with a wide variety of lesions of the gastrointestinal tract.
Such an anemia is not infrequently encountered in patients who have had 2
total or partial gastrectory although it does not develop in all patients who
have had this type of operative procedure nor does it alvays occor in ex-
perimental animals after removal of the stomach. If the gastric secretion or
the mucosa of the stomach were the only source of the intrinsic factor, one
might expect 2 macrocytic anemia to occur invarisbly after total gastrectomy.
The fact that this does not happen lends support to the contention that this
factor is also formed in the duodenum or elsewhere in the intestinal tract.

‘We have observed one patient in whom a hypochromic microcytic anemia
was present prior to a partial gastrectomy and who presented, three years
later, a typical hematologic picture of pernicious anemz with charactesistic
macrocytic and hyperchromic erythrocytes, leukopenis, thrombopenia, and
mild jaund I of which letely subsided with the istration l_lf
liver extract. Hematologic changes of this type occur not only after gastric
resection but occasionally with pyloric stenosis, gastric polyps, carcinoma
of the stomach, and other lesions which interfere with the formation of the
inerinsic factor. Liver extract or folic acid is of value in combating the mac-
rocytic anemta produced m this manner

Intestinal Lesions

A macrocytic anemia may accompany a wide vanety of intestnal lestons.
It is apt to occur with those conditions which praduce partial obstrucrion
and stasis, with fistulas, or following anastomotic surgical procedures
which there is stasis 1 the loop of the mtestinal tract, Such an anemia occa-
sionally occurs in association with regionat leitis, probably as a result of the
stasis. Barker and Hummel present the accompanying table to show the
various lesions which are known to have produced this type of anemiz
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Gastrointestinal lesions

Strictures Number of Cases
Small Intestine
Tuberculous "
Nontuberculous 6
Not specified 8
Toral 25
Large Intestine
‘Tuberculous
Nontuberculous
Carcinoma
Postoperative
Not specified
Toral 7

Anastomoses

[V

ot I
Gastrojejunocolic fistula 4
Gastrocolic fistula [l

Total 18
Diverticulosis t
ToraL e

These patients may present not only the hematologic picture of per-
niciows anemia but many of the other clinical features as well. Glossitis,
icterus, paresthesias, and occasionally evidences of organic involvement of
the spinal cord have been observed. The macrocytic anemia is apparently
due to inadequate absorption of the antianemic or maturation factor from
the intestines. The bone marrow presents a pscture similar to that of per-
nicious anemia.

Treatment, The primary feature in the treatment of such cases is to re-
lieve the obstruction and to get rid of the areas of stasts. The administration
of folic 2cid or a potent liver extract leads to improvement of the anemia.
This is of value i the preoperative treatment i some cases and in controlling
the anemsa of those patients i whom short-cireurting operations have been
done.

Anemia of Bothriocephalus Latus Infestation (Fish Tapeworm)

An infestation with the fish tapeworm will occasionally cause a macro-
cytic anemia which is indsstingwshable from pernicious anemia n so far
as the hematologic and chnical features are concerned The incidence of
this type of anemua is not lugh even among those known to be harboring
the parasite. Infestation with the fish tapeworm is common in Japan and in
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the region about the Baltic Sea; its incidence appears to be mcreasing in the
United States in the region about the Great Lakes.

Stomatttis, glossitis, and paresthesias are frequent in this type of anems,
and organic neural involvement occasionally occurs so that the clincal
picture of pernicious anemia is closely simulated.

The reason for the development of 2 macrocytic anemia is not clear al-
though it may be because of improper absorption of the antianemic factor.
The possibility of destruction or mhibition of the gastric intrinsic factor
by the parasite or 1ts toxins has been suggested.

The anemia improves after the worm has been expelied, but the adminis-
tration of liver extract will improve or cure the anetma even though the worm
has not been evpelled. It has also been shown that folic acid is effective m
this type of ancmia

Achrestic Anemia

A few cases of hyperchromic macrocytic anemia have been observed m
which there 15 2 hematolagic and clinical picture stmilar to pernictous anemia
except that the gastric secretion 1s normal, The bone marrow 1n such cases
has shown a megaloblastic hyperplasiz. No lesions have been demonstrated
in the gastroimntestinal tract, and extracts prepared from the Iner of pauents
dying with this type of anenua have produced 2 hematopoenc response in
pattents with pernicious anemua,

It has been suggested that the anema in these patents 1s due to a failure
of the bone marrow to unlize the antianemic factor, but this explanation has
been questioned. The response obtained with the admimstration of hver
extract 1s poor or entirely absent
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Chaprer 1X

IRON DEFICIENCY ANEMIAS

A MICROCYTIC HYPOCHROMIC TYPE OF ANEMIA DEVELOPS WHEN AN ADEQUATE
amount of iron 1s not available for hemoglobin formation. The cause for
this deficiency in available iron varies from one case to another, and although
there are obvious gaps i our knowledge of iron absorption, storage, and
utilization, certain facts have been established which explain the pathogene-
sis of these anemas. Tron 15 known to be present in most, 1f not all, of the
cells of the body The total amount of 17on n 2 normal adult is approxumately
4.5 to 5 Gm. This 1s present n three forms. The fron in the blood hemo-
globin consutates the largest portion, but the amount varies with the age,
size, sex, and blood hemoglobin level of the mndividual, It 15 about 2 5 or
3 Gm m the normal adult. The second form is the iron reserve found in
the reticulo-endothelial tissues Thus 15 available for hemoglobin formation,
but 1ts amount cannot be estimated with any degree of accuracy and un-
doubtedly varies widely from one mndrvidual to another. It 1s stored mn the
liver, spleen, bone marrow, and elsewhere in the reticulo-endothelsal tissues
and has been estimated to amount to about 1§ Gm A third form of iron
accurs 1 the nucler and cytoplasm of all cells This iron is not avatlable for
hemoglobmn formation

Most of the sron 15 absorbed 1n the upper portion of the small intestine
and is excreted almost enurely m the lower bowel. The complete prerure
of 1ron metabolism 15 obscured by the fact that there is no available method
of separating that part of the iron which has passed through the gastro-
intestinal tract unabsorbed and unchanged from that which has been ab-
sorbed, ntilized, and excreted mto the bowel The urinary excreuon of iron
1S quite constant 1n each dividual, but the amount eliminated by thlS:\'D“te
1s not sufficient to play a part m the development of an iron deﬁCJenFy

The acdity of the gastric juice plays an important role 1n the nbsorp(.lon
of iron from the gastromtesunal tract, Achlorhydria appears to be an im-
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portant factot in produciag an iron deficiency., Experimental work has shown
that nchloxhydrh definitcly interferes with the absorpuon of dietary iron,
and the frequency with which it is associated with hypochromic anemia
has been repeatedly emphasized in clinical reporss

Opinions differ as to the amount of wen which is required exch day by o
normaf individual, the estimates ranging from 5 to 15 {or more} mg. The
availsble evidence suggests that the dierary fron mrake in the adult should
be in the neighborhood of 13 to 55 mg. per day to msure absorption of an
adequate amount. Not ol of the wron present in various foodsnfls is avail-
able for sbsorption and utilwation. The iron requirements of children vary
with their age. ¥n infancy the amount ngeded each day is abour 1 mg. per
kiogram of body sveight, This requirement declines with advancing years
s0 that by the age of 3 or § years it has decceased to o § or 0 6 mg. per kifo-
gram of bady weghe, Jv s difficult to reet the nieed m an infane by dictary
means ereepr with the use of cereals forufied wuh iron. The average deet
of older childsen contains an adequate amount.

Twa of the most common factors which increase the iron requirement
of an individual are (1) the sron lost m the form of hemogtobm by hemor-
thage and {z2) the amount needed i the § of new ini)
dssues. When blaad 15 lost from the body, obviously wron Is pecessary for
the regencration of hemoglobin to teplace it. I che hemorthage ocours
sepestedly over a long perod of time, there may not be sufficiem won ab-
sarbed from the foad co replace what 15 beng used m the formattas of new
hemogloban, In this way the avatable seserve supply of iron becomes de-
plated. The loss of blood during menstruation cannot be engisely distegarded
in this conneetion, for slthough the average loss, about 30 cc. of blood or
20 mg. of won per persod, can be veadity replaced, this does not hold troe
e cases of menorthagia,

The tron necessary far the growth and development of iran-contaming
fissues aad celis in the body 15 an imporsant aspeee of ron metabolism It s
mportant dutig pregnancy stce the fecus at the time of hirth conrains
the neighborheod of 350 10 400 mg of won, all of which must be obtamed
from the mather Supplying this amount of won consttutes a severe dran on
the maternal reservey parneularly when there ate other complicatng facrors.
An excessive desmand for 1ron s also present during nfaney and childheod
when the rate of growth 1s rapid A deficiency may develop av this tme if
the fetal resesve supply was inadequate at the nme of burth or f tus supply
s tot replenshed by an adequare dierary mtske The need for large amounts
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of iron continues during childhood and seems to be particularly great at
the time of adolescence and puberty when, it has been estimated, the need
is nearly as great as during 2 pregnancy.

Since the 1ron deficiency may be brought about in a number of ways, it
is obvious that a wide variety of conditions may cause a hypochromic anemia
of this type. It may be caused by gastraintestinal disorders, such as achlorhy-
dria or a persistent diarrhea, which interfere with absorption of iron, by
inadequate diets, by chronic loss of blood, by the excessive demand for iron
during the period of life when growth is rapid, or by the fetal demands for
iron during pregnancy. As these factors may act alone or in various com-
binations, the appearance of an anerma of this type may require extensive
study to determine the true cause.

Broop PicTure v [ron DEFICIENCY ANEMIAS

All cases of iron deficiency anemia present a similar hematologic picture.
The following description is applicable to all the clinical types The anemia
is characterized by a reduction in the blood hemoglobin level which is pro-
portionately greater than the reduction in the number of erythrocytes. A low
color index results, frequently as low as o, but seldom below this. This
indicates that each red cell contains less than the normal amount of hemo-
globin. The mean corpuscular hemoglobin concentration is found to be below
normal. The hematocrit reading is low, and this reduction in the volume
of the packed erythrocytes is also proportionately greater than the reduc-
tion 1n the number of erythrocytes A low volume index results, and the
mean corpuscular volume is found to be decreased—an indication that the
average size of the erythrocytes is less than normal.

These features classify the anemia as hypochromic and mrcrocytic in type.
They are emphasized by examination of the smear (Fig. 16), on whxch.the
erythracytes are found to be pale and hypochromic. There are many ring,
pessary, or ghost cells 1n which the small amount of hemoglobin present 1
the cell is concentrated at the periphery, lesving 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 tl:nc
erythrocytes. A Price-Jones curve (Fig. 18) demonstrates thts microcytosis.
Polych is not ly encountered and normoblasts are rare,
usually appcal‘ing only as 2 response to a recent profuse hemorrhage. The
reticulocytes are not greatly increased m number. Aszde from the alterations
in the red cells and hemoglobin, there is little of significance to be found on
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F16. 16 Photomicrograph of esythrocytes On the lefe ace normal cells. On the righe are
pale, hypachromuc c¢lis from a case of wwon deficiency anemu

F16 17, Bas-celsef photomicrogeaphs of erythrocytes On the feft are nonmat cells On
the right are cells from 2 case of won defimency anemia,
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examination of the blood smear. The total leukocyte count is normal, and
there is a normal distuibution of the cells on differential count A moderate
leukopenia with a relative lymphocytosis has been found jn a few instances
The platelets are unaltered excepr when the picture is complicated by 2,
recent hemorrhage. This may lead to an increase in the numbers of both
platelets and leukocytes. There is no significant alteration in the fragilicy of
the erythrocytes and no jaundice or elevation of the serum bilirubm.

The bone marrow 1n 1ron defictiency anema shows a hyperplasia m which
the normoblasts are increased in number and predominate 1n the smear. The
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Fic, 18, Fhe curve shows thar a majonity of the cells in tron deficiency anemus have 2
diameter which 1s less than the normal, the peak of the curve falling at 6 5 migrons.

picture 1s 1 sharp contrast to the marrow n pernicious anemia 1n which
megaloblasts predommate. The findings are those of active ery(hmpmeSiS and
mitotic figures are common. As the blood returns to normal under proper
therapy the marrow likewise becomes normal.

Cumnicar Tyees or Irox DEFICIENCY ANFAMIAS

Hypochromic Anemia in Infants

The hypochromic anemia of infancy and chrldhood 15 not present at birth
nor does it appear immeduately thercafter It is prone to develop dunng the
first year of life, frequently making s appearance soon after the fourth
month at a nme when the child’s growth s rapid and the demand for iron
is parucularly great. The blood hemoglobin and erythrocyte count of 2
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normal infant are high at birth but they decline rapidly, The downward
trend cominues to the point at which on snemia develops when there s a
deficiency of iron. This is apt to become parucularly severe in jnfanss whe
are small at the tune of birth and whose grow th 1s unusvally rapid. It s 2lso
prone to develop fn premature infants in wham there was not sufficient dme
for the iron stores to become adequatcly filled by the time of birth. Jo is
mare frequent in the case of twins and mukiple pregnancies o whom the
maternal organism has been unable to supply an adequate won reserve The
blood hemoglobin is charscteristically normal during the early months of
life in thos¢ infants born to a mother whe has an 1ron deficiency type of
anesmia, but the probabihues of an anemia developing during the first year
are far greater than 1n mnfants whose mother does not kave such an anemiz.

Ancmia may also develop if the rescrve supply of sron 15 not adequately
replemshed by dierary means Inadequate replenishment 15 most frequently
encouatered m infants recciving cow’s nulk rather than breast mitk. The
iron content of the former 15 much lower, and iron retention from artificial
feedings is far Jower than from breast muith. An madequate iron intake also
results from withhold ppl i feed for too Yong a time so vhat
the tnfant ss being maintamed on a mitk diet at 2 time when other foods
such a5 vegetables, eggs, and cerenls should be ginen In other sostances the
iron intake 1s too low because the supplemental feedings are not of the
ught type.

“The anerua in these infants 15 the result of inadequate iron stores, an
madequare sron smtake, or 2 combination of these, duxmg 2 time when there
s an excessive demand for tron because of rapid growth, Parsons has given
the following causes for the deyelopment of an iron deficiency in children:

+. Deficieny antenatat storage
3 Tron deficiency 1 the mother
& Deficsent transference of won 1o the fetus
© Premawnty uf fetus and wsufficent storage
4 Tums, won states obtamable from the mother bewng msufficient for both children
2 Deficsent postnatal supply
2 Insufficient sopply of won @ the breast milk, possibly from irea deficincy s
muther's diet
b Arufical feeding with cow s milk, whuch gines an tron setenson only one-fifeh
that of breast feeding
& Profongazon of mdk fceding beyond the normal Jactatzon period
3 Deficiency of bath antenatal storage and postnaral supply

The chimeal piceure an these children 15 not particulardy striking except
for a vanable degree of paflor and hstlessness. They may appear well
nourished, well developed, and otherwise healthy. There 1s no scterus The
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spleen is often palpable but there is no lymphadenopathy. The children are
somewhat more susceptible to infections than are those with a normal blood
hemoglobin,

Nutritional Iron Deficiency Anemia in Adults

A severe grade of hypochromic anemia is seldom encountered in an adult
as 2 result of a low iron intake alone. Mild grades of anemia on this basis are
not infrequent. A significant degrec of anemia is not uncommon when 4
low iron intake is combined with other factors which interfere with ab-
sorption or utilization of the iron. The usual diet of the average adult con-
tains from 10 to zo mg. of iron per day. Even though all of this is not ab-
sorbed, it is sufficient for ordinary metabolic needs. The actual requirement
for iron is considerably below the usual daily intake so that even with a
restricted diet an actual deficiency develops very slowly, and anemia seldom
progresses to a severe stage. The foods which contribute most of the iron
to the diet are red meats and liver, green vegetables, carrots, egg yolk, and
certain fruits such as apricots, peaches, dates, figs, raisins, and prunes
Smaller 2mounts of iron are found in many other fruits, berries, and vege-
tables.

Although the diet of a normal adult is seldom restricted to the point of
producing a severe anemia, a mild degree of anemia from this cause is not
infrequently encountered. This s particularly frequent in young women,
usually appearing at an age when dietary fads and disltkes are particularly
common and when the demand for iron is still high becausc of growth and
development plus the added demand to compensate for that lost with the
menstrual periods. Blood hemoglobrmn levels of from g to 11 Gm. per 100 cC.
of blood are common 1n females of this age group. When such a mild anemia
is present, the manifestations are not striking. Loss of pep, fatigability, ar}d
weakness are the usual complaints. We have found mild grades of anemia in
many persons who have had no specific complamts although after theis blood
hemoglobin has been brought to a normal level by means of iron thf:rapy,
they fecl much better than they did previously. Their weakness .:md fatigabil-
ity were so mild and had come on so gradually that the patients had not
recognized their presence. i X

The anemia may become severe when a low iron intake is associated with
some factor that interferes with 1ron absorption. This may oceur with an
achlorhydra which decreases the absorption of 1ron or wh‘cn large amounts
of alkaline powders are given in the treatment of peptic ﬂlctl:. A per-
sistent diarrhea, as with amebic and bacillary dysentery or chronic ulcera-
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tive colitis, nay also lessen the absorption of iron. Other gastrotnrestinal
lesions which lead to poor absarprion may ace sn a similar manner and may
fead t0 a severe hypochromic anemiz.

Chlarosis

Chilorosis, or “green sickness,” is 2 form of hypochromic anemia which
occurs in adolescent girls, usually beeween the ages of 14 and 20. The term
clilorosis as well as the papular name “green sickness” was applied to the
disease because of an apparent greenish tnt to the skun beneath the eyes and
the chin Some observers who were accustomed to seeing many patients
with chlorosis have cast doubt on the actual presence of a greemsh dis-
coloratien.

Many authors have alluded to chlorosis under one name or another since
it was first descnbed by Johannes Lange in 1520, During the succesding
three centuries it was apparently a prevalent and pi disease, so
conspicuons in faet that it was portsayed on canvas by many famous artists
of the seventeenth century. Stnce the end of the nineteenth cenvury us in-
cidence has rapidly decreased, unul 2t the present time it 15 extremely rare
in its chssical form Many cases of anemia which are now recognized as
being due 10 mephritis, tuberculosis, chronic hemorrhage, or dwetary de-
ficiencies were undoubtedly called chi m the past, bur this greater
setaraty n disgnosis does not scem to entwely explan the dechne in -
adence It 1s possible that ymproved dietary habus and better Iving con-
dions may be partially responsible oz sts disapp

The cause of chlorosis has never been adequately determined, It seems
probable that a low wron intake pius an excessive demand for iron dunng
adolescence and the anset of menses were the enologie factors. Maay girls
with mild grades of hypochrom anemia are encountered todey in the
ehlorote age group aithough few of the classeal symptoms are present and
the anesmua is usually not severe. Hematologie studies on gurls entering nurses
traitung a¢ the University Hospitals have shown 2 nuld anemia to be preva-
Jent, ¥t 15 much more frequent n females than among males of the same age
group. These data show that though chlorosis in its classical form has largely
disappeared, a stmlar but muld grade of anemis in females of this age group

is stall 2 commen findimg

The symptoms of chlorosss are those of any anemia- weakness, loss of pep.

fangabilaty, and shght palpianion These are present in varymg degrees de-
pending upoa the severity of the anemna The pallor ss also variable, A
clear pearly whrie palior will be noted wn 2 blond patiene, There will be a
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yellowish tint to the skin of a brunette because the normal skin pigment
shows more prominently. The yellowish tint is not apparent in the scleras.
Dyspepsia and perverted appetites have been described as frequent symp-
toms of chlorosis, and menstrual arregularittes are common Examination re-
veals hieele aside from the pallor. There s no icterus, the serum bitirubn is
nor elevated, there is no lymphadenopathy, and the spleen is seldom enlarged
Achlorhydria is rare in this disease, gastric hyperacidiry being a more com-
mon finding.

The blood picture 15 that of 3 hypochromic anemsa. An indication of the
prevalence of this disease in the past is shown by the use of the term
chlorotic type of anemtia to describe what is now called 2 hypochromic
anemaa.

Anemia of Chronic Hemorrhage

The hypochromic anema caused by chronic bload loss 15 the most corm-
mon form of iron deficiency anemia. It may be encountered at any age and
from a wide variety of lesions but is particulasly frequenc with bleeding
hemorrhotds, a slowly bleedmg peptic ulcer, and menorrhagma, Hemorrhage
is an ymportant factor in the production of the anem associated with car-
cinoma of the stomach and colon, ulcerame cobss, hookworm nfestadon,
and 3 great many other diseases,

The hemoglobin which 15 lost with a single hemorthage, even though 1t is
large, can be replaced with ease by drawing on the reserve stores of iron
i the body. When thus demand for won 15 repeated at frequent incervals
over 2 long penod of ume, the available 1ron becomes exbausted, and the
body stores cannot be replemshed as rapidly as they are being used The
resultant sron defictency leads to a slower formauon of hemoglobin, and
the typreal hypochromue microcytie type of anemia results. Since there is
no interference with the production of erythrocytes themselves, but rather
with the production of hemoglobin, each cell contains less than its normal
complement of hemoglobm. The indrvidual cells are consequently small and
pale.
Chrome hemorrhage 15 a factor i the production of a large percentage
of the severe forms of iron deficiency anemua, Rhoads has stated that 3
microcytic anemia is seldom encountered in the absence of hemorrhage.
For this reason 1t 1s necessary to mstitute a pamnstaking search for evadence
of blood loss whenever a hypochromic microcytic anemia 1s encountered.

Carcinona of the ascending portion of the colon is prone to cause a severe

h\vpochmmic anemia because of the constant bur unrecogmzed loss of bloed,



Iron Deficiency Anemias 133

i this ocation the growth may cause few bowel symptoms, This condstion
wmust always be considered in the diagnosis of an othery ise unexphained hypo-
chromic anemia in an older patient. The anesmia is commonly the preseating
symptom of the lesion.

Hypochtomic Ancmia of Pregnancy

A moderate reduction in the amount of hemoglobin per unit volume of
blood occurs gs 2 normal phenomenon in pregnancy- “This 15 the result of
tydremia, an increase in the total plasria volume. Hemoglobm values as
fow 15 10 or 11 G, per 100 £¢. of blood W wh a corresponding reduction
in the number of erythrocytes may oceur a5 3 result of hydrenia and need
siot be considered as pachologic after the fourth or fifth month of pregnancy.
Readings below 10 Gm. of hemoglobin are probably never physiologic.
When such 2 low reading is assoesated with g low mean corpuscular herio-
globin conrent or a fow color sndey, it is indicative of an sron deficiency
anemia. This type of anemiz of pregnancy 1 more frequent than the magro-
cytic and hyperchronue form. Strauss and Costle studied 38 consccutive
patients having an anesmia of pregmincy and found 3o of them to be of the
hypochromic type. In the Unwersity Hospuals there were 4 cases of hyper-
chromme anemua as compared o 406 £35S of the hypochrome type m 11,370
consecutive preguant woemen.

Several factors may contnbute to hypochromic anemd of pregnancy.
There is an excessive demand for iron by the fetus snce all the iren for
blood hemoglobin, the nissues, and the reserve supply must be obtasned from
the mother, This excesstve demand depletes the maternal stozes just as would
2 corresponding loss of won by hemorrhage, and the dierary intake of won
during the last trmeseer of pregnancy 8 ordmardy wsufficient to meet the
demand. Sice relatively few pregnant women develop this type of anemiz,
1t is obviaus that other factors must contrbute. A det which 15 deficient i
wron has been taken by many of these panents esther beeouse they are finan-
crally unable to purchase the necessary foods or because @ perverted or
peculiar appente has prevented their use. Persistent nauses and vomting
sentously iterfere with the absorpuon of 1ron from the gastrointestnal tract
wn other patents. An schlorhydrsa of hypochlorhydna 1 an almest constant
feature 1n the hypochromic anemia of pregnancy and, as has been shown,
this 1aterferes with the absorption of dierary won A low gastric acidity 15
therefore one of the most mporant enologic factors Repeated and frequent
pregnancies, parneularly when compheated by low iron absorpuion, are 3pt
to Yead to especially severe grades of anema.
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The clinical features are those of any anemia. Weakness, lassitude, and
fatigability are the predominating symptoms in a majority of the cases.
Palpitation and shortness of breath on exertion are likely to appear in the
more severe forms. In many nstances the symptoms are entirely masked by
those of the pregnancy so that the anemia is detected only by the routine
blood examination.

Varying degrees of pallor may be noted, but there is no jaundice Although
atrophy of the tongue 15 occasionally encountered, glossiis with pain and
burning is infrequent. The finger nails may be thin and brutle, but spoon-
shaped nails, such as are found 1n idiopathic hypochromic anemia, are not
common The spleen is occasionally enlarged to a shght degree but subsides
to its normal size with improvement of the anemia. Achlorhydrm or hypo-
chlorhydria is an almost constant feature, In many instances a subsequent
pregnancy occurs before the patient has fully recovered from her anemia.
This results in an even more severe anemia than was present during the
preceding pregnancy. ’

Idiopathic Hypochromic Anemia

Idiopathuic hypochromic anemsa is another type of iwon deficiency anemia
in 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 types of iron deficiency anemia, but certain variations have tended
to set this form apart as a separate symptom complex. The exact 1ncidence
is unknown as some confusion exists concerming the exact criterta for inclu-
siont of an anemia in this category. It is less common than the anems of
chronic hemorrhage

The onset 1s nsidious It 1s difficule to determune the length of time the
disease has been present although a history of five or more years of weak-
ness and 1ll health 1s common Sometimes the pauent dates the onset to 2
severe mfection, operation, or other illness. In other nstances the onset may
be traced to a preceding anemua of pregnancy from which the pattent dud
not fully recover. The symptoms are usually vague and consist primarily of
weakness, fatigability, and loss of strength together with palpitation, shorf-
ness of breath, and nervousness. Patients seem to become adjusted to their
state of chronic 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 similar to those of other s.evere. anemmas

Vague symptoms referable to the gastrointestinal tract are common,
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anorexiz, nausea, constipation, dy spepsia, and eructations of gas are among
the most frequent. Vonuting and diarthes sccasionally appear and may lead
o such 2 careful selection of foed that the diet ulimarely becomes inade-
quate. Sorentess and bumning of the mouth and tongue are occasionally en-
countered, but the glossitis is scldom as pronounced as in pernicios anemia.

Dysphagia is a particularly prommnent feature of this type of anemiz. It
was present in 6 of the 11 cases which we studied in derail. The difficulty
in swallowing was so severe in two of the patients that they were referred
to this hospital with a dragnosss of caremnoma of the esophagus. In the absence
of 2 logic examination or esoph Py, it is easy to see how such
a duagnosis might be made in an eldesly patient with 3 severe hypochromic
ancmia who has great difficulty in swallowing. Solid foods ordinatily cause
greater difficulty than hquid foods, and the dysphagia is frequemly more se-
vere when the panent is tired, Examination by means of an esophagoscope has
shown no constant pathologic picture although some atrophy of the esaph-
ageal mucosa may be present, The dysphaga is probably due to muscle spasm
and entirely disappears with sran therapy. When dysphagia sccompanies this
type of anemia 1t is Iy called the “Ph Vinson syndrome.””

Numbness and unghng of the evtremities have been noted rather frequently
but are less severe than when encountered in pernicious anemia, They are not
assocated with evidence of orgamc lesions i che spinal cord

Menorrhagta is a feature in this type of anemuz although it may not bave
been noted by the patient Acsual measurement of the menstrual bloed Joss
shows it 10 be excessive m many of the patents, 2ad 1ron balance studies show
that the 1ron which is lost exceeds the amount which is bemg retained from
the diet. It 1s probable that an excessive menstrual blaod loss 5s an imporeane
enologic factor 1 most of these patients,

Examinatin reveals a pallor whuch, by the nme the patienr consults a
physictan, 1s usualty quite marhed Itis a clear pallor which 1s not complicared
by 1cterus although i brunettes a yeljowish tint may be apparent in the skin
This 15 distmgunshable from true icierus by the face that the scleras are pearly
white and the serum bilrybin 1s normal of low, Most patients maintan a good
state of nutrition and do not appear emaciated. Weghs is normal nhh(mgh
the pattents seesm Iistless, apathete, and faugued The fais is frequemly of
fine texture, dry, and gray  Atraphy of the papillac of the tongue was present
n 63 per cent of Wintrobe’s cases. This may be apparent only at the edges
of the tangue or it may be 35 striking and severe as chat found i permeious
anemmna (Fig 1q).

Alrerauons m the finger nails are frequently encountered, the most com-
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mon manifestation being nails which are thin, brittle, and easily broken and
which have longitudinal ridges. In the more extreme cases there is 2 flatten-
ing or actual concavity of the nails as is shown in Figure 20. This is spoken
of as “spoon-shaped” nails or koilonychia
Such changes are not specific for idiopathic
hypochromic anernia as they have been ob-
served in males with an anemia due to 2
bleeding peptic ulcer. The nails may requrn
to a normal state when the anemia js con-
trolled.

The spleen is enlarged in sbout so per
cent of the cases, but the size is never ex-
cessive. An increased area of splenic dull-
ness may be noted on percussion, or the
organ may be palpable one or two centi-
meters below the costal margin Tt will
usually recede to normal when the anemia
has been controlled, The liver is seldom en-
larged and there is no lymphadenopathy.
There may be a slight degree of cardiac di-
Fic. 19. Atrophic glossits m latation, and a systolic hemic murmur is
pauent ~ with diopathic  hypo-  COMmMOn A venous hum will occastonally
chromié anemia be heard over the veins of the neck.

Gastric analysis reveals an achlorhydria in a large percentage of the patients
and 2 hypochlorhydria mn many of the others. In only 8.5 per cent of the
patients was the gastric acidity normal (Wintrobe). Although free hydro-
chlonc acid 1s low or absent, there 1s not an achylia as is found in pernicious
anemia. Castle has demonstrated that the gastric contents of these patients
contain the “mtrinsic factor.”

There is no evidence of increased blood destruction, and the serum bili-
rubin is normal. The reticulocytes may be slightly incressed m number.
Sternal puncture shows hyperplasia of the marrow with erythrocytes of the
normoblastic stage predominatmg. There are no characteristic changes in
the leukocyte count. The anemia 15 2 microcytic hypochromic type as is
found m other iron deficiency anemias

e s

Etiology
The principal factors concerned in the development of this type of anemia
tave been mentioned, i.c, menorrhagia and achlorhydria. The loss of an



Iron Deficiency Anemias 137

excessive amount of blood with the menstrual penods is an important con-
tributory factor as was demonstrated by actul measurements. The lowered
gastric acidity interferes with the absorption of iron so that replacement.
of the iron lost with the menorrhagia is difficult. In a few cases there is a
history of a diet of Jow jron content. The onset of the illness in some cases
can be traced to 2 pregnancy or rep d pregnancies at relatively short in-
tervals so that the disease represents a hypochromic anemia of pregnancy

in which the hemoglobin deficit has never been replaced. We have not been

able to find any evidence of a defect in internal iron merabolism or utiliza-

tion,

Fic 20 Koilonychia, an abnormal concavity of the finger nails, m a patient with 1dio-
pathic hypochromic anemia
Examples of this type of hypochromtc anemia and of pernicious anemia
have been found 1n the s2me family. This hugh incidence of idiopathic hypo-
chromic anemia n “pernicious anemm famihes” is undoubtedly due to
familial achlorhydria. Cases of idiopathic hypochromic anemia which have
termunated as typical permicious anerma have been reported.

Duagnosis

+ The diagnosis rests on the foregoing clinical and hematologic features. An
extremely careful search must be made for evidences of chronic hemorrhage
m all patients, particularly for evidences of menorrhagna or chronic bleeding
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from the gastrointestinal tract. Banti's syndrome in the early stage may pre-
senta st?mewhnr similar pictare, but there is usually a large spleen, leukopenis,
and, in'the late stages, evidences of porral obstruction and liver insufficiency.
When glossitis and stomatitis are present, a deficiency in viramin B must be
considered. Aplastic anemia can be excluded by the platelet and leukocyte
counts and by examination of the bone marrow. Pernicious anemia is excluded
by its charactensstic macrocyuc hyperchromic blood picture.

The prognosis is good if the excessive blood loss, when present, can be
controlled. The response to adequare amounts of iron is striking, and the
blood picture may be brought to normal withun 2 short time.

TREATMENT OF IRON DEFICIENCY ANEMIAS

The essential feature in the treatment of iron deficiency anemias is the
istration of adeq of an inorganic 1ron salt. The effective-
ness of iron in the treatment of certain types of anemia has Jong been fecog-
nized, buc for a time it was in disrepute because of the use of complex organi¢
Is or taa small of inorganic iron. Its routine and perfunc-
tory use in all types of secondary anemia has been superseded by the more
rational administration of adequare amounts of iron to properly selected
cases. This therapeutic renajssance has been due in part to a better under-
ding of the pathogenesis of the ias as well as to the recognition that
large amounts of 1ron are advisable The enthusiasm for massive doses of iton
has perbaps resulted in the admuustration of excessive amounts to some
patients but has led to excellent therapeutic results.

Numerous iron salts are effective in the treatment of iron 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
various types of preparations. The average dady dose is that which will pro-
duce a maximal response in a majority of adult patients Tt is realized that not
all patients will show the same response to identical amounts of an xron salt
and that some patents will respond satisfactonly to smaller amounts than
those listed. Certam refractory cases may require even lirger amounts.

1

Preparation Daily Dose Metallic Jron Content
Iron and Ammonium citrates 6 Gm. 19000 Mg
Reduced won (ferrom reductum) 3 Gm. 2800 mg
Ferrous carbonate 12 Gm. 360 mg.

Ferrous sulfate 2 Gm. 400 Mg,
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Comparison of these iron preparations on 2 basis of their metathie iron con.
tent shows that the fesrous are more effective than the ferric salts. It has
heen demonstrated that ferrous salts are more readily absoched from the
gastrointestinal trace than ferric salts, and it has been suggested that iton may
be absorbed only in the ferrous state. After absorprion the sron is transported
by the blood plasma. Moore has demonstrated that ferrovs sakts produce 2
greater and more rapid increase in the serum iron than do fesric salts. Because
of the greater absorbability of ferrous salts, they can be given in smaller
amounts and still produce an equally great resp inh tot

tion, When the number of grams of won urilized in hemo"lobm fnrm:mon
is ascertained, it is found that there is no significant dxﬂ'erencc in the utiliza-
tion of the two types of preparatians, The differenice between the ferraus
and the ferric salts seems to He m their absorbability rather than in their
subsequent metabolism and urlization.

The xesponse to adequate amounts of iron m properly selected cases is
striking, There is first an increase in the number of reticulocytes which
begins & few days afrer the administration of jron is srarted, bue the reticn.
locyte response is stower and does not resch as high a peak as s true with
tiver extract in pernicious anemua (Fig. 21}, The height of the sesponse is
inversely proportional to the hemoglobin level st the onset of treatment so
that a tugher retculocyte count will oceur in the mare severe anemias.
Following the seticulocyte rise there is an increase in the hemoglobin level
and the erythrocyte count, but iron has 3 greater effect on the formation of
hemoglobin than an the erythrocytes The raprdity and extent of the hemo-
globin increase depend npon the severity of the anemia, being more rapid
and greater when the pretreatment hemoglobin evel is lower, The increase
m the blood hemoglobin s the best single mdex as to the adequacy of
LIeatment.

Pavents wich idsoparhuc hypochromic anenua will, 5s 2 rule, require some-
swhat larger amounts of iron than patients with other types of iron deficiency
anermsas, and the dosage already hsted apphes to that type of case In in-
stances in which the anenma 15 due 1o chronic blood loss alone a smaller
amount of the iron saft, one-half or less of the hsted dosage, may give a
maximal response (Fug, z2) The effecriveness of iron therapy will be de-
creased 1 the presence of nephrms, sutrogen retention, infections, hypo-

dism, vitamin defi ot chronic blood Joss.

lmn and ammenmm csteates are wsually administered in the form of
o5 Gm (7% gram) cspsules bue may be used in 2 25 or ¢0% agueous solu-
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tion in a switable vehicle. This is one of the best of the complex ferric com-
. pounds It is soluble, and when taken in a liquid form precautions must be
observed to prevent its coming in contact with the teeth. It 15 best taken
through a glass tube. Reduced iron, an insoluble preparation, is conveaiently
administered in capsules containing 0.5 Gm. (7% grains) of the drug. Fer-
rous carbonate 15 prepared in the form of pills containing from o 3 to 06 Gm
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(5 to 10 grains) which are coated to prevent oxidation of the drug before
administration as well as to prevent gastric wnitation. Ferrous sulfate s allso
dispensed as coated pills, usually contaiming from o3 to 05 Gm. (510 7%
grains) of the salt. ] . )
Untoward symptoms from the admmstration of iron, usually in the f;rhm
- of gastric irntation or diarrhea, are not infrequently encountered ;
nausea, vomiting, and diarrhea are more frequent when the soluble salts o
iron are used We have encountered the least trouble with reduced mon.
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occasionally finding patients who could take this form when none of the
other salts could be toleraed. Duarrehea may begin a few days sfter the admin-
sstration of the drug Is begun, lase for several days, and then spontancousty
subside even though the administration of iron is continued. Ferrous salts,
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because of thew smaller dosage, msy be well tolerated, but the ¢
forms such as the sulfare and chlonde frequently are irmmating None
sron salts should be given on an empty stomach, they are best admin
aither with or immedsarely follow g a meal. Iron has been found to b
effective when gven at frequens mtervals rather than m 2 single duue o
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that dividing the daily dose into three parts and giving it with the meals not
only diminishes the gastroincestinal irritation but increases its effectiveness on
hemoglobin formation.

Although achlorhydria interferes with the absorption of jron from the
dietary iron intake, there is adequate absorption when large amounts of
medicinal iron are given even though free hydrochloric acid is absent from
the gastrje contents. The administration of hydrochloric acid in conjunction
with the iron salt does not appreciably increase the race of hemoglobia for-
mation, consequently its use is not essential. Dilute hydrochloric acid mey
2id in relieving the gastrointestinal symptoms due to achlothydria.

Intramuscular injections of iron cannot evceed 16 to 32 mg. per day
because of the toxic reactions In this small dosage the effect on hemoglobin
formation is not great. This route of administratton is not advisable or effec-
tive, We have encountered patients in whom there was no hemoglobin re-
sponse to intramuscular iron even when given to the point of producing
mild toxic reactions. But when the drug was given orally to the same patients,
a prompt and satisfactory hemoglobin response ensued. Large doses of iron
in a colloidal state have been administered intravenously to patients by Moore
and his co-workers but the toxic reactions were so severe that they concluded
that this route of administration was contraindicated, There was, however,
an exceedingly high reticulocyte response, # rapid rate of hemoglobin regen-
eration, and a high percentage of utihization of the admmstered fron.

Copper is necessary as a catalytic agent in the synthesis of hemoglobin even
though it does not enter into the structure of the hemoglobin molecul.c‘ In
the adult, however, there is sufficienc copper in the food and as a contaminant
of the iron salts so thar additional capper is not necessary. The adminiscration
of both copper and iron to 2 group of 20 adult panents did not produce any
more rapid hemoglobm response than did the administranon of wron alonc.

The epoch-making experiments of Whipple and his assocutes on the
effect of various foodstuffs on hemoglobin formation in dogs have shown the
beneficial effects of hiver and liver extracts, The liver fraction which 15 pre-
cipitated by 70% alcohol and an aqueous extract of hver were found m‘bc
effective in the treatment of chronic hemorrhagic anemia. That subfraction
of liver which 15 effective 1n the treatment of pernicious anemia 15 of no
value in iron deficiency anema. Iron produces 2 greater response than do‘es
liver ot liver extract so that the adnunistration of these, either alone or in
combination with an iron salt, is not necessary. A few cases of iron deficiency
anemia are complicated by other nutritional deficiencies. In these Eaucms the
addition of liver or a hver fracuon may hasten hemoglobin formation.
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Combinations of iron and various vitamins are commonly employed in the
treatment of these anemias, but unless there is evidence of a vitamin defi-
cieacy, they have na advantage over a simple iron salt. Such combinations
are not to be recommended since 1 majority of them contain too little iron
to be effective and are an unnecessary expense to the patient.

A maintenance dose of iron is required in some patients for an indefinite
period after the hemoglobin has been raised to a normal level. This is espe-
cially true in idiopathic hypochromic anemia. Iron may be given continu-
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ously in small doses or intermuttently 1n larger amounts. The maintenance
dose may be considerably smaller than that used in rasing the hemoglobin

level to normal

It is useless to speculate on the minimal effective dose of 1ron since this 1s
so variable and, from an economc standpoint, the 1ron salts are so inexpensive.
Iron balance studies have shown, however, that the amount of iron retained
by the body from the oral administration of the drug 15 far greater than the
amount utiized 1n hemoglobin formauon. Even with small doses, such as
1 Gm. of iron and ammonrum crrates per day, an excess of won was re-
tained, When larger amounts of the same preparation were administered,
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3 Gm. of iron and ammonium citrates per day, the amount of iron retained
was still larger although the percentage of the administered dose which vas

EFFECT OF IRON ON MILD ANEMIA
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wsed in hemoglobin formation was lowered. These data are shown in Fig-

ure 23. . .

Small amounts of various iron preparations, such as 1 Gm.
ammonium citrates, 1 Gm. of reduced 1ron, and 0.36 Gm of ferrous sulfat‘c
produce 2 satisfactory hemoglobin response m many patients. This

of 1ron and

per day,
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s especially true in the anemia due to chronic hemotrhage. The response 1o
small amounss of iron does not mean that such smalt doses should be employed
routmely.

Tron medication in hypochromic anemia is usually considered a form of
veplacement therapy, but the possibility that Iron has a srimulating effect on
the bone marrow and on henoglobin formation cannot be entirely ignored.
YWhen it is administered to 2 patient with a moderate grade of snem, the
aaximum incresse in the blood hemoglobin level is reached at the end of
eight 10 ten weeks. Subsequently there is 2 gradual drap in the hemoglobin
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so that it ulumately levels off at a pomnt above the pretreatment fevel but
below the mammum fevel artained. This type of response was obtained when
won was grven continuously as well as when 3 was admumstesed for sixty
days and then disconunued When iron was admunistered to a group of indi-
viduals having a low normal hemoglobun level, rather than an actual anemia,
a sumsfar type of response was observed (Fig 24). The maninal response was
obuained ar the end of exghr o ren weeks, but even though the sdmmsira-
tion of 1ron was continued, the hemoglobin dropped to the pretreatment lesel
with no perststent increase.

“The adminsstration of iron will hasten the regeneranion of hemoglobin m
pavients with 2n acute hemosrhagie anemia and 1 donors who have given
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blood for a transfusion (Fig. 25). Thete is no actual deficiency in these eases
but jron can apparently be made more readily available for the synthesis of
hemoglobin. The iron content of the blood serum increases rapidly after the
oral administration of an iron salt, and the experimental work with radio-
active iron indicates that it soon appears in hemoglobin and erythrocytes.

‘The amounc of iron administered to infants is much less than that given to
adults. Tt is necessary to employ a soluble preparation and one which is not
itritaung to the gastrointestmal tract, The most widely used preparation is
iron and ammonium citrates in 2 1% solation—4 cc. daily up to the age of
6 months and 8 cc. daily from 6 to 12 months of age. Iron and ammonium
citrates may also be given to older cluldren in a 10% solution—2 cc. per Kg.
of body weight per day. Iron salts which must be administered in the form
of pills or capsules are not suitable for infants although they may be given
to older children. If copper has any place in the treatment of anemis, it is in
the hypochromic anemiz of infants. An occasional case apparently jmproves
more rapidly with additional copper. This may be gvenasz o 5% solution
of copper sulfate, the dose bemng 1 cc. per Kg. of body weight. It is best
given m milk.
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APLASTIC ANEMIA

APLASTIC ANEMIA 1$ CHARACTERIZED NOT ONLY BY A REDUCTION IN THE NUM-
ber of erythracytes and the amount of hemoglobin in the peripheral blood
but alsa by a reduced number of leukocytes and placelets. Alf of the blood
elements produced in the bone marrow are affected, It 15 2 progressive
anemia with little or no evidence of erythrocytic regeneration The disemse
1s recognized in idiopathic and secondary forms w hich are identical in their
clinical and hematologic features, differing only in that some chemical, todc,
or mfectious basis can be detected in the secondary form. It is possible that
all cases are actually of the secondary type and we have simply faled to
recognize the etiologic agent 1 those now called idiopathic. It 1s also pos-
sible that all the patients have 2 nital but latent mad quacy of the bone
marrow which is not apparene under ordinary circumstances bur becomes
evident when these indrviduals are exposed to certarn chemieals or tons that
might produce no changes whatsoever i a normal person, 1f the larter con-
cept is true, the apparent causative agent 15 merely a “trigger mechansm,”
which brigs to light a latent defect in hematoporests, It 1s impossible at the
present time ta say which, if esther, of these concepts 15 correct.

Eticlogy

Aplastic anemia m its secondary form has followed exposure to numesous
drugs and chermcals, the most frequent bemg benzol (benzene) or one of its
dersvatives. This chemucal 1s employed m many industnes such 3s in the
manufacture of rubber products, nitrocellulose, and other explostves, as 3
solvenr for enamels, Jacquers, and other coatings, and as a basis for many
drugs, dyes, and chemicals Reports from mndustrial plants ind'icnte that
benzol poisonng m a muid form 1s quite common and that inhalation of the
fumes is the most important way of entry. Only a few of those cxposed w
the fumes develop aplastic anemia. Exammation of workers who have been
exposed shows that some of them l'\avfg a reduction 1 the leukocyte count,

14
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the erythtoey te count, or both, even though there have been no subjective
ifestations of g ing, There is apy Iy a great individual varaton
in the suscepeibility to benzol poisoning, symptoms appearing in one person
after slight expesure and not in others even after long exposure. The symp-
toms may appear soan after exposure or they may not become apparens
unti} Jong after the person has been removed from contact wath benzol.

The administration of organic arsenies! preperations s occasionally com-
plicated by the development of aplastic aneada. The incidence of such in-
tovication is extremely Jow when the number of cases developing aplastic
anemia is compared ro the grear number of individuals reciving these drugs
in antisyphilitic therapy. There is no relationship between the size of the
dose and the appeatance of anemia so that the indiadual susceptibilicy must
be the deciding factor as to whether or not such an intaucation develops
1t s of sigrificance to note that aplastic anenia does not follow the use of
inorganic arsenic bt occurs only with the use of organic preparations which
consint the benzene ring, Many other drugs, dyes, and chemicals have been
suggested as causative agents, but in suny snstances they erther have been
condemned on insufficient evidence or have 2 benzene ring in their chemical
structure. -

Exposure ro radwactive substances and roentgen says will produce aplaste
anemua The incidence of bone marrow imolvement was high untit proper
protection was given to workers exposed to these rays. The recent swudies
on the effects of atomic bomb explostons show that aplastic anemis 15 one of
che serious sequelae, although evidences of regenerztion appear sefanively
early in the bone marrow, Gold sales, dmitrophenol, bismuth, mercury tn-
mitroroluene, sulfonamdes, rrdione, and other drugs and chemicals have also
been seposted 1o hove caused this type of anesmia,

Aplastic anemia has been sard to follow overwhelming infections or sepsis,
but 2 majativy of such cases the mfection was probably secondary, gaimag
its foothald because of the associated lenkopenia and the lack of sdequare
defense agawst the organisms The former bebef that aplasie anemua mighe
fie 3 termmnal event i permicious anemz or in chromic hemorrhagic anemsa
has been discarded.

Pathology

The term aplastec anemia wples that there 15 aplasia or hiypoplasia of the
bone marrow of such a degree that erythrocy tes cannot be supplied i ade-
suate numbers 1o maintam their normat leved m the blood stream. In the
eypical case that portion of the marrow which 1s concerned with hemaropoie-
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sis becomes pale and yellowish in color because fat tissue has replaced the
cellular elements, In this aplastic marrow there is a reduction n the number
of erythrocytes and erythroporetic elements and also a reduced number of
myeloid cells and megakaryocytes (Fig. 26). The aplasia is not uniform.
Small areas of hyperplasia containing many immature erythrocytes are found
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Fi 26. Bone marrow smear in aplastic anemua_There 1s a sparcity of both erythrocytes and
immature myeloid cells (Hal Downey, Handbook of Hematology Paul B” Hoeber, Incd

interspersed between the fat cells The presence of these scattered hyper-
plastic areas accounts for the few reticulocytes that appear m the blood
stream. Since the mvolvement 1s patchy, it 15 obvious that 2 specimen of
marrow obtained by sternal puncture may not give a picture which s repre-
sentative of the condition of the entire marrow. In a series of cases having
the charactenstic clinical and hematologic findings of aplastic anemia We
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found aplasia of the bone marrow, cither diffuse or patchy, in all autopsied
cases. Reports from other observers have shown that aplasia of the bone
marrow s not a canstant feature. Normal or hy, pexy):xsnc bane marrow has
been faund in m:m) patients who preeens =¥ ot . )

[P Wt . .

d . 4 va v Lo the penipheral
3 s upmuc anemia must be considesed the result of bone masyow
insufficiency, bur this insuffici may be on cither 2 functional or an ama-
tosic basis, and the disease represems 3 clinical rather than a pathologic
entity.

The eflects of chronic henzol polsorting an the bone warrow have beer
faund to be as variable as those encountered in idiepathic aplastic anemia.
Hypoplasa, normal eeliularity, and marked hyperplasia have alf been en-
countered after exposure to benzol. The same vammble pathologic changes
have been prodnced by benzol possoning in evperimental anmmals Malory
believes thar the intensity and duration of exposure to bcnzenc influence the
pathologic p:cmrc—that by perplasm occure et ~f- [
whersas koo e ' v

not : * et ssoquent 10 males whereas hy-
POPaana W more common in females The changes in peripheral blood are
variable in benzene poisoning. The exythrocyte and lenkocyte counts may be
either elevated or depressed. A blood picture suggestive of myelogenous
lenkemia has been d in several X

The nurogen mustard gases developed for chemical warfare produce
changes i the bone marrow, hematopoiesis being affected cither by the
whalation of 2 large amanac of gas or by repeated exposures to low concen-
trations After exposure to the gasina hlgh cuncemrmon thereis ‘mxsxcm
leukocytosss followed by 2 saprdly developing 1 hroml
and anemia. The bone marrow becomes zplnsnc Fmt the plarelets ar: -
duced following repeated cxposurcs o tewns omm
rmns o3
t .
2

Chuical and Hematologic Features

The sdiopathic form of aplastic anemia occurs most frequcndy in young
adults, bemng rare in mfants and children and infrequent in elderly persops.
The secondary form may occur at any age. The onset and cousse are ex-
tremely vamable A rapidly progressive anemua may develop 2nd termmate
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fatally within a few weeks or days after the onset of symptoms. In other
patients the onset is insidious, the course is chronic, znd the manifestations
of weakness and pallor may persist in 2 mild degrce for months before they
become severe. The term hypoplastic anemia has been applied to these
chronic cases. The acute form of the disease is more common in young
adults whereas the chronic vanety usually occurs in older patients, When
the anemia progresses very slowly the patient may be quite active in spite of
an extremely low erythrocyte count.

In some patients the symptoms may be only those of anemia, such as weak-
ness, fatigability, listlessness, shortness of breath, and palpitation. ln other
instances, because of the reduction in the number of blood platelets, hemor-
rhagic tendencies appear. These are frequently the first manifestations of
the disease. The bleeding tendencies may assume many different forms, like
those encountered in thrombopenic purpura. In most instances there will be
hemorrhages into the skin at some stage of the illness. These may occur as
repeated crops of small purpuric spots of intracutaneous hemorrhage or s
larger ecchymotic areas of subcutaneous bleeding. Bleeding from the gums
is very common, and there may be mild or severe hemorrhage from any part
of the gastrointestinal tract. Hematuria 1s infrequent, but uterine hemorrhages
are of frequent occurrence and may be the first indication of the illness The
anemia in these patients is not dependent on the loss of blood although
hemorrhage increases the degree of anemia and accelerates the progress of
the disease. Sudden loss or blurring of viston is a frequent complaint, the
explanation for which is found in the retinal hemorrhages that are so prone
to occur (Fig. 27) Sometimes there 1s cerebral hemorrhage The hemorrhagic
tendencies are Jess frequent and less severe 1 chronic cases.

These patients are extremely susceptible to infections of all types because
of the leukopenia Sepsis with chills, fever, and profuse sweating may bea
predominanc feature of the illness throughout its entire course. Infections
may be localized in any part of the body but are particularly common about
the mouth, pharynx, and upper resprratory tract. Necrotic ufcerations irt che
mouth and pharynt are frequent, and bronchopneumonia 1s often the mode
of termination.

Physical examination reveals a marked pallor buc no icterus and no evi
dence of increased hemolysis of erythrocytes The lymph nodes are not
enlarged, nor arc the liver and spleen increased in size. Although mild pares-
thesias are occasionally noted by some patients with a chronic form of the
disease, there are no evidences of sclerosis of the central nervous system.

Evidences of hemorrhage into the skin or subcutaneous tissues may be pres-
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ent, and there may be sigos of a complicating infection in some part of the
body. Although the gums may blecd profusely, there is na infiltration or
piling up of the gum margins as s seen in Jeukemia.

Achlorhydria is not common.

Esamination of the blood shous a parallel reduction in the erythrocyte
count and hemoglobin level so thac the color index and mean cospusculas
hemoglobin remain about normal. As there is no significant change in the

16 27 Reunz in a patent with aplastic anemsa show g the hemorthagic manifestations
to be found m ophthalmoscopic exammaton

size of the erythrocytes, the volume mdex and mean corpusculer volume are
normal. The anemia 15 steachly progressive without a tendency toward re-
mussions, and an extremely low erychrocyte count 15 ulamately reached, fre-
quently below 3,000,000, There are few or no evidences of regeneration of
the erythrocytes. The number of locyres 15 ch stically low, or
these cells may be enurely absent; a few are encountered in some cases
Polychromatophilic erythrocytes are not present on the blood smear, and the
acewrrence of nucleated ervthrocytes is exceedingly rare The erythrocytes
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appear essentially normal on the stained smear with bue slight variation in
their size and staining reactions,

The leulocyte count is low, usually ranging from 1500 to 3000 cells per
cubic millimeter. Not infrequenty it drops below 1000, but only on rare
occasions will it be higher than 3000, The leukopenia is due primarily to 2
reduction in the number of neutrophils so that there is 2 relative lymphocy-
tosis. The, percentage of band or nonfilamented neutrophils is character-
istically reduced. Immature cells of the myeloid series have been found oc-
caslonally in spite of the extremely low leukocyte count. When the total
leukocyte count becomes very low, there is a reduction in the number of
Iymphocytes as well as granuloeytes. This is obviously true when the total
leukocyte count is below 1000 as such a low count could not be obtained i
fymphocytes were present in normal numbers

The platelets are always reduced in number. This accounts for the hemor-
rhagic features of the disease. With the thrombopenia there is a prulongtd
bleeding time, a nonretractile clot, and a positive constrictor or Rumpet-
Leede test. These represent all the essential dugnostic features of thrombo-
penic purpura, They are a part of the picture of aplastic anemia and are
not to be regarded as complications,

Sternal puncture in aplastic anemia is unsatisfactory in many instances snce
the pnthology, as previously noted, is varuble. If few immature nucleated
cells are found 1t 15 difficult to tell whether this represents aplasia of the
marrow or a liberal admivture of perspheral blood in the aspirated material.
The latter is of frequent occurrence in marrow aspiration, This procedure
1s of greater value 1n excluding leukenua and other blood dyscrasias from the
diagnosis than i obtaining positve evidence of aplastic anemis.

Diagnosis
The diagnosts of aplastic anemia is established by the presence of 20
anemia, leukopenia, and thrombop and by a careful evcluston of other

types of severe anenna There is no jaundice and mo evidence of increased
hemolysis of the erythrocytes so that hemolytic anemias can be readily ex-
cluded. The anemia is steadily progressive and more severe than can be ac-
counted for by the amount of blood lost by hemorrhage, and the hemosshagic
anemiss do not have 2 leukopenua or thrombopema Careful attention must
be given to the recognition of atypical cases of pernicious anemiz SO that
they are not mistaken for aplastic anemia and deprived of the benefits of
reatment, In agranulocytosis the leukocyrtes are reduced in number

specific t
lets and erythrocytes are essennally normal. In thrombopemic

but the plate
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purpura the leukocyte count is norsmal or slightly elevared, the anemia is ne
more severe than can be accounted for by the hemorrhage, and there are
evidences of regencration of erythrocytes Although the spleen, liver, and
lymph nodes are not enlarged in aphastic 2nemis, considerable difficulty may
be encountered in ruling out a leukemia of the aleukemic type. This is par-
teularly true in children, in whom the slevkemic form of lymphocytic
feukemna 1s comman The splenic enlargement and lymphadenopathy are of
help in disunguishing these cases. Finat diagnosis will frequently rest on the
histologse exzrmnation of bone marrow obtained by sternal puncture or
biapsy. This may show a reduction in the erythrocytic and myeloid elements
in cases of aplastic anemia whereas an overgrowth of immarture cells of one
of the leukocytic serics will be apparent m levkernia,

Prognosis

The prognosis is poor. Idiopathic aplastic anemia is almost invatiably faral,
death bemg due to the progressive anemis, 10 2 severe hemorrhage, or to an
wrescurrent infection. The acate forms may be fatal within a few weeks of
the onset; i the chirome type the pcment ma) live for pwelve or exghtgm
months while recewving rep ional cutes are obtai
in the secondary form of aplastic anemya »f thc causative agent is recognized
and removed before the disease has become too far advanced. The outlock is
poor f the anemta 15 severe or +f hemorrhages have begun,

Treatment

The ereatment of aplastie anemua is not satisfactory. The only procedure
of sigruficant benefic 15 the administranon of repeated blood transfusions,
gren 1 sufficient amounts to bring the eryhrocyte count to 2 Jevel ap-
proaching notmal and then ar the necessary mrervals required to mantam
the patieat m 2 comfortable state. In the acute forms of the disease the
anemia progresses rapudly m sprte of repeated transfusions, and death may
ocenr withm a shart ume In patients i whom the disease is more chrome
and mare stowly progressie the bleod may be buile up to fairly high levels,
and by means of transfusions at seven to ten day mtervals the patients may be
catried slong for 2 penod of months. The outcome 15 evenwally faml in
most cases One patieat under our observation was able to continue with his
work for oter a vear while recewving blood transfusions of 1000 cc. admin-
sstered at approwmately three week mtervals. The use of stored blood from
the blond bank seemed o be as efficacions as fresh blood in maminmg his
erythrocyte level
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A few patients with aplastic anemia of the secondary type recover even
tholfgh the anemia has become severe, For this reason all patients with either
the idiopathic or the secondary type should be removed from contact with
illl possible causative agents and given repeated transfusions in the hope that
if they are maintained on borrowed blood for 2 fong enough tme, their bone
marrow function may return.

Neither liver extract nor iron are of benefit to these patients, Since there is
always the possibility of an error in diagnosis,ifve give liver extract an ade-
quate therapeutic trial n every case but discontinue its admumnistration if
there is no reticulocyte response or other evidence of improvement, All pro-
cedures and drugs which might stimulate the bone marrow have been tried
without beneficial effect. These include hiver extract, tron, nucleic acid de-
rivatives, bone marrow extracts, and small doses of roentgen rays. Injections
of adrenalin temporaily increase the ervthrocyte count but are of no per-
manent benefit.

Concenrar Hypoprastic Ayestia

Congenital hypoplastic anemia or aregenerative anemua of mfants is 2
discase appearing soon after birth which is characterized by an anemia with
few or no evidences of erythrocytic regencration. It resembles aplastic anc-
mia 1n that reticulocytes are lacking, but leukocytes and platelets are normat
or but slightly lowered, There are no hemorrhagic tendencies

The characteristic feature 15 a slowly progressive anemia appearing in early
infancy which does not respond to any type of therapy. The erythrocyte
count may drop ro extremely low levels, producing pallor, weakness, and
Dstlessness. The liver and splecn are not enlarged and there 15 no lympha-
denopathy, A number of these cases have been reported in which there is
congenital aplasia of the marrow associated with other L‘ongcnita.] abnormal-
1ties such as microcephaly, testicular hypoplasia, convergent srril‘nsmus. cxa'g-

Few or no retculocytes are present. Polychromatopniita 1s flut ersueer
There 15 no evidence of mereased blood destrucrion. In most cases fhc rotal
teukoeyte count 1s normal or but shightly lowered, and the diﬂ"creﬂml count
is not 'ugnlﬁc:mtly altered Only occasionally are neutropenia and ;hrzr:';
bnpcni:\ cncountercd.]Exngnmn:n of the sternal marrow shows a reguc

ucleated erythrocytes.
m';!]hcen:-::rlx)fi: ?sf:hmmc and 'pragr&vu\'c and can be controlied only by re-
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peated transfusions. YWhen it is kept under control by this means, the chuld
will grow snd develop normolly. The disease terminates fatally if transfus-
sions are aac given, but the child can be carried along indefinitely by this
means. One patient apparently recovered after two yedrs of treatment.
Transfusions should abwavs be given in the hope that the bane marrow may
ultimately repatn its nonmal function.

“The cause of this type of anemia is not kaow n, bur Diamond and Blackfan
consider two possibilities (2} fo may be a congenital insuffictency of the
hematopoietic bone marrow rendering it unable to form a sufficient number
of new cells or (2) it may represent an inborn error of metabolism of one
of the blood-building substances.

Eouive INFECTIOUS ANEMT4

A form of anemia which is simitar to aplastic anemus, escept for 3 normal
platelet level, has been reported as being transmitted from the horse to man.
bl 3 by the bite of 4 fly or mosquito,

31 dueroa fil virds and is
Tt s charactetized by 2 chronic anenua and leukapeqia but 2 nammal platelet
count and by recursing bouts of fever. The diagnosis is estsblished by injec-
uon of serum of the suspected patient ints 3 healthy young horse.
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Chapter X1

MYELOPHTHISIC ANEMIAS AND ANEMIAS
SECONDARY TO OTHER DISEASES

MYELOPHTINSIC ANENMIAS

Micommusic avesuss axe miose cavses By prsTRUCTION 0P TUE
crythropoteuc portion of the bone marrow ar its replacement by other
types of cells or tissue. They result from a wide vanety of lesiens which
produce different types of reactions in the smarrow. These may be purely
destructve in character, ot there may be compensatory hyperplasia in the
surroundsng marrow tissue resulting sn the apprarance of immature cells in
the blood stream. The effect of the lesions on the leukocytes and platelets is
variable so that there 15 no constant hemacologic picture 1w myelophthisic
anemia Other factors besides the destruction of bone marrow may con-
tnbute to the anemmz 5o that it may not be purely mydlophthisic in origin.

Causes
Metastatie Carcinoma
A mabgnaar tumor 1 itself daes noc cavse anemia except by its secondary
effect on the nutntonat state, by Joss of bloed, and perhaps by a totic de«
presston of the bone marrow. When malignant growths metastasize to the
bone marrow, the anenua becomes more severe and more rapidly progres-
sive Metastases to bone are most apt ta occur with a carcinoma of the pros-
tate, breast, tungs, or thyroid but may occasionsily ocour when the primary
leston 15 1n another organ. Carcinoma of the prostste has been the most fre-
queac offender m aur experence. In many mstances the anemu wath its
4 , patior, and breath); has preceded any symptoms
referable to the primary leston. The pelvic bones are the most common site
for merastases from the prostate (Fig. 28)
‘With extenstve metastases to the bone marrow there 1s 2 progressive anemia
of varishle severy whuch is

by hypochromic i type alth gh it
159
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may be normochromic or even hyperchromic, This may become extremely
severe. The lenkoeyte count js usually normal or but slightly decreased al-
though occasionally a definite leukopenia will be found. Nucleated erythro-
cytes are frequently encountered. These are a result of irritation rather than
evidence of blood regeneration. There may be immature cells of the granu-
locytic series in the blood stream. In some cases these are numerous enough

. - . . ) il
Fic 28. Extensive osteolytic lesions in the pelvis and femur as a result of metastases frot
& carcinoma of the prostate

to raise the question of leukema i the differenttal diagnosis The p\azele:
are not sigmficantly affected as a rule but may be decreased i number.
picture of aplasuc anemia is presented when all the marrow elements are
decreased although demonstration of the primary lesion and mentgenologlg
evidence of the merastauc lesions suffice for differentiation. A leukemot
reaction with leukocytoss, immature myelaid cells, and nucleated erythro-

cytes may occur.
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Neither iron nor liver are of value in the treatment of this anemia. Trans-
fusions give only temporary relief.

Letkentis

A variable degree of anemia is a constant feature in leukemia. The primary
cause of this myelophthisic anemia is usually obvious from examination of the
blood smear, but histologic study of the bone marrow or a lymph node may
be necessary. The diagnosis may not be obvious in the aleukemic forms of
leukenna with 2 normal or low total Jenkocyte count and relatively few
shnormal eells in the blood stream, In many such cases the outstanding
clnical feature 1s a steadily progressive anemia which has not responded to
the ordinary methods of treazment.

The anemia is usually severe in patients wich scute leukemia and pro-
gresses rapidly unui the patient is troubled quite as much by the symptoms
of anemia as by the other manifestations of the disease. The leukocyte count
miay be low, normal, or high, and varying numbers of immature cells wilt
be found in the blood stream. The number of platelets will be reduced in
most cases, and the other clinical and laboratory manifestations of throm-
bopenic purpura will appear. Hemorrhage may aggravate the already severe
anemia. The reduction of the hemoglobin, the hematocrit, and the erythro-
cyte count are of about the same degree so that the color and volume indices
remain pormal. An increased fragility of the erythrocytes has occasionally
been noticed. This may be accompanied by an increased serum bilirubin
sdicatiog an excessive hemolysis of exythrocytes so that replacement of the
bone marrow is probably not the only factor in the production of the anemia
associated with levkemia We have ohserved one patient in whom there was
an evtensive leukemic mfiltration of the marrow before any reduction in the
erythrocyte count or hemoglobin level was appasent in the perspheral blood
and the patient’s only sy mptom was an unexplaned fever, The severe anema
which ul ly develaps is frequently the cause of death.

In the chronic forms of Jeukema the anemia is Jess severe and fess rapidly
progressive. In the early stages, even though the leukocyte count js vesy
high, the hemoglobin and erythrocyte levels may be well mameained, and
only a moderate degree of anemra may be present. The volume and color
mdces usually remam normal or are only slightly reduced anless the picture
1s complicated by hemorthage. I the late stages the anemia becomes more
severe Nucleated erythrocytes may be present in great numbers from time
to time during the conrse of either the acute or the chronic form of the
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disease. These “showers” of nucleated erythrocytes are not indicative of
regeneration or improvement of the anemic state.

Hodgkin's Disease

Hodgkin’s disease, the sclerosing type of malignant lymphoma, is always
accompanied by anemis, slight or absent in the early stages but appearmg as
a slowly progressive anemna in the late stages. ‘There is little or no change in
the size or hemoglobin content of the erythrocytes. Infiltration of the bone

Fic. 29 Roentgenogram of the shull showng extensive motthing as 2 result of hyperpara-
thyroidism.

marrow by lymphomatous ussuc is of common occurrence; when this bc;
comes extenstve, the anemia progresses more rapidly In 2 few cases o
Hodgkin’s disease the pathologic changes are confined mainly to the SPIC:
or to the bone marrow with little or no lymph node mvolvement. A seve
anemia is the principal clinical feature in such patients.

Hyperparatbyroidisn: ) 4
HyP:rpamthyroidlsm. due to adenomas or hyperplasia of the pamtl.lymlf

glands, results in decalcification of the fkelcml system and the formation ;c

multiple bone cysts—osteitis fibrosa cystica (Figs. 29 and 30). A severe gra
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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 multiple cysts.
It is sometimes accompanied by a leukopenia and thrombopenia so that a
blood picture resembling aplastic anemia is produced. The clinical features
and the chemical studics of the blood serum differentiate it from other forms

Fic. 30 Roentgenogram of a femur in a case of hyperparathy rordism showing osteitis
rosa cystica.

of myelophthisic anemia. There is great muscular weakness, hypotonia, ano-
rex, polydipsia, polyura, and pains 1n the skeletal system. Renal colic due
ta nephrolithiasis 1s common. The blood shows an elevated serum caleium,
a decrease of the serum phosphorus, and an increase 1 phosphatase ac-
tivity.

Multiple Myeloma

Multiple myelomas are tumors arising in the bone marrow. The plasma
cell type (plasmocytoma) is the most common but myeloblastomas and
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erythroblastomas may also occur. Roentgenograms show widespread ostco-
Iytic lesions which are found most often in the pelvis, skull, and nibs.

The hematologic picture js identical in all types of myeloma. Immarure
leukocytes do not ordinarily appear i the blood stream. In a few instances
a leukemoid reaction may occur with plasma cells or other leubocytes pre-
dominating. The anemua is at first mild bur progresses steadily. The reduc-
tions in the hemoglobin and erythracyte levels are about equal so that normal
color and volume indices are maintained, Excessive rouleau formation of the
erythrocytes is occasionally ered, ang the sedi jon rate 15 very
rapid. Sternal aspiration will frequently show myeloma cells in the aspirated
materal even though there is hittle X-ray evidence of the disease and the pro-
cedure should be carried out in all unexplined progressive anemas,

Lipoid Dystrophies

The lipoid dystrophies or xanthomatoses comprise a group of diseases m
which there 1s an abnormal metabolism of lipoid substances resulting in 2 de-
position of these substances in the reticulo-endothelial cells throughout the
body. A myelophthisic anemma develops when the lipoid-containing reuculo-
endothelial cells replace the active hematoporetic cells of the bone marrow.

Gaucher’s Disease. Gaucher's disease is a chronie form of lipoid dystrophy
in which kerasin, an abnormal lipoid substance, 1s found in the renculo-
endothelal cells, The spleen becomes enormously enlarged, and there is 2
generahized rarefaction of the bones with thinning of their cortex A mild
anerma and leukopenia are charactenstic.

Niemam-Pick Disease Niemann-Pick disease begins earlter mn hfe and
pursues a more rapid course than Gaucher’s disease. The abnormal metabolite
is a phosphatide rather than kerasin A Jeukocytoss has been encountered
more frequently than a leukopenia in this disease

Hand-Schuller-Christian Disease In Hand-Schuller-Christran disease the
reticulo-endothehal cells contan cholesterol, and the blood cholesterol level
may be elevated. Exophthalmus, diabetes insipidus, and rarefied areas in the
membranous bones are the charactersstic findings. The bone lesions, which
are most numerous m the skull, are found to consist of degenerated cells
containing the ipoid matersal The hematologic features are frequently sug-
gestive of aplastic anerma.

Albers-Schonberg Disease
Synonyms: Osrcopcrrosis, osteosclerosis fragihs, marble bones
Albers-Schinberg Disease 1s a rare famulial disease characterized by -
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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 in children but is also found in adults,

The sheletal changes are accompanied by a variable degree of anemia which
does not necessarily parallel the degree of bone involvement as demon-
strated roentgenologically. Polychromatophilic cells and nucleated erythro-
cytes are occasionally found in the blood stream. A leukocytosis with im-
mature myeloid cells is apt to occur in infants with this disease, bue the

Fic 31 Roentgenogram of the arm of a 3-year-old chuld showing osteopetrosis o mar-
ble bones Necropsy revealed a thickened cortex with sclerosis and partial obliteration
of the marrow cavity, Hemoglobin 51 Gm per 100 cc, erythrocytes 2,140,000, and
leukocytes 11,500
changes in the blood are usually less striking i adults. The spleen and liver
are commonly enlarged.

Although anemia 15 the most constant hematologte feature of this disease,
there are many reports 1n the literature of a leukemic blood picture occurring
in association with a diffuse sclerosis of the skeletal system.

ANEMIAS SECONDARY 10 OTHER Diseases

Causes
Carcinoma

The anerma which so frequently accompanies carcinoina varies 2 great deal
in 1ts seventy, depending upon the type and location of the prim:\ry lesion
and upon contributory causes for anemia which may appear. The mere pres-
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ence of a neoplasm does not cavse anemia but owing to hemorrhage, ulcera-
tion, secondary infection, or the malnutrition which it produces, an anemiz
of variable severity commonly develops. When the neoplasm involves the
bone marrow, a myelophthisic anemia appears; when it involves the esopha-
gus, stomach, pancreas, or other portions of the gastrointestinal tract, the
effect on the nutritional state of the individual is such that anemia supervenes.
Hemorrhage is a contributing factor in the production of the anemia in 2
great many cases.

Carcinoma of the stomach is prone to cause a particulatly severe and rap-
idly progressive anemia. There is, in a majority of the advanced cases, a
constant loss of small or large amounts of blood. Conpled with this loss of
blood is the malnutrition resulting from anorexia and indigestion. In addi-
tion to these features there js, in a few cases, a disturbance of rhe secrerory
function of the gastric mucosa. In the absence of the intrinsic factor from
the gastric secretion the antianemic or macuration factor for regulating
erythropoiesis 15 not formed. This Jeads to a macrocytic type of anemia
resembling pernicious anemia whereas the anemia resulting from chronic
blood Joss is microcytic 1n type. .

The administration of iron will aid i the control of the anemia which is
due to loss of blood but cannot be expected to maintain a normal hcmcg)ob{n
level. The administration of hver extract should 2id in combating the anemitd
which 15 due to 2 deficiency of the intrinsic factor, but we have encountered
none in whom this type of therapy produced a significant response. Transfu-
sions give temporary benefit by increasing the sense of well-bemg of the
patient but do not alter the course of the disease,

Caranoma of the colon is also prone to produce a partcularly severe
grade of anemra because of the constant loss of blood. Local symptoms and
changes in bowel habits are ape to be absent or very slight when the growth
is located 1n the ascending portion of the colon. The bleeding is high enough
it the itesunal trace so that the blood becomes mtimately mixed with tf]t
feces and is not noticed by the patent. A severe grade of anemia develops in
many instances before there are any localizing symptoms of the carc‘morAm
A careful analvsss of the feces for blood must be a part of the examination
in all cases of hypochromic and microcyue anemia. Although the administra-
tion of jron may aid m the control of this anemia, 1t cannor compensate fof
the continued loss of blood. .

Carcinoma of the hver, either i a primary or in a secondary metastatic
form, may interfere with the hematopoietic function of that organ to such
an extent that anemia becomes a promnent feature.
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Hypothyroidism

A high percentage of patients having a deficient thyreid secretion or myae-
dema will develop an anemia. In many the anemia is muld and plays no parc
in the patient’s symptoms. In other instances 2 severe anemia develops which
may be either hypochromic or hyperchromic in type. This anemia may be
associated with a leukopenia, but usually the leukocytes and platelets are
normal. Free hydrochloric acid is absent from the gastric contents of 50 per
cent of myxedemataus patients, according to Lerman and Means, but in our
experience the percentage has been even higher. A bloed picrure which is
suggestive of pernicious anemia has occasionally been observed, and in 2
few instances true pernicious anemia has been found associated with myxe-
dema. When this latter combination is present, the pernicious anemia will
respond to the administration of hver extract even though thyroid extract is
withheld, indicating that the bone marrow is capable of 2 normal reaction.
The anemia associated with hypothyroidism is due to a depression of bone
marrow function, a part of the general lowering of the body metabolism.
This condition should be considered in the differential diagnosis of all mild
hypochromic anemias which are not otherwise explained.

The adminstration of thyroid extract controls the manifestations of hypo-
thyroidism, and the anerma gradually improves. The improvement appears
to be slightly more rapid if an inergamic iron salt is administered. Liver
extract, in the absence of pernicious anemia, is of no value.

Chronic Nephritis

An dnema 15 commonly associated with chronic glomerulonephritis even
though there 1s no mtrogen retention. Thus is usually mild with the hemo-
globin and erythrocyte count bemg proportionately reduced so thar the
color index is about normal The anemia apparently does not depend upon
loss of blood 1nto the urine or to an excessive hemolysis of erythrocytes. It
15 probably due to a toxic depression of the bone marrow as there are but
slight evidences of blood regeneration It is wsually mild in the carly stage
of the nephitis but 1ncreases as the renal damage progresses. A very severe
anemua may ultimately develop.

Chronic Nitrogen Retention

A moderate to severe grade of anemia is found in association with the
retentton of nitrogenous waste products in the blood The degree of anemia
roughly parallels the severity of the nitrogen retention. The blood hemo-
globm and the erythrocyte count are proportionately reduced in the early
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ence of a neoplasm does not cause anemia but owing to hemorrhage, ulcera-
tion, secondary infection, or the malnutrition which it produces, 20 anemia
of variable severity commonly develops. When the neoplism involves the
bone marrow, a myelophthisic anemia appears; when it 1nvolves the esopha-
gus, stomach, pancreass, or other portions of the gastrointestinal tract, the
effect on the mutritional state of the individual is such that anemia supervenes.
Hemorrhage is 2 contributing factor in the production of the anemia in a
great many cases.

Carcinoma of the stomach is prone to cause a particularly severe and rap-
idly progressive anemua. There is, in a majority of the advanced cases, 3
constant loss of small or Jarge amounts of blood. Coupled with this loss of
blood is the maloutrition resulting from anorexia and indigestion. In addi-
tion to these features there is, in a few cases, a disturbance of the secretory
function of the gastric mucosa. In the absence of the intrinsic factor from
the gastric secretion the antianemic or maturation factor for regulating
erythropoiesis is not formed. This leads to a macrocytic type of anemiz
resembling permicious anemia whereas the anemia resulting from chronic
blood loss is microcytic in rype.

The administration of 1ron will aid in the control of the anemia which is
due to loss of bload but cannot be expected to maintain a normal hemoglobin
level. The administraton of hiver extract should aid in combating the anenu2
which is due to a defictency of the intrinsic factor, but we have encountered
none in whom thus type of therapy produced a significant response. Transfu-
stons give temporary benefit by mncreasing the sense of well-being of the
patient but do not alter the course of the disease.

Carcinoma of the colon 15 also prone to produce a particularly severe
grade of anerma because of the constant loss of blood Lacal symptoms and
changes in bowel habits are apt to be absent or very slight when the growth
is located sn the ascending portion of the colon The bleeding 1s high enough
in the intestinal eract so thar the blood becomes intimarely mixed with the
feces and 1s not noticed by the patient A severe grade of anemia develops 1n
maay instances before there are any localizing symptoms of the carcinoma
A careful analvsis of the feces for blood must be a part of the examination
in all cases of l‘_vpochmmw and microcytic anemu Although the adminstra-
tion of 1ren may aid 1a the control of this anemia, it cannot compensate for
the continued Joss of blood.

Carcinoma of the hver, either 1 2 primary or in 2 secondary metastatic
form, may intesfere with the hematopoieue function of that organ to such
an extent that anenmia becomes a prominent feature.
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Clranic Infections. Chronic infections are associated with varying degrees
of anemia which, a5 a rule, are mitdly hypochromie in type. The severity of
the anemia depends to some extent upon the type of invadmng arganism and
upon the Jocation of the infection. Septicemia, especially with a hemolytic
streptococcus, will cavse a particularly severe grade because of the excessive
hemolysis of erythrocytes. Certain other infections, such as acute rheumatic
fever, subiacute bacterial endocarditis, B. welchii infections, chronic tubercu-
fosis, and osteomyelitis, are particularly prone to cause an anemia. In other
chronic infections the degree of anerua is usually moderate, but this de-
pends to a preat extent on the seventy of the infection, its duration, and
on whether or not there are ather contributory factors that may accentuate
the anemia,

The cavse of the anemma 35 nat well understood From the evidence at
hand it seems prabable that ic is due ta a depression of bone marrow func-
tion, possibly from the effects of bactenal roxms. It has been noted that an
infection interferes with the therapeutic effectiveness of lver extract fn the |
treattment of pernicious anemia, delaying or lowering the reticwlocyre re-
sponse, This suggests an inhibitory or deptessant effect on the bone marrosy.
Additional factors may accentuate the anemia of infections. In some in-
stances, as with ulcerative colitis, there 15 a loss of significant amounts of
blood. Other instances show anorexia and digestive disturbances which jnter-
fere with the intake or sbsorpuon of adequate food Wintrobe has shown
that the anenia iated with nfection is pamed by a low plasma
iron level which drops soon after the onser of infection and cannot be raised
by the admitustration of tron orally or parenterally unul the infecuon has
subsided. ‘The iron sppears to be removed rapidly from the blood plasma by
diversion to the hiver and other tissues, and the anemia is cansed by imparred
bemoglobin formation.

The diagnosis of this type of anemia depends upon the recogoition of the
infecrions process. Ir must be remembered, however, that patients are ren-
dered more suscepuble to infecnon by the presence of an anemia so that
mfection 35 frequently supenmposed upon a preexisting anemia. A febrile
reaction not uncommonty accompanies a severe grade of anemia and subsides
to normal upon adequate therapy Thus the presence of a mild febnile reac-
tion does not necessanly mdieate a comphcating 1nfectious process,

Treatment consists m eradication of the mfection. If this can be accom-
plished, there 15 no need for further therapy although recovery may be
hastened to some extent by the adminustracion of iron Laver extrace is not

effecuve in treating thus type of anemia,
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stages, but a low color index s usually found in the more severe cases. In 2
few instances the anemia is hyperchromic in type. There may be some
variation in the size of the erythrocytes, but variations in thesr shape are not
striking. There is no elevation of the reticulocyte count, the resistance of
the erythrocytes to hypotonic saline solution is narmual, and there is little o
no evidence of excessive hemolysis of erythrocytes The anemia is apparently
due to a diminished production of hemoglobin and erythrocytes as a result
of a toxic depression of the bone marrow. It is not particularly suggestive
of aplastic anemia, however, since there is usually no reduction m the num-
ber of leukocytes or plarelets. This type of anemia will be associated with
the nitrogen retention of chronic nephritis as well as with that accompanying
prostatic obstruction, polycystic kidney, or any disease Jeading to increased
blood nitrogen. Hemorrhagic tendencies are prone to develop and profuse
bleeding from any pare of the body may occur. Although the bleeding may
be profuse these is no alteration in the bleeding time, coagulation time, pro-
thrombin time, clot retraction, or platelet count.

The treatment of this anemia is unsatisfactory. Its alleviation depends upon
relieving the nitrogen retention, and this cannot be accomplished in many
patients unless it is due to a blockage of the urinary tract which can be re-
moved. The admimnistrarion of neither liver nor iron is of value. Transfo-
sions may be given for palltation, but the danger of transfusion reactions is
greater in pattents with reduced renal function than in those with normal
kidneys

Infection .
Acute Infections Acute infections are commonly assoctated with varying
degrees of anerma, the severity depending upon the type of invading organ-
ism and upon the extent and distribution of the infection. Even the common
acute upper respiratory infections usually cause 2 transient anemia in which
there is 2 rather sudden fall 1n the blood hemoglobin and erythrocyte count
with a very gradual return to normal value. Such 2 resction was frequently
encountered while followsng the rate of hemoglobin regeneranon in bhfod
donors. It was noted thar the occurrence of an upper respitatory infection
slowed the rate of hemoglobin regencration or produced a drop the
hemoglobin Jevel which might equal that occurring with the bluf)d dona-
tion. Although the mode of production of such an anemn is vamb]ej the
1d of the k fobin drop suggests that there 15 hemolysis of
erythrocytes. It is apparently not entirely due to nhibition of the bone
marrow resulting from the infecuon aithough this may play a part.
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Vitamin C Deficiency

A deficiency of vitamin C, both in adults and in children, leads to the de-
velopment of scurvy. This, in the fully d'eveloped case, is characterized by
pallor, spongy and bleeding gums, and by petechiae, ecchymoses, and hemor-
rhages elsewhere in the body. The anemia which is a part of the clinical
picture is probably due largely to the loss of blood. It is of the hypochromic
type.

There are a few cases of vitamin C deficiency in which the typical picture
of scurvy is not present, In spite of the fact that there is no evidence of
blood loss in these cases, there is an anemia of varying severity. The evact
role of vitamia C in the production of erythrocytes is unknown and there is
some question as to whether or not jts absence actually causes an anemia with-
out the appearance of chinical scurvy. Some observers have reported a prompt
recovery following the administration of cevitamic (ascorbic) acid but others
deny the ewstence of such an anemia.

‘Hookworm Infestation

Infestation by hookworms is prevalent in tropical and subtropical 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
a large number of the organtsms. Weakness, loss of pep, and fatigabiity to-
gether with gastrointestinal symptoms such as anorexia, nausea, vomiting,
constipation, and diarrhea are the ding symp The diagnosis is
based on the presence of ova or worms in the intestinal contents

The anemia is brought about primarily by the continuous loss of small
amounts of blood 1 the feces which ultimately results n the development of
an iron deficiency anema. In some tnstances a severe irreversible aplastic
type of anemia has developed but it 1s difficult to separate the blood loss, the
dietary deficiency and other factors as causative agents.
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circulatory collapse arc similar to those of ordinary shock which accom-
panics an injury except that restlessness, air hunger, and thirst occur with the |
shock resulting from the loss of blood.

The fall in blood pressure is due to the decrease in cardiac output which
results from the diminished blood volume and venous return. If the patient
survives the first critical stage, the blood pressure is gradually raised throngh
the efforts of the vasomotor center resulting in vasoconstriction, This, to-
gether with an acceleration of the heart rate, increases the blood supply to
the vital centers. The increased heart rate is initiated by a reflex action from
the fall in blood pressure, A rate of from r20 to 140 beats per minute is
common, The high rate persists even after the blood pressure has been raised,
remaining fast throughout the time that a severe anemia persists. During this
stage the tachycardia is due to anoxemia resulting from the fowered oxygen-
carrying power of the blood.

The fluid balance between tissues and vascular system is disturbed by the
lowered blood volume and incomplete filling of the vascular bed. Fluid passes
from the tissues to the blood stream, and the normal blood volume is restored.
This results in tissue dehydration and causes the sunken facies and increased
thirst The blaod volume is restored to normal by dilution with a fiuid which
is Jow in its protein content. The plasma proteins are thereby lowered and
may become so diluted that their effect on the osmotic pressure of the blood
is reduced. This causes fluid from the blood stream to revert to the tissues,
and edema may result. Whereas the first fluid which replenishes the blood
volume is fow 1n 1ts protein content, that which comes in after the first two
hours contains an increased amount. The plasma proteins are thereby re-
plenished in the later stages of the recovery period and gradually return to
their normal fevel.

The hematocrit reading gradually falls after a hemorthage while the blood
volume is being restored and the blood is being diluted with fiuid. The hema-
tocrit will have reached its lowest level at the end of twenty-four hours
unless the hemorrhage has been extremely severe.

The hematologic findings will depend upon the length of time intervening
between the fhemorrhage and the examination, There will be little or no de-
viation from the normal if an erythrocyte 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 significant disturbance in the concen-
tration of the hemoglobin or erythrocytes per unit volume of blood. There
15 a gradual fall in the hemoglobin concentration and the erythrocyte count
as the blood volume ¢ read d dunng the following hours. This

)
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ANEMIA DUE TO ACUTE BLOOD LOSS.
BLOOD DONORS

ANesua of Acute Broop Loss

Tn: INMMEDIATE EFFECTS OF A PROFUSE HEMORRHAGE DEPEND NOT ONLY UPON
the amount of blood lost but also upon the rapidiry with which it escapes
The symptoms are due primarily to the reduction in blood volume rather
than to the reduced number of erythrocytes. When the loss of blood takes
place very slowly or when there 1s an intermittent loss of small amounts of
bload, the patient may ultimately develop 2 very low hemoglobm level and
erythrocyte count and still have comparatively few symptoms. When the
loss of blood occurs withsn 2 short period of time, syncope, collapse, or Jeath
may result from the Joss of one-third to one-half of the blood volume. The
removal of from I5 to 19 per cent of the blood volume (760 to 1220 ce.)
caused circulatory collapse m s of 6 subjects, and 1 became unconsciotts,
according to Eberr, Stead, and Grbson.

The symptoms and manifestations of acute hemorrhage differ greatly from
onc patient to another even when the blaod loss is approximately equal The
removal of farcly large amounts of blaod for experimental purposes resulred
in few of no symptoms unnl the onser of circulatory collapse. This occurrcld
suddenly, either during or soon after the removal of the blood The smmedi-
ate symptoms of any severc acute hemorrhage consist of weakness, nausca,
blurred vision, pallor, and profuse sw eating “There 1s first an accejeration of
the heart rate, but with the onset of arrculatory collapse the heart becomes
slow with a rate of 36 to 4o beats per minute. A precipitous drop occurs 1n
bath the systole and the diastolic blood pressures. The pulse becomes weak
and thready. There 1s an ashen pallor of the skin, which becomes cold and
covered with beads of perspiration. This acute collapse may result m un-
consciousness or may be fatal. Varying degrees of prostration follow, and
there is increased thist, restlessness, and air hunger The symptoms of this

372
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having some chronic disease such as nephritis, hypothyroidism, Bantr's syn-
drome, or infection. An acute infection during the recovery period will also
delay the regencration of hemoglobin and erythrocytes

Treatment

The most 1mportant feature in the management of a patient after severe
hemorrhage is the treatment of shock and the restoration of a normal blood
volume, This can best be accomplished by transfusions of whole blood since
they not only increase the blood volume but also aid in restoring the erythro-
cytes and hemoglobin to their normal levels. If whole blood is not avail-
able, the administration of blood plasma ot the use of dried serum is ad-
visable since these restore the erythrocyte and serum protein levels Saline
or glucose solutions may be given intravenously if blood, plasma, or seram
are not available, but they are less effective, and the increased blood volume
resulting from their use is transient.

Spontaneous recovery with restoration of normal hemoglobin and eryth-
rocyte levels will take place so that specific treatment of the anemia is not
imperative. The adminstration of iron salts will, however, hasten the re-
generation of hemoglobm It 15 not necessary to employ the large doses
which are r ded for iron deficiency anermmas since smaller ones
such as 1 to 1.5 Gm. per day of either 1ron and ammonum citrates or re-
duced iron or 1 Gm. of ferrous sulfate will produce an adequate response.

Aneaua Due 1o Curonic Broop Loss

Although hemoglobin will be regenerated rapidly and spontaneously after
a single large hemorrhage, this does not hold true when blood is lost re-
peatedly over a long period of time. There 15 an adequate amount of iron
in the body for hemoglobin regeneration after a single hemorrhage, but an
1ron defi y develops and hemoglobin production b stower when
the available iron is used more rapidly than it 1s being replaced. This type of
hypochromic mucrocytic anemia s discussed with the iron deficiency
anemias How much biood can be fost and over what pertod of time without
a deficiency of iron developing cannot be ascertamed. It unquestionably
vartes with the individual. Healthy blood donors are capable of giving re-
peated donations over a long pertod of time without evidence of a lessening
of hemoglobin regeneration provided the hemoglobin is allowed to return
to normal between donations.
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reaches its lowest level after twenty-four to seventy-two hours. Blood counts
and hemoglobin determinations are of no value in estimating the amount of
blood lost until after the bload volume has been completely restored The
continual downward trend is not an indication of continued bleeding. When
only a small amount of blood is lost, as in the case of a blood donation for 2
transfusion, the fluid Joss is made up within a few hours, and even after 2
fairly large hemorrhage the blood volume is usually back to normal within
twenty-~four hours. The rapidity with which fluid is replaced in the blood
stream varies with the availability of tissue fluids so that in fat, plethoric indi-
viduals the fluid is replaced more rapidly than in those who are thin. The
replacement may be hastened by giving large amounts of fluid by mouth or
by parenterally administered fluids.

There is an increase in the number of blood platelets, which begins soon
after the hemorrhage and reaches a peak several days later. The number
subsequently recedes to the normal level, There is also an increase in the
leukocyte count, which reaches its peak on the fourth or fifth day after a
hemorrhage. The height which the leukocyte count may attain 15 variabllc
but may reach 30,000 or more. The elevation of the total white count 15
due to the increased number of neutrophils and is accompanied by 3 nuclear
shift to the left.

After twenty-four to forcy-eight hours there are indications that e
generation of erythrocytes is begmning. This 15 first manifested by an io-
crease in the number of reticulocytes, which gradually reaches a pesk on
the tenth to twelfth day and then recedes to normal Jevel. The height of
the peak is roughly praportional to the amount of blood lost but seldom gocs
above 12 or 15 per cent The leukocytes, platelets, and reticulocytes are
usually back to their normal levels after fourteen days. An occasional normo-
blast and a few polychromatophilic erythrocytes may be found in the blood
stream during the period of erychirocyte regeneration, but even after these
evidences of bone marrow acuvity have disappeared, there 15 a progressiv
increase in the hemoglobn and number of erythrocytes. This increase is 0ot
a steady progresston, it s more rapid in the early stages of the recovery
period and becomes slower as the normal level is approached Erythrocytes
are regenerated more rapidly than 1s the hemoglobin so that the cells become
somewhat hypochromic and the color index falls below normal. There =I§
great individual variations mn the rapidity of blood regeneration, the length of
the recovery perod vares from one person to another even wjfh the Joss
al amounts of blood. The rate of regeneration 1s slower in patients

of equ
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and also that the average recovery period is longer than 15 generally sup-
posed for such a relauvely minor blood loss. The accompanying chare
(Fig. 32) shows the percentage of cases whose hemoglobin returned to its
original level during each seven day period following a blood donation. It
will be noted that at the end of eight weeks the hemoglobin of only 75 per
cent of the subjects was back to 1ts normal level. The remaining 25 per cent
had not yet recovered although it has been a common practice to require
an interval of only six to eight weeks berween blood donations. These data
show that the jnterval is too short to be safe unless the donors’ hemoglobin
is determined before each donation to be sure that recovery from the pre-
ceding donation is complete. When smaller amounts of blood are withdrawn,
the drop in the hemoglobin level is cor
period is shorter.

‘When repeated blood donations are given, after allowing the hemoglobin
to return to its original level, there is no appreciable duminution mn the rate
of hemoglobin regeneration. The donor is not harmed even when large num-
bers of donations are made provided complete recovery is allowed to take
place between bleedings.

‘The daily increase in the blood hemoglobin under the stimulus of this
mild grade of anemia was o o518 Gm. per 100 cc. of blood. This was slightly
lower in females than 1n males, but the height of the original hemoglobin
level did not infl the rate of reg 1010

pondingly less and the recovery

Effect of Iron on Hemoglobin Regeneration in Blood Donors

Although there is no reason to believe that there 15 a deficiency in available
iron in the healthy adults who serve as blood donors, 1t was found that the
adminstration of an inorganic iron salt d the reg ion of hemo-
globin to a remarkable degree for 2 limited 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 its original
level, another 500 cc. of blood was taken. The rate of regeneration was
agam followed while the subjects recerved 1 Gm of iron and ammonium
citrates per day. Following the first blood d the rate of hemoglobi
regeneration was found to be 0 0518 Gm per 100 cc. per day whereas after
the second donation, while iron was being administered, the rate of Tegenera-
tion was 0 772 Gm. per day This represents an increase of 49 per cent in
the rate of hemoglobin regeneration under the influence of iron therapy.
The length of ume required for the hemoglobin to return to jts original
level was correspondingly shortened. Without medication the average recov-
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Brooo Doxors

The great demand for whole blood, plasma, and serum for transfusion
purposes in the past few years has resulted in an intensive study of the effects
of blood loss and of the rate of hemoglobin regeneration in blood donors
Much information has been gathered on the fall in the blood hemeglobin
and the rapidity of hemoglobin regeneration following the loss of 2 known
amount of blood. In most cases of acute blood loss it is impossible to de-
termine the exact amount which has escaped, and without the original hemo-
globin 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
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Fi. 32. The petcentage of donots whose hemoglobin returned to normal m each SIGV:;
day pertod 1s shown by the figures m each column The predonation hemoglabin le
was reached by only 747 per cent at the end of eight weeks

have furnished 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 f‘P'
proximately 500 cc of blood results m a fall in the hemoglobm level which
averages 2 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
eighteen to ninety-eight days with an average recovery perw.d of fifty ;152’5
This shows that there is 2 marked variation in the rate at which hemoglobtn

: i i tical conditions
regeneration oceurs i normal individuals under almost iden



Aneniia Due to Aente Blood Loss. Blood Donors 177

and also that the average recovery period is Jonger than is geacrally sup-
posed for such a relatively minor blood foss. The sccompanying chart
(Fig. 32) shows the percentage of cases whose hemoglobin returned to its
eriginal level during cach seven day pesiod following 2 blood donaden. It
will be noted that at the end of eight weeks the hemoglobin of only 75 per
cent of the subjects was back to its noswal level. The remaining 25 per cent
had not yet recovered although it has been a common practice to require
an faterval of only six to cight weeks between blood donations. These data
show that the interval is too short to be safe unless the donors’ hemoglobin
is d d before each donation 1o be sure that recavery from the pre-
ceding donation is complere. When smaller amounts of blood are withdrawn,
the drop in the hemoglobin level is pondingly less and the recovery
period is shorter,

When repeated blood denations ate given, after altowing the hemoglobin
1o return to its ortginal level, there is no appreciable diminution in the rate
of hemoglobin regencration, The douor is not harmed even when large num-
bers of donavions are made provided complete recovery s allowed to 1ake
place hetween bleedings.

The daily increase in the blood hemoglobin under the stmulus of this
mild grade of anemia was 0 0518 G per 100 cc. of blood This was slightly
lower in females than in males, but the height of the original hemoglobin
level did not infl the rare of

g

Effect of Tron on Hemoglobin Regeneration in Blood Donors

. Although there 1s no reason to believe that there is 2 deficiency in available
won in the healthy adales who serve as blood donors, it was found thar the
admumistration of an norganic iron sal hastened the regeneration of hemo-
globin to 2 remarkable degree for a himited period of time. The rate of hemo-
globin regeneration in s group of donors was followed after one blood dona-
don without medication  After the hemoglobin had rerurmed to its original
level, another 500 cc. of blood was taker. The rate of regeneration was
2gamn followed while the sabjects received 1 Gm of iron 2nd ammonium
cirates per day Following the first blood donanen the rate of hemoglobin
regenerarson was found to be 00518 Gm per 100 ce. per day whereas after
the secand donation, whale iron was being admmstered, the rate of regenera-
tion was o772 G, per day This represents an increase of 49 per cent in
the rate of hemoglobin regeneration under the mnflaence of fron therapy.
The length of time required for the hemaglobin to retumn to s origanal
level was correspondingly shortened. Withaut medication the AVERdge recov.
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Tre. 33. This demonstrates the shortemng of the recovery pertod 1n blood donors a5 2
resule of the admmustration of an worgame ron salt, The figures in the columns represent
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the seven day period (Fowler and Barer, J] 4. . A) .
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ery period was forty-eight days, whereas with the administration of iron it
was thirty-five days, a decreasc of 27 per cent. Similar effects with iron
therapy are found when the drug is administered after the first donation
and withheld after the second so that the results are obviously due to the
iron medication and cannot be explained on the basis of erythropoietic
stimulation resulting from blood loss. In the accompanying chart (Fig. 33)
it will be noted that the percentage of patients whose hemoglobin returned
to 1ts original level without iron therapy gradually increased to reach a
peak on the eighth week and that 78 2 per cent of this group had com-
pletely recovered by that time. With the admimstration of an inorganic iron
salt the corresponding peak occurred in the fifth rather than the eighth week.

3
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Fic 33 Showing the rate of hemoglobin mcrease m blood donors with and without iron
therapy. (Fowler and Barer, | A. M, 4)

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 eighth week. It 15 seen that the
adminsstration of yron shortens the recovery period so that the subsequent
donations of blood may be given after a considerably shorter nterval
(Fig 34). Various types of morganic ion salts have been tried with equal
success. Ferrous sulfate 1s effective in somewhat smaller amounts than iron
and ammonwmm citrates, but when larger amounts of any of the preparauons
were gwen, 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
continuously throughout repeated recovery periods so, that when 2 blood
donor gives a series of donations at frequent intervals, there 1s progressively,
less effect from 1ron medication. During the first persod of 1ts administration
the rate of hemoglobin regeneration 1s mereased 49 per cent. Duning the
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ey petiod was forty-eight days, wheress with the administration of iren it
was thiry-five days, a decrease of 27 per cenv, Similar effects with iron
therapy are found when the drug is administered after the first danation
and withheld after the second 50 that the results are obviously due to the
iron medication and cannot be expliined on the basis of erythropofetic
stimalation resulting from blood loss. In the secompanying chare (Fig. 33)
it will be noted that the percentage of patients whose hemoglobin returned
10 its original level without jron therapy gradually increased to seach a
peak on the cighth week and that 98.2 per cenc of this group had com-
pletely recovered by rhat time. With the administravion of an Inorganic iron
salt the estresponding peak oceurred in the ifth rasher than the eighth week.
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Fia 3¢ Shusing the eate of hemoglobin merease 1 blood denars with and s thour sron
therapy. (Fowler and Barer, [, A. M. A)

Sevenzy-seven per cent of the group had recovered by the end of the sicth
week and 93 5 per cent by the end of the eighth week. It 18 seen thar the
admsrustravion of iron shortens the recovery period 50 that the subsequent
donations of blood may be given after a considenably shorter interval
(Fig. 34). Vanous types of morganic ron sals have been tred with equat
success Ferrous sulfate 1s effe n hat smaller thaa ixon
and ammonsum citrates, but when larges amonnts of any of the preparations

were given, they did not cause 3 sigmuficantly greater response,
The effect of sron on hemoglobin regenerston following acute blood loss
5 relatively The drag b less effective when adminstered
ly thraugh d recovery periods so that when o blood
donot gives a sexies of donations at frequent antervals, there is progressively,
less effect from sron medication During the fiest perted of 1ts admunistration
the rate of hemoglot ® d 49 per cent. During the
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second period the regencratign is more rapid than without medication but
less rapid than when iron was first administered. After subsequent blood
donations the iron has no appreciable effect on the rapidicy of hemoglobin
formation. When jron is administered intermittently to donors giving re-
peated blood donations, so that rest pesiods are incerspersed with periods
of jron medication, there is some acceleration in the rate of hemoglobin re-
generation with each period of medication. The effect is not as great as that
which was obtained during the first period of its administration. When
donors are used repeatedly it is therefore best to adminiscer iron duting the
recovery period but to stop when the hemoglobin has returned to its nor-
mal Jevel and start again at the time of the next blood donation. In this way
the maximum effect of jron can be obrained.

Vasomotor Reactions in Blood Donors

Untoward symptoms occur in a very small percentage of those individuals
from whom soo cc. of blood is withdrawn for purposcs of blood transfusion.
When such symptoms do appear, they are predomnantly vasomotor phe-
nomena which commonly result in weakness, faintness, and occasianally loss
of i Such manifestations occur in about § per cent of blood
donors It 15 impossible to predict beforchand which subjects will faint, but
it is apt to be those who have 3 history of previous fainting from any cause,
those who are nervous before the procedure, and young individuals. Faint-
ing is more frequent in women than 1 men although even a burly, husky
man occasionally has sach a reaction. Hunger and fatigue seem to predxspO{C
to fainting. The reaction may occur during the withdrawal of blood but 5
more frequent after the full amount has been taken. In a small percentage
of donors the reaction is delayed until some minutes or hours have passed
after the withdrawal of blood. The blood donor usually rests on a bed of
couch for at least half an hour after withdrawal of blood, at the end of
which time he may famt when first assumung erece posture. At the expus-
tion of the rest perod 1t 15 customary to give the donor a drink of warm te2
or coffee, and occasonally the famntng occurs then, It 1s smpossible to de-
termine the frequency of delayed reactions smee they occur w hen the donor
is no longer under ebservation. The fainting may take place after leaving the
blaod collectson cenrer and occasionally after returning ro work,

The manifestations of the vary. Many people have
inor manifestations withour faintung or loss of consciousness Patlor 15 a0
slmost constant feature in those who have any type of reaction and 15 one
of the eatliest mamfestations. Dizziness and 3 feeling of faintness may occa-
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sionally precede the pallor and in some cases may occur only after there is
actually circulatory collapse. A transient flushing of the face and a fechng
of warmth may be the first symptom i some instances. Sweating is common
and may be slight or so extremely profuse s to soak the clothing. Vomiting
occasionally occurs. Convulsions have occurred in a very few instances,
always appearing after the pr itory signs of famtness, pallor, and loss
of consciousness. The convulsions are characterized by a tonic spasm with
dilated pupils followed by clonic movements of varying intensicy and dura-
uon It js possible that these represent epileptic seizures in patients with here-
tofore unrecognized idiopathic epilepsy, the reaction from the loss of blood
being sufficient to smtiate an attack. Tetany has developed in a few m-
stances and has persisted for as long as thirty minutes

A fall in blood pressure accompanies the fainting attack, but there 1 no
constant relationship between the blood pressure level and the severity of
the vasomotor reaction. The drap in blood pressure is considerably greatel
in those who famnt than in the average donor. The latter shows lntle or no
change in blood pressure as a result of removing soo cc. of blood. A rapid
pulse is frequent as a result of nervousness but 2 lowered pulse rate occurs
with circulatory collapse.

The fainting vares n severity. It may be mild with a transitory pallor,
blurring of vision, weakness, faintness, and a slight drop in 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 1n the
blood pressure and pulse rate. Vomiting, convulsions, and tetany may occur
m the severe forms.

The time required for recovery from these episodes varies from a few
minutes to more than an hour. It is usual for the blood pressure to return

to normal first with the pallor subsequently disappearing. The opp se-
quence of events is occasionally noted, Fainting 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 symproms
rather than serious reactions. They present many features simular to those
known to occur with “rrirable heart” or neurocirculatory astheniz, and un-
doubtedly persons of this type are prone to have the vasomotor reactions
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HEMOLYTIC ANEMIAS

rruosr ANTMIAS WHICH ARE DUE TO AN EXCESSI\E DESTRUCTION OF FRYTHRO-
cytes, the hemolytic anemias, present some of the most interesting and puz-
zling problems in the ficld of hematology. The pathogenesis of many of these
conditians has not as yet been firmly established There are many parasites,
infections, toxins, drugs, and chemicals which will cause hemolysis of eryth-
rocytes, and these extrinsic factors must be excluded as etiolegic agents
before a diagnosis of primary or intrinsic hemolytic anemia can be made.
Lven after the extrinsic causes have been excluded, the mere presence of an
anemia plus acholuric jaundice does not mean thar there 15 an excessive
destruction of erythrocytes since certain diseases of the liver may lead not
only to jaundice of the acholune type (without bile in the urine) but also
to varying degrees of anemuz Most hemolytic agents, of either the intrinsic
or the extninsic type, do not destroy the erythrocyte directly but alter its
composition or its membrane in such a way that the cell is more readify de-
stroyed by the renculo-endothehal tissues.

Henoryric Anenitas Resvrnse ¥rovt Extrinsie Causes

Destruction of erythrocytes within the blood stream may be caused by
a number of extrinsic factors such as infections, mfestations, toxins, and
chemical agents This destruction of cells leads to an anemia of varying de-
gree, to jaundice when there has been sufficient hemolysis to liberate ade-
quate of p and to t lobinuna when the hemolysis is
parncutarly severe and rapid. Unless there is a concomirant depression of
the bone marrow actwity in addition to the hemolytic process there wall be
evidences of erythrocytic regeneration and a leukocytosis

Cold Hemagglutination
The erythrocytes of certan individuaals are agglutinated by their own serum
when cooled to 0° to 5° C. but are not agglutinated at temperatures above
183
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20° C. The agglutinins in the serum which cause the phenomenon are called
“cold agglutinins” and will agglutinate cells of any blood group when brought
to the proper temperature. This may be apparent in the counting chamber
while doing an erythrocyte count; warming the solution will prevent the re-
action. Cold agglutinins are found m high riters 1 a large percentage of
paticnts with pnimary atypical pneumonia and have been known to produce
a severe hemolytic anemia in this condition and to cause peripheral vascular
disturbances similar to Raynaud's syndrome. Therr sigmficance in various
types of hemolytic anemiz is not well understaod.

Infections and Parasitic Infestations

A common cause of hemolytic anemia is septicemia due to hemolyuc strep-
tococeus or Streptococcus viridans and 1s encountered in puerperal sepsis and
some cases of subacute bacterial endocarditis, Certain strains of staphylococcus
and other organisms may causc a stmilar reaction. The method by which these
organisms produce hemolysis is unknown; it has not been ascertained whether
1t js due to the bacteria themselves or to the action of their toxins. Prac-
tically all chronic bactenal infections cause some degree of anemia, but in
fmost cases 1t 15 due to 2 toxic inlubition of the bone marrow rather than to
actual destruction of erythrocytes.

Hemolytic anemia is occasionally encountered mn syphilis and 1 other
spirochetal nfections Oroya fever, an 1nfestation by Bartonella bacilhformis,
causes a particularly severe anemia which is commonly accompanied by a
leukocytosis. The toxins liberated by certain parasites such as the hookworm
(Ancylostoma duodenale and Necator amenicanus) and the fish tapeworm
(Diphyllobothrium latum) may cause hemolysis of erythrocytes and so
account in part for the anemia which charactenzes the mfesration.

Malaria

The anemia which accompanies malara 15 particularly striking and con-
stitutes one of the smportant fearures of the disease. It 15 a direct resule of the
destruction of erythrocytes since each cell which harbors 2 parasite 15 de-
stroyed. The erythrocyte count may drop sigmificantly after each chull.
There 1s an clevation of the bilirubin content of the blood serum. In 2ddi-
tion to the hemolysis caused directly by the parasite ic is probable that‘ some
destruction of erythrocyrtes 1s due to excessive phagocytosis by reticulo-
endothelial cells or to a hemolysin. The reduction mn the hemoglobin level
is proportionate to the lowering of the erythrocyte count so that a normal
color index 1s mamramed. There 15 an mncrease in the number of reticulocytes
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A leukocytosis pecurs duting a paroxysm of fever and chills, but the white
count soon falls and a mild leukopenia develops

The anemia may develop rapidly in severe cases of malaria, especially in
those having the cstivo-qutumnal type. It may be less severe and develop
more slowly in those with 3 milder form. After the disease has been present
for a week or more, the erythrocyte count may fall below 2,000,000 cells
per cubic millimeter, and there is a tendency for it to stay at this low Jevel
until treatment is instituted. In patients in whom the disease is chronic and of
long standing the anemia is persistent; a great deal of their weakness and
invahidism is artnbutable to this. Anemia is not 2 comphication bur an integral
part of the clinical picture produced by malaria. It is frequently augmented
by a nutritional anemia brought about by anorexia and inadequate food
intake by the patients

The anernia smproves after the malaria has been brought under control by
adequate therapy. Administration of 2n inorganic iron salt such as reduced
wron (3 Gm. daily) or ferrous sulfate (1 Gm. daily) will hasten recovery,
but this is not necessary except in patients with a severe grade of anemia
Liver or liver extract is of no value unfess a nutntional anemia is Ppresent
as a complicauon.

Blackwater Fever .

Blackwater fever is due to a rapid hemolysis of erythrocytes which lib-
erates hemoﬁ!ob'm mto the blood stream so rapidly that hemoglobinuria re-
sults This imparts a dark brown or black color to the unne.

The etiology of blackwater fever has not been definitely settled, but it is
thought to be a result of repeated amacks of malaria or of a continuous in-
fection. It 15 most common with the estivo-anrumnal variety but may accur
with other forms. It 15 also common 1 those who have taken quinine irregu-
farly so that the part played by this drug i its etiology is not known, It is
believed by Castenada and other physicians who are in the tropics and in
contact with the disease continuously thar it 15 due prmanly te a malarial
infestation of patients whose erythrocytes are in some way peculiarly sus-
ceptible to hemolysis.

The onset is sudden with a chill, fever, and pains in the abdomen, back,
and legs. The urine which is passed after the onset of symptoms is dark in
color owing to the presence of hemoglobin and its derivatives. The manifes-
wauons may subside and then recur with each malarial chill or they may
persist,

In severe cases the abdominal pain b a

P feature, jcrerus
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appears and gradually deepens, and the urinary output Jessens or may be
complctcly suppressed. Uremia, subsequent to anuria, is 2 common cause of
death. The symptoms and pathologic findings are similar to those described
m the section on hemoglobinuria except as they are modified by the co-
existence of malaria,

Some cases are mild and transient with litdle or no fever, but one attack
appears to predispose to subsequent episodes, A third attack is usually fatal
although as many as sixteen steacks have occurred n one individual. The
morality is extremely variable bur averages about 25 per cent.

The treatment consists of supportive measures to combat shock, adequate
flurd intake to promote diuresss, using particularly mntravenous infusions of
glucose, and an adequate diet after the acute mamifestations have subsided.
Because of the iver damage that occurs in these indwviduals 2 high protein,
high carbahydrate, and low fat diet with a high vitamin content should be
givent when the patient’s condition is such that this diet will be tolerated. Dur-
ing the acute stage rehance must be placed on intravenous fluids and a iqud
or soft dier. Antimalarial therapy should be resumed cautiously.

Chemicals and Drugs
There are many chemtcals and drugs which produce hemolysis of the

erythrocytes Most Iy ed or most pr d in ther

action are p chlornré, ac tid, rutrob 1, trinttrotol and
other compounds of phenol, benzol, and toluol, arseniureted hydrogen,
phenylbydrazine, and arsenic. Severe burns and certain smake venoms may
produce a similar reaction These drugs and chemicals may cause an acuté,
rapudly facal hemolysis or a less severe and more chromic mtoxication with
anemua, jaundice, and increased bilirubinerma.

Sulfonarmudes
Acute hemolytic anenma 1s one of the complications which may occur with
the administration of sulfsmizmide, sulfapyridine, and other of the sulfona-

mide compounds In most mstances the hemolync actton appears soon after
the admimstration of the drug 1s begun, usvally on the second to the ﬁft.h
day of treatment, and may be rapudiy progressive and fatal. The hemolytic
reaction may be preceded by a drug fever or other evidences of drug m-
toxication or 1t mady appear with po premouttory symptoms In other in-
stances a high blood concentration of the drug may be carrted for mavnv
days before hemolysis becomes evident There is no apparent correlation
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between the dosage or the blood level of the sulf ide and the app ¢
of the hemolysis so that an individual suscepubility has been presumed, pos-
sibly owing to the fact that in certain persons hemolytic products are formed
from the drug. Readministration of the drug to these individuals is apt to
cause a reappearance of the hemoly sis. An increased excretion of urobilinogen
in the feces is found in many patients who do not develop clinical evidences
of hemolysis. There is no correlation between the amount of urobilinogen
excreted and the amount of the drug given Autoagglurinins are formed in
some patients receiving these compounds so thar blood typing and cross
matching of the blood in preparation for transfusions may become difficult
or impossible,

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

hemoglobin and erythrocyte values, jaundice, i d urobilinogen in the
stools, nausea, vomiting, fever, and exhausnon. Shock may occur in the
severe cases. H lobi

s ia occurs ionally, and crystals of acid hema-
tin may cause blockage of the renal tubules.

A majority of the patients recover, only a few cases terminate fatally.
The treatment consists of withdrawal of the drug and administration of
large amounts of fluids and transfusions when necessary.

Lead Potsonng

The hematologic picture in lead poisoning constitutes one of the impor-
tant diagnostic features of thus intoxication and appears to be produced
primanly by excessive destruction of erythrocytes. Lead poisoning has been
recognized for a great many years. Its various chnical manifestations were
correlated as early as 1831. It still represents one of the most common indus-
trial diseases in spite of the fact that recent improvements in preventive
measures and 1n working conditions have greatly reduced its incidence The
respiratory tract 15 the most frequent as well as the most dangerous portal
of entry as the lead quickly enters into the circulation and becomes widely
distributed throughout the body. Lead may also be absorbed through the
gastrointestnal tract, the mucous membranes of the nose and mouth, and
possibly the skin. Following absarption 1t 15 cartied to all organs of the body
but 1s deposited primarily in the bones. Symptoms of lead intoxication ap-
pear when the lead 1s cicculating m the blood stream. Thus may oceur during

the period of absorption or during the process of ehmunation of lead thar
was previously stored in the bones.
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Symptoms. Acute poisoning Is relatively rare. It may occur after the
ingestion of large amounts of lead or in susceptible persons with only 2
relatively slight exposure, There is weakness, vomising, diarrhes, and col-
lapse, and occnsiomlly convulsions occur from the lead encephalopathy.
An anemia may develop rapidly as a result of the hemolysis of erythrocytes.
This may cause jaundice and ionally hemoglobinuria

The chronic type of | ing is far more c The symproms con-
sist of weakness, lassitude, constipation, severe and persisient abdominal
cramps, anemia, and peripheral neurius. The abdominal pain is usually located
in the lower quadrants, It may be one of the most distressing manifestations
of the illness and is frequently very resistanc to therapeutic measures. It is
not accompanied by muscle spasm. The peripheral neuritis usually aﬁccfs
the extensor muscles of the wrists and fingers, giving a characteristic wrist
and finger drop, but it may also appear in the peroneal muscles of the Jegs,
causing a steppage gait. Optic nevritis may develop, and cerebral manifeste-
tions such as depression, delium, convulsiens, or psychoses occasionally
appear. The “lead line” on the gums is an smportant sign of lead inrovica-
tion and consists of a deposit of lead sulfide along the margins of the gums.
When viewed under a magnifying glass it is seen to consist of multiple small
punctate bluish black dots. A simlar line may be caused by bismuth.

Henntologic Features. Ote of the earliost manifestations of chronic Jead
potsoning s an anemia which is usually moderate in degree and presents 2
color mdex shghtly below normal The associated pallor 1s so stuking fh{t
1t suggests 1 greater degree of anemia than actually exssts. The anemia I3
apparently caused by an excessive destruction of erythrocytes, which is
brought about by the action of lead on the surface membrane of the celt
making it more fragrle and more easily hemolyzed than normal. One of the
most charactersstic features of the blood picture 15 the presence of large
numbers of erythrocytes which show a fine basophilic stipphng. This stp-
pling 15 apparent with the ordmary staining methods but 1s best demonstrared
by drymg the blood smear in aw for twenty-four hours and then stumag
with dilute Unna’s alkaline methylene blue. The reticulocyte count 15 also
clevated. The stippled cells are probably degenerating reticulucy(fs—ﬂ”
srippled cells are renculocytes bur not all of the renculocytes are sfxpplCd-
The presence of stippled erythrocytes 1s not diagnostic of lead poisoning.
They occur other types of anemna 1n which blood regeneranon is very
active The presence of from 100 to 300 suppled cells per milhon erythro-
cytes 15 significant, however, and constitutes one of the earliest and MOSt
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scliable signs of Jead poisoning in a person exposed to this metal, The leoko-
cytes may be moderately increased in number.

iagnosis. The diagnosis of lead poisoning is based on the clinical and
hematologic findings already described but should be confirmed by a de-
termination of the amount of lead being excreted. The lead in the feces is
of livtde diagnostic significance since it may have passed through the gastro-
intestinal tract without being absorbed. The lead found in the urine js sig-
nificant, however, since it represents lead that has been absorbed and ex-
creted. When urinary escretion is in excess of 0.1 mg. per tw enty-four hours,
lead poisoning is indicated Roentg in children who may have ac-
quired lead poisoning from eating paint from their bed or toys may show a
line of increased density from a deposit of lead in the epiphyseal ends of
the bones.

Treatment, There is no specific therapy for the anemiz of lead poisoning,
but a prompt improvement will occur when the lead intoxication is relieved.
For the treatment of lead poisoning the reader is referred to any of the
standard texts on internal medicine.

Henmowymic ANesuas of Ivminsic Erotocy

The pathogenesis of the hemolytic anemias of the inwrinsic type is not
the same in all cases. Sometimes the disease is due primanly to a dysfunc-
tion of that part of the hematopoietic system which has to do with the
formation of erythrocytes so that the circulation is flooded with abnommal
cells, and the hemolysis is 2 compensatory mechanism to rid the blood stream
of them. In other instances the excessive hemolysis appears to be the primary
feature, and the compensatory hyperplasia of the hematopoietic system is
an attempt ta seplace the abnormally farge number of erythrocytes which
have been destroyed. The presence of immarure cells is one resalt of the
compensatory hyperactivity. The bone marrow in these diseases is func-
uonally intact and capable of forming erythrocytes in adequate numbers.
With the continuous destruction of the cells, there is a plenaful supply of
the materials necessary for new cell formanon and there 15 some experimental
evidence to suggest that products derived from the destruction of eryth-
rocytes may act a5 a samulus to new cell prodoction.

Certain he ) g features are in varying degrees to all types
of hemolytic anemiss: (1) Anemia. This is nsually of 2 normochromic or
shghtly hyperchromic type and will vary in severity from one Ppatient to
another s well a5 from time to time in the same patient. It denends vnan
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the excessive destruction of erythrocytes, buc its severity 1 modified by the
rapidity with which new cells arc formed. A rapid regeneration of cells may
compensate for the excessive hemolysis so that the resultant anemia will be
of only moderate severity. (2) Jaundice. This results from destruction of
erythrocytes and the consequent Iiberation of excessive amounts of pigment
derived from the hemoglobin, The increased bilirubinemia is demonstrable
by chemical tests on the blood serum. These reveal an elevated icterus index
and a positive indirect van den Bergh reaction The urobihinogen excretion
in the feces 15 gready increased and the urobilinogen content of the urine
may be increased, although the latrer apparently depends to a great evtent
upon assaciated liver insufficiency racher than on excessive hemolysis alone.
(3) Reticulocytosis There is hyperplasia of the erythropoietic tissues, which
results in the liberation of an unusually large number of reticulocytes mto
the blood stream. It is 2 manifestation of the rapid production of cells. In
addition to the reticulocytes therc are varying numbers of polychromato-
philic and nucleated erythrocytes in the periphernl blood stream. (4) Leu-
kocytosis. As a result of the hyperplasta of the bone marrow production of
leukocytes is increased and the percentage of nonsegmented or band neu-
trophuls is higher. Myelocytes and metamyelocytes may appear in the blood
stream 1n varying numbers in cases in which this reaction is severe. These
have occasionally been so numerous as to suggest leukemia, and the term
pseudoleukenia 1s erroneously applied to this condition. The Jatrer two fea-
tures, immature erythrocytes and extreme leukocytoss, are pnrtlcularly
prominent when a severe form of the disease appears in infants and ch'llA
dren, possibly because the hematopotetic system at this age 15 more Jabile
and responds with greater intensity to a given sumulus than does that of
an adulr.

An attempt has been made to subdivide the primary hemolytc anemias
into a number of separate clmical entittes. Such classification 35 difficult 1
many instances, particularly when the momfestanions of the disease are
slightly atypical. The barriers which have been erected to delimit the va-
rious entities are arbitrary and artificial. Many of them will undoubtedly be
altered or removed entirely as our knowledge of the diseases increases. He-
molytic icterus has been subdivided mto the congenttal and acquired types,
and from the latter group an acute febnle form has been separated. These
conditions have so many features 1n common, however, and the pon'mf"f
differentiation are so meager, that their logical subdiviston mto separate clin-
ical entities is open to question For the sake of clarty and for sn_mphcﬂy
hat arbitrary classification wall be retained.

in presentation this
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Faztiwat. Hesovvric ICrerus
Conoesimat. (Fasmtan) Henowyrie Aseana (Iorerus),
CHroONIC ACHOLURIC JAUNDICE

, Familial hemolvtic icterus s a chronic hereditary and congenital anemia
characterized by recurring episodes of hemolysis with jaundice, increased
fragility of the erythrocytes, and splenomegaly. It is transmitted 2s a dom-
inant mendelian characteristic by either sex bur is not transmitted by mem-
bers of the family who do not have the disease. In many instances the in-

260,70 Shdt

Fic 35, Photomicrograph of erythrocy tes from a pauent with fanulial hemoly tic 1cterus
Note the predonunance of small, deeply staed cells and the absence of the riormal light
staning area n the center. This indicates that the cells are unusually thick and have
fost theit nonmal biconcave confignration, i
herited defect in the erythrocytes has been present throughour life, but
fiemolysis has been so shight that st has not produced clinical manifestations,
The disease may he transmitted by these individuals to their offspring. Under
such circumstances 2 family history of the disease may be difficult to obain,
but examunation of the blood of the parents and siblings of the patient may
bring to light an sncreased fragihty of the erythrocytes in some member or
members of the family Questioning may elicit a history of mild recurrent
icteruss in one of the parents.

Pathogenesis

The two most charactenistic features of congenital (familial} hemo-
lyue icterns are (1) increased fragility of the erythrocytes and (2) sphero-
cytosis. Cxamination of the blood smear (Fig. 35) reveals that the average
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diameter of the erythrocytes is less than normal and that those cells which
appear to be microcytic actually stain more deeply than normal. When the
cells are examined in a hanging drop or other type of moist preparation, it
is found that although their drameter is decreased, their thickness is in-
creased. Determination of the mean corpyscular volume reveals that the
actual volume of the cell is normal or increased. The greater thickness of the
cell has compensated for its smaller diameter, and it has lost its normal
biconcave configuration to become thicker and more nearly spherical 1
shape. Cells of this type are called spherocyres.

This change in the strucrure of the erythrocyte was noted by Chauffard.
Its effect on the fragility of the cell was particularly stressed by Haden.
When normal erythrocytes are placed in a hypotonc saline solution, flud
passes into the cell because of the difference in osmotic pressure. This pro-
duces swelling, an increased thickness of the cell, and ultimate rupture of
the cell membrane with hemolyss. Hemolysis is first apparent with normal
cells in a 0.44% solution of saline and 15 complete—all the cells hemolyzed—
in 0.34 % saline. The thickness of a spherocyte 1s already greater than normal
so it 15 incapable of taking in as much fluid without rupture of its membrane
as is the normal biconcave erythrocyte. The cell will therefore hemolyze
more readily when exposed to hypotonic solution (Fig. 36). The presence
of large numbers of spherocytes in the blood stream is the accepted explana-
tion for the increased fragility n hemolytic icterus and accounts for the fact
that the blood may show beginning hemolysis mn o7 to 0.8% saline and
complete hemolysis at a point correspondingly higher than the normal

There arc different opinions as to the cause of the spherocytosis. Any
consideration of this subject must take into account the fact that splenccw:fl)‘
produces a clinical cure although the spherocytosis and mcreased fragxhry
remam unchanged or are but shightly altered. The accepted explanation 15
that these abnormally fragile cells are produced in the bone marrow and
arc abnormal at the time they enter the blood stream The spleen, one of
the functions of which 1s to remove abnormal and degenerated erythrocytes
from the circulaton, 1s unusually acuve n destroying the abnormal cells,
and an excessive hemolysts results Splenectomy does not alter the produc-
tion of spherocytes but removes the organ which is most acuvely engaged
in their destruction so that the chinteal evidences of increased hemolysis are
removed even though the abnormal cells persist m the circulation.

A second theory holds that the cells are origmally normal in shape and 1
osmotic resistance but are altered n these respects after they enter the blood

stream. This concept proposes that the erythrocytes are exposed to hemo-
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tytic agents or hemolysins of some type within the blood stream and that
the spherocytosis and increased fragility are early stages in the hemolytic
process. Hemolysins of the immune body type have been demonstrated by
Dameshek m some, but not all, cases of acquired hemolytic icterus, and
spherocytes have been produced in experimental animals by the injection
of hemolytic serums. Autoagglutinins which produce clumping of the eryth-
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Fic 36 Diagram showing the cross secuon configuration of erythrocytes i various
diseases as compared to the normal and the effect of their shape on the resistance to
hypotorue salne solution D =mean diameter n microns, T = thickness, V = corpus-
cular volume. (Haden, dn J M Sc)
rocytes on smears, in cross matching, and when erythrocyte counts are taken
have been encountered n some cases, but neither these nor autohemolysins
can always be demonstrated, and their sigmficance 15 snll undetermined.

A hemolyzing substance, lysolecithin, has been found in normal blood
and can be mcreased in amount by incubating blood (without shaking) in
vitro The spleen 1s a reservoir which contamns an enormous volume of blood
m hemolytic icterus. It is possible that lysolecithin is developed to higher
than normal concentrations or that it 15 produced m increased amounts in
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patients with this disease. Spherocytosis under these circumstances would
be an carly stage in the process of hemolysis. Inabilicy to consistently demon-
strate an increased amount of lysolccithin in the blood of patients with hemo-
lytic icterus has prevented the acceptance of this theory.

It has been demonstrated that intravascular stasis, as well as stenle meuba-
tion of blood in vitro, will produce spherocytosis and increased fragility of
the cr'vlhrocytcs to the extent that they will be hemolyzed in isotonyc saline.
It has been suggested that the stasis which occurs n the greatly enlarged spleen
of patients with hemolytic anenna may account for the increased fragibity
In those patients in whom hemolysins or hemolytic agents ate not present.

A final opinion regarding the cause of spherocytosis and the increased
rate of hemolysis cannot be given at present although recent mvestigatne
work in this field gives promise of enlightening information.

Pathology

The tissues from patients with congemital hemolytic icterus are stained
with bile pigments, the extent of the staining varying with the severity of
the hemolytic process. There are deposits of iron-containing pigment, some-
times very extensive, in all of the organs The spleen 1s markedly enlarged
and has a smooth ghstening surface and a deep bluish red color It may be
4 to 10 times normal size On cut section it 1s deep red in color and presents 2
picture of mtense congestion which, on microscopic examnation, is found
to constst of 4 marked engorgement of the pulp by erythrocytes with rela-
tively empty blood sinuses The lymph follicles are small and atrophic and |
the trabeculae are indistunct. Infarctions are frequently encountered The
lwer 1s enlarged to 2 moderate degree and may show fatty degenerauo.n and
deposits of iron-containing pigment. As 2 rule there are no other significant
alterations although an mcrease 1n the size and number of the Kupffer cells
has been reported 1n some nstances. Gallstones are found n the biliary tract
ma Inrge perccnmge of the Cases.

The hematopoietic bone marrow 1s hyperplasnc and replaces the fatry
marrow to varymng degrees Meulengracht records an mstance i which the
entire shaft of the femur was filled with hematoporetic marrow. Microscopic

1on reveals that nucleated erythrocytes predominate in rhc‘h)'pﬂ"
plasia. The leukoporete elements are involved to vary ing degrees, but in sor;lc
instances both myeloid foci and megakaryocytes are scarce and apparently
crowded out by the erythroposctic elements Extramedullary hemaropotesis
has been observed, usually in severe cases occurnng in infants,
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Clinical Manifestations
The manifestations and the age at which this disease makes its appearance
are vanable, There are fatent cases which showw the specific defect in the
erythroeytes but few or no chmeal { The firse indication of
the disease in these cases is its appearance in the patient's offspring. Tn ather
fnstances there are recurring episodes of stight yundice which are never
severe enough to cause sigmficant disabiliry. In severe cases there are hemo-
lytic episodes during mfaacy or childhood resulting in chronie invahdism
with recurring acute esacerbations I patients presendng the more severe
chmical mamfestations the disease ustmally becomies apparent iny infancy or
chuldhood. As 2 sule, the later 1 bife the mamfestations appear, the nulder
wait be the course. In the typeal case the pavient feels welt or has only mild
symptoms and a shighe degree of icterus most of the ume. At irregular in-
servals there oecus exacerbatons with inereasing weakness, fatigabilsty, short-
ness of breath, pallor, and jaundice. These recurnng episodes of jncreased
fiemolyss ar “crises of deglobulization” consutute one of the most charac-
tenste chmitat features of the dwesse They may occur at any tme with no
spparent cause but arc frequentdy initated by infections, exhauscion, or
reanma After persisting fat a varable length of time the scute episode spon.
taneoushy subsides, and the condition reverts to the quiescent stage.
Hemoly e episodes are mose frequent and miore severe in somé cases
and are associated with fever, prostration, nousea, vomiting, and at times
severe abdomunal pam which may be i either the righr or the left upper
quadrant The qmodes of pain are 3 patt of the prewure of active hemalysis,
but attacks of true bilary tolc are also frequent in these pauents. An'un-
usuatly farge amount of bule pigment 15 formed because of the hiberation of
eneessive amounts of blaod pigment. When this hemolysis has been occur-
ning over 2 lang penod of tune, there 15 great vendency toward the forma-
um of galistones. These are frequendy encountered 1w young childeen so
that biliary colic and obstructive ice may be supenmposed on the
picture of hemolyue wcterus at any age. It must be remembered, however,
thae the hemolytic episode stself may cause abdorninal pan, when s is
accompanied by fever and lenkocytoss, 1t may seggest an acute condiion
of the abdomen m which surgieal intervention 15 ndicated. The jaundsce
of hemeolyuc 1cteras is ordmandy not as sntense 25 that associated with ob-
strucnion of the biliary zacy, and acholie or clay-colored stools are not en-
entmtered unless the discase 1s complieated by such obstruction Hemolytre
saundice 55 not assocated with prurings, vor are bile pigments to be found
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in the urine. Jaundice of a slight degree is almost constantly present in pa-
tients with this disease, and, excepr during the acute cpisodes and in the
more severe cases, the statement that the patient is “mare jaundiced than ill”
holds true.

The degree of pallor varies with the severity of the anemia, which may
be mild or severe. The spleen is consistently enlarged and may become 3
massive organ causing a sense of weight or a dragging sensation in the left
upper quadrant of the abdomen. This is accasionally one of the chief com-
plaints, There is a tendency for the spleen to increase in size with the scute
hemolytic episodes and to recede during remissions Pain in the splenic arca
is a common symptom and may be due to the penisplenitis which accom-
panies infarction of the organ. The liver is enlarged n about one-third of
the paticnts bur usually not excessively. There may be a slight degree of
cardiac enlargement due to dilatation, and 1 hermic murmur may be heard.

Chronic ulcerations on the lawer leg, similar to those sa frequently found
in sickle cell anemia, are occasonally encountered in familial hemolytc
icterus. These ulcers are rounded and sharply demarcated or “punched out”
in appearance; on heabing they leave a smooth glossy scar or 3 decp\).' }.ﬁg‘
mented area. Although healing may occur during a spontancous remission,
in the more severe cases the ulcerations may persise uatil splenectomy has
induced a complete clinical remission.

Roentgen Ray

Roentgenologic examination of the bones may reveal significant findings
in children with a severe form of the disease. The changes are due to hypes-
plasia of the marrow, which causes decalcification of the trabeculae, an §n~
creased volume of the medullary portion of the bone, and a consequent thin-
ning of the cortex. This results in a generalized mottling or spongy appesr-
ance of the bones of the skull with thickening of the medullary portion and
2 thinning of the outer and inner tables New bone formation may occur 2s
perpendxcular striations surrounding the outer table. The ganthcd d.c-
calctfication is especially evident in the hands and feer The roentgenologic
changes are the same as those which are mare completely described 1n the
section on erythroblasuc anemia A “tower skull” 15 one of the developmen-
tal abnormalities of the skeletal system which may be encountered.

Laboratory Findings
The hematologic findings vary wich the severity of the disesse and the

scueness of the hemolytic process at the ume of examinstion. During 2
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quiescent period the erythrocyte count and hemoglobin Jevel may be nor-
mal or buc slightly Jowered although the more severe cases have a per-
sistent anemia of varying degree. The seduction in the erythrocyte count
and in the hemoglobin level is proportionate so that the color index remains
sbout normal, During the hemolytic erises there is a fall in the red cell
count and hemoglobin level which may be rapid and profound. Erythro-
cyte counts of 1,000,000 o5 Jess are eccasiom!ly encountered in severe cases.
The exythrocytes and hemoglobin persist at these Jevels for a varizble time
and then spontancously increase as the hemalytic serivity subsides. In other
instances the exacerbations are mild so that evesy during the acute stage of
the disease the anemia may be of enly modesate degree.

The mereased bilimbin content of the bload is commensurate with the
sevensty of the hemolyue process. The iecerus index is high, and the van den
Bergh test is positive with an indirect reaction. The wvrobilinagen content
of the feces is greatly elevated, and the urobilinogen output in the urine may
be increased. Watson has suggested that the increased urinary urcbilmogen
is due ta liver msufficiency rather than ta the liberation of excessive amaunts
of blood pigment alone. When obstructive javndice intervenes, bite will not
be present m the feces and bile pigments will be found in the urine.

On examnation of the smear the evidences of spherocytosis will be noted,
the erythrocytes appearing suall but more deeply stainung thar normal, The
appacent mcrocytoss is misleading, b , since the thick of the cells
has mereased suffi ly to comp for therr di ind “Their
actual volume 5 normal ot increased. They are no Jonger biconcave disks but
have become mare nearly spherical in shape (Fig. 37).

As was previously wmentioned, these cells bave a dminished osmotic re-
sistance s measured by exposing them to varying concentrations of hypo-
tonic saline soluttan. Their mereased fragiity 1s congenstal and is constandy
presear throughour hfe buc becomes more marked during the acute episodes
and does not disappear even after a clineal cure 1 brought about by splence-
tomy This altered resistance of the erythrocytes is one of the most important
diagnostic features of the disease and will be found m go per cent of the
cases

The renculocytes dre more numerous, parnenlarly during an acute hemo-
fyue epwode A spontaneous renrulocytosis of go per cent has been ob-
served, and readings of from 40 to §o per cenc are not 2r all uncommon
There 15 a 1arble degree of polych phulia, and a few nucleated eryth-
rocytes are frequently encountered. These are more numerous in younger
patents with 2 severe form af the disease.
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A leukocytosis of varisble degree is common during the acute episodes.
The count returns to normal during quiescent periods, Normal or even low-
ercd leukocyte counts have been recorded during acute episodes. Leukocy-
tosis is more frequently encountered in young patients than in adults and is
usually due to an increase in neutrophils. There is an increased percentage
of noasegmented or band forms, and varying numbers of metamyelocyres
and myelocytes frequently appear, sometimes to the extent thar myeloid

A VA S ren i -
Tic. 37. Bas-rehief photomtcrograph showng the mcreased thichness of the cells

leukemia 15 simuwlated. The platelets may be increased but uswally are not
significantly affected,

The bone marrow shows a normoblastic type of hyperplasiz with marked
evidences of mureased ervthrocytic production as might be expected from
the reticulocy tosts and polychronmsia of the penpheral blood.

Diagnosis

The dagnosts of farmhal hemolync icterus 15 based upon che jaundice,
anemia, reuculocytoss, and leukocytosis, which are the charactenstic fearures
of all bemolytic anemas, plus the increased fragihiey of the erythrocytes,
spherocytosis, splenomegaly, and the famthal hustory. The greatest difficulty
in differennal diagnosis m chuldren is presented by the erythroblastoses and
Cooley’s anemia. Tn neither of these is there an altered fragility of the erythro-
cytes, SPHETOCYIES are 1ot present, and the number of nucleated erythrocytes
is usually much greater. There mav be a fanmlial trair m the erythroblastoses.
and roentgenolagic changes which are smmlar to those found erythro-
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blastic anemia may vccasionally be encouttered wm the bones of infants with
hemolytic icrerus.

Hemolytic ictexus in an adule may be confused with permicious anemia, but
the macroeytosis, hagh color index, leukopenua, and normal fragilicy of the
erythrocytes should distinguish the latter conduion. Neurologie changes do
ot occur in familial hemolytic crerus, nor are paresthestas encounsered.

Acquired hemalyuc sorerus presents a picture smular to the fanulial form,
but there is an absence of the ty preal family fustory. The other minor diffes-

g points are dered o the di af chat disease, The presence
of pundice and hyperbihirubinenua should easily distinguush hemolytic icrerus
from aplasc anenya and the ton deficlency anenias. Banti's syndrome or
splenic anenua may present more difficulty because of the enlarged spleen
and rcterus, but the leukapenia, the absence of an increased fragiiy, and the
negattve fanuly fustory should serve for differemtiation.

Prognosis

There is a great varauon in the severity of the disease. Many cases are
fatent or etremely mmid so that hittde disability results although at such pa-
nents are hable to have acute and severe exacerbations at any ume. In other
panents the acute hemolytic episodes are frequent and more severe; the
pauent may become a chrone mvalid. Death may occor with a hemolytic
crists When the dsease appears eatly 1 life, its course is nsually mere
severe than when 1t appears 1 adules.

Treatment

Splenectamy 15 the specrfic form of treatment for congental hemolyte
icteras This procedure must be given due consideratian i every case in
wiich the diagnosis 1 made The sevensy of the symptoms and the age of
the pauent should, however, be taken ito constderstion before advising the
operation. Splenectomy ss not mdscated in the very mild or latent forms that
first make their appearance i older adufts The disability tmay not be severe
enough to prevent an 2eve and useful hfc in these pavients, 20d 1t 1 probable
that the mamfestations Wil become even Jess severe with advancing age
However, an acute tpisode of hemolysis may occur at any time ever in mild
and hererofore quiescent cases A close check for evidences of mereased
hemnoly s1s should be kept on the patiensts on whom splenectomy 1s nat pes-
formed When the symprams of che disease make their appearance in 2 child
ar young adult splencctomy should be performed even though the disease
has produced only a muld degree of o} heslth The spleen should be removed
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during a remission if possible rather than during an episode of acute hemoly-
sis. It is impossible to wait for the opportune time in some instances, and the
surgical procedure must be carried out at once,

Splenectomy results in complete relief of the clinical manifestations in
practically all cases, but the increased fragility of the erythrocytes and the
spherocytoss persist even in the absence of other manifestations. Following
the operation there is an immediate decrease in the rate of hemolysis as is
shown by a lessening in the degree of jaundice, a drop in the bilirubinemia,
and a decrease in the fecal output of urobilinogen. The anemia improves
without other therapeutic measures. A striking increase in the number of
erythrocytes may be noted within 2 few hours after the operation. This im-
mediare response is due mn part to the emptying of the splenic reservorr into
the peripheral blood stream durmg the operative manipulations. Compression
or “milking” of the spleen is an advisable procedure prior to ligation of the
vessels. The drsease is stll transmissible by a parent in whom splenectomy has
resulted in complete relief of the subjective manifestations

Gallstones are present in a high percentage of patients with familial he-
molytic 1cterus and have frequently been encountered mn children below Ehc
age of 10, When symptoms due to bilary calculi are present, the question
frequently arises as to the correct sequence of surgcal procedures—that is,
whether to first perform a cholecystectomy to relieve the biliary obstrue-
tion and remove the spleen at a later date or to proceed at once with sple-
nectomy To carry out both procedures at one time is usually mndvisab}&
It has been found that trauma, such as occurs with a laparotomy, may in-
ttiate a severe and sometimes fatal hemolytic crisis. For this reason splm?C-
tomy should be performed first, except in the few cases when 1t 15 imperative
that biliary obstruction be relieved immediately. i

Transfusions are of only temporary benefit and are seldom indicated in
famulial hemolytic icterus. In most cases the anemia is 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 hemolytic reac-
tions following transfusions. These not only may lead to hemolysts of thf:
transfused cells but may mitiate or accentuate the hemolysis of the patrent’s
own cells and so aggravate the already sersous condition of the patient. Such
acute hemolytic reactions may lead to blocking of the kidnéy tubules by
deposits of acid hematin crystals Anura and death from uremia may result.
When a transfuston js imperative, it 15 best to use a donor of the same blood
group rather than te rely on a universal donor and to cross match the cells

and serum of both donor and recipient, The recipient’s serum should also be
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tested for 2 hemolytic action on the donor's cells. If the patient is so anemic
as ta require transfusion, 2 splenectomy shauld be done as soan 35 conditions
will permit since i¢ frequentdy produces a suiking and immediate jm-
pravement.

Betrer results are obhained when splenectomy is performed ey in the
course of the disease 25 this checks the formation of biliary caleuli. Tempo-
rizing with ather therapeutic measures is not justifiable escept in very mild
or latenc cases. The aperative mortality from splenectomy is in the neigh-
borhood of 4 or 5 per cent.

The admunistration of sron and Jiver evtract does not benefit this type of
anemia, Doan has reported that fiver estract 35 not only valueless but may

intiate a hemolytic erisis
.

Acqumrep Hemoryne Jorerus

Although congenital or familial {Chauffard-Minkowski) hemolytic icrerus
must be vonsidered as a distinet chiucal entity, there is a difference of opinion
as 1o whether the acquired (Hayem-\Widal) type should be so recognized.
Many feel that the cerm acquired bemolytic iwterus should be discarded,
They beleve chat all such cases are really manifestations of the famshal form
and thae there 15 2 tatent, inherent defect in the erythrocytes of these in-
divsduals which permits easy hemolysis and requires onfy some infections,
toxe, or metabolic disturbance to make it apparent, A dugaosis of acquited
hemolyue scterus has been made m many cases only ro find on further
mvesugation thag mild and heretofore unrecognized symproms of the disease
have been present m other membess of the family or to have sibings who
previonslty had shown no evidence of the disease subsequently develop typical
hemolytie wrerus Most cases of primary hemolyuc iweresus are undoubtedly
of the famhal or congenstal type

The rerm acquared hemolytic jaundice was apphed by Widal to 2 group
of cases which were apparently not congenital or familial and which ap-
peared either mn the course of vanous illnesses or in a prumary idwopathic
form He recognized the sbsence of a hereditary factor, the moderate altera-
uen in the fraglity of the cells, and the autorgglutnation of the erythro-
cyses Many subsequent reports on this disesse have mcluded cases which
were app. ly atypical ples of p fous anenuz, Banu's syndrome,
and other condmons. There remat, however, some cases wluch seem to
posufy the werm acquired bemolytic seterus Thus gronp has been further sub-
divided o (1) these which are idropathic or praaty in ong and (2)




202 Hemuatology

thosc which are sccondary to some other discase. In its secondary form the
disease has been found associated with syphilis, malaria, tuberculosis, sep-
ticemia, and other infections, as well as with leukemia, Hodgkin’s disease,
cirrhosis of the liver, and pregnancy. Eradication of the primary disease will
frequently effect a cure of the hemolytic process. The course 1n those cases
which we have obscrved in association with pregnancy has been unusually
mild. The manifestations have disappeared following delivery although there
15 a tendency for a recurrence with succeeding pregnancies. In one partent
a typical hemolytic episode occurred during a pregnancy and a subsequent
episode during the course of an infection,

In the idiopathic form of acquired hemolytic icterus, which closely simu-
Iates the farmlial form, there 15 no recognizable causative factor. Questions
concernirl its pathogenesis have been considered in connection with familial
hemolytic icterus. Autoagglutination of the erythrocytes has been fre-
quently noted in doing erythrocyte counts, in cross matching or typmg the
blood, or by resuspending the cells in the pattent’s own serum. Isohemolysins
have been found by Dameshek m some cases. It is possible that a mechanism
of this type may be responsible for acquired hemolytic icterus

Clinical Features

The clinical manifestations of the rdiopathic type of acquired hemolytic
tcterus are similar to those of the congenital form except for mimor varations.
The disease usually makes its appearance duning early or middle adule Iife
but is occasionally found m children The onset may be gradual with a pro-
gressive anemia or sudden with fever, prostration, abdominal pamn, and a
rapidly developing jaundice and anemra A rapid onsct is more frequent 11
the acquired than tn the congenseal form, and the hemolytie crises are more
frequent and more severe The degree of anemia vanes, but a severe grade
is commonly encountered The anemia and pallor are more outsrandmng than
is the jaundice.

The hematologic features are similar to those of the congeneal type al-
though spherocytosts and increased fragility of the erythrocytes are less
common or are prescnt to a lesser degree. The reticulocy te count 1 clevated
to a varable extent and may be just as high as m the congenital type A
macrocytosss, rather than a microcytosts, 1s more frequently present. The
leukocytic response ts simtlar in the two forms

The pathologic features are essentrally the same in the two cofidmons An
enlarged and congested spleen 15 a charactenstic finding On histologic ex-
amination it shows increased fibrosis The hyperplasia of the bone marrow 15
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the same in both forms as are the ovidences of Jaundiee and the deposits of
iron-contaning pigrient.

Treatment
Spt

v should be rec ded in those cases of acquired hemolytic
m:crus which are of idiopathic ongin and which do not respond to conseria-
vive measures, The best results are to be expected in those cases that closely
resemble the congenital type 1 therr hematologic features but ene cannor
recommend the procedure with the same confidence as in the congenital form.
The operation 15 contramdicated in those cases secondary to mfections or
other diseases,

Liver extract and yron are of no value and transfusions muse be given with
the greatest cavtion. Difficulty may be met in cross matching the blood of pro-~
spective donars becatse of sutoagglutination of the red cells. In one of our
pavents 1t was mmpossible to obtan 2 donor whose blood was compatible; con-
sequencly, transfusion was impossible A severe of even fatal transfusion reae-
ton will sometimes occur even though the donor’s blood ss spparently per-
feetly compatbife with the pauent’s. This danger appears to be greater in
acquired than m congenital hemolytic sererus so that transfusions should be
given with the greatest caution. We have observed one fatal hemolyte reac~
ton foflowing transfusion and several nudd reactions although some patients
have recened transfusions with no reactron whatsoeser.

Acure Hrevonvric Axmus (Leoerer'sy

The acute hemolytic anemia of Lederer or Bl is charactenzed by sudden
onset of a severe, mpxdly progressmg aneava of the hemolyuc type, asso-
ciated wich tugh fever, chills, malanse, and jaundice. It may occur 1 eithex
sexand at any age but s more common m young persons, p:xmcu}ar}y n the
fisst two decades of life.

Euology and Pathogenesis

A definite eonologic agent has not been discovered i this ty pe of hemolytie
anemiz The mansfestattons are so simidar to chose of acquired hcmolnxc
scterus that & may represent merely an acute hemolynic episode 3n the course
of that dnease Dameshek and others have found gutoagghiomas and auto-
femoly sins 1 the blood serum of patients with ths type of anema but no

correlation evisted between the titer of the hemolysin and the degree of
hemolysis
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The sudden onset of the disease and the fever suggest that it may result
from some infection. However, repeated blood cultures are found to be
sterile, and no definite evidences of infection have been found on physical
examination or at necropsy. It scems more logical that infection is the mitiat-
ing or excitng factor rather than the basic cause. It is probable thar the
hemolysis is due either to some hemolytic agent, possibly extrinsic, or to the
presence of isohemolysins in the serum. The bone marrow is able to respond
to the excessive demands placed upon it, and when recovery occurs it is
apparently complete and permanent so that it is difficult to place the blame
for the disease on a faulty hematopoietic function. Because of the excellent
therapeutic results obtamed with blood transfusion, it has been suggested that
a neutralizing substance or antihemolytic agent is introduced with the trans-
fused blood.

Pathology

The pathologtc features are not specific. The spleen is enlarged and may
show sterile infarcts. There 15 acute parenchymatous degeneration of the liver
with some areas of central necrosis. Excessive amounts of iron-containing
pigment are found 1n all organs as a result of the extenstve hemolysis. The
bone marrow is red and hyperplasuc.

Clinical Features

The onset 15 usually abrupt without a previous history of anemua or
jaundice and is characterized by a rapidly progressing weakness, restlessness,
malase, pallor, and jaundice. These may be accompanied or preceded by
gastromntestinal symptoms with darrhea, anorexia, nausea, vomiting, and
severe abdomunal pain. The temperature 1s elevated, commonly reaching
104 F. In the faral cases a terminal hyperpyiexia is the rule, The usual symp-
toms of anemia will be noted, and there may be epistaxis Hemoglobinuria
and anura occastonally occur m the severe cases

Exammation seveals pallor and jaundice, the severity of which depends
upon the rapidity of blood destruction Pallor is usually a more outstanding
feature than jcterus The spleen 15 commonly enlarged, and a shght enlarge-
ment of the liver and lymph nodes has been noted in 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 1,000,000 or less within a short period of tme. The color and volume
¥



Hemolytic Anemias 205

indices usuaﬂ) remain about normal but eccasionally are clevared, and o
macmcytosxs is evident on the sinear in some cases. There is 2 reuculocytosis;
poly hilia and nucleated erythrocytes are frequemly encountered.
The icukocyres ae uswally more nurmerous, and counts as high as 0,000 and
over have been found although in some of the reported cases thereshas been
a normal or low leukoceyte count. In the blood of those patients with a
marked Jeukocytoss there are evidences of immaturzty of the myeloid cells
with the occasional apprarance of a few myelocytes and metamyelocyres.
The platelets are not affected. There is no alteration in the fragilicy of the
erythrocytes—an umportant feature in differentiating the disease from an
acute exacerbation of farmilial hemolyuc jeterus. The bilirubin content of the
blood 15 increased, and the urcbilinogen excretion in the feces is markedly
elevated The amount of urobilinogen in the urine may incresse but does
not paratiel the rate of hemolysis. When hemolysis is especially rapid, hemo-
globint may appear i the unne, which, under certain crrcumstances, leads ro
pigment mfarcts i the Kidoeys with subsequent anuria and uremia.

The course of the dwsease is usually acute so thae recovery or death ordi-
nanly oceurs within six weeks The course s chrome in only 2 very few
cases, The temperature drops by lysis duning the recovery period, bur
cases that termunate atally thete 5 an extremely high cempersture with gen-
enalized edemg, stupor, and coma When recovery occurs, it is wsually com-
plete with no recurrences or sequelae.

Freatment

Transfusion produces a very dramatic recovery in some cases and the pro-
cedure has been fooked upon by some as a specific form of trearment The
temperature may fall rapidly and the patient recover completely after 2 ungle
transfusion. In maost cases, b t, repeated transfusions are necessary. This
mode of therapy 15 nat aluays successful and death may occur i spue of
ransfusions, espectaily if they are not given early m the course of the disease,
Splenccromy should b advised in those cases which do not respond to trans-
fusions. Ir should be performed as soon as it is evident thar the transfustons
are of no value rather than postpeniag 1t as @ measure of fast resort when the
panent 15 5o weak and evhausted that he is a poor operative sk,

There 1 no apparent benefit from the admmustration of hver and 1ron,

Stcket Crre ANEMfA

Sielie celf anemuz 15 2 form of hiemolytic anemiz which occurs almost ex-
clusively i Negroes, It 35 characterized by the presence of great numbers of
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crescent- or sichle-shaped erythrocytes m the bloed stream. The name wenis-
cocytosis has been applied to the discase.

The condition was first deseribed by Herrick in 1910, All of the early
reports suggested that it was found exclusively m Negroes, but 2 few 2p-
parently anthentic cases have subsequently been secorded in patients with no
admixture of Negro blood Such cases are exceedingly rare, and the raciat
incidence 15 one of the most striking characteristics of the disease. Furtbet
studies on patients with sichle cell anciia and on members of their families
brought to light the fact that the discase has a definite familial incidence bar
that only a swall percentage of indivsduals shawing the sickle cell trait be-
conie anemic. The term sicklenria has been apphed to that condition in which
the typical structural changes are present in the erythrocytes of @ peront
in whom there is no evidence of anemsa of history of having been anemic
at any time, Sicklemia or the sickle cell trait must be differentiated from
“arent” sickle cell anemia—the condition of panents who are in a remission
or a guiescent pesod of sickle cell anemia following one or more episodes
of hemolysis.

Sicklemia, the sickle cell trait without chascal manifestations, is a familial,
hereditary affticuon It appears to be transmitted a5 a doninant mendelian
charactesistic which 15 ot sex hnked. It is found in both sexes and has been
nated at all ages from buth to the age of 78 years. From the combined
statistics of many observers sicklemia has been found to be present 1 2p
provimately 7 per cent of North American Negroes, but only © out of 15
of those so afflicted develops siclde celt a—m

Tharo .
and EPERUTL IR manifested by 2 pfcﬂ’l“
conbyuattutt of the erythrocytes. Atrempts to explain the scructural changes
o the basis either of some substance in the blood serum or of 3n :\bnommi
action of the spleen have not been panwiest T

tha wes ~ ‘
< : g e Lty strkmg feature 1 the ns.sucs
Co pannitts with sickle cell anemea Ir seems, therefore, that phagocytoss of
abnormal erythrocytes 1s the prmmpnl cause for the anemia. Bur the mecha-
usm whereby an acute exacesbation of hemolvsis 18 utated has not beert
explained. Infecuons, toxins, and environmental factors have been conssdered
a5 possible explananions.

The pathologlc pleture vanes with the stage of the discase. g n
chere are no significant pathologie changes the spleen. In latent sickle el
anernia the splenic parholagic condition 1s sinilar to that found in the scuve

{n sichlemua
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fornn, This, in turn, varies with the stage of the disesse. Diggs has shown that
carly in the course of the discase the spleen is enlarged, congested, dark pur-
ple in color, and saft. Infarcts sre commonly present. In the later stages the
changes are variable but ultimately reswlt in 2 spleen which ss small, firm,
atrophic, and fibrotic. Small nodules containing a yellowsh brown pigment
and ealetun salts are common. The narmal structure of the spleen completely
disappears as the fibrosis and atrophy increase umil the organ becomes 2 small
fibratic mass which is sometimes buried m dense fibrous adhesions Its size
and the degres of fibrass vary with the durarion of the disease and with the
number and seventy of the acute bations that have occurred. The liver
15 entarged and congested, and there are evidences of increased phagocytosis
of erythrocytes Both hiver and kadneys show deposits of hemosiderin. The
bane marrow 1s hyperplastic wth red marrow replacing the fatty marrow in
some areas and actually invading the cortex of the bone in places. The degree
af hu perplasia of the hematapatetic marrow varies with the stage of the dis-
ease bt may be extreme In some snstances the costex of the bone §s thick-
cned and scleronc but shows areas of medullary iavaston and of necrosis

. 1 N
which give the roentg gIC app of poTosis

Clinica} Features

The abnormal ery throcytes of sickle cell anemia are present at birth, but
the onset of symptoms may be delayed for 2 varable penod It is primarly
a dhsease of cinfdren, the average age at which the symproms appear s 13
years As a2 general rule the latex 1n hife st makes ats sppearance, the milder wilt
be the course It 15 charactenzed by alternanng periods of ecessive hemolysis
of the erythrocytes and quiescent or fatent peniods. During latent periods
adulr patents have few or no symproms, but as 2 rule younger pattents ase
chronteally o, fangue eastly, and are m 2 poor nutntanat state. Moderate
grades of ancaua and scterus persist, The uswal symptoms dussng a relapse
are those which are referable to the anemia: weakness, fangatatity, shertness
of breath, and paipnavion As the disease becomes more active, the janndice
doepens because of the mcreased rate of hemolysis, the spleen enlarges, the
anemia becomies more severe, and weakness and faugabiliry become more pro-
nounced Acure pain in the upper abdomen may be present during the acrive
stage W3 hen tus 1s accompanied by nausea and vonuting, 2 condttian of the
shdomen smdicating surgieal ratervention s simulated  Fever of variable
hesght s commonly assocared with the acute episodes, Severe aches and
pams m the jonts and muscles of the exiremines are often nated and have
fedt ta @ nnstaken diagnoss of rheumiue fever The active stage may last
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for several weeks or months. Following this there is a spontaneous remission
to 3 more quicscent stage of chronic ill health or a latent stage of varisble
length in which there are few or no symptoms. The acute attacks are apt to
be more severe in children. If the patient survives to adult age, the episodes
rend to become less severe and less frequent.

The physical findings differ with the acuteness and duration of the disease.
The skin and scleras show a variable degree of jcterus during the acute phase
which becomes less prominent as the hemolytic episode subsides. It may
almost completely disappear during the latent periods. There is pallor of the
skin and mucous membranes varying with the severity of the anemis. The
spleen is enlarged in younger patients and those in whom the discase is of
share duration. It will change m size from time to time dependmng upon the
acuity of the disease, increasing with the acute exacerbations and becoming
smaller during the latent periods, When the disease has been present for many
years, the spleen 1s no longer palpable, having shrunk to become small and
fibrotic. The Jiver is slightly enlarged. There may be a slight generalized
Iymphadenopathy. Chronic ulcers in the region of the ankle are very com-
mon in older patients in whom the disease is of Jong standing, The ulcers
miy be single or multiple and are round, sharply demarcated with 2
“punched-out™ appearance, and leave a smooth glossy scar on heatmg. Win-
trobe has pomted out thar the cardiac complications in sickle cell anemia are
particularly severe and that cardiac enlargement, overactve precordis, and
various types of murmuts are frequently encountered. Thesc features are at
times very suggestive of rheurnatic hearr disease,

The central nervous system is frequently involved, ptoducmg a wide
vatiety of symptorms and physical signs attributable to cerebral or memingeal
involvement, These are due to thrombosis of vanous vessels and may cause
headache, drowsiness, hemiplegia, aphasia, stiffness of the neck, and con-

vulsions

Roentgenologic exammation frequently reveals various types of lesions 1
the bones., Occasionally there 15 widespread osteoporosts; in other instances
there is a thickening of the outer and mnner tables of the skull with perpen-
dicular striations radiating outward.

Sternal asptration reveals 2 hyperplastic marrow with 2 predormnance of
normoblasts,

Laboratory Findings
Dhuring an acute episode there is 2 rapid decrease in the erythrocyte count
and hemoglobin level, The reductions are about parallel so that the colot
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index remajas abour normal or only slightly lowered and the mean cor-
puscular volume is unaltered. As the hemolysis progresses, the jaundice deep-
‘ens and the bilirubin content of the blood increases piving an indirect van den
Bergh reaction and  higher iererus index. The utobilinogen content of the
feces is marhedly elevared. During this stage 2ppear evidences of bone mar-
sow stimulation and hyperplasia as shown by the reticulocytesis, the increased
number of polychromatophilic cells, and the large numbers of nucleated
erychrocytes. There s o newtrophilic Jeukocytosis which may reach z0.000
or 30,000 with varying degrees of immaturity in the cells. An occasional
myelocyte or metamyelocyte may be encountered. The leukocyric response

SN

F1c. 38 Photomerograph of sxc}.li C‘C\l}s x;sxgigc:,[;\ !o]z; ; stamed dry smear, (Couftesy of
15 apt to be hugher 1 mfants and children than i adults, The platelets may
be moderately mereased 1 number,

The anemta 15 less severe or entirely absent m the chrontc or latent stage,
Leukocyte and platelet counts are normal. °

The charsctensac finding, and the one on which the diagnosss 1s based, 15
the preseacs of varying numbers of abnermally shaped erythrocytes The
cells assome many bizarre forms, the most comman bemg the sickle, crescent,
or fusiform shape. Other cells are uzegularly stellave m outhne, the eytoplasm
appearing to be drawn out into spmelike projections at two or more points
Thus sickhng may be apparent on the stained smear {Fig 38) bue 15 far more
profnent on a moist preparation in which 2 drop of blood is sealed under 3
coves ship wathin a ning of vaschne (Fig. 39). The sickling may be apparent
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as soon as the preparations are made but Lecomes more pronounced when
the blood is allowed to stand withour conmact with oxygen for from tvo
to twenty-four hours. In many no sickling wi will be seen’
on the fresh preparation, and it 15 necessary to take other measures to ac-
centuate the sickling trait. Certain dyes hasten the phenomenon so that by
treating a drop of blood with cresyl blue, as for a reticulocyre stam, the
sickling is accentuated. The sickling trait will also be more apparent if the
finger js constricted for five minutes before the blood is drawn. Although
the erythrocytes are structurally abnormal and are destroyed too rapidly
within the body, there 1s no increased fragility as measured by exposure of

-
Qe ;
.t 1
PISSR S
Fic 39 Photomicrograph of sichle cells as seen 1 a maist preparation (Courtesy of
L W. Diggs, MD)
the cells to hypotonic saline solution Many of the erythrocytes are normal
m their configuration, others show only minor degrecs of pothilocytosts:
Targer cells are encountered rather frequently. Aspirarion of bone m:lrro\:‘
matertal from the sternum reveals evidences of hyperplasia with an snereasc
number of nucleated en throcytes These are normal in therr appearance.

Diagnosis

The diagnosis of sickle cell anemia 15 based upon the finding of the char-
scternstic sickling deformury of the ervihracytes plus the presence or 2 l;is-
tory of hemolytic episodes and anerma The sickle cell‘ui:m alone 15 mst;:{ :
cient for diagnosts. I must be associated with other clinical e\'}dcncesd -
amination of 2 stamed dry smear 1s usually nsufficient to establish the diag:
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nosis, and other methods are necessary to bring our the characteristic de-
formities of the cells.

Other types of hemolytic anemiz, such as familial hemolytic icterus and
Cooley’s anemia, present similar clinical pictures but are not associated with
the characreristic deformities of the exythrocytes.

The acute episodes of abdominal pain, fever, Jeukocytosis, and muscle
rigidicy may suggest an mflammatory lesiony within the abdomen, and rheu-~
mate fever may be simulated in those patients having severe joint and muscle
pans accompanied by fever and lenkoeyrosis.

Prognosis

Sickle cell anena 15 a fatal disease afthough it pursues an extremely chronic
and long-draw n-out course m many cases In other instances, especially when
it develops in infancy, 1 may run an acute and rapidly fatal course. Death
may result from the arute hemolyuce episodes or from intercurrenc infec-
rons to which these patients are extremely suscepuble Renal insufficiency
hias been seported 25 a tause of death as has thrombesis of cerebral vessels,

The sckle cell trair occusring without anemia does not cause any impair-
ment of the patient’s health

Treatment

There 1s no specific form of therapy that ss of value so that treatment must
e entirely sympromane Transfusions are vahusble a5 2 supporuve measure
n pattents with a severe anemia. They are ot withour dangcr, however, and
may mnate a hemolyus episode

Splenectomy has been tried but apparently bas na effect on the subsequens
course of the disease The admunsstrasion of iron and of liver extract has
given no evidence of being beaeficral Since the disease has a natural rendency
roward sponaneous remisstons and because it becomes less severe with ad-
vanciag age, the results of any therapentic measure must be evajuated very
criticalty The pauent’s geners} health and particularly the nutritional stafe
should be carefully warched Infecuons should be carefully avoided

Ervrnroptasnic Axsaga {CooLry's)

“The erythroblastc anerma of Caoley appears exrly s childhood :md has
s 1s most charactersstic feorure the p of largc bers of
ers throcy tes 1 the blood stream. [t is familial and congenieal and 1s found
mest frequently, but sot exclusively, m southern European races, the Greek
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Syrian, Italian, and Armenian peoples being most commonly affected The
racial incidence is so pronounced that the discase has been called Medicer-
rancan anemia or Thalassemia. Recent reports reveal that it occurs more fre-
quently in other races than was first supposed. Because of the small thin
erythrocytis it has also been termed Familial Leprocytosis.

The pathogenesis is not well established. The disease has been considered
as (1) an anemia which is due primarily to an increased destruction of eryth-
rocytes with compensatory hyperplasia of the bone marrow, (2) a primary
hematopoietic defect with the production and liberation of immature
erythrocytes and a compensatory hemolytic process, and (3) a primary
defect in pigment metabolism, Because of the similarity of many of its features
to those of other types of hemolytic anemia in children the disease has beea
temporarily placed in this category until more definite information about its
pathogenesis has been discovered.

Pathology

There 15 2 marked hyperplasia of the cellular elements of the bone marrow
with erythropoictic hyperplasta predommating. Large phagocytic cells hav-
ing a foamy cytoplasm have been found in the bone marrow n some cases
The spleen is large and fibrotic with the follicles compressed by the increased
pulp and interstitial ussue. Infarcts are frequently encountered. There may
be foci of extramedullary hematopoiests involving erythrocytes, myelocytes
and megakaryocytes Pigment deposits are present in the spleen and liver as
well as in all other parenchymatous organs.

Clinica! Picture

The disease in its more severe form appears i infancy or childhood :m'd
may be acute or chronic in its course. The symptoms are those of the anemia
with weakness, fatigabihty, and general ill health associated with a poor nutrl-
tional and developmental state. There 1s pallor with varymg degrees of jaun-
dice and frequently a puffiness of the eyeltds. The cranial bones are thlclt'
ened and the head appears 10 be upusvally large The cheel: bones are promi-
nent and this, together with the above features, produces the “Aongolian’
facial appearance. The thickenmg of the skull and cheek bones is due to the
hyperplasia of the marrow occurring at an early age. The spleen is enlarged
and firm and the liver 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 child. Ascrtes and
pleural effusion may develop.
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Rotntgenologic examination of the bones shows the medullary trebecula-
tions to be Iy promi pecially in the sibs, metacarpals, and meta-
tarsals. The cortex becomes thin with occasional punched-out areas due o
invasion of the cortex by the hyperplestic marrow substance. There s 3
thickening of the medullary portion of the skull with a thinning of the cuter
and inner tables which give a spongy or mottled appearance (Fig. 40). Fine
perpendicular striations are apparent when the skull is viewed in profile. The
bones of the face are thickened, The pelvic and other fze bones show rare-
faction and jrregular trabeculations {Fig. 41). The long bones are thicker
than normal because of the increase in the medullary~ portion, but the cortex
s very thin. There is no involvement of the joints and no periosteat elevation.
These findings are common in erythroblastic anemia but are not specific for
. Sirmlar changes are found in other forms of hemolytic anema in children.
The condstton oceurs in 2 mitd form which is frequently asymptomatic and
which 15 encountered in adults as well as in children. Many of these mild
forms have been discovered in testing the blood of parents or siblings of ehil-
dren with obvious manifestations of the disease and finding the characteristic
hematologic changes in subjects who have few if any symptoms referable to
thus disease, We have encountered these mild forms among the families of
students whose anemia was discovered during routine student health exam-
mations and who were enurely unaware of the disease. This mild form of
anermua occurs with much greater frequency than was formerly supposed.

Hematologic Featares

The blood picture is characterzed by 2 moderate or severe grade of anemis
with a color index much below normal These 15 an associated Ieukocytosss
svsths counts ranging from zo,000 to 35 tugh as 5o,000. The platelets are nor-
mal The most stnkmg feature—~the presence of grear numbers of nucleated
erythrocytes in the blood stream—has resulted in the term erythroblastic
aneara bemg applied to the disease In addinon to the nucleated erythrocytes
there 15 2 moderate degree of polychr philiz 2nd a retct tosis.
Aarhed varattons in the size and shape of the esythroeytes occur and achromia
1sa strkang feature The predomunant cell sssmalt and seregular and the anema
1s definstely micracytie meype Targetcellsare fu:qnently encountered. These
are ervrhrocytes with 2 dark central area, 2 highy staimng intermediate ring,
and 2 dark penpheral zone The fragrliny of the red cells 10 hypotonic ‘sa?t
solutton 1s decreased. Immarure Jenkocvies of the myelod senes appear so
that myelocytes and metamyelocytes are often found m addition to an n-
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Syrian, Italan, and Armenian peoples being most commonly affected. The
racial incidence is so pronounced that the disease has been called Mediter-
ranean anemia or Thalassemia, Recent reports reveal that it occurs more fre-
quently in other races than was first supposed. Because of the small thn
erythrocytis it has also been termed Famlial Leptocytosis.

The pathogenesis is not well established. The disease has been considered
as (1) an anemia which is due primarily to an increased destruction of eryth-
rocytes with compensatory hyperplasia of the bone marrow, (2) a primary
hematopoietic defect with the production and liberation of immature
erythrocytes and a compensatory hemolytic process, and (3) a primary
defect in pigment metabolism, Because of the similarity of many of its features
to those of other types of hemolytic anemia m children the disease has been
temporarily placed in this category until more definite informaton about its
pathogenesis has been discovered.

Pathology

There is a marked hyperplasia of the cellular elements of the bone marrow
with erythropoietic hyperplasia predominating. Large phagocytic cells hav-
ing a foamy cytoplasm have been found in the bone martow 1 some cases
The spleen is large and fibrotic with the follicles compressed by the increased
pulp and interstitral tissue. Infarcts are frequently encountered, There msy
be foct of extramedullary hematoporesss involving erythrocytes, myelocytes,
and megakaryocytes. Pigment deposits are present in the spleen and liver 25
well as in all other parenchymatous organs.

Clinical Picture

The disease i 1ts more severe form appears 1 infancy or childhood :m.d
may be acute or chronic m its course The symptoms are those of the anemlf
with weakness, fatigability, and general 1ll health assocrated with a poor nutri-
tional and developmental state There 1s pallor with varying degrees of jaun-
dice and frequently a puffiness of the eyelds. The cranial bones are thxclf-
ened and the head appears to be unusually large. The cheek bones are promt
nent and this, together with the above features, produces the “Aongohan’
facial appearance. The thickenmng of the skull and cheek bones is due to ¢he
hvperplasia of the marrow occurring at an carly age The spleen s enlarged
and firm and the liver becomes enlarged i the later stages of the disease. The
enlargement of these organs causes a prommence of the abdomen which 18
made more apparent by the undernourished state of the child Ascites and
pleural effuston may develop
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creased percentage ot nonsegmentedt neutropluby Inereased bilirubmernia iy
shown by the van den Bergh reaction, amd the icterns mdes 1 clevated. The
urobitinagen cantent of the feces is increased.

In the mild form of the disease, Thalassemia minor, clineal manifestations
are slight or sbsent and many cases are first recogmized when hemarologic
studies are dane on other members of a patient’s fanuly or on patients with a
nuld uncvplained anenva. In this anld form of the disease one of the most
striking heratologic features is the very low colar indey with erythrocytes
which are small, pale and many of which are jrreguiarly shaped The varia-
tion 10 the size of the erythrocytes 1s a striking feature but targer cells are
nor prominent. In addirion to the low color index and the Jow mean corpus-
culae hemoglotun there is also 2 reducnon n the volume imdex and mean
corpuscular volume. The ervthrocyte connt may be normal or bue sightly
fowered whereas the hemoglobin fevel is considerably befow normal but it
does not smcrease with iron therapy. The fragility of the erythrocytes to
hypotosc sahne solution may be decreased, There are alf gradations i the
hematolagie preture from one which s practically normal ta that which has
been described for the severe form of Cooley’™s anemia The disease must be
borne in nund when one is confronted by a patent with an unexplained
hypochromic snemua

Prognoss .
The course of this discase in children is progressive, withont ¢

and death usually occurs before puberty, The pauents frequently die of an
wtercurcent wfection siace therr resistance ts very low, The course may be
rapsd, paruicularly when the disease appears duning fancy. As 15 true m
congenital hemolyuc scterus the fess severe forms of the disease do not
become mantfest unul adotescence or adult hfe. They may be nearly or en-
orely asymptomatic and may be discovered only i a survey of the f;mﬂy of
2 known case of Cooley’s anepua, The anemia may be muld wich but shight
reduction of the erythrocyte eount although the hemoglobia and hematocrit
are more markedly reduced. The hypochromia, the microcytoss, and the
variatons in the shape of the erythrecytes are the curstandig features. When
the condimton 1s found m adults the course 15 extremely chrome, frequentdy
asymptomatie, snd may cause no disabibiy wharsoever.

Treatment
No type of therapy has been found to be successful 1n this disease Trans-

fosons are pathwnve, gwing only temporary rehief, and the nsual medscations
for anenva are without benefic Splenectomy has been tried but s not fol-
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fi6 40 Roentgenogram of the skull of a cluld with erythroblastic anema show mg mot
thing and thickening. (Cooley, Wirwer, and Lee, 4wz J. Dis Child))

g howg 3
Roentgenogram of the bones of s child with erythroblastic ancma sl
dng::use“lloss of dgnsn}g and ncreased trabeculations. (Cooley, Witwer, and Lee, mt. I

Dis. Chuld)
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the Rk factor or agglatisogen, Thic b fanee” .
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T eoacu 2y 2 @0mmany e 0 - hication to the
erythroblastoses it acts as K ‘ Rh~ mother

the ferus may have Rh+ bouuu, £ e mother {Rh—) would become sensitized
to the R+ erythrocytes of the fetus and develop anu-Rh agglutming These
peneirate the placenta and hemotyze the ervthrocytes of the fetus. The hema-
topoieric system of the ferus becomes hyperplastic in gn atcempt 1o produce
enough celfs 1o compensate for those being hemolyzed.

The explanation of erythroblastosis is not as siniple as the early explanation,
grven above, wowkd indicate since there have sobsequently been discovered
eight combinations of Rb agglutinagens in 1be cells and also an Hr antigen
which is capable of causing ssosensutization It has alse been shown that the

A and B agghuti wmay be ie snd cause iy, ot all
mfants with an Rh+ father and Rh—~ mother have erythroblastosis since
about half of the Rh+ men are b ygous, having the domi Rh gene
cagether with the tecessive th (Rh ek -- 0t ) of their offspring
saera 1en develop ant-
t . ) '
may acct

o o it K0 neganve father and
an Rh po..as e inother le s also possible for the mother to become sensitized
to the A or B'agglutinogens and thus type of 1sosensitivaty accounts for a few
cases of ervehroblastoss

A devatad t
odse . wse Dogowia m Chapter XXIT
Me ..

no nnne developed such immune bodies will have hemalytic
sransfuston reactiony if given Rb+ blood. The donor's blood must be tested
for the presence of the Rb factor whenever the mother of a2 chdd with
erythroblastosss 1s to be given a transfusion This theory of the develonment
of erythroblastosis explans many foatrse ~4 01 -

denes ore -

Lo
nanc - wnmhite w erythroblasto-

sis, a amguiity oF traasfusion reactions s the maothers, Search for the
Rh facror in the blood of parents of erythroblagte feruses has shown the
necessary combneation of Ruvt father and Rh—~ mmother in a very Sov
centage of the cases
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lowed by any lasting improvement. It results only in a rapid and prolonged
increase in the number of nucleated crythrocytes in the blood stream.

EryTiironLASTOSIS FETALIS

Erythroblastosis fetalis or hemelytic disease of the newbornis 2 condition
resulting from an excessive destruction of erythrocytes. The hemolysis occurs
in varying degrees of severity, beginning in utero and becoming manifest at
the time of birth or soon thereaftcr. In the severe forms it results in a stillbitth
and muscarriage whereas in less severe cases the child is born with vatying
degrees of jaundice and anemia. The clinica] classification has separated the
disease into the threc categories of hydrops fetalis, icterus gravis neonatorum,
and congenital anemia depending upon the severity of the disorder but all
are included in the term erythroblastoss fetalis The manifestations are those
of concomitant erythrocytic destruction and regeneration so that jaundice
and anemna are predominating features. Because of the rapid regencmtion of
blood there are extreme degrees of extramedullary hematopoiesis and in the
peripheral blood there are many nucleated erythrocytes, reticulocytes, and
polychromatophilia. The great number of nucleated erythrocytes is the most
striking feature.

The pathogenesis of this condition has been definitely established within
the p:lSl‘ fC\V ’Vcﬂl'S as bemg an nnngen»nntlbod)’ reaction m which lSOSeﬂSl’ﬂZﬂ'
nion 15 produced in the mother by the development of antibodes agamst the
erythrocytes of the fetus The isosensitization develops in the mother when
cells of the fetus pass the placental barriers and gain access to the maternal
circulation or, m some cases, the mother has previously been sensitized by
means of blood transfusions. When the mother’s serum contammg the 8-
gleumins diffuses through the placenta and comes in contact with the cryfh'
rocytes of the fetus they are hemolyzed.

The isosensitzation depends m most mstances upon the Rh system of 38-
glutmogens i the erythrocytes which 1s enurely separate from the ABO
system by which the usual blood types are determined. When the blood of 2
rhesus monkey is injected mto a guinea pig, an anubody 15 developed in the
guinea pig’s serum which will agglutinate the erythrocytes of the monkey-
This antiserum from the gumea pig will also cause agglutmatton of the eryth-
rocytes in about 85 per cent of humans. Such persons are Rh positive (Rht),
and their erythrocytes contan the Rh factor or agglutinogen. In the re-
matning 15 per cent of the population there 1s no agglutimation with the anti-

serum, they are Rh negative (Rh—), and their erythrocytes do not contain
y
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of crythroblastosts iy estabitished during pregnancy there is nothing that can
be done to prevent it or to lessen its severiny although provisions can be made
to have Rh— blood avadable for rransfusions if needed.

Hydrops Fetalis

Hydrops fetahs—universal edema of the fetus or congenital hydrops~is
the most severe of the erythroblastoses. Its incidence is difficule to determune,
but in a large secies of obstetrsenl cases Hellman and Hertsg found st ocour-
ring once 1 1200 to 2000 delivenes. Javerr, considering alt dead feruses
above 1500 Gm in weight and all infants dying in the first vwo weeks of Iife,
found that » accounted for 4.5 per cent of all fewat and wfant deaths The
dragnaosis 15 probably missed i many eases, particulacly in premature still-
born infants which appear essentially normal Dystocn is commen since the
edema. increases the size of the fetus, and it is ot unhikely that some still-
bisths which are apparently duc to diffiewlt Jabor are actually examples of this
canditton. The edema may mamfest wself on roentgenographic examma-
non by massive soft tssue shadows and by a corona abour the skalt due 1o
the edematous scatp At the time of birth s yelfow ammatic fluid and yellow
vemix ¢aseosa may call actention to the possibality of erythroblastoss, but
these findings are not diagnostic of the condition The martality of hydrops
feralss 15 100 per cent, the ferus usually beng sullborn or making only a few
fecble arrempts at sespiration The mfant presents a waxy sk, a marked
palior, and moutuple areas of subtutaneous hemarchage, The edema is usually
extensive so that even a premature wfant is Jarge, The alidomen 1s enl:\rge'd
and swollen borth from the ascues and from the enlarged hver and spleen,
Jauadice s setdom present hut may apgear m a very mild degree Complete
blood studies are seldom obraned because of the frequency of stullbirths,
but the findings are simiar 1o those of wererus ravis neonatorum,

Pathologic exammation reveals not only the subcutancons edema but col-
Jections of flurd w2l serous cavnres. Pesechnze are common on the serous
sarfaces and w the wmaernal organs The lier s enlarged and shows necrosrs,
deposies of 1ron-contmamg prgment, and many scattered istands of hemato-
posests which are both erythroblastic and myeloblasue. The spleen 1s Bhewase
enlarged and cantaws areas of erythrocytic and myefocytic actunty, the
former predominzaag Similar evidences of hematoposesss may be found in
almost all of the organs Shght extramedullary hcmampmcsis' 15 frequently
present in a newbom infant bue 1 erythroblastosis 5t far exceeds the normal
The bane marraw is markedly hyperplasue The placenta 1s lasge and edema-
tous, and the vessels contan many immaruse ervthrocytes
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Iytic ane.mm: (1) anemia, which varies in its severity, resulting from the rapid
desfn_lctmn of erythrocytes but which is modified to some extent by the
mr"ﬁ*ﬂ)' of erythrocytic regeneration; (2) jaundice which is due to Jiberation
of pigmeats from the hemolyzed erythrocytes; (3) evidences of regeneration
of ‘t!')e erythracytes as shown by a high reticulocyte count, polychromato-
phl.h:l, and nucleated erythrocytes; and (4) leukocytosis with the'appcnranc:
of immature cells of the mycloid series in the blood stream.

The three forms of erythroblastosis fetalis present identical pathologic
clmng-es although their clinical features and prognosis vary, Hydrops fetilis
or universal edema of the fetws 15 the most severe form and results in a pre-
mature stillbirth or death within a few hours after birth, Icterus gravis neona-
torum presents jaundice which is present at the tume of birth or appears very
soon thereafter. This too may resule in a stillborn infant, but more frequenthy
death- occurs during the first two weeks of extrauterine Jife. Congenital
anemia, the third and least severe form of the erythroblastoses, presents 2
severe anemia, but jaundice and edema are usunll): absent. The chnical and
hcmamlogic features of the three entities may overlap so that there are some
cases which do not fall clearly into any one of the specific types

Erythroblastosss fetalis does not appear m a primiparous ‘mother except in
those instances in which 1sosensitivity has been produced by preceding blood
transfustons. A single transfusion m;ny produce permanent sensitvity to the
Rh agglutinogen. The first offspring 15 usually normal in the absence of 3
preceding transfusion, since the mother has not yet developed :lg'-'lll(i"i"s in
high enough titer to produce hemolysis but following one or mare normal
children there occur premature mfa;ﬂs, stillbirths, orpmfants with erythro-
blastosts. Succeeding pregnancies usually result m progressh ely 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 stllbirths, mis-
carriages, or premature births in a nonsyphilitic mother one must suspect the
possibility of erythroblastosss. \When erythroblastosts has made 1ts appear-
ance, there is about an 8o per cent probabulity that subsequent pregn““des
will have a simutlar termnation Should the mother require transfusions at any
time 1t must be from an Rh— donor for otherwise 2 severe hemolvtic reac-
tion may ensue. '

Erythroblastasis can be predicted before delivery i most but not all in-
stances when Rh typing by the newer methods 15 done. It 1s impractical to
gype all pregnant women for the Rh factor but it should be done m those who
have recewved transfustons and in those who have previously had a stillbirth
or delivered a premature or jaundiced infant Even though the probability
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birth, but jaundice and edema are mild or absent. The liver and spleen are
large but not so massive as in congenital hydrops or icterus gravis neonato-
rum. Examination of the blood reveals an anemia of varying degree, and the
smear gives a picture similar to that of icterus gravis neonatorum bur with
fewer nucleated erythrocytes and a Jeukocytosss which 1s not so high. There
are fewer immature cells to be found. Pathologically the picture is the same
as previously described, but the changes are less extensive. Only mld extra-
medullary hematopoiesis and hyperplasia of the bone marrow are encoun-
tered, The prognosis for prompt and complete recovery is good.

There is a striking similarity in the pathologic picture and the chnical as-
pects of the erythroblastoses, of Cooley’s erythroblastic anemia, and of famil-
ial hemolytic 1cterus when it appears 1n a severe form in infancy so that dif-
ferentuation of these conditions may be difficult. The racial tendency and the
age of the patient aid in distingwstung Cooley’s anemia. Increased fragility
of the erythrocytes together with the family history in hemolytic icterus
are characteristic. Extramedullary hematopotesis, which is so common m
erythroblastosis fetalis, may be found to a imwed extent in the other con-
ditions.

Treatment

The treatment consists in the admunistration of Rh— blood in sufficient
amounts to mamtain 2 normal hemoglobin and erythrocyte level. The mother’s
bloed, which contains the anti-Rh factor, cannot be used to transfuse the
nfant although the mother’s washed erythrocytes may be given Excessive
amounts of blood are not of benefit and “replacement transfusions” are not
advisable. The frequency with which transfusions are given and the duration
of the treatment depend upon the severity of the anemua In most instances
there 15 a marked improvement after the first week. When recovery occurs,
as it does 1n about 65 per cent of the cases, 1t 15 permanent and complete,

A few cases have been reported i whech cirrhosis of the liver and Banti’s
syndrome have developed in children who presumably had had erythroblasto-
sis and 3t 15 possible that this conditton may lead to permanent liver damage in
some cases. Kerniterus, 2 degenerative change m the brain, may result and the
question has been raised as to whether this 15 a result of the severe icterus and
prgment deposits m the cells or whether 1t results from multple small thrombi
as a result of aggluunated erythrocytes.

Von Jarsch’s ANEMIA
Von Jaksch's anemia or anemua pseudoleukemiz * ©
not a disnct disease enuty but a symptom complex ap,
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Icterus Gravis Neonatorum

Ieterus gravis neonatorum presents a pathologic picture similar to that of
hydrops fetalis bue differs in its clmical aspects. Stillbirths are not as frequent
as with hydrops feealis. Jaundice, the mose outstanding clinical feature of
this condition, 15 present at birth or appears very soon thereafter and becomes
progressively deeper. It 15 more severe, more progressive, and of longer dura-
tion than the physiologic icterus of the newborn, which does not have the
associated hematalagic or clinical features. Although cdema is prescat in
many cases of icterus gravis neonatorum, 1t is not constant, The liver and
spleen are markedly cnlarged.

Fie. 42. Plotomicrograph of the blond from a patient with icterus gravis neonatorum
showmg the great number of nucleated crythiracy ces.

There is 2 varying degree of anemm—usually quite severe~with a normal
or Ingh color mdex The leukocy te count is elevated. The smear shows
enormous numbers of nuclcated erythrocytes i all stages of development
(Fig. 42). Polychromatophilic ery throcytes and retculocytcs are numerous
The clevated Jeukocyte count i due 1o an increase 1 the pumber of granu-
locytes, some of which may be immaturc. "

Necropsy reveals 4 pathelogic picture sumlar to that of hyd{ops _["“ is
except that cdema 15 lachmng and the extramedullary hematopoiesss is less

exrensive.

Congenital Ancmia
Cangenital anemia is the lease severe of the three forms of erythroblastoscs
and carrics a far better prognosis. Pallor and a severe anemia are present at
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birth, but jaundice and edema are mild or absent. The liver and spleen are
large but not so massise as in congenital hydrops or icterus gravis neonato-
rum. Examination of the blood res eals an anemia of varying degree, and the
smear gives a picture similar to that of jcterus gravis neonatorum but with
fewer nucleated erythrocytes and a Jeukocytosis which is not so high. There
are fewer immature cells to be found, Pathologically the picture is the same
as previously described, but the changes are less extensive. Only mild extra-
medullary hematopoiesis and hyperplasia of the bone marrow are encoun-
tered. The prognosis for promipt and complete recovery 1s good.

There is a striking similarity in the pathologic picture and the clinical as-
pects of the erythroblastoses, of Cooley’s erythroblastic anemia, and of famil-
ial hemolytic icterus when it appears in a severe form in infancy so that dif-
ferentiation of these conditions may be difficult. The racial tendency and the
age of the patient aid in distinguishing Cooley’s anemia. Increased fragility
of the erythrocytes together with the family history n hemolytic icterus
are characteristic. Extramedullary hematopoiesis, which is so common in
erythroblastosis fetalis, may be found to a limited extent in the other con-
ditions.

Treatment

The treatment consists in the admnistration of Rh—~ blood in sufficient
amounts to maintain a normal hemoglobin and erythrocyte level. The mother’s
blood, which contamns the anti-Rh factor, cannot be used to transfuse the
nfant although the mother’s washed erythrocytes may be given, Excessive
amounts of blood are not of benefit and “replacement transfusions” are not
advisable. The freq y with which transfusions are given and the duration
of the treatment depend upon the severity of the anemia, In most nstances
there 15 2 marked improvement after the first week. When recovery occurs,
as it does in about 65 per cent of the cases, 1t 1s permanent and complete,

A few cases have been reported 1n which cirrhosis of the liver and Bantr’s
syndrome have developed in children who presumably had had erythroblasto-
sisand 1t 15 possible that this condition may lead to permanent hver damage in
some cases. Kerniterus, a degenerative change 1n the bran, may result and the
Guestion has been raised as to whether this 1s 2 result of the severe icterus and

pigment deposits n the cells or whether it results from mulaple small thromby
2s 2 result of agglutinated erythrocytes.

Vox Jakscu's ANEMIA
Von Jaksch's anemma or anemia pseudolenkemia inf: is probably
not a distinct disease enuty but 2 symptom complex appeanng in infancy
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as an abnormal response of the hematopoictic system to any one of varou
types of stimuli. Von Jaksch's original description was not clear but it
stressed an anemia of the hypochromic type in infancy, variations in the size
and shape of the erythrocytes, enlargement of the spleen and liver, and ex-
treme leukocytosis. The term has been used rather loosely and applied to
almost any type of severe anemia in infants which was not readily explained
The syndrome has been found in association with syphilis, tuberculosis, and
other infections, m celiac disease, rickets, and dietary deficiencics as welt 2
in association with hemolytic anemias. It is now realized that the hemato~
poietic system of an infant is more labile than that of an adult so that the
response to any severe anemia may be characterized by the appearance of
nucleated erythrocytes and a lenkocytosis with rmmature cells.

There are many who would drop the term von Jaksch’s anemia entirely,
others believe it to be a specific disease entity or at Jeast a specific congenital
defect of hematopoiesis which produces this peculiar response to a variety
of stimuli. The most prevalent view is that ir is an exaggerated infanule re-
sponse to a severc anemia or infection.

Ovavrocyrosts

Ovalocytosts js a rare hereditary defect of hematopoiesis characterized by
the presence of large numbers of oval or elliptical erythrocytes in the blood
streant. It is equally commen mn males and females, may be transmitted
by either sex, and has been found m both white and Negro pattents at all
ages.

Although ovalocytosis is usually asymptomatic, in some cases It 1S 2550+
ciated with a moderate or severe grade of anema which is unexplaned ex-
cept by the abnormahry of the erythrocytes. Defimite conclusions as t0 the
exact sigmficance of ovalocytosis cannot be drawn from the relanvely few
reported cases, but the evidence suggests that in many respects it is analogous
to sichle cell anema In either condition the defect in the erythrocytes may
be present with 1o anemiz and no chmcal evidence of disease although some-
times 1t 15 accompanted by anema

The erythrocyte count and hemoglobin value vary, but exammnation of
the blood smear reveals the charactenistic alteranons m the shape of the cells
A majority of the erythrocytes are oval, elliptic, or sausage shaped, a few
assume more bizatre forms (Fig. 43). The renculocyres are not increased

number, and the resistance of the cells to hypotonic saline is not changed
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Tarcer Cerr ANFuia

Target cells are erythrocytes with a peripheral rim of hemoglobin-con-
taining cy toplasm, a central hemoglobin—containing ares, and between these
an unstained ring which contains little hemoglobin (Fig. 44). They are occa-
sionally encountered in chronic anemia of any type and are numerous in
most cases of Cooley’s erythroblastic anemia and sichle cell anemia. They are
common in the early stages of blood regeneration.

Fic 43 Photomicrograph of a blood smear showing ovalocytosis (Hal Downey Hand-
book of Hematology. Paul B- Hoeber, Inc.)

Target cell anemia is the name that has been applied to a condinon which
undoubtedly represents 2 muld form of Cooley’s anemmz or Thalasserix
munor.

HEeMOGLOBINURIA

Hemoglobinuna 1 a result of rapid intravascular destruction of erythro-
cytes. Under normal conditions these cells are being continuously removed
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from the circulation and destroyed by the reticulo-endothelial tissues. The
released hemoglobin is catabolized through certain ill-defined stages into bil-
rubin which is excreted by the liver. Only a very small amount of free hemo-
globm is found in the plasma under these conditions wherein the erythrocytes
are destroyed intracellularly by reticulo-endothelial cells. Even though this
destruction of erythrocytes is markedly accelerated, as in hemolytic anemias,
the excess hemoglobin is broken down and there results only an increased
concentration of plasma bilirubin and an increased excretion of urobilinogen
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Fie. 44 Target cells

There 15 only a moderate elevation in the free hemoglobin content of the
plasma as a rule.

In certam hemolytic processes the destruction of the erythrocytes appar-
ently takes place outstde the reticulo-endothelial cells, and is a true intravas-
cular hemolysis with hemoglobin bemg liberated directly into the blood
plasma. When this hemolytic process 15 rapid the hemoglobinemia reaches
concentrations above the threshold level, which apparently 1s about 175 mgm.
per 100 €C.y and | lot 12 results. The hemoglobin undergoes ct ¢ I
changes upon 1ts Iiberation and a part 1s converted into methcmoglobxn,
hematm, and possibly other pigment dervatives which also appear in the
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urine. Some of the hematin which is hberated into the blood stream combines
with the plasma albumin to form methemalbumin, which is more toxic than
other hemoglobin derivatives, Methemalbumin appears in the urine only
under abnormal conditions when there is an extensive hemolysis of erythro-
cytes and a high hemoglobin content of the blood plasma. In hemoglobinuria,
therefore, there is not only hemoglobin in the urine but other pigment de-
rivatives of hemoglobin which impart the dark reddish brown color. Al-
buminuria with hyaline, granular, and pigment casts are also found. Since
hemosiderin is present in the urine 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 identifiable on microscopic examination.

Rapid intravascular hemolysis of erythrocytes and hemoglobinuria is fre-
quently accompanied by severe remal damage with resultant anuria, uremia,
and death. Experimental observations 1n animals following the injection of
solutions of hemolized erythrocytes have shown this same sequence of events
1f the urine was acid n reaction. Histologic examination of these animals’
kidneys revealed many renal tubules occluded with hemoglobin casts. ¥f the
unne was alkaline in 1ts reaction there were no 1l effects in the animals and
the kidneys were normal in their appearance. Qther experiments have indi-
cated that pure hemoglobin ss harmless to the kidney but that with an acid
reaction of the urine i lobinuna produced a marked reduction in
clearance values and bular necrosss. These results suggest a primary damage
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 in the number
of functioning glomerul Regardless of the mechanism by which 1t is pro-
duced, the fact remains that hemoglobinura all too frequently causes severe
renal damage and uremia,

A paroxysm of hemoglobinuria, if severe, is usually accompanied by
achung pains 1 the back and legs, abdominal cramps, headache, malaise, and
prostration Fever, accompanied by 2 chill, appears soon after the onset of
hemolysis, usually before the dark urine is detected by the patient. There
may be dt glot without hemoglobinuria if the amount
of hemolysis s shght. The bemoglobin m the blood 15 soen changed 1o
bilirubin so that jaundice will become evident if this accumulates above the
excretory capacity of the liver. The degree of jaundice does not necessarily
parallel the degree of anemia or the amount of hemolysis. The jeundice is
of the acholunc type.

Vascular disturbances, similar to those found in Raynaud's disease, fre-
quently accompany hemoglobinuria and are probably due to thrombotic oc-
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clusion of peripheral vessels. Thromboses are frequently encountered 1n the
vessels of the spleen, the retinal and mesenteric vessels, and in those of the
extremitics. Such thromboses must be considered, with shock and anuria,
as one of the grave dangers of any hemolytic process !

Ancmiz develops rapidly with the destruction of the erythrocyres. Its
severity depends upon the number of cells hemolyzed. When the episodes
of hemolysis subside, a rapid regeneration of cells and hemoglobin takes
place since the function of the bone marrow has not been altered and there
is abundant matenal for the formation of new erythrocytes

Toxic Hemoglobinuria

Rapid hemolysis of erythrocytes to such extent that hemoglobinuria results
may occur with a number of parasitic infestations such as malaria (blackwater
fever) or Bartonella (oroya fever). It also results from certain chemical agents
and drugs. One of the most common of these is the sulfonamide group of
drugs, of which all have been incriminated, with sulfanilamide the most fre-
quent offender. Among others are phenylhydiazine, arsemureted hydrogen,
dinitrobenzo, aniline, saponin, trmitrotoluene methyl chloride, benzene, pro-
min, and quinine. Arsine, a war gas, 1s rapidly absorbed from the respiratory
tract and almost immedrately damages the erythrocytes so that they are rap-
1dly hemolyzed. This gas may be accidentally generated when an acid and
metal, either of which may contain arsenic, are brought in contact and hydro-
gen 1s biberated It 1s therefore a hazard in certain industries.

Rapid hemolysis of erythrocytes and hemoglobmuna follow the butes of
certmn snakes and sprders.

Hemoglobinuria of Burns

Hemoglobmuria frequently occurs m patients with severe burns and rep-
resents a bad prognostic sign The erythrocytes passing through the heated
area at the me the burn occuts are damaged and subsequently are destroyed
with a resultant hemoglobmurta and hemoglobinemia. Experimental work has
shown that heating blood to a temperature above s51° produces irreversible
changes in the erythrocytes which resulr in alterations i their fragiliey, :u}d
that cransfuston of heated blood mto normal ammals resules :n hemoglobinuria.
Fragmentation of erythrocytes and alteration int the osmoue fragility of the
cells have been observed 1n severely burned pauents

March Hemoglobinuria
Paro(ysmal hemoglobinura as 2 result of exertion 15 a rare condition which

has been observed most frequently among soldiers. Young 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 exercise in the upright
position, especially walking or marching, and cannot be reproduced by other
types of equally strenuous exertion in other positions. Exposure to cold does
not initiate an atrack. In many respects this disedse resembles orthostatic
albuminuria, and lordosis has been considered as a possible etologic factor,
Increased lactic acid production with a resultant alteration of the pH of
the blaod does not explam the hemolysis since all types of exercise do not
produce the reaction.

There are no systemic manifestations as a rule although a dull ache may
appear in the low er back or abdomen. The urine becomes red or brown soon
after the exercise and the discoloration persists for several hours, but has been
known to last for sev exal days. The free hemoglobin of the plasma 15 increased
but the hemolysis is not extensive enough to produce anemia or jaundice.

This condition may represent an accentuation of a physiologic hemo-
globinemia and hemoglobinuria which occurs in healthy individuals follow-
ing prolonged cxernion. An increase 1 plasma hemoglobin has been demon-
strated in athletes after long distance races, and a few have shown hemo-
globinuria, Those patients having march hemoglobinuria probably develop
this hemoglohinemia 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 explain the influence
of body posture and position in the production of hemoglobiuria.

There 15 no effective treatment for the condition. The disease tends to
disappear spontaneously within a1 period of a few months or a year, the
paroxysms becoming less frequent and less severe and finally disappearing
entirely.,

ysmal N 1 Hemoglobinuri
Paroxysmal nocturnal | lobinura or Marchiafava-Micheli syndrome
15 a rare condition 1n which hemolysis of erythrocytes and the consequent
hemoglobinuna occur duning sleep. It appears most frequently mn males in
the third and fourth decades of life. There is no farily history of a sumilar
disease and no associatton with infections such as syphilis or malaria.

Much speculation has been aroused as to the cause of the hemolysis. The
work of Ham and Ius collab has postulated the patt to be the
resule of changes in the acidity of the blood during sleep. Patients with this
disease were kept awake for long periods of tme, and no hemoglobinuria
appeared even when they were resting under basal conditions. The typical

o
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anifestations appeared, however, when the patient slept, regardless of
hether this was during the day or night. During sleep there is stated to be
slight decrease in the alkalinity of the blood as 2 result of an increase in its
irbon dioxide content. Recent workers, however, have shown that the acid- <
i of the blood seldom falls below a pH of 7.2 during sleep and in some cases
" paroxysmal nocturnal hemoglobinuria there has been no detectable fall in
e hydrogen-ion concentration. These 15 no experimental proof that the
action of the blood in the viscera falls to a leve] low enough to cause
'molysis. The administration of an acid sale ium chloride—i d
e hemoglobinutia. The hemoglobinuria decreased when an alkalme sah—
dium bicarbonate~was given but became worse when the alhali was with-
-awn, The fundamental defect appears to be in the erythrocytes. They are
wsually suscepuble ta hemolysis in serum of wcreased acidity even though
us acidity is sull within the normal physiologic range. Cells from normal
dividuals are not hemolyzed by acidified serum or by the patient’s serum,
i acidified serum from 2 normal persan hemalyzes the patieat’s cells
Although the pathogenesis of this condttion is still unsettled there has been
» better hypothesis advanced than that of Ham's.

inical Manifestations

The disease usually has an insidious onset with increasing palfor and vary-
7 degrees of jaundice although pains 1n the back, legs, or abdomen may
the initial mamfestatton. The passage of dack-colored urine may be t}3:
st evidence of disease to be noticed by the patient, or the hemog\obm.um
1y appear only after other symptoms have been present for some time.
he disease 15 characterized by remussions and exacerbations. There 1s an
zreasing degree of anemia and che appearance of jaundice during the pe-
»ds when parotysms of hemoglobiursa are of frequent occurrence Each
roxysm of hemolysis and hemoglobinuria is characterized by chills and
ver, and pain m the abdomen and 1n the Jumbar region. The patient be-
mes temporartly disabled. The attack may last for only ene mghe, or there
1y be repeated episodes for a period of weeks.

The hemoglobinuria 15 paroxysmal i 1ts occurrence but hemasiderm »
iparently excreted at all tunes by these patients, and is more typical of the
sease than 15 hemoglobinura,

Venous thromboses, frequently i the portal system, occur 1 about 25 per
nt of the patients and present one of the most serous comphcations of the
sease. These usually ocenr durmng the acute exacerbauons, but have also
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been en ed during a remission, The cause of the thromboses has not
been adequately explained although it has been suggested that accumulations
of erythrocyte stroma may lead to the occlusion.

The anemia may be mild, but if the attacks are of long duration it becomes
more severe. There js 2 reduction in the number of leukocytes and platelets
during the hemolytc :plsodc, but the r:tlculocy(cs are MOre numerous
and polv r‘ ilia is Nucleated ery (hrocytcs are frequently
encountered. The frnglhtv of the erythrocytes to hypotonic saline is normal.
The urine becomes red or very dack brown duting the paroxysm. Hemo-
globin, methemoglobin, and hematin are present. There is an elevated hemo-
globin content of the blood plasma and soon a hyperbilirubinemia develops
with increased urobilinogen in the feces.

The course of the disease is long and protracted, one case having been
followed for thirty-three years. Death usuaily results from other diseases.

Pathology

The pathologic changes are those associated with increased hemolysis of
the red cells The spleen is enlarged but is nor congested as in hemolytic
icterus. There are thromboses of the central veins of the hiver with zonal
hepatic necrosis Large amounts of iron-containing pigment are deposited
in the tubular epithelium of the kidneys. The bone marrow shows hyper-
plasiz with a predominance of normablasts.

Diagnosis

The diagnosis 15 based on the occurrence of hemoglobinuria during sleep
and the inability to produce hemoglobinuria by exposure to cold or by exer-
cise. The hemolysis test in which the patient’s cells are subjected to acidified
serum 15 of help in establishing the dragnosis as 15 the demonstration of the

of I dern m (he unne, The normal fragility of the
cr) lhmcv(cs when exposed to hypotoruc saline 1s of help in excluding hemo-
lytic 1cterus—a disease with wheh it 15 frequently confused. A careful check
for nocturnal hemoglobinuna should be made in all cases of atypical hemo-
fyuc anemia.

Treatment
There 15 no adequate treatment asatlable. Alkaline salts may diminish the

hemoglabinuria and be of some temporary value, but the end results are not
sausfactory, the symptoms recurring when the alkali is stopped. Splenec-
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manifestations appeared, however, when the paticnt slept, regardless of
swhether this was during the day or night. During sleep there is stated to be
a slight decrease in the alkalinity of the blood as a result of an jncrease inits
carbon dioxide content. Recent workers, however, have shown that the acid-
ity of the blood seldom falls below a pH of 7.2 during sleep and in some cases
of paroxysmal nocturnal hemoglobinuria there has been no detectable fall in
the hydrogen-ion concencration. There is no experimental proof that the
reaction of the blood jn the viscera falls to a level low enough 1o cause
hemolysis, The admmistration of an acid salt—ammonium chlorideincreased
the hemoglobinuria, The hemoglobinuria decreased when an alkaline sal~
sodium bicarbonate—was given but became worse when the alkali was with-
drawn. The fundamental defect appears to be in the erythrocytes. They ar¢
unusually susceptible to hemolysis in serum of increased acidity even though
this acidity s still within the normal physiologic range. Cells from normsl
mdividuals are not hemolyzed by acidified serum or by the patient’s serum
but acidified serum from a normal person hemolyzes the patient’s cells.

Although the pathogenesis of this condition is still unsettled there has been
no better hypothesis advanced than that of Ham’s.

Clintcal Manifestations

The disease usually has an insidious onset with increasing pallor and vary-
mg degrees of jaundice although pamns mn the back, Jegs, or abdomen may
be the 1mtial mamfestation. The passage of dark-colored urine may be the
first evidence of disease to be noticed by the patient, or the h:moglobm.url-\
may appear only after other symptoms have been present for some time.
The disease is characterized by remussions and exacerbations. There 15 an
increasing degree of anemiz and the appearance of jaundice during the pe-
riods when paroxysms of hemoglobinuna are of frequent occurrence. Fach
paroxysm of hemolysis and hemoglobmnuria 15 characterized by chills and
fever, and pan in the abdomen and m the lumbar regron The pauent be-
comes temporanily disabled. The ateack may last for only one mght, or there
may be repeated episodes for a period of weeks. .

The hemoglobinuria is paroxysmal i its occurrence but hemasiderin 15
apparently excreted at all umes by these patients, and is more typical of the
disease than 1s hemoglobinuria,

Venous thromboses, frequently in the portal system, occur n about 25 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

Syphilss, of either the congenital or the acquired type, 1s now accepted as
the primary cause of thus disease. It has been found in children with con-
genital syphilis but 15 more common n adults with a late stage of the ac-
quired form. The Wassermann reaction s almost invariably positve, but
many patients show no other evidences of syphilis. The hemoglobinura 15
caused by the rapid hemolysis of great numbers of erythrocytes n the blood
stream so that hemoglobin accumulates sn the plasma to a point above the
renal threshold. It 1s then excreted in the urine. The hemolys:s is brought
about by the presence of an autohemolysin which is capable of hemolyzing
the red blood cells under certain conditions

The Donath-Landstemer reaction demonstrates the fundamental mecha-
wsm of this hemolyue reaction It is the test on which the dugnosis of this
disease must be based. To a suspension of the patent’s cells n normal saline
is added some of the patient’s own serum. Half of the preparation 1s placed
m an mcubator at 37 C. The other half is chilled to 5 C.—placed in sce
water—for twenty minutes and then put 1h the incubator. Hemolysis occurs
in the specimen which was chilled but does not occur in the other. The
reaction is not present n normal blood This autchemolysin is of the *“im-
mune body” type and depends upon an amboceptor, which combines with
the red cells only ac 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 clulled, the complement 1n the serum causes hemolysis when
the temperature 1s rarsed.

The blood mn the superficial skan vessels becomes chlled when the patient
is exposed to low temperatures, Hemolysis results when this chilled blood
passes to the higher temperatures of the internal vessels. The paroxysm of
hemolysis can be aruficually produced by exposing the patient to cold (16-
18 C.) or by smmersing the forearm or foot n e water. In some instances
the | lysis 1s slight, and alt} h free hemoglobin appears in the blood
plasma, 1t does not pass nto the urme.

Symptoms

Followmg exposure to cold there 1s a fatent pertod before the Symptorr;s
appear. This vartes from a few minutes to several hours The symptoms
consust of chills, fever, malaise, headache, and severe pamns in the legs, lower
back, and occasionally the abdomen The episode lasts for a few hours and
may be accompanied by cyanoss The temperature may nise to o4 F. or
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tomy has been performed but does not alter the course of the disease It
should not be advised.

Favism

Favism is a disease characterized by acute episodes of hemoglobinuria
which, 1 suscepuble indwviduals, follow exposure to certain beans (Vicia
fave). The exposure may consist of mhalation of the pollen from the blos-
som of the bean plant or ingestion of the beans, either cooked or raw. The
disease is rare m this country but is prevalent m Sicily and southern Iraly.
The hypersensitiveness to the plant is hereditary, Most patients give a family
history of the disease.

Favism may appear n children or in adults. Some persons may est the
beans for years without trouble and then suddenly develop a sensiiiity to
them, Inhalation of the pollen brought on the atracks in 38 per cent of the
reported cases, and 62 per cent resulted from ingestion of the raw or
cooked beans

The symproms appear from one to six hours after inhalation of the pollen
or from one to two days after ingestion of the bean tself They include fever,
w eakness, vomiting, muscular twatching, and vertigo There is 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 anuriz and
uremuz mn the severe cases Anemta develops quickly and 1s at first ass0-
ciated with lenkopenia and thrombopen.

The course of the disease 15 usually short. Recovery begms after two t0
four days, and a majority of the patients improve rapidly. The mortality 1
about 8 per cent.

Treatuent

The treatment 15 purelv symptomauc during the acute phase Ephedrme
1s advocated if the patient 15 shock Avoidance of exposure to the bean of
the blossoms 1s the only known method of preiention

Paroxysmal Hemoglobinurta
Paroxysinal hemoglobinuria 1s a rare disease characterized by recurring
transitory episodes of hemoglobimurra which are brought on m susceptible

individuals by exposure to cold
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over. There may be vasomotor disturbances of the extremuties which resem-
ble Rnynaud's disease or episodes which are charactenized by edema, urticariz,
and vesicular lesions. In the severe cases there will be prostration, nausea,
vomiting, and abdominal pain. The urine varies i color from red to a very
dark brown, described by the patient as being black. This colormg 15 due to
hemoglobin, methemoglobin, and hematin There is also albuminusia with
hyaline, granular, and pigment casts. The hemoglobin may be found in only
one urine specimen or it may persist for several days.

Following the acute attack the patient may present a mild grade of
jaundice. When the episode results i the destruction of a very large number
of erythrocytes, a mild anemia will be present. If the attacks are frequent
and severe, the anemia will become more prominent. The patient has no
symptoms referable to the disease between the episodes of hemolysis.

Duagnosis

The diagnosis is based on the patient’s history of having passed dark uring
following exposure to cold, the finding of hemoglobinuria after artificial
induction of an attack, a positive Wassermann reaction, and the Donath-
Landsteiner reaction. The disease must be differentiated from those hemo-
globinurias due to drugs and chemicals, paroxysmal nocturnal hemoglo-
binuria, and the form which occurs with exertion. None of these are neces-
sanly associated with syphilis, the Donath-Landstemner reaction is not posi-
tive, and immersing an extremuty in cold water will not precipitate an attack.

Treatment
There is no specific treatment for the acute atrack once 1t has started

except to keep the patient warm and to give what symptomatic treatment
is necessary. The patient should be protected against exposure to cold and
preferably should change to a warm climate during the winter mont.hs.
Antisyphilitic treatment should be started immedutely and an intensive
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 wull?ut
precipitatng an attack of hemoglobinuria. The Donath-Landsteiner reaction
may remam positive
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BANTIS SYNDROME
CHRONIC CONGESTIVE SPLENOMEGALY

B\xn‘s SYNDROAIE J5 A CONDITION CHfARACTERIZED DY SPLENGMEGALY, HYPO~
chromic anermmn, feukopena, and icterus with ascites frequently appeaning
fater in the course of the disease. This symptom complex may be produced
by a variety of pathologic states It 15 therefore more propecly classified a¢
3 syndrome than as a disease entity. Exclusion of other diseases which may
produce the cardinal features is a5 essential 1 the diagnosis of Bantr's syn-
drome as the presence of a speaific climeal picture. The condition has been
termed Banti’s disease, splente anemia, hypersplenism and chronic conges-
tive splenomegaly

Eticlogy

The cause is indefimite in many cases, but the syndrome may result from
any condition which causes hypestension 1 the splenic and portal vems
and congestion of the spleen It has been considered to be an eardy stage in
the development of portal cirrhosis of the biver, but the sime chimical pre
ture may occur with other lesions which are esther mtmhcpatic oY extra-
hepatic Portal cirrhoss of the Lacanec tvpe 15 the most frequent of the
wtrahepate lestons which produce Bant's syndrome, accounting for 60 ta
7o per cent of all cases.

Increased resistance to the flow of blood through the wmteahepatic portion
of the porial circulanion may be caused by scarring which resufts from -
fectsons or parasiic wfestation. Congenital abnormalisies of the hepatic
vascular system which allow averiolar pressures to be transmirred direetly
to the poreal circulanron may also cause this sesistance,

The syadrome 1 produced by exteahepatic lesons which lead 0 mcreased
pressure m the splensc vein This may be due to mechanical blockage from
scar tissus, pressore of tomots, congenital abnormalities of the
tem, or thrombosss of the vein nself as 2 resule of injury
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shghdy reduced in number, but there are usually no hemorrhagic tenden-
cics escept those which result from ruptured esophageal varices In rare jn-
stances the plarelets are markedly reduced, and the clinical and labaratary fea-
tures of thrombopenic purpura make their appeasance. Hemorrhages may
occur from any port of the body when this complication srises.
Hemorrhage from a ruptured vaiicose vein of the esophagus is frequent
and may occur at any tme in the course of the disease. Occasionally it is

Fic 45 The esophagus m 2 pauent with Banti s sy ndrovie The mottled appearance and
wregulac margs e due to yazicosies

the first recogmzed sy mptom of Miness It may be mild, with only shght
hematemesss and melena, or 1t may be severe and rapidly fatal Raentgeno-
logie exammation of the esophagus may reveal an irregular configuration
ats Jower postion which 15 indicanive of vartcosities (Fig 45) These do not
snterfere with the passage of fond and produce no symproms exeept when
they ropture and bleed.

The size of the spleen will vary from one patiers to another. In some
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cause of the obstruction to the blood flow there is an attempt to establish 2
collateral circulation, resulting in varicosities of the esophageal and gastac
vessels.

Pathology

The anatomic changes depend upon the causative lesion, but the splemc
condition is similar 1n all cases. It consists primanily of marked congestion
with varying degrees of fibrosis. The spleen is enlarged, frequently weighing
800 Gm. or more. It 15 very firm, the capsule is thickened, and the cur sur-
face hasa beefy, fibrotic appearance. Microscopic examination shows dilated
sinuses and dense fibrous strands which arise from the periarterial tissues and
infiltrate through the reticulum. Siderottc nodules, which result from small
hemorrhages, are occasionally found. These are small yellowish brown
flecks composed of elastc fibers, intracellular and extracellular deposits of
hemosiderin, giant cells, and deposits of calcium Degenerate changes are
sometimes noted 1n the splemic and portal veins. These vessels are occasionally
thrombosed Congemital abnormalities of the vessels are not infrequeat. In
one such case a large mass of dilated vessels was found in the hilus of the
spleen, and the splenic artery, whose walls were extremely chin, was z cm
n diameter. An enlarged spleen had been discovered m the patent at the
age of 5. When 1t was removed 28 years later, it weighed 1450 Gm

The typical anatomic changes of Laennec’s cirrhosis are encountered when
the primary lesion 1s 2 portal cirrhosts of the liver This disease, with the
accompanying fibrosis of the spleen, has been termed hepatolienal fibrosis

Clinical Features

The symptoms usually mazke thewr appearance m early adule Iife, occa-
sionally 1 childhood, but only rarely m older adults. In the early stage of the
tllness there 1s an enlargement of the spleen associated with anemua and feuko-
pema. The symptoms are predominantly those of the anerma, namely weah-
ness, fatigability, shght breathlessness, and pallor. The anemua 15 of the
hypochromuc type sith 2 low color mdex It 1s relanvely muld as 2 rule w ith
an erythrocyte count of around 3,000,000 It becomes more severe m the
late stage or may be intensified at any time as a result of hemorrhage. Anema
1s a primary feature of the discase and does not depend upon the loss of
blood for 1ts production The leukopenta 1s also of moderate degree with a
mayority of the leukocyte counts ranging between 2500 and 4o00. It 1s due
to a reduction in the number of granulocytes so that a differential count
shows a relative lymphocytosis without abnormal cells. The platelets are
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Since many of the diseases which cause splenomegaly also cause anemi, all'
such discases smust be borne in mind in the differenual dugnosis. Roentgeno-
logic exemination of the esophagus may help in establishing a diagnosis sf
esophageal varices can be demonstrated in 3 case which is otherwise puz-
2ling. In many instances the diagnosis is speculattve rather than firmly estab-
Iished,

Other Causes of Splenomegaly

Many of the causes for enlargement of the spleen are discussed under their
respective headings elsew here 10 the texr and will be merely mentioned at rhis
timne. The following represent the most frequently encountered causes for
an enlarged spleen and must at feast be considered when one 15 faced with 3
patient having splenomegaly.

Myelog Leukemia of Both Leukemic and Aleukemic Forms
Ayel leukemia can be d by the changes in the periph-

eral blood er by evamination of material removed from the sternal bone
marrow,

Lymphocytic Lenkemia in Both Leuk and Aleuk Farms
The splenomegaly of lymphocytic leukema 15 usually less than i mye-
k kemia and is d with a generalized lymphad b

& 13 L3 -
The blood picture or examination of a lymph node removed for biopsy
usually reveals the nature of the disease

Hodgkin's Disease
Hedgkin's disease usually, but not always, cavses 3 lymphadenopathy a5

well as spi galy. The final dug rests on hustologic study of a Iymph
node,
Lymphosarcoma

Immarure lympleocytes rarely appear in the blood stream in lymphosar-
coma, and the lymphadenopathy 1s more localized than i either Hodglun's
disease or lymphocytr Jeukems A final diagnosss rests upon histologic ex-

amination of a lymph node.

Pernicious Apemia
Splenomegaly occurs in about so per cent of pemicious anemia cases,
which, because of the leukopena, icrerus, and thrombopema, are noc -

f!ﬂ;ucmly confused with Banti’s syndrome, particulardy when the picrare
i somew hat atypical
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instances, even in the carly stage of the disease, it may be large enough to
cause some discomfort such as a heavy dragging sensation in the left upper
quadrant of the abdomen. Splenic infarction may occur and cause severe
pain over the organ. The spleen increases in size as the disease progresses
but usually does not become extremely large. The anemia becomes progres-
sively worse, but the leukopenia does not parallel the erythrocyte count. The
liver may be enlarged 1n the early stage, especially if the disease is caused by
portal cirrhosis, but 1ts size diminishes later, The late stage of the disease 1s
characterized by recurring ascites, mild jaundice, and emaciation, The jaun-
dice is not of the obstructive type so that the stools are not acholic and the
urine does not contain bile pigments. It is usually of only moderate intensity,
giving an indirect van den Bergh reaction. The ascites may be shight or so
severe as to require repeated paracenteses In cases due to primary liver dis-
ease, and these constimte a majority, the terminal picture is that of poml
cirrhoss with liver msufficiency.

The course of the disease js usually chronic, extending over many years
A fatal termination may occur at any time as 2 result of gastric or esophageal
hemorrhages. The cause of the syndrome determines the course to some
extent. In patients in whom it is duc to portal cirrhosis the progress is apt ©0
be more rapid than i others. Death, in 2 majortty of these cases, results from
fatlure of hepatic function

The anemia 2ccompanying Bant’s syndrome was formerly considc.red 0
be hemolytic mn ongm because of the associated scterus. However, icterus
is not present 1n the early stage of the disease even though anemia is a prom-
inent feature. The present consensus 1s that the anemta does not result from
mncreased destruction of erythrocytes, but an adequate explanation for it has
not been advanced.

The bone marrow as obtained by sternal puncture presents a varizble pic-
ture which 1s not diagnostic of the disease although 1t serves to cxclude certain
other causes of splenomegaly. Myelord hyperplasia has been observed by
Limarz: and erythroid hyperplasia and smmaturity were also encountered 1n
the late stages of the disease

Diagnosis

The diagnosis of Banti’s syndrome may be difficult smce it rests on the
exclusion of other diseases associated with splenomegaly, anemia, and lcuL'O-
penia as well as on the presence of the specific chmcal features. Portal cir-
thosis and blood dyscrastas such as pernicrous anema and aplastic nne{ﬂm
must be excluded as well as all forms of anema associated with jaundice.
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be enfarged. Splenovacgaly occuss in practically all cases. The congo red
test may aid in establishing the diagnasis.
Polycythemia Vera

Spienomegaly is present in a majority of patients with polycythemia vera.
The spleen may be only stightly enlarged or it may become a very massive
organ. The peculiar dusky complexion and the clevated red count and hemo-
globin level establish the diagnosis.
Tuberculosis of the Spleen

A rare complication of tuberculosis elsewhers i the body is tuberculogis
of the spleen. It may produce 2 picture simulsting polycythemia verz ar
may lead to an anemya.
Malariz

Splenic enlargement resulung from molaria may petsise long after the
active phase of the disease has passed. A careful history must be taken in
afl patients b an wnevplamed enfargement of the spicen to exclude the
possibility of a previous malarial mfection.
Kala-azar

Hala-azar 15 2 tropical dusease with enlarged spleen and liver, anemi, leu-
kopenia, and diarshea. The disgnosis 5 established by finding Leshman-
Donovan bodies on sternal or splenic puncrure,
Stils Disease

A syndrome accurning i children, Sull's disease presents anemua and
splenomegaly associated with deforming arthrtis.
tnfectius Mononucleasis

Infocti 2 11 had

causes 3 ger by mp as el a5

1 1y The d 7 extablished by the of many abnormat
h mphoc; tes in the blood stream and a posxme heterophile nntxhody re-
BmDTI

Congestive Heart Farlure

Au enlarged spleen 15 usually found st necropsy exammation after con-
gestive heare faiture, but only rarely 15 3 demonsuably enlarged on physical
£xamnation

Cysts or Tumors of the Spleen
Spleme cysis or tumors are comparatively rare causes of splenomegaly.
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Idiopathic Hypochromic Anenna '

Slight enlargement of the spleen is encountered in about half of the po-
tients having idiopathic hypochromic anemia, but there is no leukopeniz or
icterus.

Familial and Acquired Hemolytic Icterus

Hemolytic icterus is recognized by the characteristic features of the blood,
increased fragility of the erythrocytes, spherocytosis, and leukocytosis.

Erythbroblastosis Fetalis

A large spleen is present in all forms of erythroblastosis fetalis, bu the
age incidence, leukocytosis, and presence of many nucleated erythrocytes
establish the diagnosis.

Other hemolytic anemias such as erytbroblastic anemia, sickle cell anevu
mn its early stage, and acute hemolytic anemia will seldom be confused with
Bant's syndrome even though jaundice, splenomegaly, and anemia are
present,

Portal Cerrbosis of the Liver

Portal cirthosts of the Iver causes an increased pressure within the postal
circulation and congestion of the spleen. The anemm may be macrocyte
in type. It is accompanied by mild icterus, evidences of liver insufficiency,
and the development of a collateral circulation to compensate for the portal
obstruction,
Hypertrophic Biliary Crrrbosis

Although the splenomegaly 15 not great in hypertrophic biliary cirrhoss,
the liver 1s markedly enlarged, aud the jaundice is deep and persistent.
Lipoid Dystrophies

In the lipoid dystrophies there is an abnormality of Irpoid metaboltsm, and
the cells of the renculo-endothelial system take up and store Jarge amouats
of lipoid matenial. The spleen becomes markedly enlarged because the
reticulo-endothelial cells contain so much of this matertal.

Amyloidosis

Amylodosts 15 usually found in association with a chronic su.pf.yuranve
Jesion, commonly of the lungs or bones, but 1t may occur in an idiopathuc
form Smce the ludneys are usually mvolved, alburmnurra and cyhndruria
are common findings. Renal failure and uremia are often terminal events.
The kidneys are not mvolved in some cases, and the liver may or may not
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1t has been found to be derably Jower. Sy vascular thrombosi
is a frequent postoperative complication,

There is no specific form of therapy aside from splenectamy. Dharetics
age of value in lessening the ascites. In our expenence messaly! with theo-
phytiine hos been the most effective preparation for use 1 such cases A high
protein, high carbohydrate, and low fat dset, such as is used in other types of
Hiver disease, 15 of value in those cases in which hepatie damage is the undes-
tying cause. Such a diet will contam from 125 to 200 Gm. protein, 350 ta 400
Gm cathohydrate, and about 50 Gm. fat. [t is abviows that such a diec would
be rich in natorally oceurring vicamins but n spre of this fact addienst
vitamins are added, usually in the form of ane of the muluvitamin capsules.
This is frequently aug d by the admi of hiver everact although
the rational for this is nat entirely cleaz. In addition to this diet cholte citrate
isgiten, ether zacc.of R 25 per cear salpuan or 1o CC af ¢ sa per cent sols-
tion three times daily, or methioning 2 Gm. per day.

An sron saft will hasten hemoglotnn regeneration in those patients who have
hemorrhaged but the anemia of Bantr’s syndrome without hemorrhage does
net respond to erther iron or hver extract

Injection of the esophageal varices by a sclerosing agent through an esopha-
goscape has been tried m an atrempt to lessen the danger of rupmre and
(\tmofrhngm Other vanconues develop, however, and repested njection of
the newly formed varicositses 18 pecessary Ic 1 difficule at the present tme
to evaluaze the benefits derrved from this procedure.

BANTSS SYNDROME~SYPHILITIC

Ranti’s syndrome may be produced by a vanety of pathologic lesions
among which is syphilis, of either the acquired or the congenital type The
clinical features of the syphilitic fosm of Banw’s syndrome do not differ

grificantdy from those ed when the discase 15 produced by other
means except for the posive serologic reactions and other mantfestanons
of syphilis which may be present It deserves pacrtcular atrention, however,
because of its frequency and becanse of certawn differences in therapy

The pathologie alterations encountesed m the fiver are of parbeular -
terest Scl lesions are and produce the so-called
“hepar lobatum™ mn winch the hner 1s reduced 1n size and 1s susface so fis-
sured and fobulased by bnear and stellate scars that 1 is almost narecog-
nszable i 1ts gross appearance The hver tissue may be largely displaced by
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Infections

Many types of infectious diseases art associated with enfargement of the
spleen, parucularly those in which there is invasion of the blood stream and
a chronic course. Undulant fever, typhoid and paratyphoid fever, and sub-
acute bacterial endocarditis present splenomegaly as 2 prominent feature of
their clinical picture.

Treatment

Splenectomy is the advisable and most effective form of treatment m
Banti’s syndrome, particularly in the early stages of the illness. In patients
in whom an obstruction of the splenic vein is at faule the procedure results
m complete cure. The results are less satisfactory in cases which are a result
of portal cirrhosis, particularly if the operation is not performcd until ascites
has made its appearance. If the syndrome is a result of portal cirthosis, the
hepatic damage will be evident by the time symptoms are severe enough to
justify splenectomy; if cirrhosis of the liver 1s not present at that time, it will
not develop subsequently. Removal of the spleen in patients with citthosis
of the liver lessens the volume of blood in the portal circulation and reduces
the pressure within that circurt to such an extent that the danger of a rup-
tured vanx 1s lessened Because of this reduction in the pressure within the
portal circulation and possibly through the development of a collateral cir-
culation m the resulting scar tissue there 1s 2 lessening in the rate at which
fluid collects in the abdomen. Permanent reltef from thie ascites accompany-
ing cirrhosis of the liver has been reported after splenccromy. The bene-
ficial results of splenectomy therefore range from complete cure, when
there 1s mecharical blockage of the splenic vein, to varying degrees of re{tci
from the ascites, jaundtce, anemia, and leukopena The dragging sensation
resulting from the weight of the enlarged spleen 1s reheved.

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 significanc difference in 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 1s difficult
to evaluate the statisties from various cliucs as to che efficacy of the operaton
hut 1n the author’s opinion, as expressed m the preceding parngrlph, the
operation s adwvisable if evidences of liver msufficiency have not pl‘OgTCSSCd
too far. The immediate postoperati ¢ mortality has been reported to be the

acighborhood of 10 per cenc buc m other groups of carefully selected cases
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the arsenicals themselves may cause liver damage, they must be given
cantiously. It may be necessary ta resteice the snusyphilitic therapy to bis-
yith, mercury, and iodides.

“The best results are obrained when treatment is started in the early stages
of the disease In some patienss this will bring about 2 reduction in the size
af the spleen to near normal gad the disappearance of othex syrop In
others the resules are Yess saisfactory snd sph y may be advisabl
The effecss of this operation are similar to those obtawed m patients in
whom the disease js not due to syphilis but the operation should always be
preceded by an adequate course of antsyphihiie therapy.

Fropy's Syxprone

A rare symptom complex which 15 smilar or closely related to Banti’s
syadrome was described by Felty m 1924 It consists of anesia, levkopenia,
and splenomegaly with the addional features of chrome arthritis of the
theumatoid type, a yellawish brosn pigmentation of the exposed portions
of the skin, snd, in some patients, a generalized fymphadenopashy. The late
stages of the discase may be characterszed by ascrees and jaundsee and other
evidences of hepatic insufficiency Hematemesis may oceor az any time dur-
ing the course of the Mness

In most respeets the condinon 15 stmdar to Banu's syndrome with the
added featares of a chrone deferanng arthntis and a more profound leuko-
penis. In the patients observed 1 thus clmie the leukocyve connts have been
found to be in the neighborhoad of tooo to 1500 rathter than around 3000
t0 4000 45 35 true in the ts pical case of Banu's syndrome. Felty’s syndrome
appears later s Jife than does Bante's sy ndrome, bemng most common in mid-
dle ot late adult hfe wheress Banu's 15 usually eacowmered m younger
wdividuals.

The status of this syndrome as 1 disunct entity has beea the subject of con-
siderable controversy. It has been constdered a counterpast of Sull’s disease,
affectng adules rather than chuldren, although Sull's disease 13 uswally accom-
paued by 3 normal or elevated lenkocyte count rathes vhan 2 jeukopenta
Another view hiolds that ir 15 merely an example of Ban's syndrome with
a concomutant rheumatord arthrics which in nself may cause a suld anemia,
Ifukopcma, and a splenomegaly A question of sts relanonship to an mfec-
Uous process and sepsis leaca due w0 Streptococcus viedans has also been

rtsed. Whether it is enusled 1o scporate consideration ss eefwanly open to
question,
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scar tissue or by gumimatous infiltration, but the remaining portions of liver
tissue undergo hyperplasia to compensate for that which was destroyed
(Fig. 46). Thickening of the capsule of both the liver and the spleen 15
almost always encountered. There may be such 2 mass of scar nssue aronnd
these organs that removal of the spleen becomes an exceedingly difficult
surgical procedure,

Syphilitic nvolvement of the spleen may occur in either the acquired
or the congenital type of infection and may reproduce the clinical picture of
Banti’s syndrome without there being any obvious involvement of the Iner

Treatment
An intensive course of antisyphilitic treatment js indicated in patients in
whom syphilis of the liver or spleen is responsible for the production of

SR et TS

’

Fic 46 Transverse section of the biver from a case of syphilitic hepatius producing
Bantr's ‘syndrome This shows the extensive scarrng, especially about the hilus and
throughout the shrunken night lobe (Korns, Az ] . Sc.)

Bantr’s syndrome. Treatment should consist of the concomttant administra-
tion of potassium iodide and erther bismuth or mercury. Intramuscular -
jection of an nsoluble bismuth-m-oil preparation at weekly mtervals o
semiweekly injections of a water-soluble preparation should be gisen. Potas-
sium jodide in 2 dosage of 15 to 30 grains three tumes daily may be grven 3t
the same time. One of the arsenical anusyphihiie remedics may be tried after
a two-month course of treatment with bismuth but sheuld be used with
caution and 1n small amounts, never esceeding the equivalent of 03 Gm
of :lrsphcmminc per week If the arsemicals are well tolerated, a continuous
course of trestment of at least two years” duration is advisable, using bis-
muth and arsenical preparations durmng alternating six-week periods. Since
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When splenectonty has been performed on patients with Felty's syndrome,
transient relief from the symptoms has been obtained. The results of the
opcration are not as encouraging as in the ordinary type of Banti’s syndrome.
Pathologic features indistinguishable from those encountered in Banti's syn-
drome were found m one patient with Felty's syndrome who died of mesen-
terie thrombosis following splenectomy in this clinic. There were evidences
of portal cirrhosis and of increased pressure in the portal circulation a5
shown by 2 marked dilatation of the splenic and mesenteric veins.
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tion. Improvement s rapid shen adequate fluids are rerained and the blood
volume s brought to normal. There is alsa hemoconeentration in severe
shock, which results from the redistribution of body fluids,

The spleen scts a5 a storehouse for erythrocytes. Such stimul as evercise,
emotional disturbances, and epinephrine cause it w contract and expel ad-
dinanal ecy throcytes inta che cirewlation. A shighe transient polycythema
resids,

Srcoxpany Porvevvuengai-Exvysmocyrosts

Secondary polycythemia represents an actual ncrease m the number of
erythracytes and in the amoune of hemoglobin as well as an increase in their
concentration per unit volume of blead. The polycythemea 15 secondary to
some condition which acts as a stimulus to erythropoesis. A lowered oxygen
tension in the blood has been shown ro have such 2 sumulating effect and
is probably one of the important facrors m regulating red cell production.
An sboormally low oxygen tension in the blood wall be present ar hugh
altitudes because of the low oxygen pressure i the air. Tt will also resule
from cardiocirculatory distusbances and with any lesion whuch wterferes
with the gaseous exchange m the lungs.

Causes
High Altitudes

T has been recogiuzed for many years that exposure to the low oxygen
pressures whech prevail at high alutudes results m an merease i the eryth-
Tocyte count and in the hemoglobin level. There are apparently two stages
i the development of this polycythemsa. The first reaction appears rapydly
during ascenston from low to Iugh alutudes, and the greater number of
erythrocytes is unassocsared with aay evrdence of new celt formation. It 15
probably the result of contcacton of the spleen with expulson of the reserve
supply of erythrocytes into the bload scream The second stage appears after
the indwidual has semamed 1 the asea of Jow barometne pressure for some
days risaceo panied by evid of new cell f: and1s p bly
e 1o the anouc stumulanion of the erythroposetic centers m the bone mar-
wow, The hesght of the response 15 reached after sbour one w eek’s exposure
to the low barometric pressure, and the polycvthena persists as long as
Tesidenice n the high alurude conunues Polycythema 1s present in natives
who are accustomed to the tugh altiade as well as 1 new comers; counts a5
bigh 28 7. 10 8 mitkion have been found wm the Indans of the Peruvian Andes.
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POLYCYTHEMIA

P()LYC\’THEMIA IS A CONDITION CHARACTERIZED BY AN INCREASED NUMBER OF
erythrocytes and an increase in the amount of hemoglobin per unit volume
of blood. The average number of erythrocytes in the normal adule ranges
from 4.5 to 5 million cells per cubic millimeter of blood although counts
of 6 million with a correspondingly high hemoglobin level are not infre-
quently encountered in active healthy males. In a consideration of polycy-
themia it is essential to distinguish between those erythrocyte and hemoglobn
values which represent 2 high normal level, those which represent 2 phys-
iologic increase, those in which the increase is secondary to some pnrhu—
logic condition causing a demand for additional erythrocytes and hemo-
globin, and these in which there is an idiopathic hyperplasia of the bone mar-
row—polycythemia vera or erythremia. Conditions m which there is an in-
creased stimulus to hematopoiesis, whether secondary or idiopathic, have
not only an increase m number of erythrocytes and hemoglobin per unit
volume of blood but also an increase in the total blood volume. ‘

ReLaTive PoLycyTHEMIA

Relative polycythemia refers to that condition in which the erythrocyte
count and the hemoglabin per umt volume of blood are increased although
there 1s no mcrease n the actual number of cells or amount of hemoglotnn.
It is encountered m patents who have lost large amounts of flud from the
body, or whose fluid ntake is markedly restricted, and represents a dimnu-
tion in the volume of blood plasma and in the total blood volume w 1th 2
resultant hemoconcentration. The amount of hemoglobin and the number
ythrocytes per unit volume of blood are sncreased without an absolute

e i cither of these. Such a condition 15 found n severe bums, per-
ight extent with

of er

increas
sistent diarrhes, of severe vomiting and may be presentto a sl

the polyuria of diabetes mellitus. The patient shows evidences of dehydra-
254
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dequired Heart Discase

Some forms of acquired heart disease are occasionally associated with
poly cythernia, but it iy seldom as severe as that found in the congcniml form.
Mirral stenosis, particularly when it develops esrly 1n childbood, & the fesion
most prose Yo produce such changes.

Chenricals and Drugs

Certain chemicals and drugs may produce polycythemia Among these are
arsenic, phosphorus, cobalr, analine dyes, and mitrobenzo! Chronic carbon
menovide poisoning may also cause a moderate degree of polycythemia.

Pory ovrueany Vere (ERyTHRENIL)

Polycythemia vera is a chronic progressive disease of unhnown cause char-
acterized by an increase in the number of ik throeytes, the amount of hemo-
globin, and the torat blood volume and by hyperplasiz of the b
bone marrow. The outstanding chnical feature is the dusky, brick-red color
of the skin and mucous membranes.

The term erythremia has been appleed to the disease in recent years in con-
tradistinction to the werm erythrocytoyss, whuch is used to denote a transient
or secondary increase in the number of erythrocytes In this way the rerms
are similar to the use of leukemia and lenkocytosss in reference te changes i
the whire blood cells The disease 15 also known as Vaquez's disease because
of the original dcscrxpncn writen by Vaquez i 1892, Since Osler called
atrention to this disease in ro papers published 1 1903 and 1904, 1t has also
been termed Osler’s disease.

Incidence and Etiology

Polyeythemia vera 15 a relstvely rare condinen although recent reports
have stressed the great variety of chnscal mansfestations. They have suggested
that many cases are overlooked and that its actual madence is considerably
greater than has heretofore been supposed. Reports by Reznrkoff and others
mdicare thar 1t 15 especiatly commeon among Jews, particularly those from
eastern Europe In a senes of 134 collected cases he found that 48 per cent
oceurred 1 patsents of Jewish descent. All of the 19 cases formung the basis
fora report by Dameshiek occurred m Jews On the other hand thete were
10 Jewssh patients in a series of 26 cases from the Unn ersity of Towa chnic.
The disease 15 extremely rare among Negroes

Polycythesma 1ra 1s more common m men than sn women and is moss
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The increase in hemoglobin parallels the increase in number of erythracytes
so that a normal color index is maintained.

Chronic Pulmonary Discase

Chronic disease of the lungs such as fibrosis, emphysema, or lesions of the
pulmonary vascular bed may interfere with the gaseous exchange between
the alveoli and the pulmonary crrculation. The interference may be great
enough to cause a lowered oxygen tension in the blood and a resultant anovia
of the bone marrow which stimulates the formation of erythrocytes.

Empbysema. Emphysema is the most common of the pulmonary lesions
which cause polycythemia although a greater increase in the erythrocytes is
apt to occur when there is thickening of the walls of the pulmonary vessels.

Ayerza's Disease. Ayerza's disease is the most ourstanding example of
lesion of the pulmonary vessels which will cause polycythemu It is a rare
disease of syphilitic ongin characterized by a thickening of the walls of the
pulmonary vessels, extending into the smallest of the capillaries, There is an
interference with gaseous exchange in the alveoli because of this fibrosis so
that the oxygen tension of the blood is markedly lowered. This acts as 2
stimulus for an accelerated production of erythrocytes. Features of the dis-
ease are polycythemua, cyanosss, shortness of breath, and hypertrophy of the
right ventricle. Evidences of fatture of the night ventricle of the heart ulti-
mately develop. The term “Ayerza’s disease” is sometimes loosely used fo
include almost any condition characterized by extreme perivascular and peri-
bronchial fibrosts of the lungs when associated v ith polycythemia. It seems
better to restrict 1ts use to the specific syphihtic entity rather than as an all
inclusive term.

Congenital Heart Disease

Those types of congenital heart disease associated with cyanosis are prone
to produce polycythemi Such lesions usually have a defect which allows 2
shunting of the blood from the right side of the hearr or pulmonary artery
into the arterial crrculation In this way unoxygenated blood is carred to the
tissues, and the lack of oxygen mn the bone marrow acts as a sumulus to
erythropotesis Among the congenital defects which may preduce poly-
cythem:a are pulmonary stenosis with a defective septum, the tetralogy of
Tallot, and complete transposition of the arterial trunks Patients with these
defects usually have clubbing of the fingers and toes, rc'tnrdannn of grow th,
and varying degrees of cardiorespiratory distress in addition to cyanosis and

polycythcmi:.
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tound in this organ. The liver is likewise enlarged and hyperemic and may
contain sslands of hematopoietic rissue.

All organs of the body show extensive degrees of hyperemia and engorge-
ment of the capillaries, Thrombosed vessels and anemic infarcts are not
uncommon, Hemorrhages inta the various organs or beneath the serous sur-
faces are frequently encountered. Peptic ulcer is found 1 about to per cent
of the patients A fibrosis of the vascular system within the bone marrow
has been described by Rezntkoff,

Sympromatology

The onset of polycythemia vera is so insidions and the early symptoms are
so vague and jndefinute that it 55 difficult to ascercain exactly when the dis-
ease bepins with any degree of accuracy. 1t 15 probable that the sncspient or
developmental phase requires several years to reach s peak, but, as Rosenthat
and Bassen have emphasized, there are no hematologic features on which to
base the diagnosis during this stage. The condmon cannor be recogmzed
before the actua) polycythemc stage has developed.

In many instances the disesse js pracuically asymptomatic and ss discovered
on 2 youtine blood examination. More frequently the panent complamns of
headache, dizziness, a feetmg of fulness 1 the head, mild confusion, weakness,
uredness, ot shortness of breath. The symproms are frequently vague and
ill defined and may be referred to almost any organ or system of the body

The primary feature of the disease is the great increase w the hemtaglabis,
etythrocyte count, and total bload volume, which lezds ta cugorgement of
the entire vascular system This engorgement aad the resultant shogguh pe-
etpheral bload flow 15 responsible for the peculiar color imparted to the skn
and mucous membranes. Smce the same degree of engorgement 15 present
mall the organs, the symptoms may be referable to any part of the bedy.

Skun and Mucous Membrasnes

One of the most chamctenstic and outstanding features of the disease is
the dusky, brick red color of the skin, which 15 most apparent sbout the
face: on the noge, cars, lips, cheeks, and peck. It 1s present but less striking
on the distal portions of the extremities, The dusky zed color 15 not a true
cyanosis although a bluish tng may occasionally become apparent. Cyanosis
s readily induced in a panent wath polycytherma because of the elevated
bemoglobin concentration The peculiar color depends upon the intense en-
Forgement and distention of the superficit capillaries The shiggishness of
the ewculation allows a grester degree of oxygen low than » normal m the
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frequently encountered in middle or late adult life. The youngest patient in
our series of cases was 36 and the oldest 7o with an average age of 54.6 years
There have been several reports on the familial incidence of polycythemia
vera. Undoubtedly such a familial form exists although the question has
been raised as to whether it is idenrical to the nonhereditary variety. The age
of onset is much lower in the familial cases so that the disease frequently
appears in carly childhood and its course is more benign, being almost asymp-
tomatic in many instances,

The cause is unknown. Evidence Is lacking to support the hypothesis that
there is a decreased rate of destruction of the erythrocytes or that the life
span of the erythrocytes is 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 ascertained It is commonly believed that the disease is
similar to leukemia and represents 2 malignant or neoplastic type of hyper-
plasia of the erythropoietic bone marrow. Reznikoff believes that it is caused
by anoxia of the bone marrow which results from fibrosis and thickening of
the walls of the capillary vessels withmn the marrdw so that the blood is unable
to give up its oxygen to the tissues. The anoxia acts as a sumulus for the
production of erythrocytes. The cause for such a fibrosis in the capillaries
is not known, but the similarity to thromboangiitis obliterans was suggested
Further histologic studies are necessary to substantiate this view.

An endocrine dysfunction has been proposed as the cause, bur there is !
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-
ministration of evcessive amounts of liver extract, nor can it be cured by
repeated gastric lavage.

js no

Pathology

The bone marrow 15 dark red in color Microscopic examunation reveals
hyperplasia and increased cellularity. All of the cellular clements of the mar-
row are increased, but the ervthroporetic cells predominate. Megaharyocytes
and Jeukoposctic cells may be especially promment in some cases The cel-
lular portion of the marrow 15 mcreased m 1ts extent so that it encroaches
upon that portion W hich 15 normally filled wich fatty uissue. The pxcmrclxs
that of hyperplasia with ion of the h poietic marrow beyond its
usual confines. .

The spleen is enlarged, firm, and deep bluish red in color am} is foun.d to
be engorged and distended with blood. In some cases hematopoietic foci are
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eral vessels as well. Thromboangiitis obliterans may occur and prcsén( the
usual clinical manifestations and pathologic changes, but many pavients com-
plain of painful extremities, both on rest and on exertion, without the typical
pathologic features of this disease, Warm, painful, and sweating extremuties
are not infrequently cncountered. Erythromelalgia and Raynaud’s disease
may also be simulated.

Neurologic Symptoms

Symptoms referable to the central nervous system are probably the most
frequent manifestations of the disease and are a result of the sluggishness of
the cerebral circulation. Headache and dizziness are the two most common
comphints. A sense of fulness in the head and a shight sense of confusion may
alsa be noted by some patients. Others who have noticed no complaints of
this nature are aware, after treatment, that their head seems more clear and
that 2 sense of pressure has disappeared, Weakness, fainting spells, tinnitis,
poor memory, mental depression, irntatulity, lr}ablll(y to concentrate, numb-
ness and tingling of the extremities are only a few of the cerebral and neuro-
logic symptoms which may occur Scotomas, dimness of viston, and spots
before the eyes are common ocular manifestations

More serious are the vascular accidents which are frequently the cause of
death. Cerebral hemorthage and progressive thrombosis of cerebral vessels
result in hemiplegia, aphasia, or other types of neurologic syndromes depend-
ing upon the area involved

Hemorrhages from mucous membranes are frequent, occurring erther as
slight oozing or as profuse hemorrhages with the loss of large amounts of
blood.

Physical Examination

The outstanding feature on examination 1s the peculiar dusky red color of
the skin and mucous membranes Hemorrhages into the skin or mucous sur-
faces are frequently encountered The eyes are usually congested, bloodshot,
and lacrimating profusely.

The spleen 15 enlarged in a majonty of the patients and was palpable in
19 of our 26 cases It 1s firm and smooth, retaining its normal configuration
T.he enlargemcnt may not become apparent untl late 1 the course of the
disease, and the size varies from an organ which is barely palpable to one
which extends to the brim of the pelvis. Infarcts of the spleen are of common
ocewrrence and cause severe pain. A friction rub may be audible over the
splenic area because of the pensplenttis



260 Hematology

peripheral vessels, and a slight degree of cyanosis results, Dilated capillaries
in the skin may become promunent in addition to the diffuse red color. Small
hemorrhages in the skin or large ecchymotic areas may appear. Various types
of skin eruptions are common.

The color of the mucous membranes is similar to that of the skin, the deep
red color being apparent on the lips and conjunctiva. The eyes may be
slightly injected, and lacrimation is frequently excessive. Hemorrhages from
the nose and gums are common.

Gastrointestinal Tract

Some type of gastrointestinal disturbance is present in a majority of pa-
tients with polycythemia vera because of the vascular engorgement through- .
out the intestinal tract This may be mild, consisting only of dyspepsia with
gas and blo:mng, or 1t may be severe and distressing. Peptic ulcer with its
usual symptoms has been found in about 10 per cent of the pauents. Hemor-
thages of varying seventy into the stomach or bowel may occur s a result
of the intense congestion. Thrombosis of the mesenteric vessels 1s not infre-
quent and produces severe pain suggestive of peritonits.

Cardiovascular System

Symptoms suggestive of cardiac disease are frequently encountered ir't pa-
tients with polycythenua vera and were present in 1z of our 26 patients.
Shortness of breath on exertion 1s the most frequent of these, but pnroxysmal
nocturnal dyspnea, palptation, substernal pan or pressure, and depcndent
edema may occur. Carduc hypertrophy is not common in uncomplteated
cases, and a severe grade of polycytherma may be present without cvidcntfc
of cardiac disease. However, since it occurs n late adult Lfe, polycyrhcrfm
vera is frequently assoctated with arteriosclerosis, hypertension, and c:rdugc
hypertrophy. It 1s difficult to evaluate the part played by the polycythemia
in producing these vascular changes Thrombosts of a coronary artery “:nh
the usual picture of coranary occlusion 15 not an nfrequent compliation
and may be the terminal event.

Perpheral vascular disease of various types occurs in n.lnrgc percentage
of patients. The frequency with which thromboanguus obliterans appears ai
a complicauon of polycythem vera has been commented upon by severa
observers The ncreased viscosity of the blood, the sluggishness of the cir-
culation, and the rise in the number of platelets all predispose to po
mmtravascular thrombosis. This accounts not only for :hl:umbosls of'(:c
coronary, cerebral, and mesenteric vessels but for thrombosis of the perip
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A Jeabocytosis of varble degree is {requentdy but not consistently pres-
ent In 21 of our 26 cases the Jeukoey te count was 10,000 or over, the highest
being 40,000, A majonty of the counts ranged between 12,000 and 20,000, but
much higher values ace occasionally encountered. The leukocytes vary
degree of immaturity, and there js an increased percentage of nonsegmented
neutrophils, A few myelocytes (2 to 3 per cent) ase occasionally found.
The lugher total count is due to an incresse mn the granulocytic sertes of
cells. Eosinophtls and basophils may be shghtly more abundant than normal.

The placclets are frequently more numcrous, as evidenced in just 5o 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 bemng the upper limie of normal This increase in
the mumber of platclets and in the leuhocyte count mdicates that the entire
cellular portion of the marrow is hyperactive and that the hyperplasia 1s not
confined to the erythropotetic elements.

The bleeding nme and coagulation tume are normal. The clot frequentdy
retracts poarly, and the sedimentation rate 1s decrezsed More erythrocytes
are being destroy ed than normal, which produces an mereased hirnbmemma,
an elesated van den Bergh reaction and icterus indes, and an sercased
amount of urobilinogen tn the feces The plasma proteins are not sigmfi-
cantly aleered.

The sternal bone marrow 1s hyperplasuc with the hy percellulanty mvolv-
g 2l of the marrow clements so that the erythrocytic-myelod £atio 15 not
significandy altered. Many nucleated erythrocy tes it various stages of de-
velopment are found but myelocytes and mycloblasts are likewise 2 prom-
ment fearure,

Although the basal metabolic rare may be mecreased, this 1s not a constant
finding. The wrine commonly shows small amounts of albunun and a few
casts, bur hematurma resultmg from hemorrhage nto the urmary tract 15
rarely encountered. It fas been shown that dhe carduac output 15 normal m
patients with polycythemia vera In the absence of bypertension the cardize
work 15 within normal fimuts, The venous pressuce ts normal, but the capil-
lary blood flow is greatly reduced because of the mcreased blood volume
and vasoddacation

There have been numerous reports of the diseasc termmating with a
hcmatolugic and pathologic picture of myelogenous leukemia so that an
intimate relationship between the two diseases has bten assumed. In other
nstances there 1s a termunal drop in the hemoglobmn and erythrocyte levels

5o that a severe anenma supervenes
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The hver is usually enlarged to a slight degree, but jaundice is not com
mon, Examination of the ocular fundi reveals engorgement of the vessels,
increased tortuosity, and irregularity of their caliber, Papilledema is occa-
sionally noted. The heart may be enlarged, and the blood pressure 35 ele-
vated in many of the patients. Reflex and sensory changes in the extremuies
appear when lesions in the central nervous system, such as cercbral hemor-
rhage or thrombosts, are present.

Hematologic Features

The erythrocyte count is increased, frequently to 8 or ¢ muition and
sometimes to 11 or 12 million erythrocytes per cubic mullimeter of blood
The average size of the cells may be slightly reduced. Wintrobe found the
average mean corpuscular volume to be 8o cubic microns as cnmpared to the
normal of 87.

The hemoglobin is hkewise increased. Values from 18 to z4 Gm. per
100 cc. of blood are common. Higher values have been recorded occasion-
ally. The increase in the hemoglobin 15 usually somewhat less than the in-
crease in the number of erythrocytes so that there is a slightly Jowered color
index and mean corpuscular hemoglobn. The erythrocytes on a blood smear
appear essentially normal with but slight or no evidence of hypochromi2
Some polychromatophilta and basophihic stippling may be noted as evi-
dences of the raptd production of erythrocytes. The number of reticulo-
cytes 1s shightly raised, and an occasional nucleated erythrocyte may be seen
on the smear.

The hematocrit 1s markedly elevated. This increase in the volume of the
packed ery throcytes 1s one of the most important factors accounting for the
symptoms of the disease. The readmg was found to be 65 or higher m over
80 per cenc of our cases, the highest value being 77. Wimntrobe has found 1t
to be as high as 84 The great ncrease 1n the volume of packed red cells
explains the greater viscosity and specific gravity of the blood, and ths, to-
gether with the mcreased total blood volume, explains the vascular conges-
tion and sluggishness of the circulation The total blood volume may reach
10 liters or almost tsvice the normal value Haden has show n that chis mcrease
is almost entirely due to the increased cell mass with but Itle change i the
volume of plasma. The greater blood volume results m a marked vasodilata-
tion, the capillanies becoming elongated, tortuous, and distended with blood
The specific gravity of the blood ranges from 1 075 to 1.080 as compared t©

the normal of 1 05§ to 1.065, and the viscosity is from 5 to 8 times as great

as normak
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Treatment

The primary object in the treatment of polycythemia vera is a reduction
in the viscosity and the volume of blood since these are the features chiefly
responsible for the symptoms of the disease. Numerous methods of treatment
have been used. The most successful appears to be the removal of blood by
venesection combined with irradiation of the erythropoietic centers so as to
slow the regeneration of erythrocytes. By this means prolonged remissions
may be produced.

Venesection

Removal of 500 cc. of blood at daily or two day intervals until the hemato-
crit 2nd the erythrocyte count approach their normal values results in
‘promp relief from most of the subjective manifestations. The procedure
may be repeated as often as is necessary to maintain an approximately normal
hematologic picrure. The frequency will vary from one patient to another.
Difficuley may be encountered in drawing blood at the first venesection
because of the increased viscosity, the sluggish flow, and rapid coagulation.
Thxs difficulry disappears after one or two bleedings. It is our practice to

in the h lobin and h it levels at a poine slightly above the
normal values ralher than to bring them down to normal. There is no con-
tramdication to the use of this blood for transfusion purposes. We are ac-
customed to administer it to any patient requiring whole blood transfusions.

Repeated blood loss results in a reduction of the iron reserves of the body
and a consequent slowing in the rate at which hemoglobin and erythrocytes
ate being formed. What is essentially an iron deficiency anemia develops
in these patients A low iron diet has been advocated in conjunction with the
bleedings, bur this is not necessary as the blood loss alone will lower the iron
reserves enough. It is advisable, however, to prohibit the eating of liver and

other foods \\hxch \Vhlpple has shown to be most effecme in hastening
hemoglobin regeneration.

Venesecnon alone may be used in the treatment of polycythemia vera but

is best used in conjunction with irradiation therapy.

Irradution

Irradiation may be used alone, but since its effects are slow in appearing
and there s no diate rehef of symp it is best combined with vene-
section It may be given at the same time or after the blood is removed Tt is
applied over those bones which are active in erythropoiesis—the sternum, nbs,
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Diagnosis

'I:hc symptomatology of polycythemia vera may be vague and indefinite
or it may suggest the presence of peripheral vascular, carduc, or gastro-
intestinal disease. The diagnosis is based more on the characteristic laboratory
features and the physical findings than on the symptomatology. The im-
portant diagnostic pownts are: (1) the increase in the hemoglobin level, (2)
the increased hematocrit and blood volume, (3) the elevated erythrocyte
count, (4) elevated leukocyte and platelet counts, (5) enlargement of the
spleen, and (6) the characteristic color of the skin and mucous membranes.
Evidences of accelerated activity of the bone marrow are shown by the
polychromatophilia of the erythrocytes and the slight immaturity of the
leukocyrtes.

Secondary polycythemia or erythrocytosis must always be excloded. In
most instances 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
oxygen-carrying capacity of the blood. The oxygen saturation of the blood
is less m secondary polycythemia than mn polycythemia vera, and the evi-
dences of bone marrow hyperactivity, such as the presence of nucleated
erythrocytes, leukocytosis, and increased numbers of platelets, are usually
lacking in the secondary form, The erythrocyte count, hematocrit, and total
blood volume seldom reach the exceedmgly high values encountered in the
primary form although in exceptional cases they may do so

The early stage of polycythemis is difficult to recognize. The diagnosts is
usually questionable if the erythrocyte count is below 7,000,000 A period
of observation may be required before a conclusive diagnosis can be made.
Tuberculoss of the spleen may reproduce the picture of polycytherma vera.

Coutse and Prognosis

The coutse of polycythemua vera'ss chronic. A majonty of the pm'c.nts
have noted mild symptoms for several years before consulting 2 physician.
A patient may live for ten or fifteen years after the onset of symptoms, b‘f‘
the disease is ulimately fatal and is incurable. In some instances its course 1
more rapid and death may occur withm four or five years of the onset. As
the resistance of the patients is Jow, the disease may terminate with an mtef-
current infection Although hemorthages are frequent and occastonally
severe, they arc seldom fatal Thrombosis of a cerebral artery or cm:omry
thrombosss 15 frequently the cause of death. These may occur at any tme.
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but further study and longer periods of observation are necessary to evaluate
radiophosphorus and to compare its value with roentgen irradiation

Radiophosphorus has also been used in the treatment of myelogenous
leukemia, Iymphocytic leukemia, Hodgkn's disease, and lymphosarcoma but
with the exception of chronic myelogenous leukemia the results 1n this group
of diseases have not been satisfactory.

Nitrogen Mustards

The nitrogen mustards (see p. 374) have also been tried in polycythemia
vera with encouraging results but they do not seem to be as effective as either
radiophosphorus or venesecuon combined with irradiation.

Drugs

Pheny Ihy drazine hydrochloride, 0.t Gm. per day or every other day, niay
be given by mouth until the erythrocyte count begins to fall. It should then
be given at less frequent intervals and a mamtenance dose determined. 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 erythracyte level is
reached. Acetylphenylhydrazine may be used in the same dosage as the
hydrochloride. It is somew hat less toxic. These drugs cause hemolysis of the
erythrocy tes so that evidences of excessive red cell destruction become ap-
parent, and jaundice occasionally results. Overdosage causes anorexia, nausea,
vomiting, diarrhea, jaundice, and weakness. Hematuria has been reported
and an increased tendency to thrombosis There is a cumulauve action of
the drugs, and 2 severe anemia may be produced by their continued admin-
istration. They are contramndicated in the presence of advanced artersosclero-
15 or in pauents who are bedfast. Sausfactory therapeunc results can be
obtained by the careful use of these drugs, but their toxic effects and the
danger of overdosage are so great that they are being replaced by other
modes of therapy .

IR T S IR 1 . -

Gastric lavage at frequent and regular intervals to remove the intrinsic
factor has not been successful. Irradiation of the Ppyloric portion of the stom-
ach to inhbie the formauon of this substance has likewse been ineffective.
Total thyroidectomy, to produce anemia or myXedema, has been tried bur‘
must be condemned Splenectomy is harmful,
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pelvis, vertebrac and the proximal ends of the long bones The amount of
irradiation should not be large since depression rather than complete suppres-
sion of the hematopoietic function 1s destred. It is our custom to give reli-
tively small amounts, to observe the rapidity with which the blood regener-
ates, and to give further therapy when necessary. The spleen, as the orgin
primarily concerned with the destruction of erythrocytes, should be pro-
tected against irradiation, for it is unwise to interfere with this function.

Spray therapy or total rrradiation has been advocated in recent years. It
consists in the administration of 30 to 50 roentgens over the entire body from
a distance of 2.5 meters at daily intervals. This method may be used in place
of local irradiation, which is applied directly to specific arcas. Care must be
taken in any form of rrradiation to prevent a severe depression of the leuko-
cytes or the deve]opment of anemia. It must be remembered that the effects
of irraduation are not immeduately apparent but continuc for some time after
cessation of therapy.

Radioactive Phosphorus

Radioactive phosphorus which may be given orally or intmvcnousl'\: .h-‘i
been used in the treatment of this condition and has produced very promlsn.ng
results. Isotonic solutions of dibasic sodium phosphate prepared W ith radio-
active phosphorus (P*2) may be given intravenously. The P 1s utihzed by
the body in the same manner n which ordinary phosphorus 1s metabolsized
and high concentrations are found in the bones as well as n liver, spleen, and
lymph nodes. Its effect 1s due entirely to the emussion of beta rays as the atom
disintegrates and its effect 15 similar to that of roentgen irradration. The half
life of P2 is 14.3 days so that a substantial radioactivity is maintained for days.
Reinhard ez al. gave 3 § to 4 millicurtes by intravenous njection and a second
injection minety days later if the erythrocyte count was over € million. Ocea-
sionally this was repeated after another nmety-day period. A progressive fa.]l
in the erythrocyte count occutred with a parallel reduction m the hemarocrit
and hemoglobin Jevels. There was also a fall 1n the leukocyte and platelet
count, sometimes to subnormal Jevels. The drop in the erythrocyte cmlr;:
does not appear untl six or eight weeks after the njection because the P ‘
does not injure the circulating cells but only depresses the formauon of new
cells, Because of the delayed action it may be necessary or advisable to do 2
venesection at the beginamg of treatment With the fall wn the eryrhrocy IT
count there 1s a subjective smprovement although not complete rehief of :’l,[
symptoms. The spleen becomes smaller and the appearance of the patient it

proves The duration of the remission vaned from five to thirty-three months
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HEMORRHAGIC DISEASES

VIA\!\' OF THE DETAILS IN THE MECHANISM OF BELOOD OOAGULATION RCMAIN
insolved. In the absence of a 1 d ding of this p
here are certain to be many unexplamed features in the hcmorrhaglc diseases
s ed in chnical medicine. A blood clot is composed of a mesh-
vork of fine fibrls in which erythrocytes, leukocytes, and fragments of
slatelets are entrapped. These fibrils are composed of fibrin, which has been
lerived from the soluble fibrinogen of blood plasma, and are deposited as
ine needle-shaped crystals to form the bass of the clot. When coagulated
slood is allowed to stand, there 15 a retraction or shrinkage of the clot
(syneresis), and a clear shghtly yellowish fluid, the blood serum, escapes.
As the expressed serum is meapable of coagulation, the clotting phenomenon
s obviously a function of the blood plasma rather than of the serum Blood
lasma contains prothrombin, which, m the presence of caleium and throm-
soplastin (thrombokinase, thrombozyme, or cephalin), 1s activated to throm-
din This 15 an active coagulant, and fibrin is formed by the reacuon of
thrombin with fibrinogen to form the basic structure of the actual clot.
The first step n coagulation of the blood is the conversion of prothrombin
ro thrombin. Prothrombin 15 apparently formed i the liver and 15 present
n normal blood plasma Although calcium 15 necessary for the conversion of
prothrombin to thrombin, it probably acts as a catalyst, for 1t does not be-
come part of the thrombin molecule The actual activation is produced by
thromboplastin ‘Thrombdplastin 1s abundant in the blood platelets, but the
blood plasma also contamns a thromboplastic sub in jts globulin frac-
tion which 1s entirely separate from that found m the pla[elets Cephalin
is another sub thromboplastic actvity. A tissue ex-
tracts are rich 1n thls matersal. Thromboplastin may thcrefure be obtaned
from the platelers, the blood plasma, or the tissues There is still a question
as to the method by which thromboplasun converts prothrombin to throm-
bin, 1e, whether thromboplastn enters into a direct combination with
269
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appear in crops or showers, with large numbers suddenly appearmg at about
the same ume, so that all the lesions in onc area are of approximately the
same color and in the same stage of resolution. In other instances lesions of all
ages may be intermingled, or large ecchymoses may occur instead of the small
purpuric hemorrhages.

Purpura may occur in a great number of diseases and under a wide
variety of circumstances so that the etiology is not 1dentical in all cases. The
pathogenesis in most, 1f not all, of the cases is an increased permeabilicy of
the capillary walls The cause of this capillary change is not always the same.
Cerrain cases have no recognizable etiologic factor, others are secondary to
some recognized disease. Sometimes purpura is found associated with a de-
crease i the number of blood platelets—thrombopenic purpura, other pa-
tients present the same hemorrhagic features but hme an abundance of
Pplatelets—nonthrombopenic purpura. This feature forms the basis for the
most logical and the simplest of the classifications of purpura.

T Thrombopenic Purpura
A. Idiopathic thrombopenic purpura or Werlhof's disease
B. thrombopenic purpura w.ith some other te discase,
intowication, or infection
Il Nonthrombopeic Purpura

A Mwopathie
1. Schonlein-Henoch or allergic purpura
2. Purpura simplex
P purp J group secondary to other diseases

Ipiopataic TuroMVIEOPENIC PURPURA

Idiopathic thrombopenic purpura or purpura haemorrhagica 1s a disease
which 15 characterized by purpura, by hemorsrhages from the mucous mem-
branes, and by a dumnution of the platelets in the circulating blood It was
first described by Werlhof in 1735 and subsequently has been d d
Werlhof's disease. The earher literature on the subject is confusing because
the differentiation berween thromb ic 2nd nonthrombop purpura
was not made and the pnmary and secondary forms were not separated,
Among the important contributions to the subject were those by Bellefonds
in 1811, Hayem 1a 1900, Frank m 1916, and Kaznelson in 1916

The basic cause of the disease 15 unknown The humber of platelets in the
blood stream 15 dimnished, but the cause for their disappearance has not
been ascertaned, nor can 1t be stated with certamty that this diminution in
number 1s the primary feature of the disease. Thrombopenic purpura is most
common m children and young adults, a majonty of the reported cases occur-
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prothrombin, whether it acts as an enzyme, or whether it acts by neutraliz-
ing an mhibitor substance such as heparin.

Fibrinogen 1s converted to fibrin through the action of thrombin. The evi-
dence ar hand suggests that this 1s a proteolytic reaction. The fibrin is, 25
mentioned above, the basis of the blood clot. When the clot 15 first formed
it is soft and spongy, but when platelets are present it shrinks, recracts, and
becomes more firm. In the absence of platelets the clot remains soft, friable,
and nonretractile

Coagulation of the blood within the circulatory system does not ordinarily
occur because of the presence of heparm, which prevents the conversion of
prothrombin to thrombin The mode of action of heparn is not deﬁmrel.y
known It may prevent coagulation either by inactivating the prothrombin
itself or by neutralizing thromboplastin

Smece blood coagulation 1s such a complex mechanism with so many sub-
stauces 1mnvolved, 1t 1s theoretically possible for hemorrhagic disease to occur
from a great variety of causes. A deficiency m any of the substances invo]ve.d
may lead to pathologic hemorthage It 1s also obvious that the pathogenesis
of the recogmzed types of hemorrhagic discase will not be entirely cleat
when the basic mechamsm of coagulation is so confused and so pootly under-
stood The hemorrhagic states can be separated roughly nto three groups
(1) failure of the clot to form, owing to a deficiency of one or more of the
substances concerned, (2) falure of the clot to retract and become firm,
owing to a lack of platelets, (3) weakness and mcreased permeability of the
capillary walls

The hemorrhagic diseases comprise a heterogeneous group n 50 far 2
their pathogenests 1s concerned. Although they are grouped into certait
chinical entities, there are mgny atypical forms which are difficult 0
classify

r 45

Purpura

Purpura 1s 2 hemorrhagic disease charactenized by extravasaviont of blood
into the skin, subcutaneous ussues, and mucous membranes. The size rzf the
hemorrhages vartes, but the most characteristic lesions are small petechiae of
pinheﬂd size The color 1s first a bright red but undergoes the usual changes
of extravasated bleod, changing from red to purple, greenish browi, and
brown as the pigments are Iiberated. They completely disappear as (!16 blood
is absorbed. The lestons, even in the early stages, do not blanch with pres-
sure. The term purpura s derived from the deep red or purple color of these

small ntracutaneous hemorrhages It is common for the purpuric spots 10



Hemorrhagic Diseases 273

normal numbers in the bone marrow in most instances. The second theory,
proposed by Kaznelson, suggests that the platelets are produced in normal

bers and the thro results from their excessive destruction by
the spleen In support of this theory are: the benefit derived from splenec-
tomy by many patients with idiopathic thrombopenic purpura, the marked
increase in the number of platelets in the blood following splenectomy, and
the great number of platelets which are oceasionally found within the spleen
at the time of its removal. These two theories may not be entirely contradic-
tory as there are some who believe that two types of thrombopenic purpura
exst. In one type the disease is due to a decreased production of platelets and
Jdts course is unaltered by splenectomy. The second type is due to excessive de-
struction of the platelets within the spleen and is cured by removal of this
organ. Dameshek has found an increased number of megakaryocytes but few
platelets in the bone marrow in 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 “hypersplentsm” in which the megakaryo-
cytes are intubited from normal platelet production possibly through a hor-
monal mechanism of the spleen, Definite conclusions cannot be drawn at the
present time either as to mechanssm by which the disease develops or as to
the presence of a splenic hormone which regulates bone marrow activity.
There 15 alse conflicting evidence as to whether or not an extract prepared
from the spleen of a patient with rdiopathic thrombopenic purpura contains
a specific platelet reducing substance.

Because of the close relationship between thrombopenic purpura, agranu-
locytosis, and aplastic anemia, the stmilaricy of many of their features, and
the fact that the secondary vaneties of each of these diseases arise from
similar etiologic agents, the three diseases have been grouped together under
the term bone marrow msufficiency The fact that each of the cells mvolved
oniginates within the bone marrow gives credence to this correlation, and
there are certain atypical, borderline cases with overlapping clinrcal featu
which cause difficulties m the differential d and further h
the stmilanities of the diseases '

res

Pathology

Since the histelogic changes in the bone marrow and spleen in idiopathic
thrombopenic purpura are not uniform, our concept of the pathogenesis has
been confused rather than clarified In some instances there is a diminution
of the number of megakaryocytes in the bone marrow, or their nuclej 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 occasionally encountered
There are many conditions to which it is secondary, possibly all cases are
really secondary to some unrecognized condition, and in those which are now
classified as sdiopathic we are merely admitting our lack of knowledge as to
possible causative agents, There are no clinical or hematologic differences
between the idiopathic and the secondary types aside from modifications due
to the primary disease. A familial incidence has been noted n rare jnstances
and 1t may occur in a congenital form.

Pathogenesis

The pathogenests of idiopathic thrombopenic purpura has caused much
discussion and even now cannot be considered as definitely settled. It is ob-
vious from the clinical features of the disease and from the results of the
constrictor test that there is an increased permeability of the capillary walls
allowing blood to escape into the skin and other tissues. Whether this in-
creased permeability js the primary defect or whether the basic factor hes
in the mnability of the blood to coagulate and control the capillary Jeakage
has not been settled. The present consensus favors the latter view. The defect
m coagulation 1s apparently due to the absence of platelcts.

It 35 generally agreed that the platelets are formed from the megakaryo-
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. Thc')'
accelerate blood coagulation but apparently do not constitute the main
source of thromboplastin Their principal function lies in their effect on
syneresis of clot retraction rather than m clot formation. Bleeding is not
controlled 1n the absence of a firm, adherent, and retracule clot so that, al-
though the coagulation ume of the blood 1s found to be normal, the bleeding
ume 1s markedly prolonged By direct observation of the capillarics under 4
microscope it can be seen that these vessels constrict after wjury, thus hc]))*
ing to control the hemorrhage unul the blood coagulates The capillaries
dilate to therr normal size after coagulation has occurred, and if a firm clof
is present there is no bleeding. If the clot is soft, friable, and nonretractile,
there is bleeding when the vessels dilate.

Two cvplnnanons have been offered for the reduction m the numb
platelets in thrombopenic purpura. Frank suggested that an insufficrent numd-
ber of platelets 15 produced by the megakaryocytes m the bone marrow ant
that the disease is essenually an msufficiency of the bone marrow- Th.ls
theory cannot be proved hustologically since megakaryocytes are present in

er of
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bleeding from the gums, exther spontaneous or from shight trauma, are com-
mon. The gastrointestinal tract is often the site of blood loss so that the
vominng of blood or the passage of bloody or tar-colored stools is of fre-
quent occurrence, There may be bleeding into the urinary tract with hema-
turia, but this is not especially common Uterine hemorrhages are particu-
larly frequent in women and menorrhagia is occastonally the first, and some-
tmes the only, manifestation of the disease. Such hemorrhages are often
extremely severe and uncontrollable although the same may be true of bleed-
ing from other areas Vaginal bleeding before puberty is sometimes encoun-

Fit. 47. Retina i 3 case of thrombopenic putpura showing areas of hemorrhage

tered and may be the first symptom of the disease. Hemorrhage nto the joints
such as occurs i hemophilia s rare Intracranial hemorrhage 15 frequently
the cause of death in the acute fulmmating type of the disease and may also
occur at any time during the course of the apparently mild and chronic forms
This may be 2 massive hemorrhage into the brain tissue or a subdural hemor-
thage Frequently there are multiple small but extremely widespread petechial
hemorrhages Retinal hemorthages (Fig. 47) are very common

Since the hemorrhage may occur from any mucous membrane and since
hemorrhages 1nto the sk are not constantly present, it is necessary to con-
sider thrombopeme purpura in the differential diagnos:s of any disease char-
actenized by abnormal blood loss In the acute variety of thrombopenic pur-
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the peripheral blood the megalaryocytes are present m normal numbers and
are struccurally normal,

There 15 no uniformity in the histologic picture in the spleen. The findings
are not specific or dragnostic. Often the spleen 15 essenttally normal or shows
a simple fibrosis. In other nstances it 15 enlarged and shows endothelul cell
hyperplasia of both the sinuses and the malpighian corpuscles. The lymphoid
elements may be dimmshed, normal, or mcreased. The number of platelets
found withm the spleen may be very large, or they may be entirely laching
With such a diverse histologic picture m both spleen and bone marrow one
mwst conclude that there 1» no uniform pathelogic change, and the possibility
of there bemng two distinct types of pathogenests js only speculation. '

Clinical Features

Idiopathic thrombopenic purpura 15 ordmarily separated into acute and
chronic types which differ only 1 the sevenity of their manifestations and
the rapidity of their course. The acute type 1s more frequent m children. Its
course 15 steadily progresswve without iaterruptions The chronic form ust-
ally presents less severe manifestations which may be confined to pufpuffc
lesions of the skin There are relapses and renussions in the hemorrhagic
marufestations

Hemorrhage mto or beneath the skin, erther.as purpura or as ecchymo:
is the most charactersstic feature of this disease and s the type of lesion from
which 1ts common name, “hemorchagic purpura,” 15 derwved. Purpura ®
mantfested etther by a few scattered lesions or by crops and showers of
innumerable small ;ntracutaneous hemorrhages These occur most frequently
on the extremties, neck, and upper thorax but may appear on any part ©
the body and m scvere cases may almost completely cover the body. The
[esions are bright red when fresh but undergo the color changes of absorbing
tlood. They are not rased and do not disappear ot blanch with pressure. A
great number of the lesions appear i ane or more areas at the same timé,
and after a quiescent period of varable length another shower of hemor-
rhages occurs In severe forms of the disease new purpuric spots become ap-
parent continuously rather than m showers Purpura usually appears spor-
taneously but the larger and deeper ecchymotic areas are more apt 10 come
out after shight trauma Although purpuric lesions are the most characterishic
feature of the disease, they are not always present Sesere bleeding may oceuf
from the mucous membranes with no nvolvement of the skin

aces may occur from the mucous membranes of any part of the
4 1 Lpistavss and

5E5,

Hemorrh:
body. It 15 from this source that severe hemorrhages arise.
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be too low to read on the thrombocytocrit tube. The coagulation ume is
normal since all che elements necessary for blood coagulation are present, but
because there is no retraction or firmness to the blood clot, the bleeding is
not controlled and the bleeding time is prolonged. When a tourniquet is
placed about the arm petechize appear below the constriction. In mild cases
there may be only a few small hemorrhagic spots, but in severe cases innu-
merable purpuric spots appear over the entire flexor surface of the forearm.
The leukocyte count may be increased with a neutrophilic Jeukocytosis after
a2 hemorrhage. Otherwise the white'blood cells are not affected. The hemo-
globin level and erythrocyte count are lowered as a result of the blood loss.
Therr levels depend upon the seventy of the hemorrhage.

Varnable findings have been reported from sternal aspiration and the pro-
cedure is usually of no diagnostic value except that it may exclude other con-
ditions which might cause a secondary thrombopenix. The megakaryocytes
are increased according to Dameshek, and other observers have described
various 2bnormalities in the morphology of these cells. The other cellular
elements are normal except for evidences of erythrocytic regeneration fol-
lowing hemorrhage.

Diagnosis

‘Thrombopenic purpura must be considered mn the differential diagnosis of
all cases of abnormal bleeding. The diagnosis rests upon the four laboratory
tests mentioned plus the presence of a normal coagulation time. When the
diagnosis of thrombopenic purpura is established, it is necessary to rule out
the secondary form of the disease and to exclude those diseases to which
the thrombopenia may be dary before a di: is of 1diopathte throm-
bopenic purpura can be made. The greater madence of the secondary form
1s emphasized mn the table on page 280 The frequency with which thrombo-
penic purpura accompanies an infection deserves special attention as it is
possible for a hidden focus, such as a mddle ear infection, to be the causative
factor 1n a case that otherwse appears to be idiopathic.

Since thrombopenic purpura is an integral part of the picture of aplastic
anema, the latter must be considered in the differential diagnosis. In aplastic
anema there 1s a progressive anema independent of and more severe than
that Produced by the hemorrhage, the reticulocy[es are absent or few in
number, and 2 leukopenia 1s present. In thrombopenic Ppurpura the a2nemia
depends upon the loss of blood, 2 reticulocytosis follows a hcmorrhage as an
evidence of erythrocyuic regeneration, and the leukocytes are normal or
increased 1n number.
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pura the hemorrhage usually occurs from multiple areas and may be faul
within 2 short time either from exsanguination alonc or as a result of 3
cerebral hemorrhage. The bleeding may be temporarily arrested but it usu-
ally recurs In the chronic form of the disease purpura may be the only mani-
festation or 1t may be associated with hemorrhage of varying severity from
other areas. Spontaneous remissions and relapses are the rule in the chronic
cases. There may be a lessening of the bleeding tendency with advancmg
age, but an acute episode of hemorrhage may interrupt at any time what here-
tofore had been a chronic and benign course.

Fever may accompany the hemorrhagic symptoms but usually it s not
high. The spleen may be slightly enlarged but this is not constant. There is no
lymphadenopathy. Pallor and other manifestations of anemia will depend
upen the severity of the blood loss.

A form of thrombopenic purpura has been descnibed which is associated
with multiple thrombi of capillaries and small artersoles, the thrombi apparcmly
being composed of masses of agglutinated platelets. This has been called throm-
botic thrombocytopenic purpura and thrombocytic aeroangiothrombosis It
1s characterized by an acute febrile course, purpura, ecchymosis, and throm-
bopema with a prolonged bleeding time and a nonretractle clot. A severe
hemolytic type of anemua is present. There is enlargement of the liver and
spleen and evidences of central nervous system mvolvement with headache,
confusion, delirium, convulsions, muscle weakpess, and coma. The Jeukocyte
count is elevated with a leukemoid reaction of the myeloid type becomung
evident. Qur knowledge of this disease 1s based entirely on faral cases. There
1s no nhibition of the bone marrow and splenectomy has been of no value.
The cause of this syndrome 1s unknown but the outstanding pathologic feature
is the pressure of the platelet thrombr.

Laboratory Features

The diagnosis of thrombopenic purpura is based primanly upon the 1
ratory findings. The four cardinal features are. (1) dimmshed pl:uclcrs.. (z)
prolonged bleeding time, (3) nonretractile clot, and (4) positive constrictor
test. The coagulation time 1s normal.

The platelets fall below their normal level of 300,000 to 500,000 per €
millimeter of bload so that only 10,000 to 75,000 may be present The criteal
level below which bleeding 1s apt to occur has been grven as from 30,000 T0
60,000, but there 15 no ahsolute correlation berween the number of platclcrs
and the tendency to bleed. When determined volumetrically (normal 04
to 0 6 per cent) the platelet Jevel frequently drops to o or or below and may

2bo-

ubic
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Since infections are prone to cause thrombopenia, it is possible that some
cases which are apparently idopathic in otigin may actually be secondary to
an infection, It is advisable, therefore, to search for and eradicate any obvious
focus of infection before more radical procedures are undertaken in the treat-
ment of the chronic form of the disease.

The chronic relapsing course of thrombopenic purpura with spontaneous
remissions makes 1t drfficult to evaluate vartous forms of therapy and many
substances and procedures have been recommended. Among these are irra-
dation of the spleen, snake venom and antivenoms, liver extract, and various
endocrine preparations. It is doubtful if any of these are effective.

Splenectony

Splenectomy is the most effective remedy i idiopathic thrombopenic pur-
pura and the advisability of this operation must be given careful consideration
in every case. The procedure is of no value, and is definitely contraindicated,
in secondary thrombopentc purpura so that a diagnosis of the idiopathic form
of the disease must be established When the diagnosts has been confirmed
splenectomy should be done if the bleeding 1s at all severe and persistent and
does not show evidences of dimmishing m intensity after transfusions.

The operative mortality has been high when splenectomy is performed in
the acute fulminating cases but 1t has been performed successfully even in
such patients, Whenever possible the operation should be performed during
a quescent 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 a remussion rather than to attempe sp]enectomy mme-
diately. If the bleeding 15 not readily controlled by this means, i may be neces-
sary to go ahead with the operation in spite of the actuve bleeding.

In many patents the mamfestations are mld and consist only of purpuric
skin lesions with or without slight bleeding tendencies. Spl is not
necessary 1n these mild cases especially during the first episode, If, however,
there are recurrences of these mamtfestations it 1s advisable to remove the
spleen. Since remussions can wsually be induced by means of transfusions 1 is
best to watch the patients through one or more attacks to determine the sever.
ity and frequency of the hemorrhagic episodes before advising that the spleen
be removed The author has seen a fatal cerebral hemorrhage oceur (1) in
a young girl who had had enly slight purpurtc mamfestation on the
(2) m a patient who was scheduled for splenectomy the following mornng,
and (3) m a 7o-year-old female who had only purpura and ecchymoses uQ:
mild degree for the preceding week and had never noted hemorrhaglc tend-

legs,
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Prognosis

In the acute forms of the disease the hemorrhage may be profuse and
rapidly fatal. Even if the bleeding is controlled, the chances of recurrence
are very great. Spontancous recovery from the hemorrhagic episode is the
rule in the chronic forms, but recurrences will occur in about 75 per cent of
the cases although these may not appear for several months ar years and will
vary in their severity, Recurrences tend to be more frequent and more severe
in women than in men. In some instances there may be only a single episode
of hemorrhage with no recurrences. The mortality js ugh in those cases of
thrombopenic purpura complicating pregnancy.

Treatment
Symptomatic

Local treatment may be applicd to the blceding areas when these are acces:
sible: ie., the use of nasal packs morstened with normal blood serum or one
of the local hemostatic preparattons (fibrinogen, cephalm, thrombin).

Transfusions

‘The most effectve means of controlling hemarrhage s the ndmmismfion
of blood transfusions, preferably several small (t50 to 250 cc) transfusions
rather than a single large one. In the acute form of the disease chis frequently
will have no effect, bur 1 the less severe forms, and occasionally in th\e acute
varety, the bleeding may be completely stopped or markedly !essenedl'ﬂlc
effect is temporary and the hemorrhage 15 apt to recur. In our experience
this has been effective in controling the hemorrhage 1 a vast majority of
patients with idiopathic thrombopemic purpura but has been less 5ucccss€u1
in the secondary forms. It should be used mn an atrempt to produce 2 remis-
sion in the hemorrhage mantfestations befare splenectemy 18 undertaken,
Blood which has been stored in 2 blood bank is just as effective as fresh blood
or a drrect transfusion.

Tntramuscular injections of whale bleod, 30 ro 40 cc. given in the glateal
muscles, have been effective agamst mid hemorrhages but are much Jess
effective than intravenous adminustration

Foreign protein mjecrtons have heen tried, with questionable resulfs‘ Ar-
tempts have been made 1o control the bleeding by sensitizing the par'ncnr mf
horse serum and then producing a muld reaction by subsequent mjections o
the serum. The results are equivocal In our experience the procedure has not

been effectuve.
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Pernicivus apenma [
Aplastic ancans T
Famuliaf hemolytic icterus fl
Acqured hemolytic weterus ' .
Ancmua of pregoancy 1
Idiopathic hy pochromic anernit H
4 Laver disease 123
5. Miscellancous 39
The lteratore on this subject indi thar the mncid of Jary

thrombopeme purpura following the use of drugs is far more frequent than
was evidenced in this particular series of cases,

There is no app factor to all these condstions which
far the decrease in the number of platelets. The pathogenesis is just as obscure
35 in the jdiopachic type. The pathelogic alterstions in the bone marrow
and spleen arc diverse and depend wpon the primary disease which 15 present.

“The climcal features are the same as these of the diopathue vanety. Hemor-
rhagic manifestations may be so severe as to overshadow the symproms of
the primary disease. They may be the first evadence of flness, The diagnosis
Tests on the laboratory features. (1) decressed plareless, (2) protonged bieed-
ing time, (3) nonretractile clat, aad (4} posine constrictar test. The coagu-
Jatron time is normal. All cases of thrombapenic purpura should be consid-
ered to be of the secondary type unul the presence of 2 primary disease has
been definnely excluded.

Canses
Infection

Infs isani jologic factor m 4 hromb par-

(] P
purz A hidden focus may seconat for the trouble 1 2 panmt who appears
o have the wdiopathic variery We have observed several cases in which
purpura appeared with each acute flare-up of a chromie mfection and dis-
appeared when the scute phase had subsided Iafection 15 more frequendy
the cause of thrombopente purpura m cluldren than m aduies.

Tosins and Drugy

Tovins and drugs have freqy y been incr d in the prod of
thromboperic purpura The ncmal incidence from drugs and chemicals is
much higher thian that recorded m the preceding table of cases from s
clone Among the drugs which are commonly to blame are the arsemcals
used an anusyphidite therapy, gold salts, bismuth, 10dedes, sedormd, benzol,
dinttrophenol, and the su]fonnmlde group of drugs Others, such as tridione,
sodrum sabsey late, and pynt have been mer
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encies before. After such experiences the tendency is to become more liberal
in recommending splenectomy.

The operation is not successful in stopping the hemorrhagic tendencies in
all cases and this fact must be presented to the patient prior to operation. There
may be only a shght improvement 1 the bleeding tendencies and relapses
may occur at varible periods after the operation, Some recurrences are due
to accessory spleens which are not found and removed at the time of operation

The platelet count increases rapidly after splenectomy reaching a peak
from ten to fourtcen days after the operation and then subsiding to a norms!
evel. In the unsuccessful cases a thrombopenia may again develop after a
varigble period of time and hemorrhagic tendencies may again appear.

The results of splenectomy are variable. Spence rcported good results in
91 per cent of the chronic and 16 per cent of the acute cases from a total
of 101 patients. Whipple followed 61 patients postoperatively and founfi 5t
with good results, 4 fairly successful, and 6 not relieved. In those patients
with the acute form of the disesse there were 7 postoperative deaths i'n
8 cases. Splencctomy is indicated in all but the very mild cases of idiopathic
thrombopenic purpura in spite of the operative mortality and the fact that
not all cases are cured. It is the most effective method of treatment available
at the present time There is a sudden and dramatic cessation of hemorshage
immediately after hgating the splemic ven n many patients who are operated
upon during an active hemorrhagic episode.

SecoNpsrY THRONIBOPENIC PURPURA

Secondary thrombopenic purpura is far mare frequent than the 1dropathic
variery and is found assoctated with a great many diseases The accompanyiig
table compiled from 2 study of 160 cases of thrombopenic purpura shows the
relative frequency of the secondary type as encountered in this clinic and
the wide variety of diseases with which it may be associated.

1. Idiopathic thrombopenic purpura 7

1. Acute 3

2. Chronic 1
1l. Secondary thrombopenic purpura 43

1. Infections 25

2. Tovins and drugs 6

3. Blood diseases 8t
Lymphatic Jeukemia 8
Lymphoma . “
Ayelogenous levkemia "3

Aleuhemic myeloss 7



Hemorrhagic Diseases 283

results are not s good as in the idiopathic form. The usual local measures
for controlling hemorrhagé may be used.

NoxTitroviBoPENIC PURPURA

Tud,

Nonthrombopenic purpura i a number of conditions which have

in common a purpuric type of skin involvement. Davis has shown that these
heterogencons conditions are actually interrelated and has found a definite
familial tendency in nonthrombopenic purpura. In 27 families there were 88
cases of spontaneous ecchymoses of the shin; 79 of these were purpura sim-
plex, 4 were Schénlein purpura, 4 were Schonlein-Henoch purpura, 2 bruised
easily, and there was 1 case of pseudohemophilia. He found the manifesta-
tions appearing at progressively earlicr ages in succeeding generations and
also noted the frequent occutrence of rheumatic fever in the same families.
This interrelation of the various types of purpura suggests that they have a
common background.

In none of these conditions is there any significant alteration in the blood:
The platelets are normal, the clot retracts properly, and the bleeding and
coagulation times are normal. In most i the bleeding is not suffici
to produce an anemia,

Schonlein-Henoch Purpura, Anaphylactoid Purpura

Schonlein-Henoch purpura is characterized by purpurs or an erythema-
tous type of skin lesion associated with joint or visceral mamfestations It was
formerly dvided mto two separate types, Schonlein’s purpura, in which there
was involvement of the joints, and Henoch’s purpura, in which there were
visceral mamifestations in addition to the skin lesions The disease is rare but
occurs more frequently in children and young adults than m older pauents.

The cause of this symptom complex is unknown. Infection appears to
be the etiologic factor 1n some cases, but usually an anaphylactord or allergic
reaction is strongly suspected because of the similanity of the manifestations
to serum sickness. In a few mstances a sensitivity to some foreign protein can
be demonstrated and an attack induced by exposing the patent to this al-
lergen The pathologic change which is common to all cases of Schonlein-
Henoch purpura 1s an increased permeability in the walls of the capillary
vessels. This allows plasma or whole blood 10 escape o the skin, joints,
and mucous membranes of the gastrointestmal or genitounnary tracts, Fry-
thema, urticana, or edema of the skin may occur as well as purpura
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Blood Dyscrasias

Blood dyscrasias accounted for the Jargest number of cases of secondary
thrombopenic purpura m our experience, Thrombopenic purpura is an in-
tegral part of the picture of aplastic anemia, and the hemorrhagic manifes-
tations commonly overshadow the other clinical features. It occurs in acute
lenhemia of all types and mn the ternunal stages of chronic leukema, In
aleukemc leukemia the hemorrhagic manifestations may be the predominat-
ing feature, Pernicious anemma is usually accompanied by a slight reduction
in the number of platelets, but thrombopenic purpura ss refatively uncom-
mon. The other blood dyscrasias with which thrombopenic purpura miy
be associated are shown in the table. When this complication appears 1
assaciation with another blood dyscrasia, st adds fo the gravity of the prog-
nosts as the hemorrhages accentuate the anemia and hasten the course of
the disease.

Liver Disease

Various forms of hiver disease frequently cause thrombopenic purpur. In
many mstances the number of platelets will be low, and the other labaratory
features of purpura will be present even though there are few or 10 hemot-
rhagic manifestanons The occurrence of this complicatton, even though lh't
hemorsrhagic mamfestations are not severe, adversely affects the prognoss
of the prumary disease.

Pregnancy

Thrombopenic purpura has occasionatly been encountered dunng preg-
nancy. Although tlis 15 a rare complication, 1t is a serious one as the mor-
tality has been high in both mother and fetus. Purputa has been found
the fetus of mothers having the disease.

There are many unrelated discases to which thrombopenic purpura may
be secondary. This illustrates the fact that the platclets are reduced by 2
wide variety of diseases.

Treatment

The trearment of secondary chrombopenic purpura s primart
causauve disease, but unfortunately, mn many snstances, hetle €an be done
for that condition. Splenectomy should not be attempted s any case in
which the thrombapemc purpurs 1s a sccondary manfestation Alchough
cransfusions will sometimes centrol or modify the bleeding tendency, the

ly that of the
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nly from the train of symptoms mentioned aftes other types of pathologic
change have been excluded. Tt is particularly difficult when the manifesta-
tions are confined to the gastromtestinal tract with no involvement of the
skin If an allergic state can be demonstrated, it is an aid in establishing the
dizgnosis.

There are no hematologic changes, the coagulstion and bleeding times are
normal, the blood clot is retracule, and platelets are present in normal num-
bers. The constrictor or arm band test is usually positive so that petechize
appear below the constriction, bur this is not always true. Hemorrhage is
seldom sufficient to causc a significant degree of anemia although this may
oceur in some cases.

Treatment .

The treatment of this form of purpura 1s not satisfactory., consisting mainly
of sy mpromatic measures to control the abdominal pain, diarrhea, and joint
manifestations. The condition may be cured if an allergic basis can be estab-
lished from the history or by skin tests for specific sensitiviry and the offend-
ing food or allergen eliminated. This is usually impossible. Calcium lactate,
15 grams by mouth three times a day, or calcium chloride, 25 cc. of a 10%
solution mtray enously, has been effective in controlling the abdomnal pain
1n some cases. The diet should be smooth and nonirritating when the gastro-
mtestinal tract is involved. Belladonna or atropine may relieve the distress
to some extent. Vitamins D and C have been advocated empirically, but their
effecuveness has not been proved. If the skin lesions are urticarial in type,
they may be controlled by the use of adrenalin hydrochloride subcuta-
neously, o 5 cc, of a 1: 1000 solution. If bleeding 1s severe 1t may be controlled
by blood transfusions.

Purpura Simplex

Purpura simplex 1s a rather common type of purpura which appears in
otherwise healthy mdividuals and 15 not associated with visceral, joint, or
constitutional manifestaions There 15 no evidence to suggest an allergic
backgraund, and there are ao demonstrable changes in the bload although
the constrictor test may be posiuve It may occur at any age; it is more
common 1n females than in mles.

Typical small purpunc spots may occur anywhere on the body but are
most commeon on the extremities. Many of these intracutaneous hcmon’hagts
arc apt to appear suddenly. There may be a single shower of purpuric lesions
or recurring showers over 2 period of months or vears The appearance of
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Symptomns

The symptoms arc extremely variable as to location, type, and severity.
There are cases that exhibit only skin manifestations These may be in the
form of purpura, edema, urticars, or erythematous lesions which may be
local or generalized. The lesions usually appear suddenly and subside grad-
wally bur they may recur after an interval of a few days, after a year ot more,
or never. There are usually but few constitutional symptoms in instances in
which the manifestations are Jimited to the skin although fever, chilly
malaise, anorexia, and headache may occasion:lly usher in an attack. These
symptoms are far more ¢ if visceral ifestations are present An
acute mfection such as a sore throat or upper respiratory wfection may pre-
cede the skin mamifestations by 2 few days or a week.

The articular manifestations (Schonlein’s purpura) are the result of exuds-
tion of blood or plasma into the joint cavities and periarticular tissues ‘This
causes extrenie pain, tenderness, and stiffness of the jomnts The clmical fea-
tures are similar to those ed in serum sickness. There is no red-
ness or snflammatory reaction in the region of the joint and bur little s ell-
ing. The joint symptoms develop rapidly in one or more joints only to S\ﬂ')-
side and recur. The pain and swelling may migrate from joint to jomt in
much the same manner as acute rheumatic fever Fever, malaise, and other
constitutional symptoms are common 1n the arthritic type of purpura.

Abdommal manifestations (Henoch’s purpura) occur when the evtravasa-
tion of bload ot plasma occurs into the walls of the gastrointestnal trace of
other viscera This may happen alone or may be associated with skm' or
joint mamifestations It is frequently accompanied by rather severe constitu-
tional symptoms, particularly by fever and malaise. The abdominal pain may
be severe and colicky in nature and continue for several days It s often
assaciated with renderness and with ngidicy of the abdominal muscles. Nauses
and vomiting are commen During the acure attacks there may be gross
blood in the stools, occule blood 1s frequently present. .

The genito-urinary tract may be the site of mvolvement, pain, hemaruris,
and albummuna bemng the usual manifestations. This is far less common than
joint and gastromntestnal symptoms e

Involvement of skin, joints, and viscera may oceur in any combination,
or the symptoms may sppear in anv one of these locauons and subseql!ﬂ?d)
involve the others Attacks of abdormnal pmn, vomiung, melena, and diar-
thea may occur repeatedly oser 2 period of years and the diagnosis nat be
suspected unul shin lesions appear i assoctation with one of the attachs.

The diagnosts of Schonlem-Henoch purpura is difficulr. It 1s made prima-
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Purpura Due to Intovications

Purpura has been reported to have followed the use of a wide variety of
chemicals aud drugs. The list of those which have been incriminated would
be too long to be of value, particularly since complete blood studies were
not carried aut in many of the reported cases. A majority of the drugs which
have been mencioned are hnown to affect the platelets. Some eases of simple
nonthrombopenic purpura are undoubtedly due to drugs or chemicals, and
gquinine, mercary, belladonna, and tglc iodides appear to be the most com-
mon causative agents, The venom of certain snakes, such as the Crotahidae
{rattlesnaks pperhead, and water 1}, causes 2 particularly severe
form of purpura becanse of its toxic effect on the endothetial lining of the
capillaries.

Treatinent consists of removing the offending substance.

Hraorminia

Hemophilia 15 an mherited tendency in males to bleed. It 1s characterszed
by a marked prolonganion of the coagulation ume of the blood slthough
the bleeding tume, gs ordinanly determined, is normal. The tendency ta bleed
appears eatly and 15 present throughout life although i may become some-
what less severe in those react duithood. The bleedmg usnally follows
seawsma sather than appearing spontancously.

The diseasc and sts famshal tendency have been recognized for centuries.
The defect 15 transmicced 45 4 recessice sex-lnked characteristic and follows
the laws of mendelian mhentance. It affects only males, is eransmiteed only
by female carniers who have no chucal or laboratory evidence of the dis-
ease, and 1s nat eransnutted by unaffected males Although it es theorerically
posssble for a female 1o iphent the disease, no authenue case of this type has
been reported The posssbihoies of st transtussion are as follow s+

Hemophilic male and narmal female

Sons are not bleeders and cannot transmut zhe disease,

Al daughters are carmrers

Normal male and female carrier

Sons—half of the sons are biecders

Davghters—half of the daughtess are carners Thete 15 no method of dstmgusshing
the carners from the noscarners

Hemophihic male and female carner.

Sons—~half of the sons are bieeders

Daughess~balf of the daugbters are catriers and hall stould be bleeders although such
3 case has oot been observed
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the purpura may be accompanied or preceded by a slight tingling sensation
in the involved area.

Since this condition is characterized by spontaneous remissions and re-
lapses, the evaluation of therapeutic procedures 1s difficult. The use of cal-
cium lactate or gluconate, 15 grains three times daily by mouth, has been
advised and is frequently combined with the administration of vitamins D
and C. The purpura has disappeared under this form of therapy although
one cannot be sure that a spontaneous remission did not take place.

Symptomatic Purpura

Senile or cachectic purpura, mechanical purpura, is a simple form not -
frequentIX encountered in clderly or arteriosclerotic persens in whom there
15 no evidence of disease aside from the snfirmities of age. There are no altera-
tions in the number of blood platelets or in the coagulability of the blood,
and the explanation for the condition seems to be merely a capillary weak-
ness. The lesions are apt to appear on the extremities, especially 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 is often seen in patients with a severe grade
of malnutrition. Patients who have been confined to bed for a pertod ?f
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 m the extremites after fractures or other injurics and
also after the application of bandages or casts No treatment 1s necessary and
none is effective 1n thus type of purpura.

Purpura of Infectious Diseases

Some acute infectious diseases may occasionally be accompanted by pvr-
pura. This has been noted most frequently with smallpox, scarlet fever, cere-
brospinal meningttis, Rocky Mountain spotted fever, measles, typhuS, and
septicemnia.

Purpura Due to Avitantinosis

Purpura is a part of the usual picture of scurvy, a deficiency of vitarmn C
It may also appear asa result of vitamin D defictency. Since it may be caused
by chronic debility and malnutrition alone, 1t 15 difficult to evaluate the part
played by the vitamins m these cases
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blood from a hemophiliac. They believe that the coagulation defect is in the
plasma rather than the platelets. Patek and Stetson have shown that platelets
ohrained from the blood of a hemophilisc are as effective in promoting
coagulation as normal platelets. Recent investigations on the globuhin fraction
of the plasma proteins have strengthened the bebief that the defect is in the
plasma and have shown that the “anthemophilic globulin” or “globulin sub-
stance” is found in subfraction If of fraction Il and occasionally in frac-
tion L of the blood plasma.

Clinical Features

1 Tul

The most istic feature of is the tendency to uncon-
trollable bleeding. The bleeding may be very profuse or only a slow oozing
but it is protracted and of long duration. It usually follows trauma of some
type rather than appearing sponmncously. but the shghtest cut, scratch, or
bruise 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 life. The tendency usually makes its appearance during infancy
or childhood. Many of the patents die of hemorrhage during the first year
of ife, A smooth, clean incision, such as a pinprick or stab wound of the ear
or finger for drawing a sample of blood, 1s not followed by excessive bleed~
ing, and venpuncrure may be performed with safety. The danger lies in
ragged and irregular cuts or scratches in which the cut surfaces cannot be
brought into apposition. Fatal hemorrhages frequently result from tooth
extractions, loss of deciduous teeth or after minor surgical procedures”such
as cireumeision

The tendency to bleed varies from time to time. There are quiescent pe-
nods durmg which it 15 shight and pauents may withstand moderate trauma
without hemorrhage The coagulation time of the blood is shortened dunng
these stages of remission and may occastonally be found to be normal During
an acuve stage the coagulanon time becomes greatly prolonged and hemor-
rhage occurs with the shghtest provocation The course of the disease is
characterized by altermaung quiescent and active periods of variable length
and severity.

Slight trauma may produce bleeding from the mucous membranes of the
nose, gums, and mouth Hemorrhage from other mucous surfaces 1s infre-
quent Severe gastric and intestnal hemorrhages, such as occur in thrombo-
penic purpura, are not common No part of the body is exempt, however,
and bleeding may occur from any area which is traumatized. Profuse hema-
turia has been observed repeatedly m a patient with a renal calculus
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Hemophilia is widespread throughout the world. Although it oceurs pre-
dominantly in the white race, it has been abserved in Negroes. The most
noted cases have occurred in the Spanish and Russian royal families

The Defect in Coagulation

A delay in the coagulation time has been recognized for many years as the
fundamental defect in the blood of hemophiliacs, but the exact cause for this
slow coagulation has not been adequately explained in spite of numerous and
extensive researches in the field. It may require many hours for a clot to
form in hemophiliac blood, but once it has formed, 1t retracts in a normal
manner and is normal in its chemical constituents and structure. The bleed-
ing time as determined by Duke’s method, in which the mcision is a small
clean cut which allows close apposition of the cut surfaces and relatisely
large amounts of tissue juice in the wound, is normal. These facts suggest
either a lessenung, but not a complete absence, of one of the substances con-
cerned in the coagulation of the blood or a delayed reaction jn the contersion
of either prothrombun to thrombin or fibrmogen to fibrin, .

Various investigators have shown that calcium, prothrombin, and fbrin-
ogen are present in normal amounts in the blood of hemophiliac patients.
that prothrombin 1s converted into thrombin much more slowly than nnr{m’]v
and that thrombin 15 destroyed by antithrombin almost as rapidly as 1t 1
formed. A subfraction of serum globuln obtained from normal blood pro-
duces coagulation of hemophiliac blood. The amount of this substance in the
blood of a hemophilic appears to be much less than in normal blood n]rho'ugl\
equal amounts of the substance are equally effectve in their coagulation-
producing action regardless of their source Blood transfusions shorten the
coagulation time of hemophiltac blood. It 15 evidenc that the transfused blfmd
supplies some factor which 1s lacking 1n the blood of a hemophtliac. Minot
and Lee believe that the deficiency lies i the blood platelers The addiion
of platelets from normal blood to hemophulize plasma shortens the caagt}h-
tion time whereas platelets from hemophiliac bloed lengthen the Cmgulnnf)n
time of normal plasma. Brinkhous believes that plarclets from hemophiliac
blood contain a normal amount of thremboplastin but liberare 1t more sl?\"l."
than do platelets from normal bloed so that the com ersion of pmthmmlnn 10
thrombin is delayed. These observations on the platelets support the theory
that the coagulation defect mn hemophiliz is due to the platelets being more
stable than normal and consequently dismtegrating more slowly.

Pohle and Taylor have investigated the “globulin substance” from blood

i g jon time of
plasma and found it ro be effective in shorteing the coagulation t



Hemorrbagic Diseases 291

long coagulation time in vitro there is considerable sedimentation of the
erythrocytes, and the clot contains but few of these cells.

The course of hemophilia varies in different patients. There are some in
whom it is relatively mild; although occasional hemorrhagic episodes occur,
they are not particularly frequent or severe, and the patient lives through

f
H

Fic 48 Roemgcnogr:m of 3 knce from a patient with hemophitia Note the widening
2and deepenng of the mtercondylar notch, fringing of the margins, and cloudiess of the
jomnt 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 years have been passed successfully. Hemorrhages are profuse
and frequent 1n severe forms of the disease. A faral hemorrhage duning the
first year of Life 1s common. The mortality during the first ten years of life
15 about 4o per cent As any trauma, however slight, is apt to result i a fatal
hemorrhage, the patients Iive n constant fear of injury and hemorrhage.
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Subcutancous bleeding is frequent, and ecchymoses or hematomas follaw
2 stight bruise. The pressure of clothing js sufficient to cause ecchymotic
areas in severe cases. The subcatancous hemorrhages vaty in size from small
discolored areas to extremely large extravasations of blood, which may be
painful or may cause symptoms from pressure on nerves. Fever and Jeuko-
cytosis may accompany the larger hematomas. Puspura does not occur.

Some hemophiliacs experience attacks of renal colic and pass clots of blood
which are obviously blood casts. It is interesting that the blood should clot
in the ureter in the absence of obstruction when the coagulation time of shed
bloed is extremely long, Tocantins and Lindquist have demonstrated the pres-
ence of thromboplastic activity in the urine of normal and hemophiliac inds-
viduals and the clots which form are probably due to the extravasated blood
coming n contact with the thromboplastin of the urie.

Hemorrhage into joints is a common manifestation of hemophilia, The
large joints of the extremities are usually involved. As a result of 2 slight
bump, jar, unusual weight-bearing, or even with no recognizzblc traumz
the joine becomes swollen, panful, and stiff from the intra-articular bleed-
ing. The hemorrhage may be so slight that the symptoms disappear within 2
few days or so profuse that the swelling and pain persist for weeks. There
are frequendy fecurrent hemorrhages 1o the same joint, and fibrous ad-
hestons result from incomplete absorption of the blood. The joint wltimately
becomes stiff and ankylosed. It 15 uncommon to find a hemophifiac \v}w'lm
reached adult age without ane or more deformed and :mkyk)sed jol'}(S-
Roentgenograms show atrophy of bone and periosteal thickening which
resemble the changes occurning in arthritis deformans (Fig. 48)-

The most charactenistic findmg in the blood is a marked prolongstion of
the coagulation time, The bleeding time is within normal limits. The colgt-
lation time varies with the severity and activity of the disease, beg wach
longer duning the active phases, when hemorrhages ace most ape to occur
It becomes shorter but seldom returns to normal m the quiescent pcriod's‘
The Howell prothrombin nme (coagulation ume of recalcified p]nsmﬂ)‘ s
pro]onged Prothrombin determinations by the method of Quick and Smith
are normal

The hemoglobin and erythrocytes arc normal unless recent bleeding has
pmduced ant anemna. The leukocyte and differential counts arc normal Uf"
Jess altered by a severe hemorrhage which causes a neutrophilic Jeukocytosis.
The number of platelets in the bload is normal and they show no constant
structural changes. Although the time required for coagulation of the b}uzd
is prolonged, once the clot has formed it rerracts normally Because of the
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ficult to evaluate the results of therapy since spontaneous remissions occur
regardless of the type of treatment

Transfusion 15 the most effective procedure in controlling active hemor-
thage. A single transfusion is frequently effective in the less severe cases;
repeated small transfusions may be necessary for the more severe episodes
Transfusions reduce the coagulauion nme of hemophiliac blood and so con-
trol the bleeding. The effect 15 transient. The maximum effect on the coagu-
lation time 15 obtaned immediately after gwving the transfusion, and there
is a gradual return to the previous level within eighteen to forty-eight hours.
Small amounts of blood are just as effective but somewhat less rapid in action
than large transfusions Transfusions of 100 cc. given at six to twelve hour
intervals are more effective than an equal amount of blood given 1 2 single
1njection. Darect transfusion, citrated bloed, stored blood from a blood bank,
and blood plasma have been found to be about equally effecuve. Trans-
fusions cannot be relied upon to control the bleeding in all cases. They
may be of hittle or no benefit in patients with a severe episode of bleeding
The use of plasma has certam advantages over whole blood in that it can
be stored indefinitely in a frozen state without detertoration and may be
given without regard to the blood group. Extreme care should be taken to
protect the veins of a hemophiliac since repeated transfusions will be neces-
sary throughout hs Iife. A vein should never be cut and ligated for trans-
fusion purposes.

The intramuscular injection of whole blood, 20 to 30 cc. in the gluteal
muscles, has some effect in controling mild hemorrhages but is panful
and much less effecuve than blood given intravenously. Blood can be given
by this route in case of emergency without recourse to typing or cross
matching, but the procedure has no other advantage.

Surgical procedures consticute a real hazard for the patient with hemo-
philia and should be avoided when possible. If such a procedure 1s necessary,
however, the bleedmg can usually be controlled by means of preoperative
transfusions and repeated small transfusions duning the period of healing.
The same precautions are necessary for the exeraction of a tooth. A tooth
can frequently be removed, however, by winding 2 short rubber band
around 1t and forcing 1t against the gum margm more tghtly each day until
the tooth ultimately drops out without loss of blood

Various forms of local treatment may be applied when the site of bleed-
ing 15 accessible Simple compression 15 ordimarily ineffectual, but the ap-
plication of 1-1000 solution of cpincphrine may be temporarly effective,
The application of cotton or gause soaked in normal blood serum or tissne
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Diagnosis

The diagnosis depends upon the presence of 4 lifelong tendency to bleed
in a male with a family history of a similar condition in other males on the
maternal side of his family. The onset of bleeding comes in infancy; it
follows slight rrauma and commonly oceurs inte the joints. The prolonged
coagulation time with 2 normal bleeding time are the important hematologic
findings.

These characteristic features serve to differentiate hemophilia from other
types of hemorrhagic disease. In thrombopenic purpura the platelets are few
and the bieeding time is prolonged whereas the coagulation time is gormal
Congenutal fibrinopenia shows a lowered fibeinogen content of the blood.

In pseudol phulia the bleeding time is prolonged, and the family hustory
ir:dicmes that females are affected as frequently as males, Hereduary telangiec-
tasia 1s accompanied by normal h logic findings, shows the capillary

dilacatrons, and seldom appears in infincy. Hemorrhagic disease of the new-
born s associated with a lowered prothrombin content of the blood, and
there 15 no family history of bleeding. In scurvy a dictary deficiency in
vitamin C may be detected.

The detection of female carriers of hemophilia is impossible since there
are no chmeal or hematologic evidences of thus state. The first indication of
the trait 15 the appearance of the disease in 2 male offspring.

‘Treatment

There is no form of treatment at the present time which fundamentally
alters the course of hemophilta. Recurrences of the hemorrhagic episodes
will take place in spite of any of the numerous remedies which have been
pmposcd. All possible precautions should be taken to prevent trauma of :m.y'
type. The nature of the disease should be explained to the patient of his
parents, and they should be warned of ws dangers. The patient must Jead 2
sheltered hife and be protected agamse wmjury as far as possible. [t i a cont-
mon practce to carry an afficted wfant on a pillow rather than holding
him in the ordinary manner and to pad the objects with which he 1s apt 1
come in contact so as to prevent bruses Obviously the infant or child can-
not be prmectcd agamst all minor inyurics so that hemorrhages will occur n
spite of all precauttons )

The treatmene of acuve bleeding is none too satisfactory. The great
aumher and diversity of subseances and procedures which have bcgn ad-
vacated are 1 themselves good indications of their ineffectiveness. It is dif-
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HEeRCDITARY PSEUDDHENOPHILIA

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 thrombasthenia al-
though investigations have shown the platelets to be normal both in number
and 1n their function. Platelets from a patient with this disease produce
coagulation in normal platelet-free plasma. The term thrombasthenia there-
fore does not seem to be applicable, and although the term psendobemo-
philia has many objectionable features, 1t is more satisfactory.

The clinical features consist of recurrent hemorrhages from the nose, gurms,
gastrointestinal tract, or uterus which may begin spontaneously or as a
result of 2 minor trauma. Hematuria, hemoptysis, and hemarthrosis may
occur. The bleeding may be mild or severe and 1s not infrequently fatal.
It tends to be more profuse in younger patients and to diminish in severity
with advancing age. The pauents may bruse easily and bleed profusely
from small mjurses, but intr hemorrhage or purpura
is not common. The manifestations are present at birth or appear in mfancy.
Sometimes they are delayed until later childhood or adolescence.

Hematologic evamination reveals a normal platelet count. The bleeding
time is prolonged but the coagulauon time is normal. Results of the con-
strictor test are variable.

The disease affects both males and females and may be transmitted by
erther sex directly to their sons and daughters so that the familial and
hereditary features are distinctly different from those of true hemophilia.
The changes in the bleedmg and coagulation time are just the opposite of
those found 1n hemophilia.

There 1s no satisfactory treatment. Whole blood transfusions give the best
results in controlling the hemorrhage although the benefits are transient.
The bleeding time is not altered by the transfusion. Injections of whole blood
mtramuscularly will control mild bleeding.

Herepirary HEMORREAGIC TELANGIECTASIA

Hemorrhagic telangiectasia 15 a hereditary abnormality charactenzed by
localized dilatation of the capillaries and venules in the skin and mucous mem-
branes, which rupture and cause spontaneous hemorrhages. The lesions ate
pinhead-sized tumors composed of dilared capillaties and venules They are
bright red in color and are most frequent in the skin of the hands, face, and
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extract will sometimes stop the bleeding. A globulin substance derived from
human, bovine, swine, or rabbe plasma has produced good results on local
application, and the same is true of purified thrombin, These may be spphed
to the bleeding area in iquid form on gauze, in a spray from an atomizer, or
as a more forceful strcam from a syringe. The powdered form 1s less easily
washed away by the blceding than is the liquid and is particularly effective
when applied on a compression pack in a tooth socket after an extracuon
This globulin substance has been prepared in smable form for intramuscular
mjection and shorrens the coagulation time, Intramuscular injection is just 25
efficacious as the intravenous administration.

An extract from human placental tissue has been prepared which, on in-
tramuscular injection, shortens the coagulation time. When given repeatedly,
it has protected hemophihac children from hemorrhagic episodes. It is ap-
parently more effective than ussue extracts prepared from other sources.

Patients with hemophilia have been deliberately sensttized to a foreign
protem, such as sheep serum, and subsequently given small intradermal 1n-
jections of the allergen This may 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 is the advisability of repeated injections of any
material during quiescent periods of the disease.

The use of venom from various species of snakes has been advocated but
this procedure is of doubtful value The admuustration of estrogenic sub-
stances and ovaran extracts 1s of no value in controlling actve bleeding
or the hemorrhagic tendency. .

The pam accompanying hemarthrosts should be controlled by 1mmobiliz-
ing the jomt by means of molded splints. The adminstration of snIlC}’hfﬂs
may have some analgesic effect. Gentle massage, heat, and passive motion
are mndicated after the acute symptoms have subsided. Acnve use of the
joint mn the early stages may lead to severe damage and ankylosis.

Although the available methods of treatment leave much to be desired,
some of the newer methods, such as placental extract, plasma globulin, and
Punﬁed thrombm, give pronuse of grear effectiveness in controlling fhe
hemorrhage in hemnophihia patients. Intravenous mjections of “annhemophllfﬂ
globuhn" result in 2 marked shortening m the coagulation time of hemcphlhc
blood and 1t has been found that 200 to 4oo mg. of the matersal will keep the
coagulation time at low levels for exght to twelve hours and that rcpcﬂ“d
injections may be given without the de\'c]?pmcn! of a fcfr:»ctﬁry phase. Jr1s
to be hoped that further development of this materal will resultina subsraﬂf'c
which can be given in small volume and w hich may be used pmphyhcnca")-
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ing is presumably on the basis of capillary weakness without any obvious
dilatation of the vessels. There are no alterations 1 the blood ‘

We have found many pauents, particularly females, in whom there 15
no evidence of telangiectasna and no alterations in the blood but who have a
tendency to bruise easily, to bleed excessvely from slight trauma, or to have
recurring hemorrhages from one source or another. Many of these patients
have a positive constrictor test a5 their only abnormal finding. The hemor-
rhages may be extremely 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

FipriNoPENIA

A few cases have been described in which a hemorrhagic tendency was
found 1n association with an absence or lowering of the fibinogen 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 intermuttent. The normal plasma level ranges from o 2 to
o4 Gm. per roo cc.

Fibrmopena is found more frequently 1n children as a congertal and usu-
ally a familial disease with the hemorrhagic tendency becoming apparent
after trauma, The condition may also occur 1n an acquired form in association
with a wide variety of diseases.

Vizamin K anp Irs RevatioN 10 HEMORRHAGE

The recogmmon, synthesis, and climcal application of vitamin K form
one of the mteresting chapters n the story of mnvestigative medicine Al
though the picture 15 not complete, there has been great progress in our
Lnowledge of this phase of blood coagulanon Dam first observed a hemor-
rhagic tendency developing 1 chicks that had been kept on a spectfically
restracted dier Soon after this McFarlane and also Holst and Halbrook noted
a siular tendency A diet which prevented this hemorrhagie disease was
found to contan 2 substance which had the characteristics of a vitamin
It was called vitamun K by Dam The coagulation time 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 membeanes of the nose, mouth, and tongue, Larger
lesions, spider angiomas and nodular vascular tumors, may also occur. When
venules are invalved, the lesions are darker and more purplish in color than
those composed of dilated capillaries. The lesions are oceasionally encoun-
tered in children but ordinarily do not become numerous or Jarge until early
adult life. Rupture and hemorrhages are more conumon with the larger lesions
in later hife. There have been numerous examples of families through which
this trait has been transmitted so thar its familial sncidence is firmly estab-
lished

The most common locations for the lesions and hemarrhages are the skin
of the face and the mucous membranes of the nose and buccal cavities They
may be present, however, on any mucous membrane, and hemorrhage may
occur from any involved area. Hemoptysis, hemuatuaria, melena, or ure{ine
hemorrhage may result. Spontancous hemorrhage may occur at any time
from any of the lesions, and although hemorrhage may precede the recog-
nition of the vascular lesion, it does not occur in the absence of such a Jesion.
The bleeding may be slight or severe and fatal. Hemorrhages usually become
more frequent with advancing age. Hemorrhages from the skin are ordins-
rily not as severe as those from lesions in che mucous membranes

Three members of one family observed in this hospttal had had repeated
episodes of hemorrhage from the base of the left index finger. This had been
the only source of bleeding in z of these patients whereas the third had bled
from multiple areas.

There are no alterations in the blood except for anemua resulting from the
loss of blood

The only trearment which 1s of value for telangiectasia is cautery or Jigs-
tion of the local lesion Unfortunately, the lesions are frequently 1nacces-
sible, and treatment is impossible. The outlook 15 not good. Rutin mn doses of
4o mg. three times a day has been reported to be of benefit i these cases but
the value of the drug in this and other conditions has not been fully substan-
tiared.

RecurrraT HEMORRIAGE

1n addition to the famshal type of telangiectasia there 15 a form in which
similar vascular lesions occur withour a familial erait. These produce recur-
renc epistasis or hemorrhages from other regions. .

A familial tendency to epistasis and other forms of hemorrhage which

iated with tel 1s occasionally ed. The bleed-

is not
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eliminated by the use of watersoluble preparations of vitamin K and by
their parenteral administration.

A low prothrombin level of the blood, which can be corrected by the
administration of vitamin K, occurs under the following conditions accord-
ing to Snell and Butt:

1. After ingestion of a diet which is inadequate in vitamin K.

. In newborn mfants, as the “hemorrhagic disease of the newborn™ or “melena
neonatorum.”

From inadequate absorption of viamin K in the intestinal tract. This may resalt
from a lack of bile due to (1) inadequare secretion, (2) loss of bile through a biliary
fistula, or (3) obstruction of the bile ducts from any cause whatsoever, It may also
tesult from wnadequate absorption of the viramin because of various intestinal lestons

such as sh g surgical procedures, mtesunal fon, o durrheal dis-
eases.
4 Liver disease The lver is directly a with the fon of prothrombi

and when this organ 15 damaged, there is inadequate prothrombin formation. In many
instances, however, when d'us organ is the seat of extensne damage, the amount of
prothrombin in the blood does not increase in spite of the 2dministration of large
amounts of ¥itamin K.

It appears, therefore, thar the factors necessary to prevent hypoprothrom-
binemia are (1) the presence of bile in the intestinal tract, (2) a diet con-
taning adequate amounts of the vitammn, (3) 2 normal absorptive surface
in the small intestine, and (4) a liver capable of synthesizing prothrom-
bin

Concentrates of the extract of alfalfa are effective in raising the prothrom-
bin Jevel of the blood when administered orally but they cannot be given by
injection. Synthenic derivatives of quinone are easily prepared and inexpen-
sive, and the dosage and strength of the preparations can be easily adjusted.
They can be administered by any route and consequently have largely re-
placed the crude preparations. The most active preparation is 2-methyl-r,
4 naphthoqumone. This may be given by mouth with bile salts or intra-
muscularly in solution in oil. Tt is insoluble in water. The dose by the oral
route is = mg. daily for prophylactic measures or § mg dadly when hemor-
rhagic manfestattons are present. From : to 4 mg. may be given intramus-
cularly and will be effective for several days. Various water-soluble quinune
denvatives have been tested and found to be effective. These can be given
orally without the addition of bile salts and may be administered intrave-
nously For these reasons they may entirely replace the crude concentrates
and the oil-soluble prepnmucns. The water-soluble compound 4-amino-z-
methyl-r-naphthol, may be given to newborn infants in 1 mg. doses etther
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to normal, and the prothrombin level of the blood plasma returned to its
usual level by giving an adequate diet or by the administration of an ether
extract of alfalfa which contained the fat-soluble vitamin K.

Subsequent investigations on the vitamin K content of various foodstuffs
have shown that its principal source is in the photosynthetic portion of
plants and in vegetable oils It is found in the green leaves of alfalfa, cab-
bage, spinach, and cauliflower and to a lesser extent in fruits, vegetables, and
berries. Animal products are a relatively poor source although some s present
in putrefied protein, as in fish meal,

The chief source of vitamin K used in the early expeniments was an ether
extract of alfalfa although an excract of fish meal also furnished a potent
substance, Improvements 1n the technic of extractton resulted in products
of increasing potency and greater purity, and, although the active principle
was not crystallized from these products, a substance was obtained which
had the properties of a quinone. An entirely separate investigation had pre-
viously isolated a substance, phthiocol, from the capsules of tubercule bacills,
and this had been synthesized. Since it was a naphtha quinone, it was em-
pircally tested in the hemorrhagic disease of chicks and was found to be
highly effective 1n 1ts antihemorrhagic properties. The relationship bet\vc.en
the quinones and vitamin K was thereby firmly established, Subsequent in-
vestigations have studied the effects of various naphtha quinone CnmpOUﬂfls
in an attempt to find the member of the group which 15 most valuable in
combating this type of hemorrhagic disease.

Vitamin K 1n stself has no coagulant action but is directly concerned “fldl
the mamtenance of a normal prothrombin level 1n the blood. The mjection
of vitammn K 1nto animals with a low prothrombin level produces an increns;
m the prothrombin of the blood after a period of a few hours. The experi-
mental work of Smith, Warner, and their associates has shown that the liver
is directly concerned with the production of prothrombin although this or-
gan may not be the only one mvolved 1n its production. Their work ndicates
that an adequate amount of available vitamm K is necessary for the synthe-
sis of prothrombm. Vitamm K 1s a fat-soluble vitamn. Tts absorption from
the intestinal tract 1s hindered by an absence of bile. Quick suggested that
this accounted for the low prothrombin level and the hemorrhagic tenden-
cies which are observed in patients with obstructive jaundice In the early
chnical investigatrons vitami K, i the form of an ether extract of alfalfa'
was admstered by mouth in association with bile salts. Thesc. aided in 'IIS
absorption from the intestinal tract The necessity of giving bile salts was
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Hemorrhagic Disease of the Newborn

Hemorrhagic disease of the newborn is a condition characterized by
spontaneous hemorrhages Which may occur from any pare of the body. It
occurs only in newborn infaats, usually before the fourth day of life, and
never after the tenth day. It is found in about 1 per cent of newborn
infants.

This disease 15 due to 2 low prothrombin content of the blood plasma and
a sesultant defect in the coagulability of the blood. Brinkhous and his co-
workers have shown that the, prothrombin level of all newborn infants is
low, bemng less than half the normal level of adults, and that a further drop
occurs from the second to the sixth day of life. Following this there is 2
slow increase so that the adult level is reached at the end of the first year.
“The fall in the prothrombin level during the first week of hfe is of sig-
nificance because 1t is during this period that the evidences of hemorrhagic
discase usually make their appearance Even though their prothrombin level
is low, most infants do not bleed because prothrombin is converted to
thrombin so rapidly in infants that it compensates for the low prothrombin
fevel, There 15 also some evidence to suggest that an excess of thromboplas-
tin in the blood of nfants may be a compensatory factor. Whatever the
reason may be, 3t is obvious that infants do not bleed with a prothrombin
level which would be definitely in the danger zone for adults, There is an
unusually low prothrombin level m hemorrhagic disease of the newborn.
¥t has been found to be a5 low as 5 per cent of the normal adult Jevel.

Symptoms

Spontaneous bleeding from any tissue or organ of the body is the charac-
teristic feature of this disease. Purpura does not occur, but ecchymoses and
large subcutaneous hemotrhages are common and may be the only evidence
of bieeding. Bleeding frequentdy occurs from the umbilical stump and may
be very profuse. Profuse hemorrhages into the intestinal tract are so com-
smon that the name “mclena neonatorum” has been given 1o the disease If
mstruments were used at the time of delivery, hematomas are found av the
site of their application, and severe bleeding may occur from any abrasions
of the slan which were produced Cerebral hemorrhages are common and
gmdu‘ce various neumlog':c manifestations or they may be fatal. Bleeding
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intramuscularly or intravenously and repeated at six hour intervals. From
3 to 5 mg. per day may be given with safety to adults. Menadione, U. S. P.
is 2-methyl-naphthoquinone which is soluble in vegetable oils but insoluble
in water and 15 administered by mouth in 1 mg doses

Patients with extensive liver disease and liver insufficiency do not respond
to either the oral or the intravenous administravon of vitamin K, Their
prothrombin level cannot be increased 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 been a prominent cause for the high mortality
that accompanied surgical treatment of jaundice, accounting for about 50
per cent of the postoperative mortality. This hemorrhagic tendency has pre-
viously been blamed on alterations in the blood calcium, bilirubin, platc'lets,
fibrinogen, and thromboplastin, but the recent investigations have definitely
shown 1t to be due to a low prothrombin concentration in the bloed It has
further been shown that an absence of bile in the intestinal tract interferes
with the absorption of the fat-soluble vitamin K resulting in 2 lowered
prothrombin production and hypoprothrombinenua. In obstructive jaundzce
there is an absence of bile m the intestinal tract, and a similar condition exsts
with a biliary fistula

The bleeding tendency in the jaundiced patient seldom appears sponta-
neously prior to operation but becomes apparent durmg the first ten fia)'s
of the postoperative period, usually from the second to the sixth day. Estima-
tions of the prothrombin concentratton in the blood of patients with obstruc-
tive jaundice show that the prothrombun level is reduced i a large number
of the cases. Hemorrhage 15 apt to occur when it is below 70 per cent 35
determined by Quick’s method or 60 per cent by Smuth’s method. A post-
operative hemorrhage may oceur in a patient whose preaperative prothrom-
bin concentration was above the cnitical level Ths level is reduced by tissuc
fluids which dilute the blood in restoring a normal blood volume past-
operatively. .

The preoperative treatment of a jaundiced patient should include ﬁ.le
adminstration of vitamin K m sufficient amounts to bring the prothrombm
concentration to 1ts normal level Vitamin K should continue to be m]fﬂ‘
during the postoperative convalescent period Methods for the dercrmm;mjf;
of prothrombm are simple and quickly performed so that the blood leve
can be followed continuously to govern therapy.
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Hemorrhagic Disease of the Newborn

Hemorrhagic disease of the newborn Is a condition characterized by
spontaneous hemorrhages which may occur from any pare of the body. Tt
occurs only in newborn infants, usually before the fourth day of life, and
never after the tenth day. It is found in about 1 per cent of newborn
infants.

Thus disease is due to 2 low prothrombin content of the bloed plasma and
a resultant defect in the coagulabulity of the blood. Brinkhous and his co-
workers have shown that the prothrombin level of all newborn infants is
low, bemng less than half the normal level of adults, and that a further drop
occurs from the second to the sixth day of life. Following this there is a
slow increase so that the adult level is reached at the end of the first year.
The fall in the prothrombin level during the first week of life is of sig-
mficance because jt is during this period that the evidences of hemorrhagic
disease usually make their appearance. Even though their prothrombin level
1s low, most infants do not bleed because prothrombin is converted to
thrombin so rapidly in infants that it comp for the low pr i
level. There is also some evidence to suggest that an excess of thromboplas-
tin jn the blood of infants may be 2 compensatory factor. Whatever the
reason may be, 1t is obvious that infants do not bleed with a prothrombin
level which would be definitely in the danger zone for adults. There is an
unusually low prothrombin level in hemorrhagic disease of the newborn,
Tt has been found to be as low as § per cent of the normal adult level.

Symptonts

Spontaneous bleeding from any tissue or organ of the body is the charac-
teristic feature of this disease. Purpura does not occur, but ecchymoses and
large subeutaneous 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 intestinal tract are so com-
mon that the name “melena neonatorum™ has been given to the disease. 1f
instruments were used at the time of delivery, hematomas are found at the
site of their apphication, and severe bleeding mey occur from any sbrasions
of the skin which were produced. Cerebral hemorrhages are common and
produce vanous neurologic manifestations or they may be fatal Bleeding
from kidneys, vaging, and from the serous surfaces is less frequent. An anemia
of varying severity will develop 1f a large amount of bload 1s lost, A shght
degree of jaundice is usually present.
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Examination of the blood reveals a prolonged coagulation time although
the bleeding time is normal. The platelets are present in normal numbers,
and the clot retracts normally.

Diagnosis

The diagnosis is based on the appearance of the bleeding tendency during
the first few days of Iife and on a low prothrombin level in the plisma
Although the usual types of hemorrhagic disease must be considered 1 the
differential dragnosss of this condition, they seldom make their appearance
m a newborn infant. The morrality jn untreated cases of this disease 15 about
5o per cent, but rapid and permanent recovery takes place with proper
treatment,

Treatment

‘The most effective therapy consists m the adminstration of a water-
soluble preparation of vitammn K. This may be given either intramuscularly
or intravenously, but the latter route gives the most prompt results The use
of 1 mg. of 4-amino-2-methyl-1-naphthol every six hours until the bleeding
ceases has been recommended.

‘The admimstration of xlmg of this preparation soon after burth has been
suggested as a prophylactic measure but does not seem to be 2 justifiable
procedure to follow m all newborn mnfants, The prothrombin level qf the
infant can be raised by giving the vitamin to the mother before delivery.
This prophylacnc admumstration of vitamin K to those mothers with 2 I’o\.V
blood prothrombin level or to these in whom a deficiency of vatamin K is
suspected may prevent the occurrence of hemorrhagic tendencies in the
mfant.

Hemorrhage of the newborn may also be controlled by blood transfusion
This supphes directly the prothrombin which 15 lacking m the blood of the
infant, Repeated small transfustons are preferable to a single large one Blood
which has been stored in 2 blood bank should not be used, 1t has been shown
that the prothrombin content of the blood decreases rapidly durng storage.

DiIcounIARIN AND THE INpvcrp HEaORRHAGIC STATE

Hepunn has been used as 2n nnncnagulant n an attempt to Jessen the m;
cidence of postoperative venous thrombosts and to prevent the extenston O
thrombt which have already formed Heparm 15 expensive and has not been

too satisfactory although it does prolong the coagulation nime of the blood.
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Its action is immediate but of short duration so that it must be administered
intravenously by continuous drip or by repeated injections of so mg. doses
at intervals of three to four hours.

Dicoumarin has recently been used for the same purpose and possesses
certain advantages over heparin. It is inexpensive, nontosic except for its
effect on blood coagulation, and may be given by mouth Dicoumarin
(3,3-methylenebis—4-hydroxycoumarin) is the active principle found in
improperly cured sweet closer hay which produces a hemorrhagic disease
i cattle. The substance was isolated from sweer clover and later synthe-
sized by Link and his associates Dicoumarin delays coagulation by intubiting
the formation of, or by destroying the already formed, prothrombin. It does
not damage the liver. The prothrombin time (Quick or Smith method) is
prolonged, there is an i d rate of sedi ion of the erythrocytes,
and the retraction of the blood clot is inhibited Too large amounts of the
substance cause a prolonged coagulation time, and serious or fatal hemor-
rhage may occur,

Dicoumarin is administered by mouth in an average dosage of 150 to 300
mg, per day. The dosage must be individualized and regulated by the pro-
thrombin ume which should be determuined at daily or twice daily intervals.
The prothrombin level should be maintained between 20 and 30 per cent. It
has been shown that intravascular thrombosis rarely occurs when the per-
centage of prothrombin is less than 30 and bleeding rarely occurs when the
percentage is 10 or more. There is a latent period of about tw enty-four hours
before its effect becomes evident so that heparin is frequently given for im-
mediate action Both hepann and dicoumarin are given during the first
twenty-four hours so that the immediate action of heparin can be utilized, As
the effect of diconmanin becomes manifest after twenty-four hours, heparin
may thenbe d dand only ¢ n administered. Fifty milligrarns
of heparin may be given intravenously every four hours or by continuous
intravenous drip unul the dicoumarn has taken effect. Three hundred mulli-
grams of dicoumann are given orally with the firse injection of hepann and
200 mg the following day. The subsequent dally dose depends upon the
prothrombin level.

The acuon of dicoumnann may be stopped immediately by transfusions of
fresh blood and 1n most mstances synthetic vitanmun K (63 mg. of menadione
bisulfite) given intravenously will control the bleeding. Dicoumarin is 2
dangerous drug because of 1ts liability to cause faral hemorrhage and should
be guen only when its effect can be followed by determinations of the pro-
thrombin level 1n the blood,
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Anticoagulants are coming 1nto more and more common use in the follow-
ing conditions: (1) acute coronary occlusion; (2) after nonfatal pulmonary
embolism; (3) for thrombophlebitis and phlebothrombaosis; (4) for sudden
arterial occlusion; (5) as prophylaxis against postoperative venous thrombo-
sis. It should not be used in: (1) ascorbic acid or vitamin K deficiency; (2)
renal insufficiency; (3) blood dyscrasias with a bleeding tendency; (4) recent
surgical operations, (5) ulcerative lestons or open wounds; and (6) subacute
bacterial endocarditis.

The exact place of anticoagulant therapy and the true indications for 1s
use are still under consideration.
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Anticoagulants are coming mto more and more common use in the follow -
ing condrtions: (1) acute coronary occlusion; (2) after nonfatal pulmonary
embolism; (3) for thrombophlebitis and phlebothrombosis; (4) for sudden
arterial occlusion; (5) as prophylaxis against postoperative venous thrombo-
sis. It should not be used in: (1) ascorbic acid or vitamin K deficiency, (2)
renal insufficiency, (3) blood dyscrasias with a bleeding tendency; (4) recent
surgical operations; (5) ulcerative lesions or open wounds; and (6) subacate
bacterial endocarditss,

The exact place of anticoagulant therapy and the true sndications for its
use are still under consideration.
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LEUKEMIA

LEUKEMM 1S A SYSTEMIC DISEASE OF UNKNOWN CAUSE CHARACTERIZED By A
rapid and abnormal proliferation of leuhocytes in the hematopoietic organs
and by the presence of immature leukocytes in the peripheral blood stream.
The total leukocyte count is elevated in most of the patients, bur the presence
of immature cells in the blood stream 1s a more significant feature than is a
rise in the total leukocyte count The disease is invarjably fatal.

Leukemia was first described as a clinical syndrome in 1845 by Bennett and
Virchow, whose independent observations were published almost simul-
taneously. It was called leukocythema by Bennett and leukemia 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 leukemua was
characterized by enlargement of the lymph nodes and another presented a
markedly enlarged spleen. Neumann studied the bone marrow from patents
with leukemia and described 2 third type, myelagenous leukemia. The statn-
ng methods devised by Ehrlich in 1891 showed that the splenic and mye-
logenous forms were identical Naegeli in 1goo described the myeloblast and

t d 1 hip to leuk Monocytic leukemia was first de-

p ns 1 P
scnibed by Reschad and Schiling-Torgau in 1913.

Leukemia 15 most satisfactorily classified according to the type of leukocyte
that 35 pred Iy atfected. The myelog lymphocytic, and mono-
cytic types of leukemia are the most common ‘There are rare cases of plasma
cell feukemia and megakaryocytc leukemra From a clinteal standpomt alf
types occur 1 an acute and a chrome form so that each variety may be
subdivided m this manner.

1 Myelogenous leukemnsa 3 Monocyuc leukemsa
Acute and chrome Acute and chrome

: Lymphocytc leukemn 4 Plasma cell Jeukemia
Acute and chrome 5 Megaharyocync leukeme

The leukemuas are further subdivided mto leukemic, subleukemic, and
aleukemic types or phases depending upon the changes m the peripheral
blood In the leukemic type there 15 elevation of the toral leukocyte count 1n

309
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the peripheral blood stream and immature cells of the involved series are
present. The subleukemic type or phase shows no elevation in the total
leukocyte count or 2 lower than normal count, with immature cells of the
mvolved series apparent in the peripheral blood. The diiding line between
the leukemic and subleukemic phase is usually taken arbitranily as 15,000, 2
patient showing immature cells but with a leukocyte count below t5000
15 in a subleukemic phase whereas one with a count above 15,000 is 1 2
leukemic phase. The term “aleukemic” Jeukema 1s admictedly poor but by
common usage has come to denote those leukemias in which the toral
leukocyte count is normal or low and 1n which no immature cells are ap-
parent. It is probable that in all such cases immature cells could ultimarely
be found after prolonged searching but they are not encountered in the
usual careful differential count.

Histologic examination of tissue reveals that the pathologic changes are
the same regardless of the number of leukocytes in the peripheral blood so
that one cannot differentiate the leukemic, subl ic, or aleukemic phases
by this means. The leukocyte count n the peripheral blood may change at
any time from a leukemic to an aleukemic phase or vice versa with no altera-
tion in the chinical mamifestations and the height of the leukocyte count is
not of definite prognostic value. Likewise the total leukocyte count cannot
be used as an absolute indication or contraindicauon for therapy.

1

Etiology

The cause of leukemia 15 unknown, but the two most prevalent theortes
hold that 1t is either a neoplastic disease or an infectious process. There are
some who look upon it as a deficiency disease in the sense that pernicious
anemia 15 a deficiency state. The neoplastic theory is most widely accepted.

Leukemia consists of a rapid and uncontrolled growth of a parucular type
of blood cell with a deposition of these cells in vamous tissues of the body
and 1n some diseases, such as chloroma, the formation of tumor-like masses
There has been a tendency for pathologists to include Iymphocytc leuhemia
1 that group of diseases whuch are characterized by a progressive enlarge-
ment of all the fixed lymphatic ussues, the lymph or lymphob!
since it presents a stmilar pathologic picture. The course of leukemua, with 1ts
cachexia and invanably fatal outcome, 15 extremely suggestive of a neoplasm
as is the histologic picture. But even if this view 1s accepted, 1t does not
c(plain the basic etiology.

The onset and course of the acute leukemias have many of the character-
istics of an acute infecuous process Many different orgamsms have been
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cultured from the blood and from the tissues of patients with leukemia. It is
difficult to say, however, that these are not secondary invaders which gain 2
foothold because of a lowered resistance of the host.*A leukemia-like (leuke-
moid) reaction occasionally occurs as a response to an infection, and it is
sometimes hard to differentiare such 2 reaction from true leukemia inasmuch
15 acute leukemiz frequently has an infection of some type as its first recog-
nizable feature. No single organism has been definitely proved to be re-
sponsible for leuhemia, nor has the disease been transmitted by any strain
of organisms Definite proof of infecuious ongin is lacking.

Trauma, particularly to bone, has been followed by leukemia. Lewsen
found 6o recorded cases in which this relationship existed. In practically all
of these the leul was of the myelog type. Absolute proof that
trauma was the causative factor is lacking.

Exposure to certain drugs and chemicals has been followed by lenkemia
in a few instances. Benzol has been incriminated most frequently, and
studres have shown thar exposure to this chemical not infrequently causes
hyperplasia of the bone marrow with the appearance of immatare myeloid
cells in the blood stream Other substances such as pyridine, aniline dyes,
and neoarsphenamine have also been blamed. Experimental studies on ani-
mals have tended to substantiate the belief thar they may produce leukemia
or a leukemia-like disease. Exposure to roentgen rays or radioactive sub-
stances has likewise been followed by leukemia, and Forkner has summarized
these cases. Since radtoactive substances are known to affect the bone mar-
row and also to cause carcinoma of the skin, he beheves that jrradation may
be a factor in the production of leukemia in some cases although perhaps
only in individuals who already have a predisposition to the disease.

Although attempts to transmit leukemia from one patient to another hu-
man subject have falled, the disease has apparently been successfully trans-
mitted from humans to experimental animals by the injectton of an extract of
the urine from a patient with leukemia. Myeloid hyperplasia resulted from
the admiustration of an extract from the urine of patients with myeloid
leukemra and 2 lymphocytic reaction with that from patients with lympho-
cytic leukemia. It can be transmitred in mice, guinea pigs, and fowls, but the
significance of these experimental studies is still in doubt. There is some ques-
tion as to whether or not the leukemsa which 15 found in man is the szme
drsease as that which occurs in ammals and fowls

Leukemia is widespread throughout the world It occurs i all races and
in all countries. It appears to be more common in the white race than among
Negroes and 15 more frequent in males than in females, There have been a
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few instances in which it developed in siblings, in twins, and in 2 mother
and her son. Leukemia and malignant growths have occasionally appeared n
the same family, From the avatlable data no definite conclusions can be
drawn as to the hereditary nature or the familial tendencies of lenkemia, An
extremely few cases of congemital leukemia have been recorded.

The incidence of leukemia is rather difficult to determine with even a
moderate degree of accuracy. At the University Hospital we encountered
207 cases among 36,420 admisstons to the medical and pediatric services, an
incidence of 1 case of leukemia for each 175 admisstons. Ikeda found 77 cases
of leukemra among 12,396 necropsies ar the University of Minnesota Hos-
pital. In Denmark the death rate for leukemia was 1 per 50,000 population,
statistics for the United States show 2.8 déaths from leukemia per 100,000
population in 1936. A recent study has shown a steady increase in the death
rate from leukemia smce 1900. In 1940
there were 3.7 deaths from leuhemia per
100,000 population and each year since
1940 there have been over 5,000 deaths
from leukerma m the United States. In
view of this apparent mcreasing ncidence
Dameshek has suggested increased ex-
posure to pDSSIbIC carcinogentc agents as
the cawse. Ulnich showed statistically
CHRoMIC lf"ffﬂ‘;g(:m’”oﬂﬂc) that the incidence of leukemra among

I raduologists is far higher than among other

physteians,
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with which the corresponding ty pe of cell appears in normal blood.
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Acute LaszrrocyTic LEUKFAIA

Acute lymphocytic Jeuwhesmia js primarily a discase of childhood. Tts inci-
dence is relanvely Jow in adult Iife. Although it is reported to have been
present at birth in a few , such congenital cases are exceedingly rare.

0]

M FevaLe
MALE

NUMBER OF PATIENTS

AGE N YEARS
Frc. 50. The age incidence m 61 cases of acure lymphocy tic leuhernia (Falhenstemn and
Fowler, Am, J. Dis, Child))
It occasionally occurs during the first year of hfe but is more frequent during
the succeeding five years. In a group of 61 patients with this discase we en-
countered only 3 in whom the symptoms appeared during the first year
of hfe, their ages were 34, 5, and 11 months respectively (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. J. Dis. Child.)
disease is more frequent in males than in females by a ratio of about 2 to 1.
“The onset may be abrupt or insidious, buz the course is rapidly progressive
and the disease 15 usually of only a few months’ daration The most common
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few instances in which it developed in siblings, in twins, and in a mother
and her son, Leukemia and malignant growths have occasionally appeared in
the same family. From the available data no definite conclusions can be
drawn as to the hereditary nature or the familtal tendencies of leukenna. An
extremely few cases of congenital leukemia have been recorded.

The incidence of leukemia 1s rather difficult to determine with even a
moderate degree of accuracy. At the University Hospital we encountered
207 cases among 36,420 admissions to the medical and pediatric services, an
incidence of 1 case of leukemta for each 175 admissions. Ikeda found 77 cases
of leukemia among 12,396 necropsics at the University of Minnesota Hos-
pital. In Denmark the death rate for leukemia was 1 per 50,000 population;
statistics for the United States show 2.8 déaths from leukemia per 100,000
population in 1936. A recent study has shown a steady increase in the death
rate from leukemia since 1900. In 1940
there were 3.7 deaths from leukemia per
100,000 population and each year since
1940 there have been over §,000 deaths
from leukemia mn the United States. In
view of this apparent increasing medence
Dameshek has suggested mcreased ex-
posure to possible carcinogenic agents as
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sion of lung tissue by the leukemic cells in 5 of our 61 patients. In those
patients with mediastinal obstruction it must be remembered that irradiavion
therapy first causes some swelling of the lesion under treatment. Conse-
quencly a marked and somecimes dangeraus aggravatian of obstructive symp-
toms may precede any evidences of improvement.

Pain in the bones and joints is often encountered in acute lymphocytic
leukemia in children. This symptom was present in one-third of our patients;
in a few instances it was the firse symptom of the disease. The clinical preture
is suggestive of acute rheumatic fever when joint pains occur early in the
course of the disease and are associated with fever, redness and swi cllmr' of

the joints, a mpld pulse, and patior. The bt is iall

if the leukemia is of the aleukemic type. An megular motthng and osteo—
porasis of the bones may be detected on roentgenologic examination, but
there is no correlation betsween the severity of the joine pains and the extent
of the roentgenologic changes in either the bones or the joints.
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Fie 52, The frequency with which vanoss abnormalities were encountered on physical
examination of patients with acute lymphocyte leukemua. (Fallenstem and Fowler,
Am | Ds Childy

Gastromtesunal symproms are but usvally P in char-
acter. Leuhemic infiltranon of the mtestinal wall occasionally produces se-
vere mamfestauions, or subserous hemorrhages may cause extreme pain,
Hematuna ss an mfrequent comphcmm\ The cardiov: ascuhr sy mpmms are
due 1o the panying anemia h an actual leuk of
the myocardium has been encountered occasionally.

The abnonnalines encountered on physical examination are confined
manly o the lymphaue system (Fig. 52). Enlargement of the lymph nodes
w acute lymphocyuc leukemia is usually less marked than that which accurs
m the chronic form of the disease. The nodes are not significantly entarged
n 2 few nstances, but a majorsty of the patients show a generalized but
shght fymphadenopathy In some the lymphadenopathy 1s i
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mode of onset is with fatigue, malaise, and listlessness accompanied by pallor
and weakness (Fig. 51). In 50 per cent of our patients the leukemia was pre-
ceded by an acute infectious process following which the child did not
convalesce as rapidly as expected. In other instances the onset is more abrupt
and the disease may be ushered in by hemorrhagic manifestations, by chills
fever, and prostration, or by the occurrence of difficult breathing. When
acute lymphocytic leukemia occurs in adults, the clinical and hematologic
features are similar to those encountered in children although the course
may be somesvhat Jess rapid.

The clinical features are variable and nonspecific, but weahness, fatigabil-
ity, listlessness, and pallor are ultimately encountered in all patents. There
may be some loss of weight, nsually not evtreme, and cachexa is not to be
expected. The weakness and faugability become more marked as the dis-
ease advances. Commonly, a contmnuous or remtftent type of fever, fre-
quently reaching 105 F., and assocrated with marked prostration, suggests
the presence of a virulent infectious process.

Hemorrhagic manifestations appear in practically all patients i the ter-
minal stages of the disease. They may also mark its onset. The most common
manifestation of the hemorrhagic tendency 15 purpura. This may occur in
the form of small intracutaneous hemorrhages or as larger eccliymotic areas
which appear spontaneously or as a result of minor trauma. Epistaxis and
hemorrhage from the gums are frequent, and the bleeding may be mild or
profuse. Although bleeding from the gastrointestinal tract and from the
uterus occur less frequently than does bleeding from the gums and nose, &
profuse uterine hemorrhage may be the first symptom of trouble even 1
young girls prior to the onset of thewr menses. Ulceration of the mucous
membranes of the mouth may occur. The gums may be swollen and spongy
from a leukemic infiltration of these ussues. Such an involvement of the
gums and buceal cavity is less frequent in Iymphocytic leukerma than 11
either the myelogenous or the monocytic form. Retinal hemorrhages are
present in most patents 11 whom there are any hemorrhagic mantfestations,
and sudden deafness may resule from bleeding mto the middle ear Cerebral
hemorrhage 15 occasionally the cause of death.

Difficult breathing and a distressing cough are extremely troublesome
features which occurred in about 25 per cent of our patients. These symp-
toms are usually due to enlarged mediastinal lymph nodes causing pressure oft
the trachea. A dry rasping type of cough frequently develops Edema of rh?
neck and upper extremties with engorgement of the superﬁcial vents may
result from mediastinal obstruction Pleural effusion may account for short-
ness of breath in other instances, but there was actual infiltration and 1nva-
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enopathy tends to be somewhat less marked The difficulues in diagnosis
are greater; the condition must always be borne in mind in patients with a
severe progressive anemia which is otherwise unexplaned. It is usually
accompanied by thrombopena, and the smear may show a relstive lympho-
cytosis. It can be differentiated fiom aplastic anemia by the lymphadenopathy,
splenomegaly, and by sternal punerure.

Anemia is present in afl patients with acute lymphocytic leukemia. Tt may
be mild in the early stages but progresses steadily and rapidly to become one
of the most prominent features The red cells appear normal or shghtly
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Fic 53 Phatomicrograph of a blood smear m acute lymphoeytic leuherma A few small

mature lymphocytes are evident, bus most of the cells are large immature forms,

fiypochromuc, and the color index remains about pormal The usual symp-
toms of anemia will be present and may be the man feature of the illness,

Nucleated erythrocytes in varying bers are often d
The platelets are diminished in number, frequently in the early stages of
the disease A panying the thrombopenia 15 a prolonged bleeding tme, a

nonretractile clot, and a positive constrictor or arm band test. This secondary
thrombopenic purpura accounts for the hemorrhagic symproms that are so
common and so dangerous. ‘

The basal metabolic rate is elevated to a degree xoughly proporuonal to the
severnty of the course. Bence Jones protein may be present i the urine,
which also contains albumin and casts. The blood uric acid is usually in-
creased in this and other leukemias Blood cholesterol may be lowered.
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The mediastinal nodes are particularly apt to beenme much enlarged in chl-
dren. The spleen is usually palpable, but an extreme degree of splenomegaly
is rare. The hver is slightly enlarged in many cascs.

Infiltration of the skin is not as common in the acute as in the chronic form
of the disease, When encountered it is frequently in the form of raised nodu-
lar areas of varying size and number. These skin infiltrates have appeared
before there are changes in the peripheral blood although the hone marrow
shows the typical infiltration Some cases with this type of involvement have
pursued a very rapid course after the blood changes have become apparent

Blood

Acute lymphocytic leukemia may occur in a leukemic or an aleuhemic
phase. The leukocyte count may shift from onc phase to the other. In
the leukenic stage the leukocyte count is clevated, and 1,000,000 or more
cells per cubte milimeter of blood are occasionally encountered. The count
is usually lower than thus and as a rule does not become as high in the
acute as i the chronic form of the disease The predominant cell on the blood
smear 15 the lymphoblast, a large cell with a round or oval nucleus containing
one or more nucleoh. The chromatin forms 4 fine net work which is evenly
distributed throughout the nucleus. The cytoplasm is basophilic and contains
no granules. Degenerated cells or “basket cells,” which consist of onl}f é
smeared-out nucleus, are frequently noted. They may comprise 2 majority
of the leukocytic elements on the blood smear. A few small mature Iymph(r
cytes may be seen (Fig. 53). Cells i all stages of development between the
lymphoblast and the mature lymphocyte will be found on the smear and
only an occasional neutrophil. Usually, the more acute the course of the
disease, the higher will be the percentage of mmmature cells.

The subleukemic phase of acute lvmphocytic leukemia 1s characterized by
a total leukocyte count of 15,000 or less with immature cells in the pen-
pheral tlood The aleukemc phase presents a normal or low leukocyte count
with almost no immature cells. Undoubtedly immature cells enter the per-
pheral blood stream in every case but so rarely that they are undetected 18
a carcful differential count. The leukocyte count may drop to 1,000 OF less
and this aleukemic phase mav persist throughout the entire disease OT 3
feukemmic phase may supervene ar any ume Likewise a Jeuhemic state may
become sublcukemtc or aleahenuc The aleuhemic form 1s far more common
than was formerly supposed .

The clinical course of those cases which are permanently aleukemic 1Sh ﬂgf
significantly different from that of the leukemic type although the lympha
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ment of the fymph nodes, splenomegaly, or immature cells in the blood
stream, nor are nucleated erythrocytes encountered. A biopsy of the sternum
or of 2 lymph node may be necessary for a final interpretation.

Thrombopenic purpura is 4 part of the picture of acute lekemia. This
secondary form of the disorder must be differentiated from the idiopathic
vaniety. The presence of immature lymphocytes, the progressive anemia, and
Iymphadenopathy found with leukemia sexve for differentiation.

Acute evacerbations are of common occurrence in the course of chronic
Iymphocytic Jeukemia, During these episodes the clinical and hematologic
picrures are similar to those of acute leukemis.

Conrse

Acute lymphoeytic leukemia s invariably fatal, usually within six months.
The average duraton of hfe in the 61 cases from this clinic was eighteen
weeks, One patient died a weck after the onset of symptoms; one after
fifty-siv weeks, Death may be due to the progressive weakness and anemia or
hemorrhage, intercurrent infection, or mediastinal obstruction.

Treatment .

Treatment 15 unsatisfactory. Deep roentgen ray therapy may relieve ob-
structive symptoms in the mediastinum or relieve the pan in the bones and
joints; otherwise it is of no value. Such therapy makes the condition worse
1 many instances by markedly increasing an already elevated basal metabolic
rate. Roentgen ray therapy should not be used except to reheve specific pain
or obstructive symptoms.

{ give
transient benefic

Aminaptenn, a folic acid antagomst, has been tried but is extremely toxic
and sull purely in an experimental stage. The results have been encouraging,
with temporary renussions in some patients It is not curative.

7 y symp ic wnpr but are of only

Curonie Lyatenocytic LEUKEMIA

Chronic lymphocytic leukemia is primanly a disease of muddie and late
adule life. In contrast to the acute form it is encountered only rarely in
children, Tt 15 ch 1zed by g lized lymphad y and hyper-
plasia of all the lymphatic tissues of the body and, m the blood stream, by a
lymphocytosis and varying numbers of immarure lymphocytes.

Pathologically the disorder is charactenzed by Iympherd hyperplasia and
wmifiltration 5o that the architecture of the Jymph nodes and lymph nodules
15 replaced to varying degrees by masses of small or medium-sized Iympho-
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Sternal puncture reveals the marrow to be crowded with cells of the
lymphocytic series which have replaced the normal myeloid ussue. The per-
centage of cells of the erythrocytic and myeloid series is far below normal
The lymphocytes are found in varying stages of immaturity with the lympho-
blast predominating. Infiltration of the marrow has been found before there
are significant changes in the pcriphe}nl blood and we have encountered one
child in whom the charactenstic bone marrow changes were discovered at
a time when the only f 10N Was an plained fever. The Jeukemic
and aleukennc phases of the disease present the same marrow picture.

Pathology

‘There is no difference in the histologic picture of the tissues in cases which
have a leukemic blood picture and in those in which ic is aleukemic. The
lymph nodes are enlarged, and the architecture is destroyed by an over-
growth of lymphoid cells which are large and jmmature. These cells pre-
dominate 1n all the lymphoid tissues throughout the body. Organs and tissues
of the body are infiltrated to varying degrees by these lymphoblasn'c cells,
particularly the spleen, liver, and to a lesser extent the bone marrow.

Diagnosis

Acure lymphocytie Jeukemsa must be differentiared from other forms of
acute leukemta. This can usually be accomplished by examunauon of the
blood smear. If the cells are so rmmature as to be unidentfiable, some bhelp
may be obtained with the peroasdase stain although this is of hetle value with
extremely immature cells. Sternal puncture or microscopic examination ofa
node taken for biopsy may be necessary to establish the diagnosis. These pro-
cedures may fail to classify the leukemia in some mnstances in which a vast
majority of the cells are very immature. Such cases are rare but have beet
dragnosed sumply as acute “stem-cell” or “blast cell” leukemia.

Infection may produce a leukemond blood prcture of the lvmphoevtic type:
but seldom shows the progressive anema, lymphadenopathy, splenomegalys
prostration, and thrombopenta of leukermta,

Infections mononucleoss during s acute phase closely simulates acut®
lymphocyu'c leukemm. The characterisuc cells of the former disease are
large abnormal lymphocytes rather than immarure cells. There 1s no signifi-
cant degree of anemia or thrombopenra. The heterophile antibody test 1s an
aid in the dragnosis of infectious mononucleosis.

Aplastic anemiz 15 closely simulated by the aleukemic form of acut¢
lymphocyﬁc leukemia as 1c presents anemma, thrombopenia, and leukopenia
with a relative lymphocytosis Aplastic anemia doces not produce enlarge-



Lenkenna 321

a widened mediastinum is detected on physical or roentgenologic examina-
tion, and pressure symptoms may occur from encroachment on the trachea or
on the vessels and nerves in this region. Histologic evidence of involvement of
the mediastinal nodes is obtained at necropsy even though there was no
clinical or roentgenologic evidence of enlargement. The abdominal and
retroperitoneal nodes may become large enough to be palpable as firm jrregu-
lar masses but more frequently they are not large enough to be detected. In
afewi they are sufficiently enlarged and so situated that they pro-
duce symptoms from their pressure on the common bile duct, intestne,
ureters, or other structures, Ascites may occur but is not common. Since the
lymphadenopathy is generalized, the variety of symptoms from pressure of
enlarged nodes on various structures 15 almost unlmited.

The spleen is abways mvolved and is sufficiently enlarged to become pal-
pable in practically all pavients with this disease. Its size is variable. In one
patient 1t may extend a hand’s breadth below the costal margin, 1n another
1t may be barely palpable The extreme degree of splenomegaly found in
chrome myelog leul is not Iy encountered in the lympho-
cytic type. The liver becomes shghtly enlarged mn most patients but only in
rare instances is it extremely large

Extremely few cases of chronic lymphocytic leukemia have been reported
i which there was no demonstrable enlargement of any of the lymph nodes
although the blood picture was characteristic of the disease.

‘Weakness, faugability, and pallor may be the first symptoms of this dis-
case but they usually appear only after the lymphadenopathy has become
apparent These symptoms are progressive although the rate of their pro-
gression varies in different patients and from tme to time in the same pa-
tient There may be no symptoms of the disease for many years in the very
chronic form, and the only manifestation will be the persistent Iymphadenop-
athy. In other instances there is a shght fatigabiliy which does not progress
but remams constant over a long period of time. Such patients may fulfil
therr life expectancy and die of an unrelated condition An acute episode
which 1s suggestive of acute leukemia may supervene at any time. This may
subside to a chrontc state or progress to a fatal termination. In the late stages
of the disease there is loss of weight and cachexia in addition to a marked
loss of strength, Anemua with its associated symptoms may be present in the
advanced stages and in many is the pred if

15 50 mild as to cause httle or no trouble in the very chrome forms.

on, Tt
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cytes. This infiltration is found in any part of the body where there is
lymphoid tissue. The spleen, fiver, and bone marrow are invariably mvolved
There may be invasion of organs in which lymphoid tissue is not a con-
spicuous part of the normal histologic picture. The spleen is enlarged to
varying degrees, and the normal architecture is obscured by the overgrowth
and infileration of lymphocytes. Infarcts and perisplenitis arc frequently en-
countered. The bone marrow s similarly infiltrated, often to such an extent
that the lymphoid cells overshadow the normal bone marrow cells

‘The disease has been classified by some pathologists as the Iymphocytic
type of malignant lymphoma since the histologic picture is so similar to
lymphesarcoma and lymphoblastoma.

Chronic lymphocytic leukemia is most frequently encountered between
the ages of 45 and 6o and is extremcly rare below the age of 10. It occurs
about twice as frequently in males as in females,

Clinical Features

The onset of chronic lymphocytic leukemia 15 so gradual and insidious
that no more than an approximate beginning date can be determined. The
accidental discovery of enlarged lymph nodes or a gradually increasing weak-
ness and fatigability are the manifestations which most frequently bring the
patient to a physician. Hemorrhagic symptoms or purpura may occnsia.nﬂn)'
be the first recogrzable mamfestation, but this is unusual. The disease is not
infrequently detected on a routine phystcal examination or on a rousune
blood count in a patient who complains of some entirely unrelated disorder.

The most characteristic feature 15 the generalized lymphadenopathy. The
enlarged nodes may occur singly, or chans of nodes may be involved with
the size of the individual members varymg from a few millimeters 1n diameter
to 4 or 5 em. It is unusual to find extremely large masses of lymph nodes or
single nodes such as those encountered m Hodgkin's disease. The nodes are
rather firm and rubbery in consistency, not tender, and movable; the over-
lying skin 15 not invelved. The capsule 15 not mvaded so ‘that the nodes do
not become matted together or immobnlized. It is usual to find all the super-
ficial nodes mvolved to about the same degree rather than to have extremely
large nodes in one area with slight or no mvolvement els'cwhcre Tl:'c
lymphndenopathy may be generalized at the time the disease is first re(l;ﬂi;
nized, or palpable nodes may be found in one or more areas with a gracu:
extension to other regions The size of the nodes may vary shghtly from time

to time. The meduastinal iymph nodes may become enlarged to the extent that
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Ocuasional deafness from Jeuhemic infiltration about the muddle ear ana
vertigo and tinnitus are encountered

Blood

Anemia is 2 pare of the hematalagic picture of lymphoeyuc leukemia, but
its severity vaties greatly from patient to pauent. In the very chrone form
of the disease, in which lymphadenopathy is the only clinteal manifestacion,
the anemia is slight or negligible, In the more rapidly progressive forms it
becomes more severe, In the acute exacerbations or in the rermnal stages of
the illness 1t becomes a very prommnent feature. The erythrocytes appear
normal ar stightly hypochromuc, and the color index remams normat or but
stightly lowered. The anemia of lymphocytie leukera is myelophthisic m
angin, but 10 rare cases there may be a hemelytic element wuh icterus and
mereased fragility of the erythrocytes. Nucleated exythrocytes are not infre-
quently found on the smear but are not nusnerous or constantly present.

The plateless are usually not affected until the fate stage of the disease
when they are markedly reduced, With this reduction i the number of plate-
lets the other laboratory featires of thrombopenic purpura appear {pro-
longed bleeding time, positive constrictor test, and nonretractde clot), and
hcmorrhaglc sympmms may oceunr.

Chronic lymphocynic leukemia may appear i a leukemic, sublenkemic, or
aleukemic form, In the leuhemic vanery the total leukoeyte count is elevated
to a varable degree, usually Jower than that encountered m myelogenous
tenherma. The count may mfrcqucnﬂy reach 5,000,000 or smore, m our
expenience between o000 and 100,000 is most frequent The count 5 sub~
tect to wide fluctvations from day 1o dav,

In the very chronic and slowly progressive forms of the disease the pre-
dosnant cells are the small mature lymphocytes, which comprise from go to
95 per cent of all the white blood cells on the smear (Fig. 543, A few larger
and more smmature cells ase encountered but they are not numerous and
iymphoblasts are mfrequent. In the more rapidly progressive cases or in the
acute evacerbattons of the disease 2 highes percentage of the cells in the
blood stream will be immature so that some idea of the rapidity of the course
can be obtaned from examsnation of the smear alone. Azure granules are
less often encountered in the cytoplasm of the young lymphocytes than in
mature cells. The blood picture in lymphocytic lenkenua 15 monolonous, all

of the cells being similar in ther structural characteristics; there are no
strihung variavons w the structure of the lymphocytes as are found in the
maturanon of the myelaid cells.
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A low grade fever, either continuous or remittent in type, is common
during the active stages of the disease although it is not as promineny 15 in
Hodgkin’s disease. Infiltration of the salivary and lacrimal glands may occur
and produce Mikulicz’s syndrome, prosis of the eyelids, and excessive saliva-
tion and lacrimation.

The basal metabolic rate is frequently elevated in chronic lymphocytic
feukemiz, and readings may be +z0 to +30 per cent in the active stages. This
may be associated with excessive sweating, intolerance to heat, loss of weight,
and tachycardia. Such symptoms are less marked in this than in the acute
form of the disease, in which the metabolic rate may be much higher.

Purpura and other hemorrhagic manifestations are rare unail the late stages
of chronic lymphocytic leukemia but ultimately appear in a majoricy of the
cases. The typical hemorrhagic ifestations of thrombopenic purpura are
then present. Patients frequently bruse easily even i the early stage of the
disease when the platelets are unaltered and small ecchymotic aress are com-
monly encountered

Leukemig curis or infiltration of the skin by leukemic cells may occur. Ttis
far more common :n lymphocytic than in myelogenous Jeukemia. There may
be either a diffuse and generalized skin involvement with thickening, d{y-
ness, and itching or circumscribed nodular lesions, The nodules vary in size
from a few millimeters to 2 or 3 cm. in dizmeter, and their color varies from
yellowish brown to red or purple. There may be vesicles, papules, pustules,
or nodules 1n which specific leukemic infiltrauons are found.

Since the gastrointestinal tract is rich in lymphatc tissue which becomes
involved in the general leukemic reaction, it 15 not surprising to encounter
many symptoms referable to this tract. They may be vague and nonspecific
complaints of anorexta, nausea, vomiting, dyspepsia, flatulence, and (?urrh'ca,
or there may be severe pain and obstructive symptoms dug to actual invasion
and infiltration of the intestinal wall.

Symptoms referable to the circulatory system are pn'mafﬂy due to t:-’
accompantying anems, but there 15 occastonzally an a‘cms.' invasion of t :
myocardium by leukemic cells. Infiltration of the lung tissue 1 nos infrequen
and has been found in as hugh as 30 per cent of a series of autopsied cases

Pain in'the bones and joints may occur in chronic I'\'mphocyn‘c leukemta
The former is more frequent in myelogenous leukemia, the latter in the acute
form of lymphocytic leukema. Neurologic manifestations may appear asa
result of Jeukemic mfilerations n the bram or spinal cord or from the pre.SS\;:
of small rumor-hke nodules. Cerebral hcmorrh:tge occastonally comp]fcﬁ -
the chmical piccure There may be hem?rrhzges in the ocuhr.fvundllas ::s zues.
engorgement of the veins and leukemuc infilerations of the perivascular
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Occasiunal deafness from leuhemic infiltration abour the middle ear and
vertigo and tinqutus are encountered.

Blood

Anemia is 2 part of the hematologic picture of Iy mphocytic feukemia, but
its severity varies greatly from patient to patient. In the very chronic form
of the discase, in which lymphadenopathy 15 the only clinical manifestation.
the anemia is shight or negligible, In the more rapidly progressive forms it
becomes more severe. In the acute exacerbations or in the terminal stages of
the sliness it becomes 2 very prominent feature. The erythrocytes appear
normal or slightly hypochromue, and the color indes remains nosmal or but
shghtly lowered. The anemia of lymphacytic Jeuhemia is myelophthisic in
origm, but in rare cases theére may be 2 hemolyuc element wth icterus and
mcreased {ragility of the erythrocytes. Nucleated erythrocytes are not infre-
quently found on the smear but are not numerous or constantly present,

The platelets are usually not affected unfil the late stage of the disease
when they are markedly reduced With this reduction in the number of plate-
fets the ather laboratory features of thrombopenic purpura appear (pro-
tonged bleeding time, positive constrictor test, and nonretractile clot}, and
hCmOl’l’hﬁglC symptoms may occur.

Chrore lymphocync leakemua may appear in a jeukemic, subleukemic, or
alteukemic form. In the leakemic vanery the total lenkocyte connt is elevated

to ¢ vatiable degree, wsually lower than thar encountered m myelogenous
lteukermiz The counc may afrequently reach 1,000,000 or more; w our
experience berween j0,000 and 100,000 1s most frequent. The count is sub-
Ject to wide fluctuations from dav to day

In the very chronte and stowly progtessive forms of the disease the pre-
donunant cells are the small mature Iy mphocytes, which comprise from ga to
95 per cent of all the white blood cells on the smear (Fig. 54). A few larger
and more immature cells are encountered bur they are not numerous and
tymphablasts are infrequent. In the more rapidly progressive cases or in the
acute evacerbattans of the disease 2 higher percentage of the cells in the
blaod stream wilt be immature so that some ides of the rapidity of the course
can be obrained from examunanon of the smear alone. Azure granules are
tess aften encountered in the cytoplasm of the young lymphacytes than in
mature cells The blood prerure in lymphocyuc leukemia 15 monotanaous, ali
of the cells beng similar in thew structural characteristics; there are no
strihing varations in the strucrure of the Iymphocytes 25 are found in the
smaturatson of the myelord cells.
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Basket cells (degenerated cells, naked nuclei) are t’rcqucmly found on the
smear in lymphocytic leukemia. These structures represent cclls which have
disintegrated so as to Jcave only the nucleus, which may be but slightly larger
and lighter staining than normal or it may be smeared out in many bizarre
forms (Fig. 55). Nucleoli may be very plainly visible in those nuclei which

Fic. 54, Photomicrograph of a blood smear of chronic lymphocyue leubemiz showing
2 predommnance o? small mature Iymphocy tes with four “basket” or “smudge” cells:

are distorted and spread out. Basket cells are usually immature lymphocytes
and are often a prominent feature in lymphocytic leukemia
In the aleukemic type of lymphocyrtic leukemsa the total leukocyte count
15 normal or low. In some instances there 15 2 ligh percentage of lymphocytes
in the differential count; in others the distbution of cells is found ;o
approach the normal. Few or no immature cells are to be found so thath;d'i
diagnosis must be based on the histologic changes i the lymph nodes w!
are the same in the aleukemic as in the leukemtc form. s of
Sternal puncture reveals the marrow to be densely mfiltrated by ;e SO:C
the lymphocync series, most of which are very ymmature nm.m\;g k:n 9
mature lymphocytes are encountered than m acute l_vmphocync vcu c“;
These replace to a large extent the normal myeloid and erythrocyuc cells.



Leukemia 325

Course

The course of chronic lymphocytic leukemia varies greatly from one case
to another. As a rule, the later in Jife the disease makes its appearance, the
stower will be its course, The disease may go on for ten, fifteen, or even
twenty years after the onset of symproms and then be only a contributory

Fia 55. Photomicrograph of a blood smear from a patient with lymphocy tic leukemia.
This shows a small mature lymphocyte, an Jmmatere lympt with nucleols, and a
“bashet” or “smudge” cell,

cause of death This exceedingly benign form is not common. The usual
duration of life 15 from three to four years, and the disease is characterized
by remissions or latent stages followed by exacerbations of weakness and
farigability with elevation of the leuhocyte count and larger numbers of
mumature tells in the blood stream The disease 15 uniwversally fatal,

A sudden increase 1n the leukocyte count with the appearance of many
immature cells in the blood stream 15 of grave sigmficance, A sudden drop in
the count is also serious, The omset of bleeding sendencies adds to the gravity
of the prognosis Patients with lymphocytic leukema are more susceptible
to infections than are normal indn iduals so that an ntercurrent infection is
often the terminal event. In some mstances, however, an mfectious process
has apparently minated a remission 1 the disease.

Diagnosis

The diagnosis of chronic lymphocytic lenkemn 15 easily made n the
presence of the typical blood picture. The greatest difficulty 15 encountered
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in those patients in an aleuhemic phase. A Iymph node may be removed for
histologic examination when the blood picture is not diagnostic. A few con-
ditions, such as infectious mononucleosis or an infection accompanied by an
abnormal lymphocytic response, may occasionally simulate the blood prcture
of lymphocytic leukemia.

Treatment

Irradiation is the most effectve form of therapy in chronic lymphocytic
leukemia. The subjective improvement which follows irradiuon of the
spleen and lymph nodes is sometimes striking. The sense of fatigue and weak-
ness disappears. There 13 a reduction 1n the basal metabolic rate with relsef
from the symp of hypermetabolism. The decrease i the size of the
liver and spleen relieves the patient of the sense of weight and pressure
which may have been present from these organs. The leukocyte count can be
brought to the desired level by irradmtion therapy, but there is no direct
correlation between the height of the count and the severity of the symptoms
so that a reduction in the count does not in itself give subjective improve-
ment. When large masses of lymph nodes are producing pressure symptoms,
roentgen ray therapy will reduce therr size and relieve the pressure.

There is no need for 1rradiation therapy in many of the very chronic cases
which are practically asymptomatic

The response to rradiation 15 far betrer 1 the early stage of the disease,
both subjectively and in respect to reduction m the size of the nodes. The
response 15 less marked with each subsequent trearment.

Care must be taken not to reduce the leukocyte count to dangerously low
levels as Jeukopeniz may easiy be produced. The leukacyte count must be
followed closely during the course of therapy and the treatments discon-
tinued before it has reached normal smce 1t continues to fall for a short time
after the trearments have been stopped.

The duration of hife 1s probably not much prolonged by iradiation th.cr-
apy, but it temporarily relieves many of the symptoms and decreases the size
of the glands so that pressure symptoms disappear. It may slow the progress
of the disease to some extent and convert 2 subacute course into a more
chronic form. The mdicauon for this form of therapy 1s not so much the
height of the leukocyte count as the presence of wcakness, fatigabilicy, loss
of weight, progressive anemia, or a marked Iymphadcnopnth'\:. i

Irradiation sickness occurs n a large percentage of the patients recerving
this form of therapy and 1s especially severe when it 15 applied to the hver,
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spleen, or other abdominal organ, It may occur, however, with treatment of
any area. The predominant manifestations are anorexia, nausea, vomiting,
diarrhea, and weakness. The duration of irradiation sickness is short after
the treatments are discontinued. '

Irradiation therapy should be stopped if the patient’s condition becomes
worse, especially if loss of weight, profuse perspiration, or progressive anemia
develop. It should 2lso be stopped when a rapidly falling leukocyte count
approaches normal as there is danger of producing a leukopenia. However,
irradiation may be used in a patient who is already in an aleukemic phase of
the disease. The higher the lclikocyte count at the onser of therapy, the
more rapid and greater will be the drop so that in an aleukemic stage there is
but a slow and slight drop in the count.

The recent investigations on the use of radioactive phosphorus and other
substances with aruficially induced radioactivity have given promising results
but do not seem to be as effective as roentgen ray therapy. Lymphocytic Jeu-
kernia does not appear to respond as well to radiophosphorus as either myel-
ogenous leukema or polycythemia vera although prolonged remissions have
been induced. The use of these radioactive substances is still in an experimental
stage. The mtrogen mustards have also been used but the results are less satis-
factory than in Hodgkin’s disease or lymphosarcoma

Urethane (ethyl phenylcarbamate) has been tried experimentally in the
treatment of lymphocytic leukemia and a reduction in the Jeukocyte count
has resulted in some patients but jt does not seem to be as satisfactory in this
condition as 1n myelogenous leukemia.

Arsenic in the form of Fowler’s solution has been used but is not effective.

Transfusions, of temporary benefit in giving symptomatic relief to those
patients with severe anemia, are seldom required in chrome lymphocytic
leukemia except terminally. They may temporarily decrease the hemor-
rhagic manrfestations when the platelets are decreased in number.

No dietary restrictions are necessary. The patient’s activities need not be
restricted except for the limitations imposed by the subjective symptoms.

Acure Myewocunous Louweaars,

Acute myelogenous leukemia is primarily a disease of young adults al-
though it occasionally occurs in infants and children. We found only 3 cases
of acute myelogenous leukerma 1n children under 16 years of age during
the same interval in which there were 61 cases of acute lymphocytic leukemia,
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and Wollstein and Bartlett found only 1 case of acute myelogenous leukemia
to 14 of the acute lymphocytic type. The disease is Iikewise rare in late adult
life although acute exacerbations of chronic myelogenous leukemia may
present a clinical and hematologic picture which is simular to the acute vanety.
The diseasc is two to three times as common in males as in females.

Pathology

In myelogenous leukemia the hematopoietic bone marrow, which is nor-
mally red in color, becomes gray or reddish gray and has a glistening, gelat-
inous appearance. The yellow or fatty marrow 15 encroached upon and re-
placed to a varying degree by the hyperplastic cellular type of marrow. Mye-
locytes and myeloblasts predommate in the histologic picture, Not only 2re
the neutrophilic myelocytes mcreased but the eosinophilic and basophilic
forms as well. In some mstances the number of megalaryocytes is greatly
increased. The erythropoietic elements of the marrow are crowded out by
the proliferation of the myeloid cells, and although normoblasts and other
mmmature cells of the erythrocytic senies are encountered, they do not form
as large a proportion of the cellular elements as 1s normal.

The spleen is enlarged, the size increasing with the duration of the disease.
The most evtreme degrees of splenomegaly are found in chronic, leng-
standing cases rather than 1 acute forms The organ 15 smooth and mainains
1ts normal shape in spite of the increase m size. The conststency varies, being
rather soft i the acute cases but becommng more firm as fibrosis deyelops
The capsule may be thickened and scarred as a resule of the persplenits
which follows infarctions. On microscopic esammnation the normal architec-
ture of the spleen 15 lost, and the organ densely infiltrated with myeloid cells,
myeloblasts predommnaung mn the acute disease and myelocytes or other
more mature forms i the more chronic form

The liver becomes enlarged and shows perivascular infiltration with mye-
loid cells. The Iymph nodes are not enlarged unul the late stages of myelog-
enous leukema although varying degrees of mfiltration with myelotd cells
will be found hustologreally There are varymg degrees of leukerme infiltra-
tions 1n almost all other organs and tssues of the body.

The presence of myeloid cells m the various organs and tissues has been
considered to be an infiltration by cells which have been carried to those
locations by the blood stream but which oniginated in the bone marrow.
This “infiltration” 15 as intense and as generalized in the aleukemic as m the
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leukemic type. A more acceptable explanation for the widespread distribution
of these cells is that there is a plasia of the reticul dothelal cells in
the various organs, a reversion to their fetal potentialities of producing
leukocytes. The reticulo-endothelial cells maintain the potential ability to
form myeloid cells so that leukemia may represent a metaplasia of these
tissues and a reestablishment of their fetal leukopoictic funcuons rather than
an infiltration of the various tissues by blood-borne cells.

Clinical Features

The onset of acute myelogenous leukemia may be sudden or gradual. A
sudden onset 1s usually characterized by symptoms which are suggestive of a
severe infection with fever, chills, profuse perspiration, and possibly sore
throat or other localizing mamfestations Even in those with a less abrupe
onset there is frequently a history of a preceding infection, commonly of the
upper respiratory tract. We have observed several patients in 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 infrequently the first symptom. In many instances the bleeding is

dingly difficule or i to control. Ulceration of the buccal
mucous membrane accompamed by pam, local swelling, and regional lym<
phadenopathy may be the presenting symptom.

In other instances the onset 15 more insidious and is characterized by
symptoms of severe and progressive anemia: weakness, pallor, lassitude, short-
ness of breath, and palpitation. Purpura, painful bones or joints, menstrual
disorders, or gastrointestnal symptoms may be the first manifestation. We
have encountered 3 cases of acute myelogenous leukema in which the first
symptom was a pecubar numbness of the lower jaw,

The symptoms of acute myelogenous leukemia are simlar to those of the
acute lymphocytic type, and the course 15 essennially the same. There is
marked 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 in most instances. The gums are
frequently swollen, edematous, and infiltraced, frequently to the point that
the teeth are completely buried (Fig. 56) This is accompanied by bleeding,
which begins spontaneously or as a result of slight trauma Ulcerations of the
pharynx and buccal mucosa are common, and a necrotic membrane covers
the ulcerated area. The surrounding tissues are edematous and swollen These

bl
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ulcerations may be extremely painful, and the edema of the pharynx may be
so extreme as to cause respiratory difficulty, The necrotic tissue and the
decaying blood in the mouth give an extremely offensive odor to the breath

Deafness may occur as a result of hemorrhage into the middle ear or from
involvement of the bone, Ménitre’s syndrome may sometimes be produced
Hemorrhages in the ocular fundi are usually present, and hemorrhages or
lenkemic infiltrations may occastonally occur in the central nervous systen.

Fig 56 Swollen filrated gums in 2 pauient with acute myelogenous leukena

There may be tenderness and pam n the bones, especially in the sternum
and ribs, but pamnful jomts are more frequent m acute fymphocytic leukemts
than in the myelogenous form Attacks of abdormmnal pain may suggest acute
appendicitis or intestinal obstruction.

The spleen 1s enlarged to a moderate degree mn acute myelogenous leukemia
but does not become as large as in the chromc cases nor is it as firm 1 con-
sistency. The liver may be shightly enlarged but there 1s no lymphndenapﬂfh)"

Roentgenologic exammation may show erosion of the cortex of the bones
or fine perpendlcular 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 a sclerotic reaction. Roentgenalogic changes in the bones are



Lenkemia 331

prone to occur in younger patients, but considering the extensive medullary
involvement, it is surprising that such roentgenologic evidence of bone in-
volvement is not more common

Blood Findings

The total leukocyte count in acute myelogenous leukemia is variable, fre-
quently being around 100,000 or 200,000 but occaslomﬂy as high as 1,000,000
or more. The tota} count is sometimes normal or low, but an aleukemic
reaction s rarer in acute myelogenous than in acute Iymphocytic leukemia.

In the leukenue form, in which there is an elevated leukocyte count, the
predominant cells on the blood smear are the myeloblast and myelocyte, The
more acute the disease, the higher will be the percentage of myeloblasts.
Vatiable numbers of the more mature cells of the myeloid series are present,
but mature cells with segmented nuclei are not numerous in the acute form.
A majority of the myelocytes are of the nentrophiic type although eosin-
ophilic and basophilic myelocytes appear, occasionally to the point of pre-
domnating in the differentiol count. Such cases have been designated as

inophilic or basophilic leuhemia although they are merely a variety of the
myelogenous form The structural characteristics of the myeloblast have
been discussed. As was pointed out, they are so sumilar to those of the lym-
phoblast that it is difficult to disunguish between the two There are usually
a sufficiently Jarge number of myelocytes and metamyelocytes present to
mdicate the type of blast cell with which one 1s dealing.

In the subleukemic phase the total leukocyte count 1s normal or low, with
a smaller percentage of immature cells Some evidences of immatunty of the
cells will always be found. In the aleukemic form only careful search wiif
find the estremely few mmmature cells 1n the peripheral blood stream,

A progressive anemia 15 ck istic of acute leuk and is usually
severe by the time the disease is recognized. It 1s steadily progressive and
becomes severe in the terminal stage The color index remamns about normat
bur may be shghily lowered

The platelets are usually decreased n number i acute myelogenous Jeu-
kemia and may almest completely disappear from the blood stream. The
other laboratory features of thromboperuc purpura appear (positive con-
strictor test, prolonged bleeding ume, and a nonretracule clot), and hemor-
thagic features develop m the climical picture

The phagocytic power of the leukocytes in patents with leukemia 1s
diminished, and the cefis are more fragile than normad In rare stances the
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myelocytes or promyelocytes contain small red rod-shaped bodies m their
cytoplasm which are termed Auer bodies. These rods may occur singly, of
there may be several in the cytoplasm of one cell. They arc oxidase positive
and are most frequently encountered in very acute cases and in chloroma
The naturc of the Auer body is unknown.

Sternal puncture reveals a marrow which is exceedingly hypercellular with
a predominance of myeloblasts. The proportion of cells of the erythrocytic
series is markedly reduced.

Course

The course of a2cute myelogenous leukemia is steadily dow nward, -
though infrequent remissions may occur. Those patients in whom there isan
abrupt onset of the disease are apt to have a very rapid course. The duration
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 symptoms. The caust
of death is variable. The terminal stage may be characterized by a progressive
anemia with weakness and prostration, or death may resule from an inter-
current infection or hemorrhage The disease 15 always faral.

Diagnosis

The diagnosis of acute myelogenous leukemra 1s based primarily upon the
blood preture, which typically 15 suffictently charactenstic to Jeave lirdle
doube as to the disease Sometimes, the cells 1n the peripheral blood cells al:_E
so immature that it 15 difficult to distunguish this type from the lymphocytic
Or monoCytc variety, and many such cases have been dmgnnscd 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 aleukemic state In aplastic
anema the spleen 1s not enlarged, immature leukocytes are not present in the
blood stream, and nucleated erythrocytes and reuculocytes are seldom en-
countered. Aspiration or biopsy of the sternal bone marrow may be neces-
sary to distinguish berween the two diseases .

Thrombopenic purpura 1s usually present i acute myelogenous l:uk.emm
and this must be differentiated from the idiopathic form. The anemia of
idiopathic thrombopenic purpura 1s no more severe than can be accounted
for by the hemorrhage and 1s not progressive n the absence of blood 105§'
A m(;dcratc leukocytosis may occur as a result of hemorrhage but the evi-
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dences of immaturity of the cells are not marked, Examination of the blood
smear usually sufices for differentiation withour recourse so srernal puncure.

Agranulocytosis may be suspected in the aleukemic phase of leukemi
but it is not panied by anemia, th b or hemorrhage, and im-
mature cells are not present.

Leukemoid reactions resulting from infections or other conditions may
simulate acute myelogenous leukemia Evidences of the primary disease will
be present, however, to serve as 2 distinguishing point in most instances.

Acute exacerbations of a chronic myelogenous leukemma will present symp-
toms and findings simular to those of the acute variety, but the history of
previous episodes will usually suffice to distinguish the two., The spleen is
usually farger in the chronic form than in the acute cases but this charac-
teristic is not distinctive enough to serve 3s a differential point.

Treatment

There is no form of treatment that is of definite value in acute myelog-
enous leukemia. Roentgen ray therapy is apt to be more harmful than bene-
ficial because of its tendency to increase the basal metabolic rate, which is
already !\igh, and also because of the srradiation sickness which it engrafts
upon the constitutional symptoms already present. In rare instances it may
give some temporary relief but it is contraindicated in most cases

Transfusions may decrease the hemorrhagic tendency but seldom stop it
entirely. Although a transient subjective improvement in those symptoms
which are due to the anemia may be noted after a transfusion, the effects are
of short duration Transfusioris are of litle use,

Aminopterm and other folic acid antagomsts may produce a temporary
remission with both the marrow and the penpheral blood rewrning to near
normal The results are transient The drugs are extremely tovic and sull n
an experimental stage.

Crroxic MyYELOGENOUS LEUKEMIA

Chronie myelogenous leukerma 15 a disease of middle adult hfe with the
peak of its incidence occurning during the third and fourth decades, It is
rarely encountered 1n children and is infrequent m very late adulc life. It not
only is more than acute leuk of either the myelog or the
lymphocytic type but in a large series of collected cases has been found to
be the most frequent of all the Jeukemuas Tt 15 sbout twice as common in
males as in femnales.
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Pathology

The pathologic features of chronic myclogenous leukemia are similar to
those of the acute form. The enlargement of the spleen is greater, the con-
sistency of the organ is more firm, and the capsule is thicker. The hems-
topoietic bone marrow is gelatinous in appearance and yellowish or pinkish
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Tic. 57. Photograph of a scction of normal bone marrow from the shaft of the femur.
(Forkner, Leukemiz and Allied Disorders The Macmullan Company )

gray in color. This cellular portion of the marrow is more extensi ¢ tha;
normal and has encroached upon that portion which 1s ordinanily occupret
by yellow or fatty marrow, The displacement of fatty marrow is more \wd:
spread in the chronic than 1n the acute form of the disease. The bone m;;
row on microscopic examination 1s found to be extremely cellular, and the
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predominant cell is the myelocyee although the more immature myeloblasts
as well as cells in all stages of development may be found (Figs 57 and 58).
In certain instances erythropoietic hyperplasia is a striking feature. In others
the megakaryocytes are particularly numerous. Eosinophilic myelocytes are
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Fic. 58 Photograph of hyperplastic bone matrow from a case of my elogenous leuhemia
(Forkner, Louhemia and Aflied Disorders The Macmillan Company )

sometimes very promunent jn the hstologic picture although the neutro-
philic variety is usually the predommnanc type Myeloid infiltration or meta-
plasia is extensive m the spleen and liver and occurs to a vanable degree in
other organs and ussues The question as to whether the great numbers of
myeloid cells in extramedullary locations oceur as a result of mfiltrstion
of blood-borne cells or because of metaplasia and reversion of the reticulo-
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endothelial tissues to their fetal function of cell production is debatable. It
appeats that the reticulo-endothelial cells retain the potential ability to form
blood cells and revert to this function in myelogenous leukemia. Any organ
or tissue may show these myeloid changes, but they are particularly strih-
ing in the organs which are rich in reticulo-endothelial tissue. However, the
lymph nodes are nor significantly involved until the late stages of the dis-
easc. The blood capillaries throughout the body are filled with myeloid cells,
and there are linear or nodular collections outside the vessels.

An actual infiltration of the myocardium is occasionally encountered.
An extensive infiltration of the lungs is sometimes present, The ovaries are
not infrequently enlarged and show extensive cellular infiltration. The kid-
neys, adrenals, and other organs may be invaded. Hemorrhages into the
various organs and under the serous surfaces are common in the late stages.

Clinical Features

The onset of chronic myelogenous leukema is characteristically slow and
insidious so that by the time a physician is consulted there may be 2 history
of mild symptoms dating back a year or more. The most common mode of
onset is a gradually progressive weakness, tiredness, and easy fatigability
whereas ather patients first nouce a sense of weight and dragging m the left
upper quadrant of the abdomen wlich results from the greatly enlarged
spleen. A firm mass may be fele in this region by the patient before any
symptoms are noticed.

During the course of the disease a wide variety of symptoms may appear,
none of which are pathognomonic of myelogenous leukemia. Since the course
is charactenized by remissions and exacerbations, the intensity of the symp-
toms will vary from time to time. Weakness, loss of strength, fatxgabih.ty.
listlessness, and a gradual loss of weight occur in all cases, but thewr severicy
and the rapidity of their progression are varrable. A progressive anemua 15
associated with the disease so that shortness of breath on exertion, pallos,
tachycardia, and palpication will be noted by many of the patients.

The gastrontestinal symp are likewise pecific in character. Many
patients complain of a sense of fulness and distention, frequently of early
satiety so that their hunger 1s appeased by small amounts of food, and they
feel distended and umable to fimsh a meal. Nausea, vormting, and gaseous
eructations are occasionally noted although they are not apt to be (roul.)lC-
some until the late stages of the disease, The abdominal and gastmintesuml
symptoms are surprisingly mild i many patients 1n whom the spleen 15 s0




Leukemia 337

enormously enlarged that it would seem it should interfere more seriously
with the functions of the other viscera.

Bleeding tendencies are prone to occur in the terminal stages of this dis-
ease. There may be severe hemorrhages from any mucous surface with
epistaxis, melena, hematuia, or uterine hemorrhages. Bleeding from the gums
as a resule of slight trauma is very common even in the early stages, and
many patients have noted that they have bruised easily for months or years.
These slight bleeding tendencies are not necessarily associated with throm-
bopenia. Small hemorrhages are usually present in the ocular fund, and oc-
casionally extensive bleeding results in a loss of vision. Hemorrhage into the
internal ear may cause deafnesy Menorrhagia and other menstrual distutb-
ances are not infrequent.

The enlarged spleen frequently cawses a fecling of weight and fulness in

the abdamen and may be the seat of severe, sharp pains which are inten-
sified by respiration and are accompanied by a friction rub. These are due
to infarctions of the spleen with a resultant pensplenius Although many
patients do not experience this distress, 1t occurs repeatedty in others.
Pain and soreness of the bones is a not infrequent complaint in myelogenous
leul It is most by ed over the lower sternum and
tibs, but there may be transient and severe pams over any of the bones.
Tenderness on deep pressure may o may not accompany the pain.

The basal metabolic rate is elevated, but the degree of elevanion varies
from time to time A markedly raised metabolic rate 15 present durmg the
acute exacerbations and is accompanied by profuse sweatng, weakness, tachy-
cardia, and intolerance to heat. A low grade fever may accompany the dis-
¢ase. Duning the acute phases the temperatute may reach 103 or 104 F.
Fever is a far less conspicuons feature in chronic than m acute myelogenous
leukemia. 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 earduac mvolvement.

Physical Examination

The spleen becomes markedly enlarged, its size depends to some extent
on the duration of the disease. It not mfrequently extends below the brim
of the peluis and far to the nght of the nudhine of the abdomen. It is very
firm m consistency but mamntams 1ts normal configuration with a sharp
medul border in which one or two notches may be felt. Occasionally «t
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causes a bulging of the abdominal wall below the costal margin. More fre-
quently there is no visual evidence of the enlarged organ or only 2 shght
fulness in this region. The size of the spleen may vary from time to time
with the exacerbations and remissions of the discase or it may decrease dur-
ing an intercurrent infection. The spleen may be tender, especially after in-

Fic. 59 Retnz i a pauent with acute myelogenous leukemia showing some edema of
the nerve head, engorgement of the vessels, and extensive hemorrhage

fraction has occurred There have been a few instances recorded m which
there was no demonstrable splenomegaly.

The lwer 1s enlarged 10 most pattents, but this 1s less constant and lc.ss
pronounced than the splenomegaly. The lymph nodes are not enlarged in
the early stages of the disease, and most cases run their entire course without
evident nvolvement. A few pattents develop generalized lymphndenopathy,
usually in the termunal stages This signifies 2 generalized and extenstve mye
Joid infiltration, In rare a marked lymphadenopathy has been en-
countered in the early stages.
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Retinal hemorrhages arc often encountered, usually small round or striste
lesions which occasionally have a whitish center. Engorgement of the blood
vessels is common, and edema of the nerve head occasionally occurs. Levke-
mic retinitis with feukocytic infiltration into the retina and along the course
of the vesscls may also be present (Figs. 59 and 60). Méniére’s syndrome with
deafness and vertigo may accompany hemorrhage into the labyrinth. Ascites
is infrequent in myelogenous leukemia.

Fic. 6o Retna from a patient wich myelogenous leukemia showing venous engorgement,
tdema of the nerve head, and small hemorrhages.

Purpura is of common occurrence, but leukemic infiltrations of the skin
are far less common in my elogenous than 1n lymphocyuc leukemia. When
they occur they are usually small, flar, papular lesions with a dull reddish
color (Fig. 65). They are of grave significance as they ordinarily appear
only mn the terminal stage. Lesions of the central nervous system are rare
except for instances of cerebral hemorrhage.

Leukemc infiltration of the gums is frequent dunng acute exacerbations



340 Hematology

. . . f the
FiG. 62. O: motthag, and dicular spicules of bone outside O
eriosteum as found i & patient with aleukermic myelogenous leukemia (Baldridge and
Fowler, Areh 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 bury the teeth.

Although the urine shows albumin and casts, the remal function is not
seriously impaired. Bence Jones protein is occasionally found in the urine.
The excretion of uric acid is increased during the active phases of the dis-
ease, and the uric acid content of the blood may become elevated. Gour has
been dasa plication of leuk and r fons of the leu-
kemia have been observed to coincide with exacerbations of the gout. The
blood cholesterol 1s frequently subnormal.

FiG 63. Roentgenogram of the hand of the same patient whose hoee s showp 1 Figure 6.
The perpendicular sprcules on the pal bones are very prominent.

. Roentgenologic alterations in the skeletal system are encountered rather
infrequently 1n chromc myel leu} Some § of Jocalized
coruical destruction, mottling of the bones, and generalized osteoporosis have
been noted (Figs. 62 and 63). Wolf found 7 patients with osteosclerosss in
which the blood picture was that of myelogenous leukema.

Blood Picture

The total leukocyte count is extremely varable in chronic myelogenons
Teukesnia, In the usual case it is several hundred thousand but not infrequently
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it reaches 1,000,000 or more, Occasionally the leukocytes outnumber the
erythrocytes. In an individual patient the count will fluctuate within wide
limits in short periods of time and may drop to normal values spontancously,
as a result of an infection, or as a result of therapy. Spontangous and per-
sistent aleukemic phases are not infrequent so that the total leukocyte count
is not of great significance in the prognosis except that a sudden increase or
decrease is frequently a terminal event. An unexplained Jeukocytosis is the
carliest manifestation of the drsease in many, if not all, of the cases.

Fic 64 Photomicrograph of blood smear from a case of myelogenous leukerma show-
ing a group of myeloid cells ranging m maturity from a myelocyte to a segmented neutro-
phil One nucleated erythrocyte 1s present

In the differential count the predominant cell 15 of the myeloid or grant-
locytic series. All degrees of immaturity will be found (Fig. 64). The more
acute and rapidly progressive the disease, the higher will be the percentage
of immature cells. Mycloblasts are present during acute exacerbations but
in slowly progressing and relanvely quiescent stages they are infrequent
Myelocytes are the most characteristic cells. These may comprise from 10 ;0
go per cent of the leukocytes, the higher values occurning m the more rap;d y
progressive cases. Metamyelocytes and nonsegmented polymorphonuc:lf
neutrophils are also present In varying numbers. In very chronmic cases the
mature neutrophils and band ncutrophils predomnate on the smear, but as
the disease increases acuity these give way to more 1mm?mre form;-

Neutrophilic granulocytes predominate in most cases, but cosinophils an:
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basophils may appear in large numbers either as mature or as immature forms
When high percentages of these cells appear, the disorder has been desig-
nated as cosinophilic or basophilic leukemia although it is merely a variant
of ordinary myelogenous leukemia in which these cells rather than nentro-
phils predominate. Eosinophilic myelocytes are encountered in any case of
myelogenous leukemia and are a valnable point in distinguishing myelogenous
leukemia from a leukemord reaction due to infection since eosinophils dis-
appear from the blood stream in the presence of infection.

The percentage of lymphocytes is decreased, and but few monocytes are
encountered. Care must be taken to distinguish lymphocytes from small mye-
foblasts {micromyeloblasts), and the monocytes must be distinguished from
certain stages of the metamyelocyte. The blood smear of myelogenous leu-
kemia presents an interesting and variable picture with cells in 2l stages of
development appearing in the blood stream and all types of granules oceur-
ning in 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.

Anemia is 2 constant feature of myelogenous leukemia, being mild at first
but gradually progressing to a severe grade in the termmnal stage. The color
index is normal or slightly low, and only in the late stages of the disease do
the erythrocvtes appear unusually pale. Nucleated erythrocytes are com-
monly encountered on the smear, often appearing in showers.

The platelets are sometimes increased m number in the early stage but
usually become markedly fewer as the disease progresses so that hemorrhagic
features are common. Many large platelets are found in myelogenous leun-
kemia. These may contain unusually large dark gr:mulauons.

Aleuk myelosis or isa frcq\lently
encountered form of the disease 1n w l'uch the total leukocyte count is nor-
mal or low and immature cells are almost completely absent from the peri-
pheral blood This aleukemic phase may be temporary or permanent bur is
more cormon 1n the acute than in the chrontc cases. The chnical features and
the course are the same as 1n the leukemic type although roentgenologic
changes in the bone and mvolvement of the skin appear to be more frequent.

The bone marrow obtained by sternal puncture reveals a hy; percelltularity
as m the acute type but the cells are somew hat more mature The bone mar-
row presents the same findings i both the leukemnic and aleukemic forms.

Diagnosis
The diagnosss of chrome myelogenous leukenna 1s casly made m the
typical case as the blood smear is characteristic. An elevated leukocyte count
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with varymg numbers of immature cells or an abnormal leukocytic reacton
to an infection may precede the splenomegaly by many months. In such
cases the disease must be differentiated from various types of leukemoid
reactions.

The aleukemic form presents more difficulties in diagnosis, particularly in
distinguishing it from aplastic anemia. The progressive anemia which does
not respond to therapy, the splenomegaly, and an occasional smmature
myeloid cell 1n the pertpheral blood are the principal features. Sternal punc-
ture or biopsy may be necessary to establish the diagnosis.

Course and Prognosis

The rapidity of the course 1s extremely variable so that the disease may
last for months or years. There are usually spontaneous remissions and r¢-
lapses. The number of immature cells in the blood drmnishes during a re-
misston, and there is 2 remarkable subjective improvement which may last
for months. Ultimately a relapse occurs and with this an accentuation of ali
the symptoms. As an acute episode develops, more immature cells appear
in the blood stream. We have encountered many instances in which nfection,
trauma, or ever the extraction of a tooth has been the factor initating an
acute exacerbation Such features have also been found to precede the imvial
onset of the disease.

Pregnancy should be avoided by women with myelogenous leuk:nllil
since a severe relapse may be initiated by this condition, Most pregnancies
terminate 1n premature Jabor, but m most mstances no cvidences of leur
kermia have been found m mfants born to a leukemic mother.

The disease 15 mvariably fatal, the average length of Life 15 from three t¢
four years. Rare mstances 1n which the disease has been present for fifreen
to twenty years have been recorded

‘Treatment
Irradiation
The most widely used and most satisfactory method of treatment 15 1t~
radiation. There is no umform procedure for its use, and roentgenologists
differ widely on the subject of proper voltage, amperage, and length of ex-
osure. There is 2 diversity of opiton also as to the areas which should be
irradiated. Some advise treatment only to the spleen. Others irradiate bones,
and chest or use a form of spray therapy to the entire body. The
rily treated from the anterior, posterior, and lareral aspects
hod) with adequate filters to protect the overlying skon

spleen,
spleea s ordina
(cross fire met
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Irradiation of the bones must be used with caution since it may affect the
erythropoictic tissues and so aggravate the anemia which is constantly asso-
ciated with the discase, Irradiation of the entire body, with only the head,
neck, and genital organs protected, has been used with gratfying results.
This requires rather small but frequent exposures. The numerous treatments
and the frequency of irradution sickness are objections to the procedure.
The results are onfy pafliative and temporary regardiess of the method of
irrachation. Jt is doubrful if irraduation with exeremely high voltages has any
great advantage over that using Jower voltages.

The response to irradiation varies from one person to another. The pa~
tient should be under close observation during the entire caurse of therapy
and have daily leukocyte deternunations. The leukocyte count can be re-
duced very rapidly by this form of therapy and continues to fafl for several
days after therapy has been stopped. Treatment should be discontinued
before the count reaches normal as a severe leukopema may otherwise de~
velop The most rapid reduction in the lenkocyte count oceurs mn those pa-
uents with the lughest imnal count The higher the percentage of ymmatare
cells, the more rapidly will it fall. A refatively low imtial count or an alen-
kemic state is not 2 contraindication to therapy aithough a rapud decrease to
1 near normal level from a previously igh level is an mdicanion for cessation
of trearment. A sigmificant fall m the hemoglobin and erythmcyu: levels
during the course of therapy 1s also an indication to stop the jrradution as
is a marked increase in the basal metabolic rate or the appearance of large
numbers of nnmature cells

The best response to 1radation is obtained dunng the firse exposure, and
progressively less effect is 1o be expected with subsequent therapy. Even the
first course of treatment in some patients does not give satisfactory results
A favorable response produces a reduction of the leukocyte count to a point
approaching the normal level and a reduction in the number of immature
cells i1 the bload. The spleen recedes, in some instances a spleen which has
extended to the brim of the pelvis may shnnk beneath the costal margin
Comncident with these changes there is a marked subjecuve improvement
aad & return of strength, @ loweriag of the metabalic rate and a gain in
weight The duration of the remussion varies with the acuity of the disease
so that it may last for only a few weeks or may persse for years. Subsequent
therapy should be given when the patient’s symproms rerurn and should not
be governed entrely by the leukocyte count. Increasing weakness, progres-
swe enlargement of the spleen or liver, and increasing metabolic rate should
be considered as ndications for further therapy as well as a nsing leukocyte
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count. Roentgen 1ay therapy produces a beneficial resuly in a very high per-
centage of the patents. Compatisons between a series of treated and un-
treated patients show that this form of therapy prolongs their Iives as well
as producing a marked subjective improy ement. Minot, Buckman, and Isazcs
found that the duration of efficient life was 30 per cent longer in treated
than in untreated patients.

Irradiation is not indicated 1n all pauents with chronic myelogenous Jeu-
kemia. Ina few extremely chronic cases the symptoms are shght or negligible
in spite of rather high leukocyte counts, and in such patients it is advisable
to withhold therapy until the symptoms becorme more severe, Such cases are
less common in chronic myelogenous than 1n chronic lymphocytic Jeukemia

Irradiation sickness occurs n most instances in which intensi ¢ therapy 1
given over the spleen or liver. Irradiation of the bones is less apt to cause
severe illness. Many measures and many drugs have been used to prevent 0
lessen this sickness, but none are successful.

When radium has been used in place of roentgen ray therapy, the results
have been sinmlar, but its use has been largely superseded by the roentgen
ray. Radiophosphorus has been used effectively 1n the treatment of chronic
myeloid leukenma and satisfactory remussions have been produced by this
means although repeated transfustons may be necessary because the P3? delays
the production of erythrocytes as well as leakocytes. Although the radio-
phosphorus may be given orally, 1t 1s usually given intravenously and repcmd
as frequently as necessary. It 15 given in the same manner as in polycythemia
vera (see p 267). It does not mduce 1rradiation stekness bue the results do not
appear to be any better than those obtamed with roentgen irradiatron.

Urethane

Expenimental work has shown that ethyl phenylcarbamate and its derva-
tives exert a profound effect on the mitotic cycle of plant and animal cells. &
suppressive action on the growth of certan bactena, protozoa and plant and
animal tissues has been noted and as a result the effects of these drugs have
been studred 1n patients with certamn forms of malignancies, They were found
to produce a fall in the Jeukocyte count i such patients and were therefore
used in the treatment of leukemia The palliative effect has been very great
in many cases although it 15 temporary and the patients have not been fol-
lowed for a long enough period of time to evaluate the results _satisfacmrl.lz’;

ferential pntt-crn approaches normal. The hemoglobin level tends to rise anw
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the spleen becomes smaller. There 1s a complete lack of response in some in-
stances whereas in others a dramatic improvement results.

In lymphocytic leukemia the lymph nodes and spleen regress in size and
the leukocyte counc drops but the results are apparently less satisfactory chan
w myelogenous leulemia,

There 1s no indication that urethane 15 of permanent benefit in the leukemias
nor has 1t been determined how long these remissions can be maintained. The
use of this drug is in a purely expenimental stage.

Obter Therapeutic Measures

‘The mitrogen mustards have been used in myelogenous leukemia but the
results are not as satisfactory as those obtained with roentgen irradiation.

Arsenic in the form of Fowler’s solution has been successfully used both
alone and in conjunction with irradration therapy. It is best given con-
tinuously m small doses, beginning with 2 small amount, gradually increas-
ing unul evidences of toxicity appear, and then dropping to the small initial
dose for continuous administration

Benzol has been used but is dangerous, and the results are not as satisfac-
tory as those obtained by irradiation or arsenic.

Thiouracil, which may produce agranulocytosis, is of no value in the treat-
ment of leukemia even when given in very large amounts.

Transfusions of whole blood are effective m improving the panent’s gen-
eral condition and in rebeving many of the subjective symptoms which ac-
company the anemia. The effect is transient, but they may prolong life in
the terminal stage, hemorrhagic manifestations may be lessened, and the
relief of the subjective manifestations may be striking. It is unwise to rou-
tinely transfuse all leukerme patients in the termmal stage of the disease, but
the judicious use of transfusion 1n some cases is advisable.

The general measures for treatment include 2 high caloric and well bal-
anced diet to maintain the patient’s strength and nutritional state. The re-
striction of the patients’ acti ities should be commensurate with their symp-
toms. They may be as active as their strength permits but should not tax their
endurance beyond reason There 1s no effective treatment for the accompany-
g anemia except the use of transfusions,

Movocyric LLukesua

There has been 2 great deal of confusion in the literature regarding mono-
cytc leukema, Much of it has arisen because of the differences of opinion
which exist with regard to the origin of the monacyte. Recent studies sup-
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port the idea that monacytes represent a separate series of cells and that
monocytic leukemia is a clinical entity entirely separate from myelogenous
and lymphocyuc leukemia. If this view is correct, it is unnecessary to separate
monocytic leukemia into the Naegeli and Schilling types, as 15 occastonally
done, to indicate that the case in question is a modification of myelogenaus
leukemia (Naegeli type) or strictly monocytic in origin (Schilling type).
The terms reticulosis and reticulo-endotheliosis have also been used synony-
mously with monacytic leukemia.

Monocytic leukemia 1s less frequent than ejther myelogenous or lympho-
cytic leukemia, representing only about 5 per cent of all cases of leukerma
It may occur at any age and has been reported in patients as young a5 1t
months and as old as 78 years. In our experience it has been more commﬂ'ﬂ
in adults during the fifth and sixth decades of life and is more frequent in
males than in females Tt occurs in acute and chronic forms and may be leu-
kemic or alevkermic m regard to the toral leukocyte count. In this clinic the
acute leukemic form has been by far the most common.

Pathology

Extensive leukemic mfiltration of all organs, particularly of the sp‘lcen ﬂfd
Iymph nodes, is found at autopsy. The predominant cell in the histologic
picture 1s the monocyte. A widespread hyperplasiz of monocytic cells 5
found in all connective tissue, and there is hyperplasia of the endothellu.m in
the liver, spleen, Iymph nodes, and bone marrow. Myeloid hyperplasia of
the bone marrow 15 encountered in some cases,

Clinical Features

The clical preture of monocytic leukemia is similar to that of other types
of leukemia in most respects. There 15 a progressive anema with the usual
symptoms related thereto such as weakness, fatigability, shortness of breath,
and palpication. The metabolic rate 1s mereased Profuse perspiratton, lo-SS
of weght, fever, and tachycardia are promunent symptoms Hemorrhagic
mamfestations occur m most mstances. .

Swollen, spongy gums are encountered more frequently in monocytic than
in other forms of leukemia. Another outstanding clinical feature 15 the ne~
crotic ulceratton which so frequently occurs m the buccal cavity and m the
pharyny. The ulcers are sharply demarcated necrotic lesions which are fﬂl';
rounded by an extensive edematous infiltrated area with little or no pury “;1
material. The swelling 1n these areas may be great enough to interfere WII
breathing or with swallowing The regional I_vm})h nodes may be cx(ens'l:}:?iz
involved so that a large firm indurated mass will be apparent either ws
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the mouth and pharynx or presenting externally in the submaxilfary region.
Incision of the indurated area hberates only a small amount of serosan-
guineous materal rather than pus. These lesions may be extremely painful.

Skin lesions also occur in a higher percentage of patients with monocytic
leukemia than with the other types. There may be a diffuse exanthematous
eruption with small macules and papules which become slate blue in color,

Fic 65 Leuhemic nfitrauons of the shin in a pauent wxth monocytc leakemsa.

or the lesions may be large subcutaneous nodules which are firm, not tender,
and of a dull reddish blue color (Fig 63). These may be so numerous as to
be almost conft and are especially on the extremities Small
puscalar-like lestons may also appear They are usnally trznsient, do not con-
tam pus, and disappear without coming to a head. Microscopic examination
of the fesions shows a leukeme mfiltranon i the deeper layers of the skin.
When 1rradiavion 1s apphed there 15 a rapid dsappearance of the lesions
Pain in the bones and joints has been noted, and transitory migrating pains
of a “neunac” type have been encountered in a few patients No adequate
explanation has been found for these.
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) The lymph nodes may or may not be enlarged. Palpable nodes were noted
in only 77 per cent of the collected cases according to Osgood. The enlarge-
ment of the nodes, when present, js usually of moderate degree and not as
extensive as that encountered in lymphocytic leukemia. The spleen is always
found to be enlarged at autopsy, but this enlargement may not be sufficient
to palpate during life or to appreciably increase the area of dulness. It seldom
extends more than 2 or 3 em. below the costal margin, The liver is usually
enlarged bue seldom excessively, A diffuse perivascular infiltration of the
lungs may accasionally be detected on roentgenologic examination.

e . ~
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Fic. 66 Photomicrograph of a blood smear from a case of monocyuc leukemiz showing
four immature monocytes with wrregular folded nuclet

Blood Findings

A progrcssive anemia 1s encountered which becomes extremely severe in
the terminal stage of the disease, The number of platelets 15 decreased m the
late stages.

The total leukocyte count vartes within wide humits. In 124 reported cases
Osgood found that 1t ranged from 660 to 461,000 with an average of 99600
There were 3 cases with persistent leukopenia and 6 which showed a leuko-
penia at some time during the course On the smear the charactenstic cell
is the monocyte, W hich 1s found in varving stages of immaturicy (Fig. 66).
Monocytes comprise a large percentage of the leukocytes with the more
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acute cases having a higher percentage of immature forms. Blast cells, in-
distingwishable from mycloblasts and lymphoblasts by their strucrural fea-
tures, are present in small numbers, but in a majority of the cases the most
numerous cells are those of the promonocyte stage of development. These
are Jarge cells with a basophilic cytoplasm containing many fine red dust-
Uike granules. The nucleus is large and irregular in shape and appears to be
lobulated. The chromatin nerwork is so loose meshed that the nucleus is
semitransparent and appears to be folded on iself since, because of the
transparency, the outline of the underlymy folds can be seen through the
upper layer (Fig. 67). All shapes and configurarions of the nuclens can be
found, and nucleoh are frequent. Typical mature monocytes are likewise
found in increased bers, A few myclocytes are often ed. As
in the other feukemias the acute forms have a high percentage of immature
cells in the blood stream and the chronic forms fewer immature but more
mature monocytes In the aleuhemic phase immature cells are almost com-
pletely absent and the disease is extremely difficult to recogmize.

The sternal marrow 1n monocvuc leukenua shows a hypercellulanty in
which and p ytes pred The morphology of the
monoblast 15 so snmlar m that of the other types of blast cells that it cannot
be disunguished with certainty and the recogmtion of the disease depends
upon the presence of the more mature forms. These comprise a majonty of
the cells encountered. In no form of Jeukerma 1s the diagnosis so difficult as in
aleukemic monocync leukemia and sternal aspuration must be relied upon for
a diagnosis 1n many instances. The abnormally large number of cells of the
monocytic series, the presence of many cells contaming mitotic figures, and
a depression of the erythropoetic elements are the characteristic fearures,

Diagnosis

The diagnosis 15 based on the finding of immature monocytes m the blood
stream and the presence of a progressive anemia. Monocytie leukemia can
usually be differentiated from myelogenous and lymphocyuc leukemia by
examination of the biood smear, but sternal aspiration or hiopsy of a lymph
node may be necessary in some cases An enormously enlarged spleen favors
a dngnosis of myelogenous leukemia, and an extensive ly mphadenopathy
the lymphucync tvpe Only a moderate or sh"ht degree of splenomegaly
and lymph pathy r monocytc lenk

A leukcmmd reaction of the monocytc type as a result of an infection
1s infrequent but may occur with infections of the gums, especially with
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Vincent's angina We have encountered two cases, with an increased per-
centage of monocytes and few immature monocytes in the blood stream.
The course and prognosis of monocytic leukemia are similar to those of
other leukemias. Most of the cases which we have encountered have been
of the acute type, and Osgood found the average duration of life in 104
cases to be five and one-fourth months. The longest duration was four years
It appears that there is a greater tendency for this form of Teukemia to be
acute rather than chronic in its course. The disease is universally fatal.

Treatment

There 15 no sansfactory form of treatment. As in other acute leukemias
irradsation is apt to do more harm than good although irradiation to the areas
in the mouth which are the seat of necrotic ulcerauon and infiltration may
relieve the swelling and pain and give considerable subjectve rehef. This
does not influence the course of the disease. In the chronic forms irradiation
by the spray techmique 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 comfortable as possible,

CHLORONM A

Chloroma is a variant of acute myelogenous leukemua which is charac-
terized not only by a leukemic blood picture but by the presence of invasive
tumor-like growths of myeloid ussue. These growths wsually arise from
bones, most frequently from some part of the skull, but may occur m other
organs and tissues. A greenssh color 1s apparent on the cur surface of the
fresh specimen, and 1t is from this color that the name “chloroma” is de-
rived The green color disappears upon exposure of the ussue to air although
It may be restored by moistening the specimen with hydrogen peroxide.
The disease 15 more common in males than in females and occurs predom-
inantly 10 children and young adults.

The blood picture of chloroma 1s that of an acute myelogenous leukemia.
Only occasionally does 1t suggest the chromic form of the disease. A majonity
of the cells encountered on the smear are,myeloblasts and myelocytes, and
only a few are mature cells We have observed one patient in whomn Auer
bodies (small red-staining rods) were present m 50 per cent of the cells, a
majonty 1 the promyelocynic stage without specific granulations.
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The general symptoms are those of any acuce form of leukemia with
weakness, fever, palpitation, elevated basal metabolic rate, loss of weight, and
a progressively downward course.

The tumor-like masses of myeloid cells have a special predilection for aris-
ing from the bones of the skull, the sternum, ribs, and vertebrae and m
these Jocations produce symptoms by their pressure on various structures.
Exophthalmus is a common feature of the disease when the bones about the
orbit are involved. The inner ear or the eighth nerve may be affected when
the temporal bones are involved; deafness may result. The tumors are usually
multiple and have a tendency to invade the periosteum and dura so that many
neurologic complications may result from crantal or vertebral lesions. There
may be pain, paralysis, or weakness of the cxtremities, ncontinence, and
evidences of myelitis or of mvolvement of the crantal nerves. Periosteal swell-
ing may occur in any bone. Osteoporosis 1s 2 common feature, and pathologic
fractures may occur. Doek and Warthin collected 22 cases and found the
following mncidence of bone mvolvement: orbuts 12, sinuses g, temporal 7,
temporal fossa 8, sphenord 3, ethmoid 2, vertebra o, sternum 7, ribs 8, as well
as the sacrum, coceyy, tliac bones, extremites, and other short bones. .

In addition to the involvement of periosteum and bone these grcen"Sh
tumors have been found m the ludneys, liver, spleen, lymph nodes, ovaries,
and other organs 3

The histologic picture reveals an nvastve rumor mass composed of im-
mature myeloxd cells wlich destroy the substance and structure of the bone.
Although it affects predominantly bone and periosteum, other organs miy
be studded with small greenush colored tumors

“The course 1s that of acute leukemma Duration of life 15 usually a matter
of a few weeks or months

Irradiation therapy may not influence the ulumate outcome of the dis-
ease but 1t does decrease the size of the tumor masses and relieves the pan
and other pressure symptoms There have been twao cases of apparent cure
following trradiation therapy so that intensive and prolonged therapy 1 ad-
visable even though most cases do not show such a favorable response

Prasata CerL LEUKEMIA

There has been some question a5 to the existence of plasma cell Jeukemia
a5 a distinct climcal entity since the ongin of this particular cell 1s not well
established. The general opimon has been that the plasma cell 15 a member
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of the lymphocytic series and thar plasma cell Jeukemta occurs either as g
variant of lymphocytic lenkemia or as an unusual blood reaction in cases
of multiple myeloma.

A majority of the cases of multiple myeloma arc of the plasma cell type
{pt yroma). In most i there are no significant changes in the
leukocyies of the peripheral blood, Occasionally i this disease plasma cells
are found in the perspheral blood in sefficient numbers 1o suggest leukemis,
and this may be accompanicd by an mfiltration of the vanous ergans

Osgood 2nd Hunter record a case in which the leukocyte count was
24,200 with 54 per cent plasma cells, No Jesions of the bone were found
There was enlargement of the spleen and lymph nodes, and the chimeal
course was more suggestive of leokemia than of muluple myeloma. The
predomsnating levkocyte in the blood stream was round or oval in shape
with an eccentric nucleus which had a coarse chrormann structure and dense
masses of chromatin at the periphery In thew opimon the onigin of the plasma
cell is entirely separate from the lymphocyte. They feel that plasma cell
feukemua should be conmidered as a distinct enuty Sunilar cases have been
described, but 2 fugh plasma cell count 1a the peripheral blood 15 more fre-
quently assoctated with multiple myelonma Occamonally the hemarologic
features suggested plasma cell leukema when first observed but ultimately
developed the typrcal features of lymphacytie leshemia

Whether or not plasma cell leukemmn constitutes a chuical eatity, a gen-
eralized or leukemic phase of plasmocytoma, or a form of lymphocytic leu-
kemm caniot be definutely setled at the present ume bur there s mcreasing
evidence that plasma cell leuherma constisutes a chnical entirv separste and
disunet from muluple myelama.

Losmopsmse LEURENIA

Eostnopiulic leukemia s a vantety of myelogenous leukemis in which

inophuls and philte myelocytes are iy p i in the blood
stream, Ths condstion may occur in etther the acute or the chrome form of
the disease, and the symptoms, findmgs, and course differ m no way from
those of ordimary myefagenous lenkemia, 16 which the neutrophilic stramn
of cells predomnates n most cases of myelogenous leukenus there 15 both
a0 actual and a relauve mcrease 1 the number of eosinophils i the blood
stream Not only are phibic my elocytes d 1 the perspheral
blood but therr number s markedly mereased m the bone marrow Eosino-
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phils in various stages of growth have been found to account for 50 10 So
per cent of the nucleated cells of the blood stream in some cases of mye-
logenous leukemia. Y s this type of case that has been termed eosmophilic
leukerma. Since this is merely a varant of myclogenous feukemiz, it would
seem best to avoid confusion and drop the term cosinophilic leuhemia,

The presence of cosinophilic myelocytes in the blood stream is often of
definite value in arriving at 2 diaguosis of myelogenous leukemia Eosinoptils
characreristically disappear from the blaod stream in the presence of anin-
fection so that the appearance of eosophilic myelocytes aids in evcludng
a Jeukemord reaction due to infection.

Basopmizic (Mast Cerr) LeEvkessia

Certain cases of myelogenous leukemia show 2 great incresse in the per-
centage of basophuls i the peripheral blood. Exarmination of the bone mar-
row reveals excessive prohiferation of basophihic myelocytes. These hate been
reported as examples of basophiic or mast cell leukemia although they are
merely varants of myelogenous leukemia, the only condition with an n-
creased number of basophils and basophibe myelocytes i the pcrlphm1
blood stream. The presence of these cells 1s an aid in disunguishing nl}'ﬂlag‘
enous Jeuhernta from leukemord reactions due to mfection.

MEGakarsocyic LEUREMIA

Megakaryocvtes are occasionally found s the blood stream n patients
with Hodgkm's disease, polycythemia vera, and myelogenous Jevkesmia. fn
the fatter condition they occasionally appear 10 faicly Jarge numbers and
have comprised as hugh as 18 per cent of the nucleated celis Such cases have
been reported 25 megakaryocvue leukemia but it 15 probable that this 15
only a varane of myelogenous leukenta.

Acvostnic Myerom MEeTApLasts OF THE SPLEEN

Agnogemc myeloid metaplasia of che spleen 1s characterized by a progres:
swve enlargement of the spleen and by the presence of immature erythrocytes
and leukoeytes i the blood stream The principal symptoms arc w enkmsf.
abdommal distress, and hemorrhagie tendencres. The leukoevte count 15
variable and may show etther 3 moderate elevation or a shght leukopenid
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‘The percentage of band neuerophdls is increased, and a fewr myelocytes and
mesamyelocytes are found, with varving numbers of nuclested erythrocytes
A moderate or severe anemia Js a constant finding. Icterus may be presenc,
but the fragiliy of the eryrhrocytes s normal, and there is no spherocytoss,
Examination of the sternal marrow does not shaw a leakenua infiltration,

Histologic examination of the spleen show s scattered focr of hematoposesss
with immature esythrocytes, lenkocytes, and megakaryocytes, Similar focd
are encountered in the hver and lymph nodes, but there is not the uniform
distribuion and infiltration of immature cells that is found in Jeukemia. Al-
though the bone marrow may show either fbrosis, hyperplasis, or aplasia,
its condition is not suggestive of leukemut.

The course of the disease 35 chronic, The average duration of fife in the
reported cases was fen years after the appearance of symproms with 4 of
the patients having symptoms for fifteen years, It must be disungaished from
hemolytic jcterus, Rants’s synd and sy leukemi:

Both irradiation of the spleen and spl y are contraindicated as the
condition becomes worse after these procedures There is no sreatment
known to be of benefit except supporuve measares.

BIBLICCRAPFIY

Gevpnan

Bewwerr, ] H Guse af hypertnphy of the spleen and hver, m which death ook place
{rom suppuration of the blovd, Edmburgh M. & 8 [, 63 513, 185,

Szras, F. H. Leshema The relauve meidence of ity various forms snd therr response
o adution therapy  Ame Inn Med, 58 757, 1943

Cooferences on therapy. 1V, Roentgen therapy ] A M A, tigziss, 9040

Daviessex, W. Cdeotal Is letkenmus mereasng®  Blaod, 2 tet, ¢

Dowg, © &, Wisemax, B K, Wiy, €, Geven, § 1, Mysss, W, avo Mevess, 1 W
Radioacuve phosphorns, P22, 3 six yesr chmeal evalnazion of mrernal sadienon therspy,
7 Lab & Clin Med, 32 g3, rour

Fanx;sa, C E Leukemn aad Alled Dworders. New York, The Macrflan Company,
193

Gowseest, L. J, Lewkeme renmms Areh Opheh , 10 808, fu33

Guies, R AL, o Ricnves, B A Pregnancy wich leucera dm ] Obst & Gymee,
37 413, 1939

Heray, RV, Wearw, | T, Wem, D R, svo Rose, ¥ A Myclond hypesplas and
smetaplasia induced by exeraces of urmne from pacients with myelogenous levless
A Int Med 17 901, 942

Howis, F T Cheonic expossre to benzene (beozoly 1L The clincal effecrs
I Induse Hyp & Toscof, 21 351, 190

Hywss, & Aleuhaemic feuksetne  Ouart | Med, 5 177 1990



358 Hematology

Ixeoa, K. Gastric ifestations of lymphati iz Anmi. ] Chn. Path, 116,
931,

Kruamamaag, E. B, Leukemoid blood pictures in various chinical condttions. Am, J. M
Se., 17121559, 1026,

Lewsey, S, €. Leukacmia following trauma  Lancet, 1:288, 1950,

Lvarzy, L. R, Kueasavace, R. J, ano Pirang, C. L. The effect of chiouracal on Jeu-
kemiz. Blood, 1:428, 1916

Mationy, F. B, The Principles of Pachologic Histology. Philadelphia, W, B Saanders
Company, 1914.

Alamory, T, B, Gaiy, L. A, Avp Barckiey, W. J. Chronic exposure w benzene
(beazoly, IH. The pathologic results  J. indust, Hyg. & Toxicol, 21:355, 1939
Muees, F. R, Axp Hause, W, A, Spectfic substances in the urine of Jeucerma patients.
Proc, Soc. Exper. Biol. & Med , 45:387, 1940, .
Mutees, F. R, Weawy, J. T, avo Hersix, R, W, Proliferation of myelosd 2nd lymphoid
cells induced by extracts of urine from leucemic patients. Proc. Soc. Exper. Buol. &

Med,, 41479, 1939.

Muwxar, F. R, Megacaryocytes w the pecipberal circulation. . Exper Med., 361, 1922

Nevataxy, E. Uber myelagene Leukatie. Berl. b, Wcknsclr., 15 69, 87, 1150 430
1878,

NieLsex, J. Chronic occupational ray posoning. Aéta Radiol, 13 385, 1932.

Reniraro, E H., AMooxe, €. V., Birggauvar, O §, ano Moore, 5. Radioactn ¢ phosphorss
as a therapeutic agent | Lab. & Clm. Med , 31 107, 1936.

Resciun, H , ANp Scrntive-Torgat, V. Uber eme neve Leuhamie durch echre Uber-

(Sp! teuhamie). Munchen. med, Webnschr., 60 1981, 1913

Rorteston, H.  The harmful effects of irradsation (x-rays and radmm). Quart J. Med,
24 101, 1930

Sacks, AL S, axp Sreviaw, I A staustical study of mortality from leukemiz Blood,
21, 1947

Scrwan, R S, axp Wiiss, S The nenrologic aspect of lenkenva, Am J. M $c; 1%
766, 1935. 5

Utsicn, H  Incidence of leukemn in radiologists  New England J, Med, 131 45 194

\'ircnow, R, Wesses Blur.  Froriep's Notizen., No 780, 33 151, 1835

Winreoge, AL AL, axo Alirenece, D. AL Atypreal mandestations of Jeakaemm. Quart,
. Med., 9 67, 5930,

YAIaum,A’.? aNp Ia;}scsmu,‘ N The relation of trauma to leukenua, Am ] Chin Patbe
9 311, 1939

LyarprocyTic LEUKEAIA .
Baty, J. M. ¥ Voor, E €. Bone changes of leukemia in chuldren, At [ Roentge’

34°310 1935,
Cooke, J. V. Medustnal twmor i acue leuhernia Clumeal and roentgenologic stody
Am, ]. Dis. Child, g4:1153, 1932,
Cooxk, J. V. Acute leukemia in chuldren. J 4 M A, 101 432, 1933 b
Caaver, L. F., axp Coretaxp, M M Changes of the bones m the lenhemias.

nol.

Surg, 30.639: 1935
wa:ui £. H., a¥p Leonaws, ML E  Pulmanary v oliement m [ymphosarcoma and
i 8 204, 5.
Iymphatic Jeukemia. Am J. M Sc, 1957204, 193 tdbood A ]

FarkevsTess, D, axo Foweer, W M Acute lymphatic Jencemia m ¢
Dis. Child., B5-445: 1943



Leukentia 359

Gates, Q. Cutaneous tumors m leukema and lymphoma, Arch Dermat. & Syph, 37°
1015, 1938,

Ismazs, M C. G Lymphatic leukzemua, The value of sternal puncture in the dugnosis
of atypical cases  Brit, M. J., 2:1132, 1939

Jacksow, H., Jr. The lenkemas, New England | Med, 221 12, 1940

Lawsence, ] H - Nuclear physics and therapy Preliminary report on 2 new method
for the treatment of leukem:a and polycythemia, Radiology, 35:51, 1940

Meao, C. H Chromic lymphatic Jeukemia involving the gastromtesunal tract Radr-
ology, 21 351, 1933.

Muts, § D Acute lymphatic leucemna 1 childhood ] Pediat, 6 634, 1935

Mixot, G B, anp Isaacs, R Lymphatic lcukema, age, mcidence, duration and benefic
derrved from wrradntion, Beston M & S. I, 191.1, 1924

Rowe, § N. Mikulicz's syndrome with chrome lymphatic leukemiz  New England J.
Med , 102 863, 1930

Sarrd, C H. Leucemn m childhood with onser simulating rheumatic diseases. J.
Peduat , 7.300, 1935

WintrosE, M. M, aA~p Hasensusy, L. L Chronic leukemua  Areb. Int. Med, 643701,

1939
WinTROBE, M. M., Anb Mircuert, D M. Atypical manifestations of leukaemta  Quart
J. Med , 9 63, 1930 .
WorLstelN, M, anp Barreerr, F. H  Lymphanc leucemua in infancy with report of
case, Am. ] M. Se, 169 819, 1925,

MYELOGENOUS LEUKEMIA

Batormce, C. W, anp Fowcer, W. M Aleulemic myclosis  dreh Int. Med, 52 852,
1933

Careentes, G, a¥p Frory, C M Chromc non-leuhemic myelosis Arebh Int Med.
67 489, 1941

Craver, L F  Treatment of levkemia by radioactve phosphorus. Bull. New York
Acad Med , 18 254, 1942,

Due, T Eine nene Methode der Rontgenbehandlung von Leukimie Aeta Radiol,
12 263, 1931

Drsjamniss, A U, Radiwotherapy ] A M. A, 105 1153, 1035,

Dowby, A, H, ano Lawsewce, ] H. The treatment of chromic leukemia by small dose
roemgen ray techme. J. 4 M A, 116 1827, 1941,

Err, L A, anp Lawsence, ] H, Clinical studies with the aid of radioactive phos-
phorus. ] Chn. Investigation, 20 567, 941

Esr, L A, Turme, L. W, aNp Lawrence, . H - Clinical stodies with the aid of radio-
phosphorus  Ann Int Med , 15,387, 1041, :

Forkner, C E The ad of solution of p arsentte 1 the treatment of
chromic myelogenous leukemua A Clin. North America, 15.1057, January, g3z

Forsner, C E - Classificanon 2nd terminology of leukema and allied disorders. Arch.
Int Med, 6o 582, 1937.

Fousnes, C E, ano Scorr, T F. M Arsenic a5 4 therapenuc agent m chronic mye-
logenous leukemia J A M A, 973, 1931

GoLoHAMER, § M, AND Barvey, B. F Myelogenous leukemia with cutaneous involve-
ment J. A M A, 107 1041, 1936

Gooowin, A F. Some new observations on Auer bodies in acuce myelogenous leukemia
Folua haemat , 51 359, 1933




360 Henmtology

Grier, R. AL, awo Rictrer, H. A, Pregnancy with leucemia. Aot J. Obit, & Gynee,
373412, 1930,

Jackson, H, Jr. The protean ch of the leukemiss and of the Jeuhemoid sutes.
New England ], Med., 220 175, 1930,

Lawrence, J. H. Nuclear physics and therapy: Preliminary repert on a new method
for the of leul and polycythemia. Radology, 15 51, 1940

Leavew, B. 8. Chronic leskemia. dm. . 3L, Sc., 196 319, 3938

Mewor, K., avp Savi, O, Bone changes in leukemiz. dwr. J. Roentgenol, 43331, 1930

Merzzzr, 8. R, axp Purviavce, K. Leukemia without leukocyrosis (aleukemic myelosis)
and without splenomegaly  Areb. Ine. Med., 60:458, 1937

Merrer, 8. R, avo Pumsnavce, K Aleukemic myelosis (aleukemic Jeukemia). Cali-
fornia & West, Med., 49:206, 1938.

Mwor, G. R, Buckssay, T. L, axp Istacs, R. Chranic myelogenous leukemit.
J. 4. M. A, 82:1480, 1923,

Pivgervon, H, Aleshemic lenkemia and atypical leuhemoid conditions, Areh Pathy
73567, 1920,

Wargen, 8. L. Acute leucemia A review of the literature and of twenty-eight new
cases. m . M. Sc, 178.490, 1929

Wintaose, AL A, axp Hasexsusit, L. L, Chronic leukemia, Arch. Int. Med,, 63 79%
1939,

Movocyric Leukemu

Crouen, P, W. Monocytic leukemia. Bull, Jobns Hoplins Hosp, s1.148, 1932 .

Doax, C. A, axn Wisenay, B. K. The monocyte, monocytosis and monocyue Jeukosis
Ann. Int, Med, 8383, 1934

Fomxxer, C. E. Chimeal and pathologic d of acute leakemiss. Areb. It
Med , 53 1, 193¢

Fowwer, W M Monocyue leukemua. J, Lab & Chn, Med, 18.1260, 1933

Mercer, § T. The dermatosis of monocytic levcem, Arch, Dermas, & Syph, 3t 615

1935
MonTeoszry, H., ANp Warkins, €. H  Monocync leukemia, Arch. Int Aled, Ga 5t

1937+

Qscoon, L. E. Monocytic lenkerma  Areh. Int. Med., 59°931, 1937,

Ravearort, A E. ano Rreer, V' H  Monocvuc leukemia, Blood, z 331, 1937

Rescatan, H., axp Scutume-Torcav, V. Uber eine neue Leuvhamre durchﬂ echre Ubet
g and thre Bedevtung fur die Selbstandighers dieser Zellen, Miinchen Med:
Wehnschr., 60 1981, 1013 P

RosenTiat, N., axp Hagris, W Leukemia. Its diagnosrs and eeeatment. ] A A A.
1047702, 1935- .

Warkiss, C. H, anp Hawr, B E. Monocytie leahemis of the Naegeli and Schilmg
types. Am | Cln Path, 10 387, 1930

CrLorona

Brawnan, D, Chloroma. Bull Jobns Hoplins Hosp, 38 189, 1916
Turcess, & Al Chloroma [ Med. Res, 27 133, 1912

Kanver, L. V. Chloroma  dreh Int Med, 59 691, 1037,
\Vasipury, A, H. Chloroma Ape ] Dis. Child, 39 330, 1930



Leukemia 361

Prasya Cern Leukenia

Gescricter, C F, avo CoeLaxn, M. M. Mulaple myeloma drch. Surg, 16 807,

1928, ’
Micrers, N. A, The plasma cell Arch, Path, 11 775, 1931,
Moss, W, T, avp Acheraan, L, V. Plasma cell leukemia  Blood, 1:396, 1946
Oscoon, T E., axp Huntes, W C. Plasma cell leukemua  Folia baemat., 52-369, 1934
Patex, A. J, axp Castes, W, B Plasma cell leukemta  Adm J M Se., 191:788, 1936,
Prves, A Plasma cell leukaemia  Folia haemat, 30 173, 1924

Eostvormuic Levkesa

Bxss, M H. Fosmophilic leukemia. Am J. Dis. Child , 41 AT

Hay, ], asp Evans, W. H. Acuse eosinop and
leubaemia  Quort. J. Med, 22 167, 1920.

Sazmmo, L. G Eosmophilic leukemia, report of a case with autopsy. Proc New York
Path. Soc, 19 73, 1919
Sreprens, D ] Acute eosmophilic leukemia  Am J. M. Sc, 189 387, 1935

erythro-

AcNoGENTC MyYELOm METAPLASIA OF THE SPLEEN
ks, 1 oo Paascs, P . 450 Lenton, EL M. Agnogenie myclod metaplas ofthe
spleen. New England ] Med, 212 985, 1940.

Retcw, o 4vo Roassev, W J. Agnogene myeloid metaplasia of the spleen. J A
M A, 8 1200, 1942.



Chapter XVIII cocscceesreesosrovorssssss

LYMPHOMAS

Tm: LY MPHOMAS CONPRISF A GROUP OF PATHOLOGIC AND CLINICAL ENTNIES
which are characterized by progressive, painless enlargement of the fived
tymphatic issues and fatal terminacion. They are the subject of much ds-
pute among both pathelogists and clmicians as to their etiology and classt-
ficaton. Any classification which is adopted at the present time or any
terminology which is used will be subject to criticism. The clnical manifes-
rations of the various conditions mcluded under the term lymphona are 0
similar that, in the absence of specific changes wn the cuculating blood, their
differentration 1s frequently rmpossible except by microscopic examination
of a lymph node. The lustologic picture is uswally sufficiently distinctive 10
make the various types of the discase recognizable, but occasionaily p,nhu\o-
gists differ in their interpretation. Although we prefer to think of these
discases as bemg neoplastic in origin and use the term makignant lymphonis
1n referring to them, the possibithty of an infectious origin cannot be denied.
The lymphomas are separated into Hodgkin's discase or the sclerosing t¥pe
of lymphoma, the lymphocytic type, the lymphablasuc ty pe of Iymphosar-
coma, and the follicutar type

HopGKiN's DiseasE

Hodglkan's disease 15 2 condutton charactenized by progressive enlargement
of the fixed lymphatic ussues which causes systenuc manifestations as well
as pressure symptoms from the enlarged lymph nodes. The course 15 PH?'
gressxve]y downward wich ulumate cachexia and a faral fermmation. “This
disease 15 also known as lympl I Iymphogranul and 28
the sclerostng type of lymphoma.

Hodgkm'’s disease is widespread throughout the world and does not 3p-
unduly prevalent i any one lacality or country or among any
lar race of people. There 15 no hereditary or famibal predisposl‘
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tion, and occupation plays no pare in its incidence. It is primarily a disease of
carly adult life, being most common in the third and fourth decades. No
age is exempt, however, as it has been encountered in children as well a5 in
adults over 8o years of age. It is two or three times as common in males as in
femates.

The cause of Hodgkin's disease has not been ascertained The histologic
appearance of the involved lymph nodes resembles an infectious granuloma
n many respects, but the course of the disease is more suggestive of a neo-
plastic lesion. The numerous attempts to reproduce and to transmit the dis-
ease have all failed a5 have attempts to demonstrate a causative organism.
Although the disease has been thought to be an atyprcal form of tuberculosis,
or due to avian tuberculosis, there has been no convincing proof of these
contentions. It has also been blamed on a diphtheroid bacillus, a Brucella
infection, and a virus infection, but adequate proof has not been forth-
coming to definitely incriminate any of these orgamsms. Although 2 sub-
stance obrained from a node involved by Hodgkin's disease has been found
to produce encephalius in expenimental animuls, subsequent investigations
have shown that the same response can be obtained with extracts from any
tissue containing cosinopuls.

Many pathologists believe that the histologic picture 15 more in keeping
with a neaplastic disease than an infectious process The clinical course with
its invanably fatal outcome tends to substantate thus belief. The present
consensus In this country favors the neoplastic theory of origin, but this
must be left an open question at present.

Pathology

The characteristies of the involved tymph nodes vary a grear deal with
the stage of the disease at which the exanunation 1s made. Each node is round
or oval mn the early stages, the surface is smooth, there 1s no invasion of the
capsule and no periadentus The consistency of the node is elastic and rather
soft whereas in the later stages it becomes firm and hard. The color vanes
from grayish whte to pink. The early histologic changes consist of hyper-
plasu of the Iymphoid elements, proliferation of the germmnal centers, and
dillatation of the lymph sinuses There is also proliferation of the supporting
reticulum, and with this expansive growth the normal architecture of the
node 15 displaced, the hitus pressed out, and the capsule stretched. In Jater
stages the node becomes sclerotic with the normal structure enttely replaced
by connective ussue prohiferauon The reticular network becomes more
promment, coarse strands of fibrous ussue appear, and within the meshes
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of this nerworlc are lymphocytes, epithelial cells, and plasma cells together
with many eosinophils and giant cells. The polynucleated giant cells-
Dorothy Reed giant cells—form a conspicuous feature in the histologic pic-
ture, Lymphoid tissue, wherever it s
found in the body, may be the seat of
these pathologic'chnngcs, and nodules
have been found in almost every tissue
and structure of the body. The spleen
is usually enlarged; on cut secuon the
pulp 1s red with many small irregular
white or yellowish masses. Infarctions
of this organ are frequently encount-
ered.

Clinical Features
The manifestations of Hodgkin’s
disease are so variable that 1t is impos-
sible to describe anything which might
i becalled a typical course. The systemic
1 ifestations, the pressure symptoms,
. ., l* and the symptoms arsing from i.ma-
ki, 68 Hodgl's disease A largemass  s1on of vartous tissues tend to produce
of cervical nodes 15 present on the righ, a syndrome which may simulate al-

and pressure on the sympatheuc nerves ,
has produced Horner's syndrome The mostany disease and be referred ro any

Dt L oS Vs o par of he body.
plmmgrnpg. The most conspicuous feature, but
by no means an nvarisble mamfesta-
uion, is lymphadenopathy. Ths is usually the patient’s presenting complaint
and commonly makes 1t first appearance in the cervical region, The nodes
arc small ac first but gradually increase in size and number. They are
usually not tender or pamnful so that they oceasionally become quite large be-
fore they are noticed by the patient In many instances there are periods of
spontaneous regresston during which previously enlarged nodes become
smaller or shrink to their normal size only to enlarge again after 2 variable
interval. They may appear first on one side of the neck and later spread to
the oppostte side, or there may be a generalized involvement by the time
they are first detected. The nodes are smooth, discrete, not tender, and freely
movable, and the overlying skin 1s uninvolved In the early stage they are
firm but rather elasuc in consistency. As the disease progresses the adenopathy
extends along the lymphatic chains and the nodes become more numerous and
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larger (Fig. 68). A large pyramid-shaped mass of nodes frequently develops
in the cervical region with its base at the clavicle and its apex directed
upward.

The axillary, inguinal, and femoral nodes become enlarged. Their involve-
ment may precede or follow the app of cervical adenopathy. These
nodes have the same charactenstics as those in the cervical region but usually
do not become as large. Eprtrochlear nodes, subclavicular nodes, as well as
nodes in the most unusual locations may ultimately become palpable, The
typically discrete and movable nodes of Hodgkin's disease become matted

V.

Fic. 69 Hodghin's disease involving the mediastinal nodes, showing a smgle node of
medum size.

together and anchored only in the late stage of the illness. Although they are
rather soft in the early phase of the disease, they later become extremely hard
in consistency. Suppuratton of the glands has been observed but rarely. In-
volvement of the superficial nodes may be shghe or absent with the greatest
enlargement beng found elsewhere. The mediastinal nodes may be enlarged
to varying degrees either alone or in conjunction with involvement of nodes
1n other locations (Figs 69 and 70) The abdominal nodes, either ic
or retroperitoneal, may become enlarged and form irregular tumor masses
The detection of enlarged abdominal nodes is more difficult than of nodes
n other parts of the body so that thetr involvement is recognized less fre-
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quently, In certain instances, however, the abdominal Iymphadenopathy is
the most outstanding feature,

The lymphadenopathy in Hodgkin's disease is not uniform. Extremely
farge nodes may be presenc in one location while only small ones will be
found elsewhere. The tonsils are infrequently involved although involve-
ment of extranodal lymphoid tissue elsewhere in the body is not uncommon,

The spleen 1s enlarged 1n practically all cases which come to necropsy,
but the splenomegaly may be so slight as to be undetected durng life. The

Low

Fis 70. Hodglan's disease, showing a massive involvement of the mediastnal nodes

argan is palpable m about 75 per cent of the cases, but the enlargement i
usually moderate in degree Extreme grades of splenomegaly are nof com-
mon In some instances splenomegaly precedes the lymphadenopathy or e
may be present with only slight enlargement of other nodes. Although such
cases have been termed the “splenic type” of Hodgkin's disease, it 1s doubr;
ful if the spleen is ever the only site of involvement In the “abdommal type’

there is splenomegaly and savolvement of the abdominal nodes with absent
or mimmal involvement i other regions

Pressure Symiptoms .

Pressure from the enlarged nodes may be exerted on the neighboring
seructures with production of a wide variety of symptoms Enlarged c‘crvlen‘
nodes may press upon the cervical sympathetics to produce Horner's syn-
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drome, unilateral ptosis of the upper hid, enophithalmus, myosis, and anhidro-
sis on the affected side. In other instances pressure of the enfarged cervical
nodes causes severe Pliﬂ

Extensive involvement of the mediastinal nodes is prone to produce alarm-
ing and troublesome symptoms due to pressure on the trachea and esophagus

Fic. 7t Engorgement of the veins in the neck and chest as a result of the pressure of
enlarged mednstnal nodes 1n Hodglan's disease™

as well as on vessels and nerves. Dy spnea, stridor, and a distressing cough may
be cansed by tracheal obstruction, and dysphaga results from pressure on
the esophagus Cyanosis and engorgement of the vemns of the neck and up-
per chest wall result from obstruction of the superor vena cava (Fig. 71).
Pressure on the recurrent laryngeal nerve may cause paralysis of the vocal
cords, and pressure on the vagus may produce rachycardia. Atelectasss of a
portion of the lung with secondary infection and cavity formation may fol-
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low occlusion of a bronchus, Pleural effusion may resule from venous ob-
struction and in some instances may be accompanied by ascites and edema
of the lower extremities. A chylous effusion may result from pressure on
the theracic duct.

Pressure of nodes within the abdominal cavity may lead to various gastro-
intestinal symptems such as dyspepsia, constipation, and early satiety. Jaun-
dice may result from pressure on the common bife duct. Pressure on the
kidney and urinary tract has not been common in our experience although
pain, urinary retention, hematuria, and pyuria have been reported

Enlargement of the inguinal and femoral nodes may interfere with the
venous recurn from the Jower extremities and so lead to edems.

Infiltrative Lesions

Infiltration of any organ containing lymphoid tissue may occur n Hod-g»
kin's disease. The gastromntestinal trace is not infrequenty involved with
thickening, induration, and infileration of the walls. Such involvement seldom
occurs in the lower bowel, being more frequent in the stomach and np?tf
part of the tract. This infiltravon may cause a filling defect and a thickening
of the wall of the stomach which suggests gastric carcinoma on roentgeno:
logic examination. We have observed one case in which roentgen ray studies
failed to reveal an infiltrative leston which conld be seen through the gastro-
scape. Gastrointestingl symptoms are common as 2 part of the system¢
reaction to Hodgkin’s disease whereas actual mfileration and pressure Symp-
tomws are relatvely infrequent. It cannot be assumed that all patients wih
dyspeptic and digestive symptoms have actual lesions in the nzestinal teact.

Infiltration of the lung has been encountered in as high as so per cent of
autopsted cases This Js more frequent in patients m whom the medustinal
nodes are involved but 15 not a simple compression from this enlargement.
The mfiltration may be slight and nodular 1 type, or there may be an exten-
sive lobular involvement with symptoms and findings suggesttve of tubescu-
lous preumonia Pleural effusion may be due to venons or lymphatic abstruc-
tion from enlarged mediastnal nodes, but actual invaston of the pleurz b
lymphomatous ussue may also cause it . "

Bone is frequently nvaded—in 24 per cent of ene series of cases of Hodg’
Lin's disease. The type of leston which results 15 varmble. It mav be eiher
destructive or proliferatve, both rypes having been observed jn some pa
dents. Almost any bone may be involved although the flat, hemnmpmculc
bones are mvaded most frequently. Vertebral mnvolvement may cause C‘:ﬂ'
tapse of the vertebra with pressure on spimal cord or nerve roots. Severe pal
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over the involved area 15 suggesuve of osteomyelitis in some instances,
other cases the invasion of bone is symptomless A parucularly severe grade
of myelophthisic anemia develops when the involvement 15 extensive 1 the
skull, pelvis, or other hematopotetic bones. ’

Hodglin's disease frequently involves the skin in many different ways.
Intense stching is a very common complant. It 15 frequently generalized and
unassoctated with any obvious histologic alteration in the skin. This may be
the intial complamt, preceding other evidences of the disease by a consider-
able period of time. The skin 1s usually dry and rough with inflammartory
thickening from the continued scratching In a few instances there is a
diffuse mfiltration of the skin, or there may be a nodular type of involve-
ment with small or large tumor masses Herpes zoster 1s a frequent compls-
catton.

Invasion and destruction of the adrenal glands with the development of a
typical chmical picture of Addison’s disease have been noted

Systemic Mammfestations

The systemic manifestations of Hodgkin’s disease are vanable and may
appear either before or after the lymph nodes become enlarged. In some
instances an unexplained fever with malaise, profuse perspiration, and loss of
weight appears before the lymphadenopathy. In even more infrequent in-
stances, these are the only obvious manifestations of the disease. Fever and
prostratton are apt to be more severe 1 those patients i whom the spleen
and abdominal nedes are the primary site of the disease. The lymphad-
enopathy is usually discovered before systemic manifestations make their
appearance. Ordinanily 1t is only after lymphadenopathy has been present for
several weeks that the febnle reaction occurs. Fever 1s probably present in
all patients at some time 1 the course of the disease. It may be continuous or
intermittent The most charactenistic febrile course is the Pel-Ebstein type,
mn which there are alternatng febrile and afebrile periods. The temperature
gradually mcreases, frequently to 103 or 104 F, and persists at this level for
one to three weeks, then subsides to normal for a varizble period only to
1ise agam and repeat the cycle Chulls, lassitude, and profuse perspiration are
noted during the febrile periods

The constitutional Symptoms are more severe in 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 weight loss or there may
be a progressive loss beginning 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 relatively early in the course of most
cases of Hodgkin’s discase. In the acute form of the disease the anemia s pro-
gressive and parallels the course whereas in the chronic form it remains
stationary or is very slowly progressive uncil the terminal stage when it
becomes severe. A parnienlarly severe grade of anemia of the myelophthisic
type develops when there is cxpensive involvement of the bones. There ate
no sigaificant changes in the erythrocytes except for slight hypochmmia ak
though aceasional nucleated erythracytes ny be found on the smear when
the bone marrow is invaded.

The leukocyte count may be low, normal, or elevated, lenkocytosis being
common and leukopenia rare. Leukocyte counts of 20,000 to 25,000 are not
uncommen although 10,000 to 15,000 is the usual range. The count may vary
greatly from day ta day with no apparenc reason. There 15 no correlation
between the stage of the disease and the toral leukocyte count.

The differential count is also variable. The most common finding in the
late stage of the discase 1s an mcrease in the number of neutrophils. These
frequently comprise from 85 to go per cent of the white blood cells A.ﬂ
eosmnophilia is infrequent but may occur n the late stage and occasionally is
a stnking feature, We have encountered one case in wlich 85 per cent of x‘hc
leukocytes were cosinophils, The number of monocytes is occnsioml)y‘ n-
creased to a moderate degree in the eaclier stages of the disease, and a shght
tymphocytosis with sonte abnarmal forms bas also been encountered during
the period when the lymph nodes were rapidly enlarging.

Course

The caurse of the disease may be acure and rapidly progressive or very
chronic. In a few cases the discase begmns with fever and malise associated
with fnoderate lymphadenopathy and pursues a very rapid course with pro-
gressive anemia, weakaess, and cachexia The entire course may Jast butr a
few months. In other instances the lymphadenopathy appears before the
sysremic mamifestanions, the size of the nodes mcreases slowly, and the course
is very chronic so that the disease has been known to go on for as Jong 35
ﬁftee;\ years or more after the onset of symproms. The late stages are Ch.df'
acterized by weakness, loss of wesght, and cachews, and the preture 15 like
that of a malignant growth. The course may be complicated ar any nme by
pressure on various structures or organs Death may be dne directly to this
The average duration of Iife after the onset of symproms is from three 0

four years.
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Diagnosis

‘The diagnesis of Hodgkin’s disease is difficult or umpossible without his-
tologic exammation of a Jymph node. A presumpttve dagnoss can be made
in the presence of a generalized lymphadenapathy with the charactenstic
discrete smooth nodes, splenomegaly, and Pel-Ebstem fever, but 2 similar
clinical picture may be produced by other discases. Final proof of the diag-
nosts lies in biopsy of a node.

Tuberculous Iymphadenopathy has frequently been confused with Hodg-
kin's disease althongh the glnds have 2 grester tendency to become fused
togecher, 10 involve the overlying skin, to suppurate, and to remain more lo-
calized. In the absence of these distmguishing features a biopsy may be neces-
sary for differentiation.

Ly mphoc} tic leu!\cmm‘ the lymphocyue type of lymphoma, will produce
a lymg pathy but can be recognized by the blood findmgs.
Aleakemee ly; mphocync leuhenua causes a generalized lymphadenopathy in
which the nodes are quite umiform in stze. There are no dssunctive clinical
features, and the final mterpretation will depend on biopsy.

Other rypes of lymphoms, such 15 the lymphoblastic type and the
£¥pe, are so simlar to Hodglun's disease thae an absolute differentration is 1m-
possible without histologic examination of a tymph node.

Carcinoma of the nasopbarynx may give nse to cervacal lymphadenopathy
that sumulates Hodghin's disease although the nodes are very hard even when
they first make their appearance

Boeck’s sarcosd may savolve the skin, mediastnal nodes, lungs, and bones
and presents a picture resembling Hodghin's discase so that the differentia-
uott by clinical means 15 dxfﬁcult

foltient

Lupus eryth s may Hy present a picture re-
sembling Hodglan's disease, but lymphadenopathy i not a g feature.
Inf: ) or glndular fever may cause generalized
lymphad hy. It s panied by fever, sore throat, and usually

sp!enomtga&y, but the other symptoms are extremely variable The blood
smear 15 usvally duagnostic with many abnormal and degenerated lympho-
eytes If this feature 15 inderenmnate, the heterophile anttbody test may
establish the diagnosis

Infecuons of varous types mav cause genershized lymphadenopathy,
among the most common being secondary syphiis, German measles,
plague, tuberculoss, mfectious arthrins . children (Sult's dxseasc). or a
genenatized dermatitss,
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Localized lymphadenopathy is usually due to an infectious process or 2
metastatic malignant tumor in the area drained by the involved nodes.

Treatment

The best therapeutic results are abtained by irradiation therapy, This may
be given only to the obviously involved Iymph nodes or to other aress of
lymphoid tissue which are suspected of being involved The total amount
of irradiation as well as the amount which is given with each treatment must
be individualized so that an effective dosage will be administered but in
small enough doses to be well tolersted. The erythracyte and leukocyte
counts should be followed closely during the course of treatment so as to
prevent a severe anemia or leukopenia fram developing. A dose of 6oo ris
commonty applied to superficial lesions whereas 1200 to 1500 r may be given
to deep-seated lesions.

The response to irradiation therapy is frequently dramatic. Lnrg:e masses
of lymph nodes may rapidly subside to normal or near normal size, and
large mediastinal masses may shrink to the point that no evidence of enlarge-
ment remamns on roentgenologic examination (Fig. 72). Pressure symmptoms
rapidly subside as the size of the glands diminishes, but 1t must be borne
mind thae smmediately after therapy there may be some incsease in the size
of the nodes with a temporary accentuation of symptoms This is particu-
latly important when there 1s partal tracheal occluston as in this I?Cﬂf‘fm
the additional swelling may cause alarming symptoms or even :zsphyxl{ The
most rapid response to therapy 15 obtained in the early stage of the dlst.ﬂSE
when the glands arc soft in consistency and contain many Iymphocytes which
are senstave to teradiauon. The response 1 less striking when sclerosis and
scatring are present n the glands, Progressively less effect is obtained with
repeated courses of cherapy.

The duration of the beneficial effect 15 variable. Months or years mav
elapse before further treatment is necessary in some cases; 10 others 1t 1
onlya matter of a few weeks. Trearment should be repeated when ’zherc i
evidence of recurrence. Irradation will frequently control the pain 2s50-
ciated with lesions in the bones and may cause a marked regression of the
filerauve lesions in che Jungs. In the later stages of the disease the 1ntervals
petween courses of rradiation therapy will become shorter.

“The effect of irradiatton on very early localized lymphadenopathy wnhol\lf
pressure symptoms or constitutional manifestations has not been adequarely
studied. There are some who believe that the ulumate course of the ’;ixsc;sf
is unchanged by srradiation and thar therapy should be reserved until pr
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sure symptoms or markedly enlarged glands are present. Others feel that
irradiation of nodes before the involvement becomes generalized may stop
or markedly retard the course of the disease even though an actual cure may
not be obtained. The latter view seems the most logical one to accept at
present. The survival period is apparently longer in treated than in untreated
cases even though a complete cure is not obtained.

Radium may be used in place of roentgen irradiation, particularly for

Fic 72 Hodghin's 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 patient after therapy.
locahzed and superficial lesions, but 1ts use has been largely replaced by
roentgen ray therapy.

Surgical removal of the affected nodes has been attempted when the dis-
ease is 1n an early and localized stage. It is doubrtful, however, if all the af-
fected nodes can be removed so that, rather than being cured, the disease is
merely retarded to some extent. Although apparent cures by surgical treat-
ment have been reported, the diagnosis in such cases is doubtful.

Fowler’s solution, which has been tried in Hodgkin's disease, has been
largely replaced by irradiation therapy. It s still used to some extent in con-
juncuion with jrradsation although 1ts value is questionable.

General symptomatic treatment should include a high calonc and high
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vitamin diet. Transfusions may be used to counteract the anemia as this does
not respond to other forms of therapy,

Nitrogen Mustard Therapy

The nitrogen museards, tris (B-chloroethyl) amine hydrochloride and
methyl-bis (8-chloroethyl) amine hydrochloride developed as contact vesi-
cants during World War II were found to have 2 tovic action on cells which
is very similar to that of roentgen rays. The effect of these drugs are most pro-
nounced on the hematopoietic tissues, bone marrow and lymphoid tissue, but
also are active against any rapidly growmg and proliferating tissue, causing
fragmentation, degeneration, loss of mitotic actwity, and ultimately atrophy
of the tissue. These drugs are still 10 an expersmental stage and 1t is to be hoped
that more effective and less tovic compounds of this rype may be developed.
The compounds are admimstered intravenously in a dosage of o.1 mg. per
Kg. of body weight with a series of four to six such injections being given at
twelve to twenty-four hour intervals. Such courses may be repeated as often
and for as long a period of time as the hematologic status of the patient per-
mits, usually allowing a four-week interval between courses. The material is
obtained in dry form n sterile tubes and is dissolved by injecting 1o cc. of
sterile saline into the origmal contamer and withdrawing the amount of sofu-
tion required, It must be admimistered within five minutes after its prepara-
tion, The best method of admmstration is by mnjection of the matenal 1ot
the rubber tubing of an intravenous medication set through which isotonic
sahine 15 already running. The drug must be given with extreme caution stnee
1t 15 extremely 1rritating to the skin and tissues and is also hable to cause throm-
bosis within the vemn

The toxic effects of methyl-bis (B‘;chluroethyl) armne hydmchlande, ac-
cording to Rhoads, consist of (1) a severe local inflammatory reaction if the
material escapes into the tissues at the site of mjection, (2) varying degrees of
nausea and vomiung occurring one to eight hours after the mjection and
lasting three to twenty-four hours, associated with anorcvia, weight loss,
weakness, and headaches, and (3) damage to the blood-forming organs. The
alterations an the perspheral blood which may result are. (1) Lf:UkOp:ni.ﬂI
which may be moderate to severe and may persist for a month or more. Th‘ls
is first a lymphopenta but 1s followed by a neutropema. (2) Normocytc
anemia is not nfrequent. (3) Bleeding tendencies are rare.

The therapeutic value of mtrogen mustards, according to the official state-
ment, 15 (1) They are not a cure for such neoplastic discascs as have been
studied. (2) The nutrogen mustards in large enough doses are njurious €0
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many types of tissue, they appear to exert their greatest effects on rapidly
growing tissue, presumably either normal or neoplastic. (3) Their predomi-
nant tovicologic effect 15 damage o normal hemoposetic function. The extent
of this injury is the himiting factor in determining the smount that can be
given to an indrvdual, In some cases the hemopoietic mjury exceeds the effect
on the tumor. {¢) The tumor regressions induced by these compounds (even
with matimum dosages) are temporaty, with maximal persistence rarely ex-
tendimg bey ond several months. (§5) The effects of the nitrogen mustards are
in mapy respeets similar to those of roentgen rays. It should be noted, how-
ever, that the great advantage of radurion therapy 15 that it can be given
locally.

Methyl-bis (8-chloroethyl) amune hydrochloride has proven to be more
effective in the treaument of Hodgkin's disease than m any other type of
Iymphoma or neoplasm. In many instances a marked regression in the size of
the nodes has been observed together with a disappearance of the constitu-
tional and subjective tons. Such are P ¥y, however,
lasung for a few wecks or months at the most, It has frequently been noted
that patients who have become resistant to roentgen-ray therapy may agais
respond to irradianion after one or tw o courses of mtrogen mustard. We have
found st most useful in patients i whom the lymphadenopathy s well con-
wrolled by wradiation therapy but who continue o complan of weakness,
fever, and mght sweats

Because of the effects on the erythropoetic elements an anemia 1s prone to
develop three to four weeks after 3 covrse of treatment and transfusions may
be necessary at this nme A subsequent spontancous improvement 1n the
erythrocyte count may occur. A lenkopenia develops as a result of the nitro-
gen mustard therapy, but even though the leukocyte conne drops to a Jow
level infections seldom develop and 2 spontaneous mncrease in the Jeukocvte
count occurs A thrombocytepenia also occurs and hemorrhagic tendencies
may develop The hesght of the anemir, leukopenia and thrombocytopenis
usually oceur shout three to four weeks after treatment.

The remssions produwd by mitrogen mustard tend, 25 with roentgen-ray
therapy, to become shorter and shorter with subsequent courses. In some n-
stances the best results are ob d with a of, or al
courses of, nstrogen mustard and trradnanon The drugs at the best are pal-
hatne, not curauve, but do provide a means of temporanly arresting the
progress of the disease m some cases and have produced granfymg ameliora-
rson of symptams at tmes,

Equally good results, but of shorter duration, have been obtasned 1n some
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patients with Iymphosarcoma. In this disease, as well 2s in Hodgkin's disessc,
the best results are obtained in the more chronic and slowly progressing forms
while in those with a more rapid course the results are less gratifying.

The resules obrained with the nitrogen mustards in chronic lymphatic lew-
kemia are similar but less promising than those obtained in Hodgkin's discase
but acute lymphatic leukemia has failed to respond. Myclogenous leukemia
apparently does not respond as well as the Iymphocytic type but promising
results have been obtained in polycythemia vera, The pain of multiple my-
cloma has been controlled but otherwise the nitrogen mustards have been
without value in this condition. They have been used in inoperable broncho-
genic carcinoma but the results are equivocable although some patients are
apparently improved. Other types of malignancies in ioperable stages have
been treated without appreciable success.

Before using the nitrogen mustards one must carefully consider the patent’s
condition and the possibilities of benefit smce the nausea, vomiting, ar{d
anorexia arc occasionally severe and their use may do more harm than goodin
a seriously ill patient.

Lyatenocytic Type or LyntpHona

The lymphocytic type of lymph oceurs 1n a Jeuk or circulating
form (lymphocytic 1 ) and 2 leukemic or noncirculatmg form

leul leukemia, pseudoleul small cell lymphosarcoma). The
lymphocytic type of lymphoma with leukemia has been di d as lympho-
cytic Jeukemia. .

The form of lymphocytic lymp which 15 not ipanied by any

alterations in the peripheral blood presents a histologic picture 1 the lymph
nodes which is identical to that of the leukemic type. There 15 no adequate
explanation as to why the leukemuc cells enter the circulation in one patient
and not in another. The normal architecture of the lymph nodes is replaced
by small or medmm-sized lymphocytes giving the appearance of a sac filled
with cells. These collections of cells oceur not enly jn lymph nodes and
spleen but wherever lymphoid dissue m any form is located

Lymphadenopn(hy is generalized, and no group of glands is apt to escape
involvement. The nodes are soft and elastic in consistency and do not usually
become as hard as 1n the late stage of Hodgkn’s disease. They tend to be
wmore uniform in size, and enormous masses of lymph nodes do not ordi-
narily develop. Pressure symptoms are less frequently encountered than 1
Hodgkin's disease although they may occur in the medstinum.
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None of the elmical fearures are sufficiently distinetive to differentiate this
from Hodglan's disease so that one must resort to biopsy and histologic
examination of a lymph node to establish the diagnosis. The leukemic variery
is recognized by the characteristic changes in the peripheral blood.

The course of the leukemic and aleukemiic types of lymphoeytic lymphoma
are similar. An acute, rapidly progressive form may occur m children and
young adults whereas the chronic variety is raore frequent in later aduit hife.
When 1t makes it appearance in late adult life, the disease may be extremely
chronic i its course, lasting for many years and produciog few chinfeal
manfestations

The results of wradianen therapy are similar ro these obtained in Hodg-
han's disease. Natrogen mustards may be of temporary bepefit in the chronic
forms but seem to have less effect than in Hodglan's disease

Laseuoncasnie Type of Lyarenosia

The lymphoblastic type of fymphoma 1s afso known as fymphoblastoma or
large cefl Tymph The pathologte picture s simiar to that of the
lymphocytic type except that che cells which R the Iymph nades ace Jarge
unmature Jymphablasts rather than matare lymphocytes There 1s 8 greater
tendency for the cells of the Jymphobl rype of lympt o mvade and
penetrate the capsule of the node. Smce they are wore smature cells, the
growth and progress of the disease 1s apt to be more rapid.

There are no charactenstie changes in the peripheral blood stream in the
usual ease although o progressne anemua occurs in conjunction with the
dusease. In a relattvely few mstances a leukeme blood picture develops which
3 mdxstmgmshablc frorn acute ly! mphocy tic leukemia.

The lymph pathy 15 not & . A final d must be made
by hxsmlogxc study of the node taken for biopsy.

Roentgen therapy and the mirogen mustards are used as sn Hodgkm's dis-
case but the course 15 rapid and the cutlook poor

Forricuar Tyre oF Lyaerovis

The folicutar rypc oi lymphoxm presents a clinieal preture stmilar to the
other By smph i ion of 2 iymph nede reveals mul-
wple nodules of varsous size which compress and distare the lymph spaces
angd smuses The nodules or follicles are round or oval bodies filled wich
tymphosd cells which are chuefly of the large lymphoblasue type There 1
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some tendency for fusion of the follicles so that a picture simulating lympho-
blastic lymphoma may develop.
The diagnosis rests upon microscopic examination of an excised node.
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Chapter XIX

. AGRANULOCYTOSIS

SY.\'()NYMS: GRANULOCYTOPENIA, AGRANULOCYTIC ANGINA, MALIGNANT NEU-
tropenta, pernicious Ie'ukopenia

Agranulocytosis is a disease characterized by a sudden and marked reduc-
tion in the number of granulocytic cells in the blood stream and, usually, by
ulcerative lesions of the mucous surfaces

If agranulocytosis is to be recognized as a distince clinical entity, it must be
separated from those diseases and infections which have leukopenia as one of
their marufestations. The cause of many cases of agranulocytosis is unknown
so that the disease is subdivided into two groups, one 1dwopathic in origin and
the other secondary to a recognized causative agent. By far the greatest num-
ber are of the secondary type, and a vast majority 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 myelocyuc cells
Madison and Squier first called attention to the fact thar amidapyrine was the
causative agent m a majority of the patients 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 supplies. The in-
vestigations culminated i the observation that amidopyrme was frequently
used by these women for relief of headache or the pain associated with men-
struation and that the agranulocytic syndrome was prone to follow its use.
Confirmatory evidence of the effect of amidopyrine on the leukocytes was
obtained by giving a small dose of the drug to patients who had recovered
from an attack of agranulocytosts This caused a sharp drop 1 the neutrop}ul
count Neutropenia does not occur in all individuals using amidopyrie, it is
necessary to presuppose a suscepubihty or sensitivity to the drug in the af-
fected persons The development of agranulocytosis under these circum-
stances does not preclude the possibility that some preesistung defect in the
bone marrow may be present.

379
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In addition to amidopyrine itself there have been numerous compounds on
the market, available to patients without a prescription from a physician,
which contain amidopyrine combined with other drugs. These frequentdy
bear a trade name which does not suggest the presence of the offending
substance. They are as dangerous as amidopyrine itself since the disease may
be produced by a very small amount of the drug in susceptible individuals.
Amidopyrine and its pounds have undoubtedly been the cause of alarge
percentage of the cases of agranulocytosis.

Other drugs have been less frequently but no less definitely incriminated
in the production of this disorder. Dinitrophenol, formerly used for reduc-
ing body weight, not only causes agranulocytosis but leads to the develop-
ment of cataracts. Organic arsenical preparations used in antisyphilitic ther-
apy, such as arsph ine and neoarspl ine, have caused agranulocy-
tosis, but mapharsen has been used with safety in patients in whom ars-
phenamine has previously caused agranulocytosis. Agranulocytosis h.as re-
sulted from the use of bismuth in antisyphilitic therapy, gold salts in the
treatment of arthritis, and tridione. 3

Thiouracil, which 1s extensively used n the treatment of hyperthyrmd!sn.!.
causes leukopenia in 2 rather high percentage of the patients to whom it is
administered, a neutropenia with a total leukocyte count of from 3000 to 4000
being not uncommon. In a much smaller group of patients, nppnrenrl_\' about
1 per cent of those taking the drug, a severe agranulocytosis develops. The
complication unfortunately does not always occur early in the course of treat-
ment but may appear after the drug has been given over a pertod of many
weeks so that each patient must have frequent leukocyte counts throughout
the course of treatment. Propyl-thiouracil is reported to be less apt to cause
agranulocytosts but 1t 1s not without danger.

The sulfonammde compounds such as sulfanamide, sulfapyrtdine, sulfa-
thiazole, sulfad and succmylsulfathiazole are prone to cause agr:nu]ocy-
tosis, This usually develops after prolonged adminstration of the drug al-
though cases are reported mn which the agranulocytosis developed suddenly
soon after treatment was started, Watkins found scveral cases 1n which a bar-
biturate was apparently the causative agent of agranulocytosis but this group
of drugs are mfrequent offenders Many other drugs and chemicals are re-

orted to have produced agranulocytosts i isolated instances and a complete
Iist of all of these 1s impractical but 1t must be remembered that any prepara-
tion gz a t ring 1 3ts ckh 1 structure is Patentmlly danger-
able individuals and their leukocyte count must be carefully

ous to suscep!
watched.
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Although drugs and chemicals are the most common cawse of agranulocyto-
sis there are many cases in which these seem to be definitely evcluded as an
ctiologic agent. The discase has been thought to be the direct result of an
overwhelming infection in some cases but it is more probable that the infec-
tion gained a foothold as a result of the Jowered protective mechamsm of the
body rather than being the actual cause of the agranulacytosis. In many in-
stances the white cell count has been found to be low several days before
evidences of infection develop. It appears, however, that many of the severe
depressions in the leukocyte count follow the use of amidopyrine or a similar
drug in patients whose leakopoienc tissue has already been damaged by a
severe infection. Allergic and endocrine disturbances have been sugpested as
etiologic or predisposing factors but this theory has not been fully substan-
tiated although some features of the attack suggest an allergic reaction. Anti-
bodes have nat, however, been demanstrated 1n suscepuble individuals, and
shin tests and scratch tests have been negauve, Reznikoff believes that fatigue
and are wnp predisposing factors,

Investigavions on the effect of pteroylglutamic (folic) acid and urethane
and its athed componnds on hematoporetic and embryonic tissues may lead
to a better understanding of agranulocytosis. The suggestion has been made
that 1t is a reaction due 1o compeution for certain essential substances or an
mnterference with the enzyme system of the tissues which leads to a deficiency
of cell production, The rapidity with which the agranulocytosis develops in
some instances is more suggesuve of cell destruction than of an arrest in ther
development although the latter mechantsm 1s hughly probable in more slowly
developing cases of leukopenia,

The disease is mote common n women than in men and accurs most fre-
quently in mid aduit life. Most cases have been encountered during 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 an the bone marrow 1n agranulocytosis are
varble Some of the discrepancies m the findings may be explaned by the
beng made ot duff stages of the disease and some on dif.
ferences i the methads used An extreme degree of hypoplasia of the
myelopoicuc ussues has been encountered 1n some cases, in others there 1s
aplasta of afl the celivlar elements In sull other mstances the cellutarity of
the hemaroparetic marrow has been found to be essentially normal or acruaally
hyperplastic with myelocytes and mycloblasts present unusually large
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numbers. To explun these discrepancies it has been suggested that there is a
maturation arrest which stops the growth and development of the granulo-
cytes or produces degenerative changes in the cells before they migrate to
the peripheral blood stream, This maturation arrest occurs at the myeloblast-
myelocyte stage of development. Since they do not mature to the proper
stage for liberation into the blood stream, the young cells accumulate 1
greater than normal numbers in those areas where they are being formed
This type of hyperplastic cellular marrow is encountered during the early
stage of the disease and is found in those patients who die with acute ful-
minating agranulocytosis. There 15 a terminal or secondary destructive re-
action with hypoplasia and decreased cellularity of the bone matrow in
those cases which are of longer duration, '

Necrotic ulcerations may be found on the mucous surfaces of the mouth,
esophagus, intestine, or vagina, These ulcers are sharply outlined and are
characterized by 2 very slight inflammatory reaction and an almost complete
absence of granulocytic leukocytes in the area,

Clinical Features i
Agranulocytosis oceurs in an acute and a chronic form. The ncut_e form is
characterized by the manifestations of an acure fulminating infection. The
temperature nises rapidly and is accompanted by chills, headache, muscle
patns, malaise, and extreme prostration Nausea and vomiting or other gastro-
intestinal symptoms may occur. An extremely sore throat is present in 2
majority of the patients and is associated with a diffuse mﬁammauw of the
pharynx in the early phase of the disease. This progresses to ulcerative and
necrotic lesions of varymng stze which involve the tonsils, pharyny, gums, of
buccal mucous membranes and, 1n some cases, extend to the larynx zr{d
esophagus. The ulcers are sharply demarcated and covered b_).r a necrotic
membrane. They are extremely painful in most instances and seriously inter-
fere with or completely prevent the patient from swallowing. A firm bl:ﬂ“m);
edema may be present mn the surrounding tissues Gangrene and sloughmgz
the necrotic areas may occur. The regional lymph nodes become enlarged.
Similar ulcerations may develop on the mucous surfaces Flsc\vhcrc. espe-
cially about the rectum, vulva, and vagina. Soreness or aclfmg of the g“:’:
has been noted 1n some instances in the carly stage of the disease, bcforc. t !
fever or ulcerative lesions have made their appearance. The lcukop;::: ;:
present, however, at the ume these symptoms appear. 'I:h: :1cust:moc s
sometimes preceded by 2 mmer illness, an injury, an operation, or Sy
disorder for which anudopyrine or other drugs were taken. The cours
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be rapid with a persistently hugh fever, delirium, coma, and death within a
few days of the onset. A high um‘cmming temperature is of particularly
grave signifi Bronct ia is a frequent complication and cause
of death. Neither I\emurrhaguc manifestations nor purpura oceur with this
disease although a skin rash is commonly encountered.

The course is less severe in many patients, the febrile reaction being lower
and the lesions of the mucous membranes less prominent or absent. The
picture is still that of an infectious process with chills, fever, and prostration,
but these symptoms are less severe and the outlook 15 more hopeful than in
the acute type. Fatigue and extreme weakness are prommnent features in the
less fulmimung cases, a fatigability which is out of proportion to the infection
which is present and which 15 difficult to explain on the basis of leukopcmn
alone.

Splenomegaly is not present in acute agranulocytosis. The regional lymph
nades may become enlarged as a result of the ulcerative lesions of the
mucous membranes, but there is no g lized lymphad hy. Jaundi
occaslomlly oceurs as a resule of hep:mus, but the Ilver 15 seldom enlarged.
The urine contams alburmin and casts.

Hematologic Features
1

‘The most ct 1stic features of ‘ytosis are the marked reduc-
tion in the total leukocyte 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 ume the symptoms become
severe the characteristic blood picture is well established. In those cases which
are secondary to amidopyrine or other drugs there is 2 varable interval be-
tween the drag’s adminmistration and the appearance of the leukopenia, Most
patients require only 2 small amount of the drug to bring about the Jeu-
kopenia, and the symptoms appear within a few days. In a few cases the
leukopenia develops only after prolonged admnistration of the causative
agent.

The total leukocyte count 1s usually below 2500 cells per cubic milimeter
and frequently 1t is less than 1ooo. Jackson reports that nearly a third of the
cases have less than 500 white blood cells, Exarmnation of the blood smear
reveals that the reduction in the total leukocyte count 15 due to a reduced
number of neutrophls. The percentage of neutrophuls may drop to 10 or 15
per cent. In the very severe cases these cells are almost completely absent.
Most of the neutrophuls winch are found in the blood stream are oid and
d d forms although oc lly an immature cell may be seen

8
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Eosinophils are also absent from the blood stream. A vast majority of
cells on the smear are Iymphacytes. In the carly stage of the disease and
less severe cases the actual number of lymphocytes will remain norma) s
that a relative lymphocytosis results. In the late and severe stages there is
reduction in the number of Iymphocytes as well as neutrophils, as must of
viously be true when the rotal leukoeyte count is below 1000, It is apparen
therefore, thar although the neutrophils are primarily affected in this disess
the lymphocyrtes may also be involved. The monocytes are not signiﬁcmt};
affected as a rule although it has been stated that when they are present i
unusually large numbers, it is o hopeful prognostic sign.

When improvement begins the leukocyte count increases rapidly, the num
ber and percentage of neutrophils rise, and there is 2 nuclear shift to the Ief
signifying the appearance of young granulocytic cells in the blood stream
Myelocytes and metamyelocytes are frequently encountered at the onset 0
a remission.

There is no more change in the hemoglobin and crythrocyte fevels thar
occurs with any acute infection, and anemia is not a significant part of the
pictare of agranulocytosis The platelets are not affected so that hemor-
thagic episodes do not appear.

Sternal puncture reveals a variable picture as indicated in the discussion of
the pathology of the disease, The vanations are probably explainable on the
stage of the disease in which the examination is made and the severity of }hc
particular case. In some nstances there js a hypercellulariey with many im-
mature granulocytie cells. This may represent a maturation arrest or It may
indicate begmning recovery. In other cases there has been aplasia of the
granulocytic series of cells and this 1s the common finding 1n the severe forms
of the disease Sternal aspiration 1s of greatest value i excluding aleukemic
leukemia and aplastic anenua in the differential dragnosis,

Diagnosis

The diagnosis of agranulocytosis is based upon the characteristic hlout:
findings These may or may not be associated with necrotic ulcerations od
the mucous membranes A history of having used one of the incriminate
drugs is of value in establishing the etiology of the disorder but such a h;sturfj
cannot be obtamed 1n many instances. Every effort should be made to fin
che responsible agent. ) . . )

The disease must be differentiated from those infectious diseases which are

ly panied by leukof and a relative lymphocytosis such as
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influenza, typhoid fever, typhus, measles, and the early stage of infectious
mononucleosss. It must also be differentiated from those blood dyscrasias
which cause leukopenia, such as pernicious anemia, Banu’s syndrome, and
primary splenic neutropenia. None of these causes such a profound change
1n the nentrophul count as oceurs with agranulocytosis.

Greater difficulty is encountered in differentiating this disorder from aleu-
kemic leukemia and aplastic anemia. Aleukemic leukemia may occasionally
produce a marked leukopenia, and there are immature cells in the blood
stream, cnl:rgcment of the spleen or lymph nodes, progr:ssive anemia, and
thrombopenia. It 1s rare for an acute aleukemic leukemia not to show some
immature cells in the blood stream, but 1f the diagnosis is m doubt, a sternal
puncture and examination of the aspirated marrow may settle the problem.

In aplastic anemia, which may cause difficulty in the differential diag-
nosss, the erythrocytes and platelets are lowered as well 25 the leukocytes
Severe hemorrhagic manifestations are common in aplastic anemia, and the
anemia is more profound.

Prognosis

The mortality in agranulocytosis 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 chemotherapeunc and antibiotic preparations
to curb the secondary infection have greatly improved the outlook, The mor-
tality rate also appeared to be lowered by the use of pentnucleotide although
this is doubted by some. In spite of the protective measures now available it is
still a dangerous disease. The prognosis is poor if the leukocyte count is
below 1000 and is worse in older patients than in younger ones. Dcnth occurs
asa result of i ! 1y with sepsis or bronch

When recovery ensues there is a rise in the leukocyte count with an increase
of the granulocytes in the peripheral blood. Varymg numbers of immature
forms appear in the blood stream The increase in the leuhocyte count may
be rapid and a lcukoc) tosis frequently follows, commonly reaching 12,000
o 15,000.

Treatment

The first step in the treatment of agranulocytosis is to discover and re-
move the etiologic agent There are numerous propnetary preparations for
the relief of pain which contain anudopyrine or pyramidon, and the patiene
should be carefully questioned regarding the use of any drug of this type.
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The offending drug, or any drug which is closely related from a chemical
standpoint, should not be given. This holds true even though no history of
its use is obtained.

Since nfection is the greatest danger and the principal cause of desth in
agranulocytosis every possible effort should be directed toward preveatng
and treating infection. Penicillin has been of the greatest value in this regard
and should be started immediately in adequate dosage and continued unt! the
infection has subsided or until the danger of infection has passed. It is given
in dosagcs of 50,000 to 100,000 units every three hours, or in larger amounts
if necessary. The use of this antibiotic has reduced the mortality of agranulo-
cytosis i ably. The sulf ides may be used in the same manner but
their propensity for producing agranulocytosts limits their uscfulness in the
treatment of this condition. They may be used in treating those pntients in
whom the agranulocytosts was not produced by their use, and have on occa-
sion been used in patients 1n whom they appeared to be the causative agu}r.
Their wse is seldom justificd, however, in the presence of agranulocytosis.
It should be realized that penicillin is used for the treatment and prevention
of mfection unul the normal protective mechanism of the body has recov-
ered. It has no effect on the bone marrow and in no way stimulates the forma-
tion and development of granulocytes, General supportive measures shcul.d
be used. If there s difficulty in swallowing because of infection or necrotic
lestons it will be necessary to admimster fluids parenterally and in every case
a large fluid mtake should be maintained.

Transfustons are of value as a supportive measure although they have no
spectfic effect on the agranulocytosis. They arc best given in relatvely small
amounts rather than as single large transfusions. From 200 to 250 cc. of blood
at daily intervals in the serously 1l pauent 1s advisable.

Pentnucleotide appears to be the most beneficial therapeutic agent although
some observers question 1ts value and do not believe that it is of any benefit.
Jackson and Tighe found that the mortality was greatly reduced by its use.
In our own expenence 1t has apparently been effective. Pentnucleoride is ad'-
ministered intramuscularly in 10 cc doses and is given four times a da)"‘"“’l
the leukocyte count begins to nse and then once or twice 2 day until the
count has returned to normal. Definite evidences of improvement will usu-
ally appear on the fourth or fifth day of sts admnistration If no beneficul
sesults are apparent by the tenth day of its use, 1t will not be effecuve and
may be discontinued. Ra.the.r alarming reactions, shortness of breath 01’.“
sense of substernal constriction, are encountered rather frequently afer 1ts




Agranmilocytosis 387

adnunistration. L he necessity for a preparation of this type has been greatly
reduced by the use of penicitlm.

Liver extract by intramuscular injection has been advocated bue it is doubt-
ful if it has any significant effect, Roentgen ray therapy in the form of
small doses dessgned to stimulate the bone marrow has also been used. Its
apparent beneficial effect seems to be due to a hastening of the maturation of
the lenkocytes rather than to an actual stimulation of the bone marrow. It
has more of a degenerative than a sumulating effect and has been largely dis-
continued Nonspecific therapy in the form of foreign protein injections has
also proved to be worthless.

Adenine suifate and bone marrow estrace have been used in the treatment
of agranulocytosis, but the results are equivocal. Both of these preparations
should be regarded as being in the experimental stage.

Preroylglutamic (folic) acid has been advocated in the treatment of
agranulocytosss but there 18 as yet no conclusive evidence of its value in this
condition. fiotin and pynidowane have a similar status.

Priviary Serenic NEUTROPENIA

Primary splenic neutropema is a syndrome described by Wiseman and
Doan in which a profound newtropenia is the most outstanding feature, It is
thought to be closely allied 1o thrembopenic purpura and hemolytic icterus
although the redecnion mn the number of thrombocytes and erythrocytes is
far Jess than the reduction in the number of neutrophuls, Hemorrhagic fea-
tures do not occur and anemia, when present, 15 of only moderate severty.
The course of the disease may be acute or chronic and the chinical manifesta-
tions may include fever, ulcerations of the oral mucous membranes, chronic
mfections, ab , and other if 1ons which reflect the patient’s in-
creased suscepubility to infection. Chirome ulceranons of the skin over the
shuns have been observed

The spieen 1s enfarged and pain 1n the splenic area has been reported. The
bone marrow shows myeloid hyperplasta but not of a leukemic type, There
are no demonstrable evidences of hiver damage as i Bantr's syndrome.

The microscopic appearance of the spleen has been vanable, Wiseman and
Doan reported evidences of increased phagocytos:s of neutrophils and eryth-
focytes by the macrophages of the spleen and hyperplasia of the reticulo-
endothekial elements, but these pathologic features have not been found con-
sistently by other observers.

The pathogenesis of this form of neutropenia has been assumed to be 2 too
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rapid removal and destruction of the neutrophils by the spleen and this is
borne out by the evidences of increased phagocytosis withm this organ and
the mycloid hyperplasia of the bone marrow. Other observers have hypothe-
sized that a substance formed and hiberared by the spleen suppresses the de-
velopment of the neutrophils in the bone marrow. The condition must, at
the present time, be considered as a chimcal syndrome rather than gs 2 patho-
logic entity but its recognition is an indication for splenectomy.

Removal of the spleen i primary splenic neutropenia leads to complete
and permanent recovery from both the chnical and laboratory standpoint.

Primary Splenic Panhematopenia

Doan has also reported cases in which there is indtscriminate destruction
of circulating elements of all types (erythrocytes, Jeukocyres, and plaltltfs)
by the spleen. There is a compensatory hyperplasia of all cellular elements
of the bone marrow but despite the increased regeneratton of cells in the
marrow they are depleted in the peripheral blood. This may occur as 2
primary and congemtal dysfunction of the spleen and removal of the organ
under these circumstances is curative. The syndrome may also occur second-
ary to other types of spleme disease.
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rapid removal and destruction of the neutrophils by the spleen and this is
borne out by the evidences of increased phagocytosis within this organ and
the myeloid hyperplasia of the bone marrow. Other observers have hypothe-
sized that a substance formed and hiberated by the spleen suppresses the de-
velopment of the neutrophils in the bone marrow. The condition must, at
the present time, be considered as a clmnical syndrome rather than as a patho-
logic entity but its recognition 1s an indication for splenectomy.

Removal of the spleen in primary splenic neutropenia leads to complete
and permanent recovery from both the clinical and laboratory standpoint.

Primary Splenic Panhematopenia

Doan has also reported cases in which there 15 indiscrimmnate destruction
of circulating elements of all types (erythrocytes, leukocytes, and platelets)
by the spleen There is a compensatory hyperplasta of all cellular elements
of the bone marrow but despite the increased regeneration of cells in 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 is curative, The syndrome may also occur second-
ary to other types of splenic disease.
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Chapter XX

INFECTIOUS MONONUCLEQOSIS AND
INFECTIOUS LYMPHOCYTOSIS

INFECI'IOUS MONONUCLEOSIS 1S AN ACUTE INFEC1IQUS DISEASE OF UNKNOWN
cavse charactenized by fever, lymphadenopathy, sp! 1y, and the pres-
ence of many abnormal lymphocytes in the blood stream. The term infec-
tious Jeosis is used synonymously with fever, a name given
to the disease by Pferffer n 1889 There has been some discussion as to
whether these terms refer to the same clinical entity, but the present con-
sensus 15 that the diseases are identical

Infecuious mononucleosis 1s widespread throughout the world and occurs
m sporadtc, endemic, and epidemic forms. It 1s posstble that many of the
sporadic cases represent the more severe instances of 2 small epidermc in
which many of the cases are so mild as to escape notice. The disease 1s most
frequently d m children but is m young adults as is
exemplified 1n the epidemics encountered m the Army camps during World
War IT No age 1s exempt and 10 per cent of the cases n one epidemic were
between 45 and 65 years of age. Many cases have been reported from hospital
clinics so that the apparent incidence in young adults, such as medical stu-
dents, nurses, and the hospital resident staff, has been unduly high. Recent
reports mdicate that the disease is not uncommon 1 Negroes.

7 ordeel,

Etiology

The cause of mfectious mononucleosis 1s unknown but evidence that it 1s
a specific virus infection has been steadily accumulating. Absolute proof, how-
ever, 15 stll lacking and attempts to transmic the disease to laboratory animals
and to human subjects have not been wholly successful 1n reproducmg all
manifestations of the disease. Many different organisms have been suspected
of bemng the causatn e agent and several have been 1solated from the blood
stream of patients with the disease but adequate proof has never been forth-
coming to mcnminate definttely any one of these.
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toms have appeated. Soreness of the throat appears at varying intervals after
the premonitory symptoms and may be a mild discomfort or extremely pain-
ful with a severe inflammatory reaction of the pharynx and tonsils A patchy
or a diffuse membrane may be present, but ulcerations are not common. The
glands are enlarged out of proportion to the severity of the pharyngeal in-
solvement in most cases. This feature frequently calls attention to the pos-
sibility of infectious mononucleosis rather than a simple pharyngitis a5 a
diagnosis. In a few cases the glandular involvement is minimal or absent.
Many such cases undoubtedly escape recognition, and a d is of simple
plaryngitis or tonsillitls remains unquestioned Fever is present thronghout
the acute phase of the illness and may reach 104 or 105 F. Although the
severity varies, the disease usually runs its course in two or three weeks and
spontaneousty subsides. Fatigue and lassitude may persist, and the lymphad-
enopathy may remain for months after the acute febrile episode has subsided

The glandular or Pfeiffer type of infectious mononucleosis may occur
sporadically but is more frequently epidemic. Tt is the type most commonly
encountered in children It differs from the pharyngeal variety in that the
throat symptoms are mild or absent and a generalized lymphadenopathy is
the predominant fearare. Enlargement of the mediastinal nodes may cause
itritation and cough Rettoperitoneal and mesenteric lymphadenopathy may
produce abdominal pain and gast symptoms The course of the
disease is similar to that of the pharyngeal type—rather acute and rapid—so
that recovery is usualty complete within two or three weeks

The febrile type, descnibed by Tidy, has as its predominant feature a
febrile course with headache, maluse, and generalized muscular aching.
Soreness of the throat is rare, and glandolar enlargement s mimmal and
does not appear until about the third week of iliness After several days of
rather high fever the temperature subsides, but recurrences are common and
the course of the disease may be prolonged.

ial

Clinical Features

The accompanying table shows the frequency with which the various
symptoms and findings were d m an epid of i i
mononucleosis observed by Baldridge, 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 mononucleosis is a contagious disease, the degree of
contagiousness is so low that quarantine and strict solation of sporadic cases
are unnecessary. Some degree of segregation js advisable durmg the febnle
period, however. The contagiousness is much greater during epidemics than
with sporadic cascs.

Pathology

The lymph nodes removed for-histologic examination are soft and spongy
in consistency with the capsule distended and white. The nodes appear gray
and granular on cut section, and the normal architecture is distorted by
lymphoid hyperplasia, which compresses the sinuses and distends the capsule.
Some gerpunal centers are entirely replaced by lymphoid hyperplasia, the
cells containing numerous mitotic figures. There are many lymphoid cels
free in the lymph sinuses. The fibrous reticulum of the node 15 not increased,
and there are no areas of necrosts.

The bone marrow does not show the Iymphocytic infiltration and replace-
ment which characrerize the marrow n lymphocytic lewkemia but rather 2
myeloid hyperplasia of the type seen in other infections.

Clinical Types

The incubation period of infections mononucleosis is apparently variable,
usually ranging from ten to fourteen days. The chmieal manifestations like-
wise are extremely variable and it has been stated that it is second only t0
syphilis in sts ability to mimic other conditions. Several clinical types are com-
monly described. These subdrvisions are based upon the predominant manifes~
tations but there 15 a great deal of overlapping. The onset may be insidious or
acute, the sporadic cases frequently having a prodromal period of several
days or a week with anorexia, mahise, fatigability, and headache. In other
cases the opset is manifest by fever, chills, sore throat, and more severe pros-
tration, Varymg degrees of enlargement of the lymph nodes and splﬁsﬂ are
usually encountered although these features may not appear until later in the
course of the illness.

The pharyngeal type of infections mononucleosis 15 one of the most fre-
quent. It is more common in young adults than in children and tends to 0¢-
cur sporadically in the spring and fall rather than in epidemic for{n. The.l’ﬂ;“
1s usually insidious and 15 characterized by a few days of mala]sc,. ]nssm!‘ ;—
headache, generalized muscle soreness, and chilly sensations, following wthd
there are fever, chills, and night sweats. The Iymph nodes become enlarge
and the spleen becomes palpable a few days or a weck after the other symp-
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is common but nausea and vomitng are relatively infrequent. Diacrhea is not
2 common symptom and is encountered less frequently than is constipation.

The medsastinal nodes are involved but do not berome evtremely large. A
widening of the mediastinum may be derected on roentgenologic examination
in some instances but whereas coughing is a frequent symptom there is no
correlation betw een the presence of cough and increased mediastinal shadows.
Pulmonary complications occasionally arise with cough, expectoration, pain
in the chest, and the presence of sibilant rales. Roentgenclogic examination
oceasionally shows a haziness or mottling indistinguishable from that of atyp-
1cal pneumonia, It clears raprdly.

Lymphadenopathy may appear in one area, disappear as the acute mani-
festations subside, and reappear in another area with recurrence of a febrife
course. In most instances all of the nodes become enlarged at about the same
time although in some the lymphadenopathy spreads from one area to an-
other. The lymphadenopathy usually reg as the acute mamfestacions
disappear, but 1t is not for a slight enlarg of the nodes to
persist for months after all other clinical manifestations have subsided.

The spleen is palpable in about 75 per cent of the patients The area of
splenic dulness is increased in many others m whom the organ is not large
enough to be felt. The enlargement is not extreme, and the edge seldom
descends more than 3 or 4 cm below the costal margm. In an occasional
patient the spleen may be considerably larger. It 15 frequently tender, and
complaints of a dull ache, soreness, or of sharp pleurisy-like pains in the
splenic area are not infrequent. The size of the spleen slowly dimintshes as
the acute stage of the discase subsides, but splenomegaly may persist for
months after the acute attack. The hiver is occasionally enlarged, usnaily to
only 3 slight degree slthough it may extend a handbreadth below the nght
costal margin, Tt may be shightly tender.

Various types of skin lesions may appear duning the course of the discase,
the frequency varying in different epdemics 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. The) may be maculopapular, umcam—hke lesions, or
a g b ™ erup Petechae y oecur 1 the skin
and mucous membranes,

There are no severe hemorrhaglc manifestations, but slight epistaus and
bleeding gums are d. H ia may be present as a
resule of acute focal nephnns, but diffuse glomerular nephritis does not oc-
cur A granular conjuctvitis may develop duning the course of the disease.

Edema of the eyelids is sometimes noted Coughmg may result from irrita-
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Symptoms Percentage Physical Observations  Percentage
Backache 54 Subangular &
Chlliness 4 Submaxdllary 5z
Anorexia 38 Inguinal 50
Sweating 34 Epitrochlear 32
Weakhness 32 Submental 10
Cough . Tender glands 76
Drzziness 26 Enlarged spleen 48
Sore bleeding gums 26 Enlarged tonsils H
Nausea 24 ( Membranous angina 22
Suff neck 24 Enlarged liver 16
Abdomtnal pain 6" ‘Throat mjected 58
Vomiting wl Peritonsillar abscess 12
Photophobza 10 | Abdommnal tenderness 4
Aphthous sore mouth 10
Pleurssy 8,

Loss of weight 6
Famting 6 [
Constipation 4
Diarrhea 2

Enlargement of lymph nodes is the most characterisue and constant feature
of this disease. Although an occasional case is encountered without apparent
lymphadenopathy, this is rare. The enlargement is usually g:ner:xhzed ?nd
involves all of the sﬁperﬁcial nodes, but sometimes only those of the cervical
region will be obviously affected. The cervical nodes rarely escape, par-
ticularly those of the anterior chain. The size of the nodes will vary from
one patient to another as well as m various Jocations m the same patient. Tf.ICy
do not reach the extremely large size of those encountered 1n Hodg.km's
disease. Ordinanly the nodes are about 1 ¢mt in diameter with an occasional
one, particularly beneath the mandible or mn the axilla, being 3 or 4 ¢m- 10
diameter. They are rather soft and rubbery i consistency, they are not
atrached to the surrounding ussue so that they remain freely movable, and
they do not involve the overlymg skin. The discomfort produced by the
glands is varable. In many mstances 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 neck Suppuration does
not occur except In rage mstances Lymphatic drainage from certamn areas
may be blocked, which may lead to edema.

The mesenteric nodes are seldom sufficiently enlarged to be detected on
Physicnl evamination but they are undoubtedly involved more frcquendc)-
than is gencrally supposed Abdomnal pan 1s a common symptom, som .
ames being severe enough to simulate appendtais or regional ileitis, 3n¢
the mesenteric lymph:udcnopathy may contribute to 1ts production. Anorexid
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no greater anemia than would be found with any scute infection. The abseace

of anemia »s important in distinguishing this disease from leukesmia. The blaod

platelets are unaffected, and although thromb has occasionally been
d, it is a rare phication,

The total Jenkocyte count is vaiable, vsually being from ro,000 to 20,000

by the time the patient consults a physician, Occasionally it 15 elevaced to

50,000 0f 60,000, but this is unusual, Leukopenia 15 a frequent or perhaps 3
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constant feature of the very early stage of the disease. Leukacyte counts
of 3000 to gono at this tme are not nfrequent.

A newtrophihic feukoeyross occurs early 1 the course of the disease but
soon gives way to a lymphocytosss. Lymphocytes usually compnse 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 wntid the second week.

“The “abnormal lymphocyres” which appear in the blood stream are the
most charactenstic hematologic feature (Fig 73). These cells vary in thewr
structure and appearance bot are mature forms of the lymphocytic senes
and must be differentiated from immature lymphocytes, which are found
in Jevkemia Most of the lymphocytes encountered on the smear are ab-
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tion caused by enlargement of mediastinal Iymph nodes but 15 more fre-
quently due to an extension of the inflammatory process to the laryny,
trachea, and bronchi.

A positive Wassermann reaction is often encountered in infectious mono-
nucleosis. Tidy found this to occur in about half of the cases, the reaction
becoming positive during the second week of the illness, persisting 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 infectious mononucleosss
as a result of diffuse hepatitis which may be accompanied by an obstruction of
the bile ducts and a derangement of liver function The liver may be enlarged
and tender, occasionally extending four or five centimeters below the costal
margin, Wechsler, Rosenblum, and Sills state that the clinical picture of m-
fectious mononucleosts complicated by hepatitis was indistinguishable from
the ordimary case of infectious hepatitis except that the rcterus cleared more
rapidly and the gastromtestinal symptoms were milder It s doubtful if 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 lymph nodes and a positive Wassermann reaction it is extremely sug-
gestive of a diagnosis of carly syphilis

Meningitis and meningo-encephalitis have been observed during the course
of infectious mononucleosis although their incidence is extremely low Head-
ache is a partcularly troublesome feature when these complicarions occur
and 1s associated with other evidences of meningeal irritation or cerebral
involvement such as mental confusion, irritability, difficulty with specch,
lethargy, and cranial nerve palsies. The spinal flud shows an elevated cell
count rangmg from 25 to 300 cells per cubic millimeter, most of which are
lymphocytes

Cardiac complications have been mentoned by Bernstem and by Wechsler
but are apparently uncommon Abnormal rhythms as well as S-T segment
changes and low voltage of the QRS complexes i the electrocardiograms
were epcountered during the course of the disease but definite evidence of
permanent damage to the heart 15 lacking.

Hematologic Features
The most striking features of the disease are to be found u 0
of the blood. The dagnosss can be established with reasonable certainty in

£ the patients by this means. The erythrocytes and hemaglobin
leosts, and there ¥

pon examunation

2 majority 0
level are not sigmificantly affected by infections mononuc



&

1 12 3

@
—

Prre v



398 Hentology

normal in their structural characteristics, only a few normal lymphocytes
being present, An occasional abnormal lymphocyte may occur in other
diseases which are characterized by Iymphadenopathy, bue there is none
in which they are so prominent and form such a large percentage of the
lymphocytes in the blood streamn, Downey and McKinlay divided these
abnormal Iymphocytes into three types, emphasizing the fact that they
must be recognized primarily by the inner structure of the nucleus rather
than by the size or configuration of either the nucleus or the cell itself.

The size of these abnormal lymphocytes varies from a cell which is but
slightly larger than a normal mature lymphocyte to one which approaches
or exceeds the size of a monocyte. The nucleus may be round or oval but
is frequently itregular in outline and appears to be lobulated. The chromatin
is arranged in coarser strands than is normal for the lymphacyre and forms
a network contaiming 11l defined masses of chromatin material, In some eells
these blocks of chromatin are grouped at the periphery of the nucleus so
that its appearance is suggestive of a plasma cell. In others there is a dense
ring of chromann a short distance inside the outer margn of the mucleus
leaving the outer ring and central portion of the nucleus lightly stamed. T'he
chromatin of some cells 1s arranged m a close network of fine strands giving
an even diffuse staining reaction which resembles that of an immature cell
Vacuoles and fenestration of the nucleus are frequent. Osgood has placed
considerable stress on this feature m the diagnosis of infections mononu-
cleosts.

The nucleus of the abnormal lymphocyte may almost completely fill the
cell. More frequently 1t is eccentrically placed and is surrounded by cyto-
plasm which 1s more abundant than normal. The cytoplasm stains more

Prate VIIL

Abnormal types of Iymphoeytes as encountered 1n the blood of
patients with infectious mononucleosts. Cells 7 to 71 are mature but
abnormal forms differing from the normal in ther cyxoplnsmfc
granulation, vacualation, or depth of staining and in the chromatin
structure of their nuclei. Cells 72 to 14 are immature cells from a case
of acute lymphocytc leukemia for comparison. (Heck, Infectious
mononucleosts. In Downey’s Handbook of Hematology Paul B
Hoeber, Inc.)
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deeply and is more hasophilic than normal for the lymphocyte and in some
instances approaches the deep basophilia characteristic of the plasma cell,
In place of the clear hyaline blue cytoplasm of the normal lymphocyte is
a darker, mottled, and blotchy cytoplasm The cytoplasm at the periphery
of the cell frequently stans more deeply than that which is close to the
nucleus. If the nucleus is indented, the cytoplasm in the bend of the nucleus
is particularly Jight staining.

Azure granules are found in most but not all of these abnormal cells, and
the number of granules in each cell is vsually greater than normal. Many
of the granules are larger and more prominent than the usual azure granules
of the lymphocyte. Vacuolation of the cytoplasm is common, some cells
have only one vacuole whereas in others the entire cytoplasm is studded or
there is a ring of vacuoles just inside thes cell membrane. The cells vary
greatly in their size and structure but they are mature cells. Only occasionally
do immature lymphocytes gain access to the biood stream in this disease.

Although varying numbers of normal lymphocytes will be present on the
smear, ordinarily they form a relatively small percentage. The abnormal
lymphocyte is not, however, pathognomonic of infectious mononucleosis.

Monocytes are present in normal or slightly increased numbers in in-
fectious mononucleosis and may show an increased pranvlarity of their
cytoplasm. This monocytosis may persist during the convalescent period

The percentage of abnormal lymphocytes decreases after the clinical
manifestations of the disease disappear. Their disappearance from the blood
stream lags behind the chnical improvement, and 1n many instances they
persist for months after the other features of the disease have subsided.

Hereropnite Axisopy TEsT For InFECTIOUS MoONONUCLEOSIS

In 1932 Paul and Bunnell found that highly diluted bload serum from
patients with infections mononucleosis would agglutmate and hemolyze
sheep's erythrocytes. “This observation has been amply confirmed by other
investigators and is now recognized as a reliable 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 agglutination and hemolysis of
sheep’s erythrocyres. ‘The agglutinins and hemolysins which produce this
reaction are known as heterophile antibodies. The number of antibodies is
increased after injections of horse serum, especially if serum sickness results.
The heterophile antibodies which are present in normal serum and which
develop after injections of horse serum can be removed from the serum by
absorption with guinea pig kidney tissue whereas the antibodies which ap-
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phocytes in the blood stream, and 4 positive heterophile antibody test, The
clinfcal manifestations are extremely variable and may simulate a great muaay
diseases so that numerous problems arise in the differential diagnosis.

Many cases of nfectious mononucleosis are squcsme of Iy mphOC) tic
feukemia because of the generalized lymphadenopathy, sp galy, fever,
prostration, and preponderance of large cells of the lymphocytic series in
the blood stream. The differentiation can be made from the blood smear
s most instances, immature lymphocytes being present in those patients
with leukemia wheress in infectious mononucleosis the lymphocytes are
large and sbnormal but marure cells. Although anemia is present in leukemia,
in infectious mononucleosis the hemoglobin, erythrocytes, and platelets are
not significantly affected. The heterophile antibody test is also of value in
dxstmgmshlng between these diseases.

Leukocyte and differential counts are not made on many patients with
acute pharyngitis, Undoubtedly some of these patients have unrecognized
infectious mononucleosis. A careful differential count should d(sanguxsh
berween the two diseases.

Infectious heparitis may be simulated 1n those § of infectious mono-
nucleosis which are ch ized by fever, g intestinal sy and
jaundice. Generalized ly: mph‘.\denopn[h) does nat occur with infectious hepa-
titis and a careful examination of the blood smear should make the differ-
entiation, The disease may also be confused with brucellosis.

Because of the falsely positive Wassermann reaction that occasionally
occurs during the active stage of infectious mononucleosis, the disease may
be confused with early syphilis, pnmcu\arl) 1f the involved glands are small
and firm. The Wassermann reaction in infectious mononucleosis usually re-
fmains positive for two or three weeks and spontaneously becomes negative.

Although the distinctive b‘ood picture and the hc(erophﬂe antibody rest
serve to establish the d of infecti , there are many

8!
diseases which it may simulate under certain conditions. In addmon 10 those

already mentioned it may at times resemble typhoid fever, milary tuber-
culosis, septicemia, influenza, tularemia, and Hodgkin's disease. When ab-
dominal symptoms are a prominent feature, appendicitis or regional ileitis
may be simulated

Course and Prognosts

The course of the disease 15 extremely vanable. In 2 majority of the pa-
tients it runs from one to three weeks with complete recovery occurring
P ,. In other the malaise and fassitude may persist for
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pear in the serum of patients with infectious mononucleosis are not absorbed
to the same extent by this means.

In performing the heterophile antibody test varymg dilutions of the sus-
pected serum are added to a 2 per cent suspension of washed sheep's eryth-
rocytes, and the highest dilution which causes agglutination of the erythro-
cytes 15 noted. Agglutnation of the erythrocytes in a serum titer of 163
is suggestive. When it occurs in a uter of 1224 or over, it may be con-
sidered as presumptive evidencé of infectious mononucleosis provided e
patient does not have serum sickness at the time the test is made. This pro-
cedure is known as the “presumptive test.” If any doubt as to the diagnosis
remains, the “differential” test should be employed,

The differential test 15 based on the fact that the heterophile anubodies
of infectious mononucleosis are not completely absorbed from the serum
when 1t is exposed to a suspenston of guinea pig kidney tissue In performiag
this test o.1 cc. of the suspected serum, which has been inactivated, is mixed
with o.5 cc. of a 20% suspension of boiled gumea ptg tssue. The mixture 15
centrifuged after standing for an hour. The supernstant flud 18 addcd'w
the suspension of sheep cells in varying dilutions just as in the presumptive
test. The guinea pig tissue removes some of the antubodies, but agglu[mar{on
should occur in a titer which 1s at Jeast one-fourth as high as that which
caused agglutination in the presumptive test; Le., not over thrce-fouffhs. of
the agglutinins are removed. If the presumptive test showed agglutination
1n 2 titer of 1°224, there should be agglutination in the differential test 10
a tter of 1:56 or above 1f mfectious mononucleosis is present. If more .th:m
9o per cent of the agglutinins are removed by absorption, the diagnosis of
infections mononucleosis 1s doubtful. .

The heterophile antibody test becomes posttive rather early 1n the disease
in a majority of the patients, probably from 7 to 1o days after the onset.
In some cases a postave reaction will not be obtained untl as many 25 21
days of the illness have passed. The length of time that these anubodes
persist in the blood serum varies, but they are present long after the acute
manfestations have subsided. They have been found to perssst for as long
as 296 days (average 119) after the acute phase of the disease has pﬂsied
The heterophule antibody test does not become postuive 1 a small, but as yet
undetermined, number of cases of infectious mononucleosss.

Diagnosis
The diagnosis of mfectious mononucleosis 1s based upon the febrile coursé,
denopathy, sp! galy, appearance of abnormal lysm-

generalized ly ph
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nantly mature small lymphocytes. It is apparently unrelared to infectious
mononucleosis although the lymphocytic cells are predommanty affected in
both diseases, Te is primanly a disease of childhood although cases in young
"adults have also been reported Estdences of an upper respiratory tract infec-
tion have been common and 2 skin rash, usually maculopapular in type, is
frequently present. The clinical manifestations are usually mild and of short
duration but may be entirely absent. In some instances fever, vomuting, and
abdominal pain have been prominent, suggesting the need of surgical inter-
vention. Irritability, headache and pain i various parts of the body have been
described, Lymphadenopathy and spl ly have been described in some
cases but are usually absent,

A leukocytosis with a preponderance of mature Iymphocytes is the out-
standing hematologic feature, the total leucocyte count reaching so,000 or
over in some instances with from 8o to go per cent of the cells being lympho-
cytes. A slight eosinophilia has been reported sn some cases There is no
anemia and no thrombocytopenia, Abnormal lymphocytes of the type found
m infectious mononucleosis are absent. Aspiration of sternal marrow shows an
abnormally high percentage of small adult lymphocytes without evidences
of a leukemic infiltration of i forms.

Although the clinical manifestations are self-limited and of short duration
the lymphucytosls of the blood and sternal marrow may persist for several
weeks. The heterophile anubody test is negative An ncreased number of
I_Vmphm:ytes has been found in the spinal fluid

The disease must be differentiated from lymphauc leukemia, infectious
mon}:)n;xcleosxs, and pertusss by the hematologic, serologic, and bacteriologic
methods,
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several weeks after the febrile reaction has subsided. The disorder may be
so mild throughout its entire course that the patient has few complaints and
the disease would not be suspected if blood examinations were not made on
exposed individuals during an epidemic. In other cases there.is 2 stormy
course with a high fever and marked prostration.

The enlarged nodes and splenomegaly usually subside within a few weehs
bur occasionally persist for months or years. The abnormal lymphocytes
may also persist in the blood stream for months after the acute episode
subsides.

Complete and spontaneous recovery is the rule, and the disease itself is
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 illness has occurred in several cases. Recur-
rences and relapses of the disease are common. The prolonged convalescent
period encountered in many instances, even in the mild forms of the disease,
is a discouraging feature to many patients,

Treatment N

Rest in bed, adequate flurds, and other forms of symptomatic treatment
during the acute febrile pertod are all that 15 necessary in the way of therapy
11 a vast majority of patients. Specific convalescent serum has been used and
appears to shorten the febrile period of the disease and to produce mathed
subjective smprovement. Its use 1s justified only in severe cases The serum
should be obtained from a patient who has recently recovered from the
disease, being drawn one or two weeks after the fever has subsided. From
50 to 300 cc. are admimistered mtravenously. The sulfonamide drugs have
been used but with no apparent effect on the course of the disease. Roentgen
ray therapy to the lymph nodes 1s of no benefit.

Hot or cold compresses may mitigate the soreness and pain in the lymph
nodes, and asprrin or codeine relieve the headache and gencrnhzcd muscular
aching. Blood transfustons may be given for subjectve reltef when the
course is protracted It 1s seldom necessary to resort to this procedure.

Acute INFecTiots LanipHoCYTOSIS

Acute infectious Iymphocytosis has been described by Snuth, and subse-
uently by 2 number of others, as an acute infectious and contagious dxsc;lfc
charncter;zed by an absolute lymphocytosis in which the cells are predomi-
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mantly mature small lymphocytes. It is apparently unrelated to infectious
mononucleosis although the lymphocytic cells are predominantly affected in
both diseases. It is primarily a discase of childhood although cases in young
~adults have also been reported, Evidences of an upper respiratory tract infec-
tion have been common and a skin rash, usually maculopapular in type, is
frequently present. The clinical mamfestations are usually muld and of short
duration but may be entirely absent. In some instances fever, vomiting, and
abdominal pain have been prominent, suggesting the need of surgical inter-
vention, Trritability, headache and pam various pasts of the body have been
described. Lymphadenopathy and spl Iy have been described in some
cases but are usually absent.

A leukocytoss with a preponderance of mature lymphocytes is the out-
standing hematologic feature, the total Jeucocyte count reaching 50,000 or
over in some instances with from 8o to go per cent of the cells being Iympho-
cytes. A slight eosinophiliz has been reported m some cases. There 15 no
anemia and no thrombocytopenia, Abnormal lymphocytes of the type found
in infectious mononucleosis are absent. Aspiration of sternal marrow shows an
abnormally high percentage of small adule lymphocytes without evidences
of a leukemic infiltration of immature forms.

Although the clinical manifestations are self-lmited and of shorr duration
the lymphocytosis of the blood and sternal marrow may persist for several
weeks, The heterophile antibody test is neganve. An increased number of
lymphocy(:s has been found in the spinal flmd

The disease must be differentiated from lymphatic leukemia, infectious
mon}:)nuclccus, and pertussts by the hematologic, serologic, and bacteriologic
methods.
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MULTIPLE MYELOMA AND LIPOID DYSTROPHIES

MurtieLe Myerosa

Muu‘xnt MYELOMA IS A NEOPLASTIC DISEASE CHARMCTERIZED, BY MULTIPLE
tumor masses eriginating in the bone marrow from one of the various types
of cells which are normally present n the hematopoietic portion of the mar-
row. These tumors apparently arise from any of the marrow cells and they
have been classified accordingly. The plasma cell type~plasmacytoma—has
been by far the most common but there is a wide duversity of opinion as to
the origm and nature of these plasma cells. It is probable that they arise from
reticulo-endothelal cells but whether or not they represent an abnormal
form of lymphocyte or an entirely scparate series of cells is open to question
Thete 1s 2 growing tendency to speak of them as mycloma cells rather than
as plasma cells. In addition to this type of myeloma there have been described
myeloblastomas, erythroblastomas, and Iymphocytomas, but these are ex-
tremely rare and the existence of these latter types has been quesrioned by
some observers who feel that all are of the plasma or myeloma cell type.

The disease 15 characterized by widespread lesions of the skeletal systen
with the bones contaimng hematopoietic marrow being most frequently and
most extensively mvolved, Although the lesions may occur in any bone they
are more common 1n the skull, ribs, pelvts, and vertebra. The lesions are
usually multiple by the time the disease 15 recogmized, and 1t appears to ofig-
inate m multple foc: rather than to spread or metastastze from one onginal
area. In many instances only a single lesion 1s found on roentgenologic exam-
ination, but subsequent histologic study of the bones reveals muluple and
extensive nvolvement. A few cases of apparently solitary myeloma have
been recorded,

The disease 1s most cormmmon in the sixth decade of life, and males outnumber

ferales about 3.1.

406
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Pathology

The lesions in the bones are grayish-red in color and of gelaunous con-
sistency. The cortex overlying the areas of medullary involvement may be
extremely thin or completely eroded so that the tumor evtends through the
periosteum into the surrounding soft tissues. Histologically the temor is
found to be very cellular and composed almest enurely of one type of cell,
A fine fibrous reticulum suppotts masses of these cells in various stages of
development, more rmmature forms being found in those with a gh degree
of malignaney. As was stated above, a vast majotity of these rumors ate com-
posed of plasma (myeloma) cells, while those composed of erythroblasts
and mycloblasts are extremely rare.

The relationstip between the myeloblastic type of multiple myeloma and
mych Teukemia 15 § g and ntrigung. The predominaung cell
and the histologic pietore within 3 myeloblastoma ste smudar 1o those en-
countered in the bone marrew of leukemie panents, except that in myeloma

the lestons are localized w hereas in Jeuk there is g hized mvolvement
of the marrosv, The interrelationship betw een solitacy myeloblastoma, mul-
tiple myelobl teuk myclogenous leul and ordmary myelo-

genous leukemia is not understood. Sumtlarly 1t s found thar muluple myeloma
of the plasma cell type may accastonally be sssociated swich the peripheral
blood picture of plasma cell fenherma,

Symptomatology

Pan is one of the most ding symptoms of multip loma, e
may be localized directly over an area of bone invols: tmcm or refersed to
3 neighboring jomt; & may be an snrense, constant pan or intermuttent 1t
character It 15 most frequent m the thorax and m the lower lumbar region
and 1ts onset 1s commmonly attnibuted to some shight trauma The pam s usually
aggravated by movon and exertion, and s reheved by rest. A tumor mass
may sometumes be felr ansing from bone m the panful area, but this s refa-
uvely mfrequent Qccasionally there s extreme superficial tenderness ia the
affected area but this roo 15 ot constantly present Manv of the fesions are
asymp and show extensive bose imvohement
regions where there has been no pan or renderness whatsoever. Weakness,
wihich accampanics the severe progressiv e anemia, may be the only symptom.
Pathologie fractures, partcularly af the ribs, are frequcnr and may be the
first and of diness Ab bleeding, vsnally of the nose or gums, is
semetumes encountered
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A progressive anemia, presumably of myelophthisic origm, is a constant
feature of multiple myeloma, although 1f discovered in the early stages of the
disease the anemia may as yet be relanvely mld. Its severity progresses asthe
erythropoietic marrow is displaced and anemiz may be the predommnant
manifestation of the disease. The leukocyte count is extremely variable,
ranging from a distinct leukopenta to a leukocytosis of 100,000 or more, In
most instances there are no significant alterations in the differential count,
although a few immature cells of the myeloid and erythrocytic seres ma)
occastonally be encountered. Myeloma or atypical plasma cells gam access 10
the peripheral blood stream 1 some patients, and in rare mstances are 50
numerous as to suggest a diagnosis of plasma cell leukemia. The presence
of these cells in the peripheral blood is so infrequent that they are rarely of
help in establishing a diagnosis although, when encountered, they are of
significance.

Sternal aspirarion is an extremely valuable diagnostic aid Even though
there 15 no roentgenographic evidence of involvement of the sternum the ma-
teral which is aspirated will contamn the myeloma cells in a high percentage
of cases. A negative resule does not exclude the possibility of multiple my-
eloma as the bone marrow involvement may be irregularly distrtbuted rather
than diffuse, and repeated aspirations may be necessary. The plasma cells
encountered on bone marrow smears do not have the same Appear,mce asm
histologte sections. There 1s considerable variation in their size and fre-
quently the cell 1s very irregular in outlme with one or several “pseudop()d.u‘
like” projections of the cytoplasm. The cytoplasm is basophilic, but stains
less deeply than m the plasma cell as seen m tissue sections It 1s frequently
vacuolated, occasionally contamns azurophilic granules, and may be blotchy
or irregular m 1ts staining reaction, The nucleus does not usually show the
typical “cart wheel” or “clock face” distributton of chromatin but presents
2 more irregular distribution, although a tendency for the chromatin to be
clumped around the periphery of the nucleus 1s frequently observed. The
nuclens may be centrally placed or eccentric, mitotre figures are not un-
common and occastonally there may be morc than one nucleus, Plasma cells
do not entirely replace the normal marrow cells, but usually about o per cent
are of the plasma cell type although occasionally the percentage 15 much
higher. It has been stated that a diagnosss of multiple myeloma can be made
with more certamty from the findings of sternal aspratron than from the
roentgenologic findings. . R

The ruenrgeno]ogic appearance of the involved bone is vnml.nle, h
most frequent findings are muluple circumscribed osteolytic lesions, whic

but the
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Fic 74 Roentgenogram of skull showing multiple small osteolytic lesions in a case of
‘multiple myeloma.

Fic 75 Roentgenogram of skull shosng three sharply defned osteolytic lsions 1 case
multiple m eloma.
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A progressive anemia, presumably of myelophthisic ongin, is a constant
feature of multiple myeloma, although if discovered 1 the early stages of the
disease the anemia may as yet be relatively mild. Its severity progresses as the
erythropoietic marrow 1s displaced and anemia may be the predominant
manifestation of the disease, The leukocyte count 1s extremely varnble,
rangmg from a distinct leukopenia to a leukacytosts of 100,000 or more, In
most instances there are no significant alterations m the differential count,
although a few immature cells of the myeloid and erythrocytic series may
occasionally be encountered Myeloma or atypical plasma cells gain access to
the peripheral blood stream 1’ some patients, and in rare instances are so
numerous as fo suggest a diagnosis of plasma cell leukemia The presence
of these cells in the pertpheral blood is so infrequent that they are raely of
help in esmbllshmg a diagnosis alzhough, when encountered, they are of
significance.

Sternal asprration 1s an extremely valuable diagnostic aid. Even though
there is no roentgenographic evidence of involvement of the sternum the ma-
terial which 1s aspirated will contam the myeloma cells m a high percentage
of cases. A negative result does not exclude the possibility of muluple my-
eloma as the bone marrow mvolvement may be irregularly distribuzed rather
than diffuse, and repeated aspirations may be necessary. The plasma ce!ls
encountered on bone marrow smears do not have the same appearance as in
hustologic sections. There is considerable varation in their size and fre-
quently the cell 1s very irregular 1n outlme with one or several “pseudopodia-
like” projections of the cytoplasm. The cytoplasm is basophtlic, but stans
less deeply than n the plasma cell as seen 1n tissue sections It is frequently
vacuolated, occasiona]ly contamns azurophilic granules, and may be blotchy
or arregular in its staining reaction. The nucleus does not usually show the
typical “cart wheel” or “clock face” drstribution of chromatm but presents
a more 1rregular distribution, although a tendency for the chromatm to be
clumped around the periphery of the nucleus 1s frequently observed. The
nucleus may be centrally placed or eccentric, mitotic figures are not un-
common and occastonally 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 1s much
higher. It has been stated that 2 dragnosis of multiple myeloma can be made
with more certainty from the findings of sternal aspiration than from the
roentgenologic findings. . . N

‘The roentgenologic appearance of the involved bone is .\'amfxlc, bue x;
most frequent findings are multiple crrcumscribed osteolytic lesions, whic
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Albumin and casts are found in the urine, and evidences of renal insuffi-
ciency ultimately appear m most of the patients There is a low ering of this
renal function, an elevation of the nonprotein nitrogen of the blood, 20d the
appearance of other symptoms and findings of chronic nephritis,
Diagnosis

The diagnosis of multiple myeloma is based prismarly upon she presence
of osteolytic bone lestons and 2 progressive anemia i 2 patient comphaining
of weakness and poin in the bones or jotots. Fiyperproteinemiz, high blood
calerum, and Bence Jones protelnuria are of help in establishing the dignosis
but may not be present in the early stages of the disesse. The pathologic
cells which comprise the tumor may be present in the marerial aspirated
by stermal puncture. This procedure may give sufficient evidence to firmly
establish the diagnosts. A biopsy may be taken from an accessible Jesion if
the diagnosis is still in doubt,

Multiple myeloma st be differentiared from merastatic malignant tumors
of the bone, hyperparathyroudssm, and other osteolytic types of bone lesions

The disease i uniformly fatal with progressve weakness, cachews, and
anemia The average duration of hife after the onset of symptoms is about
wa Yyears,

Treatment

Irradation may relieve the pan of muluple myeloma but dots not ap-
precaably alter its course. The bone Jesions ate not altered m their roentgeno-
fogic appearance by this treatment. Transfusions are of value for the sub-
jective improvement which they bring abous although the effects are tron-

stent,

Sulbsmdme given n cony with 2 dier Jow in amymal proten 15

reported by Snapper to relieve the pain 151 most cases of mulaple myeloma
This wreatment checks the disease and reheves the pan but does not cure
and does not mfluence the roentgenologic changes nor alter the sternal
marsow findings except for the desvelopment of basophihic melasion bodes
withi the cytaplasm of the myeloma cells. The drag 18 given mtravenously,
5o mg, dissolved m 1o cc of distifled water as the first dose, o0 mg as the
second dose after @ two-day interval and thereafter 550 mg. every other day
untila ol of 4 to 5 Gm has been given

Solitary Myeloma

Solttary myelomas have been reported but these are probably only 1 differ-
et phase of the same disease, and the finding of a single Iesion on Toentgeno-
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may occur in any bone but are most common in those areas containing
hematopoietic marrow. These osteolytic lesions appear as sharply demar-
cated areas of rarefaction which have a
P -out” apy e (Figs. 74, 75
76). There may be generalized osteopor-
osis of bone occurring either with or
without circumscribed osteolytic lesions
In other cases there is generalized mottling
of the bones. A roentgenogram of the
skull should be taken in all patients m
whom multiple myeloma is suspected a5
lesions are more likely to be visualized 10
this location than elsewhere.
Autoagglutination of erythrocytes 1s 3
striking feature in many cases of multiple
myeloma, Tt may occur to such an extent
that it interferes with the enumeration of
erythrocytes and may cause roufeau for-
mation on the blood smears. Rouleau for-
mation may also interfere with typing and
cross matching of the blood in prepara-
tion for blood transfusions Warming of
diluting the serum will sometimes prevest
this reaction. The sedimentation rate I8

« hed.

Fi. 76 Mulople mycloma. Muluple
osteolytic lestons in the bones of the

leg. §

s exceedingly rapid as the erythrocytes
clump together, impartng 2 granular appearance to the suspension, aud settle
very quickly.

Hyperproteinemia is found m a high percentage of patients with mukiPIC
myeloma. Values up to 20 Gm. per 1oo cc. have been recorded. The in-
creased protem content of the blood plasma 1s due ro an increase in the
globulin fraction, causing a reversal of the albumin globulin ratio The
hvperprotemenia 15 responsible for the mncreased sedimentation rate and
autoaggluunation. The serum caletum s frequently increased, bur the serum
phosphotus and phosphatase are normal or but shghtly increased.

Bence Jones protein is found in the urine of about ys per cent of fhc
pauents. It forms a white cloudy precipitate which appears when the urine
is heated to between so and 6o C. and disapp at_higher peratures
Bence Jones protein has been found in other diseases which involve the
bone marrow and 1s nat pathognomonic of multiple myeloma,
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Fic 7. Roentgenogram of the shull of a chuld with Gaucher's disease showing a large
osteolytic defect.

Fis. 78 Roentgenogram of the skull of 2 child with Gaucher's discase showing several
small osteolytic lesions
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logic ination does not ily mean that it represents a sohtary
process. Masnty apparensly sofitary lesions ultmately become generalized, and
sternal aspiration will frequently reveal that what appears to be a solitary
myeloma s actually multiple. The solitary lesions have a better progrosis in
so far as longevity is concerned and some are actually benign tumors. Extra-
medullary myclomas may occasionally be encountered.

Lrrom DystropHIES 0R L1poib GRANULOMATOSIS

The reticulo-endothelial tissues are subject to damage by a group of
diseases characterized by a disturbance of lipoid metabolism. These lipord
dystrophies have been subdivided into separate clinical entities which differ
slightly in their clinical picture and in the chemistry of the abnormal lipoids
They are all manifestations of a similar metabolic disorder. The principal
finding in so far as the hematologic picture 15 concerned is an anemia of
myelophthistc origin due to displacement of normal hene marrow tissue by
reticufo-endothehal cells contamning abnormal merabolic substances

Gaucher’s Discase

Gaucher's disease 1s a rare familial condition characterized by an extreme
degrec of splenomegaly, chronic anemia, and the presence of large “foam
cells in the reticulo-endothelial system.

The spleen is large, firm, and pale red 1n color. On cut section it presgnrs
2 granular surface with yellow or grayish red spats. Microscopic examiaa-
tion reveals thae the pulp 1s almose entirely replaced by large pale ?e}ls with
small cccentrie nucles. The cytoplasm is abundant and fantly staining and
on chermical analysis is found to contain kerasin. Sirmlar cells are encoun-
tered throughout the entire reticulo-endothelial system, they have been
called “foamn cells™ because of the appearance of their cytoplasm. Thesc eells
may be found in the material aspirated from the sternal marrow and also
in that obtained by splenic puncrure. ;

The disease is familial in ncsdence and chronic in its course It begins in
infancy or childhood although the symptoms may not become mamfest
antil much lager in life. The discase will pursue an especially chronte eourst
when the mamifestations do not become apparent unal the second or thurd
decade, but the course 15 niore rapid when the onset oceuss in mf:xm?)“"f_hc
outstanding chinical mamfestavon 1s an caremefy enfarged x.p'lccn. This u';-
creases in size very slowly and causes a hieavy dragging sensation the Jefe
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appear. Epistatis, bleeding gums, and purpura are the most frequent hem-
orrhagic symptoms,

The course of the disease in infants and children may be quite rapid with
progressive weakness, pallor, and cachexia. In older children and adults
ts progression s apt to be very slow with only mild fatigability accompany-
ing the enlarged spleen, Tt is ultimately fatal.

Splenectomy may be performed to relieve the discomfort caused by the
splenomegaly. This may give considerable subjective improvement but it
does not significantly alter the course of the disease. Deep roentgen ray
therapy has apparently caused some improvement, but the results are not
stniking, ‘The treatment is otherwise purely symptomatic and supportive.

Niemann-Pick Disease

Niemann-Pick disease 15 2 form of lipord dystrophy which appears earlier
in Iife than Gaucher's disease. Its course 15 more rapid. It 15 congenital and
famihal in ncidence and has been found predominantly in Jewish females.
The spleen and liver become enlarged, and there may be lymphadenopathy.
Gastrointestinal disturbances are a prominent part of the chinical picture
and lead to a poor nutntional state. The skin becomes pale and edematous,
and a brownish pigmentation appears The blood cholesterol 15 elevated in
some of the patients, Large cells similar to those described in Gaucher’s
disease are present throughout the reticulo-endothelial nssues and may be
found in the material aspirated from the sternal marrow. In Niemann-Pick
disease these cells give a positive reaction for lipoid and on chemical analysis
are found to contan a phosphatide rather than herasin.

A moderate degree of anemia is caused by the lipoid-containing cells re-
placing the hematopoietic bone marrow A leukocytosis is more commonly
encountered than leukopenia The platelets may or may not be affected.

The prognosis is hopeless, and no treatment has been found to be effective,
Niemann-Prck disease is more rapid in course than Gaucher’s disease, and
death wsually occurs within two months of the onset of symptoms Splenec-
tomy is of no benefir,

Hand-Schuller-Christian Disease

Hand-Schuller-Christian disease is a disorder of lipod metabolism appear-
ing 1 childhood, frequently during the first two years of Ife. There are no
racial or farulial tend, The d ions consist of exoph-
thalmus, diabetes 1nsiprdus, 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 infarction
of the organ. The spleen may almos fill the left side of the abdommnal cavity,
and it is surprising that in such cases it does not cause greater difficulties.
The liver becomes moderately enlarged, but there is no appreciable lym-
phadenopathy. There is 2 slight brownish discoloration of the skin in many
of the patients. Yellowish wedge-shaped thickenings—pingueculae—appear in
the conjunctiva on both sides of the cornea in older patients. Roentgeno-
grams may show either a generalized rarefaction and thimning of the cortex

Y
e A
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Fic 79 Roentgenogram of the chest of a child with Gaucher’s disease showing a diffuse
pulmonary infiltration.

of the bones or sharply demarcated osteolytic lesions (Figs. 77, 78). Pain is
occastonally noted over the area of bone involvement. In some cases 2 dif-
fuse mfiltration of the lungs has been noted which is suggestise of miliary
tuberculosis in 1ts appearance (Fig. 79). The blood cholesterol may be n-
creased but is usually within normal limits

The anema is vsually moderate in degree, and the erythrocytes appear
normal or but slightly hypochromic. This anemia is due primarily 1 dis-

¢ of the normal cellular elements of the marrow by herasm-con-

placemen
the

cnng cells Levkopenia is a characteristic feature of the disorder,
es being reduced so that a relative lymphocytosis results There

granulocyt "
duction m the number of platelets so that hemorrhagic tendencies

may be a re
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2 marked reduction in number of erythracyres, leukocytes, and platelets.
Death resulted froms profuse hemorrhages, 2 complication of the thrombo-
penia,

The yellowish nodules and diffuse mfiltrative lusions of the skan present
a sriking appearance. The cholesterol and toral lipasd levels of the blood
plasma may be cvtremely high. There ate no hematologic changes in the
benign or localized forms.

Letterer-Siwe Disease

Lettercr-Sime disease is 2 nonlipord reticulo-endothehiosss which affects
infants. The bone lesions on roentgenologic examinaton are identical o
those of Hand-Schulter-Christan disease, but histologic examunation shaws
Tittle or na lipoid nwterial present Lymphadenopathy, spl galy, hepat-
omegaly, bone defeets, and cutaneous lesions are present. The disease is
vsually fatal,

Eosinophilic Granuloma

Eosinophslic granuloma 15 a disease of cluldren and young adults sn which
there are single or multiple bone lesions due 10 2 reticulo-endotheliosis.
The pathologic prcture ts similar to that of early Hand-Schuller-Chrstan
disease. Tt 35 possible that this discase 13 merely one stage i the development
of a hpad dystrophy.
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There is extensive hyperplasia of the reticulo-endothelial cells and wide-
spread infiltration by large cells of this systen: whtch contain cholesterol
In many cases there is more extensive fibrosis in the hematopoietic portons
of the bone marrow than is encountered with other lipord dystrophies, Roent-
genologlc cxammation reveals areas of rarefaction in the bones which, on
histologic examination, are found to be composed of degenerated cholesterol-
containing cells Exophthalmus 1s caused by lesions in the orbital bones and
diabetes insipidus by lesions of this type in the region of the prtitary gland
There may be actual invasion of the pituitary gland stself as well as de-
formities of the sella turcica. The peribronchial and perivascular tissues of
the lung may become densely infilirated with the cholesrerol-contzining
cells. A diffuse fibrosis results which simulates the appearance of mitary w-
berculosis on roentgen ray examination. This may be the most mjportant of
the visceral lesions and may be the cause of death Cutancous lesions are
frequently encountered and consist of papular, pustular, or hemorthagie
cruptions on a dry, yellowish skin, These have been shown to be due to an
infiltration of the skin by the Itpoid-containing cells. The blood cholesterol
may be increased in the late stages of the diseasc.

Headaches, drowsiness, and irritability are common symptoms. There mav
be severe pam and tenderness over the bones of the extrenmues The gums
may be swollen and the teeth loosened. The liver and spleen are usually but
not always enlarged, never to an extreme degree. The lestons in the bones
dommate the clmical picture of this disorder The course of Hand-Schuller-
Christian disease 1s usually more chronic than that of Niemann-Pick disease
but more raptd than Gaucher’s disease. The anemia is mild in the early stages
but becomes progressively more severe as the disease advances and may be
accompanied by leukopenn and thrombopenia. The blood picture 15 sug-
gestive of aplastic anemia when the leukoeytes and platelets are reduced

Roentgen ray therapy to the liver, spleen, and other mvolved areas, par-
ticularly the bone lesions, has proved to be of temporary benefir but does
not alter the course of the discase

Xanthomatosis

Orange or yellowssh Lipoid material may be deposited 1n lJocahized areas
ar generally throughout all of the cells of the retsculo-endothehal uissues
Ttus condition 1s known as xanthoma or xanthomatosis In the genera
form of the disorder the mvolvement of the bone marrow may be extensive

roduce a severe myelophthisic anemia. We have cncounrcreld
yith

lized

enough to p
one patient 1n W hom there was a hematologic preture of aplasnic anemea
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Chaprer XXII

HEMATOLOGY IN INFANCY AND CHILDHOOD

Smcn THE NORMAL BLOOD FINDINGS AND THE RESPONSE OF THE BLOOD TO VA-
rious diseases during infancy and early childhood differ from those of the
adult, special consideration must be given to interpretation of changes in the
blood at this age. The hematopoietic organs of the infant are more libsle
and more active than those of the adult so thae there 15 2 more rapid and
more intense response to an infection or other stimmlus Because of chus hy-
perreactivity nucleated erythrocytes ate commonly found m an infant’s
blood as a manifestation of regeneration whereas a similar sumulus in Jater
hife would cause only shight polychromatophlia. Infection or other stumulus
to leukocytes may result in the appearance of myelocytes, metamyelocytes,
and a hyperleukocytosis in place of the adule reaction of 2 moderate Jeuho-
cytosis and an increase 1n band neutrophils This hyperacavity gradually
substdes so that the hematoposetic reactions ac the age of puberry are essen-
tually the same as i the adult. These peculiarities of the hematoporetic re-
sponse duning childhood muse be barne 1n nund 10 order to evaluate propesly
the hemarologic changes which oceur.

Hemoglobin

The blood hemeglobin is tugher at birth than ac any subsequent time, but
there 15 a rapid decrease duning the first weeks of hfe. The amount of hemo-
globin per umi of blood in infants is vanable, and there are variations in the
rapidity and extent of the subsequent decrease, the latter being influenced
by environmental factors and differences in the methods of feeding snfants.
The high hemoglobin level ar the time of birth 15 2 resule of the ow oxygen
tenston whuch has presarled in utero With the beginning of respiration the
availability of oxygen is greater and the need for excessive amounts of hemo-
globin disappears. The blood hemoglobin level falls rapidly, and there 15 3
decrease 1n the number of erythrocytes This destruction of erythrocytes and
Iiberation of their pigment accounts for the physiologic icterus of the

newborn.
320
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The blood hemoglobin at the time of birth averages between 22 and
23 Gm per 100 cc, of blood. This decreases rapidly so that by the tenth week
there remain but 11 to 13 Gm. per 100 cc. of blood, which level is mmain-
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tained throughout the next two years There 15 a gradual but slow increase
after 2 years of age, and the adulr level 15 reached at about the sixteenth year.
The hemoglobn level during this period is subject to minor fluctuations and
individual variations but in general follows the above course Curves showing
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the decrease in hemoglobin, red blood cells, hematocrit, and blood iron dur-
ing carly infancy were prepared by Stearns and arc shown n Figure 8o She
has shown that the blood hemoglobin in breast-fed babies does not drop to
as low a level as in artificially fed infants and that the addition of iron o
iron-containing foods aids in maintaining a higher hemoglobin level. The
amount of hemoglobin in the newborn is high in relation to the number of
erythrocytes since the average erythrocyte is larger than normal. There is
no demonstrable difference in the blood values between the two sexes at
this age.

Alr has shown that removal of blood from the umbilical cord at the time
of birth or the early tymng of the cord deprives the infant of needed hemo-
globin and erythrocytes and causes a significantly lower hemoglobin level
and erythrocyte count during the first weeks of life. This procedure is
cquivalent to subjecting the infant to a severe hemorrhage and may lead to
an iron deficiency during the first year of life. The mean corpuscular hemo-
globin is lower at the age of 8 to 10 months in those infants whose umbilical
cords were clamped ymmediately after birth than in those in whom tying of
the cord was delayed.

Erythrocytes

The erythrocyte count js high at birth and has been found to average
5,850,000 cells, some obscrvers reporting considerably hugher values There
is a great fluctuation during the first days of life, but the count declines to
an average level of 3,920,000 at 6 weeks and reaches the lowest average of
3,400,000 at 11 weeks. There is a subsequent rapid increase 1n the number
of erythrocytes to about 4,000,000 and then a gradual increase to ndu.lt
levels, the rise n number of erythrocytes paralleling that of the hemoglobin
values.

There 15 some varation in the size of the erythrocytes as observed on the
smear, but the average diameter is greater than in the normal adult, b:ﬂ,lg
from 8.5 to 9 microns. The variations 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 time 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 week of life.

Nucleated erythracytes are frequently encountered in the blood of a
newborn infant, from 1 to 2 nucleated erythrocytes per 100 leukocytes
usually being present although larger numbers are not infrequent. These
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are usually normoblasts, but more i forms may y be en-
countered. They disappear from the blood stream within a few days.

Reticulocytes are present in fairly large numbers, frequently reaching
from 6 to 7 per cent at the time 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
their number tends to be somewhat high immediately after birth and to re-
main elevated during the first few years of hfe.

Leukocytes

The total leukocyte count is high at birth, most observers finding 1t above
15,000 per cubic millimeter of blood. Occasionally it is as hugh as z5,000.
Repeated counts during the first hours and days of life show moderate fluc-
tuations, but in general there is a decline which reaches its minimum on about
the fifth day as is shown in the accompanying table compiled by Wollstein.
Following this there is an increase ta around gooo to 12,000 where the count
remains during the first year of Lfe although there may be rather marked
caily variations which appear to be independent of feeding, evertion, or
other exciting factors. The leuhocyte count does not fall to the normal adult
level unul about the tenth year.

Wauite Cetis rrom Birtet 1o Frrreen Davs

Total | Total
Per Cent | Total |PerCent| Total |PerCent
Age e |17 Lymgh | Mon | Mon | Eosin. | Eosin.

1st day 14,400 3436 2y 144 1 288 2
and day 13,000 3120 24 130 1 260 2
3rd day 11,700 3159 27 234 2 463 4+
4th day 7360 2796 38 73 1 294 4
sthday 7100 2911 a1 ° ° 46 6
7th day 7330 001 41 146 2 365 5
8th day o] 8850 F1%3] 59 88 1 176 2
gth day, 9700 4248 44 291 3 291 3
1oth day 7520 3524 47 75 1 215 3
11th day 9700 5141 53 582 6 o o
15th day 9550 4584 48 o o 475 5
Adult .| bocote | 1500ta [ 20tog0 | 230t0 3106 100 to 1103

qo00 2000 350 00

Immediately after birth there is 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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20 to 40 per cent of the white blood cells. There is an increase in the num-
ber and percentage of lymphocytes so that they usually exceed the neutro-
phils throughout the first six years of life. Eosinophils and basophils may be
unusually high at birth but decrease with the neatrophils. The number of
monocytes tends to parallel the lymphocytes, being rather low at birth but
increasing to relauvely high percentages at abour 2 weeks of age.

Immature white cells are not infrequently encountered on the smear dur-
ing early infancy so that an oceasional myelocyte or metamyelocyte during
the first few days of life is rather common They are seldom found after
the tenth day The percentage of band or nonfilamented neutrophuls 15 bke-
wise high at birth, frequently ranging from 3o 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 immature lymphocytes are also more common in infants’ blood
than m adults’.

Parsorocic Broon Prcrures v INFancy anp CHiLpHOOD

These physiologic variations m the hemoglobmn, erythrocytes, and leuko-
cytes must be taken into consideration when mterpreting the blood preture
of infants and children Likewise the hyperreaction of the hematopoi.enc
system to various stimuli must be borne m mind as the blood picture in 2
child may be constderably different from that encountered in an adule with
a similar disease. A roentgenologic examination of the skeletal system, espes
crally the skull, 1s often a particularly valuable aid m the diagnosis of hemato-
logic disease n children. Under the demand for excessive blood formation i
children, as n the hemolytic 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 parncularly
striking 1 Cooley’s (Mediterranean) anemta and the details of the bone
changes are described m more detail n Chapter XIII Stmular changes are en-
countered m other forms of hemolytic anerma which have their onset n
infancy. The lipoid dystrophies which appear i childhood produce ypical
osseous defects and osteosclerosts with 1ts thickeng of the cortex and re-
duction of the medullary space also makes 1ts appearance at this age. Both
of these conditions may produce a severe anemia Bone changes may be cvi-
dent m children with myelogenous leukemia whereas such roentgenolegic
features are not common 1n the adule with this disease These have been
dscussed in Chapters X and XIIT respectively.
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Anemias

The anemias of infancy and childhood have been di d in the ap-
propriate sections on anemia, but certin features may be re-emphasized at
this point. Anemia in the newborn infant is seldom encountered except in
rare cases of congenital hypoplastic anemia and erythroblastosis. In the Jat-
ter dition there are 1y large 13 of {eated erythrocytes
in the blood stream together with a marked degrée of polychromarophiliz
and diffuse basophilia. This response is simular to but much more intense
than that of an adult with severe and rapid hemolysis of the erythrocytes.

Other forms of the hemolytic anemias which are discussed in Chapter X111
may appear in early ctuldhood. These include familial hemolytic icterus,
sickle cell anemia, Lederer’s anemis, and Cooley’s anemia. The essential
features are the same as in adults except for @ more intense reaction in in-
fancy. Nucleated erythrocytes are frequently found in an infant’s bload
when only palychromasia or # reticulocytosis would be noted in the adult,
and the polychromasia which develops in the infant is even more marked
than in the adult. Such polychromasta is apt to be a striking feature in any
type of infantjle anemia except the aplastic type. Nucleated erythrocytes may
appear in appreciable numbers in response to any rather mild grade of anemia
in which there is compensatory regeneration of erythrocytes. The hemolytic
anemias are characterized by a leukocytosis which is particularly striking
when the disease occurs in infants. Immature cells appear in the peripheral
blood so that myelocytes, meramyelocytes, and band neutrophils may be
numerous. This leuhocytic response to an anemis, particularly the hemolytic
rype, has led to the erroneous use of “pseudolenkemia”™ in describing the
disease.

Megaloblastic anenna Although true Addisonian permucious anemia does
not occur tn chifdhood there is a somew hat similar type of anemua in children,
from one 1o eighteen months of age, the pathogenesis of which has not as yee
been determined This 15 charactenzed usually by a macrocytoss, but with a
wide varation in the diameter of the erythracytes, and by the presence of
some nucleated ervthrocvees. It tends to be normochromic rather than hvper-
chromic. There is a reduction m the leukocy te count with hypersegmented
neutrophuls and gunt metamy efocy tes i the penpheral blood. The platelets
are reduced and this 15 often associated with hemorrhagic tendencies and
purpura. The hone marrow 15 sumilar or sdentical to that found in pernicious
anemia witha megaloblasnc reaction and many abnormal young granulocytes.
An achlothydra s commonly present but does not persist after the anemia
15 cured Spll ly is iy but not consis Iy present. A history
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ofa preceding episode of vomiting, anorexia, fever, and upper respiratory in-
fection is commonly obtained. The nutritional history reveals inadequacies in
many but not all of the cases and it is probable that this anema is the result
of a nutritional deficiency or infection, It responds promptly to the ad-
ministration of folic acid, from 5 to 20 mg. per day, with a reticulocyte
increase, a reversion of the bone marrow to normal, and a steady rise in the
hemoglobin and erythrocyte levels. No relapses have been observed.

Aplastic anemin 1s not common in childhood and only rare cases of con-
genital hypoplastic anemia are encountered. Most of the cases in which the
blood prcture is suggestive of aplastic anemia eventually turn out to be
leakemsa in an aleukemic phase, a disease which s not infrequent in child-
hood and must be considered in the differential diagnosis of all unexplained
progressive anemias, Examination of the sternal marrow should be done in
all such cases as the leukemic miiltration is diagnostc,

{ron deficiency anemnas (Chapter IX) are not present at barth but tend
to develop during the first year of life, commonly after the fourth month.
Even when the mother has a severe grade of hypochromic anemsa, the infant
will have a normal amount of hemoglobin at birth although there is a greater
tendency for this mfant to develop a hypochromic anemia during the first
year of Iife than for a child born of a normal mother .

The anemia of prematurity is primarily an iron deficiency anemia and is
described more fully under that heading. It 1s not present at bsth bur.de-
velops during the first year of ife when the demand for iron by the rapidly
growing child 1s particularly great. Since the 1ron stores of the body have
not been adequately filled before birth, the avatlable iron 1s soon utilized and
typical hypochromic anemia develops, It 15 aggravated by an inadequate ron
intake and can be corrected by the addition of a stmple 1ron sale to the child’s
feeding. The blood volume of such infants 1s less than normal at the tme
of burth so that the source of materal for new blood formation, the products
of blood destruction, 1s not adequate to meet the needs of the rapdly growng
nfant. It has been suggested, but not proven, that the hematopotetic system
of these mnfants is not fully developed and that this may contnbute to the
uemia .

Even though the iron stores of an infant are adequately filled at thc' time
of birth, they may become depleted during the period of rapid growth if not
adequately replenished by the diet Nutritronal anemia of infants may oceur
if the child 1s kept on a diet composed exclusively of cow’s milk for too long
a period or if supplemental foods are not added to the dret at the proper umc'
A careful dietary history should always be obtained from the parents in any



Hematology in Infancy and Childhood 427

case of unexplained anemis in childhood. An adequate diet may quickly
correct a severe anemia which has developed on this basis.

Celixc disease may interfere with the absorption of iron from the intestinal
tract and so lead to a typical hypochromic anemia. A macrocytic hyper-
chromic anemia is found in other instances of celiac disease, especially when
the discase is of long standing. It is thought that this type of anemia is due to
faulty sbsorption of the maturation factor. It can be corrected by the
administration of autolyzed yeast, from = to 34 Gm. per day,

Got's mrilk anemriz is 2 macrocytic anemia encountered primarily in Ger-
many and Iraly and appears to be a form of nutniional anemix. Trss rare in this
counery. It oceurs in infants fed exclusively on goat’s mull-and may be cured
by liver extract, veast, or an adequate dier.

Congenital by poplastic anemia yesembles aplastic anemu in the adult but
is present st birth. It is 2 rare disease and responds only to repeated blood
ransfusions.

Von JakseE's avemsia is an ll-defined disease characterized by severe anemia
in childhood associated with 2 marked elevation mn the leukocyte count and
the presence of immarure granufocytes in the biood stream. The latter fea-
rure has led to the use of the term mfnle psendolenkenna. This disorder
probably represents a severe anemiz in early childhood which results from
infection or from hemolysis of the erythrocytes and is accompanied by a
hyperreactivity of the bone marrow with a resultant high leukocyte count
As pointed out in Chapter XII1, it would be best to drop the term <on
Jaksch's anemis since it does not seem to represent a specific disease entity.

Infection leads to the develop of anemm in children as in adules.
Acute infections seldom produce a severe degree of anemia although 2 rather
rapid fall may oceur in the hemoglobin and erythrocyte levels at the onset
of the infection.

Chronic infections Iead to varying degrees of snemia depending upon
their seventy, duration, and the cavsative organism. The anemia is due to
interference with the nutntional state of the child, to hemolysis of erythro-
cytes, and to a toxic depression of the bone marrow. The disability which
goes with 1 persistent outis media may be due as much to the accompanying
anema as to the onginal infection. A search for a hidden infection must be
undertakien in alf obscure anemias.

Hemorrhagic diseascs are not infrequent during infancy and childhood
Hemophiliz is the most of these and frequently makes its appear-
mic carly in hfe. Hemorrhagic disease of (hc newborn, due to vitamin K

Y, is not “Thromb P purpura of the idiopathic type
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of 2 preceding episode of vomitmg, anorexia, fever, and upper respiratory in-
fection 1s commonly obtamed. The nutritronal history reveals inadequacses in
many but not all of the cases and 1t is probable that this anemia is the restlt
of a nutritional deficiency or snfection. It responds prompely to the ad-
munistration of folic acid, from 5 to z0 mg. per day, with a reticulocyte
increase, a reversion of the bone marrow to normal, and a steady rise in the
hermoglobin and erythrocyte levels. No relapses have been observed.
Aplastic anemnia 15 not common in childhood and only rare cases of con-
genttal hypoplastic anemia are encountered. Most of the cases in which the
blood picture is suggestive of aplastic anemia eventually turn out to be
leukemm in an aleukemic phase, a disease which is not infrequent in child-
hood and must be constdered in the differential diagnosis of all unexplained
progressive anemias  Examination of the sternal marrow should be done in
all such cases as the leukemic mfiltration 15 di 1€
Iron deficiency anentias (Chapter 1X) are not present at birth but tend
to develop during the first year of life, commonly after the fourth month.
Even when the mother has a severe grade of hypochromic anemia, the infant
will have a2 normal amount of hemoglobin at birth although there is a greater
tendency for this infant to develop a hypochrormic anemia during the first
year of life than for a cluld born of 2 normal mother. 5
The anemia of prematuriry is primarily an jron deficiency anemia and s
described more fully under that heading. It 1s not present at birth bur'dC-
velops during the first year of Life when the demand for iron by the rapidly
growing child 15 parucularly great. Since the iron stores of the body have
not been adequately filled before birth, the available jron 1s soon uul]zcd‘:md
typical hypochromic anemia develops. It is aggravated by an inadequate iron
intake and can be corrected by the addition of a simple 1ron salt to the child's
feeding. The blood volume of such nfants 1s less than normal at the ume
of birth so that the source of material for new blood formation, the produ.t:Is
of blood destruction, 1s not adequate to meet the needs of the rapdly growing
infant. It has been suggested, bur not proven, that the hematopoetic system
of these infants is not fully developed and that this may contribute to the
nemia, i
Even though the 1ron stores of an infane are adequately filled at thc. time
of birth, they may become depleted during the period of raptd growth if not
adcquutcly rcplcnishcd by the dier. Nutritional anenua of iﬂf«'mt: may occur
if the child is kept on a dier composed exclusively of cow’s milk for too long
a period or if supplemental foods are nor added to the diet at the proper umc:
A careful dietary history should always be obtained from the parents i any
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In bronchopneumonia the leukocyte count will frequently reach 30,000
to 40,000 with ncutrophils predonunating and, especially in younger chil-
dren, a marked degree of immatunty of the cells

Lobar pneumonia may be associated with a leukocyte count of 15,000
to 50,000 with a preponderance of neutrophils and many immature cells
A typical leukemoid reaction may result from this infection

Empyema brings forth a very high leukocyte count, frequently from
20,000 to 40,000, with many immature cells.

Measles causes little or no increase mn the total leukocyte count although
a differential count shows a relative increase in neutrophils A leukocytosis
may be detected during the incubation period, but at the time of the catarrhal
stage and skin eruption this has disappeared, A lymphocytosis rather than a
neutrophilia may occur.

German measles does not cause a significant elevation in the leukocyte
count, but plasma cells may become a promment constituent of the periph-
eral blood

Mumps may be associated with shght or no increase in the rotal leuko-
cyte count. An actual leukopenia is sometimes encountered

Meningtis, either cic or due to other pyogenic organisms, re-
sults in a particularly high leukocytic response, from 30,000 to 50,000 cells be-
g a commen finding. There are vanious degrees of immaturity of the cells,

Mastoidutis results 1 a neutrophilic leukocytosis, frequently from 20,000
to 40,000 cells.

Ortius meda causes a leukocyte response which is ordinarily not as high
as 1n mastoiditis

Influenza does not cause a lenkocytosis. An actual leukopenia may de-
velop with the count ranging from 3000 to 5000,

Osteomyelms produces a varable response, but ordmanly the Ieukocyte
count runs from 20,000 to 40,000 1 the acute forms Although this 15 usually
a newtrophslic response, we have observed a lymphocytosis with this disease

Pertussis, as already mentioned, produces an increase 1n the ymphocytes,
which reach their greatest number during the paroxysmal stage. At that
tme a total 1eukocyte count of 20,000 or over is not uncommon

Pyogenic abscess results i a neutrophilic leukocytosis of varying degree,
the height of the count depending upon the type of organism and the loca-

tion of the abscess A count of 15,000 t0 20,000 IS NOt Uncommon, and vary-
ing degrees of tmmatunity of the cells will be encountered A similar neutro-
philic lenkocytosis will be observed with an acute appendicitis,

Poliomyehitis leads to a varable blood picture, with usually a moderate
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1s rare but may be present at the ttme of birth or appear during the early
months of life Profuse hemorrhage from any of these conditions will produce
asevere degree of anemia.

Leukemia

Congenttal leukemia, which is detectable at the time of birth, is exceedingly
rare, but 1t 15 not uncommon for leukemia ro make its appearance durng the
first year of life (Chapter XVII). We encountered 3 such cases among 61
children with leukermnta, Lymphocync leukemia is by far the most common
type m childhood and 1s practically always of the acute type. Aleukemic
forms comprise about a third of the cases Alyeloid leukema is scldom seen
m infancy but occasionally appears in larer childhood although 1t is far
less common than the lymphocytic type even then Various types of infec-
tious diseases m nfancy may cause extremely lugh leukocyte counts with
the appearance of myelocytes and metamyelocytes in the perspheral blood.
The possibility of such 2 leukemoid reaction must therefore always be borne
i muind when these blood findings are encountered in children.

Infections

An mfection m infancy or childhood may occasionally cause a lympho-
cytic response rather than the usual increase i neutrophils. Such 2 lym-
phocytosis 1s to be expected 1n pertussis, when the toral white count may
reach 40,000 with a preponderance of lymphocytes, but it 15 occasionally
encountered 1n other types of infectious diseases. We have found a leukocyte
count in excess of 50,000 with go per cent lymphocytes m a case of osteomy -
litis which, upon control of the infection, returned to normal. ;

The usval neutrophilic leukocytosis 1s encountered 1 most patrents with
infections, but the total count 1s usually higher The percentage of xmm:lt.m'e
cells 15 greater than would be expected mn an adult with a similar infection
These so-called leukemord reactions present troublesome dragnostic prob-
lems in many cases.

Leukocyue Response to Conmnon Chidbood Diseases

Chichenpox 15 usually assacrated with a relatvely low leukocy te count,
usually below 10,000, and a lymphocytosis.

Diphthera causes a leukocyte count of 15,000 to 20,000 With an mncrease

in neutrophils. "
Acute bronchitis does not produce a marked risc in the number of leuko-

cytes unless it 15 complicated by bronchopnenmenia



Chapter XXIII

TRANSFUSION OF WHOLE BLOOD AND BLOOD
DERIVATIVES

by Elmer L. DeGowin

Associate Professor of Internal Medicine,
State Unwversity of Iowa

InTRODUCTION

THE TRANSFUSION OF BLOOD MAY BI REGARDED AS THE MOST SUCCESSFUL
type of tissue transplantation so far developed The history of its evolution
15 long and interesng but 1s not within the scope of the present chapter.
Chemieal 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 it be considered as a complex mixture of pro-
teins and crystalloids containing cells which, if not living, are at Jeast phys-
iologically active

It is necessary to take cogmzance of the composition of the plasma in
order to consider intelligently the indications for, and the technic- of, blood
transfusion. Plasma 1s a solution of crystalloids and proteins, the latter in a
concentration of 6 to 7 per cent Three-fifths of the plasma protem is al- *
bumin, which exerts about 8o per cent of the total colloid osmotic pressure
and 15 readily assimilable by the body. Most of the remainder of the pro-
tem 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 1n the mechanism of coagulation of the blood
reside in the plasma prothrombin, fibrinogen, anuthrombin, and calcium
Only thromboplastin 15 derived from cellular elements

Tthe erythrocytes may be regarded as sacs of hemoglobin enclosed by
semipermeable membranes through which diffuse oxygen, carbon dioxide,
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leukoeytosis. However, counts of 20,000 or over may be noted, The white
count returns to normal with subsidence of the febrile course.
Rheumatic fever causes a moderate or high degree of leukocytosis with
neutrophils predominating.
Scarler fever causes a leukocyte count of 15,000 to 30,000 with immarure
cells sometimes present and occasionally with 5 to 10 per cent eosinophils
Subacute bacterial endocarditis does not cause a particularly high leuho-
cyte count. This may range from 8ooo to 15,000.
Fractures of larger bones may cause 2 surprisingly high degree of leuko-
cytosis.
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Hemolysis results from the combination of red cells and hemolysins in the
presence of complement so that the reaction cannot be demonstrated in
bloods in which the complement has been inactivated by aging or by sub-
jection to 56°C for thirty nunutes.

Nomenclature of Groups

The four blood groups are named from the agglutnogens in the erythro-
cytes. They are designated by the capital letters 4, B, AB, and O. The letter
O was originally employed to represent zero, implying an absence of ag-
glutinogen, but it is now known that the agglutnogen O is a specific sub-
stance, for which there is no naturally occurning agglutinin. The plasma of
group A contams g or anti-B agglutinin; plasma of B conrains « or anti-A;
AB contains no agglutinms in the plasma; group O blood has both anti-A and
anti-B agglutinins. 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, which unfortunately persist in use in some institutions, The
equivalent classifications are as follows:

International  Moss Jansky
A il 11
B m m
AB 1 IV umsversal reciprent
o v I unmversal donor
Inheritance

It has been firmly cstabbshed that the blood groups of the ABO sys-
tem are transmitted through inhentance according to the mendelan law.
The mechamism by which this occurs has been extensively studied. The
theory of Bernherm has now been widely accepted This postulates the ex-
istence of three allelic genes, A, B, and O. Since each germ cell contans only
one of the gencs, there exssts the possibility of combination between three
kinds of sperms and three kinds of ova A and B are dominant over O. Two
laws of heredity have been derived from these considerations (1) A child
cannot acquire an agglutinogen which has not been present in the blood of
one or both of the parents (z) Since O 1s recessive, 1t is impossible for a
child to belong to this group if one of the parents is AB, and conversely, the
combination of group O parent and group AB child is impossible. Only the
hereditary combinations listed 1n the accompanying table are possible
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chlorides, and destrose. The human crythrocytes contain about eighteen
times as much potassium as is found in the surrounding plasma. Although
the concentration of sodium in the plasma is high, scarcely any can be found
in the cells. The body under normal conditions forms about 1 per cent of
the circulating crythrocytes daily and destroys a corresponding number.
Any volume of blood, therefore, at the time of collection is composed of
equal quantities of cells from 1 to approximately 100 days of age.

Broop Grours aND SUBGROUPS

The ABO System
Definition

All human beings may be classified as belonging to one of four chief blood
groups. They are distinguished by the presence or absence of certain specific
polysaccharides in the erythrocytes and in all body cells. These substances
are designated by the capital letters A, B, and O. When present in the
erythrocytes thev are known as wsobemagglutinogens; n other tissues or
fluids they arc referred to merely as group-specific substances. There are tn0
chemical forms, the lipoidal und the water-soluble. All persons have t.ht
lipordal form in their erythrocytes and other ussucs, Most, 1 addition, havein-
herited the ability to produce the water-soluble form in quanuty, and this 15
secreted in the saliva, urine, tears, semen, gastric juice, and milk. These mdr-
viduals have been designated secrerors; those laching sufficient water-soluble
fraction are called nonsecretors It has heen show n that the ability to secrete
group-specific substances 15 inherited as a mendelian dommnant character. It
is of some practical interest that substances present m the stomach of the hog
and 1n the capsule of Type I pneumococcus give rezctions lmmuno]ﬂglcﬂ“:\'
similar to that of the A group-specific substance. The saliva and gastrc
mucosa of the horse contamn substances immunologically idenncal]wnth both
A and B substances

Plasma may contain agglutsnns which react spectfically with the agglu-
tinogens A and B of the red cells ta produce clumping or agglutmanon. The
agglunimin specific for the A substance 1s called alpha ( @) or anti-A, and that
spcclﬂc for the B substance 1s termed beta (8) or anti-B Tt follows that 1t 15
biologically mpossible for the blood of one mdividual to possess an agglu-

n and the specific aggluonin with which ic reacts. In about 3o per cent

unoge!
¢ lysms are deman-

of the plasmas containing an hemagglutinim,
strable, specific in all respects for the same group substance The uter of the
hemolysin 15 usually lower than that of the corresponding ssoagglutimun-
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Hemolysis results from the combmation of red cells and hemolysins in the
presence of complement so that the reaction cannot be demonstrated m
bloods in which the complement has been inactivated by aging or by sub-
jection to 56°C for thirty minutes.

Nomenclature of Groups

The four blood groups are named from the agglutinogens i the erythro-
cytes. They are designated by the capital letters 4, B, AB, and O. The letter
O was origmally employed to represent zero, implying an absence of ag-
glutinogen, but it is now known that the agglutinogen O 15 a specific sub-
stance, for which there is no naturally occurring agglutinin The plasma of
group A contamns £ or anti-B agglutinin, plasma of B contains « or anti-A;
AB contams no agglutinms in the plasma; group O blood has both anti-A and
ant-B agglutinins These designations are according to the Landstemer or
International nomenclature and are now almost universally accepted because
of the descriptrveness of the terms. They supersede the older numerical
designations, which unfortunately persist 1 use 10 some institutions The
equivalent classifications are as follows:

Intermational  Moss Jansky
A I i1
B Lig et}
AB 1 1V umwersal reciprent
o v 1 umwersal donor
Inheritance

It has been firmly escablished that the blood groups of the ABO sys-
tem are transmitted through mhentance 2ccording to the mendelian law.
The mechanism 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. Smce each germ cell contans only
one of the genes, there eusts the possibility of combination between three
kinds of sperms and three Linds of ova 4 and B are dommant over O Two
laws of heredity have been derived from these considerations (1) A child
cannot acquire an agglutinogen which has not been presenc 1n the blood of
one or both of the parents (2) Since O 1s recessive, it 15 impossible for a
child to belong to this group 1f one of the parents 1s AB, and conversely, the
combination of group O parent and group AB child s impossible. Only the
hereditary combmations listed in the accompanying table are possible,
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Groups of Parents Groups of Children

oxo o
OxA OorA
OxB QorB
AXA OorA
AXB O, A, B,or Al
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 is therefore impossible for an individual permanently to change blood
groups. Instances apparently to the contrary are usually due to faulty determi-
nation of the agglutinogens in the cells.

Development

The agglutinogens are first detectable during the second month of feul
life. Thereafter up to the age of approximately 20 years the sensitivity of the
agglutinogens increases. At birth the cells have attained about zo per cent of
the maximum potency. On the other hand, it is believed that no newborn
infant possesses agglutinins of 1ts own although some aggluunins are de
tectable 1n about 5o per cent of the cases These are thought to belong to
the mother and to have filtered through the placenta. They usually di.s:lppca\'
during the first ten days of postnatal life. The agglutmins gr:dua]ly increase
in titer and artam their maximum between the tenth and twentieth yest-
Thereafter the potency gradually dimimshes during the remamnder of Lfe.
Most bloods containing both agglutimins have one m higher titer than the
other, the anti-A usually being the stronger. The low sensitivity of the ag-
glutimogens in young children readily accounts for the difficalties frcqu:.:ntly
encountered in the determnation of the blood groups and the occasional
errors in crossmatching associated wath transfusions 1n pediatric pracrice.

Incidence

The incidence of the four blood groups 1s of practical :mportance when
eransfusion is under constderation. The proportionate occurrence of Cﬂ‘f"
group varies greatly 1n different races. This datum has bccn. emp]O,\‘Cd. n
anthropologic studies The approvimate incidence in the white popul:ml);]1
of the United States is O, 45 per cent; A, 4o per cent; B,.lo per cent; ﬂln,
AB, 5 per cent. In the American Negroes the distribution is approx!r;:"f;,; i
0, 45 per cent; A, 30 per cent; B, zo per cent, and AB, 5 per cent. Nearly
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half the population, therefore, are universal donors but only one-twentieth
are universal recipients.

The Subgroups A1, Az, A1B, and A=B

If the cells from a number of group A bloods are combined with a potent
anti-A serum, it will be noted that a few bloods are but weakly agglutinated
in comparison with the majority. This difference can also be observed when
group AB cells are tested with anu-A serum. The cells w ith weak sensitivicy

POTENCY OF 150-ANTIBODIES DURING LIFE
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belong to subgroup A, or A,B whereas the majority 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 in routine grouping and cross-
matching because the anti-A agglutinin in group B bloed is, in reality, a
muvture of ant-A, and anti-A. The cells of both subgroups are there-
fore agglutinated and termed group A. The practical importance of the
subgroups 1 groupings 1s that the lesser sensitiviry of the Ay agglutmo-
gen sometmes results 1n the erroneous conclusion that an A, blood is an O
or that an A;B is a B. This error can usually be avoided by employing anti-A
grouping serum, which 1s known to be potent against A, agglutmogens.

In 1 to 2 per cent of group A, and in 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
AXB G, A, B, or AL
BxB Qor B
O xAB AorB
A xAB A, B, or AB
Bx AB A, B, or AB

AB X AB A, B, or AB

It is therefore impossible for an individual permanently to change blood
groups. Instances apparently to the contrary are usually due to falty derermi-
nation of the agghutinogens in the cells,

Development

The agglutinogens are first detectable during the second month of fen!
{ife. Thereafter up to the age of appmximately 20 years the sensitivity of the
agglutinogens increases. At birth the cells have attained about 20 per cent of
the maximum potency. On the other hand, it is believed that no newborn
infant possesses agglutinins of its own alcthough some agglutinins are de
rectable in about 50 per cent of the cases. These are thought te be.long 1
the mother and to have filtered through the placenta. They usually disappest
during the first ten days of postnatal life. The agglutining gradually increase
in titer and attain theirr mavimum between the tenth and nwentieth year.
Thereafter the potency gradually diminshes during the remainder of Iife
Most bleods containing both agglutinins have one in higher titer than the
other, the anti-A usually being the stronger. The low sensitvity of the 22
glutinogens in young children readily accounts for the difficulties frequently
encountered in the determunauon of the blood groups and the occasional
errors mn crossmarchmg assoctated with transfustons m pediatric practice.

.
Incidence

The incidence of the four blood groups 1s of pracucal importance when
transfusion s under consideration The proportionate occurrence of ‘“fh
group varies greatly in different races, This darum has beer{ employed. m
anthropologic studies. The approximate incidence in the white pcpul:um:
of the Unied States 15 O, 45 per cent, A, 40 per cent; B, 10 per cent, 3'{
AB, 5 per cent In the American Negroes the distribution is approxxmn(:l,; )
0, 45 per cent; A, 30 per cent, B, 20 per ceat, and AB, 5 per cent. Nearly
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The Rh-Hr System

The blood of human beings may be further differenuated by another sys-
tem of aggluunogens in the erythrocytes, the components of which are in-
herited mdependently of the ABQ, the MN, or the P systems. Since there
are no corresponding natural agglutinins, the aggluunogens can be demon-
strated only by the action of immune human sera or, to a limited extent,
by immune animal sera. YWhen first discovered by Landsteiner and Wiener*
the system was conceived 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 rabbits immunized by injections 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
Rly negative whereas the 85 per cent, whose cells were acted upon, were
designated as Rb positive. Agglutinns were soon found in immunized human
beings which gave reactions at variznce with this conception and the group
of Rh-positive ndividuals was divided into a number of types. Three defim-
tive agglutinating sera were designated by Wiener? as ants-Rbyg, anti-rl’, and
anti-rh”. The cell types were named from the agglutinogens which they
contain, accordmg to the following scheme:

CrassiricaTiov of Rh Tyees

Incidence in

Antisera

Cell Types AntiRby  Antitls Antrrly Caucasians

(Percentage)
th (Rh neg) - - - 130
Rbo + - - 20
Rhy (Rho") + + - 540
Rbs (Rhg”) + - + o
RiyRbz (Rhy'™) + + + 145
I - + - 10
m” - - + o5
th'rh” - + + oo1

T

“aucasians, ano-rh’ serum
‘The combmation serum
rout 86.0%.

The nomenclature of Wiener 1s not difficult to master. The symbol for Rh
negauve 1s th (verbally, “httle r-h" or simply “r-h”). ‘The types agglutinated
by ant-Rh, serum are marked by subscripts o, 1, or 5, depending on whether
they react with anti-rh’ or anti-rh”-serum also The subscripts ; and 5 are
shortened forms for the combinations ¢’ and o”, The types which are not
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AB there is found an anti-A | agglutinin which makes these bloods incompat-
ible with the other subgroup. Very rarcly in A,, B, or A,B serums an mti-0
agglutinin occurs which reacts with all O cells and about 95 per cent of A,
cells. This 1s sometimes called anti-A, aggluunin. These anomalous aggl-
tinins are discovered 1f routine crossmatching of bloods 1s employed before
transfusion, The usual procedure when two group A bloods are found to be
incompatible is to match that of the prospective recipient with a group 0
blood and to accept the latter if compatible. If the serum agglutinates group
O cells, 2 blood of the same subgroup must be found.

The MN System
Decfinition and Sigmificance

Besides the ABO system of agglutinogens contained in the human erythro-
cytes there are many others which can be demonstrated by special techaics
Although valuable in the further identification of individual bloods in medico-
legal problems, they are of hrtle or no significance in blood transfusion be-
cause there are no naturally occurring specific agglutinins found in human
plasma One such system which has been extensively studied is that of the M
and N agglutinogens. By testing with immune animal 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 is inde-
pendent of the ABO system Only seven human serums have been r:pvfftd
as containing anti-M agglutinins; none have so far been found with anti-N
factors.

Inberstance

Two laws of heredity have been worked out for this system (1) The
factor M or N cannot appear 1n the child unless present 0 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’

MN X MN =AMN, M, or N
)

MN X N or

MNXM =MNorM
MxN =DMN
MxM 1

NXN =N
By determining the M and N agglutnogens in addition to the A, B, and o,
it is thercby possible to 1dentfy many more indiidual bloods than would
be possible if only the latter aggluunogens were determined.
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. Ru-Hr Gexorvees

Phenotypes  Anusera  Genotypes Antisera Phenotypes  Incidence m
Types Ami- Anti- Anii- Anti- Anti- Anti- Subtypes  Caucastans
Rbe r&¥  1b Hr, Hr Hr (Percentage)
th - - - " + + * 130
. rr + o~ 4 i oot
o - F "{ e + 4+ i o Lot
" 4+ 4 — rhth® ooos
e - - +{ e 4+ 4+ 4+ rh og 1 O
RERh” - 3 4 4 + + 001
RRO  ~ 4+ +
Rho + - -—{ P } 0
1R1 —_— Y - -
ﬁ;’; T - i} RiuRhy 200
Rhy + 4+ = Rw + o+ + s10
RR® - & 4} Ryh 340
rR o+ 4+
RR: — 4 o~
R 3 _} Rh:Rh: 30
Rhz + = +{ R + o+ o+ t50
R — 4 o} Rhah 120
PR+ 4
( RIR2 — + +
RbyRba  + + 4+ TR +  +  + 145
R+ & 4

This table & slightly expanded from Wieners It does not contam all the genotypes
which are possible with the theory of eight allelic genes

Fisher and Race! conceive a somewhat different mechanism for the 1n-
henitance of the Rh anugens, They postulate three pairs of genes in closely
related loci on a pair of chromosomes, One pair of loci is occupied by one of
three gene combinations CC, Ce, or cc, another pair by the gene combination
DD, D4, or dd, and 2 third by the combination EE, Ee, ar ee. The capital
lexters are the equivalent of three Rh genes whereas the lower case letters
symbolize three Hr genes

Equivalent Gene Nomenclature
Wiener R R R (H) (H%) (H")
Fisher, 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 :

Equinalent Antibody Nomenclature
Wiener Anu-RW AnuRhe  Anu-Rh” Anti-Hr AnticHrg  Ano-Her

Cappel Anu-C Anu-D Ant-E Antic Anti-d Ant-e
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acted upon by anti-Rh,, are marked with the superscripss  or “ to denote
agglutination by anti-rh’ or anti-rh” serum,

With the cxpansion of knowledge of the Rh types the definition of the
terms Rh positive and Rh ncgative underwent a change. Actually one 1s now
required to specify the serum to which the cells fal to react. For evample,
anti-Rhy serum classifies the types Rh’ and Rh' Rh” as Rh negative whereas
the use of anti-Rhy’ serum classifies them as Rh positive but still does not
react with the rare Rh” cells.

The inheritance of the Rh types is conceived by Wiener as resulting from
the distribution to the individual of one of eight allelic genes at a single cor-
responding locus in cach of two paired chromosomes. The genes thus paired
may be similar or dissimilar. The genes R?, RY, R?, R, R”, R, and R? are
dominant whereas 7 is recessive, The Rh types are designated as phenotypes
because they can be demonstrated directly by the reactions of the cells with
the three sera anti-Rhy, anti-rl’, and anti-rh”. Each phenotype represents
one or more genotypes which denote actual gene composition. The key to the
recognition of some genotypes was found when Levine in the United States
and Race and Taylor in England discovered sera containing agglutinins w hich
reacted with an antigen which Levine named Hr (the letters Rh reversed to
express the reciprocal relation to Rh antigens).

The theoretical reactions of the genes with the various antisera must be
considered o demonstrate the rectprocal relation of Hr to Rh This 15 shown
in the accompanying table.

GeNE—ANTISERUM REACTIONS

Anusera
Genes Anti-Rbo Anti-Hro Antrlt Ani-Hy Antrly Anti-Hr

v - + = T = +
RY + - — + - +
Rt (RY) + - T Z - +

2 (RO + — z + + -

r - + + - - +
” - + - + + -
RY (R'7) ~ + n - T _
R(ERY 4 - + - + -

1f the same principles of nomenclature are extended to denote the presence
of the Hr anugens, the genes H®, H’, and H” might be included m the formu-
Jae of the genotypes, but this has not been considered advisable by Wiener.
although some such implication is made. ] ] )

A partial differentiation of the genotypes according to Wiener's theory is
contained in the accompanying table.
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An individual may receive the erythrocytes of another by transfusion or
through the placenta of a fetus. In the latter case it is believed that the red
cells of the fetus pass the placental barrier, possibly through minute leaks
between the fetal and maternal circulation. When isosensitization has occurred
by either route, 1sosensitvity 15 mamifested in either of two w ays. If the sen-
sitized individual recerves the antigen in transfused erythrocytes, intravascular
hemolysis of the antigenic red cells results. Should the sensitized person be a
woman bearmg a fetus w hose cells contain the antigen, the mother’s antibodies
diffuse through the placenta and cause vartous grades of hemolytic anemia
in the fetus The syndrome in the offspring is called bemolytic disease of the
newborn or erythroblastosis fetalis, '

Any of the 1sohemagglutinogens which are now recognized in human
erythrocytes are possible anugens when introduced either by transfusion or
pregnancy mto the body of a person withoue them. Chnically it is apparent
that some are much more antigenic than others. Some perspective may be
obtained from an admittedly rough approximanion in the accompanying table.

CLINICAL INCIDENCE OF ISOSENSITIZATION BY VARIOUS ANTIGENS

Antigen Given by Transfusion  From Fetus During Pregnancy

A to A-negatne persons approvimately 100%% rare

B to B-negative persons approumately 100% rare

M to M-negative persons rare uareported

N to N-negative persons unreported unreported

P to P-negauve persons rare unreported

Rh to Rh-negative persons approsimately 5% approximarely 5%

Hr to Hr-negative persons d imatel

P PP ly o5%

Some elaboration of the statements 1 the table are desirable. When an
A-negative person (belonging either to group B or O) recerves an injection
mtravenously of erythrocytes containing the A substance, the titer of the
natural ant-A agglutmuns 1s greatly augmented m two or three weeks and it
15 several months before the iminal titer 15 restored. The same phenomenon
occurs when 2 B-negative person (either A or O) receives group B blood.
This reaction occurs n nearly all instances and can be accepted as evidence
of isosensinzauion. In striking contrast 1 the usual case of the B-neganve
mother who has a fetus of group A or AB (heterospeaific pregnancy). In
most 1nstances 1o 1sosensitivaty develops although there are now on record
a few authenticated cases i which the A-negative mother has become sensi-
tized to the A subsrance m the blood of the ferus The natural anti-A. agglu-
timns of the mother mcrease greatly in uter and apparently cause erythro-
blastosis i the fetus. The great difference berween the anugenicity of the
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Wiener's genotypes can be expressed in Fisher’s terms as illustrated by
the following examples: 77 = cde/cde; R'r = CDe/cde, R'R? = CDe/cDE,
etc.

An abstruse controversy has arisen as to the relative metits of the Wiener
and Fisher theories of inheritance, part of which is symbolized by the tvo
nomenclatures. It will probably be resolved by the accumulation of further
data and the statistical analysis of gene frequencies to determine the validity
of Wiener's hypothesis that the antigen combinations Rt (R), R? (R},
R*(R’”), and R* (R®’ ") are zzﬁvays inherited as gene units, 2s he contends,
or are sometimes broken into their component parts, as the theory of Fisher
implies.

Regardless of the genetic implications, it is probable that ejther nomenclh-
ture could be made to fit the facts as they emerge from furcher study. Both
are logical aand systematic. The unlity of the two terminologies, however,
is a highly practical problem. Wiener's has the advantage of greater verbal
facthity, The Jongest genotype 15 pronounced “R-two-prime, R-two-prime”
whereas its equivalent is “Small-c-small-d-large-e, small-c-small-d-large-¢”
or, in a slightly shortened form, “c-d-large-e, c-d-large-e.” On the other
hand, while Fisher’s symbols state all the facts, Wiener’s imply much which
is not directly expressed, There are no phenotype names i the Fisher term-
inology so that Wiener’s terms must be employed for them Some who w 1sh
to use the Fisher nomenclature employ incorrectly the formula for one gene
as a phenotype name. Since only the sera ant-C, ant-D, and anti-E ace
readily available to most workers, there should be terms by which the resulis
of tests with these reagents can be indicated without making unwarranted
assumptions about the genotype Wiener's phenotype names supply such 2
need. The reader s referred to the excellent book by Potter® for a detatled
discussion of ths subject.

Isosensitivity

Orte of the cluef climeal implications of the studies on the Rh antigens has
been the demonstration that human bemgs can produce antibodies agamst
anagens in the erythrocytes of other persons. The phenomenon by which
these develop 1s termed ion (or 10n) and the state 1
called isosensitivity (or isoummunity ). I prefer not to employ the term im-
munity because its primary meaning implies protection for the indrvidual. Trs
use in this subject 1s very specialized and might lead to the erroncous con-
clusion that the antibodies which are developed are protective, whereas the

s true.
OPPOSIKC 15 LI
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Acute and Chromc Anemias
Acnte and chronic anemias are the prime indication for the transfusion of
whole blood. Not only does the procedure supply circulating red cells which
function as oxygen carriers for 2 time, but it has also been shown that the iron
from the hemoglobin of the disintegrated cells is readily utilized in the forma-

tion of new erythrocytes if the b paietic system 1s comp
Carbon AMonoxide Hemoglobi and Aeth tob i
In carbon ide | lobi and mett tobinemia new oxygen

carriers are supplied by the “eransfusion of whole bload.
Innnune Therapy

Many clinicians consider that transfusions of whole blood are of value in
the treatment of systesme mnfections such a3 bacreremia, puerperal sepsis,
rheumatic fever. The practice is purely empiric and is not based on well
recognized immunalogic knowledge. Evaluanon of the efficacy of this rype
of therapy 15 extremely difficult.

Deficiency of Complement

Tt is well known that compl survives transfusion and even storage in
blood for some ume. There are few, 1f any, clinical conditions in which a
deficiency of complement can be said to be of importance, however.

Deficiency of Protbrombin

There are few occasions when the nccessity for correction of a deficiency
1n prothrombin 15 so urgent as to demand the relatvely inefficient method of
supplymg it by bloed trausfusion. Much greater increases in prothrombia
can be obtained i twenty-four hours by the administration of vitamin K
Occasionally, when there 1s severe hemorrhage because of hypoprothrombi-
neria, transfusions of whole blood may be mdicated as an emergency meas-
ure 1 supplying preformed prothrombun.

Arresting the denon of Dicoumarin
When d w35 beng ad d a5 an ant \!

1ts action may
be superseded by supplying prothrombin in rransfusions of whole blood, fresh
or preserved ”

Treatment of Leukopera and Thrombo penia

Theorencally transtusion of blood 1 mdicated for lenkopenia and throm-
bopensa Actually the number of levkocytes and blood platelets which can be
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A and B substances, when given by transfusion and encountered m the
blood of the fetus, has not been satisfactonly explained. There appears t©
be no distinction as to the route of contact in isosensitization to the Rh and
Hr antigens.

Levine estimated that of 100 cases of erythroblastosts fetalis, about go ar¢
caused by sensitization to the Rh antigens, abour six to the Hr antigens.
and the remamnder are due to the A, B, or unexplained antigens. Rh, is far
more antigenic than the rest of the Rh group HY is the most frequent of
the Hr antigens, as a causative agent in sensitization,

In isosensitization to the Rh and Hr antigens acquired antibodies appear
in the blood stream, There are at least two types. Those which produce the
clumping of suitable erythrocytes, when the latter are suspended i saline
solution, are vartously termed agglutinins, early ibodies, complete

ibodses, and bival bodies. A second type characteristically causes
the clumping of suitable erythrocytes only when no electrolyte has been

added to the serum-cell mixture. These are called blocking antibodies, late
. e 1 ibodies, and 1 bodses, Early

2 {2
m the course of 1sosensitization the agglutinins appear in the blood stream
whereas the blocking antjbodies occur later and their presence therefore
denotes a greater degree of sensitization,

InpicaTIONS AND CONTRAINDICATIONS FOR TRANSFUSION

The indications for whole blood transfusion have been based partly on
sound ptactical considerations and partly on hughly theoretical grounds which
render the results doubtful.

Indications

Shock Due to Hemorrbage

It 15 now recognized that the best method of restoring the blood volume in
shock due to hemorrhage is the transfusion of whole blood. Although transfu-
sion of blood plasma or albumin is efficacious as a first-aid measure, it 15 dis-
tinctly inferior to the use of whole blood.

Shock with Hemoconcentration (Burns, Crush Syndrome)

Whole blood is inferior to the transfuston of plasma or serum albumin but
1s not contraindicated in cases of shock with hemoconcentration It has bec'n
found that many patients with severe burns subscquently develop anemia
which requires transfusions of whole blood.
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Sexox or Prasua

{Aggluth Indicated in T )
ABe) Al Blad Ofed)
AB - + + ¥
A - -
can 4 - T * T
[+ - - - -

(+ ndicates agglutination or hemolysis)
{~ indicates no agghatination or hemolysis)

It will be noted thar the plasma of group AB biood contains no agglutining
and therefore causes no reactions with cells from any other bload group.
Group AB is therefore sometimes designated as the universt! recipient. The
erythrocytes of gronp O contain no agghutinogens and thus are nor agglu-
tinated by the plasma or serum from any other group. Group O 1s therefore
called the wmwersal donor, but can receive blood from ne other group. A
recipient belonging to group A can receive blood only from group O or
group A donors. A group B recipient will rolerate blood only from group B
or group O. The rare exceptions to these statements have been noted in the
discussion of the subgroups of A and the irregular agglurinins.

Tt is also evident that the blood group of wiknown cclls may be identified
by determining thewr reaction to the serum or plasma of groups A and B.
These scrums are therefore used for grouping. A slight additional check may
also be obrained by the vse of group O serum. When the unknown cells are
found to be agplutinated by group O serum but by none of the others, it
should call attention to errors in habeling or manspulation, or to deficiency in
potency of the A or B serum.

Grouping Serums
Sources

The sousces of grouping serums are at present: rabbit antiserums prepared
commercially, human serums prepared in reputable Jaboratories from donors
selected becavse of narural high titer of agglutinins, and human serams pre-
pared by the worker who is to employ them.

Preparation

Human serum may be prepared from blood collected from donors selected
because of gh natural uter of agglutining. Several methods of increasing the
potency of human groupmg serums have been intraduced. Serums of low
uter may be employed by precipitating with ammontum sulfate, w: ashing, and
redissolving the globufin fraction according to the method of Thnlhlmer”
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injected by transfusion is small, and one must question the efficacy of the
procedure.

Treatment of Hemopbhilia

il

The coagulation time may be greatly diminished porarily in b
by the transfusion of whole blood.

Contraindications -

Cardiac decompensation, either potential or actual, should serve as an al-
most absolute contramndication for blood transfusion. The question should
always be raised before transfusion is performed of whether the patient’s
circulation will stand the increased load of the additional blood volume. This
poinc is frequently overlooked when the need for transfusion is urgeat. In
certain sityations it is 2 justifisble procedure to perform phlebotomy prior
to transfusion.

Broop GRrouPING AND CROSSMATCHING

Grave Responsibility of the Technician

It cannot be ov phasized that the determination of the blood groups
and the crossmatching of bloods before transfuston 1mpose a responstbility
on the technician which is almost unique in clical medicine. The usual
laboratory test serves only as a supplement to the clmical diagnosis, and the
clintcian 1s frequently 1 a position to suspect or detect errors made in (!16
laboratory. The patient is not placed in hazard of his life as 2 result of mis-
takes made in the usual laboratory procedures The situation is completely
reversed, however, n the tests preliminary to blood transfusion. An errot
may result directly in the death of a pateent, and the clmician may be
unable to detect the mustake mn advance. The very nature of the tests always
makes the possibilicy of errors immunent for the following reasons- (1) The
technic of the tests 1s deceptively stmple (2) There are no mherent absolute
checks in the procedures. (3) A negauve result, 1 e., absence of agglutinauton,
has the same diagnostic weight as a positive result. (4) The urgent require-
ment of the patient frequently places on the technician the psychologtcﬂ
handicap of working against time.

Blood Group Interactions
The interactions of the blood groups must be known re determumne the
1dentity of groups and to practice transfusion The chief reactions are tabu-

lated as follows:
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tion: One expresses the titer in terms of original diution of the scrum before
the cell suspension is added, the other includes a correction for the volume
of cell suspension ang, possibly, saline solanion added. A simple set of experi-
ments will convince the reader that dilution of the serum-cel] mixture within
fairly wide limuts will not alter the abibty of the agglutintas to act upen the
cells provided oppartunity is given for the cells to come inta contact with
one anather. It is therefaore only proper to express the titer in terms of the
original dilunon of scrom employed making no correction for added celt
suspension ar saline. Another obstacle in stating the numerical titer of 3
serum is that there is no adequate method of determining the sensuivity of the
test oells which the worker my employ. A third varisble s the method of
reading the end pome of agglutmation in 2 senes of ditutions of serum—
whether to detect aggluunanon macroscopically or microscopically.

The author recommends the fallowing method for the determination of
ddution titer- Serial dilunons of serum in geometric progression are made n
small serolagic test tubes A 24 cell suspension is made in the proportion of
1 drop of blaod to 1 cc. of sotonc saline solution, Tqual volumes of cell sus-
pension are added to each tube of diluted seram. The twbes are then centri-
fuged at low specd for one to three mmutes The mixeuses are shaken to re-
suspend the cells ang are poured onto 2 glass plate. Agglutination 15 detected
with the naked eye by lvmmnation of the suspenstons with 2 beam of light
from below. The nter 15 expressed i terms of dilution of original serum
withoue correction for added cell suspension Tt is desirable co employ fresh
cell suspensions from the same source for each ttration.

The Sub on Blood Suhsri of the National Research Counest
has accepred the following critena for blood grouping serums:

Group d serwm tann-B) Minimal tter Prepare a 1 16 dilution of the serum by mrung
@1 cc of serum with 15 cc of saime Mix one drop (oo5 ce.) of the difuted serum on
3 slide with 2 drop of 2 group B fresh cell suspension (%), It possible, sct up 4 pasatiel
rest with 2 cell suspension from 2 second sndwiduat of group B Mix wieh an apphicatos
o; (thpick. agonare r\\y xu:\u;xg th‘: shide to and {ro at mcervals of one minate The ticer
of the serum 15 sansfactory af agglutinaton readily visible 1o o 2 i

fess than o mueauees weh both hg[mds ’ e maked ey appeacs in

c

PPN -~

ssmg
eve

. £ e e oliun Sl we
gr0up A cells The 1 16 dilunon should agglutunste A, sells 1 1o ey

Spced and miensity of agglutinauon Casidiy) Test as desenibed for A serum except
use graup A cells at Jeast one specimen of which i A,. Distnet clumping shonid be
vssble within 6o seconds with A, cells and withi 15 seconds with A, ccllas.

Speuificaty. Each serum shoufd be employed to test at leawt so bloads hen st random
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The blood scrum may be concentrated by allowing the evaporation of water
through a cellophane bag. The globulin fraction may be concentrated by
precipitation in ethanol at low temperatures in vacuo.? Witebsky™ has re-
cently perfected a method of increasing the uter tremendously by'repentcdly
mjecting the donor intravenously wich solutions of the A and B substances,
The autoclaved saliva of a secretor of appropriate group may be injected
intramuscularly nto a suitable donor (Wiener),

Liquid serums will keep for months in the refrigerator under aseptic con-
duions. Frozen or dried serums will retain potency for years Fresh serums
should be mactivated by heating in a water bath for sixty minutes at 56 C
to destroy the complement which might otherwise permit the action of
isohemolysins which might be present. Serums stored in the hquid state for
two weeks or more in the refrigerator are usually incapable of producing
hemolysis. The scrums may be colored with aniline dyes for sdenufication,
yellow for A and blue for B is recommended.

Rabbit anti-serums are prepared by repeated intravenous injections to
rabbits of human red cells of the appropriate blood group The animals are
then bled and serum prepared. The anti-A serum should be absorbed by group
B cells, and the anti-B should be absorbed by A cells to elimnate the spectes
agglutimins The serum 15 then drted and mived with powdered sucrose. The
muture 15 packaged 1n a moisture-proof vial containing a dehydrating agent
Care must be employed nor to expose the dry powder to the air unnecessarily,
as it readily absorbs water and forms a cake Ammal immune sera aggluuinate
the cells of all infants, whether Rh positive or Rh negative. They have not
PI‘OVC(] very snusfnctory

Potency

Every writer stresses the importance of workmg with grouping serums of
fugh potency, yet the most common cause of errors n the determinatton of
blood groups by the mexperienced 1s the use of serums of 1nadequate s(rcngrl:;
One reason for this has been the vag with which “ad potency’
has been defined. In the evaluation of typing serum, tests should be made
for (a) spearficity, (b) dilution titer, or greatest dilution causing agglutina~
tion, () avidity or speed of reacnon There 15 good correlanion, for the
most part, berween the results obtaned from tests (b) and (c), but some
workers state that serums are occasionally encountered swhich agglutinate 1
high dilation but which react slowly 1 concentrated form The difficulues
met in defimng potency exactly so that other workers may duplicate results
should be briefly discussed There are two methods of calculation of dilu-
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group of recipient 2nd prospective donor and to crossmatch the two bloods
i five minutes when the centnifuge technic 1s employed throughour.
Agglutination may be detected etther with the naked eye or through the
microscope. YWhen potent grouping serums are used, one method Is as good
as the other The inexperienced observer has a tendency to rely on the
microscope, but with a lirtle practice he w ill find the macroscopic method as
accurate and much faster, There are probably more errors made with the
microscope in assigning dugnostic importance to insignificant clumps of
cells. In hing, microscopic read

gs are more necessary because the

[ BOULEAUX

MICRO3COPIC

MACROSCOPIC

H Yy

Fic 82 Appearance of serum-erythrocyte maxtures in tests for blood group
and for compaubility

potency of the serums involved 1s frequently weak and the resulting cell
clumps may be small. Roulean formation may also occur and thus 15 better
differenuated from true agglutimation by means of the microscope In
grouping 1t 15 usually practical to use both methods of reading, checking the
suspensions which are apparently negauve 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 left and a drop of B serum on the right. A
drop of the red cell suspension to be tested is then placed on each drop of
serum, The shde may then be allowed to stand at room temperature for
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m parallel with a serum of known potency. At least one bload belonging to group AD
should be included m the serics

It is to be hoped that the problem of evaluation of typing serum will be
still further clarified in the near furure when some authoritative body will
make available a standard reference serum with which products may be
dircetly compared * This will compensate for variations in sensutivity of test
cells and in individual techmtes.

Methods of Grouping the ABO System

The identification of blood cells according to the ABO system consists in
the addition of groupmyg serums from groups A (anti-B) and B (anti-A) to
suitable specimens of erythrocytes to be tested. The presence or absence of
agglutination of red cells 1s noted after an appropriate interval of time. The
mechanism of agglutination operates in two steps The union of agglutinin
in the serum with specific agglutinogen in the erythrocyte takes place at
once. Most of the time consumed in the test is taken in bringing the red cells
in contact so that clumping will occur. When the red cells are allowed to set-
tle by gravity in a test tube through a depth of 3 mm., the time required for
reading the test will be very much longer than when the red cells are in a
drop on a glass shde and travel only a fraction of a millimeter to reach the
bottom Agitation of the cell mixture by tlting the slide to and fro will
increase contacts between cells and accelerate the reaction Centrifugation of
the test tube containing the cell mixture will produce results n the shorrfsr
possible tme, Comparatrve tests employing the same erythrocyte-serum mix-
ture wirh the various methods will demonstrate that ail are of equal accuracy
if the proper time 15 allow ed for each Adequate ume required for the differ-
ent methods is as follows suspension settling 1n 2 test tube by gravity, 120
munutes, cells setthing 1n a drop on a shde, 30 minutes; cells agitated on 2
slide, 10 mmutes, suspenston centrifuged in a test tube, 1 minute. It 15 also
true that the methods employing agitation of the cells tend to produce larger
clumps of cells and are thus more easily read wich the naked eye. .

The choice of method, therefore, depends almost entirely on the time
available in 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 elmnation of grouping
and crossmatching I feel that this argument would be greatly w eakened 1f
faster methods of testing were adopted wherever practicsl With the equip-
ment of the modern hospital Jaboratory 1t 1s possible to determine the blood
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temperature, never at 37° C., (¢) contaminated serums, (d) panagglutination
occurring in cerrain discases, detected by testing cells against group AB
serum, (¢) autoagglutination, detected by testing cells against serum from
same blood, (f) false agglutination of umbilical cord blood, (g) errors in
labeling, (b) clotted blood.

In case of doubt in the identification of the sggiutinogens of the cells,
further check may be made by testing the serum against suspensions of cells
Lnown to belong to groups A, B, and O.

Blood Grouping en Masse

It is not generally appreciated that the determination of the blood groups
of large numbers of specimens has special potentislties for errors when
undertaken even by experienced workers. This is true for the following
reasons: The opportunity for clerical error is greater, the chance of mis-
labeling multiplies wth the large number of sp there is no § di
check-up by crossmatching such as occurs when a transfusion 1s to be per-
formed as an 1mmediate resule of the laboratory procedures Dara have been
presented by me elsewhere!? on the typing of over sovo blood specimens
which Showed that the errors made by individual workers in such situations
varied from 1 to 10 per cent. It was recommended that all projects for grovp-
ing large numbers of bloads be carried out with two independent determina-
tions on each blood. The results of the two tests should then be compared
and the subjects of discrepancies be rechecked, This proves a much simpler
and more reliable method than checking by grouping the scrum from each
blood. In the latrer case, more time is consumed in the separation of the serum
from the cells and one is dealing with serums of unhnown titer which are fre-
quently weak and difficult to evaluate.

Methods of grouping which are desirable when tests are performed prior
to a transfusion 20d where speed is necessary, are npractical and unneces-
sary In mass typing. The centrifuge method 15 ideal for the transfusion serv-
1ce where each test 15 performed sepatately. In mass grouping the result of
any one test is not immediately sought and the advantage of speed in the
diagnosis of the mdividual blood is lost. Without special equipment, it takes
more time to test 500 bloads with the centrifuge technic than by the shidé
method The author recommends for mass agglutination the use of large glass
plates upon which a number of tests may be performed more or less simul-
taneously. The serum and cell suspensions arc allowed to remain quiet at
roam temperature for thircy minutes, after which the plate is agueated to
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30 minutes, after which it is tilted several times to agitate the mixture. Suit-
able precautions agamnst evaporation or depredation by insects may be neces-
sary. ‘The presence of agglutmation may be observed with the naked eye,
using a white background, or by reflecting Iight from below through the cell
suspension. The preparation may also be examined in the microscope. To
accelerate the test, the slide may be continuously ulted to and fro, by hand
or mechanically, for ten minutes.

Another method employs whole blood without making a cell suspension.
The skin of the subject is punctured; a drop of blood no larger than the head
of a pm is placed on the shide, and a drop of typing serum is added immeds-
ately before clottng occurs, Continuous muxing is accomplished with an
applicator or a toothpick, Some practice is required to obtain a sufficientdy
small drop of blood and to accomplish mixing before coagulation occurs. If
strong typmng serum is used, the reading time can be thirty seconds. This
method requires the presence of the subject when the test is performed, and
there 15 no cell suspension for subsequent checking.

Test Tube Methods.

Suitably labeled test tubes without lips measuring 7 to 13 mm. (inside
diameter) by 70 to 100 mm long may be used. In a tube is placed a drop of
serumn, 2 drop of cell suspension, and a drop of Isotonic saline solution. The
tube may be allowed to stand at room temperature for 120 mmutes or may be
centrifuged for one minute at low speed It 15 then shaken to resuspend the
cells. Agglutnation may be observed with the naked eye etther by nlung the
tube and lookmg through a thin layer of fluid illummnated by a beam of light
or by pournng 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 negative reactions may be caused by (a) weak serums, (b) msensitve
cells i infants, or m groups A; o A,B, (c) msufficient time of observation,
(d) use of excessvely heavy cell suspensions which absorb agglotmns
(¢) errors in labeling, (f) farlure to inactivare hemolysmns 1n fresh serums
False positive reactions may be due to (a) rouleau formation (usually dif-
ferenniated microscopically by demonstration of stacks of cells, clumps are
broken up by didution of serum with salme and shaking), (b) cold agglutina-
tion due to agglutmns which react at low temperature, seldom at room
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breaking up the sediment in the bottom of the tube, the borders of the celf
mass may be inspected for the characteristic patterns in Figure 83. °

The slide method of Diamond and Abelson® has been widely used with
satisfaction, This employs a 40 to s0% erythrocyte suspension in serum or
plasma from the same source, in neutrsl serum from a person of group AB,
or in serum albumin, either buman or bovine. A drop of antiserum and cell

Fie, 83 M of ervehrocytes m test tubes vrewed from
beneath n les(mg weith antRh serum (Lands(eme: and Wiener, | Exper, Med.)

suspension are mrxed on a shde. The shde 15 held over an illormnated box
which also furnishes the heat for scubation. The slde is frequentdy tideed
and signs of agglunnation are expected within three munutes, 1f the test 15
positve. Practice 15 required to differentiate rouleaux from true agglutination.

Titration of Acquired Antibodres m Isosensitszation

Ant-Rh and anti-Hr agglutinins and blocking antibodies may be demon-
strated in the blood serum of the person who has been sensitized to the
antigens. Perhaps the simplest method is to set up two parallel titrations,
Senal ditutions of the serum to be tested are made i isotonic sakine solution
n a series of serologic test tubes, A 2% suspension of test ery(hrucytcs m
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resuspend the cells and the tests are read. Specimens which are the subjects
of discrepancies in the two independent determinations should be cheched
with serums from several different sources.

Typing in the Rb-Hr System

The determination of Rh types is employed in the transfusion laboratory
for three purposes: (1) the selection of donors for blood transfusion, (z) the
study of the mechantsm of 1sosensitization m hemolytic disease of the new-
born, (3) to determine whether the husband of a sensttized wife is homo-
zygous or heterozygous,

AMost commonly information s desired as to whether the prospective re-
cipient and donor of a blood transfusion are Rh postuve or Rh negative, so
the Rh-negative reciptents will be given Rh-negative blood to avoid isosenst-
tization. For this purpose 1t is frequently advised that the cells of the donor
be tested with anti-Rh,’ serum (the 87 per cent serum} which wil] prevent
donors belonging to types rh’ and sh'rh” from being used for rh recipients
The blood of the recipients should be typed with anti-Rhy serum (the 85 per
cent) to classify those belonging to types rh’ and rh’th” as Rh negatve
so that they will not recerve the Rhy antgen in transfusion. .

To study the mechanism of 1sosensiization a detailed typing of the blood
of the hushand, wife, and lving children 15 necessary. This requires the use
of anti-Rhy, anti-rh’, and anti-rh” sera.

When a family i which erythroblastosis has occurred destres an estima-
tion on the possible outcome of future pregnancies, all members of the family
should be typed with respect to the Rh system. In addion, if the husband
belongs to type Rhy or rl, the agglutination of his cells by anti-Hr’ serum
will indicate 1n all probabshiry that he belongs to the genotype R'r or 7’1 and
therefore 5o per cent of is offspring with an rh wife will be of the genotype
77 and hence free from erythroblastosis fetalis.

Ant-Rh and anu-Hr anubodies differ from anti-A and anti-B agglutiuns
1n two mmportant respects, the serum-cell mixtures must be incubated at 37°
., and the agglutinates w hich are formed are very fragile and must be observed
and handled with care.

Several procedures are employed m Rh typing. In the test tube method
one drop of a2% erythrocyte suspension in saline solution is placed 1 a sero-
logic test tube with a drop of the specific anuserum The serum-cell muxture
1s:y.’ncubated at 37° C. 1 a water bath for thurty to sixty mnutes. The tbe 15
then centrifuged for one munute ar low speed, the tube 1s then removed

cautiously and tilted and rolled during mnspection for agglunnation. Before
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Several points should be emphasized in connection with crossmatching in
contradsstinction to blood grouping, Crossmatching 15 generally performed
when transfusion is imminent and speed 15 desired, so that the centrifuge is
particelarly  recommended  Microscopic examination for agglutination is
more necessary in crossmatching because the potency of the serums is un-
known and may be very weak, and therefore the clumps of cells may be
small. Thirdly, hemolysis should be looked for. The serums in the cross
match are usually fresh and are not inactivated. The most dangerous situation
is the occurrence of a high titer of hemoly sin in the recipient. In the cross
match the observer may miss the agglutination in the major match and, find-
ing the clumps have disappeared, may conclude that the bloods are com-
patble, whereas the cells have agglutinated and the clumps have hemolyzed.
1 have known of at least two fatahties from this error.

Crossmarching to detect the anti-Rh factor 15 performed with a technic
precisely simular to that for the determination of the Rh factor except that
the cells of the prospective donor and the serum of the recipicnt are com-
bined,

Serrction ofF Tae Dozor
Qualifications

It is common practice to accept as blood donors persons of either sex be-
tween the ages of 18 and 50 or 6o years. They should state, preferably in
writing, that they are in good health. A hustory of malaria ar any time should
be cause for rejection. If the prospecuve donor is having symptoms of
pollen hay fever or asthma, he should not be used although donors with hay
fever are generally acceptable dunng seasons when pollen is not present in
the air. A history of angioneurotic edema or chromic urticarsa should be
cause for rejection. A story of chancre, gonorrhca, or other venereal disease
should lead to closer scrutiny of the question as to whether the person is suit-
able as 2 blood donor. The person who gives a history of jaundice within six
months should be rejected on the possibility that it was of the infectious type.
It has been recently learned that the virus of ths disease 15 transmissible by
transfusion and that the incubation period 15 from 30 to 200 days. The work
of Oliphant'3 showed that the blood of an mfected person 1s not mfectne
after two and one-half months, but the virus may be transmitted before
taundice has appeared 1n the donor. The person with the inital symptoms
of an upper respiratory infection should not be accepted because subsequent
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saline is added to each tube 1n the series. 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 sodium chloride. The same test erythrocytes
are employed but they are suspended in the protein solution stead of saline,
All the cell-serum myxtures are then incubated for 6o minutes at 37° C. and
evidence of agglutination observed. The greatest dilution in which clumping
occurs in the saline series 15 the nter of the agglutinins, whereas the reading
in the tubes without added saline is the titer of the blocking 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 ant-A grouping serum contams both anti-A; and
anti-A, agglotinins If 1t 15 sufficiently potent, all the subgroups of A agglu-
tinogen will be agglutnated by i, 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, mixing, and allowing to stand for sixty minutes. The cells
absorb the anti-A, agglutinin and are then separated from the serum, which
1s then known as “absorbed anti-A serum.” Thys will agglutinate only A, and
A Bcells. The A, and A,B cells are identified by failure to react to thus serun.

CROSSMATCHING OF Broop ror TRANsFuUSION

Whenever possible, crossmatching of the blood of the rectpient wath that
of the prospective donor should be performed prior to transfusion, even
though homalagous groups are thaught to be mvolved. Statistics 2s to the
low meidence of transfusion reactions without tests of compatibility will not
be impressive to the worher who has crossmatched many bloods and en-
countered occasional mcompatibilities, parucularly in groups A and AB.
Crossmatching 1s also a check on the blood grouping. In matching infants’
blood and the groups A, and A,B, 1t may occaswonally be found that the
agglutimns in the serum of the blood tested are stronger than those of the
typing serums and will thus reveal errors in the groupmg

The procedures for crossmatching are the same 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 1n what 1s termed the “major match”,
the combnation of the recipient’s cells and the donor’s serum is known as the
“mnor match ” The major match 1s of prime 1mportance to the transfusion,
but perform:mce of the minor match 1s an additional check on the correct-
ness of the group determination and should be carried out whenever possible
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Several points should be emphasized in connecuion with crossimatching in
contradistinction to blood grouping. Crossmatching 1s generally performed
when transfusion is imminent and speed is desired, so that the centrifuge is
patticularly recommended Microscopic evamination for agglutination is
more necessary in crossmatching because the potency of the serums 15 un-
known and may be very weak, and therefore the clumps of cells may be
small. Thirdly, hemolysis should be looked for. The serums in the cross
match are usually fresh and are not inactivated. The most dangerous situation
is the occurrence of a high titer of hemolysin in the recipient. In the cross
match the observer may miss the agglutinanon in the major match and, find-
ing the clumps have disappeared, may conclude that the bloods are com-
patible, whereas the cells have agglutinated and the clumps have hemolyzed.
[ have hnown of at Jeast two fatahities from this error.

Crossmatching to detect the anu-Rh factor is performed with a technic
preensely 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,

SirircrioN or The Dozor

Qualifications

It is common pracuce to accept as blood donors persons of either sex be-
tween the ages of 18 and 50 or 6o years. They should state, preferably m
writing, that they are in good health. A history of malaria at any time should
be cause for rejection. If the prospectsve donor is 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 in
the air. A history of angioneurotic edema or chrome urtcara should be
cause for rejection A story of chancre, gonorrhea, or other venereal disease
should lead to closer scrutiny of the question as to whether the person is suic-
able as 2 blood donor. The person who gives a history of jaundice within six
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 transmissible by
transfusion and that the sncubation period 1s from 30 to 200 days. The work
of Oliphant!s showed that the blood of an nfected person 15 not infective
after two and one-half months, but the virus may be transmitted before
jaundice has appeared in the donor. The person with the inmial symproms

of an upper resp y nf should not be pred beeause sut
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events might prove that he was suffering from the prodromes of contaglous
disease or of pneumonia. A recent toxic manifestation from sulfonamides
should be cause for rejection if the recipient is to receive similar drugs Thave
scen one example of passive transfer of sensitivity to sulfathiazole by trans-
fusion.

The Blood Donor Service of the American Red Cross has established the
value of 12.3 Gm. per 100 cc. as the minimal level of hemoglobin for an ac-
ceptable blood donor, male or female. Determmation of acceptability, using
this criterion, is made by puncturing the finger of the prospective donor and
collecting several drops of blood in a glass capillary tube. The blood is
quickly expelled by means of a small rubber bulb (used for vaccine virus)
nto a bottle containing a solution of copper sulfate with 2 specific gravity of
exactly 1 053. A globule is formed by precipitation of protein on the surface
of the drap. If the drop floats temporarily, the hemoglobin is less than 12.3
Gm. and the prospective donor is rejected. If the globule sinks, the hemo-
globin is greater than 12.3 Gm. and the donor is accepted. This method is an
adaptatton of the procedure for determining hemoglobin devised by Phllips
et al1*

Blood Group of the Donor

It is possible to dispense with the determmnation of the blood group of the
donor sn an extreme emergency where a compatibility test can be performed.
In general, it will be found that this practice wastes more time than it saves
The identification of the blood group of the reciprent and of prospective
donors usually enables the prompt selection of suitable blood for transfuston.
The use of blood of homologous groups for transfusion is usually recom-
mended, but this practice in 1self does not necessarily nsure compatbility,
and crossmatching should be performed. In case the recipient belongs to
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 receive blood from hus own
group ot from group O. The possible implications of these cross transfusions
will be discussed 1n consideration of the “universal donor.”

The Universal Donor

By definition group O blood contains the two agglutiins anti-A and anti-B
1n the plasma but no aggluninogens in the cells Persons of this group were
called “umiversal donors” on the assumption that ther aggluunmns would be
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rendered ineffective when diluted with the plasma of a reeipient of a heter-
ologous group. The absence of clinical reactions after transfusions employ-
ing the universal donor in which the titer of the transfused incompatible ag-
glutinins is refatisely high has led to the realization that at least two other
factors are at work to inactivate the heterologous agglutinins: combination
with small of group-specific sut in the plasma of the recipient
and, more important, bii with group-specific sub in the
fixed tissues of the recipient. These facts are recognized by all, and it is
agreed that blood from most group O donors is safe when transfused into
recipients of heterologous groups The use of universal donors has been in
vogue for many years in some large hospitals in this country and has re-

UnlvsnsA\.F
RECIPIENT

' UNIVEDSAL
DONGR
Fic. 83 Compatible blood groups for transfusion

ceived tnals on a large scale 1n many of the armies engaged 1n World War II.
A controversy still exists as to whether the group O blood with an excep-
tionally high uter of agglutinins is safe for transfusion into other groups.
The Rh factor was discovered in 1940 so that cases reported before that time
purporting to show reactions from umversal donor blood included no ex-
amnations for the anti-Rh factor Aubert et al'® have injected large amounts
of plasma selected for agglutinuns of high titer 1nto recipicnts of heterologous
groups and have shown minor amounts of agglutination of the recipients'
cells, but there were no ymportant chinical reactions. Klendshoj e al.*6 have
reported one case in which group O blood apparently caused 2 fatal hemolytic
reaction 1n a recipient when the presence of the anti-Rh factor had been ex-
cluded, Further study 15 required to settle this point. If the agglutinins in
group O blood are deemed dangerous 1n transfusion, there is now at hand a
means of inactivating them m vitro by the addition of a solution of the
A and B group-specific substances described by Witebsky ez al.
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Cotrrcriov or Broon ror TRANsHUSION

General Care of the Donor

Frcqucnrly, since blood transfuston has become a commeon procedure, the
donor 15 an inexperienced person who approaches the operation of giving
blood with some trepidation If he can be in the company of others who are
undergoing the same procedure without discomforr, the example is often
reassuring. A long period of waiting before drawing the blood, especially
when the tme 1s spenc m conversation with others who are also apprehen-
sive, is a poor psychological prelude. Care taken to provide a cheerful and
reassuring environment for the collection of blood will repay the effort many
times in lessening the number of donor reactions.

The donor is placed 1 the recumbent position on a table, and the collecting
flask is so arranged as to be out of his sight. The antecubital fossa of the
extended arm 1s prepared with tincture of iodine and alcohol. A tourniquet is
placed around the arm just above the prepared site. A convenient method is
the use of the cuff of a sphygmomanometer, inflated to a pressure of about
4o mm of mercury. With 1 24 gage needle, 2 bleb of 2% solution of procaine
1s raised over the vem to be entered. The vem selected 1s usually the largest
and most accessible one in either arm After local anesthesta has been attained,
a needle of 13 to 16 gage 15 inserted in the vein through the procame wheal:
The blood is then allowed to run freely, etther by gravity or by the applica-
tion of gentle suction In many donors it will be found possible to release the
tourniquet entirely without impairmg the rate of flow. Other donors may
have to flex and extend the fingers slowly to secure an awnthary pumping
action It is 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 500 cc ), the
tourmquet 15 loosened, the donor’s hand s relaxed, a pressure bandage 15
placed over the site of mjection, and the needle 15 quickly w ichdrawn. The
donor is asked to flex the arm, and the bandage 1s later fixed ughtly n place
for several hours The donor 1s requested to he 1n the supine position for
fifteen to thiry minutes. The foot of the table may be elevated shghtly At
the cnd of the rest perod the donor may be sllow ed ta sit up cautioush and
finally to stand. An expenienced person should be present and on the alert for
signs of vasomotor disturbance and, ar the first indicarion, should tactfully
suggest that the donor he down

YWhen the donor fecls able to walk, he should be encouraged to drink flmds
and may be given light refreshments such as aulk drinks, cookies, or crachers
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Excessi ely hot or cold drinks should be avoided. The ingestion of hot drinks
by a person who has recently lost blood may further deplete the circulating
blood volume sufficiently to cause syncope.

Reactions in Donors

Tt was formerly thought that practically anyone could lose 500 cc. of blood
without exhibiting symptoms. With the recent experience in bleeding thou-
sands of persons it has been found that from 1 to § per cent of donors have

more or less severe symptoms. The manifestations vary from a feeling of
weakness on resuming the erect position to syncope. The symptoms may ap-
pear at any time during the collection of blood or up to an hour or so after
the donation. There is usually a sudden pallor and profuse sweating; the blood
pressure falls and the pulse is slow. Consciousness may be complerely lost.
Vomiung, involuntary defecation, and micturition may occur,

The most disconcerting and dangerous type of reaction is the delayed
faine. 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 time later, at penl to himself. For-
tunately such istances are rare, but no method is now known of preventing
this type of accident, The causes of fainting 1n donors are not fully wnder-
stood. Extensne studies have been made with mconclusive results Obvi-
ously some fainting is due to apprehension in the mexperienced individual.
This type is contagious The excited conversation of apprehensive persons
avwaitng their turns to give blood is not reassuring to the novice. A few
would-be donors swoon before they are ever touched with a needle. A
psychogemic enology does not seem to explan the case of the person who 15
not afrad and m whom the symptoms only appear after most or all of the
blood has been withdrawn. There are cases of expenienced donors who al-
ways faint when a certain definite amount of blood has been collected. It has
been suggested that these persons have sensiuve caroud sinus reflexes 1%

A rare type of reaction 1s the occurrence of generalzed convulsions with
or without loss of consciousness The climical picture resembles an epilepti-
form attack. It has been shown that many persons who react 1n ths way have
the patrern of the epileptic m the electroencephalogram although they have
never had clinical epilepsy.

Hyperventilauon tetany occasionally occurs in an apprehensive blood
donor. T have seen at least one case 1n which hyperventlation was not evi-
dent a5 a cause for the tetany, and nesther holding the breath nor rebreathing
would relieve the symptoms
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TEcuNic oF INJEcrioN oF Broob

Methods

Modern experience has left litde, if any, argument in favor of the direct
methods of transfusion. They are inconvenient, considerable skill and com-
plicated apparatus are required, and the propinquity of the donor and recipi-
ent is frequently undesirable. As knowledge of pyrogens has increased, less
has been heard about the toxicity of sodium citrate, Recent experience with
massive transfusions of citrated blood and plasma has conclusively demon-
strated that the amount of sodmm citrate injected is not harmful and does
not produce reactions.

A detailed description of the hundreds of methods of indirect transfusion
would be unprofitable. It is trite to say that successful transfusion depends
upon introducing the blaod into the circulation of the recipient, neverthe-
less, many transfusions fail because this cannot be accomphshed. T know of no
way of remedying thus situation except by practice on patients Although
most physicians assume an air of superiority toward the operation of transfu-
s10n apparatus, it 1s surprising how many are not familiar with some of the
laws of hydraulics upon which the successful operation of the equipment de-
pends. It is splendid advice, seldom followed, that the physician should prac-
tice with a dummy apparatus before being confronted with a flask of blood
which 1s destined for the vein of his patient.

It is generally recogmized that citrated blood should he passed through
some type of filter before admunistration Obviously the fileer should be
sufficiently fine to withhold particles of fibrin and debris which would other-
wise clog the needle. There 1s no agreement on the minimum size of the pores
of the filter. The problem of filtration 15 not serious when fresh blcod. is
being given, bur when preserved blood 1s employed, filters of fine mesh which
are satisfactory for the former frequently become completely plugged \\fld‘
the shreds of fibrin and degenerated leukocytes which accumulate during
storage. The filterng surface must be greatly enlarged or the mesh must be
much coarser to pass preserved blood. This problem has not been satisfac-
torily solved for the administration of preserved blood in 2 “closed” system
In an “open” system the blood may be poured through threc or four layers
of sterile surgical gauze with satisfactory results

Selection of a Site of Injection
Ta general, any accessible vein which 1s sufficiently large can be used for

transfusion, One route frequently ignored when the peripheral vessels are
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destroyed is the femoral vein. The physician should become familiar with
this technic for use in an emergency. This region of the body is seldom
traumatized, and knowledge of the method of administration may be life-
saving. The femoral artery is palpated one inch below the inguinal ligament;
the femoral vein will Jie just medial to it although it cannot be seen or felr.
The needle is inserted blindly and perpendicularly at this site until venous
blood is withdrawn No fixation of the needle is nsually required although
it appears to be in a precarious position.

1 have had no experience with intrasternal transfusion. Three cases in
which fatalities have occurred are known to me. In each instance the needle
pierced the inner table of the sternum and blood was injected into the medias-
tinum. It is a matter of opinion as to whether this could have been avoided
by skilful manipulation. It is to be hoped that a needle will be devised which
will make impossible such accidents.

Dosage

It is usually stated that the maximum dose of blood for children is 20 cc.
per kilogram of body weight. This value has been satisfactory. The usual
volume of blood given to 2n adult in one transfusion has been 500 ce. This
has been determined largely by the limitation of the donor and not by the
needs of the recipient. There is much more reason for adhering to this prac-
tice when fresh blood transfusions are emploved than when a large reserve of
stored blood is available. In determining the volume of blood to be adminis-
tered at a single transfusion two factors must be considered: the circualating
blood volume of the recipient and the condition of the cardiovascular sys-
tem. With large quantities of blood at hand 1n 2 bank, it is logical and prac-
ficai to replace the blood lost by acute hemorrhage, even though the volume
Is several Jiters. This is the accepted treatment for shock from hemorrhage.
1f the cardiac function is impaired, even 200 cc. of added blood may result
in frank decompensation. In the treatment of carbon monoxide poisoning,
_fcr example, when it may be necessary to transfuse Jarge quantities of blood
into a patient with heart disease, 1t is logical to bleed the patient before
transfusion.

Rate of Injection

It is frequently stated that the mavimum rate at which blood transfusions
should be given is 20 cc. per minute. This limitation is misleading. In the
treatment of severe grades of shock it has been found necessary to restore
the arculatng blood volume as rapidly as possible. The British have found
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that a rate of 5o cc. per minute 1s desirable at times.!® This is practically uo-
attainable in a gravity system unless a needle of 16 gage is employed. In liew
of this, the blood may be forced in under pressures greater than gravity
On the other hand, when cardic function 1s impaired, many advse a very
slow rate of transfusion. This practice has virtue when infusions of erystal-
lord solutions are bemng administered because the velocity of administration
may be made to approximate the rate of loss of fluids from the circulation.
It 1s doubtful whether this equilibrium can be obramed, however, when blood
is being introduced into the circulation Here one is adding a mivture of
cells and protem solutions which are not intended to leave the circulaton.
The readjustments by loss of water into the tissues 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 mjecung them into the veins of the pa-
tient. There are few types of apparatus which will actually accomplish this
Most of the reactions attributed to the infusion of cold solutions have prob-
ably been due to the presence of pyrogens in the fluids. Pyrogen-free fluids
or blood may be admmistered intravenously at temperatures as low as 10 C
without reaction.'® Actempts at heating blood during transfusion may actually
be disastrous 1f the temperature inadvertently becomes evcessive Much
expertence has proved thar the heating of solutions and blood for intravenous
admunstration is not only time-consuming and expensive but unnecessary:

SurvivaL of TransFusep ERYTHROCYTES

Many recent studies have been made of the survival time of transfused
0 od The

erythrocytes to evaluate the various methods of preservation of blo
methods of experimentation which have proved the most satisfactory are
modificattons of the agglutmation technuc first described by Ashby and the
labeling of hemoglobin in the transfused erythrocytes with radicactive
1sotopes of ron For details of the modified Ashby technic the reader 1
referred to the papers of Mollison and Young® and of Denstedr, Oshorne,
Stansfield, and Rochlin® m which extensive studies are reported. With
transfusions of fresh blood a variable number, up to 4o per cent, s?efn to
dissppear from the circulation m the first three days in some recxpxcntz
Thereafter there is an irregular decline 1 the number of transfused e
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cells although somie are retained as long as 120 days. When blood preserved
as long as 15 to 20 days is transfused, the red cells seem to persist nearly
as well as fresh blood if correction is made for the fact that all of the cells
in the stored blood are 20 days older. Gibson and Lvans,* also Ross,” by
labeling cells with hemoglobin containing radioactive isotopes of iron, have
shown that when the transfused cells disintegrate in the recipient’s circula-
tion, the hemoglobin thus released is readily assimilated in the formation of
new cells,

RracTions Frost Broop Trnsrusions

The average physician is inclined to regard all reactions from blood trans-
fusions as 2 single clinical entity. This is as meaningless and as unscientific
as to he content with a diagnosis of “fever” in a patient whose body tem-
perature is elevated. A vanety of syndromes may accompany the trans-
fusion of blood, and proper understanding of the etiology, prognosis, treat-
ment, and prophy lavis can be forthcormng only by making a differential
diagnosis.

Pyrogenic Reactions
Eriology

"The work of Seibert in 1923 demonstrated that certain river bacteria, many
of them nonpathogenic, can grow in distilled water and produce substances
which cause fever when injected parenterally mto animals. She named these
substances “pyrogens” and show ed that they pass through bacterial filters and
their fever-producing ability is not destroyed by the usual amount of heat
employed in the stenlization of flwds for parenteral use. When fluids con-
taming pyrogens are admini d p lly to man, or equip re-
pared with pyrogenic fluids 15 employed in parenteral therapy, a definme
clical syndrome is produced. There 15 great individual varmnon m sus-
ceptibility to pyrogens so that when a number of patients receive pyrogen-
contaming fluids from the same lot, not all, or even a majority, of pauents
may have reactions, Also involved are the factors of dosage and rare of
admuinistration,

Pyrogens may occur m the manufacture of crystalloid solutions for par-
enteral njection They may also contaminate the equipment employed for
the adminsstration of crystalloid solutions or blaod transfustons. Organisms
may be mtroduced into the blood at the ume of collection, and, during
storage, py rogens may be formed before the bactersa are hilled by the nat-
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ural bactericidal agents of the blood. The incidence of pyrogemc reactions
mn one serics of 2423 blood transfustons was 2.1 per cent®

Clinical Description

The manifestations of this type of reaction occur during, or withm a0
hour after, the parenteral administration of crysmlloid solutions, blood, or
plasma. The mildest type is characterized by the occurrence of a chill with-
out fever. More violent reactions begin with chills and are accompanied by
rapid 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 preinjection level, There are no sequelae.

Diagnasis

The association with parenteral injections is prima-facie evidence, but
other conditions must be considered. It is sometimes difficult, if not impos-
sible, to differentiate 2 pyrogenic reaction from the clinical manifestation of
the primary disease for which the patient is being treated. The onset of sevcre
pyrogenic reactions resembles the murial symptoms due to intravascular
hemolysis, The latter condition must be excluded with all possible specd
by withdrawing a small amount of blood from the vemn of the patient, cen-
trifuging it, and inspecting the supernatant serum for free hemoglobin or
bilirabin,

Treatment

The transfusion 1s discontinued. Usually no other measures are required.
Sedatives may be given if the recipient js uncomfortable.

Prognosis
This type of reaction 1s annoyming but usually not dangerous.

Prophylaxis

The preventon consists n scrupulous preparation of equipment and
flwids to exclude the presence of pyrogens The collecnion of blood should
be performed preferably i a “closed system” with due regard for asepsis:
If the equipment 15 thought to be contammated with pyrogens but pyrogen-
free crystallord solurions are avaiable, the equipment may be washed out
with 100 to 200 cc. of stenle pyrogen-free fluid prior to use.
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Utticaria
Etiology
About 1 per cent of bloud transfusions is accompanied by usticaria of
greater or less degree. Injection of plasma may also produce this reaction.
One physician told me that he has developed urticaria several times follow-
ing the intravenous administration of isotonic saline solution. In most cases
of urticaria neither donor nor recipient give any previous history of urticaria,
hay fever, or asthma. On the other hand, I know of one person whose blood
has giten urucaria to eight out of ten recipients receiving it. The donor has
had many attacks of angioneurotic edema, some of which are definitely re-
lated 10 emotional disturbances. Some recipients devcloping urticaria after
rransfusion will fail ro react the next day from transfusion of more blood
from the same flask. Blood from the same flask has been transfused into two
recipients, producing urticaria in one and not in the other. This type of
reaction involves no known associanion with isoimmunity.

Clmnical Description

During or soon after the transfusion of blood or plasma the pauent de-
velops urticaria. Only a few wheals may appear, or massive angioneurouc

edema may develop The eruption wsually disappears spontaneously in a
few hours.

Diagnosis

Diagnosis is made by inspection. The disease can scarcely be confused
with anything else.
Treatment

The transfusion should be discontnued 1f the extent of the lesions is great
orif edema develops in sites which are parucularly vital, such as the pharynx
or the larynx. Epinephrme hydrochloride (o3 to 1 cc. of 2 1-1000 solution)

may be given hypodermically and repeated in a few munutes if the reaction
proves severe.

Prognosis

There is very hede danger from this type of reaction provided prompt
treatment 15 given before edema of the larynx develops.
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vral bactericidal agents of the bload. The mcidence of pyrogenic reactians
1 one series of 2423 blood transfusions was 2.1 per cent 24

Clinical Description

The mamfestations of this type of reaction occur during, or within an
hour after, the parenteral administratton of crystalloid solutions, bleod, or
plasma, The mildest type is characterized by the occurrence of a chill with-
out fever. More violent reactions begin with chills and are accompanied by
rapid rises in body temperature to levels from 100 to tos 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 preinjection level, There are no sequelae.

Diagnosis

The association with parenteral injections is prima-facie evidence, but
other conditions must be considered, It 1s sometimes difficult, if not impos-
sible, to differentiate a pyrogenic reaction from the clinical manifestatton of
the primary disease for which the patient 15 being treated. The onset of severe
pyrogenic reactions resembles the initial symptoms due to intravascular
hemolysts The latter condition must be excluded wth all possible speed
by withdrawing a small amount of bloed from the vein of the patient, cen-
tofuging it, and inspecting the supernatant serum for free hemoglobin or
bilirubin.

Treatment
The transfusion 15 discontinued. Usually no other measures are required
Sedatives may be given of the recipient is uncomfortable

Prognosts
This type of reaction 15 annoymg but usually not dangerous.

Prophylazis

The prevention consists m scrupulous preparation of equipment and
fAluds to exclude the presence of pyrogens The collection of blood should
be performed preferably in a “closed system” with due regard for asepsts
I the equipment is thought to be contzmenated with pyrogens but pyrogen-
free crysralloid solutions are available, the equipment may be washed out
with 100 to 200 cc. of sterile pyrogen-free fluid prtor to use.
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Treatment

The therapeutic test and the emergency treatiment is to place tourniquets
on all four extremities. The tourniquets should be applied as near to the
trunk as possible and only tightly enough to produce venous stasis. The
arterial blood supply should not be shut off. Ebert and Stead* have shown
that this maneuver results in the pooling of at least r5 per cent of circulating
blood 1 the extremities Prompt relicf of dyspnea and disappearance of
rales in the lungs should follow. About every twenty minutes the tourniquets
should be released and reapphed, one at a time, to restore the circulation in
the limbs 1f blood or plasma has been administered, it is probably wise to
withdraw 500 cc. of blood from the recipient after the efficacy of the tourmi-
quets has been proved. If crystalloid solutions have been given, it is possible
to temporize with tourniquets until the fluid has left the circulation. Prompt
duagnosis and treatment are sometimes lifestving measures.

Prognosis

The author has seen one adult who was not previously in cardiac failure
die from left-sided heart failure from the injection of 200 cc. of compatible
blood before the treatment for this condition was known Another patient
died in similar manner from soo cc. of blood. Prampt recovery from the
condinon has been observed on many occasions when treatment was in-
stituted,

Prophylaxis

The condition can frequently be prevented if the status of the cardio-
vascular system is considered more often when transfusion 15 contemplared
When a tlood transfusion is indicated, the question should always be asked,
Can the circulation tolerate the sncreased blood volume? In selected cases
1t may be possible to bleed the patient before adminmistering a transfusion of
blood or plasma Suspensions of erythrocytes may be given for the treat-
ment of anemia where the plasma m whole blood is deemed unnecessary and
the increased volume of cireulating plasma protein is dangerous,

Hemolytic Reactions
Etiology

The products of dismtegrated erythrocytes are potentially dangerous
when ntroduced into the cirenlation in sufficient quantities There are two
mechanisms by which this oceurs. Extravascular hemolysis may be caused
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Prophylavis

Lack of knowledge prevents any effectual prophylictc measuses. Pro-
spective donors should be rejected if they give a history of chronic urticaria
or angioneurotic edema. This precaution will prevent only a small number
of reactions, however.

Circulatory Overload
Etiology

The normal heart can cope with a moderate increase in the circulating
bloed volume, but 1t has been shown by Murphy et al.** that when there
is borderline compensation, the intravenous injection of as little as 500 c¢
of isotonic saline solution is sufficient to induce frank cardiac failure. Such 2
procedure s less than equivalent to the administration of a similar volume
of blood or plasma as crystalloid solutions rapidly leave the blood stream
and the resulting increase in circulating volume 15 therefore quite transient
On the other hand, the increase in circulating flud obtained after the injec-
tion of blood or plasma 1s much more stable and therefore more dangerous
to the circulatory system, which is already impaired When circulatory fail-
ure 15 induced by the mtravenous injection of fluds or blood, the Jeft side
of the heare fals first, and edema of the lungs results. Fatal left-sided heart
farlure has been observed by the author after the transfusion of as little as
200 cc of blood mto an adult in whom there was prevxously no clmical sign
of cardiac nsufficiency. The condition should be anticipated when trans-
fusions or intravenous infustons are admunistered to any patient who has heart
disease or conditions predisposing to heart disease.

Chmical Description

During or within two hours after blood transfuston the patient may sud-
denly become dyspneic and extremely cyanotic The heart rate is very fast
and arrhythmias such as auricular fibrillation or auncular flutter may de-
vclop The lungs are filled wath coarse, moist, sibilanc rales, Death ma:\‘
occur within one-half hour to six hours 1f prompt treatment 15 not msti-
tuted.

Diagnosis

Diagnosts depends on the appearance of the symptoms and signs and 18
proved by the response co therapy  When diagnosts s doubtful, the partent
should be treated for the condition.
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1s wually “direct” if abtained at this stagre, turning to “indirect” the next day.
The jaundice fades within two or three days. The icteric phase may oceur
without the preceding acute phase.

The anuric phase, if it occurs, uswally intervenes shortly after the acute
phase. There may be complete anuria or ohiguria with a daily excreton of
too to 500 ¢ of urine. Hemoglobin is only present in the urine for the first
two days at most. Casts of hemoglobin pigment can be observed in the urine
for another day or so. When hemoglobinuria occurs, there 1s usually sufficient
pigment to color the urine deep red or brown to black. During the anuric
stage the patient may appear to be recovering except for the steady increase
in the degree of azotemia, the daily urea nirogen values of the blood fre-
quently increasing almost by arithmetcal progression.

Death from renal insufficiency seldom occurs before the fourth or after
the twelfth day The blood pressure remains normal in most cases although
there are well authenticated instances in which hypertension developed. Con-
vulsions ste usually not a prominent feature. Coma supervenes during the
last days of hife. Spontaneous and complete recovery may occur at any of
the three phases without development of the succeeding stages In the anunc
phase, divresis may occur suddenly either as the result of treatment or spon-
taneously, and the evidence of mtrogen retention gradually disappears,
Diagnosis

The problem of diagnosis varies somewhat depending upon the phase at
which the question arises. The acute phase must be differentiated from severe
pyrogenic reactions and from circulatory embarrassment. The absence of
fales in the chest excludes edema of the lungs. A sample of blood should be
llpmcdinely collected 1n 2 clean, dry syringe and centnifuged in a clean tube
Simple inspection of the supernatant serum will reveal the presence of sig-
mficant quantities of free hemoglabin or bibirubin The icteric phase must
be differentiated from jaundice due to other causes. If the icterus is accom-
panied by hemoglobinuria, the presumption of a4 hemolytic reaction can
usually be made. The anuric phase of a hemolynic transfusion reaction musr
!)c distinguished from anuria due to shock, the crush syndrome, sulfonamide
mt!fxmnnun, quinine idiosyncrasy, blackwater fever, or nephnns Differen-
tiation may be impossible either clincally or pathologically 1 some cases

If 2 hemolytic transfusion reaction can be diagnosed, a subsidiary prob-

fem is the cause of the hemolysis. Intravascular hemolysis 15 diagnosed by
demonsmuing incompaubility in the transfused blood. For this purpose, a
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by the transfusion of whole blood swhich has undergone spontancous hemoly -
sis during storage; by the application of excessive heat or cold to the blood
before transfusion; by the addition of large quantitics of crystalloid solutons
to whole blood in concentrations either hypertonic or hypotonic, by the
addition of other hemolytic agents to blood which is to be transfused. Most
of the conditions implied in this category are more frequently encountered
in transfusions of preserved blood than when fresh blood is employed.
Intravascular hemolysis may occur from the transfusion of erythrocytes con-
taining agglutinogens which are incompatible with agglutinins occursing in
the blood of the recipient. It may also occur from the transfusion of red
blood cells the contents of which have been rendered hypertonic or hypo-
tonic to normal blood plasma by improper preservation

At present, the preponderance of evidence supports the view that free
hemoglobin itself in sufficient amounts is delererious when it appears 1 the
circulation in large quantities. YWhen the plasma hemoglobm level exceeds a
value between 35 and 45 mg. per 100 cc., hemoglobinuria occurs. The free
hemoglobin circulates m the blood stream as such only a few hours, being
rapidly converted to bilirubin jn man. Some hemoglobin also forms 2 more
or less stable combination with plasma albummn which has been designated 25
methemalbumin by Fairley. Much of the hemoglobin 15 rapidly taken up by
the reticulo-endothelium

Clinical Description

For descriptive purposes it 1s convenient to divide the clinical course of a
hemolytic transfusion reaction into several stages. The acute phase lasts
from the time hemolyzed blood is introduced into the circulation until ap-
proximately one day post transfusion. If the total free hemoglobm released
15 small or if the amount smtroduced per mmute is munmal, no tmmedte
symptoms may occur. If the dose is larger, the patient experiences a mcdfrare
or severe chill followed by a transtent fever. There may be dyspnea with a
sense of constriction 1 the chest, cyartosts, and severe pams in the abdomen
and in the lumbar region, radiating down the legs If the initral symproms
are severe, shock may intervene promptly, and death results at this stage.
1 have observed an adult who died 1n shock wrthin six hours after the trans-
fusion of 200 cc of incompatible blood The acute phase 15 seldom prolongcd
beyond eight to twelve hours, after which the patient is relatively com-
fortable

About six hours post transfusion icterus may develop. This 1s symptom-
less and 15 presumably hemolytic in type although the van den Bergh reaction
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Unknown factors in the body of the recipient undoubtedly play an impor-
tant role as some tolerate severe degrees of hemoglobimuria without renal
failure whereas others develop fatal anuria, Death may result in the acute
phase from shock or in the anuric phase from renal insufficiency. 1 have
observed ten patients with transfusion anuria, seven of whom died and three
recovered. Pracrically all had received some of the methods of therapy men-
tioned. U still have no definite opinion as to the efficacy of treatment.

Prophylaxis

The prevention of both in vitro and in vivo hemolysis depends on the
care and skill with which the entire procedure of blood transfusion is han-
dled A blood transfusion service with tramed personnel to supervise every
derail has proved the hest method of prophylaxis As to the preparation of
the patient, the administration of alkalis, to insure an alkaline reaction to
the urine, prior to transfusion may be of some value in preventing anuria.

Transmission of Infectious Discase by "Transfusion
Etiology

The principal diseases known to be d by blood fusion are
syphilis, malaria, and infectious hepautis. Theoretically almost any organism
producing bacteremia 1n the donor could be transmutted to the recipient
by injection. The transfer of brucellosis should be guarded against. It should
be emphasized that the donor with 2 primary leston of syphilis and a nega-
tive blood Wassermann reaction 1s potentually more dangerous in the trans-
mission of syphulis than one with well established serologic evidence of
syphilis, Malaria is notorsously a chrontc disease, and the use of a donor
k.no“n to have had it at any ume is potenually dangerous. The long mcuba-
tion period of infectious hepatitss of from 60 to 120 days 1s particularly de-
ceptive. Transfusion syphilis differs from the usual type in that the first mans-
festation 15 the appearance of secondary lesions, the chancre bemng absent.
The incubation period may be several months

Diagnosis, treatment, and prognosis are problems n general medicine.
Prophylass

Obtaining a careful history and performing a phvsical examination should
nclud.e most of the chances of transmutting 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 in reserve. If preserved
blood has been given, osmotic hemolysis may be tested for by diluting the
blood mixture with four or five volumes of 0.9% sodium chloride solution,
centrifuging, and comparing the color of the supernatant with that of cen-
trifuged citrated plasma from the mixture. A similar test may be employed
using the recipient’s serum or plasma instead of salt solution. If the hemolysis
occurs under the conditions of the test, it is a fair assumption that the im-
properly preserved cells hemolyzed in the body of the recipient. Extravas-
cular hemolysis may be presumed from a careful check of the history of the
handling of the blood during the transfusion or demonstration of excessive
hemolysis in 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 never been fatal in an adult. I have observed
one patrent who died from approvimately thar amount. In the absence of 2
certain knowledge as to the mechanism of transfusion anura, 1t is probably
safer to take immediate steps to insure an alkaline reaction in the urine either
by admmnistration of sodium bicarbonate or sodium citrate m large doses
orally or by the mntravenous mjection of 1/3 or 1/6 molar sodium r-lactate
solution. If the reaction 1s first detected during the icteric phase and there is
no dimmution in renal excretion, the recipient may be given alkalis by mouth
and merely observed for possible development of oliguria or anura. If the
anuric phase develops, fluds should be given by mouth and saline and dev-
trose should be mjected intravenously. In view of the uncertain prognosts
without treatment and the lack of knowledge of the mechanism, no one treat-
ment can be recommended with enthusiasm Procedures which have been
reported as effective i some cases and faling in others are the intravenous
administration of alkalis, hypertonic dextrose solutions intravenously, roent-
gen ray irradianion or diathermy 1o the kidney regions, lavage of the renal
pelvis with hot water, spmal anesthesia, transfusions of compatible blood,
and decapsulation of the kidneys.

Prognosts

Hemolytic reacuons should be serrously regarded, bu the prognosis is
extremely variable, depending probably on a number of factors The amount
of hemolyzed blood is undoubtedly important as well as the dose per minute.
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Presrrvep Broon

The preservation of whole blood for transfusion has made possible the
separation of the donor from the recipient in space and the remote dis-
association of the act of blood collection from that of administration in
point of time. These are desirable features in the mechanics of blood trans-
fusion because they make possible the maintenance of stores of blood known
as “blood banks.” The chief advantages of the operation of a blood bank are-
(1) A quantty of whole blood, previously grouped and Wassermann-
tested, is immediately available for transfusion in emergencies. (z) The rela-
tives or friends of a recipient are enabled to exchange their blood, of what-
ever group, for the blood of the proper group recewed by the patient.
(3) Plasma is a by-product of preserved blood in the bank and may be
employed for suitable indications

Operation of a Blood Bank

A blood bank is best operated in conjunction with a hospital or 2 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 1 a refrigerator where the temperature 1s controlled at 2 to 5 C. As
withdrawals for transfusions are made from the bank, equal quantities of
bléod of any group should be obtaned from relatives or friends of patients
in replacement. Transfusions of homologous groups should be made to
mamtain the proper proportion of blood groups in the bank A number of
financial and replacement arrangements are possible.

An important detail m operation is the method of assigning responsibility
for the procurement of donors Three systems are possible, each with its
advantages and its disadvantages. Each service in the hospital or each hospital
m 2 series may have jts “account” with debits and credits im quantities of
blood. Thus works well where the services are well organized and supervised.
The surplus accumulated by a service may be sufficiently large to allow
dwersion of occasional blood transfusions to the patient who can procure
no doners Another method 1s to mamntain an account for each intem or
house officer. Thus has the advantage of placing responsibility directly on
the physician for the procurement of donors. Its disadvantage is that the
service suffers for the presence of an uncooperative physician. The indi-
Vld}lal surpluses are never large and can be used with difficulty for the re-
cipient “ho.can procure no donors. The third arrangement 1s to charge each
panent receiving transfusions with the blood recetved and allow him to make



472 Hematology

1cterus is not definitel blished as noninfectious. Lab v studies have
o . .. . .

Tated that Trep 2 pallidum in citrated blood is not viable after
storage in the refrigerator for seventy-two hours. Much longer periods of

storage, however, will not apparently kill malarial parasites.

Serum Sickness and Drug Sensitivity
Etiology

The cause of serum sickness occurring after transfusions of human blood
is not know n although it has rarely been reported. Drug sensitivity has been
passvely transferred in animals by transfusion, and it seems logical chat it
could also occur n human beings.

Chnical Description

I have observed two cases in which the typical manifestations of serum
sickness developed, in one patient four days, in another seven days, after
blood transfusion. The disease was marked by fever, urticana, arthrosis,
and painful lymphadenopathy. The course 1n each was typical. Neither
donors nor recipients had ever reccived horse serum.

A third case 1llustrates what 1s apparently another mechanism. A donor
had been under treatment for a streptococcic pharyngitis and had received
sulfathiazole, which had produced an erysipeloid eruption necessitating dis-
continuance of the drug. One month later, blood from this donor was trans-
fused mnto a morbund patient with a severe gemto-urinary infection. The
patient had been receving sulfathiazole without manifesting any toxic re-
action. While the transfusion was being administered, the reciptent sud-
denly developed a generalized erythema and massive edema covermng most
of the body. The patient died, probably from the infection, before the course
of the transfusion reaction could be determined. This case 15 mterpreted 35
being an example of passive transfer of drug sensitivity. With the wide-
spread usc of sulfonamide therapy 1t may be anticipated that such a com-
bination of circumstances w1ll become more frequent.

Diagnosis should not be difficult if the possibility is bore in mind.

Treatwent is symptomatic.

Prognosis cannot be stated from the paucity of expenience so far.

Pyopbylnxi: 1s uncertam, but 1t seems logical to prc\'e{‘l[ persons “?10 h.‘l;":
acquixed sensitivity to drugs from giving blood to recipients recewving ¢
same drugs.
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the emergency treatment of shock from hemorrhage Should the plasma be
considered of prime importance, technics should be adopted which alter the
plasma less but at the same time preserve red cells for a much shorter period.
The red cells then become an incidental asset during a short period of
storage, during which the wholc blood may be used if occasion demands.
The plasma is then processed and the red cells are either used within a short
time m resuspended form or are discarded. In this type of arrangement the
erythrocytes 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-
tified, however, on the grounds of jnadequate faculities for grouping and
crossmatching blaod or for purposes of long storage.

Changes m Blood During Storage

In most preservative mixtures the red cells remain intact longer when the
temperature 15 maintamed below 10° C. The usual temperature of storage 1
accepted as 2 to 5° C. Hemolysis proceeds relatvely rapidly m citrated blood.
The rate of disintegration is accelerated by the addition of sodium chloride,
Hemolysis is retarded by the addition of dextrose, and it is now accepted
that some combination of citrate-dextrose 15 desirable for preservation of
whole blood. ‘The available evidence indicates that the addition of dextrose
solutions to citrated blood impedes hemolysis by 2 dual effect. The sugar,
even in concentrations as small as 300 mg. per 100 ¢, furnishes a substrate
for glycolysis and keeps the formauion of inorgamie phosphorus at 2 min-
imum. A further hibitory effect is obtained by the dilution of the plasma
by a nonelectrolyte such 25 a solution of dextrose. The greater bulk not only
permits longer storage but lessens the precipitation of fibrin i the plasma
so that filters in admirustration apparatus employing a “closed system™ are
not so readily plugged Loutit, Mollison, and Young®® demonstrated that
dextrose-citrate solutions apparently presersed blood better 1 witro and in
vrvo when the pH of the solution was adjusted between .1 and 7.3 by the
addinon of citric acsd They studied a series of such mivtures and found several
which were sausfactory. Various solutions of tnsodium citrate, dextrose,
and citric acid are now widely employed in the United States under the name
ACD (acid-citrate-dextrose) but there is great variation in the formulae.

The pertinent facts on several blood mixtures are summarized in the accom-
panying table,
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restitution in kind or in money. This system 15 most practical where no
indigent patients are treated.

Centralization of the laboratory tests and the custody of the blood 1s de-
sirable for smooth operation of a blood bank. Collection of the blood can
well be performed under the direct auspices of the transfusion service. Ad-
ministration of the blood may be left to the individual physicians who have
immediate care of the patients. It 15 most satisfactory ta entrust the group-
ing and crossmatching of blood only to experienced techmeians, Although
the tests may appear simple in principle, they nc[ually require considerable
care and knowledge for accurate results,

It has been the experience i many institutions that the number of blood
transfusions has more than doubled when a bank has been established. This
should be recognized when plans are made for the physical plant. Complete
success 1n operation of a blood bank cannot be attained unless the director
of the transfusion service possesses and exercises full authority to refuse
demands for blood when an appropriate balance does not exist in the bank
for the service making the request. Many urgent situations arise, and al-
though the physician 1s laudably concerned that his patient should receive
prompt and efficient treatment, he may be inclined to regard the securing
of donors to cover the transfusion as an unnecessary detatl Such an atutude,
if allowed to persist, will obviously result in fadure of the blood bank
princeple.

Technic of Preservation of Blood

It is not within the scope of this article to present all of the detarls mvols ed
1n the storage of blood for transfusion but rather to consider some of the
principles. More detatled treatment will be found m a technical manual of
the Office of Civihan Defense enutled The Operation of a Hospital Trans-
fusion Service (OCD Publication 2220).

‘There are now available many mixtures i which blood may be stored at
210 5° C. for transfuston The selection of one for use m a particular sitvatton
should be governed by the following considerauions

Pronary and Secondary Purposes of the Blood Bank

If it is desired to furnish whole blood transfusions for the treatment of
anemia and to provide maximum therapy for d pattents, hod:
should be adopted which will best preserve erythrocytes for the longest
time. The plasma from the out-dated blood then becomes a by-
hich is efficacious n the correction of hypoproteinema and n

period of
product W
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Some stight inhibition of hemolysis may alse be obtained by displacing
alt of the air in the collecting flask with the blood mixture. The agitarion
of fasks of blood incurred in usual handling or in transporration results
in no demonstrable damage to the red cells

During storage the potassium of the erythrocytes diffuses into the plasma
and is seplaced by the sodium from the plasma. “The organic phosphorus
of the cells is changed to the inorganic form, which slowly diffuses into the
plasma, This process is much reduced when added dextrose 15 present. The
erythrocytes gradually swelk during storage, and their resistance to hypo-
tonic sahine solutions becomes less, In solutiors to which derable quan-
tities of devtrose are added, some of tus change may be ascribed to diffusion
of dextrose o the cells. The dexerose may be washed out and the osmotic
fragility parrially restored to normal.

The changes in the plasma during the preservation of whole blood are less
important. The atbumin and globulins change very linle in the short tme.
Prothrombin 15 mactivated slowly, being about jo per cent of normal jn
tenty-one dsys and about 30 per cent of normel m thiny days Com-
plement survives abont fifteen days. Antizoins are apparently little af-
fected.

The leukocytes are quckly sutalyzed, probably most of them are dis-
mtegrated in two days The platelets are even more ephemeral, lasting only
a few hours, The fate of the thromboplastin released from the disintegrated
phatelets 1s unknown.

Broop Dernsrives

Erythocyte Snspensions

The most source of susp of red cells for transfusion 15
2 program for the processing of plasma The whole blood is collected, cit-
rated, and centrifuged and most of the plasma zspiated from the flak Jeav-
sng 1 layer of packed erythrocytes. These may be resuspended m isotomsc
saline, grouped, tested for stenhity and for hemolysis, and employed in trans-
fusions Jtis preferable to keep the cells unsuspended ar 2 to §° C until ready
for use befare adding the safine. It 15 not desirable o employ cells so stored
wore than five doys after collection Red cell ransfusions are extremely
usefal un the rreatment of anemia Because of the lack of plasma doses as farge
25 1 or 2 luers may be given m one transfuston without embarrassing the
cuculasion, This provides 2 more rapid method of mereasing the hemoglobin
of the anemic pavient than by the transfusion of whole blood
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Blood Serum

"The serum from coagulated human blood is interchangeable therapeu-
tically with plasma except when prothrombin is desired The processing is
somewhat easier than for plasma, and seram 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 Albumin

Human plasma or serum may be subjected to a phy sicochemical fractiona-
tion process developed by Cohn®® which produces a solution of plasma
proteins that is more than g9 per cent albumin. Serum albumin is scluble
m nearly any concentration and is extremely stable in the liquid state, form-
ing no precipitate when stored at tropical temperatures over long periods of
time. The albumin of the plasma exerts about 8o per cent of the total os-
motic pressure of the proteins. It may therefore be employed in the treat-
ment of secondary shock nstead of plasma. Tt was packaged for the armed
forces in a 25% solution. ‘Thus is four times isotonicity, this concentration
was employed because of the compactness of the package. One hundred
cubic centimeters of solution will exert approvimately the same osmotic
effect as 500 cc. of plasma. Its advantage is its compactness for certain
military purposés. The disadvantages are the expense of processing and the
l::ypermnicity. The cliical tral of a salt-poor human serum albumin solution
Is now in progress in the treatment of nephrotic edema and certin other
conditions.

Human Plasma Globulins

With the fractionation methods developed by Cohn the anubodies agamst
measles which are present 11 pocled plasma in great dilution can be concen-
trated to such an extent that a small dose is equally effective, if not superior,
to the placental extracts as a prophylaus against measles Another fracuon
of the globulins can be concentrared by chemical methods so that the titer of
the ischemagglutinins is greatly increased Thus product can be employed for

the facture of blood grouping globulins on a large scale, A material can

be isolated from the globulm fraction which decreases the coagulation time
& g .

n P when the substance is given mtravenously. .

Human Fibtin -

Human fibrin can be isolated from the plasma by chemicophysical methods
described by Cohin and can be fashioned into strong films which have proved
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Blood Plasma

The transfusion of citrated human blood plasma is indicated for the treat-
ment of hypoproteinemia and in the treatment of shock from burns, It is
substitute for transfusions of whole blood jn the emergency treatment of
shock from hemorrhage but 1s distinctly inferior to the latter. In severe
grades of exsanguination there is a greater tendency for relapse to oc-
cur when the patient is treated with plasma than when he receives whole
blood.

Plasma may be obuined by sedimentation or by centrifugation of pre-
served whole blood. It is preferable to centrifuge citrated blood, but for
sedimentation, the blood mixtures which cause appreciable dilution of the
plasma are better because the yield of the aspirated plasma protein s greater
Sedimentation 15 the ideal method where plasma is regarded as a useful by-
product of a blood bank. When the whole blood is out-dated, the plasma
may still be separated and stored.

Liquid plasma may be stored in the refrigerator at 2 to 5° C. for short
periods of time but is better stored at room temperature, when the pre-
cipitanion of fibrm 1s slower than at lower temperatures It may be stored
at room temperature for twa years, and 15 effective m the treatment of shock
after that length of time.

Plasma may be kepe in the frozen state mndefinuely, preferably at tem-
peratures of mmnus 15 to 20° C Just before use 1t should be thawed 1n 2 water
bath at 37° C When 1t 15 allowed to stand for a few hours after thawing, a
heavy precipitate 1s formed The advantages of frozen plasma are that pre-
cipitation of protem and bacterial growth are inhibited, complement and
prothrombin are preserved The disadvanrages are the added expense of
storage 1n the frozen stare and the time consumed in thawing during sn
cmcrgency.

Dried plasma will keep indefinitely 1n a sealed container at room or tropi-
cal remperatures The plasma 15 dried from the frozen state by withdrawing
the moisture by creation of a high vacuum. When properly dried, with a
motsture content of less than 1 per cent, it may be completely dissolved mn
thirty seconds when sterile distilled water is added Vartous conc:nfr:"iOﬂS
of plasma may be reconsututed, up to four tmes isotonicity, by adding less
water than was withdrawn The disadvantages of dried plasma are the added
expense of processing and the large bulk of storage space required. The flash
in which the dried pow der 15 stored must contain sufficient space to accom-
modate the reconstituted material, and 2 flask of stenle distlled water ac-
companies the plasma for reconsutution.
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superior to other substances as a substitute for dura nater in neurosurgers.
The fibrin has also been produced in the form of a sponge or film which,
when impregnated with thrombin, is employed in neurosurgery as a hemo-
static agent,

Human Thrombin

Thrombin may be isolated from the plasma by Cohn’s methods and may
be employed as a hemostatic agent 1n neurosurgery and also, in combination
with fibrinogen, as a2 cementing agent in skin grafts.

Human Globin

Strumia has devised methods for the production of solutions of globin from
human erythrocytes which have colloidal properties and are proposed for
intravenous jnjection to restore the blood volume m secondary shock. This
application must still be regarded as experimental.

Human Hemoglobin Solutions

Amberson has proposed the transfusion of solutions of human hemoglobin
to increase the oxygen capacity after hemorrhage. This must be considered
as dangerous until more 1s known about the tovicity of hemoglobin.

Blood Derivatives from Heterologous Species

Historically the transfusion of blood from other species into man was oc-
casionally practiced for hundreds of years but was finally abandoned because
of the dangerous and fatal reactions frequently ensuing Recently attempts to
employ transfusions of bovine plasma or bovine albumin to restore the blot)fi
volume in shock have been made They must at present be regarded as experi-
mental. Bovine thrombin may be employed as a hemostatic agent and as 2
cementing substance in skin grafts.
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using fresh bload as it is difficult to resuspend the erythrocytes evenly after
they have once sertled. Lrythrocyte counts and hemoglobm deternunations
are apt to be slightly low when oxalated blood 1s used.

Broop Counting

The hemacytometer (Fig. 85) consists of two pipets, one for the erythro-
cyte and one for the leukocyte 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 lines

Fic 85 Henucy tometer, cousistng of councng chamber with double ruling and ewo
pipets for dilunng blood (L 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 (Fig, 86) makes the rubing more eastly
visible, the ines appeartng as bright streaks upon a darker backgraund.

The pipets are not made to hold an exact amount of flud or blood but the
fauo between blood and difuting fluid 1s very accutate. Smce the diluting
fimd which remains n the stem of the pipet does not become mixed with the
blood, the prpess are marked for sos and 11 parts rather than 100 and 1o,
When blood s drawn to the o 5 mark and dilunng fluid to the ror mark in the
red cell pipet, 1¢ gives a dilution of 1 to 200 In the white cell pipet blood
drawn to the o.5 mark and dstuting flwd to the 11 mark gives a dilution of
110 20,

The counting chamber is so constructed that the depth of the layer of
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HEMATOLOGIC METHODS

Ostainine Broop

Tm: SMALL AMOUNT OF BLOOD REQUIRED FOR AMAKING A SMFAR AND BLOOD
count is obtained from a puncture of the ball of a finger or lobe of an ear in
adults or of the heel or toe of an infant. The procedure is less painful if the
lobe of the ear is used, but a finger is more ible and easter to manipul
The area sclected for puncrure should be cleansed with alcohol and wiped
dry with a prece of gauze or cotton. The puncture should be made with a
lancet or other sharp instrument which will make a short lmear incision
2 to 3 mm. in length and about 2 mm. deep. The instrument must be stertle.
An automatic lancet is a satisfactory instrument which can be set to make an
incssion of a given depth and is sprung by a trigger mechanism A marrow,
sharp-pointed kmfe blade (Bard-Parker No. 11) is also satisfactory. This
may be kept in the cork of an alcohol bottle wich its point projecung far
enough through the under surface to be ready for instant use, the cork serv-
1ng as a handle and guard. A venipuncture needle is not satisfactory since the
wound it produces 15 small and round and closes quickly. The inciston should
be large enough so that a drop of blood wells up immediately but not large
enough so that blood dups from the finger. No more than very shghe pres-
sure should be used to evpress blood as further manipulation results in ad-
muxture of tissue jurce with the blood If the mcision 1s made on the ear, 1t
should be on the edge rather than on the flat lateral surface, An inciston on
the ball of the finger should be a kitle to one side rather than in the middle
and not at the up The first drop of blood should be wiped away with a dry
gauze, and each specimen used for a count or smear should be from a fresh
drop, the remaining unused portion bemng wiped away each time. The skin
surface must be dry so that the drop of blood will well up and not spread out
over a most surface. If desired, blood counts and smears may be made from
oxalated blood obtaned by ventpuncrure, but this 1s less satisfactory than
482
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From a puncture wound on the finger or ear draw blood exactly to the
mark o.5 on the stem of the red cell pipet, wipe the tip of the pipet clean
with a nonabsorbent material, and fill to the mark 101 with diluting fluid.
After shaking the pipet for a few seconds, lay it aside (preferably on 2 level
rack so the fluid does not run out) until blood is obtained for the leukocyte
count and smear. Before filling the counting chamber shake the prpet for a
full three minutes, holding the ends between the thumb and finger, so that
the cells and diluting fluid are thoroughly and evenly mixed Discard the
first two or three drops before filling the counting chamber.

The erythrocyte count is made in the central part of the ruled area of the
counting chamber using the high dry objective of the microscope. The small-
est squares, which are used in the red cell count, are 1/20 mm. square and are
arranged in groups of 16 (Fig. 87). Each group is surrounded by a heavy
line, double lines, or triple Iines depending upon the type of ruling on the
chamber, Count the erythrocytes in § blocks, each of which contains 16 of
the smallest sgnares It 15 best 1o count the 4 corner blocks and one of the
central blocks so tha a total of 80 of the smallest squares are counted. Record
the number of erythrocytes in each block of 16 squares, which, m normal
blood, will contamn from go to 100 cells The variation 1n the number of cells
per block of 16 small squares should not be over 10, To avoid confuston it is
best to count the cells lying on the upper and left boundary line 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 is exactly o.1 mm.
To fill the counting chamber preparatory to making a count, place the in-
strument on a firm level surface and lay

the cover shp in place, Both the floor of the

Eremetme | pinp
sancenT mproved || counting chamber and the cover slip must
st tie perfectly clean and free of grease. Blow
] ) Paterted out and discard two or three drops of di-

Tuted blood from the pipet and then expel
..bx';zghtsflng"r‘:ﬁ;’l‘f é‘.“gb;r;"e‘;}: enough of the suspension so that a very
and Co.) small drop hangs to the tip of the pipet.
Touch this drop of fluid to the aperture

between the cover slip and the floor of the counting chamber, The flud is
drawn mto the chamber by capillary attraction and will fill the chamber evenly
and without air bubbles if the surfaces are clean. Too large 2 drop of diluted
blood results 1n an overflow into the surroundm'g moat. This should be avorded.
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 examuned micro-
scopically,
Erythrocyte Count

The two most commonly used diluting fluids for erythrocyte counts are
Taison’s and Hayem's Either is satisfactory. Both solutions must be filrered
occastonally to rid them of fung:.

Hayem's solucion

Mercuric chlonde 0.5
Sodium sulfate 50
Sodmm chloride Lo
Distilled water 2000

Toison’s solution:

Sodinm chloride 10
Sodwum sulfate 8a
Glycerin 300
Distilled water 160.0

Add enough methy! violer to give a hight purple color.

Accurate counting of blood cells requires a techme which can be acquired
only with practice. The ability to stop the diluting fluid exactly at the desired

smark on the pipet cannot be attained by reading directions in a textbook.
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In a well mixed suspension the variation in the number of cells per square
should not be over to. To obtain the number of cells per cubic millimeter
of blood multiply the total number of cells in the 4 squares by 5o (Divide
the sum by 2 and add 2 ciphers.) Since ‘each corner area is 1 mm. square, the
depth of the fluid 0.1 mm., and the dilution in the pipet 1:20, the factor 1s
obrained as follows:

1X1X1/10X 1/10 X 4 = 1/50

Cleaning the Instruments

Wash the counting chamber and cover slip with water or alcohol and dry
with a soft cotton cloth or gauze. B

Pipets should be cleansed by drawing successively distrlled water, alcohol,
and ether or acetone through them Air should be drawn through the pipet
unnl free movement of the glass bead indicates that it is dry. This is best
done by means of a suction apparatus. Do not blow through the pipet with
your mouth as mossture will condense in the bulb.

Coagulated blood may be removed from the bulb of the pipet by allowing
hydrogen peroxide to stand in it for a short tme. If this is not successful,
strong nutric acid may be used, but do not allow this to come in contact with
the pant in the markings on the stem of the pipet. Foreign material in the
stem of the pipet may be dislodged with a horse hair or fine wire.

HenocLonIN DETERAIN ATION

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 includes the normal
value, in grams, from which the percentage was computed

Oxygen Capacity Method .

The Van Slyke modification of the Haldane method for de(ermining the
oxygen-absorbing capacity of the blood is used to standardize other methods
and mstruments used 1n hemoglobin deterrminations It 1s not applicable for
routine chimical use This method measures (by means of an apparatus for gas
analysis) the amount of oxygen required to saturate 3 known amounr of
blood One volume per cent of oxygen is equivalent to 0.746 Gm. of hemo-
globin, or 1 3¢ cc of oxygen combines with 1 Gm. of hemoglobin.
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right boundary lines. Each small square is 1/20 mn. on each side, the depth
of the chamber is 0.t mm , the dilution is 1:200, and 8o squares are counted so
that the number of cells per cubic millimeter of blood is calculated from the
formula:

1/20 X 1/20 X 1/10 X 1/200 X 80 = 1/10,000

Multiply the number of cells found in the 80 squares by 10,000 or simply 2dd
4 ciphers to the mumber of cells counted If 2 different dilution 15 employed
in the pipet, as 1: 100, the formula is changed accordingly.

Leukocyte Count

The diluting fluid used for the leukocyte count is acetic acid, from t o 5
per cent. A small amount of methylene blue may be added so that the solu-
uon is slightly colored. The dye not only serves to distinguish the fluid but
also makes the nucler of the cells stand out more plamnly in the counting
chamber.

Draw blood into the “white” pipet to the mark o.5 and diluting fluid to
the mark 11. A much larger drop of blood is necessary to fill the leukocyte
prpet than the red cell pipet. The color of the fluid changes to brown almost
immedrately after mismg because acid hematin 1s formed after hemolysis of
the erythrocytes by the acetic acid Shake the pipet for three mmnutes, discard
the first tw o or three drops, and fill the countmng chamber just as n doing an
erythrocyte count. Because of the larger bore 1n the stem of this pipet the
flurd runs out more freely than with the red cell pipet, and the danger of
flooding the stage of the counting chamber 15 greacer. If the opposite side of
the stage of the counting chamber 15 bemg used for an erythrocyte count, be
sure that the two fluds do not come in 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.) objective Under the
microscope the leukocytes appear as small black dots (nuclei), which are
either round or irregular 1n shape, with a bright halo (cymplasm) around
them Use the high power objective of the microscope when 1t 15 necessary
to identfy a cell as specks 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 area 1s 2 large square subdivided into 16 smaller squares

(see F1g. 87). The leuhocytes 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 low
power objective. 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 in grams and on the other side the percentage of normal. In the
Sahli instrument 13.8 Gm. 15 considered to be normal while in the Sahli-
Hellige instrument 14.5 Gm. is used as the normal,

Haden-Hausser Hemtaglobinameter

The Haden-Hausser Hemoglobinometer cousists
of 2 movable carrier with individual glass standards
representing from 7.5 to 18 Gm. of hemoglobin.
Beside the glass standard is a channel of varying
depth for the unknown acid hematin solution. The
reading is made through an attached magnifying lens
(Fig. go). Blood 1 diluted 1:20 and thoroughly
mived with tenth-normal hydrochloric acid in a
leukocy te-counting pipet and allowed to stand for
thirty minutes. The solution is placed in the channel
of the movable carrier and the color matched with
the glass standards. The result is read in grams of
hemoglobin per hundred cubic centimeters of blood
from that standard with which the color of the solu-
tion matches, If the hemoglobin is below 7.5 Gm,, it
is necessary to make a 1:10 dilution of the blood F"f s Safili e fie-
and correct the reading from the standard accord- $§§ Df:;m:‘;:"‘;nf,?:::
ingly. One advantage of the Haden-Hausser jnstru-  solution is graduated to
ment is that a lenkocyte count can be made on the ;ﬁ:ﬁm‘“})ﬁr;‘fx‘f‘ dﬁ{dh:&
same specimen of diluted blood from which the centmeters of blood. A
hemoglobin is derermined. g‘l:i: dl’:':s:‘_:cé‘:!‘:‘:?mt

unknown (A. S Aloe

New.conter Method

The Newcomer method employs a standard brown glass disk which 1
placed in one of the light paths of a Duboscq type of colorimeter. The cup
on the side in which the duk is placed is filled with diluted water, Taenty
cubic milhmeters of blood is diluted to 5 cc. by tenth-normal hydrochloric
acid in a special pipet, and this acid hematin solution is placed in the opposite
cup of the colorimeter. The colors are matched by raising or lowering the
cup containing the acid hematin and the micrometer scale is read as in any
colonmetric examination, The manufacturers of the mstrument supply a chart
which indicates the grams of hemoglobin represented by cach division
of the micrometer scale. Each Newcomer disk has a correction factor, and
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Tallqvist Scale

The Tallqvist scale is probably the most widely used and the most inac-
curate of all methods of hemoglobin determumation (Fig. 88). A drop of
blood is placed on a piece of absorbent paper and allowed to dry. The color
is then compared with a color scale which represents varying percentages of
hemoglobin concentration This method is not acceptable.

Acid Hematin Methods

In all the modifications of the acid hematm method hemoglobimn 15 con-
verted to acid hematin by the addition of an acid. Acid hemnatin is brown,
and the intensity of the color.s compared to that of a known concentration
of acid hematin.

. [

\ AY
- Y

A} 11

Fic 88 Tallquist scale (A H Thomas Co)

Sabli Hemoglobimometer

The Szhli Hemoglobinometer consists of a case contmmmg 2n upnght
brown glass standard with an adjacent graduated tube for the unknown solu-
tion of acid hematin (Fig 89). The color of the unknown solution is com-
pared to that of the standard while both are standing 1 front of an opague
glass background Tenth-normal hydrochloric acid 1s placed in the gradu-
ated tube to the mark 10 A special pipet 15 used to collect 20 cu. mm. of blood
which is thoroughly mixed with the acid i the graduated tube The mixture
is allowed to stand for 10 minutes for full development of the color. Disalled
water is added drop by drop and thoroughly mixed with the solution untl
the color of the fluid exactly matches that of the standard. The upper level
of the fluid is then read on the scale erched on the tube. This is grflduated to
read directly the grams of hemoglobin per hundred cubic centimeters of
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the solution of acid hematin must stand at least thirty minutes before being
read A special Newcomer colorimeter is obtainable on which the microm-
eter scale of the instrument is calibrated to read directly 1 grams of hemoglo-
bin per hundred cubic centimeters of blood (Fig. 91).

Photelometer

There are several nstruments on the marker which utilize a photoelectric
cell for the esumation of hemoglobin, using erther an acid hemaua or an
otyhemoglobin solution (Fig. 92). These are rather evpensive but they are
accurate, easy to operate, and require little time. With proper filters they may
be used for other colorimetric determinations in addition to their use for
hemoglobin determinations.

Broop Siiears

A microscopic examination of a blood smear should be made on all pa-
tients. The usual preparation for this examination is a fived blood smear
stained by one of the polychrome or modified Romanowshy stans which
combine basic methylene blue and acid eosin stain. The most common stains
of this type are Wright's and Giemsa’s Other types of stain are used for the
study of certain specific features of blood cells. These may be used on fresh
biood, as brilliant cresyl blue for reticulocytes or neutral red and Janus green
for supravital staining, or on fived smears as with perouudase stain

Making the Blood Smear

The glass shdes used for making a blood smear mwst be thoroughly
cleaned, preferably washed with soap and water, rinsed 1n 95% alcohol, and
dried with a int-free cloth A dirty shide causes an uneven smear, and grease,
as from a fingerprint, causes a moth-eaten appearance Always pick up slides
by thewr edgzes so 25 not to tonch the surface with the fingers

Touch the surface of a slide, near one end, to a drop of blood and place it
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 jo degrees.
Draw this spreader slide back unul 1t comes 1n contact with the blood, hold
1t stationary unul the blood has spread across the width of the shde, and then
push the spreader shide forward with a firm steady motion In this way the
blood 15 drawn along the shide rather than pushed. :

As an alternate method put the slide on which the smear 15 to be made on a
firm flat surface Obtain a drop of blood on the end of the spreader slide,
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Fie ga. Haden-Hausser hemoglobmometer 1. Rear view showing hght filver 1 place,
2 Comparator shde with cover glass in position. (A. H. Thomas Co)

Fic 91 Newcomer hemoglob nomerer, diluuing piper, and standard disk The hemo-
globmn in grams »s read durectls on the muicrometer scale (AL H Themas Co)

s o)
e g: Phortoelectric colorimeter for hemoglobm dereenmanions (A 1 Thom
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Place a small drop of blood on the surface of a cover glass (No. 1, /8 inch
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
coincide. Allow the blood to spread in a thin film between the rwo cover
glasses, and as soon as the blood film reaches sts maximum size, pull them
apart, keeping their surfaces parallel. Allow the smears to dry in air without
heating. Cover slip smears may be placed on small corks, which are standing
on end, while staining and are mounted on slides for examination.

Staining the Blood Smear
Wright's Stain

The most satisfactory stain for routine use on blood smears is Wright's
stain. It may be prepared from dry powder or purchased in a prepared form
ready for use. It deteriorates rather rapidly and must be kept in small dark
brown bottles which are tightly stoppered. It should be exposed to air as
hirtle as possible. With some Wright's stains it is necessary o use a buffer
solution as 2 diluent in order to maintain a proper pH and obtain a satisfac-
tory staining reaction. When a buffer solution is necessary, each new batch
of stain may require some alteratson in the pH of the buffer solution in order
to obtam the desired results. Some Wright's stain may be diluted with fresh
distilled water in place of 2 buffer solution. We are accustomed to use 2
commercially prepared stain (Coleman and Bell) without a buffer solution.

Preparation of Wright's Stain
o.1 Gm. Wright's dye
6o cc. pure acetone-free methyl alcohol
With 2 clean mortar and pestle grind the dye with aleohol, adding the
alcohol very slowly untd all of the dye is m solution. Place in 2 dark bottle,
allow to stand at least twenty-four hours, and fileer.
A buffer solunon is prepared as follows:

); phosp ) 6.63 Gm
Dibasic sodum phosphate 2,56 Gm.
Distilled water 1000.00 CC.

Staimng Techme. Place the blood smear on a level staining rack. This
may consist simply of two rods placed across a sink or any type of open ves-
sel Do not stain a smear with the shde lying on a flat surface. It is essential
that the rack be level, otherwise the stain will gravitate to one side or one
end of the slide and result in a concentrated stain in one area and a dilute
stain m another, and portions of the smear will be overstained or under-
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place that end on the surface of the first slide near one end so that the blood
spreads across the slide and is contained in the angle away from the direc-
ton of motion. Spread the same as above with a quick firm motion (Fig. 93).

The smear should be allowed to dry in the air, and drying should be com-
plete within a few seconds in a properly made smear. The slide may be
labeled by writing with an ordinary pencil on the thick end of the blood
smear. At least two good smears should be made on each patient.

A good smear 15 thin, and the cells are evenly distributed. It is nearly as
wide a5 the slide on which it is made and covers from one-half to two-thirds
the length of the slide. At the starting end, where the blood was first applied

- =~
o

Fic. 93 Methods of spreading the blood m prepanng a blood smear.

to the slide, the smear 15 thickest and 15 unsatisfactory for differential counts,
but it 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 st one end, it should be discarded. There is no
use 1n staming & poorly made smear.

Cover 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 slip.
Such smears are more difficult to prepare and more troublesome to mount

and, unless they are very carefully made, are less satisfactory than ordinary
N 3

slides.
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the myelocytic series of cells The smear is first stained with Wright's stain
by the usual method The stain is washed off and the smear immediately
unmersed in dituted Giemsa stain where 1t remains for tw enty minutes.

Examination of the Blood Smear

Examination of an improperly made or poorly stained blood smear should
never be atrempted. It is not only a waste of ume but may be misleading
The smear should be thin, with the erythrocytes evenly distributed in 2
single layer and close together but not ot erlappmg. The thin terminal por-
tion of the blood smear is the most satisfactory area for study. Always ex-
amine the erythrocytes, noting their size, shape, staining reaction, and
whether or not polychromasia or basophilic stippling is present. Note the
relative frequency with which platelets are encountered.

Differential Count

A differential count must always be done with the o1l immersion objective
on 2 portion of the smear which 15 thin and has an even distribution of cells.
A mechanical stage, while not necessary, greatly facilitates the examination
and increases the accuracy of a differential count. Make a list of the various
types of leukocytes and place a mark in the proper column as a cell of each
particular type is encountered on the smear. Count all the cells which are
seen, using an “unclassified” column for those you cannot 1dentify, and under
the heading “degenerated cells” mclude broken cells, bashet cells, and naked
nucler. A total of 100 cells 15 usually recorded, and from this is determined
the percentage of each of the constituent types A differential count from
200 or 500 cells 1s more accurate.

There 15 2 tendency for the larger cells, particularly the granulocytes, 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 representative sampling
of all portions of the smear (Fig. 94). After bringing the cells into 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 back across the smear to the other edge Repeat this procedure until the
required number of cells has been recorded A second maneuver starts the
examination along the edge of the smear, moves inward a short distance,
parallels the margin, and agamn moves out to the edge of the smear. Repeat

the procedure as many times as 15 necessary to idenufy the required number
of cells.
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stained accordingly. Apply enough Wright's stain with a dropper to just
cover the surface of the shde. Allow this to stand for ane minute, Dilute the
stain by adding with a dropper 2s much distilled water or buffer solution as
will remain on the slide without overflowing About three times as much
water as stain is required. A metallic sheen appears on the surface of the stain
with this dilution. Allow the diluted stain to remain at least ten minutes. Re-
move the stain by flooding it off with distilled water from a wash botde
Wipe off the under side of the slide with gauze and stand the slide on end to
dry in the air. Gentle heat may be used to hasten drying, but do not get the
slide hot. Do not blot the smear with any absorbent materfal to dry it.

Concentrated Wright's stain fixes the smear, but the staimng propertics
before dilution are unimportant. Staining of the cells occurs only after the
diluring fluid has been added. The best results and the clearest definition of
cytoplasmic granules are obtained with a dilute stain which 1s allowed to stay
on the smear for a long time (at least ten minures) The distilled water should
be neutral in resction since excessive acidity accentuates the eosin of the
stain at the expense of the basophilic properries, and an excessive athalinity
causes a stamning reaction which 1s too dark and basophilic. In an understained
smear the cytoplasm of the leukocytes may be stained but the nucle will be
unstained or very slightly stamed In an overstained smear the leukocytes are
dark and too blue so that the cytoplasm and granules are not distinct.

Gienisa Stain

Another modification of the R ky stam 1s the Grernsa stain. It s the
best method when a large number of smears are to be stamned.

Giemsa stain—stock solution.

Azure I eosin 30 Gm.
Azure 11 08 Gm
Glycerin C. P. 2500 cC
Methyl alcohol 2500 ¢C

For staming, dilute 1 part of the stock solution with 10 parts of distilled
water.

Fix the blood film by 1mmersion 1n methy ] aleohol for two or three minufes
and then immerse 1n diluted Giemsa stain for twenty minutes

Combined Wright's and Gremsa Stam
The combmation of Wright's and Giemsa stam 15 somenmes used to bring

out basophilic changes in the erythrocytes and to accentuate the granules in
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Remcurocyte Count

There are several methods for staining reticulocyzes, all of which require
the living erythrocyte to be brought into contact with the dye. They can-
not be stained on a previously fixed smear.

Staining Reticulocytes
Capillary Pipet Aethod

1. Prepare a supply of fine capillary pipets by heating glass tubing in a
flame until soft. Pull the heated portion out into a long capillary tube. A
satisfactory pipet has at least 3 cm. of the original tubing with a capillary tip
several centimeters long Draw staining fluid into the pipet, blow out the
excess, and allow that adhering to the walls of the tube to dry. As many pipets
as desired can be prepared at one time and kept for future use. The staining
fluid consists of 5 cc. of 2 saturated aqueous solution of brilliant cresyl blue
mixed with 1 cc. of 2% sodium oxalate, the latter being added to prevent
coagulation of the blood in the tube. Draw a small amount of bloed into the
tabe from 2 puncture wound and agitate back and forth in the tube 2 few
times by alternate suction and blowing. Allow it to stand in the tube for
twenty minutes. Spread on a slide as for an ordinary blood smear and allow
it to dry. This may be counterstained wich Wright's stain if desired. The
reticulocyte count is somewhat lower when a dried stain is used, but this is a
time-saving method when a supply of tubes is available.

2. A second method utilizing a capillary pipet consists in drawing a drop
of blood 1nto a clean pipet followed by a drop of the same dye used in
method 1. Mix the blood and dye for a few seconds and allow the mixture to
stand for twenty munutes Make a smear as in the preceding method.

.
Moist Preparation

There are many methods whereby a drop of blood 15 placed directly in
contact with a solution of the dye The cells may then be examined in the
moist state or they may:be spread on a slide and allowed to dry. One very
satisfactory method requires two solutions:

1. 03% solution of brilliant cresyl blue m 0 85% saline

2. 0.3% solution of sodium citrate in 0 60% saline

Mix one part of no. 1 with three parts of no 2 just before use. To 1 cc. of
this mixture 1n 2 centrifuge tube add a drop of blood Shake for 2 few sec-
onds and then allow the cells to settle to the bottom or centrifuge for twenty
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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-
rial. A few nonfilamented or band forms appear in normal blood, and it
should be a routine practice to separate the nentrophils into band and seg-
mented forms in all differential counts (see Fig. 10, page 63).

Sehilling Count. The neutrophils are separated into myelocytes, juvendes
(metamyelocytes), band (nonsegmented), and segmented forms, and each
group is recorded separately in the differential count.

Fia 94. Methods of examming the blood smear in mahing a diffesential connt.

Arneth Count.  The neutrophils are classified according to their degree of
nuclear segmentation. The young forms are classified as in 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 c;\ch‘(ype
is determmned by counting 100 neutrophils, When the pescentage of hlg?'ﬂ}’
segmented forms 15 1ncreased, a “shift to the right” has ml:-cn place. A“nhll;‘
crease in the percentage of immature, nonsegmented forms is termed a “shift

fe.” .
m; JI;:nI;m—" fil Count or Seg Nonseg Count. This consts:
in separating the band (nonfilament or x.wnse.gment) ccllf and the ﬁlamcf::c "
or segmented forms of neutrophls. It is a simpler classification than et
the Schilling or the Arneth merhod
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Stains

Stock solutions of stain
Saturated solution of vital neutral red in absolute alcohol.
Saturated solution of Janus green (dwzine green of National Aniline
Company) in absolute alcohol,
Keep tightly stoppered in the dark.

Dilute stain for use on bloed.
Dilute solutions do not keep well and should be freshly prepared as
needed. Add 20 to 30 drops of the concentrated stock solution to
10 cc. of absolute alcohol. For leukemic blood it may be necessary to
use from 4o to 70 drops to 10 cc of alcohol.

Combinauon of neutral red and Janus green.
Add 3 drops of concentrated Janus green solutton to 1 cc. of dilute
neutral red solution.

Staining N

Glass shdes are scrupulously cleaned and dried. They 2re flooded with a
dilute solution of dye, the excess is poured off, and that adhering to the shide
15 allowed to dry while the shde is 1 an upright postion. Shides 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 vasekne. The slide is placed on the warm
stage and exarmuned with o1l 1mmersion lens after ten munutes. The cells
remain alive and acuvely monle for one to four hours

Neutrophilic leukocytes are acuvely motile and contan numerous small
red granules which constantly stream through the cytoplasm Red digestive
vacuoles are present, and the nucleus 1s usually m the rear of the moving cell
The granules of a dying cell do not take up the stain Both eosinophils and
basophils show the red granules

Monocytes are rounded and are almost xmmobule. Fine red granules are
grouped about a centrosphere, and many red digesuve vacuoles will be
found

Lymphocytes show a clear cytoplasm with a few red vacuoles With
Janus green a clump of blue mitochondria 1s found opposite the indentation
n the nucleus There 1s usually no morilicy.s
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minutes Setthng will require about two hours. A smear or 2 moist prepara-
tion is made from the sediment.

Dried Stan Method

Use 19 brilliant cresyl blue in ethyl alcohol. Cover one end (about onc
third or one fourth) of a glass slide with stain, removing the excess, and allow
it to dry. A supply of slides may be prepared m advance.

Place a drop of blood on the stained area. Cover the blood and the stamed
area of the slide with a second unstawned slide, the slides overlapping for about
one third of their lengths Allow this preparation to stand about ten minutes
At the end of this time smear the blood over the previously unused portion of
the two slides and count the reticulocytes ’

Oualated Blood (Osgood-Wilbehn Method)

Mix equal parts of oxalated (or capillary) blood and 1% britliant cresyl
blue in 0.85% saline Allow the muxture to stand for at least one mmute Make
smears and allow them to dry 1 the arr. If desired, counterstam with Wright's
stain.

Counting Reticulocytes

Tn the eyeprece of a microscope place a paper or cardboard disk from the
center of which a small square has been removed Thus cuts down the field of
wision and faciitates counting. Count the number of erythrocytes and the
number of rericulocytes in the field of vision; move the slide to 2 new field
and repeat until 500 or 1000 erythrocytes have been counted Report the
results as the percentage of ervthrocytes which are reticulated

The reticulocyte count ranges from o.5 to 3 per cent mn normal in‘dk
viduals with an average count of 1 to 1§ per cent The percentage t5 In-
creased when ervthrocytes are being regenerated raprdly and 1s lowered with
decreased erythropoiesis.

SupravITAL STAINING

For the study of living cells a moist preparation of blood 1s examined on 2
warm stage microscope. Certamn dves are used which stam the leukocytes but
do not damage them or interfere with their moulity. The varjous ty pes of
leukocytes may be recognized by the amount and the kind of dye thac they
take up, by its distribution within the cytoplasm, and by the degree and

type of motlity.
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varying numbers of small dark dots which appear larger than those stamed
by Wright’s method

Unna's alkalne methylene blue:

Methylene blue : 1 Gm
Potassium carbonate 1 Gm.
Distilled water 200 cC.

Thick Drop Method

1. Place two drops of blood on a slide and spread to form a circle three
times the dizmeter of the oniginal drop. Dry for several hours in air or in an
incubator. Cover the shde with diluted Giemsa stain and let stand for three
minutes or until the hemoglobin begins to dissolve. Tilt the slide and allow
the stam to drain off and again cover with dilute Giemsa stamn. Allow this to
stand for thirty minutes, flood the stam off with distilled water, and let the
smear dry while standing on end Examine with oil immersion Jens The
erythrocytes are not fixed and consequently are hemolyzed by the diute
Giemsa stain. Only the inner structure of young erythrocytes and the stip-
pling remain. The thick drop method is useful m examining blood for
malarial parasites since each field in the thick drop preparation is equivalent
to about fifty fields of the ordmnary thin smear.

2. Spread a large drop of blood on a slide. Pry thoroughly in air or 1n the
incubator for one-half to one hour. Put the slide 1 a solution of 5 per cent
formahn in 1 per cent acetic acid for a few mrmnutes. This takes out the hemo-
globin and fixes the cells at the same time. Wash in water, dry, and stain with
Wright's or Giemsa’s stam. Counterstain for one minute in 265 methylene
blue in 5% borax solution

Hcraratocrir

The hematocrie reading expresses the percentage of the total blood volume
which 1s composed of packed erythrocytes Itis determmed by centrifugmng
aspecimen of blood to the pomt that further centrifugation does not diminish
the volume of packed red cells. The length of time required for centrfugation
must be determined for each centrifuge at certain speeds, usually 3500 r.p.m.
Dufferent types of tubes may be used including the ordinary conical centrifuge
tube with volume graduations etched on the side. Five cc. of blood is placed
1n the tube, or a smaller amount 1f a small centrifuge tube is used, with an
1sotomic anticoagulant such as 1.3% sodum oxalate. The volume of the packed
ervthrocytes 1s ascertamed after centnifuging the blood for the required time
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Prroxipase or OXIDASE STAIN

Prepare a blood smear in the usual way. Cover the smear with 2 measured
amount of Goodpasture’s stain and allow it to stand one minute. Add an
equal amount of freshly prepared hydrogen peioxide solntion and let stand
for four minutes, Rinse with distilled water, dry in air, and examine with the
o1l immersion lens,

Goodpasture stam:

Alcohol 100,00 CC.

Sodium nitroprusside ao5 Gm
Benzidine C. P. ooy Gm
Basic fuchsin oos Gm.

Dissolve the nitroprusside in 1 or 2 cc. of water, mix with the alcohol, and
then add the other ingredients.

Hydrogen peroxide solution-

1200 dilution of hydrogen peroxide in water.

The granules of the myelocytic series of cells show the peroxidase reac-
tion, becoming large dark-staining granules. Myeloblasts, which do not have
granules, do not give the peroxidase reaction A few of the dark granules are
found in monocytes but they are not as large or as numerous as in the granu-
locytes. Lymphocytes do not show the peroxidase reaction and are pink in
color. Neither myeloblasts nor lymphoblasts contain the peroxidase ferment
so that they cannot be differentiated by this means

Combined Peroxidase and Wright's Stain

Proceed with the Goodpasture stain as just described, rinse off the stam,
but before drying stain with Wright's stam 1n the ordinary way.

BasopniLic STipPLING

Basophilic stippling will be apparent with Wright’s or Giemsa stain but is
best demonstrated with methylene blue. Prepare a blood smear 1n the usual
way bue allow it to dry for twenty-four hours. Protect the smear from dust
during the drying period. Cover the slide with Unna’s alkaline m.ethyleﬂc
blue for two or three minutes. Remove the stain by flooding the shfie very
carefully with water. Smce the smear 15 not fixed, except by the drying, the
blood cells will be washed off easily. Erythrocytes stain a pale bluish color
and only the periphery of the cell may be seen. Stippled corpuscles show
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onto the field of vision. The scale readings must be standardized by prajecting
them on the markings of a stage micrometer ot on the 149 mm. divisions of
an erythrocyte countng chamber. The ocular, objective, and tube length of

the microscope must remmn the same after this standardi~
2ation Afeasure the diameter of 500 or 1ooo erythrocytes
on a thin and evenly distributed blood smear.
Diffraction Method

The diffraction method deterimines the average cell di-
ameter on a given field of a blood smear but does not
gve the and di of ndwiduat
cells. The instrument used 15 termed an ertometer, hatom-
cter, or erythrocytometer (Fig 9f). When a beam of
hght is passed through a blood smear, the diffraction of
light produces concentric aircles of rambow colors, the

erraas
raiibrbed

Fic. 97, Lyepiece
micrometer  scale
for use mn meisur-
1ng the diameter of
erythrocytes  (E.
H Sargentand Co)

dnmeters of which are snversely proportional to the average diameters of
the erythrocytes on the field through which the light passes when the hight
source remains at a constant distance By varying the distance of the light
from the blood smear, one can make the size of the red aircle comneide with
a pattern of dots punched 1n a metal disk, and the nstrument is cahbrared

to read the average red cell diameter in microns

Duke’s Mcthod

Breeoina Tine

The most common way to deternune
bleeding ume 15 by Duke's method. A stab
wound, as for drawing blood for a cell
count, 1s made 1n the lobe of the ear At half
munute ntervals the blood at the site of the
meision 15 blotted on a piece of filter or
other absorbent paper. [t 15 important not
to make the shghtest pressure near the m-
cision or touch the skin with the absorbent
paper. The bleeding time is the interval be~
tween the tme of making the stab wound

and the first ume that the absorbent paper
Fic ¢f Haden-Hausser erveh- 15 not stained with blood when touched to

rocyrometer (A H  Thomas
Co)

the v ound, The usual bleeding tume by this



502 Hematology

and 1s expressed as the percentage of the total blood volume or as the volume
of erythrocytes in 100 cc. of blood,

Sr{mll tubes, such as the Wintrobe tube, may be used (Fig. 95). This
requires only a small amount of blood and the use of heparin g5 an antico-
agulant,

The van Allen hematocrit tube (Fig. 96) has proved very satisfactory in
our experjence. Blood from a finger or ear puncture is drawn into the tube
to the top of the scale and is difuted with a small but unmeasured amount of

o . . . Lo .
1.3% sodum oxalate solution. A spring sealing clip with a rubber cushion to
prevent leakage is placed aver the tip and the rube is placed n the centrifuge.

Fie 95 ‘Wm-
wobe  hematocrit
tube and filkng pr-
pet, The same tube

15 used for deter- s

mining  the sedi- Fic. g6. Van Allen hematocric
merntation rate, {A. wbe and spring c[xE to prevent
H Thomas Co ) leshage. (A. H Thomas Co)

‘The upper level of the mass of red cells i the tube is read on the engraved
scale on the stem of the pipet after centrifugation, This seale indicates di-
rectly the percentage of blood volume which is made up of packed ery thro-
cytes. The notmal volume of packed red cells per 100 ce. of blood 15 about
43 cc. for males and 41 cc for females,
DetrrMINATION 0F Rep CELL DIAMETER

Direct Measurement by Micrometer Eyepiece

An eyepiece micrometer disk, on which 2 scale is engraved (Fig. o) 15
placed inthe eyepiece of amicroscope. The drvisions on the scale are projected
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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 wbe after two min-
utes and continue breaking off a piece at half minute intersals unnt a fine
thread of fibrin appears betw een the braken ends (Fig. tvo). The coagulation
time is the interval from the appearance on the skin surface of the drop
of blood used for the rest unnl a bridge of fibrin remains between the broken
ends of the capillary tube. The glass tubing must be broken with care so as
not to break the thread of fibrin, The normal coagulation time by thus
method is from three to five minutes.

Venous Blood Methad, Lee and White's Methed
Draw blood from a vein with a syringe and needie which have been rinsed
in normal saline. Place 1 ce. of blood m each of two small Wassermann tubes

Fic 100. Determination of coagulation time. Showing the strand of fibrin between the
broken ¢nds of the capillary tube imndicating that coagulation has occurred.

of 8 mm. inside diamerer winch have also been rinsed with normal saline
just before use. After the tubes have stood at room temperature for three
rmnutes, tip one tube endwise every thirty seconds unal the blood no Jonger
flows and the tube can be mverted. The second tube serves as a check on
the first The coagularion time 15 the nterval between the appearance of
bleod 1n the syringe and the ume that the Wassermann tube can be mverted.
The coagulation tme of venous blood 15 longer than that of capillary blood
since there 15 no tissue juice mixed with it. The normal 1s from five to eight
minutes by this method The clottng tume 15 longer with rubes of greater
dameter.

The coagulation tme 15 lengthened mn certain hemorrhagic diseases, notahly
hemophilia and prothrombin deficiencies It 1s normal sn thrombepensc pur-
pura even though the bleeding time 1s markedly prolonged There 15 no cor-
iclation between the bleeding and coagulation times

Cror RFTRACTILITY

Place a few cubic of blood 1 a scrupulously clean W
tube or small test rube Allow this to stand undisturbed ar room temperatore

and observe at hourly mtervals Under normal conditions the coagulum begins
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method is from one to three minutes (Fig. gg). It may be prolonged to an hour
or more in certain pathologic conditions, notably in thrumbopemc purpura.

Ivy’s Method, Venous Pressure Method

The cuff of a sphygmomanometer is placed around the arm as in taking
a blood pressure reading, and a pressure which is just below the diastolic
blood pressure is maintamed so as to shut off the venous return. The skin of
the flexor surface of the forearm a little below the elbow is cleansed with
alcohol and wiped dry. A small stab wound, as in the _preceding test, 15
made in the skin 1n the cleansed area and the blood blotted up with absorbent
paper at half minute intervals. The bleeding time by this method is slightly

Ly T

1 2

Fi6. 99 Bleeding ume by Duke’s method 7 Prolonged bleeding time of 9!t mmnutes
2. Normal bleeding tume of 2% munutes.

longer than with Duke’s method, the upper hmit of normal 15 four mminutes.
Ivy’s method 15 more accurate and will frequently show a prolonged bleed-
ing time when there 15 a vitamm K deficiency even though the bleeding time
by Duke’s method 1s normal

CoaguratioN TIME

Capillary Tube Method

Heat the center of a piece of glass tubing unul it 1s soft and pull the ends
apart quickly so that a long, fine capillary tube is formed having a diameter
of about o5 to 1 M. Break this into lengths of about 15 10 25 cm Make
a puncture wound in the finger or lobe of the ear and wipe away the first
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mally begins at 0 44 or 0 325 sahne and 1s complete at 0.34%. The concen-
tration should be carried above the o 5% level if hemolysis is present in this
concentration,

A control series of tubes should be set up and a parallel test run on normal
Dblond at the same time the test is being performed on the unknown. In this
way a check on the accuracy of the safine solution may be obtained.

Erythrocytes are not hemolyzed in normal saline solution, but fluid is
taken into the cells from hypotonic solutions until they rupture or hemolyze.
A series of tubes containing varying degrees of hypotonic saline solution is
therefore set up and the resistance of the cells to the varying concentra-
tions of salt solution is determined. Cells which are more fragile than normal,
as in hemolytic icterus, begin to hemolyze in 0.5%; saline or even higher
concentrations which more neatly approximate normal sabne. In a few con-
ditions, such as chronic anemia and obstructive jaundice, the cells may be
more resistant than normal.

Pratecer Count AND VOLUMFTRIC DETERMINATION OF PLATELLTS

A platelet count is subject to such maccuracies thar it is difficult to get
results that check closely. Because of this there are numerous methods and
diluting fluids proposed for the procedure. There 15 a great tendency for
the platelets to adhere to glass surfaces and to clump together. Consequently,
an even distnbution for counting 15 difficule to obrain

Estimation from a Blood Smear

On the ordinary Wright-stamed blood smear obser e the number of plate-
lets encountered while doing a differential count. They may be found sin-
gly, in small groups, or in large clumps and may be especially numerous at
the point where the blood first came in contact with the glass shde. It should
become a habit to observe the platelets on all blood smears and to esumate
whether or not they are present in normal numbers Because of the unequal
distribution 1t 1s smpractical to count the number of platelets in comparison
to the number of erythrocytes.

Platelet Count—Olef Method

Prepare a small paraffin cup by meltng out the center of 2 cube of parathn
with 2 hot glass rod Place 2 or 3 drops of sodmm metaphosphate solution
m the cup The solutson 1s made as follows:
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to retract and pull away 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 is almost completely surrounded by serum. The degree of retractibte
should be reported as absent, poor, o
complete at the end of the four hour
pertod Observations beyond this pe-
riod give little addinonal informaton.
A clot which shows no retractility at
the end of four hours is abnormal
(Fig. 101) and 1s usually associated
witha deficiency in the blood platelets

Fracirry Test

Arrange a sertes of twelve small test
tubes n a2 rack and number them from
fourteen to twenty-five inclusive.
With a capillary pipet place n each
tube the number of drops of 5%
saline solution that 15 indicated by the
number on the tube. The salt solution

Fic 101 Clot recraclity Showing a MUSt be accurately prepared and the
noaretractle clot (left) a5 compared to  size of the drops uniform, With the
one with normal retractliy (right). same piper, a frer 1t 1s tlmroughl)
rmsed, add to the tubes the number of drops of disulled water necessary t©
make the volume of each tube 25 drops and shake each tube to mux the contents
thoroughly. The percentage of salt solution m each tube js ascertamed by
multplymg 1ts number by ooz

Obtamn venous blood by venpuncture with a syringe and 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 ime, and any hemolysis
will be evident by a reddish discoloration of the supernatant flud A famnt
puk color with a large collection of erythrocytes i the bottom of the tube

indicates shght hemolysis A red fluid with no sediment indicates complete

hemolysis. .
Record the strength of the solution m which hemolysis is first apparent

and the first solurion 1 % huch complete hemolysts 1s present. Hemolysts nor-
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The depth of the fluid is 0.1 mm. and the dilution is 1:200.
Platelet count per cu. mn, = Plarelets counted X 10 X zo0.

‘Thrombocytocrit Method of Van Allen

The thrombocytocrit method is used routinely in this clinic in preference
to actual counting of the platelets. Although minor vacfations in the number
of platelets cannot be detected, the results are reliable and are satisfactory for
chintcal work. The method requires a special spherical sedimentation chamber
of 20 cc. capacity and 2 special thrombocytocrit tube with a spring clip
(Fig. 102).

Mix evactly 16 cc. of 1.3% sodium oxalate solution and 4 cc. of bload in
the sedimentation chamber and allow this mixture to stand for 3% hours.

!

Fic 102 Van Allen thrombocytocnt rube, spring clip, and sedimentation chamber
{E H Sargent and Co)
During this time the erythrocytes settle out but the platelets are still equally
distributed between the supernatant fluid and the erythrocytes. Place § cc.
of the supernatant fimd in the thrombocytocrit tube, including just a trace of
the corpuscular sedument so as ro give a slightly reddish tinge to the fluid,
Centrifuge at 3000 r.pm. for 1% hours. The erythrocytes will be packed
i the bottom of the tube and the platelets will appear as an ivory white
column sbove them The volume of the platelets is read directly on the scale
of the tube in thousandths of a cubic centimeter, and the percentage of plate-
lets per volume of whole blood is found by shiftng the decimal point tvo
places to the right The normal range 1s from 0 4 10 0 6 per cent of the total
blood volume
Howerr’s ProtarosiziN Tinte

Howell’s prothrombin test determines the coagulation time of plasma to
which an excess of calcium has been added. It is not a true determination
of “prothrombin tme” nor s ir a measure of the prothrombin content of
the blood
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Sodium metaphosphate 2.0
Sodium chloride 0.9
Distilled water 1000

Let a drop of blood from the finger or ear drop into the solution, stir with
a paraffin-coated wooden applicator. Transfer 2 drop of the mixture to 2
clean glass slide, cover with a cover slip, and seal with petroleum. Cut a
square opening 1 a disk of paper or cardboard and place this n the ocular
of the microscope so that the field of vision is reduced as in doing a reticulo-
cyte count. With the oil immersion lens count the number of platelets and
the number of erythracytes in fields taken at random until 500 erythracytes
have been counted. Determine the number of erythrocytes per cubic mil-
limeter of blood in the ordinary way. From the erythrocyte count and the
ratio of platelets to erythrocytes on the moist preparation the number of
platelets per cubic nullimeter of blood can be determined.

Platelet Count—Direct Method
Method 1. Diluting fluid:
Aqueous solution brilliant cresyl blue (1:300) 2 parts
Aqueous solurion potassium 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 pipet draw the diutmg flvid to the mark 1, then
draw blood from a freely flowmng puncture to the mark o5, and finally
draw dituting fimd to the mark 101. Shake gently for two minutes, fill the
counting chamber of the hemacytometer, and allow it to settle for ten mm-
utes. Count with the lugh dry objective as i doing an erythrocyte count
Since the dilution 1s the same as for a red cell count, the calculations Will
be the same. The red cells are decolorized, the leukocytes are stained, and
the platelets appear as rounded Lilac-colored bodies. The normal count ranges
from 150,000 to 250,000 per cubic millimeters of blood.

Method 2 Draw hlood to the o 5 mark in 2 red cell pipet and 266 sodivm
citrate to the mark 101 Shake slowly for two minutes. The shaking must be
less vigorous than with an erythrocyte count as the platelets are more fragile
and are easily destroyed. Put the suspension on a counting chamber and allow
it to stand on a level surface for five mmnures. The platelets appear as round
sharply outlned refracule discs under the high dry objectve Count the

placelets n the entire center square (the area used for erythrocyte counts)

which is t square mm



Hematologic Methods 511
Wintrobe Method .

Place 5 cc. of blood in 1 tube or bottle ining 6 mg. of
ovalate and 4 mg. of potassium oxalate as an anticoagulant. Fill a Wmntrobe
hematocrit tube to the 10 em. mark by means of a capillary pipet (see Fig.
95). Place the tube in a vertical position at room temperature and observe
the point on the scale to which the corpuscles settle during one hour. After
taking the reading, centnfuge the tube of blood unul packing of the eryth-
rocytes s complete and read the volumé of packed erythrocytes (hema-
tocrit). The sedimentation rate is corrected for the hematocrit reading by
means of a chart (see original article).

Fic. 103 Westergren sedunentanion tube and rack (A H. Thomas Co.}

Interpretation

Interpretation of the results of this test is somewhat difficult since there
are many variables to take into consideration, the hematocrit, erythrocyte
count, and hemoglobin content of the cells all influencing the sedimentation
rate. The rate 1s more rapid in worhien than mn men and is increased during
menstruation and during the second and third tnmesters of pregnancy. Tt is ©
somevwhat more rapid in children than in adults. There is an increased sed-
mentation rate with all types of infections, mahgnant neoplasms, wounds,
operations, hemorrhage, coronary occlusion, and in anemia and leukemia.
The test 15 of bittle value as an a1d in differential diagnosis but finds 1ts greatest
usefulness 1n determining the degree of actvity of various infections such
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Collect 5 ce. of blood, place it in a centrifuge tube containing % cc. of
3 1% ammonium oxalate solution, and centrifuge. In four clean test tubes
place z, 3, 4, and § drops, respectively, of a 0 5% calcium chloride solution.
To each tube add 5 drops of the blood plasma obtained by Eentrifuganon‘
Note the time at which coagulation occurs in each of the four tubes. The
prothrombin time 15 the elapsed interval between the adding of the plasma
to the calcium chloride solution and the time coagulation occurs as deter-
mined by invertibility of the tubes The normal time is less than twelve
minutes but it is greatly prolonged mn hemophitia,

Oxalated blood does not coagulate because the calcium has combined with
the oxalate, but in this test an excess of calcium is added It determines the
time required for the platelets to break up and hberate prothrombin plus
the time necessary for prothrombin to change to thrombin m the presence

of calcium.

SEDIMENTATION RaTE

Many methods have been devised to ascertain the sedimentation rate of
the erythrocytes. The results are reported in various ways so that the method
which is employed must be stated or the results reported in comparison to
the normal values by the same method. When a column of blood 15 used,
the results may record the distance the erythrocytes have settled in a given
period of time, the nme required for the erythrocytes to settle to an arbatra-
nily fived pomt, or the height of the corpuscular column after a given period
of tme. Muluple readings mav be taken at fixed intervals and a curve plotted
from these data.

Westergren Method (Osgood Modification)

Westergren sedimentation tubes and a rack to hold them in a vertical po-
sinion ase necessary (Fig 103) Obtain venous blood with sy ninge and needle
and oxalate it (2 mg of potassum oxalate per cubic centimerer of blood}
to prevent coagulation Draw blood to the zero mark in the Westergren
tube, and place this in 2 verucal position in the special rack, which is equipped
w 1th a rubber cushion to prevent leakage Read the upper lev el of the column
of blood and record the ume when the tube 1s put in place Read the upper
level of the red cells after fifteen and forty-five minutes. In a normal inde-
vidual the erythrocytes will not settle over 5 mm ma fifteen mmute interval
er 15 M. ina forty-five minute period A sedimentanon of over 30 mm

or oV
in forcy-five minutes 15 abnormal
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Stervan Puxcrure

With the patient Iy ing on his back prepare the area overlying the manubrio-
sternal junction with antiseptic solution and drape with sterile towels. In-
filtrate the skin, subcutaneous tissue, and periosteum with 2 local anesthetic.
When anesthesia is complete, introduce a large bore needle, Jumbar puncrure
needle shortened to 3.5 cm. or one of the specially made sternal puncture

Tte. 104 Constrictor test Showing petechiae which have appeared on the arm below
the level of canstricuon.

needles, 1in the midline of the manubrio-sternal joint. Tilt the needle to an
angle of 30 to 60 degrees and puncture the marrow cavity. Withdraw the
styler, attach a syninge to the needle, and aspirate 1 or z cc. of the marrow
contents Put the aspirated material into a small tube with 4 mg of dry
potassium ovalate 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, erythracyte and leukocyte
counts, and smears for differential counts may be made from the aspirated
materal which has been oxalated.

The aspiration may be done by mserung the needle directly through the
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as in tuberculosis, pelvic inflammations, rheumatic fever, and infectious
arthritis. It 15 of value in differentrating infectious or atrophic arthritis from
hypertrophic osteoarthritis since the sedimentation rate is increased i the
infec‘tlous type but not in the hypertrophic form.

Broop Vorume

There are several methods for determination of the total blood volume. The
dye method is the one most commonly employed and consists of injecting a
known amoupt of dye and measuring its concentration mn the blood plasma
after a given period of time, usually after twenty minutes. Evans blue dye
seems to be the most satisfactory as it is eliminated slowly. The concentration
of the dye i the plasma is determined by a spectrophotometer. The plasma
volume 15 ascerrained from this reading and with the hematocrit reading on
whole blood the total blood volume can be calculated.

The volume of the erythrocytes may be determined by the administration
of a known amount of carbon monoxide gas and then measuring the amount
of carbon monoxide per unit of blood.

A newer method uses radioactive iron or phosphorus to tag erythrocytes.
Blood containing a known amount of such erythrocytes is transfused into
the subject and the dilution of the tagged erythrocytes determined.

CapiLLary Reststance Test

Constrictor Test, Arm Band Test, Rumpel-Leede Test
The cuff of a sphygmomanometer is placed about the pattent’s arm, as for
taking a blood pressure reading, and mflated to a pomt shghtly above the
diastohic level This pressure 1s mamntaned 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 tournmiquet 5t is noted whether or not
petechiac appear below the level of the constriction Normally there will
be none. The appearance of petechiae indicates an inereased permeabihity of
the capillaries (F1g. 104) A positive result may be expressed as the number
+ of petechtac per unit area of sk, 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 is a deficiency
of platelets as well as with nonthrombopenic purpura, The test may be post-
tive n scurvy, subacute bacterial endocarditis, severe anemias, and occa-

sionally in normal wndividuals, particularly m women during hot weather
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Solutions -

1 Stock solution' Dissolve 1 Gm of potassium bichromate in 50 cc
of distilled water. Add 2 drops of concentrated H SO, and dilute to exactly
too cc. with disulled water. This solution is stable when kept in a brown
bottle.

2. Ditute standard: Dilute 1 cc. of the stock solution to 100 ce. with dis-
tilled water,

Obrain venous blood with a syringe and needle and exther centrifuge 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 15 too intense to read m the colonmeter it may be diluted.

Reading of standard

Reading of unknown X dilution = Icterus index

Normal 25105
Subclimeal 1cterus 510 10
Visible 1cterus 10 and above

Vax pen BereH Rractioy

The van den Bergh reaction differentuates between vanous forms of
bilirubin. Water-soluble bilirubm gives a direct reaction and is present in
the blood with obstructive jaundice An indirect reaction js obtained with
bilirubin before 1t has been acted upon by the hver. This type of reaction
results from hemolysis of erythrocytes and from hiver disease unassociated
with bilary obstruction.

Procedure .
Qualstative .
Diazo Reagent.
Solunon A Solution B
Sulfamlic acid 0.5 Gm. Sodum nitrite 0.5 Gm
HCI, concentrated 500 cC. ‘Water to 100 cc.

Water to 1 hter

Mix 3.3 cc. of solution A and 1 cc. of solution B immediately before
use

In a centnifuge tube place 2 cc. of blood serum and Iayer with 1 cc.
of drazo reagent. A positive direct reaction is shown by the appearance
of a red or purple ring,
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outer table of the sternum by a few sharp taps with the knuckles or with a
small mallet rather than going through the manubric-sternal jome. The spe-
cual needles for this procedure have guards which prevent too deep insertion
of the needle.

Pain is produced by the suction of the syringe in withdrawing the ma-
terial, About o 25 cc. of maternal is usually obtained.

Rubinstemn has shown that aspiration from the crest of the sternum is equally
as satisfactory as sternal puncture

The results of differential counts on normal marrow as given by Osgood
are found i the table below. A great variation m sertal counts on the same
material may be expected even though several hundred cells are counted and.
as mighe be expected, the values given by other observers vary considerably.

Percentage

. Range Average
Neutrophils—segmented 7-252 133
Eosmophils o- 10 045
Basophils o-o012 oto
Neutrophils—staff (band) cells 15-35.0 2410
Eosmophls " » o126 o8
Basophils L o 10 006
Metamyeloc) tes—neutrophiic 1-10.0 740
Metamy elocytes—eosinophilic o~ 20 063
My elocytes, neutrophilic o-100 0.86
Promyelocytes, type 1 o- 50 168
Promy elocytes, type 11 o- 50 148
Myeloblasts o= 20 XT3
Lymphocytes 4-16.0 1060
Monocytes o- 50 2.06
Normoblasts 5-200 1240
Megaloblasts o-50 170
Disintegraung cells 10-30.0 2080
Retculocytes 1- 50 195
Myelord-erythroblast ratio 21 91 361

Bone Marrow Biopsy
Biopsy of bone marrow is a surgical procedure i which a picce of red
marrow is removed by a trephine opening into the sternum The material

removed may be fixed, staned, and studted histologically

Icterus INDEX

The icterus index measures the intensity of the vellow pigmentation of
the serum as compared to a standard solution of potassium btchromate.
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Doxami-LaxostaiNer Tist

In paroxysmal hemoglobinuria the patient’s blood contains an isohemolysin
which unites with erythrocytes only at low temperatures and causes hemoly-
s1s of the cells after being warmed to 37° C. To detect the presence of the
wsohemolysin the [Jonath-Landsteiner test is employed.

Prepare a suspension of the patient’s red cells in normal saline and also ob-
tain several cubic centimeters of the patient’s serum. Mix equal parts of serum
and cell suspension and divide this mixture into two equal parts in test tubes.
Keep one tube at room temperature as a control. Chill the other tube to 2° C
(1ce water or refrigerator) for ten minutes. Compare the color of the serum-
cell suspenston 1n the tubes, there should be no difference at this stage of the
test Place both tubes mn a water bath at 37° C. A posttive reaction is mdicated
by hemolysis occurring within thirty minutes in the suspension which has
previously been chilled. There should be no hemolysis in the control rube.
If no hemolysis occurs, add one-quarter volume of normal serum to each
tube (to supply adequate complement), keep at 37° C for another thirty
minutes, and note whether or not hemolysis has occurred in the tube which
was previously chilled.

CoLb AGGLUTINAS

Prepare serial dilnnons of plasma or serum in sahine, begmmng with 1:2 or
1-5 dilutions, placing 0.5 cc. of the dilution m 100 X 11 mm, test tubes. Add
to each tube an equal amount of a 2 per cent cell suspension 1n saline using
Group O cells. Shake the tubes and store in the refngera(or aro®to 5° C. forat
least esght hours Place the racks of tubes in an ice water bath prior to readmg
Invert the tube several times to loosen all of the cells from the bottom. The
agglutination is graded from 1+ to 4+, the latter representing a single hard
clomp not broken up by mrang while the 1+ reaction 1s 2 flocenlar agglucina-
tion visible without magnification. The titer 15 the highest final agglutination
giving a 1+ reaction.

After readings are made the tubes may be placed n a water bath or in-
cubator at 37° C for twe hours and the agglutination disappeats.

ProTurOMBIN TEST FOR Viramin K DEFICIEZ\C\’

A deficiency of vitamm K leads to hemorrhagic rendencles (hmugh us
effect on the prothromhin contens f rha Rland Clonla oo
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Mix the solutions and set aside until the maximum color has developed.
Add 2 ce. of saturated ammonium sulfate solution, mix, and add 8 cc. of
95% alcohol. The appearance of the red color only after the additton of
alcohol signifies an indirect reaction.

Quantitative

Mix the solution after the addition of alcohol, centrifuge, and to the su-
pernatant fluid add 2 cc. of concentrated HCI and let stand for several
minutes.

Standard Solution. Dissolve 10 mg. of pure bilirubin in 1o cc. of distilled
water with 5 drops of 10% NaOH. Dilute to 100 cc. with disnlled water.
Add 5o cc. of freshly prepared diazo reagent, 100 cc. of saturated ammo-
nium sulfate, and 400 cc. of alcohol When a red color has developed, add
100 cc. of concentrated HCI Let stand several hours before using. Store
in 1ce box.

Compare the unknown with the standard solution n a colonmeter with
the standard ser at 20 mm

Calculation:
Reading of standard

X 10 = mg. of bilirubin per 100 cc of serum or
Reading of unknown 3 P

plasma
Normal 0.5 mg. or less, mdirect

Hentosibrrin 1n URINE

Mix equal parts of 2% potassium ferrocyamide and 1% hydrochloric acid.
Add 1o this the sediment from fresh urine and allow 1t to stand for fifteen
minutes. Centrifuge and the sed: mcroscopically for the blue
granules of hemosidern.

ScuLEsINGFR'S TEST For UroBiLiN 1IN THE URINE

To 2 cc. of unne in 2 test tube add 3 or 4 drops of Lugol’s solution. To
this mixeure add an equal amount of a saturated alcoholic solution of zinc
acetate. Centrfuge to throw down any precipitate or filter the solution
Throw a strong beam of light through the solution (the beam of Light from
an ophthalmoscope), a greenish fluorescence mdicates urobilin If bile pig-
ments are present m the vrine, they should be removed by adding one-fifth
volume of 10% calcum chloride solution and filtering before perfornung

the test.
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clapsed time betw een the adding of the CaCl, solution and the appearance of
coagulanion is the prothrombin time. Repeat the test on the sccond mbe and
run 2 test on normal blood as a control. .

Prothrombin time of controf
Prothrombin time of patent

100 = per cent of prothrombin activiry

Values of 85 to 100 per cent are normal Values under 6o per cent are in
the danger zone, and hemorrhage may occur. The normal clotting time is
eleven to twelve seconds.

" Link-Shapiro Modification of the Quick Method
This method of prothrombin determination is recommended by the Amer-
. ican Heart Association for the control of dicoumarol admunistration in acute
coronary occlusion, This differs in minor respects from the Quick method and
the detarls may be found in the original articles listed in the bibliography.
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vised to determine the prothrombin time or prothrombin content of th
blood. ! ’

Smith’s Method

Thromboplastin for performing Smith's test is+ available from severa
manufacturers, Dissolve it completely i distilled water and add o.1 cc. of
the solution to each of two test tubes. To one tube add o9 cc. of horma
blood immediately after it is drawn, mix, and note the time required for 2
clot to form. The normal time is twenty-five to forty seconds To the other
tube add 0.9 ce. of freshly drawn blood from the patient and observe the
clotting time. The result may be expressed as the prothrombin time in Sec-
ands, but because of variations in the strength of the thromboplastin solution,
it 15 best expressed by comparison with the normal.

Clotting time of normal blood ;
Clotting tune of patient’s blood

100 = per cent of prothrombin activity

Values below 70 per cent-are considered to be an indication of vitamin K
deficiency. Below 40 per cent is in the danger zong, and hemorrhage is apt to

oceur,

Quick’s Prothrombin Method

Reagents
1. Calerum chlonde solution Dissolve 0278 Gm of CaCl, in 100 cc. of
water.

Physiologic salt solution.

3. Sodium ovalate solution. Dissolve 1.34 Gm. of sodium oxalate in 100 c¢
of water.

4 Thromboplastin Add o 15 Gm. of thromboplasun to 2 85 cc of saline.

Mix thoroughly, warm in water bath (45-50° C), and let stand fnr.

sedimentation. Usc the milky supernatant flud for the test This may

be stored 1n a stoppered vial at 5° C

w

Procedure

Obtam blood by ventpuncture and to 02 cc of sodmm oxalate solution
2dd 1 8 cc. of blood Alix and centnfuge or allow the erythrocytes to settle
Into each of three test tubes g X 65 mm place o 1 cc. of physiologic salt solu-
ton, o 1 cc. of the patient’s plasma, and o1 cc of thromboplastin solution-
Let stand for fifteen munutes, then warm in a water bath for one munute 4t
37° C Warm the CaCl, solurion to 37° C. and add o.1 cc to one test tube.

Invert the tube at two second intervals until clot formation occurs The
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Carbon dioude, transportation, 1§
Carbon monoude hemoglobun, 26
Carcinoma, anemua 1, 165
of colon, anemia in, 132
of liver, anema m, 166
of nasopharyn, Iy mphadenopathy, 371
of stomach, anemia 1n, 166
Carduc pathology.
in polycythemua ' era, 260
Carduac symptoms, 369
Castle’s factor, 16
Celusc disease, 427
Cerebral hemorrhage, m thrombopenic pur-

pura, 276
Chauffard-Minkawsht type, (famdial hem-
olytic icterusy, 191
Chemicals and drugs -
as cause of agranulocytoss, 380
as cause of hemoglobinuria, 226
as cause of hemoly tic anemua, 186
as cause of leakermia, 310
as cause of leukopenis, 74
as cause of polycythemia, 257
25 canse of purpara, 187

Chicken po, leuhocy te response, 428
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Anemta, due to—(Contmued)
vitamn C deficiency, 170
Yanthomatosts, 416

Ancmia, ty pes
achrestic, 120
acquired hemoly tic, 201
acute hemolytic, 203
aplastic, 148
chlorosis, 131
chronic hemorrhagic, 132
congetal, 220
congenital hemoly e, 191
congenital hy poplastic, 156
Cooley’s, 211
equme infectious, 157
cry throblastic, 211
erythroblastoscs, 216
famthal hemolytic, 19t
goat’s milk, 427
hemoly trc, 183
hyperchromuc, 78
hypochromtc, 78
hypochromic, of infants, 128
hypochromic, of pregnancy, 133
diopathie hy pochronue, 134
mfancy and childhood, 425
iron deficiency, 124
Lederer's, 203
mzcror:{nc, 83
myelophthusic, 159
nutritional iron deficiency, 130
pernicious, 83
perascrous, of pregnancy, 116
prematunty, 426
sickle cell, 205
tropical macrocyue, 115
von Jakseh's, 221

Anova
as causc of polycythemia vera, 258
due to anermia, 8o
effect on erythropouesis, 17

Anisocy tosts, 20, 21
n Cooley’s anemma, 215
In pernicious anemia, 93

Anmnem::: facior, 16

APIasC @ity sgv
causcs, 138
i infants, 416
treatment, 15§
Arm band test, method, 512

Index

Arncth count, 33
method, 496
Arsenicals, cause of aplastic anemis, 149
Arthritis, in hemoplulia, 290
Atrophic gastnitis, m permicious anemiz,

, 90
Auer bodies, 353
Auto-agglutination:
m acquired hemalytic icterus, 202
in acute hemoly tic anemia, 203
in maluple myeloma, 410
Autohemolysin, from cold, 231
Aviaminosis, purpura in, 286
yerza's discase, 256
Azure granules n Iymphocytes, 41, 399

Band nevtrophil, 32
normal values, 63
Bants’s syndrome, 741
syphilitic, 149
treatment of, 248
Baske cells, 42
m lymphocy tic Jeuherma, 324
Basophil, 37
normal values, 64
Basophilna, diffuse, 22
punctate, 22
Basophilic stpphing, 19, 20, 22
m lead poisoning, 188
method of staining, so0
Basophilic leukemia, 356
leukocytosis, 71
myelocyte, 37
Bence-Jones prorem, m muluple my eloma,

410
Benzol, cause of aplastic anemua, 148
cause of hemoly tic anema, 186

cause of thrombopenic purpura, 281
Bile pigment
derivation, 20
formation, 11
Blackwater fever, 185
Bleeding tme
method, 503
m thrombopente purpura, 177
Bloed, methods, 48:
normal valucs, §6
Blood bank operation, 473
Rlood coagulation, 54, 269
Blood counting method, 483
Blood crossmatching, 444
Blood donors, 176
blood pressure changes, 180
care of, 48
hemoglobin regencration, 177
tron therapy, 177
qualifications, 455



Lrythrocytes, morphology, 20
basophihic, supplhing, 22
Cabot's rings, 22
destruction of, 19, 224
development of, 13,15
dyumeter of, 5o
&iffuse hasophilsa, 22
eatly formaton of, 15
effect of age, 58
formatson 1 ferus, 13
formation 1n splem.
function of, 1
Hosell Jolly bm!les 22
Ife span, 19, 20
maturaton of, 17
ovalocy tes, 23
o gen transport, 15
s pernicious anemul, o4

phagocytosis of, 19
ph) Siologic aravions,
poly chromasia, pol\'chmmamphllu. 22
punctate basophiliz, 22
regulatory mechamsm, 14
mtnculncyres, 14
site of formation, 15
size of, 20
spherocy es, 23
storage 1 spleen, 8
structure of, 14
sarvival of, 461
rarget cells, 23
thichness of, 20
\arations m shape, 21
\afiaions mn size, 20
4TIations m Mg, 20
VATIANONS IN SLTUCTULe, 20, 22
volume of, 20

Erythrocyte count, 484
ac burth, 322
dwrmal varaton of, 59
during childhood, 422
effect of activaty, 59
effect of alumde, 58
effect of emotion, 59
effect of season, 59
effoct of se%, 59
effect of water balance, 59
normal values, 58

Erythrocy te stroma, fate of, 19

[ECntb s 7

0 adulc matrow, 15 .
w fetus, 13
megaloblasuic development, 17

Index
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Esophageal varices, 243
in Bantr's sn\dmmc. 143
injection of, 2.
Exophthalmus, m ‘Hand-Schilter-Christian

disease, 416
L\mmzdullan' hematopoiesis
m Cooley's anemia, 212
1n erythroblastosis, 216
in farmlial hemolytic scterus, 194
Cxurinste (food) factor, 85

Fanulial hemoly tic icterus, 191
hematologic Teatures, 196
pathogenests, 191
treatment, 199

Famihal leptocytosss, 211

Famuhal spherocvtoss, 19t

Fatty bone marrow, 5

Favism, 230

Febnl: type of infectious mononucleosss,

Feleys syndzome, 25
Fever in Hodghin's dlsc.\sz‘ 369
Fibrin, human, 479
Fibrmogen

action of, 270

source of, 12
Fibrinopens, 297

XA .

development of, 109
in pellagra, 113
in perntcrovs anemia, 1
i pertucious anemu of pregnancy, 117
m sprue, 113

g e

Fowlér’s solution, 1n Hodglun's disease, 373
n lenkemsz, 347
Fractures, leukocyte response, 430
Fragility of erythrocytes, m famlnl hem-
olync icterus, 192
Fragility test, method, 506

Gallseones, sn famshal hemelyuc rererus, 195
Gastg lesons, causeof macroey o anemi,

Gasteomtestinal Jesions in Hodghm's dis-
ease, 368
Gastromtestinal symptoms
in lymphocs tic leukernia, 322
0 permicious anemia, 9o
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Childhood, henutologic findings, 420
hiyperreactions on bone marrow, 420
Chloroma, 353
Chlorosss, 131
Cholelithiasts, m famunal hiemofytic icterus,
195
1n pernicious anemia, go
Choline, 1n treatment of Bantr’s syndrome,

247
Chronic acholuric jaundice (see Familial
hemolytic 1cterus)
Chronuc biood loss, anenua 1, 175
Chronic congestive splenomegaly, 241
Chronic hemorrhage, cause of anemia, 132
Chronie lymphocytic leuhemia, 319
Chronic myelogenous leukemia, 333
Chronic nephrits, anerma i, 167
Chronic pulmonary disease, polycythemia,

23
Circulatory overload m blood transfusion,
66

Clasmatocyres, 2

Classification of anemua, 77

Clot retractshity .

method, 505

n thrombopenic purpura, 272
L N A L e Y

T 9

effect of transfusion, 293
m hemophtlia, 289
m thrombopenic purpurs, 277
Lee and White method, so5
method, so4
Cold agglutmns, method of testing, 517
Cold hemaggluunation, 183
Cold hemoglobinuria, 230
Color mdex, 61
Computationt of indices, 6o
Congenital anema, 220
Congenital heart diseasc, polycythema m,

256
Cﬂnginltal hemoly tic 2nemuz (farmhal hem-
olyuc icterus), 191
Congenital hypoplastic anemua, 156, 427
Congenital leukemia, 428
Constrictor test, n thrombopentc purpura,

77
method, 512
Cooley’s (erythroblasnc) anemiz, 21
llustranion of X-rav findings, 214

mild forms, 213,205

ytosi,

Index

Crisis of deglobulization, 195
Crossmatchmg blood
for transfusion, 454
method, 449
Cyanosis 1n anemsa, 8t

Degenerated cells, 42
Degeneration of leukocytes, 68
Degenerative ndex, 33
Drameter of erythrocytes, method, 502
Dicournarin (dicoumnarol), 302

effect of, 303

therapeutic use of, 303
Diet, m treatment of Banti’s syndrome, 249
Dufferential count, method, 495

normal values, 63
Diffracuion method, erythrocyte dumeter,

503
Duffuse basoplulta, 22
Di henol, cause of thrombopenic pur-

pura, 281
Diphtheria, leukocyte response, 428
Donath-Lansteiner reaction, 231

method, 517
Donor, hemoﬁlobm regeneration i1, 176

Duke, method of bleeding time, 503
Dysphagiz, i idiopathic  hypochromic
anemia, 135

Electrocardiogram 1n anemza, 8r
Emphysema, cause of polycythemia, 256
Eosinophil, 35
function of, 36
in infectious mononucleosis, 403
morphology, 35
normal valucs, 64
Eosmophilic granuloma, 317
Eosmophuic feukemua, 355
Eosinophilic leukocytosis, 69
wn Hodglm's discase, 330
Eosmophulie, metamy clocy tes, 35
myelocytes, 35
Erythremuy, 257
Erythroblast, 18
Erythroblastic (Cooley’s) anermua, 214
bone changes 1n, 213
clinical features, 212
hematologte features, 213
pathogenesis, 212
mild forms, 213
prognosts, 215
Lrythroblastoma, 406
Erythroblastosss fetalss, 216
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Crythroc) tes, motphalogy, 20 Csophageal vanices, 243
basophific, stippfing, 12 m Bantr's syndrome, 143
Cabat’s rings, 22 njection of, 240
destruction of, 19, 224 Lxophthatmus, in Hand-Schuller-Christian
developmens of 13,15 disease, 416
dumcter of, 59 Lxtramedullary hematoporesis:
diffuse basaphiha, 22 1 Cooley’s anemua, 212
carly formavion of, 15 m en throblastosss, 216
effect of age, 58 1n familial hemoly tic icterus, 194
formation 1n fetus, 13 Extrinsic (food) factor, 85
farmation 1n spleen, ¥
function of, Tamilial hemoly tie scterms, 11
Hovell Jolly bodics, 22 hematologic features, 196
hife span, 19, 20 pathogenesis, 101
maturaton of, 17 treatment, 1
ovafocytes, 23 Farmbal lt{ﬁuc)l(‘ils. 211
ovygen transport, 15 Tamilial spherocy tosis, 1gt
in permcious anems, 94 Taty bone martow, §
phagoceytosis of, 19 Favism, 230 N
physiologic vanauons, 8 Tebrle type of infectious manonucleass,
polvehromasia, pols chromatophilia, 22 393
punctate basophilsa, 22 Felty's sy ndrome, 251
regulatory mechansm, 16 Tever i Hodghm's disease, 369
reniculocytes, 24 Fibrin, human, 479
site of formation, 1§ Fibrnogen
size of, 20 action of, 270
spheroc) tes, 23 source of, 12
stofage 1 spleen, 8 Fibuinopenia, 297
structure of, 14 Filamene annflon  « -

surveval of, 462
targer cells, 13
thickness of, 10
Namavons in shape, 21

varianons in size, 20 development of, 109

VATICONS In Staning, 20 m pellagrs, 333

variauons in structure, 2o, 22 N pernicious anemia, 109

olurne of, 20 t pertucious anerma of pregnancy, 117
Eny throcyte count, 484 in sprue, 113

at bixth, qza I

diurnal varauion of, 59

during .;hudhoud, e

- ey, .
cliectof WAGA Fowler's solution, 1n Hodghin's disease, 373
effect of emotion, fo c,,:rk‘?.k“?:z“ ’iL .

effect of season, 5§ -
effect of sex, 59
PR

Gallstanes, m familial hemolyte wcterus, 195
Gastric lesions, cause of macrocytic anemit,

81
Eythropoiess, 15, 17 Gastramtestinal lesons in Hodglan's dis-
actors influencing, 16

1n adult marrow, 1§ :
i Fecu

Gastromtestinal sy mptoms
s, 13
megaleblastic deselopment, 17

in lymphecynic leuhermnna, 321 ©
in permciovs anemi, oo
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Gaucher's disease, 412

German measles, leukocy te response, 429

Germinal centers of lymph nodes, 1o

Ghost cell, 21

Giemsa stain, 494

Glindular fever, 3ot

Globulin, human, 48

Globulin, mn treatment of henmPhnhz, 294
h p 288

Index

Hemoglobinura—(Contmued)
noctumal, 227
paroxysmal, 230
result of burns, 226
result of cold, 231
result of exertion, 226
with sulfonamides, 187
toxc, 226
Restiobl

Globulin sub n H 2
Gold salts, cause of th pearc purpura, F lysis, after blood i 467
281 5 due to 1sosensitiity, 441
Gout, and chronic myelogenous leukerma, Hemolytic anemia, 183
n_.é‘}.,_ e 1n blastwater fever, 185
due to chemicals and drugs, 186
379 extrinsic causes, 183

Haden-Hausser hemoglobmomcter, 489
Halometer, 503
Hand-Schuller-Christian disease, 415
Hayem's solution, 484
Hayem Widal hemolytic icterus, 201
Heart disease, polycythemiz m, 256
Hemacytometer, 487
Hematacnt, normal values, 6o
method, 501
i polycythemta vera, 262
Hematologc alues, normal, 56
Hematology, definition, 1
Hematapotesis, 13
Hematopotetic sy stem, 1
Hemochromogen, 16
Hemocytoblast, 13, 17
Hemoglobmn, 25
at birth, q21
coeflicient, 60
combination with ovvgen, 26
destructwon of, 26
detrermnation, §6
methods, 487
m erythrocytes, 14
fanction of, 25
1 mfancy and childhood, 420
sron content, 26
normal values, 57
hystologic vanations of, 58
solutions, 480
seructure of, 15
synthesss, 26
Hemoglobmermia, threshold value, 224
Hemoglobmuria, 223
m acute hemolytic anemia, 204
cause of, 223
chemcals'and drugs, 226
favism, 230

features of, 189

due to mfection, 184
antrmsic types, 18¢

1t Jead poisoning, 187
m malarea, 184

due to parasires, 183
due 1o sulfonamides, 186

“Hemophtla, 287

coagulation defect, 288
globulm substance, 288
renal colic m, 290
treatment of, 292
Hemorrhage, acute, 172
1 acute fymphocyuc lenkernia, 314
1n acute myelogenous leukemia, 329
1 aplastic anemua, 152
associated with jaundice, 300
in Bant’s sy ndrome, 243
as cause of leukocy tosis, 68
1n chronic lymphocytic lenhemia, 322
1n chronic my elogenous leukemia, 337
due to dicoumarol, 302
effect on Jeukoc) tes, 173
effect on platelets, 174
erythrocyric regenerauon, 174
i’ hemophilia, 289
1n infancy and chidhood, 427
m newbem, 301
in polveythemut vera, 261
recurrent, 296
reuiculocy te response, 174
om telangiectasia, 296
n thrombopenic porpura, 274
with uremza, 168
Hemorthagic disease of newborn, 301
Hemorrhagic diseases, 269
Hemos:dermn m urine, 225
method, 516
Henoch's purpura, 183
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Hepatn, 250

35 anticoagulant, jor

therapcutic use, 303
Hepar [obatum, 249
Hereduary hemorrhagic telangiectasia, 295
Heredutary pscudohemophiha, 295
Heterophil anubody test, 399

method, 400
Hmiucyms. 3
Hodglin's disease, 362

blaod findings, 370

as cause of anemia, 162

as cause of eosinophilia, 30

trearment, 372
Hoohw orm infestation, atemia in, 170
Homer's syndrome, 1 Hodgkin's disease,

366
Howell-}olly bodies, 22
in pernicious anemia, 96
after splenectomy, 9
Howells prothrombin time, method, 509
HR tactor, 216, 437
Human fibrm, transfusion of, 379
globuthin, 48
scrum albumin, 479
thrombim, 480
Hydrops fetals, 219
Hyperchromia, 20
Hyperchromic ancmias, 78
Hyperleahocytosss, 73
Hyperparathyroidism, ancmia 1n, 162
Hyperplasia of bone matrow, i permucious
anemia, 8
Hyperprotememia, m mukiple my eloma,

410
Hypersplemsm, 10
n Banur's disease, 241
1n thrombopenic purpura, 273
Hypochromta, 26
m Cooles’s anermn, 215
Hypochromic anermua, 38
chiorosis, 131
of chronc hemorthage, 532
diopathic, 134
of infants, 128
of 1ron deficiency, 124
of pregnancy, 133
Hj poplistic anemia, rsz
congenital, 156
Hy poprothrombinemia, 299
Hypothyro:dism, anemua n, 167

feterus gravis neonatorum, 220

Jeterus mdey, method, s1g

Idiopathic, hypochromic anemia, 134
thrombopenic purpura, a1
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Infancy, aplasuc anemia m, 426
‘hemarologic findings, 410
megaloblasue anema, 425
nutnitional anemra, 426
Infection as cause of anerma, 168
in anemia of childhood, 427
as cause of feukocytosis, 67
as cause of levhopema, 24
as cause of lymphadenopathy, 371
as cause of Schonlem-Henoch's purpura,

28;
as c:suse of thrombapenic purpura, 281
leykocytic response 1 infants, 428
purpura i, 286
transmussion by rransfusion, 471
Infectious Iy mphocytoss, g0z
Infecrious mononucleosts, 39t
abnormal Iy mphocytes i, 397
bone marrow m, 39z
heterophal antibody test, goo
treatment, 402
Influenza, leukocyte sesponse, 429
Inberrtance, of blood groups, 433
RH-HR [gmups, 28
Injection of bload, 460
Internanional classification, blood groups,

43
Inru(lgaﬁons. purpura in, 187
Intramuscular blood, n purpura, 278
Intuinsic factor, pemicious anermia, 85
other macrocytic anenmas, 111
Todides, cause of purpura, 281
Iron metabolism, 124
1 mfecuon, 160
Iron requirements, 126
Tron salks, comparison of, 130
Iron storage, i spleen, 8
Tron cherapy.
after acute hemorrhage, 145
m acute hemorrhagic anema, 175
m blood donors, 146, 177
bone marrow stimulanion, 145
n mfants, 146
mn yron deficiency anemis, 138
pasenteral, 142
in pernicious anemia, 1oy
Tesponse to, 139
untow 2rd effects of, 14r
Iron, urinary excretion, 124
Tron utilization, 143
Irraduation cherapy
m agranulocytoss, 387
m Hand-Schuller-Christan disease, 416
n Hodgkm’s discase, 372
m lymphocy tic lymphoma, 177
in multiple my eloma, 41¢
i polycythemia vera, 265
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Isohemagglutinogens, 432, 441
Ischemolysins, 432

mn acquired hemolyuc ctesus, 202

1 acute hemolytic anemta, ro4
Isosensitivaty (ssormmunuty), 440
Isosensitization, utration of antubodies, 453
Ivy’s method for bleeding time, 504

Jansky classification of blood groups, 433
Jaundice
n acquired hemolytic icterus, 202
m acute hemoly tic anemia, 203
m Banu's syndrome, 244
m erythroblastosss, 218
m famihal hemofyuc icterus, 195
cause of hemorrhage, 300
m infectious mononucleosis, 396
_Im pernicious anemia, 86, 92
Jomt pan
1n acute Iy mphocy tic leukema, 315
n Schonlemn-Henoch’s purpura, 284
Juvenile cell (metamyelocyte), 31

Kerasin, m Gaucher's disease, 412
Kernicrerus, 221

Kotlonychua, 136, 137

Kupfier cells, 3, 11

Laennec’s cirrhosis and Bantt’s syndrome,

242
Large lymphocy te, 0
L caset factor, 109
Lead powsoning, 187
Lederer’s (acute hemoly tic) anemua, 203
Lee and White method for coagulation
ume, so§
Letterer-Siw ¢ disease, 17
Leukemia gencral, 309
alevkemuc, definition of, 310
as cause of anemia, 161
classification, 309
congental, 428
cuts, 322
etiology, 310
merdence of, 312
1 infancy and childhood, 428
subleukemic, definition of, 310
feukemia, types
acute lmpliocytic, 363
alculemic phasc, 3t6
amnoptern 1n, 319
bone margow 1n, 318
subleukenuc phase, 316
tgeatment, 319

Index

Leuhema, ty pes—(Continued)
acute me Jogenous, 327
bone marrow, 328, 332
treatment, 333
X-ray changes, 330
basophibic, 356
chronic Iy mphocy tic, 319
treatment, 326
chronic myelogenous, 333
pregnancy in, 344
freatment, 334
eosinophilie, 355
mast cell, 356
megakaryocytie, 356
monocy tc, 347
plasma cell, 352
Leahemoid reaction, 72
n metastatic carcinoma, 160
Leukocyte, 28
count, normal yvalue, 62
at birth, 423
during childhood, 423
method, 486
response in chiddhood discascs, 4:8
supravital stawmung, 46
Leukacytosis, 67
m acute hemolytic anemta, 205
basophulic, 71
m Cooley’s anemua, 213
eosmophnlxc, 6
m familial hemolytic 1cterus, 198
m fetus, 13
n hemolytic anemas, 190
in Hodglun’s discase, 370
n nfectious lymphocytosss, 4o3
n nfectious mononucleoss, 397
Iymphocyue, 71
monocytic, 72
m muluple mveloma, 408
neutrophilic, 67 ’
n poly cythemia vcra, 263
in sickle cell anemia, 209
after splenectomy, ¢
Leukopema, 67
mn agranulocyrosts, 383
1 aplastic anemna, 154
n Bantr's sy ndromie, 242
causes, 73
n Feley's sy ndrome, 251
n Gaucher’s discase, 412
mn infectious mononucleosss, 397
m nitrogen mustard therapy, 375
tn pernicious anemu, g6
m pomary splemic neutropemia, 387
with thiouractl, 380
Lipoxd dystrophics, 412
as cause of anemia, 164
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Lipoid granulomatosis, 412
Link-Shapico, method for p

519
Liver, 11

anemua 1 liver disease, 117

formatson of fibrinogen, 12

functions m fetus, 11

hematologic functions, 1t

pmd‘m)mbm formauon, 1z

Macrocy uc anemia—(Continued)
allted to pernictous ancrma, 1t
m celiac disease, 427
with fish tapeworm, 11
with gastrointestmal Jesions, 118
of nfants, 425 -
i pellagra, 114
tropical form, 115

g1 effect on ety P 1z
Liser exeract

in permicious anemia, 102

AMacrocytosi
1n acquired hemolyuc icrerus, 201
\n pernicious anemuz, 93

h 2,

m p anem: of p
reactions to, 107

in sprue, 113
Luser therapy, 1n pernicious anemia, 1ot
Loeffler's syndrome, 70
Lobar pneumona, leukocytoss, 429
Lupus erythematosis dissemimnatus, 371
Lymphadenopathy, causes of, 371

n acnte lymphod) tic leakemid, 315

i chronic Iy mphocytic leukemia, 320

n Hodghm's disease, 364

in infectious lymphocy tosts, 403

m infectious mononucleosis, 304

1n Letterer-Siwe's disease, 417
Lymphoblast, 38
Lymphoblasic type of lymphoma, 377
Lymphocy te, 38

abnormal, 41

tllustration of, 39

large, 4o

normal values, 63

site of formation, 11

supravital stanung, 47
Ly mphocytic leuhemia, 313

lymEhomz, 376
Lymphocytoma, 406
Lymphocytosss, 71
Lymphocytosis, acute infectious, oz
Ly mphogranuloma (Hodgkm's disease), 362
Lymphoidoevte, 13
Lymphoma, 362

follicnlar type, 377

Iymphoblasue type, 377

lymphocs tic type, 376

sclerosing type (Hodglm's disease), 362
Lymph nodes, 10
Lymph nodule, 10
Lymphoid tissue structure, 1o

m spleen, 7
Lymphosarcoma, 376

nitrogen mustard therapy, 376
Lysolecuthun, m famiial hemoly tic icterus,

193

y 117

Macrocy te, 20
Macrocyuc snemia
achrestic type, 120

phage, 2, 7
Malaria, anermia mn, 184
Malignant lymphoma, 362
Malignant neutropenia {agranulocy tosis),

379
Malpighsan corpuscles, 7
Masble bones {Albers-Schonberg disease),

1
March hemoglobinuria, 226
Marchiafava-Michelt syndrome, 217
Mastorditss, Jenhocyte response, 429
Maturation arrest, erythrocytes, 17

m agranulocy tosss, 382
Maturation factor, 16, 85

storage, 12
Mean corpuscular hemoglobin, 62

concentrauon, 62
Mean corpuscular volume, 62
Megsles, Ftocye response, 429
Medustnal nodes

n Hodghu's discase, 367

n mfectious mononucleosis, 305
Mediastinal pressure, relief by irradianon

therapy, 372

Mediterranan (Coolev's) anemua, 21t
Megakaryocy tes, 6

and platelet formation, 49

n thrombopenic purpura, 273
Megakaryocy tic leulemia, 356

egaloblast, 17

1 pernicious anermia, 87
Megaloblastic anetmua, 1n mfants, 435
Megaloblasuc bone matrow

i anemia of infants, 425

in pernicious anemia, 87
Melena neonatorum, 301
Menadione (vitamn K), 300
Méniére’s syndrome, i myelogenous leu-
L, kemia, 350

cosulophilic, 35
Metastatic caremoma, anemn m, 159
Methemalburmin, 225
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Isohemagglutinogens, 432, 441
Isohemolysins, 432

m acquered hemolytic icterus, 202

in acute hemolytic anemia, 204
Isosensiuvity (isoimmunuty), 450
Isosensitization, titration of antibodies, 453
ivy’s method for bleeding tume, 504

Janshy classification of blood groups, 433
Jaundice
in acquired hemolytrc icterus, 20z
m acute hemolytic anemn, 203
1 Bantd’s sy ndrome, 244
m erythroblastosts, 218
m famihal hemolytic teterus, 195
cause of hemorrhage, 300
m mnfectious mononucleosss, 306
_n permicions anemia, 86, g2
Jouw pun.
1 acute lymphoeytic leukemia, 315
n Schonlemn-Henoch's purpurs, 283
Juvenile cell (metamyelocyre), 32

Kerasn, in Gaucher's disease, 412
Kemcterus, 221

Kailonychu, 136, 137

Kupffer cells, 3, 11

Laennec’s cirthosts and Bantr’s syndrome,

242
Large lymphocyte, 40
L caset factor, 109
Lead poisoning, 187
Lederer’s (acute hemoly te) anemn, 203
Lee and White method for coagulatuon
time, sos
Letrerer-Siwe disease, 417
Leukemn2 general, 309
aleukermc, definttion of, 310
as cause of anemn, 161
classification, 309
congenital, 428
cutis, 322
enology, 310
meidence of, 312
m infancy and clidhood, 328
subleukemic, definiteon of, 310
Leukemid, types
acute Iy mphocytic, 313
aleukemic phase, 316
aminopterm m, 319
bone marrow m, 318
subleukermic phase, 316
treatment, 319
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Leukemn, types—(Continued)
acute meylogenous, 327
bone marrow, 328, 332
treatment, 333
X-ray changes, 330
basophtlic, 356
cheonic lymphacytic, 319
treatment, 326
chronic myelogenods, 333
pregnancy m, 344
treatment, 344
cosmophilic, 355
mast cell, 356
Megakaryocytic, 356
monocyte, 337
plasma’cell, 352
Leukemotd reaction, 73
in merastatic carcinoma, 160
Leukocyre, 28
count, normal value, 62
at barth, 423
during chidhood, 423
method, 486
response m childhood discases, 4:8
supravital staming, 46
Leukocytosss, 67
n acute hemolytic anema, 205
basophilic, 71
m Cooley’s anemna, 213
<osmophilic, 6
m familial hemoly ¢ ieterus, 198
1t fetns, 13
m hemolytic ancmias, 190
n Hodgln's disease, 370
m infecuious lymphocy tosts, 303
i mfectious mononucleosts, 397
Iymphocy tic, 71
monaocytic, 72
n muluﬁ]c myeloma, 408
neutrophilic, 67
physiologre, 64
n polycy themia vers, 263
i sickle cell anemn, 209
after splenectomy, o
Leukopenn, 67
m agrzanlocy tosss, 383
n aplastic anemna, 153
m Banu's sy ndrome, 242
causes, 74
n Fefty s syndrome, 251
m Gaucher's disease, 12
n infections mononucleass, 397
m nitrogen mostard therapy, 375
m peenicious anemia, o6
in primary splemic neutropenia, 387
with throuracil, 38
Lipoid dy strophies, 412
as cause of anemia, 164
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Lipoid granulomatosis, 412
Link-Shapiro, method for prothrombin, 519
Liver, 11

anerna 10 livet disease, 117

formation of fibrmogen, 12

functions in fetus, 1t

hematologic functions, 11

prothrombm formation, 12

regulatory effect on exy thropotests, 12
Liver extract.

1n pernicious Anemia, 102
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Macrocy tic anenva—(Continued)
allied to pernicious anemia, 111
m celac disease, 427
with fish tapewerm, 119
with gastrointestnal lesions, 118
of infants, 425
i pellagra, 114
tropical form, 115

Macrocy tosis
m acquired hemolytic icterus, 202

N PernIcious anemmia, 94
A

mp anemua of |
reactions to, 107

n sprie, 113
Liver therapy, in pernicious anemnna, 1ot
Loeffler's syndrome, 70
Lobar preumoniz, leukocytosis, 429
Lupus erythematosis dissemmatus, 371
Lymphadenopathy, causes of, 371

I agute lymphocytic leakemia, 315

i chronic lymphocytic leukemis, 320

in Hodglan's discase, 364

1n infectious lymphocytosis, 403

m fectious mononucleosss, 394

in Letterer-Suwe's disease, 417
Lymphoblast, 38
Lymphoblastic ty pe of lymphoma, 377
Lympheacyte, 38

‘abnormal, 41

AMlustration of, 39

large, 40

normal values, 63

site of formation, 11

supravital stanung, 47
Lymphocytic leukemia, 313

Tymphoma, 376
Lymphocytama, 406
Lymphocytosis, 71
Lymphocytosis, acute infect:ous, 4oz
Ly mphogranuloma (Hodghun's disease), 362
Lymphotdocyte, 13
Lymphomz, 362

follicular type, 377

Iymphoblastic ty pe, 377 ,

Tymphoes tic type, 376

sclerosing type (Hodghm's disease), 361
Lymph nodes, 10
Lymph nodule, 10
Lymphoid tissue structure, 10

'm spleen, 7
Lymphosaccoms, 376

nitrogen mustard therapy, 376
Lysolecithn, 1 famzal hemolytic scterus,

193

8 » 17

Macrocy te, 20
Macrocytic anesmia
achrestic type, 1z0

phage, 2,7

Malana, anemia m, 183

Malignant 1y mphoma, 362

Malignant neutropemia (agranulocy tosis),

379
Malpightan corpuscles, 7
Marble bones (Albers-Schonberg disease),
163
March hemoglobinursa, 226
Marchuafava-Micheh syndrome, 227
Mastorditss, leukocyte response, 429
Matarauon arrest, erythrocytes, 17
m agranulocy tosts, 38z
Maturation factor, 16, 85
storage, 12
Mean corpuscular hemoglobm, 62
concentration, 62
Mean corpuscular volume, 62
Measles, Jeuhocyte response, 429
Medissunal nodes
1 Hodgkin's dusease, 367
m infectious mononucleosis, 395
Medustinal pressure, relief by irradtion
therapy, 372
Medrterrantan’ (Cooley’s) anemia, 11
Megakaryocy tes, 6
and platelet formation, 49
m thrombopenic purpurs, 273
Megakaryocytic leukemia, 356

\Dégaloblast, 17

10’ pernicious anemma, 87
Megaloblastic anermia, i nfants, 425
Megaloblastic bone marrow

1 anermia of nfants, 425

Kemn, 330
gitss, 1n mfectious it
Jeukocytic response, 429

396
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Isoheum&:glutmogens, 432, 441
Isohemolysins, 432
1n acquired hemolytic icterus, zo2
in acute hemolytic anema, 204

Isosensmvnry (isormmunity), o
d
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Leukemia, types—(Contmuted)
acute meylogenous, 327
bone marrow, 328, 332
treatment, 333
‘{-ray changes 330

10, titration of
Ivy’s method for bleeding time, 504
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Jansky classification of blood groups, 433
Jaundice*
1n acquired hemolytic rcterus, zoz
n acute hemolytic anemia, 203
n Bantr's syndrome, 244
i erythroblastosss, 218
1 famltal hemolytic 1eterus, 195
cause of hemorrhage, 300
m mfectious mononucleosns, 396
m pernicious anemia, 86, 92
Jomne pain
m acute lymphocytic leukemna, 315
m Schonlem-Henoch's purpura, 284
Juvensle cell (meramyelocyte), 31

Kerasin, n Gaucher’s diseasc, 412
Kermicterus, 221

Kolonychua, 136, 137

Kupffer cells, 3, 11

Laennec’s cirrhosis and Banti’s syndrome,

232
Large lymphacy te, 4o
L casex factor, 109
Lead poisonwg, 187
Lederer's (acute hemoly tic) anenuy, 203
Lee and White method for coagulauon
time, 505
Letterer-Smwve discase, 467
Leukemia, general, 309
alenkenuc, definition of, 310
as cause of anemia, 161
classification, 309
congenttal, 428
cutss, 322
etiology, 310
meidence of, 312
1 mfancy and chidhood, 428
subleukemic, definition of, 310
Leukemia, types
acute lvmphocytic, 3t3
aleukenic phase, 316
ammopterm m, 319
bone marfow im, 318
subleuhemic phase, 316
treatment, 319

chmmc l)mphoc‘ tic, 319
treatment, 326
chrome myelogenous, 333
pregnancy 1n, 344
treatment, 344
eosmnophilic, 355
mast cell, 356
megakary ocytic, 356
mornocytic, 347
plasma cell, 352
Leukemord reaction, 72
n metastatic carcinoma, 160
Leukocyte, 2
count, normal value, 62

at barth, 4
durmg chlldhood 33
method, 486

response m fchildhood dneases, 428

supraviral staming, 46
Leukocytoss, 67

n acute hemolytic anemia, 205

basophilic, 71

m Cooley’s anema, 213

cosmoaphilic, 69

mn familal hemol) tic icterus, 198

m fetus, 13

n hemolytte anemias, 190

m Hodgkmn's disease, 370

n mfectious lymphocytoss, 403

mn mfectious mononucleoss, 397

Iy mphoceytic, 7t

monocy tic, 72

@ multiple mveloma, 408

neutrophilic, 67

physiologic, 64

m polycythemia vera, 163

11 sickle cell anema, 209

after splenectomy, ¢
Leukopena, 67

1 agranulocytosts, 383

in aplastic anernsa, 154

m Bantr's syndrome, 242

causes, 74

in Felty’s syndrome, 251

1n Gaucher's disease, 412

m 1afectious mononucleosis, 397

in nutrogen mustard therapy, 375

i permcious anemia, of

m primary splenic neutropenia, 387

with throuracil, 380
Lipord dy struphlc‘, 412

as cause of 2nemu, 163
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Antimony, as therapeutic agent, 313
Antivitamuing and antimetabolites, a4 thera-
peutic agents, 313-351, 357

amino actd analogs, 350-351
chimeal use, 351
defined, 343-344
purine antagonists, 348-350
pyomidine antagomsts, 348
See also Antagoniats, Folie acid antag-
onists
Aromatic diamudines, as therapeutic agents,
342-343
Arsente-T, as therapeutic agent, 324, 340
Atomie bombs, leukemua from, 30, 68-70
Auer bodies
23 diagnostic criterjon, 96
1n myeloblasts, 244
Azasenne, as therapeutic agent, 350
Basal metabolie rate, 221-222 See also
Metabohsm
Bell’s palsy, m differential dragnosis, 237
Benzol
as leukemogeme factor, 75-77
as therapeutic agent, 314, 340
Blast cells
1n acute leuhemia, 244246
contrasted with normal cells, 345
mitosis, 86
abrence in chronie Iymphocytic leukemua,
218
1 chronie granufocy tic Jeukemia, 248-249
10 differential diagnowis, 239
feukemie, distinguished from normal, 399

INDEX

in chrome leuhemia
granuloey tic, 161, 170
lymphoey tic, 188
destruction by chemical agents, 315
10 D1 Guglielmo syndrome, 165-166
1 differential diagnosts, 231 tf
effect of ACTH on, 353
12 formation of hlvod corpuscles, 4
hyperplasia, 126
lahoratory examination, 250-253
1 multiple myeloma, 190-195
1 my efo monocy tic leukemsa, 162-164
radiation effects, 321
See ulso Myeloproliferntive disorders
Bones
1 chronfe granulocytie feukermia, 172
histalogie changes, 132-133
1avolvement at onset, 120-121
Iewions, 130-132
1 differential diagnosts, 236
pain 1, 130-132
tumors, 1n differential diagnosis, 234
\ray findings, 133-135
Bowel, 1avolvement of, 145
Brain Jesions and tumors, in differentia}
diagnasts, 235, 237
Brutellosss, 1 differential diagnosis, 235

Carcinoma, 1n differential diagnunis, 236,
239
Cartinomatosts
in differential dragnosts, 236, 239
from tubereulosts, 203
Causes of leukemia See {tiology
CB 1348 (chl bucil, leukeran), 334, 338,

Bleeding from 1njection ate, 1n differential
diagnowis, 235
Blood, secondarv to tissues in leukemia,
12213
Blood picture
1n acute leukema, 161-167, 243-247
hmphocvtie, (66, 187-168
monoe tic, 166-167
in chromc leukemia 247-250
granuloeyvtic, 161, 168-169
diagnostic value, 259-259
10 Di Gughelmo -yndrome, 184, 166
1 differentiaf diagng=1s 235 ff
w1 myelo-monaes tie leuhenmia  161-162
Bone marrow
11 acute leukemia, 161-167, 372
1n children, 372
Iymphocytie, 166
monoey tie, 167
changes in, 126
from radintion therapy, 321-323
chemucal protectien of, 404

357
for chrome lymphocytic leukemua, 388,
390, 302
for multiple myeloma, 395
Central nervou~ system, diseases of. m
differential dragnosis, 237
Chemotherapv, 327-351, 357
action on leukemie cells, 328
agents
alkylating See Alky lating agents
anti-mitotie and ey tostatic, 351-352
as mitotic potsoas, 328
with uncertasn mode of action, 339-313
See also ~eparate agents
antivitamins and antimetabolites, 343
351, 357
aromatse diamdines, 342-343
my elotexiaty, 315
10 past and future, 327-328
prevention of cell division, 325
replacing \-ray therapy, 326-350



rovstanee Lo, 315
test systems, 328
toxeity of agentx, 337
\}hlummhunl See CB 1348
Chloromas, 135-138
with acute granulocy tic leuhenua, 46
myclobl stic leuheta 1, 21
Chrome leukemia
arute phase, 208
blowd prcture, 247-23
disgnotic value, 25%- 259
cheal fevurcs, 167-202
detined, 9, 15
differentiation from acute, 32, 208-200
Prognoss
m indindital eases, 304-506
16 untreated cases, 302-501
radwsensativity 1, 319
treatment, 379-796
unfavorable reactions, 316
See aleo under Troatment
Cirthows of Liver, in diffirentinl dagnoss,

Chinieal features, 113-203
scute leukenns, 169-167
chronte leukrmua, 167-202
regardless of 13 pes, 118-154
course, 124-126
duration pnor 10 sy inptoms, 116-119
carly phy=ical findings, 122-121
onset, 119~122
reneral symptoms, 121
insidious, 120-122
local sy mptams, 121-122
organ involvement, 118
pathologie phystology , 126-151
Clotting defeet, in dufferential dingnowus, 235
Colchicine, us therapeutic agent, 335-33¢
congeners, 339
Cullagen discases, 1n differential diagnosis,
210

Congental leukemua, 202-203
Congestive heart fulure, w differential
diagnosts, 236
Corticosterads, 357
for acute leukemia
1n adults, 376-378
w ehildten, 371-375
for chromie lymphoey tic leukemia, 30i-
302

in differentaal diagnows, 238

non-my elotoxic effect, 316

See also ACTH and/or cortisone
Cartisone See ACTIH and/or cottisone
Cryoglobulinemia, 226
Cytology, 45

1 lein, for chronmic g
kemia, 357-358
Denmark, mortality in, 30
i Guglielmo #y ndrome, 17
as metabolie defect, 281
Llood and bone marrow , 164168
course, with cventual termunation as
leukenma, 279
n hfferential dimguoas, 236
relations to mycloselerosis and pols-
cythoma, 278-201
10 permicious anemta, 251
g, 160
Dhragnosts
Intoratory See Laborators diaguosrs
of typed of leuheia, 46-9%
Auer hadies, 06
nucleolar formula, 97
peronid we reaction, 96-97
supravatal staimng and phase contrast
micro<copy , 9908
Diffcrential diagnoss, 234-242
climeal, 234-237
gradual onwet, 234-237
sudden onset, 234-235
laboratory, 237-239 See also Laboratory
dingnosis
Drug reaction, 1 differentisl diagnosis, 235
Duration, estimation of See Prugnosts

ytie leus

Liczama, in differential diagnosis, 233, 237
Lngland, murtality i, 30-31
Epdemtogy, studies on, 20
Lrythremic myeloas, 17, 296-223
Eryth fetali, in
diagnosis, 235
Lrythrocytes
formatian of, 3
radiosensitivity of, 321
Sce also Anerma
Lrythrodermaa, m differential diagnosts,
7

Lry throleukemia, relation o polyeythemia
vera, 284

Lthyl carbumate, as therapeutic agent,
340-342

Lth leneimine compounds, as therapentie
ugents, 333-336

Ltiology, 4478

abnormal maturation of leuhocytes, 58,

60-62

enzymatie lack, 5840
future study of, 400402
infections, 51-67
leuhemogeme factors, 62-77
neoplastie cotcept, 44-50
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Etiology~—Conlinued
single versus multiple, 44
virus concept, 4, 52-57, 401-102
Europe, 1ncidence 15, 30
Enfoltative dermatitis
1n chromie Iy mphocytie Jeukemia, therapy
for, 392
1n differential diagnosis, 237

Facial paralyss, 140
Familial leukemua, 63-65 See also Heredity
Felty’s syndrome, 1n differential diagnoss,

Fever, as symptom, 120, 122
5-Fluorouracil, for multiple m) eloma, 305
Folie acid antagonists, 315, 345-348
for acule leuhemra
1 adults, 376-378
i chaldren, 371-373
effect on leukemic cells, 347
resistance to, 348
Fungord infections, in differential dragnosis,
235

Gastromtestinal tract, changes m, 143-145
Germany, moitality 1n, 30
Glycogen 1n leukemic cell, 99
Gold-198, for multiple myeloma, 327
Granulocy tie leuhemua, 18
acute, 16
blood and bone marroy, 161
<igns, 159-160
basephilte, 177-178
chronie, 16
bloed apd bone marrow, 168-170, 247-
250
complications, 171-174
course, 170-171
differentiated from my elosclerosis, 268~
a7

as myeloprolferative disorder, 263,
20%, 276 278
with pregnancy, 334-385
splenogram 1, 255
symptoms and vignd, 168
treatment, 350-388
cosimophilie, 173-177
diagnoss, 177
mixed ers throblastie, 17
pure, 16
Green tumors Sce Chloromas
Heart, involvement of, 145-146
1 differential d 236

Hemoey toblastic feukemta, 95
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Hemorthages, as symptom, 119-120, 122-
123
Hemorrhagte state, 215-218
Hepatoma, in differential diagnosis, 235
Hepatomegaly, 126, 128
in differentral diagnonis, 236
at onset, 121, 123
as local symptom, 121, 124
Heredity, 62-65
controlled studies, 63-64
mongelism with Jeukemna, 66
n moune leuhemiu, 62-63
recessive and dominant genes, 65
twins, 64-65
Herpes zoster
in chropic Iy mphocy tie leuhemia, 183
therapy, 392
meidence i leukena, 141
43 ymptom, 120
“Hratus leuhaemtcus,” 95-96, 243
Hiroshima and Nagasah, leuhemia in, 68-70
distance factor, 69
weidence, 30
latent period, 70
Histochemical studies 1n leukemia, 90105
beta-glucuromdase, 104
enzymes, 104
glucurome aad, 104
gl cogen, 101-102
hustanune, 103
lipids, 102-103
non-protetn sulfhy drils, 103-104
phosphatases, 99-101
trace metals, 104
vitanuns, 101-105
Historiesl review, 1-0
Hodghin's disease
1 differential diagnosts, 237, 241
relation te menocy tic leukenua, 23
Hormeones, leukemogenie, 66
Hospitalization, for acute leukemia
etaldren, 371
Hy perglobulinemia, 222-226
Hypermetabolism, 1n chrome Iy mphatic
loukemma, 185
i perostons, tnfantile cortical, m duffer-
ential diagnosiv, 235
Hyperparathsy roudism, 5o differential duag-
nows, 236
Hypersplemsm, 1 differential diagnosis,
240

Lhopatlie thrombocy topeme purpurd, 1n
differential diagno~ss, 234
Immunologie shnormalities, 226-229
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age distribution, 36-87
w Juldren, 36-37
defincd, 27
evudence for uml ugainst 11se n, 30-41
future study of, 400
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from hospata) ndimtssions, 4
relation to mortality, 27, 39
rex distnibution, 349
type distribution, 3136
Sce algo Prevalence
Tnfections
t ar near onset, 120
s Causative agents, 51-57
in dilferentisl diagnoss, 235
Infectious mononnicleom
m dilferentiil dingnawrs, 235, 239-240
leuhocytasss in, 13
Tomzing radintions
as causative agents, 401
as therapeutic agents, 319, 357
effect ou blood cells, 320-321
on bone marrow, 322-323
maode of uctian, 321-323
Ireland, mortality 1n, 30

Japan, mortality n, 29
Jews, mortahty 1n, 30
Jonts
ntologie changes, 132-133
pan and Jesons, 130-132
x-ray findings, 133-133

Kudneys, mvolvement of, 151

Yaboratory diagnoms, 243-239
Mood examinution, 243-230
bone marrow examination, 250-253
hematologie studics compared, 238-250
lymph node examuination, 256238
spleme puncture, 253-256
L eystine, incarporation 1n leukeme cells
prevented by analogs, 330-351
Leuhema
clasafications, 9, 15-26
defintion, 12-14
first deseription of case, 1
four t\pes distinguished, 15, 17
Tustory of, 1-9
as tmmunologic disorder, 402
troduction of term, 2
recogtized as discase entity, 1-3
relation to other

See olso Acule leukemia, Chrome leu-
Lemwna, and subty pes
Leuhema cuts, 18
relation 1o mycoms fungordes, 143
Leuhomie cells, ditsuguisbed from normal,
399 See also T euhucytes
Teukemogenie factors, 6277
uromatic  solvents and
chemeals, 77
benzol, 7577
horedity, 6263
hormones, 66
radiation, 66-75
hemoyd Tashies, m di i
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benzene ning

Leuhkemoid reaction
1n differential dingnosis, 239
distingui~hed from lenkenua, 14
Leukeran Sce CB 1343
Leukocytes
1 seute leuhemia, 243-246
bewgn proliferations, 13
cell counts
urcas to be conwdered, 12
notmal or Yow, 17
ssgnthieance of high, 13
1 chrome leukenua, 247-249
granulocytic, 247-248
early concept, 2
immature See Blast cells
leukerc, compared with normat, $6-110,
329

carbohydrate metabolism, 105-106

chemstry, 99-103
eytochemical methods, 99
glycogen, 101-162
nstammne, 103
Tapuds, 102-103
non-protein sullhydnls, 103-104
phosphatases, 99-101
vitamins, 104105

m vitro studies, 103-109

Life span, 106-108

morphology , 93-99

profiferation and maturation, 56-03
cellular sberrations, 91-92
wuelese aoid content and metabolism,

$8-490
prumtive See Blast ceils

Leuhoey toors

1n infectious mononucleoa1z 13
non leukemic, 13-14

Leukopena, 1n differentiat diagnosss, 240
Leu

291-202
untreated, progoosis in, 301-304

cantrasted with leukemia, 8, 18-22
1n dufferential diagnosts, 236, 241
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Leukosarcoma—Continued Metabolinm, 218-226
early concepts, 7 basal rate, 221-222
leukoeytic neoplasms considered as, 47 purine, 219-220
See also Lymphosarcoma scrum protem abnormahties, 222-226
Lipid content of leukoeytes, 102-103 Maculicz’s sy ndrome, 149
“Low-percentage” leukema, 15-16, 119 Mitosts of leukemie and normal leukocey tes,
Lungs, involvement of, 147 86-88
Lupus erythematowus, in differential diag-  Mitotic poisons, in chemotherapy, 328
nosts, 240 Mongolism, with leuhemua, 66
Ly mph nodes Monoey tie leukemta, 23, 25
enlargement, 126, 128-130 acute, 16
laboratory examination, 256-238 blood and bone marrow, 166-167
Lymphadenopathy signs, 160
1n chronic granuloeytic leukemia, 171 chronie, 16
as local sympton, 121, 123 equated with Schilling type, 23
Ly mphatic leukema, 3, 7 Naegeh tpe, 23
Lymphoceytic leuhemia relation to Hedgkin's disease, 23
acute, 16, 18-19 Sciilling t) pe, 23
blood and bone marrow, 166 Mortality
signs, 160 age distribution, 36, 40
treatment, 370-379 in children, 31

chronie, 16 from death certificates, 20, 32
blood and bone marrow, 187-188, 248~ defined, 27

249 from hospital statistics, 32
course, 188189 i Jews versus gentiles, 30
no blast cells 1n, 248 10 older age groups, 40
splenogram 1n, 255-256 relation 1o mewdence, 27, 39
symptoms and signs, 179-187 10 soctal groups, 30
treatment, 388-393 m United States, 3t
-ray therapy, 326 10 urbun versus rural areas, 30
and lymphosarcoma, 18-19 10 various countries, 30-3
and Iy mphosarcomatosis, 22 Mouse leukemias, 404
types, 358 as evidence for neoplastie concept, 47-50
Lymphoc tosts, 1 di I d s hereditary factors, 62-63
235, 230, 242 virus origin, 53-53
“Lymphoma,’ 45 Multiple my eloma, 159-202
as inaceurate term, 22 bane marrow, 100-195
Lymphomatoses, Tirk's elassification, 6-7 consudered ws leukenua, 16-17
Ly mphosareoma. coure, 201-202
1a differential dragnosss, 236-237, 241 pathologic phsiology, 159-201
guant folhcular, associated with Iympho- amilotdosts, 200-201
evtic leuhema, 19 Beuce-Jones protewsenia, 199
leukemte and alewthene phases, 4616 bone marrow, 190-195
Iymphoblastie or Ivmphocs tic, 21 coagulation disturbances, 200
and lymphoes tie leukemia, 18-19 hyper 1 and hyperglobul
relation to leuketoia, 6-7, 18 mia, 193-197
of spleen, 19, 256 renal disturbance, 199-200
See also Teuhosareoma rouleau formation, 107-199

sedumentation rate, 197
serum proteins, 195
relation to plasmacy toma and plasma cell
leuketnn, 46
treatment, 393-306
advanced casen, 305
complications, 305-306
10 el n d 1 carly canes, $94-305
diagnoss, 234 by phosphorus, 32, 327

Maeroglobulinemia, 223-226

Malara, 1n differential diagnosis, 235

Mast cell leukemua, 179

Menmgenl irntation, i differential diag-
nows, 237
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Mustard derivatives, ay therapeutic agents,
334-335
My cons fangoides
in chronse Iy mphocy Gie leukemia, 185
in differentisl dingnosis, 237
relation to leukenua cutis, 143
M eloblastic leuhemia, m ehloromay 21
My elobdasts, 89
1n acute leukenna, 244
My elocy tes, source of, §
Myelofibrost, 1n differential diaghosts, 23,
Hl

Mielugenous leukenna, 4, 8
Ahvelod metaplasia
m differentisl diagnosis,
255
from tuberculows, 293
See alzo Myclosclerons
Myclomu Sce Multiple mycloma
Myelomatesis, th differential dingnonis, 236,
239

236, 239, 241,

Mjyelo monocy tic leuhenna
blood and bone marrow, 161-164
signy, 160
Ay eloproliferative disorders, 262-203
acute, 278-201
chrone, 264-278
myelosclerosis with myeloid meta-
plasia, 264271, 255-201
poly oy themu vera, 271-217
thromboey thenma, 277-27%
classification, 262~2¢
defined, 262
hustors, 263
Mj elosclerams
1 differcntis) diagnoss, 236
with mycloid metupliania, 261-271
291
from tuberculowis, 203
Sce also Myeloprohiferative disorders
iy elotoxieaty,, 315, 357
Mjyleran, 315, 336-337
action an granulocy tes, 333
for chrome granulocytre Jeuhemia, 383
354, 387-358
not for multaple my eloma, 395
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Naegel ti pe of monoes tic leukema, 23
Natural history of leukenna, 398100
Negroes, mortality 1, compared
whites, 30
Neoplastic concept, 44-30
ammal research, 47-50
eytology of leukeme cells, 45
dependent on conditioned neoplasms, 49
tumora of Iymphatic and hematopoletic
aystems, 45-47
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Nephritis, scute, n differential dragnosss,
235
Nervous syatem
involyement at onset, 120
lestons, 138-140
sy mptoms, HO-141
Neuroblastoma, in diferential disgnosis,
226

veutropenta, sn differentaal diagnosis, 240
New Zenland, mortality 1n, 31
Nitrogen mustards, 320-334, 357
sction on hematopoetie eclls, 332-333
for acute leukemiu, 378
chromosome damage versus mitosy n-
hitation, 332
for chrome leukenua
geanulocy tie, 357
Iymphocy tie, 358
clinieal uses, 337
denvatives, 314-315, 334-338
mechanism of cellular effoet, 331-333
radiomimetic effect, 332
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