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| This issue oR Present Concepts is devoted to reviewing some of the areas in hematology
| which bhave been

most strongly influenced by the advances of the past ten to fifteen
vears. Much ofjthe issue denls with disorders of hemostasis, a subject that two

{ decades ago was sometimes referred to as the “"graveyard of hematology". 'fwo contri-
{ butions in this issue review important advances in j knowledge of platelet function

and coagulation -- normal and pathological, and two other articles present the curren

thinking and findings on two of the most common bereditary abnormalities of hemostasis
—-”classical hemophilia and vonWillebrand's disease.( )

+ ‘

By definiting many hereditary erthrocyie defects at th;\molecular level, a rational

classification of & number of hematological syndromes»(fhe etiologies of which were
u*ally obscure before 1950) has been possible. More importantly, this“aefinitlon

ni’ many inherited red cell abnormalities at the molecular level has served as & mode .

for the geneticist and molecular tiologist in their mere-besic quest for unlocking

the secrets of human blology. The hemoglobinopathies and red cell G-6-PD deficiency

represent classic examples of genetically determined molecular disease. G-6-PD de-

ficiency, the most common of the recognized red cell enzyme deficiencles,is reviewed

in tkis issue with emphasis on tha spectrum of clinical mantfestations encnunterea
in affected subjects. ,

'

The last of the six articles in tne symposium is a review of the difficult subject of
hypoplastic anemia.
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IPOREWVORD

the past two decades have witnessed unparallclcd advances in medical science,

Few ficlds of medicine have failed to share in this progress, but none has been
- more greatly influcnced than the specialty of Hematology. During this period
we have seen Hematolcgy evolve from a discipline concerned principally with
the number and quality of blood cells to one which has expanded to encom-
pass biochemistry, genetics, and molecular b:ology as they apply to hemato-
logical discase. Progress has been greatest in the area of delineating *basic
mechanisms of disease™ and in advancing our understanding of the complex
personalities of the red cell, the platelet, and the coagulation system.

This issue of Present Concepts is devoted to reviewing somie of the arcas in
hematology whichi have been most strongly influenced by the advances of the
past ten to fifteen years. Much of the issue deals with disorders of hemostasis,
a subject that two decades ago was sometimes referred to as the ‘“‘graveyard

of hematology”. In 1961 Tocantins said of coagulation and hemostasis:

‘““This hardy perennizl has flowered bravely in the last few years, though
surrounded by predatory weeds which all but hid the brightly colored
blossoms.” The flowering has been even more profuse in the subsequent
decade. Although far from complete, present knowledge of normazl and patho-
logical hemostasis has reached the point when a systematic approach to in-
vestigation of the parient with abnormal bleeding is possible and with reason-
able assurance that the defective mechanism will be defined.

The contributions of Doctors Cohen and Spivack in this issue review important
advances in our knowledge of platelet function and coagulation — normal and
pathological. Doctors McCracken and Logan have brought us up to date on
two of the most common hereditary abnormalities of hemostasis — classical
hemophilia and vonWillebrand’s disease.

By defining many hereditary erythrocyte defects ar the molecular level, a
rational classification of a number of hcmatological syndromes (the etiologies
of which were totally obscure before 1950)has been possible. More importantly,

Present Concepts, Vol IV No 3, March 1971
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Foreword

this definition of many inherited red cell abnosmalities at the moleacular
fevel has served as a model for the geneticist and molecul.r biologist in
their more basic quest for unlocking the secrets of human biology. The
hemoglobinopathics and red cell G-6-PD deficiency repre-ent classic ex-
amples of genetically determined molecular disease. G-6-PD deficxcncy, \
the most common of the recognized red cell enzyme deficiencies, is reviewed
in this issue with emphasis on the s;ectrum of clinical manife=zations ens
countered among affected subjects. I

Doctor Schoen has revizwed the difficult subject of hypoplastlc anemia —
an etiologically diverse group of syndromes that continue to evade rational
classification and specific therapy. :

A number of other hematological topics might well have been included in
an issue concerned with *“advances” in the ficld. Obviously, no pretense

is made of a comprehensive review.  Subjects selected for this symposium
reflect to some extent areas of interest of the authors. They were also
judged, however, to be subjects with clinical relevance and therefore, hope-
fully, will be thosc topics of particular interest to our reading audience.

LTC NE!L W, CULP, MC
Guest Editor

l ’ Present Concepts, Vol IV No 3, March 1971
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THE BLOOD PLATELET T
Its Function and its Disorders

Richard . Cohcn,- MD.*

One of the most ous svending developnents in hematology
#ithin the past" five years has been thé recognition of the
~omlex oerqnﬁality of the blood nlatelet, ard the intricate
and critigal” roie this blood element nlays in rormal hemo-
stagis, T- would: like to review with you some of our under-
standing of normal and abnormsl platelet function and discusc
some of the newer diagnostic procedures that are now avzilable
: for the ‘evaluation of suspected platelet disorders.

When 8 blood vessel is severed or damaged, a series of
resctions is set in motion to rapidly :stem the exit of blood
from the vascular bed. The major @vent inltiating this reuc-
tion is the exposure of collagen fibers which underlie the
vigcular endothelium. The platelet, migrating through the
blood stream, is chemically attracted to these exposed fibers
and the contact between collagen and platelet leads to important
morphologic. and biochemical changes within the platelet itself.
The platelet alters its shape from a thin disc-like structure to
a8 spiny sphere and the many granules contained within the plate-
let begin +to0 Aisappear. At the same time, high concemtra-
tions of sérotonin and adenosine dirhosphate (ADP) begin o
appear. Although the actual function of this serotonin is
not fully mown, there is some ‘evidence to suggest that it
leads to-contraction of the severed vessel walls thereby
reducing the size of the hole through which blood can leave
the vessel. The AP, in a poorly understood mamner, serves
&8s a potent stimulator of platelet adhesion to the vessel
wall, as well us cohesion between the platelets themselves.

One platelet sticking to another leads to the aggregation of
many platelets.. This results in the formation of a plug
having thé temporary ability to halt blood ‘loss. During
tnis stage, the platelets retain their morvhclogic identity
-and dan be digaggregated to return as viable agents into

the blood stream. Thrombin now begins to appear at the gite
of 1njury, stimula ed at this cerly stage of hemostasis by

‘Dimm, Clinical Coaguiation Laboratosies, San Francisco General Hospital as.d Mount Zion
Hospital, San Francisco; and Asalstsnt Clinicel Frofessor of Modicing, University of Catifornia
Medicsl Center, San Frencisco
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The Blood Piatelet - Cohen

the imnediate release of tissue thromboplastin throngh the
severed vessel walls. TIhromstin causes newly arrived
platelets to release rapidly their ADP and aggrezute further
on top of the already apgregated plateclet mass. Under tha
influence of thrambin, in 2 srocess called viscous metanor- e
Jwsis, the platelet plug now becomes a dense zggregate, -
irreversibly bound together with loss of identifiable indi- i
vidual platelet architecture. As more tine ocacses, new i
thrombin becomes generated, stimulated through the biochemical .o
events of normal intrinsic blood coagulation. Fibrinogen, ;
flcating in and about the platelet mass, is transformad by i
this thrombin into a network of fibrin strands -- serving
effectively to reinforce the platelet mass and leading vo a
solid definitive plug. As a further protective devica,
normal platelets release the protein thr mbasthenin which
causes convraction of the platelet-fibrin mass and promotes
additional consolidation and impermeability of the definitive
hemostatic plug., In this manner, the body sufticiently seals |
small leaks in its vascular compartment in the normal indi- i
vidual. E

The blood platelet possesses within its conflines many i
amino acids, proteins and other chemical materials. The ;
. nurpose of many of these is unelear., It is knoun thas the ;
ntatelet membrane supplies phospholipid necessury for
affective blood coagulation. This functicn of the platelst ,
- eg beeny callea "platelal factor 3 acbivity" und further
clarification of the nature of this acticn is required. It
acears that A plasna factus is also necessary I all of
vhese platelst reactionc are Lo taxe place adequabely. The
abuzvc2 of thic fzenor aprears respongible for aany of the
hemnsbztic abnormalities seen in von Willebrand's diceass,
and accordingly the plasmz factor has been referred to as
the "'von Willebrand's factor",

Tne clinical result of 2 defect anywhere within bthis
orimary -hemostatic mechanism is bleeding. The bleeding s
characteristically takes place in the skin or smcous meu-
branes and produces the characteristic findings of petechiwe,
purpura or ecch;noses. It is also seen as 3 perolcben+ 0N .
folleouing trauma or surgery. The three grouss of abnormali-
tias involving the orimary hemostatic mechanisn tiat can
eventuate in clinlcal bleeding inzlude (1) thrombocytonenia,
(a cuantitative defect in nlatelet numbers), (2) platelet
djsfunc?ion (an acquired or congenital nualitcui ‘¢ plagelet
defect), znd {3).absence of thz plasma factor ancessary fur

35us 7 2R B o 225 XYY EES

Y, v

PANEeS

2 Svas K
——r

Present Concepts, Vol IV No 3, Marck 197}

ot s
sra i At 1 s

._.....,.
Soven et s
A —

S ;
SEFAR IR e f et sl tnry SFR ) L PR L .

E



,::4(';:';.. 233 (:{‘, ,,rgf?;:..,tf

Sheap
K

N

Vo Set D S T R S s e ET L SRR RS AT s SRR s T AR R A e
B A O e A

193

The Blooed Plcelet - Cohen

normal platelet reactions to take placs (the characteristic
finding i1 von Willebraxd's disease). Only the qualitvative
defects in piatelet function will be discussed.

The teérrinology used to define platelet dysfunction
nas been, in the past, ‘confusing and inadequate. Certainly
the progress in recent years has allowed further definition
of specific categories of abnormalitiec and it is probable
that new and more useful terminology will gradually develop.
Thrdmboczgogathx has been used to indicate a qualitativs
platelet detect in which platelet factor 3 activity is not
availableé to the blood coagulation system. Conditions in
which it is found as an acquired defect included myelona,

macroglobulinemia, and following extensive use of Dextran®
In these circumstances a coating of the platelet membrane

" by the protein or Dextran® prevents exposure of the platelet

factor -3 activity to circulating coagulation proteins. In
thrombopathia, platelet aggregation induced by collagen or
thrombin is ineffective; however, the platelets appear

to respond promptly and normally to exogenous AP, suggest-
ing that the disorder is due to impaired relvase of ADP
from platelets. Thrombasthenia is viewed as a disorder in
which ADP is normally released by stimuli, sucn as collagen
and thrombin, but the platelet membrane does not react

to this material and no aggregation occurs. Even the
addition of normal exogenous ADP does not produce aggre-
gation. It should be recognized that these terms, confus-
ing and semantically inappropriate, were devised before

the true intricacies of platelet physiology were appreciated,

A significant finding has been the recognitien that
a large number of commonly prescribed medicaticns have the
ability to interfere seriously with the collagen-platelet
interaction. These include su¢h drugs as aspirin, butazo-
1lidin, indomethacin, glyceryl guiacolate and the vasodilater,
dipyrimadole (Persantin® ). Their effect produces a state
of inducéd ‘'thrombopathia' where ADP release from platelets
does not occur on exposure to collagen or thromdbin., A state
of defective primary hemostasis may then occur, and is meni~
fested by an abnormal bleeding time and by excessive spon-
taneous or trauma-induced bhleeding. Since the effect of

Present Coacepts, Vol IV Nq 3, March 1971 .
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The Blood Platelei - Cohen

these arupgs has been shown to last
in~cction it is possible tnat axecessive sureical or nost-
aperative bleedirg may he the result of recent ingestion »f
any ~ these drugs. Meny investiesators have reasonod chat
the abilivy of these medications to impalr nlatelet agzgreca-~
tion may have important therapeutis imnlicctions. The
formation of a chrombus appears no depend %o a large degree
on platelet interaction and aggrepation. Studies sre cur«
rensly underwzy throughout the vworld to see if the nronhylac-
tvic administration of anti-zgoregating spents will reduce the
incidence of thrombosis in coronary artery, ceprcbrovasculacs,
and yerisheral vascular disease. Recent work by Murphy and
Mustard hrs demonstrated that pretreatment with oaspirin
nrevents the generalized Schwartzman reaction and disseainnted
intravascular coagulation in evperimental animals. Additional
renorts showing that Persantin® lowered the incidence of
shrombosis in orcbnhnnlc heart valves following cardiac
surgery, and that intravenous aspirin produced remissions in
thronbotie thronbocytonenic purnura suggests Lthat this aporoach
~y have exciting adnlications., Certazinly the 1lterzture over
the nert several years will contain 'much information relative

to this subject.

28 long as one week alter
sive
*i

In vhe evaluation of the bleeding natient in whon @
prinm 1rv hemostatic defect is suspected, the inisial critical
laber 15ory devtermination is the platelen count, he often
re';le cved »rocedure of looking at the vderioherel blood

ar mzy yield guickly the diagnosis of thrombocytoneniy
bu» may also show large abnoarmal nlatelets such as those
seen in sevaral congenital pletelet disorders. It should
ke stressed that the most immortant bedside test for the
~ogsible aresence of an acquired or congenital nlateleb
hemostatic celect remains the Ivy bleeding tine. Through
the standa’d skin runcture made with #11 scalnel blade, one
creates an exoosure of collagen to the blood olatelet. By
recording the time necessary for all oozing froa the cut to
ceas”, one has an excellent meazsure of whether or not all
the hemostatic events have been able to tzke place adequately.
Carrant evidence supgests that the sensitivity of the tesht is
further enhanced by repeating the bleeding time two hours
after the ins2stion »f 10 grains of asnirin. Whereas this
drug will disturb only mildly the hemostatic sequence in
nor1:l irdividuals, those »atients with & 4d2fect ir orimarv
hemostasis, irregardiess of the cause, will develop unarked

[¢]
_:!
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The Blood Platelet - Cohen
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Fig 1. Bleeding time values (Ivy method) in normal und discased stutes before and two hours
following ingestion of 10 grains acetylsalicylic acid.

prolongation of bleeding time. Figure 1. This is help-
ful where the initial bleeding time is borderiine or slightly
elevated in a patient suspected of having a hemostatic abnor-
mality. The Rumpel-Leede capillary fragility test, while
simple enough to dec, is much too variable and nonreproducible
. to be of significant value. Observation of clot retraction
when carefully done in a 37 C waterbath gives useful informa-
tion. The contractile protein, thrombasthenin, is necessary
-for this reaction and defective clot revraction either implies
‘ an insufficient quantity of thrombasthenin due to a low
platelet count, as seen in severe thrombocytopenia, or a
defect in the release of thrombasthenin as is seen in the con-
genital disorder, Glanzmann's thrombasthenia.

Present Concepts, Vol 1V No 3, March 1971
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The Blosd Plateler - Lohen

Tre Salzman p1atelet adhesivencss test is a procsdule
which .isagures the capaclty of platelets 4o adherz to glass
keads under controilsd conditionz. The Salzman apparatus
consists of 2 standsard number of glass beads conbained 1n
a plastic tube, & plateles count is done hefore and af't
blood has been passad through this column of glass beads,
tha teads serving us a nidus tc which the platelets may
sbick. With the loss 9 normal characteristics of platelet
adkesion, the pro- anid post-psssage platelet counts are
esgentislily similar. The msjor diagnostiu use of this test
has been as an aid in the recognition of von Willebra«d's
disease and &¥ metabiclic induced plaislet dysfuncuion, such
as that which occurs ir uremia.

Perhaps the greatest boon to the detection of platelet
dysfunction has come aboub with the use of the platelet
aggregometer, an instrument feor recording in vitro the
capacity of platelets to aggregate. This technigue is no
longer to be considered an escteric research procedure
and should be understood and appropriately used. The
apparatus is based on the principle that a light beam
passing through plasma in which platelets are freely cir-
culating will be deflected by contact mith these platelets.
If one then-adds to this platelet rich piasma, materials
known to affect platelet aggregation in vivo such as epine-
phrine, collagen, thrombin or ADP, aggregation of these
platelets should take place in vitro if they retain normal
function. As they begin to aggregate into clumps, the light
beam can now pass through clear areas in the plasma withont
being deflected and can be recorded., This technique can
then be effectively used tn pinpoint the specific functional
inability of a particular patient's platelets. The response
of normal platelets in thig in vitro system to the addition
cf ADP, collagen and epinephrine is illustrated in Figure 2.
This is in contrast to the classic aspirin-induced platelet
function abnormality that is illustrated in Figure 3. The
platelet camnot apparently release its own ADP to enact
the aggregating response and therefore, there is no aggre-~
gating response to collagen or epinephrine. However, the
addition of exogencus ADP produces a prompt and normal
response. It is provocative to think that such a response
occurs in all of us after the ingestion of only cne aspirin
tablet and that this effect may remain present for as long
as seven days aftes that one tablet is ingested. A similar
type of defect can be geen to exist in Figure 4. The

Present Concepts, Vol IV No 3 March 1971
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Tie Bload Platelet - Cohen

sndlviaual had marked thrombocytosis and all of nis plutelets
woere rendered delfective by his clinical state of severe
urenia.  Utilizing this technique a significant number of
cnwerdoal bleeding problems have been characterized and
furbher clarilied.  Subsequent researcn methods which may
~ventually find their way into more routine clinical use
wnelude measurement of nucleotides released from platelets
daring thelr aggregating response, mcasurement of specitic
nlatelet enzyme systems, and assay of cynlic AMP. The impor-
vance of these factors is just beginning to be recoghized.
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Fig. 4. Aggregation of platelets from 2 nremic subject demonstrating absence of sggregating ro-
sponse (o cpinephrine and collagen.

In conclusion, these advances in technigue have permitted
us Lo appreciate the multiplicity of splendid functions of the
blood platelet. Certainly, more is yet to come., Whereas,
until recently, the bleeding time was the only procedure
availsvle for testing for hemostatic dysfunction, these new
methods nave permi.ted more accurate categorization and more
rational therapy of bleeding disorders. In addition, the
recognition of the effect of commonly used drugs on platelet
funct ton has opened up a new and exciting era in therapeutics.
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It may seem curious that blood coagulation, which is after all a subsidiary and
non-essential fragment cf rotal bodily acitivity, should involve the multiplicity
of factors illustroted, and a complexity which grows rather than resolves with

increasing knowledge.
- R.G. MACFARLANE, 1948
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HEMOSTASIS AND INTRAVASCULAR COAGULATION

A Review

Alan R. Spivack, M.D.*

Intravascular coazulstion is now recognized as a
frequently occurring entity associated with a number cf
Aiseases and in a number of clinical settings. Wwhen the
syndrome is full-blown, there is little difiiculty in making
the diagnosis. However, all gradations of disseminate:
intravascular coagulation (DIC) exist /1/ and it is the
recopnition of this syndrome in its mild form that is most,
sifficut, The syndrome must be recognized in its earliest
stages if the physician is to be successful in its treatment.
To <o this, an understanding of the coegulation and fibrino-
lytic systems is necessery. One must also understend the
various tests of coagulation and the interpretation of the
datn 5o that the proper treatment may be instituted without
delay.

Normal hemostasis may be conveniently divided into
three phates for study - (1) the platelet phase, (2) the
fibrin formation phase, and (3) the fibrinolytic phase.
Although cach of these phases will be discussed separately,
they are not isolated processes and probably all react
simultancously resvlting in continuous herostasis. Defects
may oceur in any one of the three phases. Multiphasic
defects, as well as multiple defects within one phase, are
also possible.

In order for blood to coagulate a number of events must
ocour. These criteria are as follows:

- - The coagulation mechanism must be intact.
- - 4 proper stimulus nust be present to

activate either the intrinsic or the
extrinsic coagulation pathways (vi<ie infra).

sFornesrly Staff Heraatologist, Letterman General Hospital; presently, Staff, Department of
Med, tine, Jewish Hospital, Washington University, Saint Louis.
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Hemostasis end Intravascular Coagulation - Spivack

~ - Stasis of blood is necessary to
prevent the procosgulant materials
from being raplqu dilutgd or washed

T dway

-~ « ‘The hepatic or the reticuloendothelial
clearance mechanism must be impaired’
in some way so tnat procoagulent

. materials are not removed from the

e eirculation,

, The last criterion need not be present for the normal
response t5 bleeding from a traumatized vessel but it is
necessary for the occurrence of pathologic coagulation such
as onc sees in the disseminated intravascular process. When
these criteria are present coagulation mey proceed either in
normal:response to injury or in the supercharged fashion

‘that .makes. up the subject of this paper. The disgram {Figure 1)

will be a basic graphic reference for each of the phases
discussed.

N

The Platelet Phase

The initiel stages of hemostasis are afforded by platelet
function. When tissue is sufficiently treumatized so that
vessels are injured and bleeding occurs a number of reactions
follow. There is vasoconstriction which is initially a product
of mechanical irritetion and the bleeding is decreased. This
reaction however is insufficient by iteself to arrest
hemorrhage./2,3/ Circulating platelets are then seen to adhere
to the defect in the vessel, a reaction known as platelet
adhesion and aggregation which scems to be mediated by exposure
of circulating platelets to collagen fibers. That exposed
collagenous fibers are necessgry for this reaction ¢o take
place was shown by Hovig./l/ Ashford and Freiman /5/ further
demonstrated that platelet acdhesion to an injured area of swsll
vessel did not take place unless the injury was sufficient to
cause disruption of the zndothelial layer and expose the under-
lying collagen fibers to the circulation. When this require-
ment is fulfilled, platelets swell, extend pseudopodis,
degrarulate and gelcctively release a number of products into
the surrounding medium. This reaction is known as viscous
metamorphosis. The prcducts, e.g. serotonin, catecﬁEIEEIﬁés,

-
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4 , Hemostasis and Intravascuiar Coagulation - Spivack

adenosine diphosphate (ADF), end platelet factor k4, cause
further platelet aggregation mediated primarily by ADP and
continued constriction of the injured blood vessel (catechola~
mine and serotonin). Platelct factor 4 is a highly basic, 1-w
molecular Weight protein with anti-heparin actlvity wnich is
also sble to neutralize the anvicoagulant effect of fibrinoger
breaekdown products./6/ The reaction of platelets to exposed
¢olliogen is reversible and requires no cofacters. ADP induced
plateiet aggregation is also reversible /7,8/ but requires the
presence of calecium, fibrinogen and other plasme cofa~tors./9,10/
Although there are seversl hypotheses, the exact mechanism of
platelet aggregation has not been fully explained./1l/ Low
concentrations of epinephrine, in addition to maintaining vaso-
constriction and stasis, allows the ADP-platelet reactions to
proceed more rapidly./12/ Serotonin release also causes
platelet aggregation /8/ but its role in platelet metabolism
and coagulation has not been illucidated. It does have potent
vasoconstrictor atility and its function in the hemostatic
process may be entirely in this capacity.

a8 MOy 14 N S Bk
SR AN

Ty

SR e S A SR R
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: The resnlt of the above prccesscs is a platelet pylug that

> £i1ls in the vascular defect and bleeding ceases. Although

k= this platelet plug is hemostatic, it is effective only temporerily.
If it is not supported by intrinsic and extrinsic fibrin formation
disintegration will occur secondery to the slightest mechanical
stimulation and bleeding will again commence. This is the
presently accepted explanation for the delayed bleceding or
rebleeding phenomenom exhibited by injured hemophiliacs who niay

be asymptomatic until a few hours have elapsed after their
traumatic episode./13/ 1In this case platelet plug formation is
normally completed but the subsequent steps of fibrin formation
which are necessary to solidify the friable platelet plug are
defective.

The next phase of platelet hemostasis is mediated by the
action of thrombin. Minute quantities of thrombin, probably
derived from plasme trapped within the platelet plug or derived
from clotting factors adsorbed on platelets /6/, cause consolida-
tion of the platelet plug. In this phase platelet aggregates are
made impermeable by the contraction of the platelet protein
thrombosthenin./1k/ This protein is similar in many respects to

. actomysin found in skeletal muscle. It is specuvlated that
2 - “thrombosthenin and fibrinopeptide B derived from the action of
~--—_ throroin on platelet fibrinogen are responsible for clot retrac-
tion cBmmonly observed in vitro as a crude test of platelet

o ar e *
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Hemostasis and Intravascular Coagulation - Spivack

function./15,28/ Thrombin ulso induces viscus metamorphozis

of platelets /16/ during which amines, neuclocides, potassium

and amino acids are released./8/ Further ADP is released

which uscts synergistically with thrombin to perpetuate platelet
aggregation./17/ This action of thrombin occurs without

systemic fibrinogen proteolysis because only small amounts of
thrombin are required to aggregate platelets, an amount less

than that required to convert and polymerize fibrinogen./8/

The thrombin contalned within the platelet plug is nct accessible
to the systeric circulation.

Collegen also has tne ability to cause viscous uwetamor-
phosis. This reaction is limited to the platelets at the
pe.riphery of the plug in contact with collegen fibers whereas
thrembin affects the entire aggregute./16/

In addition to ADP, collagen, and thrombin, a large number
of other substances are able to elicit a similar platelet
response. Figure 1. After reading Zuck~r's ennumeration /18/
of these "other substances", one is immediately impressed by the
host of stimuli to which the platelet is vulnerable. The rela-
tionship of prostaglendin E, to the regulation of platelet
aggregation is currently under study./19/ These findings have
set the stage for a large amount of work on the platelet-aggrega-
tion reaccion and on the various pharmacologic sgents which are
inhibitory./20. 22/

Various platelet fectors perhaps serve as a bridge between
the platelet pnase of coegulation and fibrin formation.
Platelet factor 3, the test-known rlatelet factor, has the
ability to act in the irntrinsic coagulation pathway (vide
infra)./8/ ‘The existence of this factor as a distinct bio-
chemical entity has been questioned. Marcus /8/ proposes that
platelet factor 3 represents a unique platelet function
mediated through nhospholipoproteins contained, for the most
part, in platelet membranes. Platelet membrane lipoprotein,
therefore, will be subsequently referred to as platelet factor
3. This factor ects in the intrinsic coaguleticn pathway at
two points. First, it aids in the conversion of Factor VIII
to its active form and seccndly, (elong with caleium, Factor X
and Factor V) platelet factor 3 forms the complex known as
prothrombin activator (vide infra)./€/ Biggs et al /23/ have
recognized anotner platelet factor that is active in the
extrinsic system wher: platelet factor 3 is inert. They found
that clotting times waere shortened when incubated platelets

Osesent Concepts, Vol IV No 3, March 1971
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were washed and added to coagulation mixtures of normel plasma
and plasmas deficient in Pactors XII, XI, IX, and VIII. This
effect was less marked when the same platelets were added to
plasmas deficient in Factors ¥, VII, and X. Apparently small
amounts of Factor XII are necessary for this reaction to pro-
ceed but no other intrinsic factors sre needed. They there-
fore concluded that platelets had the &bility to elaborate a
tissue factor similar to tissue thromboplastin that could
initiate coagulstion entirely through the extrinsic pathway.
The significance cof platelet tissue factor s minor because
it is well known that Factor XII deficiency is not associated
with a spontaneous bleeding tendency./2h/

The other platelet factors have been enumerated by Bowie
et al /25/ who recognize seven platelet factors. Platelet
factor 1 has been shown to be coasguletion Factor V. Platelet
factor 2 and 4 are low molecular weigh® proteins. The former
has been observed to shorten the time for fibrinogen conversion
by thrombin. Platelet factor 4 is an antiheparin which also
inhibits the action of fibrinogen hreakdown products./6/ 1In
addition to these factors, virtually e}l of the coegulation
factors are sdsorbed on the surface of the platelet. Fibrino-
gen, Factors VIII, XI, XII, end XIII are tightly bound, while
the vitamin-K-dependent factors II, VII, IX, and X are easily
dissociated by wushing./6/

Platelets temporarily errest hemorrhage and platelet
function sets the stage for fibrin formation with resultant
permanient hemostasis.

The Fibrin Formation Phase

In 1957 Waaler /26/ offered a convenient way of studying
the coagulalion system. This concept employs two systems which
usually, but not necessarily, rzact simultanecusly. Th: common
end point is prothrombin aztivator. Figure 1. The extrinsic
and intriasic pathways are discussed in detail in an excellent
review by Williams./27/ The extrinsic system is dependent on
tigsue Jjuices or tigsue thromboplastin which is present in
many tissues but particularly in blood vessel walls, lung, and
brein. Caleium, Factor VII and tissue thromboplastin foim a
complex /29/ with the ability to convert Factor X to it: active
form. Activated Factor X, Factor V, calcium, ané phospholipid
{collectively referred to as prothrombin activetor) will
support the conversion of prothrombin to thrombin.

Present Concepts, Vol IV No 3, March 1971

A RIS | BT TSRO R R Rl S S e Al St o

207

SRRSO R B A 1 R T £ S AR A RNV D KA R d.s&mwwm«m%m&m%m&%ﬁmﬁ%ﬁmw&

AR TALIA & RS T A e

Y P N I 22 MO NI )




AR S

R T T ey rympr gy
d AE&_"‘"!’, (% i3 a,vﬁ)},lﬁw TN

208

Hemostasis and Intravascular Coagulation - Spivack

. The intrinsic system involves a number of reactions
commonly referred £o as the ciscade or waterfall system of
coagulation. This system is initiated by activation of
Factar XII. A number of in vitro substances have the ability

" %o activate this factor but the mechanisms irvolved, at the

present time, are only postulates./30,31/ Skin /32/ ellagic
acid /33,3&/ and other electronegative, wettsble surfaces such

as glass, diatomaceous earths, micelles of long chain fatty

acids and collzgen fibers /7,35,36/ all have this ability. To
facilitate activetion, Factor XII plus other coagulatinn factors
are bound to platelets end Factor XII is activated by collsgen
contact when platelets adbere to these fibers exposed to circulat-
ing blood. Activated Factor XII1 enzymatically «-nverts Factor XI
to its active form./37/ In addition, activated Factor XII pro-
motes the formation of kinins via asctivation of the kallikreiu
system./38/ Kinins are potent hypotensive agents with marked
effect on splaanchnic circulation., Activated Facter XII plus s
plasma cofactor has recently been shown o convert plasminogen
to plasmin./39/ Although a considerable amouut ie known sbout
Factor XII, our knowledge is incomplete. For instance, Factor
XII deficlency is not asscciated with a spontaneous hemorrhegic
diathesis /24/ and how chis factor is bypassed in intrinsic
coagulation is 3till a matter of speculation.

Once activated, Fector XII enzymaticaily converis Factor
XI to its active form./37/ Activated Factor XI accivates
Factor IX./hO,41/ This reaction is calcium-dependent and is
f..aibited by heparin in low concentration./k0/ If activated
Factor IX is mixed with solutions of pertielly purified Factor
VIII in the presence nf calcium and phospholipid, ccagulant
activity evolves. Phospholipids are required /b1-k3/ and
thrombin, in trace amounts, potentiates this reaction,/LL/
Heparin is a potent inhibitor of this step./42/ Factor VIII,
when enzymatically activated by activated Factor IX, is able
to convert Factor X to its active form in the presence of
calcium as & cofactor./L3,45,u6/ when Factor X is activated
it forms a complex with Factor V, calcium and phosphclipid
(prothrombin activato.) and it is able to proteolytically
split prothrombin to thrombin, Thrombin proteolytically
digests fibrinogen and forms soluble fibrin monomer, plus two
classes of peptides./W7/ Pibrip moromer spontaneously poly-
merizes through hydrogen bonding to form fibrin polymer which
is insoluble in isotonic media./hB/ Fibrin stabilizing
factor (Factor XIII) /49,50/ converted to its active form by
thrombin cornverts fibrin polymer into a hemostatically competent
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fibrin gel which is insoluble in five molar urea.
in the presence of heparin cofactor, (antithrombin II) /51,52/
a plesma slpha globulin, is inhibitory to thrombii and thus
prevents the thrombin induced fibrinogen reaction and the
conversion of fibrin stabilizing factor to its ective form./50/

' The intrinsic and extrinsic pathways following activation of

In the intrinsic system,
the phospholipid is of platelet oxigin (platelet factor 3),

. Phospholipids acting in the extrigsic system are present as
microsomal particles in tissue thromboplastin and blochemically
function identically to platelet factor 3./27/

; venom, an agent used for assaying Factor X and for evaluating

platelet function, has the ability to activete Factor X directly

without utilizing Factor VII./Sk/ When using this agent for

estimating procoagulant activities, phospholipid must be added /27/

because it is not present in the veuom and tissue thromboplastin

is not used in the reaction mixture.

209

Heparin,

Russell's viper

Factor VII is unique to the extrinsic system while

Table I summarizes the cosgulstion factors.

TABLE 1

COAGULATION FACTORS

Factors XII, XI, 1X, and VIII are utilized only in the intrinsic
Factcrs V, X, and II function in both systems as a final
common pathway to the conversion of fibrinogen to fibrin gel.

N e S8
P CaleT W IRt A MR
N "—.:..»__;“\,.x....,-» (oS P a

f FACTORS PLACE OF PLASMA PRESENT IN
Number Name SYNTHESIS HALF-LIFE BANK BLOGD
I Fibrinogen Liver 3-6 days yes
I Prothrombin Liver 2% days yes
Il Tissue thromboplastin e .o
IV Calcium v - ..
VY Proaccelerin Liver Few hours ro
VII  Proconvertin Liver 5 hours yes
VIIl  Antihemogphilic Factor Reticuleendo-
or Globulin (AHF or AHG) thelia) system 6-12 hours no
IA  Plasma Thromboplastin
Component (PTC) Liver 20-30 hours yes
X Stuart-Prower Liver 2-3 days yes
Xl Plasma Thromboplastin
Antecedent {PTA) ? 60 hours® yes
X1 Hageman Factor ? 7 yes
Xili Fibr .« Stabilizing Factor (FS¥) ? ? yes
* According to Nossel HL et al: proc Soc Exz Biol Med 115:896-897, 1964
Present Concepts, Vol IV No 3, March 1971
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The commonly used tests to evaluate the various steps
of the coagulation mechanism consist of the prothrombin time
(PT) the partial thromboplastin time (PTT) and the thrombin
time (TT).

The PT tests the extrinsic system and employs the sddie.
tion of tissue extract and calcium to undiluted plasma./53/
This test primarily ref_ects the presence of Factors VII, X,
and V and when prolonged any one or a combination of these
factors may be deficient or an anticoesgulant mey be present.
Also fibrinogen muist be present in & concentrat:on of at
least 100mg/100cc.

The PTT eveluates the intrinsic system employing s nix-
ture of kaolin {for surface activation) /56/ and cephalin
(phospholipid brain extract),/57/ calcium and undiluted
plasma. Factors XIX, XI, IX, VIII, X and V are reflected
and prolongation may result from deficiencies of any one or
more of these factors. Prolongation € the PTT, like the PT,
may be due to an anticoagulant or a fiorinogen concentration
of less than 100mg/100cc.

The integrity of the fibrinogen to fibrin reaction is
measured by the thrombin time. In thi. test thrombin is
added to undiluted plasma. The thrombin time is the most
sensitive test, for hypofibrinogenemia or the presence of a
circulating anticoagulant directed against thrombin or fibrino-
gen such as heparin or fibrinogen breakdown products./58/

Prothrombin deficiency may not be reflected by a pro-
longed PT or PTT because these tests are relatively insensitive
{o this factor. To be certain of prothrombin con :entration
an assay specific for fector II must be done.

When any of these coagulation tests arc prolonged one must
determine whether or not a deficiency state as opposed to the
presence of a circuleting anticoagulant exists. This can
simply be done by mixing equal volumes of patient plasms with
known normal plasma and repeating the abnormai test(s). If a
deficiency state is present, the abnormal test should correct
on mixing whereas the test would remain prolonged in the
presence of a circulating anticoagulent.

Tests of platelet function consist of the platelet count,
the primary &nd seconcary bleeding times, in vivo and in vitro

Present Concepts, VollV No 3, March 1971
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‘aztsrof plateled sdhesiveness, platelet. aggregation, clot
= » petyaction; mnd evaluation of platelsi factor,3 activity..
Shese. teats are- discuszed by Marcue /8/ end Ginsberg and
. Asor [6/ '
{+08G Ly L aa. el

[ PEES
TheFibrinolyuc Phase

.- - " From the time thrombin is formed, the conversion of
<“:fibxinogen to £ibrin proceeds at a rapid rate. The first step
2:4dn- thrombin induced proteolysis of fibrinogen results in the
formation of fibrinopeptide & (Py) plus fibrinogen deprived of
RERRY: -3 '.~—(f~B). P, plns fy ere lfurther degraded by thrombin producing
- #Aorin-monefler (2) plus Tibrinopeptide B (Pp). This reaction
-- can-be schematically diagramed as follows ./!539/

- T T
?-P-PA + fga&»f + Py

F = fitrisogen; T = thrombin; fB' fibeinogen deprived of fibrinopeptide A; f=fibrin monomer;
| 4 Ach aze fitrinopeptides.
& firdt breakdown product formed is fg and it is able to
polymerize and clot without fuither thrombin action The
recognition of this esrly degradation product in the circula-
4ion may provide useful information that the patient is develop-
ing intravascular coagulation./59/

Ten milliliters of blood contain eufficient thrombin to
clot 2,500 ml of plasiza in ten seconds if all the prcthrombin
were converted./60/ Thrombin therefore mist be inhibited lest
a smill insignificant injury produce widespread devestating

. intravascular cosgulation. A nuwber of checks and balances
exist in the sequence of events., Leykin et al /61/ showed that
the perfused rabbli liver is able to remove activated Factor X
from the ciremlation, thereby inactivating the final common
pathway before thrombin formation ccecurs. The liver also has
the ability to ciear sctivated Factors XI and IX./62/ In
addition vo the liver which inactivates, and a rapid circula-
tion vhich dilutes and washes away the procoagulent material,
there are- a number of circuleting antithrombins. As discussed
by Soulier /63/ there are six antithrombins whose mechsnisms
of thrombin inactivetion include adsorption end neutralization;
the former is a rapid process while the latter takes place over
a protracted period of time,/60/

—
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? imneye %15t551421 another polent érzyme. systam whichs.
inteFPerel Yith {he' £ibrinogen-£ibrin ohversion which produces
ant 45 I aNt byproducts, FPlasminogeniy a circulating' plasms
globulin, is activated by highly specific proteolytic enzymes
call=d plasminogen activators or kinases. The kinases probably
open the arginyl-veline bond in plasminogen and expose the -
active enzyme center of plasmin./64/ Kinases are found in
trace amounts in all body fluids but sharply ircrease when.
there is increesed fibrinolytic activity in the blood. They .
are Hlgdb FHuHd’ in Urine (urckinase) and in most body tissues;
"#nd they efé especdially concentrated in lysoscmal granules and
in vasculer éndothelfdl cells./65/ Flasmirogen activation also
' otcurs In the presehce of activated Factor XIT plus a plasma
*" cofactor./39/ The pFodict of plasminogen activation is plasmin,
" proteclytic erzyme’ simildr to trypsin; capable’ of hydrolyzing
a nuszber of plasma proteins including coagulation Factors .V and
VIXI./€5/ 1Its action on fibrinogen and fibrin results in a
number of breakdown pgoducts sthat differ .from those produced by
thrombin., The first reaction of fibrinogen subjected to plasmin
" “18"thé ‘reledfe of two grovns of polypeptides./66/ The rirst
group sre small pelypeptides, soluble in trichloroacetic acid,
and comprise about 30 percent of the total nitrogen derived from
fibrinogen./66/ The 'second group are high moleculsr weight ;
(HMW) fregments accounting for 70 percent of the total fibrino- ;
gen nitrogen;/66/ 1€ is these HMW fragmeénts that have consider-
able importance in the hemorrhagic diasthesis produced by
fibrinogen breakdown products. Under the influence cf plasmin
the HM; fragments foim intermediates known as X and Y./67/
Further proteolysis occurs and fregments D and E are formed
which are resistant to further plasmin action./68/ The proteo-
lytic action of plasmin on fibrin results in similar end-products
%o those resulting from its action on fibrinogen, yielding frag-
ments Y, D and B /59/ but no X fragment.

SRR R A LU YA e . S bearen At
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As noted by Kowalski /59/ in his excelient review of
fibrinogey: derivatives, fregments X and Y and fragments D and E
are referred to ‘&8s the "early”" and "late" fibrinogen degrada- )
tion products. Pragment X and fibrinogen have a similar
molecular weight and elactrophoretic mobility. Fragment X is
clottable by thrombin but clots st a much slower rate than
fibrinogen and probably results in = defective clot structure.
Fregments Y, D, and E are unable 1o ciot and are potent
inhibitors of the clotiing process. When using the thrombin
time to compare the anticoagulant sffects of the fibrinogen
degradatiorn products, one finds that the early fibrinogen degrada-
tion products (X and Y) cause greater prolongation than the late
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Hemostasis and Intravascular Coagulation, . Spivack, ... vy .vvr. .

preducts (D and B)V /Prddumablytliis Ids-because ithe; early
products have two anticoagulsnt capabilities. (1) They com-
pete.with ribriiogen for-availsble thrombin and-(2)-they form
ifisoluble: non-clottable compléxes. with £ibrin monomer, = Al-
though fragments D:and E are less-potent in nrolonging .
thrombin time, their presence at. the time of fibrin polymeriza-

tion results in a grossly abnormal fibrin gel. The mechanism

“of action. of fragment E-is. tnknown although it is thouwght to

inhibit the fibrivogen-fibrin '‘conversicn, Only a slight pro-

longation of the throabin: time is obta‘ned when thiz factor is :
tested inga :purified etate. :

7 &

‘Fibtinogen degrauation products (FDP) are also eble to |
inhibit platelet function. The.early FDP are more effective '
. but significant inhibition is also afforded by the late products.
Piatelet. adhesion to glass, sggregation, and release of adenine
neucleotides are a1l dmpaired./67,69-72/

e

'I‘here are various inhibitors civculating which inactivate
the: plasminogen 8ystem, Plasma contalns potent suntiplasmins in
sufficient concentration to inactivete ten %times the available
vlasmin, The active factor is an alpha-l-globulin probably
identical with alpha-l-antitrypsin. It hes both immediate and
protracted activity./65/ The antiplasmine are particularly
inportant since tre proteolytic activisy of plesmin is not
speciric for fibrinogen but is capeble of digesting other
plasma proteins as well./Sh

Plasminogen in vivo probebly exists as a two-phase system.
(1) The circulating fraction accounts for fibrinogenolysis when
activated, and rapid imactivation by circudating antiplasmin
occurs lest the anticoagulant properties of tha gegradation
protucts “cause a generalized bleeding state. (2) Fibrinolysis
is afforded by nlasminogen activation occurring in the inter-
stices of a thrombus. When fibrin gel forms, plasminogen is
trapped within the network. Diffusion or ircorporaticn of
activator into the thrombus produces a localized plasmin de-
posit within the clot where the only substrate available for
proteolysis is fibrin. When the thrombus finally bresks down,
the unused plasmin is rapidly inactivated by circulating anti-
plaamins, /673 : -

‘the net result of the two~phage plesminogen system is that
no plasmin is preaent in the circulation but a potential for
widespread activation exists. This can occur systemically, as
in fibrinogenolysis, or 1ocally vhich results in thrombus dis-
sulution by fibrinolysis./64/
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BISSEMINATED INT RAVASCULAR COAGULATION (DIC) B
TR N H 2 - . : .- .
T (Tiicofdéx t0 récognize the.syndrome of .DIC the physician
must heve 'athigh indexiof -suspicion, be ‘aware of the-various

settings in which it occurs, and be able to interpret the

. Wheri"blood clots in: vitro; Fectors I, II, V, and VIIT and

-plateélétsiare .consumed,/73/ This results in prolongation of
- the PT, PTT, and TT.' Specific fector assays will show the

amount of depression of the involved factors. Vhen these
lsboratory results are obtained and the clinical setting is
propér; thers i8, of course, no-problem in making the diagnosis.
The sitvation, however, is rarely so clear cut. In the early
"stages’ of the syndrome, factor levels may not be significantly
changed from baseline values. The first clinical menifestation
may be ecchymoses resulting from consumption of plateletis.

When the syndrome is acute, the patiert mav detsriorate rapidly

“as’ ¢ fidenced'dy progressive bruising, purpura, ocozing from veni-
. puncture eites and mucous membrane surfaces, as well as by

developing thrombotic lesions, At this point the PT and PIT are
almost invariably prolonged as a result of utilization of

" coagulation factors. Catastrophic hemorrhage may occur,

perticilarly in obstetrical patients, but ususlly the bleeding
iz in the same patterns as described for other patients./l/ In
the subacute form of the syndrome laboratory values may be only
slightly abnormal. Diagnosis in such instances will require

the performance of more selective laboratory tests, such as the

- euglobulin lysis time, the evaluation of fibrinogen breakdown

products and circulating plasminogen levels. (The euglobulin
lysis time /T4,75/ is a somewhat crude test grossly messuring
the amount of circwlating plasminogen activator. If increased
levels are present, more plasminogen is activated aud the clot
lysis time shortens.)

Theé most informative test is the measurement of FDP by one
6r more methods. Thomas et al /76/ studied four commonly used
methods foi* evaluating fibrinogen degradation products. No
single ‘test was 100 percent reliable. The Fi test /77,78/ and
the “§taphylococcal clumping test (SCT) /79/ were primarily
sensitive to the early degradation products while the tanned
red cell hemagglutination inhibition immunoassay (TRCHII) /78,80/
was sensitive to both early and late fibrinogen degradation
producta. In DIC with markedly elevated levels of fibrinogen
degradation products all four te2ts were positive and there was
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Hewiostasis and Intravasculer Coagulation - Spivack

exie~llent norrelatiop hetween the Fi test, SCT, and TRCHII.
The immunodiffusion was positive in only 70 percent of the
patients however. /76/ The simpliest test and many times a
morct informetive one iz the examination of the blood smear
f~r evidence of a microangiopathic hemolytic snemia /81/
where fragmented cells, helmet cells, burr cells, and micro-
spherccytes may be present in great abundance. Presumably
the mechanism for this is trauma to the red blood cells as
they pass through a microcirculation clogged with fibrin
depnnits,

The Clinizal Setting

DIC occurs in a variety of clinicel settings. Bachmann /85/
ner utilized a claszification consisting of three catejories
beced on the causative pathophysiologic mechanisms. =

Bachmann's Tirat category consists of those diseases in
which blood flow 1s markedly reduced and stesis results. The
prototype of this category is the giant hemangesoma (Kasabach-
Meritt syndrome). In the enlarged tortuous hemangiomatous’
vessels blood flow is markedly reduced and slow activation of
the intrinsic pathway occurs even in the presence of a normal
vascular endothelium. Activated coagulation factors are not
released to the systemic circulation to be cleared by the liver
ané the reticulcendothelial system./83/ Primarily via intrinsic
cospuiation fibrin is deposited in the hemangioma. In response
t~ this localized coagulation, fibrinolyslis is stimulated with
resultant fibrinogen degradation products. Factors I, II, V,
VIII and platelets arc continually utilized wnd plasminogen
lpvels are decreased. when utilization of these factors
exceeds the rate of production; a deflclency state results.
Bleeding may develop and be further potentiated by the anti-
coagulant properties of the fibrinogen degradation products.
Disseminated intravascrlar coagulation also occurs by the
above mechanism in patients in severe heart failure with marked
edema (pulmonary, peripheral, or both) and in patients at bed
rest for any reason (especially in the elderly).

In the second category are the conditions in which thrombo-
plestic substances are released intn the circulation. This
includes a great many conditions as thromboplastin is present
in varying concentrationc in virtually all body tissues. The

Prezopt Concepts, Vol IV No 3. March 197]
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Hemostasis and Intravascular Coagulation — Spivack .

highent pexcentage of thlis group are obstgtricppatients,with
abruptio placenta, a retained dead. fetus, or amyiotic fluid
erholl. Acute intravascular hemolysis secondary to incom-,
petible blood transfusion, drowning, infections, etc. may
also be assocleted with DIC presumably from thromboplastin
relessad from the lysed red blood cell.. Massive tissue
injury, burns, transplant rejection snd surgery sll release,
thromhoplastin into the circulation. In transplant rejections
nntizen-antibody complexes have been shown to cause the
platelet contraztion-relesse phenomenon./18/ o

D1C associated with surgery probasbly has a higher
frequency than has been realized. Lung surgery end surgery
associated vith extracorporeal circuletion are prime siluations
fmr the occurrence of DIC. The high concentras4ion of thrombo-
plastin in lung tissue, the extensive foreign surface contact,
and tissue trsuma sssociated with operations requiring extra-
corporeal circulation sliow for massive generation.of pro-
thrombin activator via both intrinsic and extrinsic pathways.
Neoplastic diseases are frequently ussociated with thromboembolic
complications. Ia Merskeys series of patients with DIC.one-third
of the casez had cancer./l/ The most frequent diagnoses were
carcinoma of the prostate and promyelocytic leukemia. Cancer of
the lung, breast, stomach, pancreas, cervix, and colon have all
been impliceted. o o

The third category of Bachmann consists of those conditions
in which there are multiple reacons for activatior of coagula-
tion mechanisms. The infectious diseases fall into thia
category and there are extensive reviews covering this subject./84-91/
Gram-positive (pneumoccus, meningococcus), Gram-negative
(Escherichia coli, pseudomonas, klebsiella, proteus), rickettsiae
(Rocky Mountaln spotted fever), virsl diseases, and parasites
(Plasmodiun falciparum) all may in‘tiate DIC through variable
mechanisms. The Gram-negative orgrnisms have particular
importance because of the potent endotoxins released. Perhaps
the most common mechanism of DIC initiation in this category is
via endothelial damage and platelet aggregatior. Other diseases
also falling into this category are glomerulonephritis, purpura
fulminans, thrombotic thrombocytopenic purpura, and the hemolytic-
uremia syndrome. ' - ' o

The association of shock and DIC has been extensively re-
viewed by Herdsway./85.92.93/ Shock, from whatever cause, is a
state assoclated with inadequate tissue perfusion and slowing »f
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rapillary blood flow resulting in acidosis anéd stusis. These
conditions are sufficient to initiate coagulation via the
intrinsic pathway. Usually there is assdciated vascular endo-
theliel damage, tissue necrosis or trauma resulting in active-
tion of the platelet phase as well as the extrinsic coagulation
rechanism.  Particularly important is inadequate perfusicn of
the liver because activated clotting factors cannot be cleared
from the circulation end the liver dependent factors (including
the vitamin K dependent factors) are produced at suboptimum
rates. This sets a situation for DIC and the bleeding :
nagsociated with consumption of cosgulation factors is abetted
by the decreased circulating levels of the factors aynthesized
ia the liver.

If the syndrome of DIC is allowed to progress, a number
of organs are particularly damaged. Severely affected are the
kidneys where renal cortical necrosis may result. Hemorrhagic
adrena) necrosis, periportel hepatic necrosis and postpartum )
pituitary necrosis are common findings. In addition, fibrin -
deposits are frequently present in the lungs, spleen, heart,
GI tract and brain./o4,95/

Renal cortical necrosis most commonly occurs in associa-
tion with pregnancy and is identical to that produced in the
g~neralized Schwarteman reaction (GSR) of experimental animals. '
The similarity of the lesions of the GSR to that of DIC makes
the GSR an excellent experimental model for studying the
pathogenesis and treatment of the latter syndrome. /94/

TRIMARY FIBRINOLYSIS

Fibrinolysis ocecurs, for the most part, as a secondary
manifestation of DIC. Primary fibrinolysis 1s a rare condi-
tion /1/ but there are a few clinical situations in which this
syndrome muy exist without antecedent intravascular cosgula-
tion. Sherry /65/ describes three situations in which this
may occur. (1) If inordinate amounts of plasminogen activator
are admitted. to the circulation, the antiplasmns are overwhelmed
snd fibrinogenolysis occurs which produces a bleeding syndrcme
¢linically indistingnishable from DIC. Prostatic tissue is rich

Present Conceprs, Vol IV No 2, March 1971
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in urokinase .and carcinoma of the prostate or prostatic
surgery nay allow the release of considecable activator
material. Severe anoxim, shock and extensive surgery,
especially lung and cardiac bypass surgery, have also been
implicated as canging excessive nctivator releease.

(2) Cirrhosis and other hepatic diseases impair the ability
of the body to iasctivate or clear activator substances and
significant hyperplasmisemia results. (3) Activation of
plasminogen may occur when proteolytic enzymes capable of
fibrinogen degradation appear in the circulation. In some

s leukenias increased cell turnover is associated with the

' liberation of intracelluler proteases in excessive quantities.
The diagnosis of this condition may be difficult because the
laboratory data ure similar to those seen in DIC. The
condition is likely when there is marked reduction in plasma
plasminogen levels, marked fibriholytic activity as evidenced
by the markedly shortened euglobulin lysis time, and only &
modest reduction in Factors V and VIII./65/
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TREATMENT
for DIC,and PRIMARY FIBRINOLYSIS

2% TEELNE M R 4 Ll 0 D2

Successful treatment of the patient with DIC necessitates
removel of the initiating cause, the use of agents to terminate
the accelerated coagulation process, replacement of depleted
coagulation factors and platelets, and prevention of further
plasminogen activation. No single sgent exists that will
effectively meet all of these requirements. In some instances i
merely the early removal of the cosgulation stimuius (such as, :
the retained dead fetus or abruptci’ placenta) will stop the f
process because plasma checks and balances had not been over~
whelmed. Usuelly, this is not the case and definitive treat-

ment 1s required.

The use of fresh whole hlood is recommended for its
abiliiy to replenish the conuumed coesgulation factors inc. “ding
Factor V, Factoxr VIII and pletelets which are not present in . .
bank blood. If fresh whole blood is not available, platelet
concantzates and fresh frozen plasma are suitable substitutes.
Transfusions alone may sccasionelly bde able to arvest the
hemorrhage if the syndrome is mild, but usuelly heparin must
be added lest the transfusion merely adds "fuel to the fice".
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Heparin is effective in treating DIC. Effectiveness of
heparin therapy is demonstreted by & return to normal of the

. labile coagulation factors, by arrést of hemorrhage, and by

improvement in the clinical status of the patient./1,96/

‘Heparin will ameliorate the coagulopathy, but, as suggested

by several studies /97-102/, it may not increase the chances
for survival of patients in sepiic shock. The study by
Corrigan and Jordan /qy/ showéd that of the 26 children with
septic shock, 2 had associmted cosgulation cefects and were
treated with heparin. Fourteen (58 percent) of the patients
treated with heparin did not survive despite the significant
improvement of cosgulation parsmeters before death in three
of the fatal cases. Therefore, treatment of the coagulopathy
alone is insufficient to improve survival statistics. Failure
to correct irreversible shock will lead tc death in spite of
adequate therapy of the associated coagulopsthy.

Methods of heparinization are as many as there are authors
vho write about them. The pros and cons of one method as
opposed to another will not be discussed. I use a modification
of the method of Stamm./103/ The initial heparin dose is
usually 10,000 units by intravenous push. Subsequent dosages
are adjusted to prolong the baseline clotting time 2% times
when messured four hours after injection. 1Initially heparin
is given on a six-~hour schedule, btut four and two-hour
schedules arc sometimes required when the cocegulation process
is severe. I have no experience with the ccnstant infusion
method although it has been reported to be effective./l/

If there is evidence of hyperplasminemia, as reflected by
a shortened euglobulin lysis time, and plasma plasminogen
levels are low, epsilon amino caproic acid (EACA) or trasylol
may be indicated. These agents are potent inhibitors of
plasminogen conversion and are the agents of choice when
primary fibrinolysis is present. One must be certain of the
diagnosis lest this agent cause acute renal failure secondary
to disseminated intraglomerular cosgulation. /96/

The coumarin-group of anticosgulants, in common thera-
peutic dosages, do not have the antithrombotic capability tc
halt DIC./20/ The primery value of this ~rovp of anticoagulunts
is maintenance 2f long-term anticoagulation after an acute
process (such a8, puimcnhary embolism or thrombophlebitis) has

subsided.
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Hemostasis and Intravascular Coagulation - Spivack

23010 fand,

In this review of normal herostasis and disseminated
intravacculer coagulatina, an attempt has been made t present
the coagulation scheme in a lucid fashion. Indeed it is com-
plicated, und many questions remain unanswered irn cur present
state of knowledge. The syndrome of DIC is being recognized
with increasing frequency as physicians become more femiliar
with the clinical settings in which it may occur, A patho-
ohysiologic classification of DIC has been reviewed and a
brief guideline for therapy presented., It is hoped that the
bibliography will serve as a ready reference fcr those desiring
more detailed knowledge of the mechanisms of hemostasis and the
syndrome of disseminated intravascular coagulation.
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If the least scratch is made on the skin as mortal 2 hemorrhage will
eveatually ensue 2s-if the largest wound was inflicted. The divided
parts, in some instances, hove had the appearance of uniting. . . when,
generally about a waek from the injury, an hemorrhage takes place )
from the whole surface of the wound, and continucs several days;. . .

the stre:igth and spirits of the person become rapidly prostrate; the

counterance assumes a pale and ghostly appearance; the pulse loses

irs force, and is increased in frequency; and death, fro:n mere debility,

then saon closes the scene,

-y YIRS o s 3 s z = 8 g
L NTMC Sty b n el e b puhe w2t T e St AN O A MO R e&@&w&mﬂ%&f&h&%ﬁﬂ@

It is a surprising circumstance that the males only are subject to this
strange zffection, and that all of them are not liable to it. . . Although
the females are exempt, they are capable of transmitting it their male

children. . .

Various remedies have been employed to restrain the: hemorrhage —
the bark, astringents used tcpically and internally, strong styptics,
opiates, and, in fact, all those means that experience has found
serviceable have been tried in vain.

—JORN C. OTTO, KD, 1803
On Hemephilia
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PRESENT CONCEPTS IN THE MANAGEMENT OF HEMOPHILIA A
MAJ " Joseph D. McCracken, MC

Hemophilia A is one of the dldest hematoloagic nroblems
known to mankind., The etiology of this condition, its
diagnosis and treatment baffled physicians for meny cen-
turies.- Only in.the last decade have truly great advances
been made. Ioday it is possible to detect easily even mild
cases of .hemophilia and to treat effectively such patients
so that they may live reasonably normal lives.

The genetics of hemophilia (facbtor VIII deficiency) ure
a classic exanale o® x-linked recessive inheritznce. There
also uppears Lo be two variations of the presentation of this
condition —~severe ani mild, Abnormalities of the same dngree
are transmitted in the same family, i.e. severe hesmophiliacs
give rise to severc, and mild hemophiliacs to mild hemophil -

in subsequent generatiorns,

Severe deficiency strtes in ciassical hemophilia A are
those in which factor VIII levels are usually not detectable.
These people present with spontaneous hemorrhage in the foram
of hematomas, hemarthroses, or hematuria; and bleeding after
any type of trauma or minor sargery is potentially serious

A mild deficiency of factovr VIII (a plasma lavel of
212 percent of no:mal) is rarely associzted with SPONLUNPOUS
be‘>rrhag and may bscome zoparent cilinically only after
surger,s or trauma when such pabients may have severcs Jiffi-
calbies with hemostasis.

Detection of hemophilia A has aﬂvanced concidecably with
the introduction of the partial thromboplustin tiqe (PTP).
I'radicionally, factor VIII deficiency was suspected when @
natient presented with a normal bleediny time und a prolonged
clotting tine. The prothrombin time does not me2asuvre factor
VII, is not dependeat on it, and is normal in hemophilia.
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The PIT in normal plssma is 45~85 sec, in mild hemophilia
85-115 sec, and for severe hemophilia greater than 120 see. /1/
If one usges the kaolin activated PIT, mild hemophiliia would be
susnected in the 45-60 second range, and severe hemophilia
will usually resulb!in. values over 6 seconds, By adding
various dilutions of either normal o‘asmn or low factor' VIII
plasma from a severe hemophiliac one gan parforma quantita-
tive assay to determine the percent of factor VIII sresent

In the natient's plasma. ‘

AU o R NI Fo Y A R R S S %‘im

+

o at

The stability of factor VIII in vitro depends on a ;

variety of conditiong including the anticoagulant used for :
blood collection, the rapidity with which the plasmu is K
serarated and frozen, and the temperature at which it is i
stored. /2/ Factor VIII activity is preserved best with :
acid citrate dextrose (ACD) and plasma should be separated

' from the red cells and stored without delay. During the

' first 18 hours of storage at L4°C, 20-4O percent of the origi-
nal factor VIII activity is lost. Also the process of
freezing and thawing plasma may be assoclated with a 20 per-
cent loss of factor. VIXI., However, once vnlasma is frozen,
factor VIII remains relatively stable for periods of several
months provided the materlal is kept at 20 C or below.

Factor VIII Concentrates

i Before the develonment of effective factor VIIT eoncen-
| trates, the large amounts of fresh plasma necessary %o
maintain therapeutic levels of factor VIII for nrolonpged
oeriods invariably led to vascular overload. However, in
recent years several methods have evolvzad to produce factor
VIII concentrates. There are four »rincinal factor VIII
concentratec available and TABLE I gives a basic descrintion.

Hemnofil is a new, high potency glycine nrecipitatad \
factor VIII concentrate, from 100 to LOO tines purified and can
be adninistered to natients in gsolutions 100 times more con-
centrated than plasma, /3/ The nroduct anpears stuble and
cauces no immediate untoward side reactions. The nlasma
factor VIII levels of natients with classical hemephilia can
he normalized with small volumes of the glycine precinitated
material given by syringe. Thus, its prinecizal nerits are the
lowering of amounts of volume necessary to obtain theraneutic
levels, and being able to store it in refriperation rather

than freezing, /U/
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| TABLE !
FACTOR VIII CONCENTRATES*
FRODUCT AHF UNITS COST STORAGE
i per package perml  per AHF unit . rpquIRENENT
. {cents)
Hewofit® = 230 ' 330 13 Refrigerate
{Hylind) M5 20 13
' Flbto-AHF@ 78 025 13 Refrigenate
(Merck) * :
Antihemophilic Factor (AHF) 200 8.0 20 Room temperature °* i
(Courtland) _ 5
Cryoprecipitate 100t0 150 4w 6 18¢ Freeze ¢

*Blood banks ptepue itats rich in factor VIIE by cantrifugation of plasma. Besides
two otder factor vnff'%mmmnmhmmm mabogoublcfmn

e :
The Medica! Letter on Drugs and Therapeutics 11:95, 1969, lited the sources of the concentrates ‘;
with their cost and other data. - .

**Can be stored at room ture for almost six moaths,
tPrice in New Yoik Qty; vaiy throughout the country.

Fibro AHF is an ethanol precipitate and contains a
considerable amount of fibrinogen from which factor VIIT is
difficult to separate., Because it is prepared from pooled
nlagma there is a considerable risk of serum hepatitis. It
is also.scmewhat expensive. Hemolysis apnears to be a
recognized complication of Fibro AHF wita a poiitive Coombs'
test, svlenomegaly, and increased osmostic fragility. /S/
Possibly this is related to its high fibrinogen conuent,
because hemolysis is seen less often with the other prepara-
tions lower in fibrincgen content.

Antihemophilic factor (Courtland) is a lympholized
pregaration of cryoprecipitate from pooled plasma which is the
only product which may be stored at room temperature up to
six months. Again serum hepatitis is a risk when using
this product.

Cryoprecipitate was prepared in 164 by a simple method
of separating factor VIII from plasma by ccld or "cryo"
orecipitvation, This technique is feasible because much of the
factor VIII remains associated with a fibrinogen orecipitate
that forms when frozen plasma is gradually thawed at S C, This
material is harvested and then frozen until used. Using this
i nethod most large tlood banks can easily produce cryoorecini-
tate., Thus it can be premared inexsensively. The risk of
serum hepatitis is decreased as the material is harvested
from a few select, units of plasma rather than vcooled plasma,
The most serious shortcoming is 'its variable factor VIII

Present Concepts, Vol 'V No 3, March 1971
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content ~ the average yield teine 68 percent and varying
from 20 to 90 percent. /6/

I PN

U 5t .

Treaiment of* Facws V!ll Deﬁsi'ncy ¢

Dosages of tbeoe various agents davend on their standard-
ization to detérmine the number of antihemoohilic factor (AHF)
units per milliliter. One unit of factor VIII ie defined as
the amount of factor VIIT in one millilitar of normal olasma,

To caleculate the amount of factor JIII necessary to
obtain an 80 percent level of factor VIII in a 70 kg natient
with- severe -hemophilia whose hematocrit is k5 oercent may be
done bLy the following formula: /7/

Blood Volume = (70 kg) (8%) = 5600 ml
Plasma Volume = (100 minus hematocric) x Blood volume
= 554 x 5600 ml
= 3080 ml (100%)
80% level = 3080 m1 x 80%
' = 246k units

Thus aporoximately 2500 units of' factor VIII are required.
Therefore, the initial dosages of the varicus factor VIII con-

centrates wvould be as follows:

Hemofil® (33 AHF u/ml) = 75 ml

Fibro-AHF  (0.75 AHF u/ml) = 3300 ml
AHF - Courtland (8 AHF u/ml) = 300 ml
Cryoprecipitate (6 AHF u/ml) = LOO ml

Hemofil® is the product which meets with much oraise and
is ranidly becoming the standard oreparation used because of
its high concentration ver unit volume., In vivo studiez have
been made using this orodacb in which dosages of 12, 2k, and
S0 units factor VIII per kilogram body weight resulbed in
imnediate levels of 32, 45 and 100 percent of factor VIII
respectively. /8/ Thus if one wishes to avoid these somewhat
curbersome calculations, one can predict an 80 oercent level

of factor VIII by giving LO units ner kilogram ol body weight.

Tha initial dosage cf factor VIII given f{or herostasis,
hosever, 1s just the beginning step of thecady. One wust
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carefully aonitor the paticnt's factor VIII levels and 3is2
«dditional treatment Yo maintain an adequute level of Cuactor
/{II for hemostasis. For example, if a postinfusion yield
of 80 percent of factor VITI is achieved in a nonbleeding
natient, it cau be predicted that sporoximately 50 nercent
of this level uill disappear in eight hours, The furiher
disajpearance of factor VIIT proceeds with the biologic
half-life of approximately 14 hours. It can further be
predicted that in an additional 14 hours (22 hours zost-

) infusion) the patient's factor VIII level should reach
aporoximately 20 peresat. Thus if one wers atteanting to
maintain a patient's factor VIII level greater than 20 ner-
cent, a second infusion would be necessary 22 hours after
the first.,

However, several circumstunces may alter this ideal
theoretical situation. In a patient who is actively bleed-
inpg, factor VIII will be consumed at a more rapid rate
oronortional to the amount of bleeding. ‘Thus, in the
actively bleeding patient, frequent levels of factor VIII
must be monitored and performed every 4 to 6 hours depending
on the individual. 79/

The imoortance of closely monitvoring the patient's
factor VIII level is stressed. Patients given calculated
dosages of factor VIII to high levels may have persistent
bleeding ead the laboratory reports low factor VIII levels.
This is caused by a factor VIII inhibitor which markedly
accelerates the disappearance of factor VIII from the plasma.
Factor VIII inhibitors are more common in patients with
severe factor VIII deficiency and usually uLecome manifest
after exposure to multiple transfusions. This finding is not
rare — in a larger series 15 of 77 patients (20.8 parcent)
had levals of factor VIII inhibitor appearing 4-5 da2ys after
infusion of factor VIIT and peaking at 10-1k days. 710/

SPECIAL PROBLEMS IN TREATMENT OF HEMOPHILIA
Surgical Management

Before taking the patient to surgery the natient should
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be given enough facter VIII to raise the lavel 42 75 to

100 percent. Adequate henostasis can be maintained ac leng
as the factor VIII level is kept above Lhe 20 norcent lovel.
Trequent determinations o factor VIIL levels are important
and saintenance therapy to keep the factor VIII love!
groaber than 20 percent is imperative in the Lnediate nost-
op:rative period. Maintanance therapy then may b given
e-ery 12 hours after checking factor VIII level: over the
next ceroral postoperative days. Patient chould be con-
tinu~d for 10-1L days depending on the severity of the

surgery. One must be alert for the presence of an AHF
innibitor after the first several days of therany as men-
ticred prezviovsly. Using the oroducts availablez aven
neurosurgical procedures 711/ and major orthopedic

uch as hip arthroplasty /12/ can be accomplished
thout excessive bleeding.
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Management of Hematomas and Hemarthroses

For simple hematomas of soft tissues an initial dose
to raise AHF to greater than 50 perceatv should be given and
o local ice nack apnlied. If the hematomz is extensive
d enlurging - maintenance therany every '2 ho'rs for
ree days should be given.* For hemarthrosis the patient
culd receive initial treatment nlus miintenance for three

as above with an ice pack and bed rest. Many suthors
lieve that aspiration of the hemartnrcsis should be done :
ir addition vo prevent serious arthropathy. /13/ Intru- i
ar.iculzr injections of rteroid have also been tried to
reduce the incidence of arthropathy following hemarthrosis., /147
When joint deformity is caused by formation <f hemcHhilia
nsaudotuners (destructive lesions due to subperissteal
hemorrhage) local radiotherapy may be used to help improve
joint functio~ /15/

SR

Y R TP v

Dental Frocedures

4 similar regimen to that of the surgical or oc0dw:a
should be followed when an exiraction is neccrsary with
extra othermnts made for complete hemostasis. Maintenance
tractniab every 12 hours for 190 days is indicated.

*Pessonal communication, R.F, Schoen MD, Letterman Gereral Howpital, 1971
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FUTURE CONCE?TS

C:rrently experisental oronhylaxie of severe hemoohilia
A has been attempted with Hemefil® (glycine orecinitated
AHF). 716,17/ Fechaps with further sophistica*ion o»f AHF
concent rat,,, the hemxphiliac may be able to control 2ffec-
tively his dicseuse sitilar to the diabetic.

Renorts of splenic transplantation in animals with
resultant “cure"” of hemophilia is another avenue being
exnlored wicth much controversy. /18/ Perhaps this may repre-
sent another neans of control of this dreaded disease.
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\’O‘\l \"ILLFBRAND'S DISEASE

LTC Laurcncc J. Loga

@or years the nave "von Willebrand's dissnce" corved
an a 'wastabaskoet! cuagnosis sr 11l-defined hl eding dic-
siders.  Recently, ure of thi's ‘sponym has been narrowed to
o ormich more arecizely delineated hemostatlc disorder
Histarical roviows /X,L/ demonstrate the' previois div»rsxtj
A" anialons ay to whot constitvted von' Willehrand 3 disgease".

Ihe =many cynonyms used im the sarlier liteYature -- e.z,
hareditery eanillary purmura /3/, vasenlur hemaphilia 74/,

Aamud h“ﬂ'm‘:lliu 57, Ji}r'*ens-vo'\ Willebrand throboeyt. f)p'\*h_,r /57
~« ahthtant to the ni??crinz eoncepts of atiolopy ‘and to the
¢ i isn which surrovnded th's disorder,” von Willebrard's
discase 15 now uniderstood to be a vertiehlly transaitted
sovaditary dlaeass La which thare 13 o double hemioratic

dafacts 1. L defooy in prt mary hemoztatic plug formatioxn
dag to daficieney of 3 slasvd Fadtors "2, "é"det‘éct in the':
cuaamilition dhuse of henostesis ’ldnif‘! ted by denressed
1a/01s of factor ‘:'Iu '

fha foll-ouing diczcussion uill includa the elinical
cutupes of *‘1* "i"msm a brief revisw of rermul primery
wmosuiiLlo gl forvution with obtention Lo the dalocs
f:‘_.-.ni'_“*: voin gablants with von Yillebrand's discu:2; labora-
nor, LiLts which aid in 2iazacsis; znd problems cncounterad

in dif ventisl diamosic.

CLINICAL FEATURES

te dizelnso defeect: 4in two

ostatiz pronnscs, Z.2, imaired
hensohsbic LT Sorsstion and desrestion of a csaenlatian
fLevar (factor YTIT), the Mleeding p"obln'nﬂ 2uffamnd by
satiznbts with ron Willebrand's disease are noct -ofter

AMthough lab Lol
i f e rant, p‘u-"c ~% the ‘ho:

——— «

*Th~ plasma factor necessary for primary hemostatic plug formation which h deficient in patients
with ven Willebrand's discase has boen called the “anti-bleeding (actor™, “platelet adhesiveness
plasma factor (PAPF)”, etc. The term *“antivon I!Illebnn.l': fnm" wlll be used herein to uvold
confusion with factor VII]. YL 1A e
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attritmtable t5 the former. Thuy a tynical hi_tory from

a palicnt with vor Willebrand's discase may includ. frequent
or severe epistaxiz (often tending t¢ ibate in adulthood),
prolonzed and excessive bleeding Trom aminor cuts, increasad
bratsability (but usually wibthout the hupe ecchymoses snen
in disorders of coagulation -- a.g h~mophilia), excessive
bleeding of the "iamediate” tyne aftus dental extrachions and
minor surgicz® wrocedures, and in fewncles, men~rrhapi-, [he
severity of symboms variec conzidarably from natient 4o
natient and among afflicted members of & kindred. Some
patients experlience mode“=t°1y severe bleeding protlams
whereas other patients, if "‘iey recognlze an 1ncreascd
bleeding tendency 2. all, regard it as merely a nuisanca.

Deoression of factor VIII levels, a major labnratory
feature of the disease is usually of slight to moderate dsgrese.
If fact~r VIIT ievels are telow 35%, however, retarded coagu-
lation ma, contribute to the imairncnt of hemostasis., /7/
Althcugh disbinctly uncommon one mst be tdare that fuctor VITI
levels muy be severely depressed in von | .llebrand's disease
and resuit in the same bleeding problems which afflict the
hemophiliac, iucluding hemarthroses. /8/

P~IMARY HEMOSTATIC PLUG FORMATION

Injured tissue exposed to blood clotting components
initiates the 'first line of defense' in hemostasis: formation
of the primary hemostat.c plug. The integral role of the
pluteleb in this earliest stagz of hemostasis is discussed
elsewhere in this issue in detail {viz.pp 191-799 ). The major
steps leading to formation of the primary hemostatic olug are
summarized in Figure 1.

fhe h21lmark of imnaired hemostatic plug formation is
nwealonsation ¢f the bleeding time (See Fisure 2). For yearc
many L'JQ&:iPaudrS (1ncluitnv von wWilleb: ani) regardad Lhe
bleedin, disorder bearing his name as an intrinsic »nlatelnt
abnor ality. /6/ The flndings on which this assumalion was
t_sed have been refuted. /11, 12, 13/ As will bte discussed,
~te of the currently availabld tosts of nlatelet function
orovidas zood evidence for an intrinsic nlatelet defest i
ven ﬁillebr"nd's disease, f2ctive primury hnﬂos atic plug
farmabion in patients with von Wille' rand's disease ic ovinee!
by the nature of the nredominant bleeding symptons which are

of the "mucosal" type, prolongatinn of the bleeding time, and

Present Concepts, Yol IV No 3, March 1971
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X
g
H
By
DAMAGED BLOOD VESSEL 3
$ E
ADHERENCE OF PLATELETS YO CONNECTIVE TISSUE
\ :
H 1
RELEASE OF ADP; PF3 AVAILABILITY k
‘ 5
AGGREGATION OF PLATELETS k
) thrombin ]
CONSOLIDATION OF AGGREGATES k
‘ X
FIBRIN NETWORK g
i
Fig. 1 Platelets adhsre to collagen tn the subendothalial connective tissue /9/ and e compisx mtor. 5
action resuits in tho releass of adenosine ciphospghiate (ADP) from & metabolically inert pool in the %
pistelat, /10/ This ADP induces adhierance of pliteidts to one another -- i.e. eggregation - produc- %
ing 8 locse, ssmipermeable, revaraible plug. At tins stage tho platelet exerts its role in intrinsic 3
coagulation by rendering svailstile the lipid activity which is referred to as “'piatalet factor 3 (PF3), 3
B Upon generation of minute emounts of thrombini on the platelet surface the pincelets chang? shape, :
‘ the sggrogstes coolescs, snd the pity bacomes irpermsable and irreversible, Perimetric fibrin forma- E
3’ tion in and around the prumary plug occurs dun o sctivation of the cosgulstion phase of hemostasis g
end the clot s complets. E
3
PCCR HEMOSTATIC PLUG 2
20 3
DEFICIENCY OF PLASMA FACTOR(S) E
von Wiilsbrana’s Diszase ¥
ke severe factor X detictency b
; atibrinogenems K
B 3
g THROMBGCY7 OPENIA §
k QUALITATIVE PLATELET DYSFUNCTION :
Primary:
Thrombasthonis M
Maucrothrombic thrombocytopathy 2
Thrombopathie A
Secondory - i
Paraproteinomias ;
Uramis )
* Dextran H
: LONG BLEEDINSG TIME
Fig. 2. A prolonged bleeding time reflocts impaired hiemostatic plug formation from any cause.
Hemostatic plug formation is normal 1n most dolects of the coagulation phase of hemostasis (e.g. the
hemophiliss}. Aafibrinogenemia, very severe factor X dehiciency, end von Willsbrand's disvase are
* conditions in which hemostatic plug formation 1s impsired dus to an sbsence or a deficiency of a
plotma fector.
Present Concepts, Vol 1V No 3, Merch 197!
o X
2
e e

mmyfmmwmwxcwﬂwtmﬁmm s T TA e AIBII T

P M e o




240

von Willebrand's Disease - Logan

iapaired adihesion of platelets to plass. It is approoriatn

¢ stress that the refined deflnition of what set of ahnormal
rindinps constitutes 'von Willehrund's discase' has nnt pro-
vidrd clarification of the basle mechanlsa wherehy coffactive
hamnstaclis 1s impaired in *his condition. The precise rolo of
*heoant! -von Willebrand factor in normal prlaary hemostatie
»1te formation remains unknown. T

( ABORATORY TESTS: INTERPRETATION AND LIMITATIONS
1. Tests of primary hemostatic plug formation

a. The primary bleeding time:s Fallure to damoncirate
rrelanration of the bleeding time after scveral determinatlons
mniee dLCPLmlt (withont necescarily ruling out) a diagnosis
of vern Willabrand's disease. /7/ I favor the shandardiz=ad
Ivy bleading time by the template method /14/ in which un
fnciston of 9vn length and 1ma depth 13 made on th: fornarn
wit!i & blood pressur2 cuff inflated to hOmn Hg.  Thls supert
.41 casion of the Ivy bleeding time insures reprcincibility
fr:m datermination to datermination and minimizac diffeszneer

~truined by different “esters. The Dike time has bean shown

Lo lack the seonsitivicy of the Ivy mathod *n setecting
vort Willekeand's disnase. /157 Nonethelacs, cestaln dice
Piasiohd horatoleglote adhers %o use »f the Dz <ith
<t oy doins hava not ™ 3ssad casas of hemnchibic Alue
iaaeantittas, /16/  This fnact may well raflnct the aertensive,
weesonal sxoerlence of Loeh indlviduais with the Duze blending
“in. In the hands »f ths averaze nersns who orrforns hlead-
ne nimes, heowever, the template Tvy method i5 al-act eertain
Lo e smare gensitive and zceurazte,

"~ af neatylsalicylic acid Lo "nncover! acenls
v Willohrand's dizease haz heen advocated. /17/ fAcpirin biis
Feor ihawn %0 Laterfere with the release of alctelel ADP 718/
whereby tendine to lengthen the bleeding tine, The wean |
blreding tine of a narmal populatica by the shaudsrdined Ivy
=, -t Le increased I'rom five to nine and one-half minutes
twn hy.ors after ingestion »f 1 Gm of asnirin, 7tL/ 1In von
Willatwand's disensse where an aspirin induced delect in ADP
relonse may result in a "dcuble defect' in nriaary hencstasis or
in forniin nlutel-it disorders in which ADP relesss is already
t-o1ired, the bleediny time may be more natautly abnarmal

Ka

<ctap ~dministration of asnirin,
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st b

b. Platelet counts, nlatelet moronnlopy on the 11904
euvar, und clot »etraction are normal in von Willehprand!'-
disease, Normaley of these findings helns 4o erclude otner
causes of noor hemostatic nlup formation -=- e,nm, thronbocyto-
penia, certain intrinsic slatelet disorders in which sltera-
tion of platelet morphology may be present /1), 20/, and
thrombasthenic of ‘Glanzmann in whiéh clol retraction is
impaired. /21/

3N

CRL N S ey

c. Platelets from patients with von Willebrand's diseuse
adhere normally 5o connective tissue (collagen fibers) /22/ .+i
release ADP in nor=al awcunts, 723/

d. In vitro studies of nlatelet ageregation in resnonse
to exorenous ADP, to dilute eonnective tissue suspensinn
(nollapen), to aosineshrine, and to weak thrombin are
charact~ristically normal in von Willebrand's diseace, One
sundy suggested thet the addition of dilute ADP to »lateleb
rich nlasna from natients with von Willebrand's disease
sroduced normal initial agrregation followed by ranid disae-
oregation, /2ii/ Others have not found swecific anggrepstion
abnormalities in von Willebrand's disease. /23, 25/ (We have
occasionelly seen rapld disaggregation of slatelets in =amnles
from normnsl individuals when dilute ADP was used, esnecially
when tha platelet rich plasma platelet count was ?swer than
usual. /26/)

> Ko msT U2 A AR Bt B oot T L ERY B R B 0 S R AT B e UM A B S

Various abnormal natterns of nlatelet agrregation when
nranerly interpreted nay indicate the presence ~f a platelet
disorder.

U

e. "Availability" of platelet factor 3 u~on exnqsure
of olatelet rich nlasma to kaolin /27,23/ is normz) in
von wWillebrand's disease. 723/ This test may yield abnormal
results in various plavelet defects, primary or acanired.

. The modified Salzman glass adhesivaness test: Dis- ;
orders »{ srimary hemostztic nlug formetion tend to he acsosiated )
with relatively noor adherance of platelets to rlass curfaces, :
Presumably, this lowered adhesivity to plass reflactr decre.sed ‘
clatelet "stickinecs" which msy contribute somehow Lo impair-d
orimary hemostazis. At least five different methods of asses-
sing nlatelev-glazs interactions have been develooed 728/ the
mnost »roaisinz of which is Selzman's test 723/ Bload is
drawn from the vein into & glass bead coium and platelet eounts
before and after passage through the column are comnared.

Present Concepts, Vol IV No 3, March 1971
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Aeraaily, 2’-60% of wlﬂto]ets »dhﬂrefbo vlnqs bands.

From itz inception numerous btechnicul sroblrms attended the
nee of the Salzman test .and raparts tttomibine So dvaluata-ite
2 w9 ald in the datection.of von Willehrand's di~nang -
wara conflictinp, - It was noted, for exammle, thatl résultes wore
rnon rearociacible with different batches: of “rlasz beada /30/,
that the rate of £low through the column was eritical /237 ntn,
4ith corndulous attantion to technique =any of the fniti{al.
arohla~a have been surmounted and it dors now apnear that a
madi Fication of this test i3 usefml in mecarating pationts .
with v~n Willebrand's diseass from normnl -individiinls, - In o
rooraaantative narics 15 narcent of pormal subiects had 1w
‘wiheal ranesy whoreas 79 percent of outients with von iille-
i1tz diseasa had abnoraally low regults. 77317 "Deanite this
warto tna tast 43 a usaful adinnet dinenosinr von wWillne
vavaecl's dirensn, when ugsed in eonjunction with othir findinp:
{(nerre Samily history surpesting autosomnl domtinnut transmic-
~ion of tha bleedirp dinordar, nrolonpation of the blerding
Lian, lowsred factor VIII levelw, ete. ). . Unfortunately,

the ecroarionce of gsavaral investigaters has been thavw when the
hlandine timns wadfor factor VII1 lev4ls are- hqrdarlina, 9lagss
adnecivannse tends also to be -borderline. /7, 25/ ' Since the,
test may yield diffarent restilts at different tivas 725/ it
should be done more than once when possible. ‘

In natients with von Willebrand's diseace 1noaircd nlatalat-
slzre interaction is the only other lshoratory abnormalliy besides
srnlansation of the bleeding time which reflects a disorder of
nrimary nlue formatinon.  Of particular interest is the fact that
in %hi~ Adleouze the ahnormal zdhesion of nlateleks to plagss can
he carrected vy in vivg administration of plasms 727/ or in vitrn
by drewiaz the natisnt's blood into normal plasma hhfore:
narnsos throtiph the glass bead column, /30, 32/ This finding
wrmvidhr sne of ﬂany‘piecﬂr'or evidence thet imnnirad sprimary
henastasis tn von Willebrand's digease ig Ane t~ Azlielency
af a nlarmp factor == the anbi-von Willebrand f.ctor.. Havaver,
the relevance-of faulty rlass-nlatelet int-racti-n to nntho=-
nhysiolnric merhanisms whereby formation of:'the hemortaric:nlu-~
ig imnuired in von willebrand's diseaoe is not yet understood.

.

2. The coaguhtfou mtem (tau of factor Vlll nctivlty) -

8, Thn activated partial thromboplastin time /12/
reflecte the combined activity of all the coasulation factors
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vhich particinate in the so~called Mintrinsic' system of
coamulation, Tnus depression of factor VITI may csuse nro-
lonpation ~f the PTI. Avpropriate "correction” studiecs (e.p.
nornilization of the prolonged PTT unon addition »f barium
snlf~tr adsorbe?d nlssma versus apged serum) would supnort (but,
not, confirm} that » depressed factor VIII level accounted for
a prolonged PIT. Unfortunately, such "correction” studies
are least accurite in those cases in which factor VIII levels
are nnly slightly to moderately reduced.

b, Assay of factor VIII activity by 2 ane-staze 734/ or
a two-stage /35/ method is =ssential in any susnected case of
von Willebrand's disezse. Results in von Willebrand's disease
are not uncommonly borderline. It is important to remember
that in this diseas2, factor VIII levels increase in resnonse
to the szme rtimli which increase factor VIII levels in
nornal individuals - e.g. stress, late pregnancy, etc. Often
the initial sample is collected during a stressr™l neriod
and yields a normsl value in an individual who, if tested
under "baseline" conditicns would show a lowered value.

¢. Resnonse of factor VIII levels to transfusion with
various preparations: A fascinatine observation, first
resorted by Nilsson et al, /11/ is that transfusion of
normal plasma, serum or Cohn fraction I to nmatients with
von Willebrand's disease alters factor VITI in 2 very difler-
ent manaer from that seen 1a vatients with hemoohilia A.
Shortly «Zter infusion c¢f one of these preoarations individ-
uals with von Willebrand's disease demonstrahe an increase
in factor VIII level to values greater than can be accounbed
for by she amount of administered factor VIII. Mirthermore,
the faclor VIIT level rather than dropping progressively in
accorvance with its kmown half-life of abcut 10 hours,
continues to rise over the following 24-48 hours. BEven =ore
dramatically, olasma from pabients with hemophilia 4 (i.e.
factor VIIT deficient plasma) when administered to a paticnt
with vor Willebrand's disease produces this saw~ pattern in
factor VIII levels. /36,

By contrast, administration of fuctor YIII conuvalning
pragarations bo patients with hemophilia A results in
alavarizn of thls fackar to a vaine which would be =-nhected
brsad on the amount gl ven, Peak values are immilate .4
» aredictable curvilinear aecay {olluws corresponding b
faclor YII[ half-1ife. Thersfere, the recponse <f
lowared {zcbor VIIT levels to tramsfucsion of fictor VITT
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best available copy.

containing muterials may disbinguish von Will:bruad's disen..
from hemophilia A, /7/ Careful atiention emct he :lven Lo
the considerable risk of henmatlitis which attend, the u.e 7
these preparitions before awploying btrunsfusix. studine for
pursaly diagnostic purposes.

when snontaneous bleeding is ancontrollad by siapl.
mewsures or when a person with a hemostatic delfect requiris &
procedure which is likely to cause undue bleedirng Lhere is
thecapeatic importance in knowing whether depressad
factor VIII levels are due to hemophilia A or to von ¥ille-
brand's diseaso for two reasons. Firstly, it is cleur from
the above that factor VIIT levels in patients vith von
Willebrand's disease can be raised &nd sustal:ucd fairly
easily with a transfusicn reguirement considerably less than
is needed in patients with hemophilia A. Secondly, the
anti-von Willebrand factor which normalizzs the prolonged
hleeding biae and impalred platelet adhesivenes: to glass
is present in some but not all preparations which contuin
factor VIII. Fresh or fresh-frozen plaswa and the Ll8mback
T2 D.wction conbain the anti-von Willebrand factes. /367
Fihrinogen concentrates, 737/ siored plagsa, and Cohn
fractinn I conceniraves de not. /33/ Currently available
cemnercial factor VIIL concentrates do nob appeur to contain
th2 arbi-von Willebrand factor. ™ortunately, however,
cryoprecipitate prepared as described by Pool /337 is rich
nob only in factor VIXT bub in the anti-von Willebrand
rzator. 740/ Bvidence indicatez that the anti-blecding
factor is highly lablle and may be lost if the cicenbrate
is exposed to glass surfaces. 741/ Accordingly, wher cryo-
precipitate is prepared primarily for its anti-von Willebrand
factor content, rapid processing of singlie units ab & time
ab cold te~peratures in an all-plastic systen is desirable,

d. Iw-unologic btechnigues of diagnosis: Recently,
FeinsLein eb al /L2, 43/ and two othcr grouns /L4, 15/ inde-
nerdentiy damonstrzted that by e-mloying nuturally ocecurring
factor JTIL antihody 70-75 percent of natients vith he-iphilia A
had no detectable factor VIII antigenic materiai in their
nlcesma, whereas in 5-10 percent of »atients with haewophilic A
Lthere was iLmmunslegic evidence of a factor VIIT molsmculn,
~lthough it was ineffective in the coagulation systoa. 742/
#ven more recently, Ratnoff's group /L6/ using heterslogous
factor VIIL antibody demonstrated material antizenically resen-
blinz factor YIII in eaca <f 19 patients wish hemophilia A in

A‘U

Present Concepts, Vol IV No 3, March 1971

-

XA NP D e e @k 4 e Mk ¢ St D

[PPSO

b s s el .

) A
s Tt U S S N - - - - i
W L N L R L e e -~ |




LT TR TN T T e

R R A T AP ST T R R R R TE R,

k)
¥

.

245

yvon Willebrand's Disease - Logan

AT/ e s FENPHL R

Guuntities comparable to that found in normal individnals,
Of great interest was the discovery that in seven cases cf
von Willebrund's disease the yuantity o” immunologiecally
detectable factor VIIT was directly equivalent Lo the degree
of deficliency seen in the usual coagulation assay aystewns
which measure factor VIII activity., This highly importsnt
obgervation may provide an effective in viiru aethod of
astablishing whether depressed factoxr JIII Tevels in
ziven patient are due to hemophilia A or %o von Willebrand's
disease.

Dt 5,

AL N LR

‘.

A YN

DIFFICULT PROBLEMS IN DIFFERENTIAL DIAGNOSIS

The classic case of von Willebrand's disnase is not 4
diffienlt to diagnose. Unfcrtunately, not all patients with
this disease present with a clear-cut family history
indicative of autosomal dominance, a distinctly prolonged
ble2ding time, unequivocal impairment of slatelet adhesion
to glass and abnormally low factor VIII., The foregoing
discussion suggests the two major challenges in differential
diagnosis which the physician wmay face in attempting to
establish that = natient has von Willebrzand's disease: ', To
elininate ins»far as possible a nlatelet disorder as the caase
for noor primary hemostatic »lug f-rmation. 2. [o establich
th.t low factor VIII levels ars not due to henonhilia (or the
carrier state).

Cilpin

RO N e,

e v ke P I Zarnd RBR A

Platele? Disorders: Tvery attempt wmust be made to eliminube @n ;
intrinsic nlabelot defect as tha cause of = long bleedin~
time in each suspected case of von Willebrand's disease hn-
cause 27 the therapeutic implications. Platelet concentraber,
offective controlling bleeding in intrinsic platelet disordorss i
are without benefit in von Willebrand's dicecse, Cryosprecini-
tate, the treatment of choice in ven Willsbrand's diseuse ic of
no valie bo the patient with intrinsic nletelet dysfunctioen. :
Tests which indicate platelet dysfunction have heen mentionel ‘
and are discussed in detail elcewhere in tiiis iszue. A
(viz pp 191-1$9 ) One rmst remember that sroleongation of the
hleeding time and defective platelet zdhesion 4~ gless are
common to both »latelet disorders and co von Wiliebrand's
diseace.

von Willebrand'’s disease or hemophilia A? A modcrats e maderately-
sevare bleeding dilsorder in a natient with low factor VTII
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1205, an equivocal or unavailable fanily history aud

hleeling timms whilch are within or teward the apper lislits
© " onoarnal necessitiatie discarning betwern v ditlebpund s
Aige~ona and hamophilia A, Thie aroblew in dir” rontinl
dinenosia 13 not, 1imihed to 1310« since In accordnanae with
thr Lyon-Rentler hypothesis /17, b8/ carriers of hanophilia
may have ver: low levela of facbor VIIT activity as the
msnlt of random inactivatlon of a greater nuabor of the
'nor-.:1' X chromogsomes than of the ‘hemochilia-hbeuring' X
eqarsissones,  [he Salaman test mzy aid in the proner
dinrnocla of cuch cases zince adrﬂrnnre of p1u,01~c° )
2132 43 ot tmaired in homophilia. Iranrfusion gtudine
©i4% aariel determinations of factor VIIT laveis wy b2
nannccury,  Poaglbly the =ost helpful tees teo estahlish
whather & low factor VIII level is dva to hemuphilia A or
von Willabrand's disease may prove to be tho i-mmnlngzic
wthad describad ehove.  Tb L3 Y00 ~zrly Lo acazss the

-ultiate role of thie technique ws a diagnostlcs tool. The

AL Cfrring anarnouch to ther:isy hasad on whother tha pationt
has von Willebrand's disecase or hensonilia A h-as beren
discussnd, .

CONCLUDING REMARKS

It is doubtful i€ one who raviews what we know sbout
voa Willebrand's disease can escape the many intripuing and
unanswered questions which pose themselves. As a preat Army
nhysician said: "We must be unencumbered by . . . pompouns
notions that we physicians have the right to define disease.
If (the physician) concludes that disease "X" cannot be
nrasent because a certaln sign or lab test is not present, he
1imits his agility. He certainly wen't discover something
new!" /43/ We are now able to define what clinical and
laboratory features entitle us to use the diagnostic term
‘von Willebrand's discase™ but we have not thereby clarified
the disesase. Recent progreas in the understarding of olatelet,
disorders Fas given us some insipght into what von Willebrand's
dignaze 1s act. Our definition allows better 'sorting” of
natients, nermits selection of. .nore appropriate thoraoy ete,
but, we are 1aft with many questions (e.g. AL what stage of
primary hamostasis and how does a deficliency of «nti-von
Willebrand factor exert its deleterious effect(3)? Trans-
fusion studies clearly demonstrate that unlik: tha patient
with hemophilia A, patients with von Willebrand's disunse

Present Concepts, Vol IV No 3, March 1971
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hava the aapasity to synthesise factor VIIT, Doeg the
antl-von Wiilebrand factor provide this rtimlua?” O does
yo* inother factor, distinct £-om tha erti-von Milleb~ind ©
cctap arovide thzt rtimulus? Is more than ene pene (perhans
closely linked) defective in "clasgic" von Willebrand's
Jisesse and {f so, does the inheritsnee or tut one of the
mance aceount £ar what we glibly refer to as "vori-hle
nypoassivity” among members of a kindred? Wherr~ is the site
nf sraduation of anti-von Willebrand factor? ete. asvc.)
™nally, thare rerain u significant nurber of patienhs with
2 mild to moderate hleeding disorder and prolanged bieedine
Limes whose family historiea do not support von Willebrand's
dirense or whose factor VIII levels are consistently normal

or hiph but, in whom no evid'nce for a platelet disorder ean

he detected hy oresently available teats. Whether such
natlents ara nart of a "spectrum" of ven Willebrand's. disease
/607, are vichims of intrinsic plaotelet dysfunction tno subtle
“or dnatectinn hy our tests, or reoresant eramnles of 4 dieorder
(rr dirordars) unrelated nither to von Willebrand's discase or
intrinsiec olatelet dysfunction remuina to he seen, ,
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RED CELL G-6-PD DEFICIENCY
Its Clinical Spectrum

LTC Neil W. Culp, MC

Genetically determined deficlency in the red cell enzyme
glucose-6-phosphate dehydrogenase {G-6-PD) represents one of
the most common, clinically significant, inherited abnormslities
of man. In excess of 100 million individusls on a world-wide
basis are affected. /1/ The clinical significance of this
hereditary biochemical lesion was clearly established when it
was demonstrated to be the underlying defect in subjects with
"primaquine sensitive hemolytic enemia.” Today, however, the
import of this most prevalent of the known enzymstic defects
~f the red cell is not limited to those relatively few physicians
who lispense antimalarial drugs, vt it has considerable signifi-
cance to every physician charged with treating patients. Not
only is there a growing list of ccmmonly empioyed drugs which
possess the potential of przcipitating hemolysis in G-6-PD
deficient subjects, but recognized with increasing frequency are
episcdes of hemolysis which are precipitated by infectious and
metabolic diseases when affected subjects acquire them. 1In
acdition, some individuals with G-6-PD deficiency manifest
chronic hemolytic anemia in ths absence of drug exposure or com-
pliceting illness and such subjects are a signiricant percentage
of tliwse patients diagnosed as having congenitel nonspherocytic
hemolytic disease (CNHD).

= It is the purpose of this paper to review the spectrum of
clinical manifestetions now recognized to cccur among thcse
subjncts with genetically determined sbnormalities in erythrocyte
G-6-PD.

Historica! and Genetic Features

Although favism (now known to be conditioned by a ieficiency
of red cell G-6-PD) was recognized more than 2,000 years ag=, it
was 1ot until the introduction of the first antimalarial &-amino-
quinoline compound, pemaquine (1926) that a clear relationship
between drug exposure and hemolytic enemia in selected recipients
was eppreciated./2/ It was almost 30 years later, when a group
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of Negro volunteer subjects were given the ncver Jdrug
primaquine that sensitivity to the drug was demonstrated to
be an intrinsic property of the rea cell./3/ A series of
subsequent investigations culminated in 1956 with the re~ogni-
tion that the abnormality in red cell metabolism responsible
for primaquine sensitivity was a deficiency of the enzyme
G-6-PD./h/ For the first time the adverse effect of a drug
was defined at the molecular level.

It scon becane apparent that G-6-PD deficiency was not
a single defect, but rather & heterngenous group of disorders
due to numerous mutations affecting the G-6-PD molecule.
This is analogous to the multiple mutations affecting the
structure of the hemoglobin molzcule which result in the
group of conditions known as hemoglobinopathies. To date
more than 50 distinct genetic variants of the G-6-PD molecule
have been recognized./5,6,7,8,9/ This number undoubtedly
represents only a fraction of the wvariants yet to be identified.
Each variaat appears to be explained by a single amino acid
substitu’1.n in the structure of the G-6-PD molecule, which is
also tr .= -+ the hemoglobinopathies./10/ Some of these variants
are fu..! >nally adequate while the structural alteration of
other var_ants resultsin a severe impairment of enzyme activity.

The multiple biochemicel variants of the G-6-PD molecule
are inherited as sex-linked traits; that is, the gene is
carried on the X chromoscme. Male hemizygotes and female nomo-
zygotes manifest full expression of the defect while female
heterozygotes are variable in the degree of enzyme deficiency
expressed. Affected females possess a mosaic of erythrocytes,
some with normal enzyme activity and some with deficient
enzyme activity. The retio of red cells with normal activity
to thcse with deficient enzyme activity is variable and thus
the degree of susceptibility to hemolysis expressed in any
given individual is unpredictable. This has been explained on
the besis of the X inactivation hypothesis which proposes that
during the early embryogenesis one of the two X chromosomes in
each cell »f the female becomes inactive and remains inactive
throughout all subsequent cell divisions during the life of the
individual./11/ Stem cells destined to develop into mature
cirsulating red cells may in the heterozygote possess either
the functional X chromosome with its gene for normsl G-6-PD
activity or the X chromosome with the mutant gene for G-6-PD
deficiency.
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B The distribution of G-6-PD deficiency is world-wide.

a3 Extensive population surveys have to date, however, been performed
only in selected groups.  Teble I /12/ lists the approximate

B frequency of the genetic defect in some of the ethnic groups

£ studied.

TABL: 1

iNUCIDENCE OF G-6-PD DEFICIENCY IN VARIOUS RACES*

St AN Y PO e T sl el SR £ e e LT AR B ol

B T L Ry AT
b, '.'{'-“.u I A OGS

RACES INCIDENCE ;
(%) ;
3 CAUCASIANS ;
24 Northzm Europeans 0.1 :
s Sardinians 330 H
Greeks 25 :
% Italians (rorthern) 2-5 '
B NEGROES
=X American (USA) 10
B Nigerian 10
I Congolese 15-20
’ Tanganyikans 15-30
pex Bantu 2
R JEWS
e European 0.2
¥ fraqi 25
5 Turkish s
& Kurdish 60
3 ASIAN
& Chinese 2
Japancse 4]
Filiptnos 12
*Adapted from Prankerd. Clin Phazmacol Ther 21:13.103,1969

THE ROLE OF G-6-PD IN RED CELL METABOLISM

The human erythrocyte is designed to circulate in the
peripheral blood for approximately 120 days. The mature red cell

Present Cancepts, Vol IV No 3, March 1971
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LA DIy

is metaboliceally and nutritionally restricted because it has
lost much of the metabolic machinery characteristic ot nucleated
cells. After the reticulocyte stage, protein synthesis does not
occur. Then the mature red cell is dependent upon a limited
supply of crucial enzymatic proteins which must serve it unre-
plenished to the point of cell destruction. Certain of these
enzymes are absolutely essential to the maintenance of cellular
integrity and are critical for the protection of hemoglobin
from chemical denavuration. With progressive erythrccyte aging,
there is a gradual attrition of some enzymatic proteins so that
a point in time is reached (normally about 120 days) when the
metabolic machinery dependent upon these enzymes is unable to
supply the energy requirements necessary for the cell to survive.
It is removed then from the circulation. If the red ~ell is
releared into the circulation with an inadequate supply of oune
of these crucial enzymes or if the biological half-life or +*~
kinetic properties of the enzyme are abnormal, the life ¢

the red cell is reduced and, by definition, hemolysis ex

At MY T T B AL T W S S BTN PRI AT TN

SRS s L £ PR ALY

The Embden-Myerhof sanaerobic pathuey of glycolysis (Figure 1)
vhich converts glucose to lactate, normally accounts for 90 percent
of the energy prodvction in the mature red cell. The high energy
rhosphate compounds resulting from this pathway are necessary for
maintenance of the high intracellular osmotic pressure characteris-
tic of the intact red cell. /13/ Until recently, the hexose-mono-
phosphate (HMP) shunt (pentose phcsphate pathway) was generally
considered to play a role of limited importance in erythrocyte mete-
bolism because under usual circumstances only + 10 percent of glucose
is metabolized via this pathway. It is now apparent, however,
that the contribution of this latter pathway varies with ccnditions
of intracellular POz and pH, and under conditions of oxidative stress
to the red cell, this pathway 1s greatly stimulasted. This enhanced
metabolism of glucose through the HMP shunt during vericds of oxi-
dative stress to the red cell is related to the critical roie vlayed
by reduced glutathione (GSH) in the protection of hemogloblin and
the red cell membrane from oxidative damape. /13/ GSH is generated
golely via the HMP shunt.

<o da

G-6-PD occupies the critical site of entry for glucose into
the HMP shunt. Figure 1. Generation of NADPH, and in turn GSH,
is dependent upon the reaction catalized by G-6-PD and the step
which follows. Avallability of NAI® appears to be the factor
limiting the rate of glucose utilization by this pathway under
ugual circumstances. /iL/ In the individual with deficient
G-6-PD activity, however; the limiting factor may be

\
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Fig. 1. Simplitied disgram of pcthways for erythrocyte energy production.
Legend: G6P  ~ glueose-6-phosphate
G6+/D = glucosaG-phosphate dehydrogenuse
69G = B-phosphogiuconate
NADP = nicotinamide adanine dinuclautide phosphate [TPN)
NADPH = reduced nicotinemide adenine dinuctautids phosphate (TPNH)
GSSG = oxidized glutethions
GSH = reduced glutsthione
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Red Cell G-6-PD Deficiency - Culp

the impaired enzyme system during veriods where
metabolic demands exceed its functional cavabilitv.

The fundamentel pathophysiology in G-6-PD deficient red cells
then seems t~ be an inability to meet increased demands for
NADPH end the consequent failure to maintain sufficient
concentrations of GSH which is necessary to protect the cell
from oxidative damage. In support of the hypothesis that GSH
plays a critical protective role in face of oxidative stress
to the red cell, are the observations that either a primary
deficiency of GSSG or a deficiency in the enzyme glutathione
reductase which catalyzes the ~onversion of GSSG to GSH, ray
be associated with hemolysis precipitated by those agents 8
responsible for hemolysis in G-6-PD deficient subjects./15/

AR M TR T e SRR S

PLP AT S

CLINICAL FEATURES

Subjects with genetically determined abnormalities in
the G-6-PD molecule may for clinical purposes be catagorized
into three general groups: (a) those with no clinicsl
symptoms; (b) those experiencing symptomatic hemolysis on
exposure tc certain oxidant drugs or associated with infecti-
ous disease, and (c) those with evidence of chronic hemolytic
digsease of the congenital nonspherocytic type (CNHD).

Some of the variants of the G-6-PD molecule, like the
genetic variants of the hemoglobin molecule (i.e. hemoglobin-
opathies), are primerily of interest to the geneticist because
they are associated with no spparent clinical abnormality.
The most commonly encountered variant in the United States
has been termed G-6-PD(A) and is found in approximately 22
vercent of the North American Hegro population. It is dis-
tinguished from the normal enzyme, G-6-PD(B), by a more
rapid elzctrophoretic mobility characteristic of the former.

G-6-PD{A)} is functionally adequate and subjects with this

l varient have no symptoms. An electrophoretically similar but
] chromatographically distinguishable enzyme, G-6-PD(A-), is

i found in 10 to 12 percent of the Negro population and is

! associated with deficient activity and clinical symptoms of

i hemolysis in settings where the red cell is subjected to

g oxidative stress, such as, that imposed by ingestion of cer-
tain drugs. G-6-PD (Mediterrsnean) is the deficient enzyme
varient occurring asmong Sardinians, Greeks, Sephardic Jews,
and perhaps other Mediterranean groups, which is associated

Pr.sent Concepts, Vol IV No 3, March 1971
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with & more severe form of drug induced hemolysis, favism,

and occasionelly with chronic hemolytic Jdisease in the absence
of stress, A number of distinct abrormel variants of the
G-6-PD molecule have been demonstrated in subjects with CNHD
due to G-6-PD deficiency./16/

0 P th i W 7 AN L e B PN s ks

The degree of impairment in enzyme activity characteristic

of each of the recognized variants is correlated with the

: absence cr presence of hemolytic manifestations. In general
those variants in which red cell enzyme sctivity is greater
than 30 percent of normal are unaccoupanied by problems of
hemolysis. Pelow this range of ectivity however the severity
or persisteace of hemolysis is less well correlated. Assays
of enzyme activity in unselected circuleting red cells may be
misleading as only the older celle may be enzyme deficient, and
assays may fail to reflect abnormalities in enzyme stability or i
kinetic alterations of enzyme function. Better correlation is ;
seen when consideration is given to these additional factors./15/
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With this appreciation of the genetic hetersgenicity among
subjects with G-6-PD deficiency, some clinicsily important
distinclions between the two most common gr *up< of deficient -
} and

individuals encountered in the Unit=d States, ~6-PL{A-
G-6-PD (Mediterranean), deserves emphzsis.

MANIFESTATIONS IN SUBJECTS W.TH G-+ {Megrotype  Daficiency)

Although minimal shortening of the red cell survivel hes
been reported in sciz Negro meles with G-6-FD{a-) in the ghrence
cf any apparent precipitating stress, such individuels are
generally cliniceily and hemeiclogically normel except during
the administration of czyisin drugs or assenieted with systenwic
iliness./17/ ‘The typical course of hemolysis in & deficient
Negro male hemizygoeie is depicted graphically in FPigure 2,

g th the adsinistrvation of 30 mg of primaquine base daily, the

Cr red cell survivel time beging to shorten allost immediately.

During this pzriod Heinz bedies (precipitated aenatured hemn-
globin within the red coll) may be demonstrated by supravitai
staining. Withis 48 tc 72 hours, evidence of intravascul.r

hemolysis bzcomes apparent with a falling hematocs 1t ant fre-
quenu;y nemoglobiruria, Tae period of acute hemolysis lasts

for 8 to 10 days mnd iz followed by a perind of hematologicsal
recovery which pcours iy spite of continued drug sxposure at

a conshant doge. The subsgquent phase uf spparent resistzoce
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Red Cell G-6-PD Deficiency - Culp

or equilibrium represents a state of mild but fully compensated
hemolyris. Since an lncrease in the dose of primaguine to 60
=, & day would precipitate a second acute hemolytic phase., the
"resistapec” of the circulating :ed cells to furthcr hemolysis is
relative and not gbsolute./18/ The self-limited nature of the
acute hemolytic episode is explained by the now appreciated fact
that susceptibility to a given dose of a hemolytic drug is 2
function of red cell age; older red cells being preferentially
destroye”./19/ Toe age relaied susceptibility is due to the
increasz:d rate of enzyme densturation characteristic of the
Adegro G-6-PD(A-) variant. ‘e calculated in vivo half-life of
this (A-) enzyme is approximately 13 days as compared with the
norme. enzyme which has a half-life of 62 days./20/ The reticu-
locytes and the relatively young erythrocytes in such deficient
Negro subjects possess normel activity whereas the older cells
are grossly G-6-PD deficient.

RECOVERY RESISTANCE 0p !
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Fig 2 Typical course of hemolysis induced in hemizygous male ¥egroes by daily administration
of 30 mz pnm.quine dasc. From Bull WHO 22 625, 1960
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MANIFESTATIONS IN SUBJECTS WITH G-6.pp Mediterranean pyovme vARIANT

In contrast to the self-limited course of acute hemoly-.is
and the relative resistance to continued diug exposure which
characterizes the Negro type deficiency, Caucasien subjects
with the Mediterranean enzyme variant behave differently.
Although minimal shortening of the red cell survival in the
absence of any oxldative stress has been reported in individuals
possessing the Mediterranean enzyme variant, the majority of
such irdividuals, like deficient Negro subjects, are clinically
and hematologically normal./21/ Red cell G-6-PD activity in
subjects with the Mediterranean enzyme variant is, however,
generally less than found among affected Negroes and hemolytic
episodes are therefore more severe. Figure 3 /22/ illustrates
the course of henolysis in a male individual with the Mediter-
ranean variant who received 30 mg of primaquine base daily.
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Fir. 3. In 2 month’s period, two severe hemolytic crises were caused in a mutant Sardinian maie
by two courwe o{gprhmqulnc (30 mg daily). In the second hemolytic episode 2 youny population
{10-16 days) of ~“Fe-lagged red blood cells was rapidly destroyed. /22/ Reproduccd with permission.
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Red Cell ¢-6-PD Deficiency - Cuip

The acute hemolytic phase continued until the drug was with-
drawn at & point when more than half the red cell mass had
undergone hemolysis. Radjoactive iron (’9Fe) was administered
to label the newly formed red cells which were to replete the
circulating red cell mass over thez succeeding 14 daya. A
second course of primaquine in the same dosage wes followed
initially by several days of hemolysis sufficient to offset
the increased rate of rcd cell production, and finally,
sufficiently severe hemolysis resulted in a precipitous fall
in the hematocrit and again necessitated discontinuation of
the drug. one important observation is that the newly formed
red cells, labeled with 7JFe and therefore less than 1l days
of age, were susceptible %2 the hemolytic effects of the drug,
vhich confirmed that even the very young cells were severely
enzyme deficient in this subject with the Mediterranean
variant. No phase of relative resistance to continued drug
exposure existed{which was characteristic of the deficient
Negro subject).

The rate of G-6~PD synthesis in red cell precursors from
deficient Mediterraneen and Negro subjects is probably normsal,
however, the biological half-life, or the rate cof decay in
enzyme activity, is much more rapid in the Mediterranean
variants and even the reticulocytes emerge from {ae bone
marrov alrzady deficient in G-6-FD activity. Whereas the
reticulocytes from enzyme deficient Negro subjects possess
normal G-6-PD activity and it is only after circulating for
several weeks that the red cell enzyme activity prematurely
decreases to a point where the cells are sufficiently susceptible
to hemolize when subjected to oxidant stress./20/

The exemples illusirated in Figure 2 and 3 represent
generalizations regarding the severity of expected hemolysis
among subjects with these two enzyme variants. Considerable
individual veristion may exist. The weekly administration
of 45 mg of primacguine base and 300 mg of chloraquine base
(the combination presently employed as malaris chemoprophylaxis
for US troops in Republic of Vietnam) generally produces mild
hemolysis which is completely compensated within a few weeks
in the majority of enzyme deficient Negro meles./23/ Occasion-
elly however, such an individual without any additional drug
therapy or apparent complicating illness will develon, symptomatic
hemolysis following initial ingestion of & single chloraquine-
primaquine tablet./24/ Weekly chloraquine-primaguine administra-
tion results in hemolysis of unpredictable severity among
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Caucasian males with the Mediterranean enzyme varisnt and
generally the resulis are sufticlently severe so that this
regimen should not be emplo..d in such subjects./25/

ASIAN GROUPS

Asian ethnic groups with G-6-PD deficiency have not been
as well studied as Negro and Caucasian groups. The most common
variant found among Chinese ig probably the variant termed
G-6-PD(Canton), This variant has functional enzyme character-
istics ag well as clinical expression similar to that of the
Mediterranean variant. /26/ Both are associated with an increased
incidence of sgevere neonatal jaundice, favism, and drug-induced
hemolytic episodes,

AGENTS PRECIPITATING HEMOLYSIS IN G-6-PD DEFICIENT SUBJECTS

Drugs

Antimalarial drugs, end especially primaquine, represent
the best studied group of agents known to precipitate hemolysis
in G~6-PD deficient subjects. The increasing number of drugs
including many ccrmonly used by physicians practicing medicine in
temperate climates sve now known to have hemolytic potential in
affected subjects. Table IT lists most of the clinicelly im-
portant drugs by their common or trade name &nd the daily dosage
reported to have been associated with hemolysis irn either Negro
or Caucasian subjects. Most case reports and studies are based
on observations in deficient American Negro subjects and in
many instances it has only been assumed, but not necessarily
established, tha’ the dosage of any drug resulting in hemolysis
in these subjects would be even more hemolytic if aaministered
to deficient Caucasian subjects. As noted in Table II, a few
drugs have been reported to precipitate hemolysis only in Cau-
casian subjects.,

It must be emphac_.zed that the spectrum of drugs which
possess hemolytic potential for G-6-PD deficient erythrocytes
is to date incompletely defined. There are seversl reasons for
this. First, insufficient observations have been made among
the less commonly encountered deficient Caucasian subjects to
predict if drugs other than those listed may produce hemclysis
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Red Cell G-6-FD Deficiency - Culp

TABLE I
DRUGS PRECIPITATING HEMOLYSI!S M G-6-PD DEFICIENT SUBJECTS*

DRUG DANY DOSAGE

Drugs frequently resulting in significant hemolysis

Acetantid 3.6 gm
Azulfidine ® 6.0 gm
Depsene® (DDS) 25 mg
Furacin® ..
Furadantin® 400 mg
Furaltadone { Altafur@ 1.0 gn
Kynex ® 2.0 gm
Neosalvarsan 600 mg
Pnmaquine 30 mg
Promizole .
Quinocide ce
Sulfanilamide 3.6 gm
Sulfapynidine 4.0 gm
Tricofuron® 400 mg

Drugs only rarely producing -sgnificant hemolvsis under normal conditions

Ascorbic acid 1.5 gm
tAcpirin 3.6 gm

Aspiiin {0120 gm
tChioramphenocol 1.0 gm

¢ hloroguine 300 mg

Dasone 300 mg

Gantrisin® 300 mg

Phenacetin 3.6 gm
+Quinidine 800 ing

*Data comptled from Beutier E: Druganducced hemolyue ancmia  Phan. ‘col Rev
21:73-103, 1989
*Reported in Caucasians only
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Red Cell G-6-PD Deficiency - Culp

selectively in such individuals. Sccondly, clinical reports
of hemoiyvtic anemia developing during drug therepy have
generally been ascrited to the drug alone when the illness
itsel! may have induc>d hemolysis in u-J-PD deficient subjects.
Lastly, the number of subjerts studied with any single agent
is usually by necessity small end individual differences in
drug metabolism as well as variable degrees of impairment of
enzyme activity amongz deficient subjects may significantly
influence the response t¢ drug administration./27/ 1In vitro
observations have revegled that some parent drugs are inactive
in producing abnormalities in G-6-PD deficient red cells,
vhereas metabolites of these drugs may be capable of inducinrg
severe membrare damage in G-6-PD deficient cells./28/ It has
recently been ceronstrated that gentisate, a known metaboljiile
of aminosalicylic acid, plays & major role in aspirin-induced
hemolysis in G-6-PD deficient Caucasian subjects. It ncts
rnot only as an oxiaizing agent but apparently as a direct
inhibitor <f enzyme acvivity as s 1i. This lstter function is
variaple from one deficient subject te another and may explein
tc some extent the unpredictable affect of this drug in enzyme
deficient subjects./29/

%

Hemolyue Agents Other than Drugs

It is now recognized that hemolytic episodes may occur

in G-6-PD deficient subj2cts under conditions other than drug
exposure. Bacterial infection,/30,31,32/ viral hepatitis,
/39,23,34,35/ viral upper respiratory infections,/30/ chicken-
poxr, 36/ diabetic ketoacidosis, 37/ and nephritis /30/ have
all been reported to de associated with hemolysis in G-6-PD
definient subjects. The pathogenecis of hemolysis associated
with infection or me‘abolic abnormalities hes not been cliearly
defined. It has been postuvlated that the "oxidant drugs" in
patients with hepatic and renal insuffi<’'ency and perhaps
other metabolic abnormalities are these neteghnlic products
that accumilate as a result nf organ dysfuncticn. Ip addition,
azotemia is known tco be asscociated with reduted levels of GSH
in normal erythrocytes; a factor ihat would Turther increise
the susceptibility of G-6-PD deficient cells to hemolysis.’3%)

The role of aliered blood pH in sys. ! *1lmness and its effe~t
on r ‘avclism throagh the hexomonophss.irat ..»nt is not ncwn.

Some interesting in vitro observaticons maie recently ray
heilp tc clariiy the mechanism » which vrral infestions induce
hemolysis of G-€-PD deficient erythrocytes./3¢" Figure L /267

Present Comcepts Vol IV No 3, Murch 1971

!
MEA0 L s A€ mras o aiar i LRI AN 1 Y N (TR AR HASAIS S AOA R s LR AT SO 3 A OO i RSN MO N R A SN e W R A S A ki B B SN bk

e, R

Lr%;"\?‘ﬂé‘ow\»v -
P

- b s .
Sibimhy iy




. TR e e TR e P 3 Rl T TIET

RS TR T = :4{-“?‘1\;4"31-&- E ]

"5>m§§¥§m@&ﬁ% %ﬁ%ﬁ&’“ﬁgaggﬁgﬁ&m%@& ﬁkw@ywwqﬁaﬂwaﬁgfmﬁuﬁﬁ#wwwnsﬁvﬁwwawaawamgwmmmwu%&&#wwnmﬁwm»

Red Cell G-6-PD Defrcrency - Culp

depicts velues for autchemonlysis in the presence of influenza
A virus uith both norwel and 4-F-PD deficient erythrocytes.
Tn the absence of virus botr normal snd G-€-PL deficient cells
under o less than to percen. hemolysis_in 24 hours. With
concentrations of virus greater thian 10~ increased autohemolysis
of G-6-PD deficient red cells occurs. This could be prevented
by , rior heat ingctivation or antibody neutralization of the
virus., To estarlish that increased autchemolysis was related to
metabolic impairment resulting from the presance of the virus
particles, metabolic activity of the HMP shunt in normals end
G-6-PD deficient red cells was eva_aated. Since the cnly locus
:f decarboxilation of glucose in the mature red cell is the HM
shunt (Figure 1), Cu2 production by the rythrocyte is directly
proportional to the activity of the shunt. Ir the presence of
significant concentrations of live virus particles normal red
cells increased martedly the activity of their HMP shunt which
suggested that the virus represented an oxidative stresrc,
These cells nruever Ltolerated .he ox.dative stress because of
their ability to increase GSH production through their intact
shunt. In contrast, G-6-FD deficient cells exhibited little or
no increase in €02 production reflecting an inability to increase
activity of their HMP shunt due to deficiency of the enzyme./39/

The frequency with which il.ness in itself precipitates
hemolytic episodss among G-6-PD 4eficient subjects has not been
well studied, but is possibly greater than has been appreciated.
One retrospective study /30/ evaluated 13G episodes of recognized
hemolysis among €3 Negro and Caucasian patients with G-6-FD
ceficiency wno were admitted to a general hospital for a variety
¢l indizations. UGixty percent of the observed hemolytic episodes
were g; parently related¢ to concurrert illness alone -- most
frequently, to bacterial or viral infectlons. The severity of
hemolysis varied from minimal tc extremely severe and the duration
of the nbserved ecpisoues was transient ir some, while in others
reveral weeks were required for recovery. Thirty-six percent of
the patients with documented hemolytic episndes were female,
which emphasized that clinically sigrificant hemolysis may
frequently’ occur in heterzygotes. In another recent study /31/
of 206 consecutive hospiteal admissions »f Negro patients, L7
had acute infections and 18 (32 perzent »f the group) developed
aneriia with hematocrits less than 3C percent. Although the
incidence of G-6-PD deficiency among the entire group was only
16 percent, 67 percent of the anemic-infectec patients were
found to> be G-6-PD deficient. Although it was not p-ssible to
establish the relative role of infection per se as opposed to
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drug therapy as precipitating factors among this group, a
relationship between snemia and acute infection in G-6-¥D
deficient Negro subjects wag strongly suggested.

r
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Fig 4. Autohemolysis, in the presence of influenza-A virus, in erthrocyte: either normal or
deficient 1n G-6-PD. /39/ Reproduced with permission,

Clinically, the more commonly encountered situaticn is
one in which both illness and effects of drug aaministration
exe present. There is evidence that additire hemolytic effects
result when a susceptible individual is e:posed to more than
one agent simultaneously./23,30/ Asyuptomatic affected Negro
males serving in Vietnam and receiving weekly zhloraquine-
primaquine for a perind of several months were nnt infrequently
observed to develop significant intravascular hemolysis with
hemoglobinuria when hospitalized for an intercurrent febrile
illress.;2k/ Figure 5 illustrates the course in such a patient
receiving weekly chloraquine~primacuine prophylaxis./23/ He
was ron-anemic but with manifestations of inapparent compensated
hemolysis prior to the development of a febrile illness of

Present Concepts, Vol 1V No 3. March 1971

mwww:mﬁmm ;w P3 3; )

SRR VAR AR R R

A4




G = 2O B i = T - T KT el 3 A 2 RMR IR A TR TR T w O - TR T en—— g ey
R SR ——r - e - NP T TR S TN - ey T T e e e ¢ AT AT D A ey I e e
?”M»m S R R R D e o o e T B T R Y P A P S AT R S0 o 2 S s e oy

Red Cell G-6-PD Deficiency - Culp

undetermined et.olopy. The result was brisk hemolysis. ‘This
patient received aspirin (less than 2 gm/day) during his
febrile course. Normally this drug in such a dosage would
not have preripitaved hemolysis in this individual, however,
the combined effect of illiness, small doses of salicylates,
and continued chloraquine-primaquine administration resulted
in a significant hemolytic episode,
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. 5. Hemoly: . effects of an intercurrent febrile liness (etiology not established )salicylate ad-
minintration and chloroquine-primaquine admnistration mn a Negro male with G-6-PD deficiency.
t = admunistration of 300 mg chlosoquine and 45 mg pnimaauine. /23/

There are several situations in which unrecognized G-6-PD
deficiency ray corplica™e the nanifestations of an assaciated
underlying illness or in whicn (-0-PD deficiency may rasquerade
as another disecase state. One o these is homozygous sickle
cell -iisease in which chronic hemolysis and psinful crises ue
to intravascular sickling are expected features of the disease,
but in which acute hemolytic crises seldon occur. A recent
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evaluation of & subjects with docuaented sickle cell anemia
who did experiernce acute episodes of increased red cell des-
truction, revealed that 7 of the 8 individuals had associated
G-6-PD deficiency which was probably the predisposing factor
for brisk intravascular hemolysis rather than the hemoglobin-
opathy itself./Lo/

The incidence of severe neonatal hyrerbilirubinemis
among, infants with either the Mediterranean or the Canton
enzyme variants is significantly increased when compared with
normal infants of the same ethnic group. Although hemolysis
is suspected of playing a significant role in the pathogenesis
of this syndrome, the pathophysiology is not completely defined
at the present time./41,42/

Transfusion of G-6-FD deficient red cells to recipients
receiving oxidant drugs may result in intravascular hemolysis
vhicl mimics an incompatible hemolytic transfusion reaction,
A fatal outcome has been noted in one instance where G-6-PD
deticient blood from a Caucasian subject was transfused to a
recipient receiving Dapsone® (DDS) for the treatnent of leprosy./k3/

CONGENITAL NONSPHEROCYTIC HEMOLYTIC DISEASE (CHND)

Patients with chronic hemolytic anemia in whom no snecific
diagnosis can be readily established by such routine tesis as
examination of the blood smear, osmotic fragility, hemoglobin
electrophoresis, or the Coombs' antiglobulin reaction, have in
the past been classified in a heterogeneous group under the
diagnostic term "congenital nonspherocytic hemolytic disease"
(CNHD). The basis for the diagnosis lies in the results of the
standard autohemolysis test of Dacie, et al./ili/ Over the past
decade an increasing nugber of such patients have been found to
possess deficiencies of specific erythrocyte enzymes essential
to metabolic processes of tho red cell. Although to date 1k
distinct red <ell enzyme deficiencies have been reported to be
associated with hemolytic disorders, G-6-PD deficiency represents
the most freaquently encountered example.’l5/ It has been estimated
that two percent of subjects with G-6-PD deficiency manifest
~hronic hewolytic disease in the absence of drug chalienge or
precipitating acute illness./46/

Present Concepts, Vol IV No 3, March 1971




268

Red Ceil G-6-PD Deficiency - Culp

‘The genetic variants of the G-6-PD molecule identified
among, patients with CNHD are characterized by marked in vivo
instability of the enzyme, severe impalrment in activity, or
unfavorable alterations in the kinetic properties of the mutant
enzyme, so that functionally the HMP shunt is virtuslly.
inactive./16/ Such affected individuals have been Caucasians
snd Orientsls rather than Negroes. Since the role of the shunt
seems to be primarily one of production of GSH for the protec-
tion of hemoglobin and the red cell membrane from oxidative
injury, the mechanism of hemolysis in these subjects in whom
no readily apparent oxidative stress can be identified remains
less than completely defined.

Clinically such patients manifest chronic hemolysis but
anemia is generally mild and in some the hemclysls is compensated
and the patients are non-anemic. The diegnosis is usually made
in childhocd but may go viirecognized until adult life. Hemolysis
may be aggravated by any of the factors thet precipitate hemclytic
episcdes in other G-6-PD deficient subjects, Splenectomy and
corticosteroids have no therapeutic efficacy.

Laboratory Diagnosis

Although spectrophctometric assays >f erythrocyte G-6-PD
activity are performed in many laboratories, the procedure is
time-consuming, requires technical skill, and is not necessary
for detection of most cases of G-6-PD deficiency. A number of
screening procedures have been developed, most of which depend
upon the generation of NADPH from NADP whici is a function of
the reaction catalyzed by G-6-PD. Figure 1. The tests are
based upon the ebility of generated NADPH to reduce visible cdyes
as brilliant cresyl blue, methylene blue, or compounds as methem-
oglobin. Of these simple screening procedures, the most sensi-
tive are apparently the methemoglobin reduction test/47/ end the
asccrbate test,/b8/ although the latter lacks specificity./ko/

Although these screening procedures are sufi'iciently
sensitive to detect the affected male hemizygote under usual
circumstances, ietection of f3nale heterozygotes with their
varyirs preportion of normal and enzyme deficient cells presents
a greater problem. At best, approximately %0 percent of hetero-
zyrotes are recognized ty the metheropl.bin reduction fesi. /0

T+ is irportant for physizians to recognize that aflfected

tlecrs> sub‘ects who have recently experienced a significant hemn-
1vtic erisole may at the tirie of post-episo:ie evalu tion posr2ss
J S 14

Present Concepts. Vol IV No 3. March 197}

RS AL S AR LA s L

Ceck

KUk

by L FURTIN Y

PoiT e e

]




Red Cell G-6-PD Deficiency - Culp

normal or near nor-el enzynie activities beepuse tne enzyme
deficient cells have heen destroyed and replaced by reticul~-
cytes with relatively high activities. The recognition of
C-6-PD deficiency is an even more difficult probtlem n the
ferniale heterozygote who nas undergene hemolysis. DPostponing

the identification of the deficiency until e timc when the
disproportionate number of young cells have aged sufficiently

to ranifest it, is impractical. Delayed diagnosis r.ay resuit in
failure to withdraw the offending agent, or may lead to the institu-
ti~nn of inappropriate therapeutic measures. A simple technigue
has recently beern describved which serves to increase the likeli-
nood of detectisn during or immediately following a hemolytic
episode./51/ 'This technique is based on selective measurerent
of G-6-PD activity in the most aged, and therefore the enzyme-
deficient, red cells. Since density of erythrocytes increases
with cell age, simple centrifugation results in separation of

a population of the most enzyme deficient cells which then mey
be selectively studied for G-6-PD activity.

Diagnosic in subjects with genetic variants of G-6-PL
other then the A-type usually presents little difficulty be-
cause recognition of subjects with the Mediterranean and Csnton
varianus is usually possible even during a hemolytlic crisis be-
cpuse they have a more severe enzyme deficiency which is less de-
pendent upen cell age for expression.

CONCLUDING REMARKS

Erythrocyte G-6-PD deficiency is a common hereditary
gbnormality of world-wide distrib:ticn. Genetic heterogenicity
underlies the broad spectrum »f manifestations encountered
among affected subjects. A striking enalogy to the nemoglobin-
opathies is ap,arent. Biochemically a single emino aci: sub-
stitution in the protein molecule represents the structurzl
abnormality which characterizes the genetic variants of both
hemcglobin tnd G-6-PD. In each there are variants unsssociated
with any functional impairment, those associatcd with episo 1n
symptomatolagy, and some which result in c¢hronic hemclytic
disease. On the molecular level our understanding ¢f <he he~ -
globinopathies ané G~6-PD deficiency far surpasses that of roct
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other diseases, yet knowledge concerning the pathogenesis of
hemclysis end more importantly, what to do‘about it, in limited.
Careful clinical jbservations have, however, provided a bBasis
for rational management of such patients and have obviated many
of the needless therapeutic gestures employed in the past. The
‘ature undoubtedly holds knowledge which will permit a more
direct therapeutic approach; i.e. one aimed at assisting the red
cell to functionally circumvent its atructurally altered hemo-
globin or enzymatic protein.
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laboratory, we do not save people’s iives in the lahoratory. People's
lives are saved where people gre.
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HYPOPLASTIC ANEMIA

MA] Roland F. Schoen, jr., MC

The concept of hypoplastic anemia as we know it today has
been long in evolving becsuse of mystery of its pathogenesis

and unpredictability of its clinical course. Furthermore; the
findings in the bone marrow and peripheral blood have been
variable, and not always easily reconciled.

The original view of "aplastic anemia" was that of
a fulminant disease. Peripheral pancytopenia was a reflection
of markedly or totally reduced erythroid, granulocytic, and
megakaryocytic cells in the marrow. Resultant infection and
hemorrhage supravened early. However, other peripheral pancy-
topenic states or normochromic normocytic enemias with reticu-
lacytopenia were included later in the syndrome. Therefore,
some anemias of chronic infection (with normocellular or
slightly hypocellular marrows) and refractory normovlastic
anemia (an iron-loading, probably premalignant condition with
hyperplastic marrow) were included.

Todsy the term "hypoplastic" rather than "aplastic" is
the qualifier of this anemic syndrome because, a5 with most
syndromes, a spectrum of severity is encountered. Diverre
etinlogies are recognized, end more are postulated. The com-
mon features include peripheral anemiz (usualiy normocyt® -
slightly macrocytic) reticulocytopenia, and reduced eryti. .o
precursors in the bone marrow. White ~ells and platelet
numbers may or may not be reduced peripherally or in the
IArrow.

Classification

In many cases the etiology is not apparent and hence
remains 'idiopathic". A toxic substance should be sought Hut
because many of these cases probably have some toxic exposure
whizh is responsible for the blood picture. It is imperative
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to remove this substance from ihe patient's environment.
Other ceuses must also be considered; namely, pure red cell
aplasis, hyporegenerative crises, uremia, Franconi's syn-
drome and malignant conditions.

:
;—'g
:

TOXIC EXPOSURE

These may be divided into two general groups. First
there is exposure to thogse agents which regulerly produce
hypoplasia after sufficient exposure, whose effects are more
or less rredictable, and whose effect may be demonstrated in
experimental animals/l/; and secondly, there are exposures
(of which most drug reactions are a part) which are only
occasionally and unpredictably associated with hypoplasia and
are not necessarily dose-related. The agents of both groups
seldom produce a selective red cell hypoplasia, but are
accompanied by reduced granulocytes and platelets in a general
hypoplastic reaction. Many drugs selectively depress either
the granulocytic or platelet precursors alone, and are riot
considered here.

*
Bs.
3%
kN

Predictabie dose related hypoplasia

Ionizing radiation. Excessive doses can lzad to severe
and even fatal aplzastic anemia, such as the cases vwhich have
been seen after nuclear explosions and industrial accidents.
At lower dosesg, this is a reversible phenomenon, provided the
victim receives exogenous blood products until regeneration
of marrow has occurred. At higher dose levels, prcbably above
2000r of total body irradiation, regeneration will nct occur.
Knospe et al/2/ have demcnstrated this aspect in rats and
think that regeneration does not occur because the marrow
adventitia has been destroyed.

The type of irradiation is an important factor. Alpha
and beta particles are highly damaging, but since they have a
penetreting effect of several millimeters, they are harmful to
the sensitive hematopoietic tissues only if injected systemically.
It is the gamma particles and fast neutrons which can penetrate
the entire body and cause immediate widegpread damage. The
mechanism of this damage is obscure, but includes damage to
enzymes containing sulfhydryl groups, and the creation of free
radicals in the cell which react readily with proteins and
nucleic acids./1/
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In therapeutic radiation, marrow damage occurs only in
the 'ield of exposure, and is reversible ir a time course
proportional to the dose given. ILocalized rediation, however,
may produce mild marrow depression at sites distant from the
radiation field (ebscopal effect). This ms. be refiected
peripherally by reduced numbers of whit. celils and platelets.
Radistion given to a patient with much prior chemotherapy
produces m:ch more marrcw depression, supposedly because of
prior marrow se-.sitization.

Animal studies suggest thet lymphocytic and erythrocytic
precursors are more serncitive to radiation than are megazaryo-
cytes and granulocytes./l/ FHowever, radiation-induced anemia
is much less of a problem functionally than leuvkopenia and
thrombocytopenia.

Cancer chemotherapeutic agenta. Most of the chemnthera-
peutic sgents for maligmant disease have marrow depressive
effects. Indeed, it is the reaction of this highly sensitive
tissue that often limits and may even preclude admiristration
of & full tumoricidal dose. Again, anemlia is not asg signifi.
cant functionally as leukopenia and thrombocytopenia.

Benzene and its derivatives./3,5/ This toxic depression
usually occurs in inuustrial workera with chronic exposure to
this widely used soivent. Control measures have simed
largely at keeping the concentration of the vapor below a
critical level, because it is usually absorbed by iruclation in
a poorly ventilated rcom,

Clacssic pracytopenia is the most severe form, and rarely
even then is tie marrow completely splasiic. However, many
more subtle forms of toxicity exiet. The earliest sign s
probably mild hemolytic anemia with a tendency toward macro-
cytosis (increased reticulocytes) and a shortened red cell
survival., Increased serum bilirubin has been described in
many cases. Some cases of b nzene poisoning have resulted in
extra medullary hematopoiesis and splenomepaly, but these are
rare., A significant number of the chronic benzene-induced
hypoplastic states have evolved to acute myelogenous leakemia.

Trinitrotoluene (INT) has prod -ed hypoplasis, but more
often it produces a dermstitis snd gastritis. Benzene hexa-
chloride (1lindane) is a popular insecticide and has been
implicated as a causative agen® in hyponlastic diseace,.
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Hypoplastic Anemla - Schoen

Agents Unpredictably producing hypoplasia

The list is an ever-expanding one, and only the more
coumoen examples will be considered.

Chloramphenicol. Until recently, most cases of acquired
hypoplastic anemia in which a toxic expcsure was eliciteq
historically have been caused by chiloramphenicol. The reaction
was first recognized in the early 1950s but becavse of con-
comitant drug therapy in meny instances, the early reports )
were not heeded, and the peak incidence of new cases of hypo-
plastic anemia (83) occurred in 1999./6/ The incidence has
ceclined ever since.

The risk of acquiring hypoplasia from the drug has been
estimated by comparing reported cases to drug sales. It is
estimated that there is one in every 60,000 to 500,000
petient-exposures. A variable rredominance in females has
been reported (a ratio as high as 1.6 to 1.0) especially in
the premenopansal. grovp, as weil as sn increased incidence in
Caucasians in the northern European countries. In 75 perxcent
of the ceses, all three blood cell lines vere depressed and
marrow hypoplasia was found. In 50 percent cf the cases
evidence of "reaction" was found within 30 days of the last
dose, in 22 percent during treatment, and in 10 percent after
130 days had elapsed./l/ Oversll mortality rate was 50 per-
cent; half of these deaths occurred within 50 days of onset,
Favorsble prognostic variables were (1) fewer blood lines
depressed, (2) non-Ceucasian race, (3) development of re-
action during therespy or shorily thereafter, and (4) large
daily dose of drug.

The marrow was truly hypocellular in oily two-thirds of
the cases ard the remaining one-third had normocellular (or
rarely hypsrcellular) marrows with oxr without a specific
depression of one of the cell lines./6/ The normocellular
marrows only rarely (18 percent) presented with pancytopenia.
Most of the patients () 0 percent) with eplastic maxrows.
died (a1l of these within 18 months) primarily of cerebral
or gastrointestinal hemorrhage. The presenting sign was
usually purpura which occurred after therapy had stopped.
Those cases of aplastic anemia occurring during th-rapy
usually presented with anemisa, were normocellular !n the
marrow, and often recovered in several monthe, but sometimes
as long as a year after presentation.
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. The two types of chloramphenicol toxicity are
summarized in Table I./6/

TABLE 1|
CHLORAPHENICOL TOXICITY
TYPES OF TOXICITY
¢ Bone Marrow Cellularity Normocellular Hypoplusia oz Aplastic

PERIPHERAL BLOOD Anemia withfwithout Pancytopenia

Leukopenia or

Thrombacytopenia
DRUG DOSAGE Usually large and given in No particular relationship to

a shozt period of time dose, frequeatly intermittent

TIME RELATION
(of Toxicity 2o lagt doa) Concusreat 2 to 20 weeks later

MOST COMMON PRE-
SENTING SIGN Anemia, pallor Purpurs, hemorrhage, or both

CUTCOME Ususlly nonfatal Usually fatat

Human studies were caxried out in the fifties in an
attempt to delineate the dynamics of the "dose related"
lesisn. Rubin et al found plasma ircn was elevated with
g§gh carrier saturation, & delay in tgg disappearance of
““Fe from the plasma, and feilure of ““Fe to appear in
circulating red cells for at least eight days. DNefinite
marrow depression occurred in two percent aend borderline
depression in six percent of 50 healthy volunteers.

Saidi et al /9/ have demonstrated striking morp..ologic
changes in the marrow of patients receiving therapeutic
doses of chloramphenicol., Large vacuoles axe seen in the .
primitive erythroblasts, associated with anemia and reticu- ;
locytopenia, and have been considered the classic erythro- :
poietic lesion. Wallerstein /10/ suggests that the vacuolar

change is part of the pharmacologic effect, occurring in

anyone taking the drug, and is reversible. Chloramphenicol

given with By, to patients with pernicious anemia dic¢ not

inhibit the correction of megaloblastosis, so the chloram-

phenicol lesion is apparently not involved with nucleic

acid metabolism./9/ The vecuolization is nct a unique lesion;

%
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Hypoplastic Anemia

it is also seen in acute alcoholism./11/ The appearance of
such vacuosles does not warn of impending marrow hypoplasia.

No clear explanatior has been forthcoming to describe
the 1t .chanism of hypoplastic disease with chloramphenicol.
Careful monitoring of drug therapy cannot prevent the disease
from developing later; the best method of prevention seems to
be highly Jjudicious use cf the drug clinically.

Organic arsenicals (arsenocemindbenzols used in early

B syphilis therapy) occasionally produced a hypoplastic syndrome
B but this type is not seen now. Inorganic arsenic in sufficient
kit dose will slways produce marrow depression; arsenite salts do
E not./1/

9 Anticonvulsants, such as methylphenylhydantcin (Mesantoincs,
trimethadione (Tridione ®), and carbamazepine (Tegretol ®), have
prcduced the syndrome. Diphenylhydantoin (Dilantin ® ) has been
reported in one case./12/

Phenylbutazone usuclly produces leukopenia as a cide-
effect, but may produce erythroid hypoplasisa.

Golu compounds, used in treatment of rheumatoid arthritis,
may produce botn leukopenia and hypoplestic aneria and are
usually reversible on cessation of treatment.
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Treatment

The most important specific therapeutic measure is the
identification of any causative toxin. removing it {rom the
patient and his environmen% for all time. In over che-half of

. cases, taxic exposure is not discernible, which suggests a
! toxin is not :ausative, or continues occcultly, perhaps, to
i insult the marrow becsuse of uninterrpted exposure. Etiolog-
i ically, these remain "idiopathic".
t
i

Supportive measures, including blood treasfusions for
anemia, platelet fractions for thrombocytopenia, and vigorous
antibliotic treatment for infections permitted by granulocyto-
penia, are important, These are not without hazard, because
transfusion resctions and sensitication occur. Cirrhosis and
liver failure may develop from transfusional hemosiderssis./13/
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Not to abandon attempts at therapy is the primery
theme. Multiple hematinics have been tried, such as pyrioxine,
folic acid, vitamin B2, liver extract, and a trial of these
is probably warranted only to prove that they will not be a
beneficial alternative to repeated transfusicn. Some spontane-
ous remisgions have occurred many months after onset, and so
vigorovs support is justified. Splenectemy /14,15/ has appeared
to be helpful in some cases when other measures have failed, and
may be justified on an empiric basis rather than thecretic basis.
Cortisone has been tried with some success; Sanchez-Medel, et al
/16/ had a 12 percent response iate.

The mnst promising sgents are testosterone gnd its deriva-
tives, espezially oxymethalone. Sanchez-Medal, et al /21/ had
50 percent response rate to this latter drug, even when, in a
few cases, testosterone had failed. In 69 cases, 33 positive
responses were seen, 22 of which have been apparently permenent.
Therapy was initially undertaken for two months, but eight
relapses occurred on discontinuing therapy. Seven of the eight
responded to re-induction with oxymethalone. Improvement was
noted in those who responded in two weeks to six months. Oxy-
methelone can produce cbstructive jaundice (as a 17-methylated
testostercne) but is not often a csuse for stopping therapy.

Its mechenism of action is unclegr. btut decreased Fre plasma
c¢learance and decreased red cell”/“Fe utilization heve normalized
on therapy./17/ Erythropoietin values are increased in such
patients, and it is postula*ed that androgens may work synergis-
tically with erythropoietin to stimulate erythropoiesis.

Pure Red Cell Aplasia

In contrast to acquired hypoplastic anemia, there is a
group of syndromes (1) in which the red cell precursors are the
only deficient cells in the mar:ow, (2) which occur independent
of any toxic exposure, (3) which cccur in certain age groups,
(4) which have a perticular therapeutic approach.

Pure Red Cell Aplasia (PRCA) in Adults

This acquired condition has been given many names, includ-
irng primary red cell aplasia, erythroblastophthisis, idiopathic
aplastic anemia, selective red cell aplasia, erythroblastic

hypoplasia, chronlc hypoplastic anemia, essential erythroblasto-
penia, primary refractory anenis.

Present Concepts, Vol 1V No 3, March 1971
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The Mayo Clinic reviewed 16 cas2s seen in 1951-61 and
esteblished the following diagnostic criteria./18/

- - Sevare normocytic normochromic anemia
requiring transfusion.

- - Reticulocyce ¢ount of 0.0 to0 0.2
percent.

- - Normocellulsr marrow without red cell
precursors {as distinguished from
refractory normoblastic anemia).

- - Normal liver, spleen and lymph nodes
(before transfusional hemosiderosis)
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In their series 10 percent developed hemolysis. The
everage patient wes msle (2:1) and middle-aged. Ten percent
developed leukemia at a later time. Some toxins have been
suspected, anc in other rettings this syndrome (PRCA) has
been seen in kwashiorkor (which responds to riboflavin) and
in one case with carcinoma of the bronchus./18/

PYO TR P R i ]
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Finkel, et al/19/ have described three patients in whom
cortisone has been dramatically effective, and this has been
noted by others. 1Its mode of action is speculative, but
recognized to he antireoplastic (in lymphoproliferutive
syndromes) and immunosuppressive in other settings. Anti-

| bodies have been demonstrated against erythrobliasts
and agrinat erthropoietin. /20/ Cyclophos-

~ phamide and 6-mercaptopurin have &lsc been used with
gaccess, suggesting inhibition of a cell that had been produc-
ing something toxic snd suppressive to erythroblasts./21,22/
Therefore,; cortiscne and cytotoxle drigs have theoretic bases
for use in PRCA.
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Pure rad cell aplesia in adults has slso bheen seen
coincidentally with benign thymoma, non-invasive spindle-cell
type,/23/ In ebout 17 percent of these myasthenia gravis is
alsc present. The anenis may precede recognitinn of the
tumor but usually oscears with it. In one cnse, anemia occurred
three yeers after the removal of the tumor. Thymectomy may
completely, partially, or fail to correct the anemie. Corti-
sone was beneficial in two cases only after thymectomy and
silenectomy. Testosterone has nccasionally been helpful. The
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mechanism of the anemia in combination with thymoma is
obscure. An autoimmine busis has been postulated but not
demonstrated.

Pure Red Cell Aplasia in Children

Congenital hypopiastic anemis was described as a syndrome
in 1938 by Blackfan and Diamond and bears their name. It re-
i fers to an abnoxmslity characterizszd by normocytic, normo-

i chromic anemia, reduced red cell precursors in the marrow, but

‘ normal leukocytes and platelets and found in young children.
The usua? nane epplied i3 "congenital hypoplastic anemig’29/,
as opposed to “congenitel pancytopenia" (Fanconi's anemia)
discussed page 286. Cther synonyms for this syndrome are hypo-
regenerative anemia, erythrophthisis, idiopathic hypoplastic
anemia, statioaary hypoplastic anemia, chronic erythroblasto-
penia, erythrodisg:znetic anemia, chronic erythrocytic hypo-
plesia, pure red c2ll agenesis, erythrogencsis imperfecta.

These children may not be anemic at birth, or do not shuw
sufficient pallor to entertain such a diagnosis, and so the
true congenital nature is controversial. There is a slight
predisposition for males, Caucasians, end one-third of cases
hava been products of complicated pregnancies. Most do not
Lave other congenital anomalies like the Fanconi patients.

The median age of dlagnosis is one month; aversge is six
months. Hepatomegaly has been described.

The natural course of the disease has changed. Previously
15 percent had spontaneous remissions with decreasing trans-
fusion requirements. The usual problem of hemosiderosis
cirrhosis, growth reterdation, osteoporosis, bone age retarda-
tion and pubertal failure vere seen after five years of trans-
fusions. Cortisone has been of some benefit, and it has
recently been apprecisted that if the disease is treated
within the firet few months of diegnosis, 90 percent will
respond, whereas after a year with the disease the response
rate is mich less./25/ Maintenance usually requires 5.0-7.5 mg
prednisone daily, with rise in hepatocrit each time a "reduced”
‘ dose cf corticostercids is raised. The mechanism of action for

cortisone remains unclear.

The disease has been seen to occur more than once in five
femilies./24/ No chromosomel aberrations have been described,
in contrast to those with Fanconi's anemia. Abnormal amounts

Present Concepts, Vol 1YV No 3, March 1971
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of anthranilic acid have Le-m deseribed in the urine of
atients/26/ but a defini .re metabolic error has not been
found.

feae s

Hyporegen=rative Cris. s

.o ilm o wreds

Th~-2 are nrobably many acute illnesses and stresses 1
which 1 © ersal.y c.-se tempo.ary merrcw arrest./27/ It is
transi. nd s-sses . waoticed in indi riduals whose blood :
c2lls e..r & nrrawl  ifc spen . In patients 'ith hemoe i
lytic ane ., W -2 :: ¢ 1s may 1've only a fraction of K
the norme 120 days. i .rary marrow .rest may lead to
severe snex. a. The . -~ow normally works much below full

capacity, implying wie: it can produce severel times the

usual number of cells per unit of time. T!>3:refore it can ]
compensate without anemia developing when red ~ells live !
only 12 days .. some settings. Certainly this increased

rate cannot be sustained indefinitely. In acute hemolytic

anemia, reticulocyt: is may be delayed perivherally and the

bone marrow depleted »f red cell precursors. This is dv~

to initial rapid emptying of reserves and a two to four day ‘
lag in marrow erythroid reaponse. 2

Patients with chronic hemolytic anemia, such as sickle
cell disease, and heraditary spherocytosis are most prone
to hyporegenerative crises./28/ It cannot be prevented in
theo former, but splenectomy prevents it in the latter.

(‘The cellulrr defect persists, but accelerated destruction
ceases.) Chronic hemolytic disease may predispose to a
megaloblastic aggravation of marrow failure because of a
relative folate deficlency.

Treatment

Treatment of hyporegenerative crisis is supportive with
transfusicns. Occasionally platelet and leukocyte lines are
also affected but do not require exogenous support. Spontane-
ous recovery occurs in seven to ten days, with sequential
leukocytosis, normoblastosis, reticulocytosis and rise in
hemoglobin level.

Anticipation of such events prevents being caught unaware.
It cen be prevented only by altering the length of life of the
red cell, as splenectomy in hereditary spherocytosis, or
pcssibly in elliptocytosis.
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Uremia

Anemia is cbserved in most types of renal insufficiency.
In mild azotemic states asnemia may be a reflection of the
disease causing the rensl insufficiency, noi of the kidney
failure per se, Only when the blood urea nitrogen (BUN) is
greater %EZh‘Bb-loo mg/100cc may erythroid hypoplasia be
seen. Yhite cells and platelets are usually present in nor-
mal rumbers.

The anemia is usually normocytic, but occasionally some-
what hypochromic., Burr cells may be present. Red blood cell
survival is shortened, most likely from an extracorpuscular
factor (uremic inhibitor?)/29/ Reticulocytes are usually
reduced; the anemia usueally stabilizes when the hematocrit is
about 20 percent. Ferrokinetic studies have shown plasma iron
clearance time is incresased, plasma iron transport rate is
decreaged or unchanged and red cell utilization of iron is .
decreased. The iron may be shunted to storage in the reticulo-
endothelial system and unavailable for hemoglobin synthesis.
Iron may be lost through gastrointestinal bleeding, loss of
transferrin in nephrosis, and, more recently, loss through
disposable dialysis coils./30/

The kidney has also been cited as the main source of
erythropoietin, a hormone stimulating red blood cell produc-
tion. 1In advanced renal diseasse the level of this hormore ic
reduced, and exogcnous erythropoietin stimvlates the uremic
marrow imperfectly, suggesting the presence of some additionsal
repressor or inhibitor. Recently an inhibitor to erythropoietin
has been isolated from the kidney (and other tissues) but it may
not play a physlologic role./29/

Chronic dialysis may improve the anemia after several
months. The kidney does not, supposedly, produce more erythro-
poietin, dbut improvement may occur from removal of & marrow
suppressant, removal of erythropoietin inhibitor, removal of a
depressant on erythropeletin production, or incresased erythro-
poietin production from extrarenal sites. Eschbach¥* has

ecently shown that the anemia of renal failure may be benefited
by androgens, specifically fluoxymestrone (Halotestin®).one to

six morths is required for treatment; there appears no relation-
ship to status of kidney function. It is cffective in anephric

*On faculty, School of Medicine, University ¢f Washington, Seattle
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paticents. Concomitant iron deficilency prevents its acticn.
It rarcly raises the hematocrit above 30 percent.

Fanconi Syndrome and Qther Possible Pre-malignant States

This se~tion raises the intriguing notion that hypoplastic
disease from seemingly diverse etiologies can terminate with
mglignant transformation to acute lenkemia. Indeed, such a
disgnosis should be entertained in any differentiai disgnosis
of hypoplestic anemia./31/ There is one case report/32/ in
which chloramphenicol-induced hypoplasia, treated for seven
rears with androgens, terminated in acute leukemia. Several
cases of leukemim following benzcne induced hypoplasia have
been described./h/ Many of the Japanese survivors of the atom
bomb blasts were hypoplastic as a population and developed
leukemia in much higher numbers at s later date than uneffected
populations./33/ Paroxysmal nocturnal hemoglobinemia (PNH) has
been associated with aplastic crises and acute leukemia has
developed in a few patients./3h/
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Fanconi's syndrome, cor constitutioral aplastic anemia
(constitutional pancytopenia), is a rare anemia of childhood.
It develops usually between age four and twelve years and is
rare under age two./35/ Patients arc usually hyperpigmented,
have srrall stature, and have other congenital anomalies, such
as microcephaly, hypogenitalism, streabismus, extra digits,
renal anomalies, and mental retardation. Bone marrow examina-
tion mey initially be hypercellular/36/, but later shows
depression of one or more cell lines. Chromocome studies show
i a normal number with a specific type oi aberration termed
g endoreduplicatiovn./l;/ Chromatid exchenges and chromatid
i breaks have also been seen., These abnormal chromosomal
patterns have been seen in "normel"” family members of the pro-
band./37/ Patients with Fanconi's anemia end their family
rembers have an increased incidence of leukemia./S/ The
chromoscomes of patients with Fanconi's anemia and those of the
normel family members are also more susceptible to malignant
transformation by SV 40 virus in vitro./hl/

Patients with Fanconi's diseese usually do not survive
more than three years from diagnosis, although a few have
reachedé adulthsod. Splencctomy has been helpful occasionally
in relieving thrombocytopenia. Cortisone and androgens have
not been useful.
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» Corclusion
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The dimgnosis of hypoplestic disease raises four
important points: 18 more than the red cell line involved?
If so, and the stigmata of Fanconi's syndrome are not ap-
parent, then the presence of an exogenous toxin must be gus-
pected and its identificstion and elimination are paramount.

S s 3NN e S LA AT S

3 Can a specific thergpeutic agent be applied early to
reverse the disease? Is this a pre-malignant lesion? Even
if such is suspected, no therapy can be directed toward a
malignancy until it is manifest, and other therapies are
considered in a normal order.

4y p P g K AR S

If no specific therapeutic egents are applicable, many
non-specific remedies must be tried, a spontaneous remission
hoped for, and transfusions given for support.
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Patience, a hematologic potpourri of therapies, and hope
constitute the milestones on the journey toward control, if
i not cure, of hypoplastic anemia.
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