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P.isissue of\Present Concepts is devoted to reviewing some of the areas in hematology
Iwhich have6 be'~i most strongly influenced by the advances of the past ten to fifteen
years. Much orPthe issue deal.s with disorders of hemostasis, a subject that tw!o
decades ago was sometimes referred to as the "graveyrd of bematology". 'No0 contri-
butions in this issue review import~ant advances in' ; kInowledge 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 ýiny hereditary erthrocyte defects at the' molecular level. a rational.
clavvsification of a number of hematological syndrom~ea(the _etiologie~s7;o which were
t¾4.ally obscpire before 1950) has been posoible. -Mor-ie importantly., tM:6--definition
frti' many inherited red cell abnormalities at the molecular level has served as a modf.,
for the geneticist and molecular biologist in their rnope-baedic quaest for unlocking
the secrets of humamx biology. The hemogJlobinopathies and red cell. c-6-PD deficiency
represent classic examples of genetically determined molecular disease. G-6-FD de-
fitiency, the most common of the recognized red cell enzyme deficiencl.es.,is reviewied
In .this issue with emphasis on tha spectrum of clinical manifestations encniamtered
Sin affected subjects.

The last of the six articles In the symposium is a review of the difficult subject of
hypoplastic anemia.
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"Blood is a very specia juice."

JOHANN WOLFGANG von GOEMiE (1749-1832)
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i he pas•t two decades have witnessed unparalleled advances in medical science.
Few fields of medicine have failed to share in this progress, but none has been
more greatly~influenced than the specialty of Hematology. During this period
we have seen Hematology 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 biology as they apply to hemato-
logical disease. 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.

"i':hi issue of Present Concepts is devoted to reviewing sonic of the areas in
hematology whidh hav,- been most strongly influenced by the advances of the
past ten to fifteen ye-ars. Much ef the issue deals with disorders of hemostasis,
a subject that two detides ago was sometimes referred to as the "graveyard
of hematology". In 1961 Tocantins said of coagulation and hemostasis:

"This hardy perennial 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 normal and patho-
logical hemostasis has reached the point when a systematic approach to in-
vestigation of the pai:ient 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 at the molecular level, a
rational classification of a number of hematological 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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this definition of many inherited red cell abnor-malities at the molecular
lecl h:as served as a model for the geneticist and moleculzr biologist in
their more basic quest for unlocking the secrets of human biology. The
hemoglobinopathies and red cell G-&PD deficiency repre.ent classic ex-
amples of genetically determined molecular disease. G-6-PD deficiency,.
the most common of the recognized red cell enzyme 1fciencies, is reviewed
in this issue with emphasis on the 3cectrum of clinical manifezations en-
countered among affected subjects.

Doctor Schoen has reviwed the difficult subject of hypoplastic 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 field. 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 c!inical relevance and therefore, hope-
fully, will be those topics of particular interest to our reading audience.

LTC NEIL W. CULP, MC
Guest Editor

Present Concepts. Vol IV No 3. March 1971
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THE BLOOD PLATELET
Its Function and its Disorders

Richard J. Cohen; M.D.*

One of the most outstanding developmnents in hem.atology
withfh the past~five years has been tht reco.irion ot the
,o:leýxkpersohality of the blood platelet, and the intricate
and'criti~al-ri6 this blood element plays in normal heno-

stasis. t -ould' like' to r6"view with you soie of' our under-
standing ft n6rmal and abnormal platelet function and discuss
some of the'newer diagnostic procedures. that are now available
for the'evaiuatibn of suspected platelet disorders.

When 6 blood vessel is severed or damaged, a series of
reactions is set in motion to rapidly :stem the exit of blood
from the vascular bed. The major event initiating this reac-
tion is the exposure of collagen fibers which underlie the
vascular endotheliumv. The platelet, migrating through the
blood streams is chemically attracted to .these exposed fibers
and the contact between collagen and platelet, leads to important
morphologic. and biochenical changes vithin the platelet itself.
The platelet alters its shape from a thin disc-like structure to
a spiny sphere and the many granules contained within the plate-
let begin to disappear. At the same time, high concentra-
tions of s6rotbnin and adenosine diphouphate (ADP) begin to
appear. Although the actual function of this serotonin is
not fally kniowne there is some evidence to suggest that it
leadas to ,contraction of the severed vessel walls thereby
reducing tte size of the hole through which blood can leave
the vessel. The ADP, in a poorly understood manner, serves
&s a potent stimulator of platelet adhesion to the vessel
wallp as Well es'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
hawing the temporary ability to halt blood loss. During
this stage,,-the platelets retain their morphologic identity

-and can be disaggegated to return as viable agents into I
the blood Stream. Thrombin now begins to appear at the cite
of iuryq, stimulp.Led at this early stage of hemostasia by

•Ikwc, Cl~a Coapkm in boawdes, San Fancbco Goam Hospital a&d Mount Zion
HoqftaL Sim FracIx,; and AMdtat Claieal Photmot of Modkci, Unfrenty of Calforni
Modcai QnW, San F.monso

Present Concepts, Vol IV No 3. March Z971



192"

The Blood Platelet.- Cohen

the imiiediape release of' tissue thro'iboplastin thrvi'gh t~h'!
severed vessel walls. rhro4mbin causes newly arrived

platelets to release rapidly their ATr? and aggregute furthe-
on too of the already aggregated plalelet mazs. Undc~r thoý
influence of thrombin, in a p)roce~ss called viscous n'eta-nor-
?:icsis, tht: platelet plug now becomes a dense aggregate,
irreversibly booind together with loss of identif'iablc jrdi-
vidual platelet architecture. As -tore Line oaZses, new
thrombin becomes generated, stimulated through the biochemical
events of normal intrinsic blood coaguilation. Fibrinogen,
floating in and about the platelet mass, is transrorr'iod by
this thrombin into a network of fibrin strands -- serving
erffectively to reinforce the platelet mass and leadings- Lo a
solid definitive plug. As a further protective device',
normal platelets release the protein thr:.'nbasthenin which
causes contraction of' the platelet-fibrin mass and promotesz
additional consolidation and impermeability of' the def'in!iUive
hemostatic plug. In this manner, the body stiffIciently sealsI
spiall leaks in 1its vascular comp~artment, in the normal indi-
vidual.

The brlood platelet possesses within its confines many
aT.no acids, proteins and other chemaical materials. The
purpose of' nary of these, is unclear. It is knoun that the
pl'atelet mnembrane supplies phospholipid necassary for
Affecti-ve blood coagulation. This funcrlion, of' the platelet
:u~s b'!en Cal-lea Itplatele'. factor 3 activity" a~nd further
clarlt'cation of the nature of this action is required. It
a?pearz thaG a olas.na facfto: is also necessary If' all o:
Ehese platelset reactions- are to take place 'ndez-ately. rhe
absience oý rhizc racr~or a%,):e:rq res.)onsibleo for -miny of th-:
hp-osb~atic abnormalities seen in von Willebrand'.- dioease,
ind accordingly the plas-a factor has been referred to as
the "von Wil-lebrand's factor".

rae clinical result of a defect anywhere within this
pri-narT hemostatic mechanism is bleeding. The bleeding
characteristically takes place in the skin or mucous mein-
branes- and )roduces the characteristic findings of' petechietŽ,
,puro3ura or ecchj-noses. It~ is also seen as a persis'tent o.'zo
following trauma or surgery. The three grou,)s of abnormali-
tias involving the primary hemiostatic xechanrisn that car,
eventuate in clinical bleeding include (1) thrombocytopenia,
(a rquinti~ative defect in platlelet numbers), (2) platelet
dysfunction (an acquired or congenital qualitat-ive p~rtelet
defect), and (-)absenoe of ths ?laSma factor rvoeessary f'.r

Present Concepts, Vol IV No 3, March 197;
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The Blood P1*eleot. Cohen

normal platelet react.!ons to take places (the characteristic
finding it von Willebraid's disease). Only the qualitative
defects in platelet function will be discussed.

The tOrwinol.ogy used to define platelet dysfunction
nas been, in the past, confusing and inadequate. Certainly
the ftogre~s in recent years has allowed further definition

of specific categories of abnormalitiec and it is probable
that new and more useful terminology will gradually deielop.
Thr6mbocytopathy has been used to indicate a qualitativw
platelet defect in which platelet factor 3 actirity is not
avail'able to the blood coagulation system. Conditions in
which it is fotud as an acquired defect included myeloma,
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
thromboathia_, platelet aggregation induced by collagen or
thrombin is ineffective; however, the platelets appear
to respond promptly and normally to exogenous AEP, suggest-
ing that the disorder is due to impaired release oC ADP
from platelets. Thrombasthenia is viewed as a disorder in
which ADP is normalnf7iease 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 AD? 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 recogniricn that
a large number of commonly prescribed medications have che
ability to interfere seriously with the collagen-platelet
interaction. These include such drugs as aspirin, butazo-
lidin, indomethacin, glyceryl guiacolate and the vasodilater,
dipyrimadole (Persantii® ). Their effect produces a state
of induced 'thrombopathial where ADP release from platelets
does nor occur on exposure to collagen or thrombin. 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 bleeding. Since the effect oC

Present Concepts, Vol IV No 3., March. 1971 -
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The Blood Piatelvi - Cohen

th-se airugr has been shown to Th,,t as long as One Week aifter
in-estLon it. is oossible tnat 'ýxcesoive surciical or -)ost~-
-iper-Ative blpedivy may he the resui.', or rpc(-rlt inpe.:r..ion '
any -f these drug's. Mpny investi'ic~ors have reasor-d 01at
the abilitxy of these inedications to iirr~air 'h.-telet .-lggrepga-
tion may have ir'rortant therapeutic implications. file
for.'ati~on of a Lhronbus aopears to denend t.o a large dogreeA
on nlatelet interaction and aggregation. S31-udies rccur..
rentsly underway throughout the world to see if the prophylac-
tic adrdnistration of anti -aggregating aeents will reduce the
incidence of thrombosis in coronary artery. ce-2'ebrovascala.',,
and ?eri-)heral vascular disease. Recent" work by Mirphy and
Mustard hrs demonstrated that pretreat'rent with cnspirin
nreveflts the generalized Schwartzman reaction and disse.ainn~ted
intravrtscular coagulation i~n experimental ani-zals. AddiL~io,..al
re')ortF' showi n; tl-iat Persantin@H lowered t~he incidence or
-ý.hronhosis in -)rost~hetic heart valves fox' owing, cardtac
surgery, and that intravenous aspi rin produced rem~issions in
Lhro'ibotin thro nbocytopenic lrpurora suprasts '-hl.L thi3 xonroach
'r~y h~ve exciting a-)olications.* CertEainly thn literatur~c oveRr
t~hr- Slv e"'ral yvears will contain mnuch information r,'•Lative
t~o this nubjeczt.

In the evaluiation of the bleeding patienu in who-n o
prv'nar~y hemnost~at~ic defect is suspected, the initial. critical
labnratryo~ determination is the ?ltltcount. fhe often

ne-lec ted )rocedure of looking at the perioheral blood
s-n-ar Ta:Y Yield quickly the diagnosis of thrombocytopenita
but may also show large abn~lrral plIatelets such as thoseý
seen in several congenital platelet disorders. it should
be strezssd that, tne most imnortant bedside test for the
-'ossible presence of an acquired or congenital -platelet
hemostatic cofect rema~ins the Ivy bleeding tine. Through
the,- st~kndnd skin '-uncture mlade wlth #11 scal-el blade, oneA
creates ani exoosure of collagen to the blood p1.ý,teleL. By
recordinp the timne necessary for all oozing from the cut to
ceas-', one has an excellint measure of whether or not al!
the *nemostatic events have been able to take place adequitely.
C-irrent evtidence suiygests that. the sensitivity of the test isZ
further enhanced by repeat~ing the bleeding, timii two hours
after ,he in-resti'on 'nf 10 grains of aspirin. Whereas this
drug will disturb only %ildly the hemostatic seque~nce in
nor-i-l Ardividuals, those nitients with : 1defect, in orilnarv
heniost-asis, irregardiess of the cau~se, will develop ~narked

Present Concepts, Vol IV No 3, Match 1971A
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Fig 1. Bleeding time values (vY method) In normal ind diseased states before and two hours
followlnM intestion of 10 grains acetyl.allcylic acid.

prolongation or bleeding time. Figure 1. This is help-
ful where the initial bleeding time is borderline or slighltly
elevated in a patient, suspected of hlaving a hemostatic abnor-
mality. The Rirpel-Leede capillary fragility test, while
simple enough to do, is much too variable and nonreproducible
to be of significant value. Observation of clot retraction
when carefully done in a 37 C waterbath gives useiul informa-
tion. rhe contractile protein, thrombasthenin, is necessary

•for this reaction and defective clot retraction either implies
an insufficient quantity of thrombasthenin due Eo 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 IV No 3, March 1971
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The Salziun platelet adhesiveness test is a pzociduh
which n•deaufren the capacity of platelets to adhera to glass
beads under controiled conditionc. The 8alzman apparatus
consists 6f a standa.rd number of glaes beads cnxtained in
a plastic -tube. A platele,4 count is done betoi'e and after
blood has teen passed through this column of gla~ss beads,
the beads perving us a nidus tcz Mhich tho platelets myay
6 StiCk. With the loss Of normal charactoristics of piat.01et
adhfsion, the pro- and post-passage platelet courtts are
essenatially similar. The rcajor diagnostic use of this test
has been as an aid La the recogrnition of Yon Willebrand's
dWtease and d metabollc Anduced platelet dysfunction, such
a5 that which occurs in uremia.

Perhaps the greatest boon to the detection of platelet

dysfunction has comie about- with the use of the platelet
aggregometer, an instrument for recording in vitro the
capacity of platelets to aggregate. This technique is no
longer to be considered an esoteric research procedure
and should be understood and appropriately used. Mne
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 with these platelets.
If one then adds to this platelet rich plasma, materials
known to affect platelet aggregation in vivo such as epine-
phrine, collagen, thrombin or AD?, 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 without
being deflected and can be recorded. This technique can
then be effectively used to pinpoint the specific functional
inability of a particular patient's platelets. The response
of normal platelets in this in vitro system to the addition
c AD?, 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 cannot 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 one aspirin
tablet and that this effect may remain present for as long
as seven days aftej that one tablet is ingested. A similar
type of defect can be seen to exist in Figure 4. The

Present Concepts. Vol IV No 3 Mirch 1971
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:•,Ji.,:al jhad marked thrrNmbocyt(osis and all o", 'ii plateleLs
wi', rc'rfdored defectivre by his clinical state of so~ere
lireUo. Utilizing this technique a significant number of
, htle~d~n: rroblems hav'e btxpen characte.'ized zmcd

,clarified. SubsequenL research methods which may
'ýVenuJLU.ily find their way into more rouLine clinical use
uiacuiuj reasurement of nucleotides released from platelets
durn.r, tOheLr aggregating response, mcqsuremenL of specific
platelc L enzyme systems, and assay of cý.lic AMP. The impor-
tanrce cf these factors is just beginning to be recoghized.

AD ], =JAC= a •l Lk
' l ' : i. ! .4 ! J t I I j 1 I 1 _

. . I .-l p iI Krir 7 -1 K--t .-I

Fig. 4 A&agegtion of plateleu from a wemic subject demonttatig sbene of alreating m-
gflnse fo cpinephrine mi Co, afL.

In conclusion, the'se advances in technique have permittged
ut ,. 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
availnoble for testing for hemostatic dysfunction, these new
methods have permitted more accurate categorization and more
rational Lhei-'py of bleeding disorders. In addition, the
recognition of the effect of commonly- used drugs on platelet
functlon has opened up a new and exciting era in t-herapeutics.

Present Concepts, Vol IV No 3, March 1971
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It imwY seem curious that blood coagulation. which is a'ter all a subsidiary and
unon-essential fragment of total bodily acitivity. should Inrolve the multiplicity

oJ factors illustrated, and a complexit, which grows rather than resolves with
increasing knowledge.

- R.G. MACFARLANE, 1948
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IIEAOS'IASIS AND INTRAVASCULAR COAGULATION
A 1(cicw

Alan R. Spivack, M.D.*

"Intravascular coa0ultion is now recognized as a
frequently occurring entity associated vith a number of
,liseases and in a number of clinical settings. When the
syndrome Is full-blovn, there is little jif-:iculty in making
the d1agnosis. However, all gradations of disseminatel
intrnvascular coagulation (DIC) exist /A/ and it is the
reco•'•,iticn of this syndrome in its mild form that is r.mst.,
.;i~'ffie&. The syndrome must be recognized in its earliest
s~tag; if the physician is to be successful in its treatment.
T,, L4, this, an understanding of the corgulation and fibrino-
l yti c s:,stems is necessary. One must also understand the
variiu; tests of ,:oagulation and the Interpretation of the
data ,;o that the proper treatment may be instituted without
6iclay.

74ortral hemostasis may be conveniently divided into
three phases for study - (1) the platelet phase, (2) the
fibrin formation phase, and (3) the fibrinolytic phase.
Although each of these phases will be discussed separately,
they are not isolated processes and 2rcbably all react
simultaneously resulting in continuous hec.ostasis. Defects
r,.ay occur 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
occur. These criteria are as follows:

- The coagulation mechanism must be intact.

- - A proper stimulus must be present to
activate either the intrinsic or the
extrinsic coagulation ýqthways (viie infra).

oF-o.rnerly Staff Hematologist, Letterman General Hospital; prescntly, Staff, Department of

Med.:inc, Jewish Hospital, Washington Univermity. Saint Louis.
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Hemostasis and Intraascular Coagulation Sphvack

- Stasis of blood is necessary to
prevent the procoagulant materials
from being rapidly diluted or washed

aA.

- - Ihe hepatic or the reticuloendothelial
clearance mechanism must be inpairdd'
in some way so t'hat procoagulant
materials are not removed from the
circulation.

The last criterion need not be present fnr the normal
re~spons to 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 may proceed either in
normal.response to injury or in the supercharged fashion
that.makes up the subject of this paper. The diagram (Figure 1)
wii. .be a ,basic graphic reference for each of the phases
discussed.

The Platelet Phase

The initial stages of hemostasis are afforded by platelet
function. When tissue is sufficiently traumatized so that
vessels are injured and bleeding occurs a number of reactions
follow. There is vasoconstriction which is initially a product
of mechanical irritation and the bleeding is decrease!. This
reaction however is insufficient by itself 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 seems to be mediated by exposure
of circulating platelets to collagen fibers. That exposed
co3lagenous fibers are necessary for this reaction to take
place was shown by Hovig./ 4 / Ashford and Freiman /5/ further
demonstrated that platelet adhesion to an Injured area of small
vessel did not take place unless the injury was sufficient to
cause disruption of the endothelial layer and expose the under-
lying collagen fibers to the circulation. When this require-
ment is fulfilled, plat'elets swell, extend pseudopodia,
degrar.ulate and selectively release a number of products into
the surrounding medium. This reaction is known as viscous
metainrphosis. The products, e.g. serotonin, catecholamnes,
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vAenosine diphosphate (ADP), and platelet factor 4, cause
"further platelet aggregation mediated primarily by ADP and
continued constriction of the injured blood vessel (catechola-
mine and serotonin). Platelet factor h is a highly basic, l.-w
molecular aeight protein with anti-heparin activity Wnich is
also able to neutralize the anticoagulant effect of fibrinoger
breakdown products./6/ The reaction of platelets to exposed
c61ogen is reversible and requires no cofactors. ADP induced
platelet aggregation is also reversible /7,8/ but requires the
presence of calcium, fibrinogen and other plasma cofa-tors ./9,10/
Although there are several hypotheses, the exact mechanism ofplatelet aggregation han not been fully explained./ll1/ 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 metabolismS~and coagulation has not been iliucidated. It does have potent •
vasoconstrictor ability and its function in the hemostatic

process may be entirely in this capacity.

The result of the above processcs is a platelet slug that
fills in the vascular defect and bleeding ceases. Although
this platelet plug is hemostatic, it is effective only temporprily.
If it is not supported by intrinsic and extrinsic fibrin formation
disintegration will occur secondary to the slightest mechanical
stimulation and bleeding will again commence. This is the
presently accepted explanation for the delayed bleeding or
rebleeding phenomenom exhibited by injured hemophiliacs who may
be asymptomatic until a few hours have elapsed after their
traumatic episode./13/ In 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 plasma 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
thrombostnenin./14/ This protein is similar in many respects to
actomysin found in skeletal muscle. It is speculated that

..tbqom~bosthenin and fibrinopeptide B derived from the action of
--.... O rixLor. platelet fibrinogen are responsible for clot retrac-

tion c6iimonly observed in vitro as a crude test of platelet
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function./15,28/ Thrombin blso induces viscus metamorphosis
of platelets /16/ during which amines, neuclotides, potassium
and amino acids are released./8/ Further ADP is released
which acts 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 lessthan that required 'co convert and polymerize fibrinogen./8/

The thrombin contained within the platelet plug is not accessible
1 o the systemic circulation.

Collagen also has the ability to cause viscous :aetamor-
phosis. This reaction is limited to the platelets at the
p,.riphery of the plug in contact with collagen fibers whereas
thrcmbin affects the entire aggregate./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 prostaglandin E to the regulation of platelet
aggregation is currently unier study./19/ These findings have
set the stage for a large amount of work on the platelet-aggrega-
tion reac-cion and on the various pharmacologic agents which are
inhibi tory./20. 22/

Various platelet factors perhaps serve as a bridge between
the platelet pnase of coagulation and fibrin formation.
Platelet factor 3, the best-known platelet factor, has the
ability to act in the intrinsic coagulation pathway (vide
infra)./8/ The existencc of this factor as a distinct bio-
chemical entity has been questioned. Marcus /8/ proposes that
platelet factclr 3 represents a unique platelet function
mediated tb'ough phospholipoproteins contained, for the most
part, in platelet membranes. Platelet membrane lipoprotein,
therefore, will be subsequently referred to as platelet factor
3. STis factor acts in the intrinsic coagulaticn pathway at
two points. First, it aids in the conversion of Factor VIII
to its active form and secondly, (along with calcium, Factor X
and Factor V) platelet factor 3 forms the complex known as
prothrombin activator (vide infra)./6/ Biggs et al /23/ have
recognized another platelet factor that is active in the
extrinsic system whera platelet factor 3 is inert. They found
that clotting times were shortened when incubated platelets
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were washed and added to coagulation mixtures of normal plasma
and plasmas deficient in Factors XII, XI, IX, and VIII. This
effect was less marked when the same platelets were added to
plasmas deficient in Factors V, VII, and X. Apparently small
amounts of Factor X1I are necessary for this reaction to pro-
ceed but no other intrinsic factors are needed. They there-
fore concluded that platelets had the ability to elaborate a
tissue factor similar to tissue thrombopl~stin that could
initiate coagulation entirely through the extrinsic pathway.
The significance of platelet tissue factor Is minor because
it is vell known that Factor XII deficiency is not associated
With a spontaneous bleeding tendency./24/

The other platelet factors have been enunerated by Bowie
et al /25/ who recognize seven platelet factors. Platelet
factor 1 has been shown to be coagulation Factor V. Platelet
factor 2 and 4 are low molecular weight 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/ In
addition to these factors, virtually all of the coagulation
factors are adsorbed on the surface of the platelet. Fibrino-
gen, Factors VIII, XI, XII, and XIII are tightly bound, while
the vitamin-K-dependent factors II, VII, IX, and X are easily
dissociated by washing./6/

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

The Fibrin Formation Phase

In 1957 Waaler /26/ offered a convenient way of studying
the coagulation system. This concept employs two systems which
usually, but not necessarily, rzact simultaneously. Tho., common
end point is prothrombin activator. Figure 1. The extrinsic
and intrinsic pathways are discussed in detail in an excellent
review by Williams./27/ The extrinsic system Is dependent on
tissue juices or tissue thromboplastin which is present in
many tissues but particularly in blood vessel walls, lung, and
brain. Calcium, Factor VII and tissue thromboplastin foim a
complex /29/ with the ability to convert Factor X to iti active
forn. Activated Factor X, Factor V, calcium, and phospholipid
(collectively referred to as prothrombin activator) will
support the conversion of prothrombin to thrombin.

Present Concepts, Vol IV No 3. March 1971
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The intrinsic system involves a number of reactions

commonly referred to as the cicade or waterfall system of
coagulation. This system is initiated by activation of1

Factor XII. A number of in vitro substances have the ability
to activate this factor but the nechanisms involved, at the
prpsent time, are only postulates./30,31/ Skin /32/. ellagic
acid /33,34/ and other electronegative, wettable surfaces such
as glass, diatomaceous earths, micelles of long chain fatty
acids and collagen fibers /7,35,36/ all have this ability. To
facIli'tate activation, Factor XII plus other coagulation factors
are bound to platelets and Factor XII is activated by collagen
contact when platelets adhere to these fibers exposed to circulat-
ing blood. Activated Factor XII enzymatically c-,nverts Factor XI
to its active form./37/ In addition, activated Factor XII pro-
motes the formation of kinins via activation of the ke]likreiu
system./38/ Kinins are potent hypotensive agents with marked
effect on splanchnic circulation. Activated Factor XII plus a
plasma cofactor has recently been shown to convert plasminogen
to plasmin./39/ Although a considerable amvant is known about
Factor XII, our knowledge is incomplete. For instance, Factor
XII deficiency i5 not associated with a spontaneous hemorrhagic
diathesis /24/ and how this factor is bypassed in intrinsic
coagulation is 3till a matter of speculation.

Once activated, Factor XII enzymnatically converts Factor
XI to its active form./37/ Activated Factor XI activates

Factor IX./40,41/ This reaction is calcium-dependent and is
i.dibited bý heparin in low concentration./4O/ If activated
Factor IX is mixed with solutions of partially purified Factor
VIII in the presence of calcium and phospholipid, coagulant
activity evolves. Phospholipids are required /hl-43/ and
thrombin, in trace amounts, potentiates this reaction./44/
Heparin is a potent inhibitor of this step./42/ Factor VIII,

* Iwhen enzymatically activated by activated Factor IX, is able
to convert Factor X to its active form in the presence of
calcium as a cofactor./43,45,1 16/ When Factor X is activated
it forms a complex wý,th Factor V, calcium and phospholipid
(prothrombin activato.') and it is able to proteolyt'ically
split prothrombin to thrombin. Thrombin proteolytically
digests fibrinogen and forsis soluble fibrin monomer, plus two
classes of peptides./47/ Fibri. monomer spontaneously poly-
rierizcs throuh hydrogen bonding to form fibrin polymer which
is insoluble in isotonic media./48/ Fibrin stabilizing
factor (Factor XIII) J149,50/ converted to its active form by
thrombin converts fibrin polymer into a hemostatically competent
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fibrin gel which is insoluble in five molar urea. Heparin,
in the presence of heparin cofactor, (antithrombir. II) /51,52/
a plasma alpha globulin, is inhibitory to thrombin and thus
prevents the thrombin induced fibrinogen reaction and the
conversion of fibrin stabilizing factor to its active form./50/
The intrinsic and extrinsic pathways following activation of
Factor X are identical. Figure 1. In the intrinsic system,
the phospholipid is of platelet oiitgin (platelet factor 3).
Phospholipids acting in the extrinsic system are present as
microsomal particles in tissue thromboplastin and biochemically
function identically to platelet factor 3./27/ Russell's viper
venom, an agent used for assaying Factor X and for evaluating
platelet function, has the ability to activate Factor X directly
without utilizing Factor VII./54/ When using this agent for
estimating procoagulant activities, phospholipid must be added /27/
because it is not present in the veuiom and tissue thromboplastin
is not used in the reaction mixture.

Factor VII is unique to the extrinsic system while
Factors XII, XI, IX, and VIII are utilized only in the intrinsic
system. Factcrs V, X, and Ii function in both systems as a final
common pathway to the conversion of fibrinogen to fibrin gel.

Table I summarizes the coagulation factors.

TABLE I

COAGULATION FACTORS

FACTORS PLACE OF PLASMA PRESENT IN
Number Name SYNTHESIS HALF-LIFE BANK BLOOD

I Fibeinogen Liver 3-6 days yes
11 Prcthrombin Liver 2½ days yes

III Timue thomboplastw .........
IV Calcium
V Proaccelerin Liver Few hours no

VI... ....
VII Pioconvertin Liver 5 hours yes
VIII Antihemophllic Factor Reticuloendo-

or Globulin (AHF or AHG) thelial system 6-12 hours no
IX Plasma Thromboplastin

Component (PTC) Liver 20-30 hours yes
X Stuart-Prower Liver 2-3 days yes

XM Plasma Thromboplastin
Antecedent (PTA) ? 60- hours* yes

XI( Hageman Factor ? ? yes
XIII Fibr. j Stabilizing Factor (FSF) ? ? yes

According to Nossel HL ct &l: froc Soc Ex,. Biol Med 115:896-897, 1964
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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

~ I time (TT).

The PT tests the extrinsic system and employs the addi-
tion of tissue extract and calcium to undiluted plaama./i5/
This test primarily'refLects the presezice of Factors VII, X;
and V and when prolonged any one or a combination of these
factors may be deficient or an anticoagulant may be present.
Also fibrinogen must be present in a concentration of at
least lOOmg/lOOcc.

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

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
circulatirg 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 thes., tests are relatively insensitive
to thJs factor. To be certain of prothrombin con :entration
an assay specific for factor II musnt be done,

When any of these coagulation tests are prolonged one must
determine whether or not a deficiency state as opposed to the
presence of a circulating anticoagulant exists. This can
simply be done by mixing equal volumes of patient plasma with
known normal plasma and repeating the abnormal 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 anticoagulant.

Tests of platelet function consist of I;he platelet count,
the primary and secondary bleeding times, in vivo and in vitro

Present Concepts, Vol IV No 3. March 1971
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taetsi-, f. p3teleii vdhesiveness, platelet, aggregation, clot
S'et•raction, and, evaluation of- platel9t, factor, 3- activity.,

dhesb. testa, are. discussed 10y Marcus /8/ and Ginsberg and

The.-Fibrinolyuc Phase

F"rom the- time thrombin is formed, the conversion of
,-fibri.nogen to f4 in proceeds at a rapid rate. The first step
", in -trombin induced proteolysis of fibrinogen results in the

Xformation of fibrinopeptide A (PA) plus fibrinogen deprived of
*r , , p(fus P P f are £'urther degraded by thrombin producing

:fTbri5:moneAer'f',) plus fibrinopeptide B (PR)- This reaction
can.be- pchematlcal.Z diagramed as follows. f59/

T T

F-110PA + f4+ PD
F fibekopn; T -throuWbn; fe fjtwnogcn eteuived of fibuinopeptide A; f-fibrin mwornoer;

2RP and P mfltikkWPVepLd
lite firit breakdown product formed is fB and it is able to
polymerize and clot without fuzther thr6mbin action The
mrcognition of this early degradation product in the circula-
tion may provide useful information that the patient is develop-
ing intravascular coagulation./59/

Ten milliliters of blood contain cufficient thrombin to
clot 2,500 ml of plasma in ten seconds if all the prothrombin

; were converted./60/ Thrombin therefore must be inhibited lest
a smull ins.ntficant injury produce widespread devastating
intravaucular coatulation. A number of checks and balances
exist in the sequence of events. Deykin et al /61/ showed that
the perfused rabbit liver Is able to remove activated Factor X
from the circulation, thereby inactivating the final common
pathway before thrombin formation occurs. The liver also has
the ability to clear activated Factors X1 and nc./62/ In
addition vo the liver which inactivates, and a rapid circula-
tion which dilutes and washes away the procoagulant material,

Sthere are-a number of circulating antithrombins. As discussed
by Soulier /631' there are six antithrombins whose mechanisms
of thrombin inactivation include adsorption and neutralization;
the former is a rapid process while the latter takes place over
a protracted period of time./60/

4
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S•hJie•Y 4.ista til1 unother- potent ir.iymet sstemý vhich,.
inte!'AiUh(thVe. fibrinbgen-fibrin :conversion which ,produces

anti nt~bpr~~u~t .~Pldsmiilogen;;a7 dirculatings plastz%
globulin, is activated by highly specific proteolytc enzymes
calj d plasminogen activators or kinasee. The kinases probably
open the arginyl-valine bond in plasminogen and expose the
active enzyme center of plasmin./64/ Kinases are found in
trace amounts in all body fluids but sharply-increase when.
there is increased fibrinolytic activity in the blood. They
are 'iab f••id •in uirine (urokinase) and in most body tissues;
and' th6e &. esp4eially' concentrated in lysosomal granules and

nýn vascualai endothelfal cells../65/ Plasminogenr activation also
•i•uis In 'the presehce of activated Factor Xfl plus a plasma

c bfa~ct6r.Y'V// Thb ýi(5dtidt of plasmitiogen activation Is pJlasmin,
*' a" 'e61jtic dn•yme- simi-lar to trypsin capable' of hydrolyzing
a number of plasma proteins includihg o coagtlation Factors NV and
VIrII./65/ Its action on fibrinogen and fibrin results in a
number of breakdown products -that differ.from those produced by
thrombin. The first reaction of fibrinogen subjected to plasmin
•~'Th rielase of' tio grorps of polypeptidesw./66/ The f'irst
group are small polypeptides, soluble in trichloroacetic acid,
and comprise about 30 percent of the total nitrogen derived from
fibrinogen.!66/ The 'sec6nd group are high molecular weight

1•W•) f raýents accounting for 70 percent of the total fibrino-
Sgeh nitroge'n./66/ Ii is these EMW fragments that have consider-
able importance in the hemorrhagic diathesis produced by
'fibrinogen breakdown products. Under the influence of plasmin

the BMW fragments for& intermediates known as X and Y./67/
Further proteoly•is occurs and fragments 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
to those resuliing frolm its action on fibrinogen, yielding frag-

sY, D and M /59/ but no X fragment.

As "•ited by Kowalski /59/ in his excellent review of
fibrinoged derivatives, fragments X and Y and fragments D and E
are referred to -is the "early" and "late" fibrinogen degrada-
tion products. Fragment X and fibrinogen have a stmilar
molecular iweight and electrophoretic mobility. Fragment X is
clottýle by throm1in but clots at a much slower rate than
fibrinogen and probably results in P defective clot structure.
Fikagints Y, D1, and E are unable to clot and are potent
iinhibitors of the cl6tting process. When using the thrombin
time to compare the anticoagulant affects of the fibrinogen
degradation products, one finds that the early fibrinogen degrada-
tion products (X and Y) cause greater prolongation than the late

Prevent Concepts. Vol IV No 3. March 1971
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products (D and 1)y, ,P. s ,thei early-;
products have two anticoagulant capabilities. (1) They com-
f•eti with f~brihegdn for-available, thrombin and (2) -they form
U21oi1le non-clottable complexes, with. fibrin monomer.. Al-
tho•h ffagments D-and-ýE ate lesspotent in prolonging
thrombin time, their presence at. tle time of fibrin polymeriza-
tion results in a grossly abnormal fibrin gel. The mechanism

f'of'acoioh. of frbgment E is.•known although it is thought to
inhibit the fibrinogen-fibrin 'convedrsiLn, Only a slight pro-
logationw of the throabin tiav is obWa4 ned, when this factor is
tested invaipurified state,

-Fibtnogen- degradation. products (FDP) are also able to
inhibit platelet function. The.early MIP are more effective
but significant inhibition is also afforded by the late products.
Platelet adhesion, to glass, aggregation, and release of adenine
neucleotides are all impaired./67,69-72/

.There are various inhibitors civculating which inactivate
the; plasminogen ,system. Plasma contawIms potent antiplasmins in
"ýdiffici-it concentration to inactivate ten •nimes the available
plsmin. The active factor is an alpha,.l-gllobtlin probably
identical with alpha-l-antitrypsin. It )ias both immediate and
protýacted activity./65/ The antiplasmins are particularly
important since tle proteolytic activity of plasmin is not
sp~cilic for I'ibrinogen but is. capable of digesting other
plasma proteins as vell./64/

Plasminogen in vivo probably exists as a two-phase system.
(1) The circulating fraction accounts for fibrinogenolysis when
activated, &ad rapid inactivation by circulating antiplasmin
occurs lest ,the anticoagulant properties of the degradation
productscwise a generalized bleeding state. (2) Fibrinolysis
is afforded by plasminogen activation occurring in the inter-
stices of a thrombus. When fibrin gel forms, plasminogen is
trapped within the network. Diffusion or incorporation of
activator into the thrombus produces a localized plasmin de-
posit within the clot vhere the only substrate available for
prbteolysis is fibrin. When the thrombus finally breaks down,
the unused lasmin is rapidly inactivated by circulating anti-
plasmins .//-

'The net result of the two-phase plasminogen system is that
no plasmin is present in the circulation but a potential for
iwidespread activation exists. l l is can occur systemically, as
win fibrinogenolis, or locally which rescults in thrombus dis-
sAlution by fibrinolysis./64/
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DSSEMINATED INTRAVASCUlAR COAGULATION (DIC)

',1"*of'dr' to recognize the, syndrome of DIC the physician
muft ht~e. ta'1high index .of -suspicion, be 'aware of the-various
settings in which it occurs., and be able to interpret the

"-ýb:o&gulatioh laboratory, data.

'Wheni.blood clots- in vitro; Factors I, ii, v, &nd VIii and
"plitelets'are consumed. /7/ This results in prolongation of
,the T, PTT., and 'TT.. Specific factor assays will show the
amount of depression of the involved factors. When these
laboratory results are obtained and the clinical setting is
proper-p there ii, of course, no-problem-in making the diagnosis.
The sititation, ho*eier, is rarely so clear cut. In the early
sdiaes"ot the s6yndrbme, factor levels may not be significantly
chainged firb baseline values. The first clinical manifestation
may be ecchymoses resulting from consumption of platelets.
When the syndrome is acute, the patient may '-.ate'iorate rapidly
"is iidenced'.by progressive bruising, purpura, oozing from veni-Si.n thre- sites and nucams membrane surfaces, as well as by
d'vLeoping thrombotic lesions. At this point the PT and PTT are
almost itnariably prolonged as a result of utilization of
cd*-lation factors. Catastrophic hemorrhage may occur,
peiaicularly in obstetrical patients, but usually the bleeding
is in the same patterns as described for other patients./i/ 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 /74,75/ is a somewhat crude test grossly measuring
the amount of circulating plasminogen activator. If increased
levels are present, more plasminogen is activated and the clot
lyisis time shortens.)

The most informative test is the measurement of FDP by one
-or more methods. Thomas et al /76/ studied four commonly used
methods for evaluating fibrinogen degradation products. No
singdl test was 100 percent reliable. The Fi test /77,78/ and
the• Iftiphyldeoccal clumping test (SCT) 179/ were primarily
sensitive to the early degradation products while the tanned
red cell hemagglutination inhibition imunoassay (TRCHII) /78,80/
was sensitive to both early and late fibrinogen degradation
procbitet. In DIC with markedly elevated levels of fibrinogen
degradation products all four tests were positive and there was

Present Concepts. Vol IV No 3, March 1971
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-x,-a'11vnt rorrelation between the Fl test, SCT, and TRCHII.

Th'e, ý runodif fusion was positive in only 70 percent of the
pi)tients however. /76/ The sampliest test and many times a
riozt informptive one is the examination of the blood smear
f-'r evidence of a microangdopsthic hemolytic anemia /8j/

where fragmented cells, helmet cells, burr cells, ad micro-

n phrrocyten may be present in great abundance. Presumably
thc mechanism for this is trauma to the red blood cells as
they pens through a microcirculation clogged with fibrin
ie~pcnitf.

TI; e,' Clin i'aI Setting

DIC occurs in a variety of clinical settings. Bachmann /8e/
hrr utilized a clasaification consisting Of' three cateorles

baned on the causative patbophysiologic mechanisms.

Bachmann's firmt category consists of those diseases in
which blood flow is markedly reduced and stosos results. The
prototype of this category is the giant hemanooma (Kasabach-
Merltt syndrome). In the enlarged tortuous hemangiomatous"

vessels blood flow is markedly reduced and slaw activation of

the intrinsic pathway occurs even in the presence of a normal
vancular endothelium. Activated coagulation factors are not
relcased to the systemic circulation to be cleared by the liver

nnd the reticuloendothelial system./ 8 3/ Primarily via intrinsic
corgution fibrin is deposited in the hemangioma. In response
t!- thir. localized coagulation, fibrinolysis is stimulated with

ror-'iltant fibrinogen degradation products. Factors I, II, V,

ViIi and platelets arc-- continually utilized und plasminogen
levels are decreased. when utilization of theme factors
exceeds the rate of production. a deficiency state results.
Bleeding may develop and be further potentiated by the anti-
congulant properties of the fibrinogen degradation products.
Disseminated intravascvular coagulation also occurs by the
nbove inechanism 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-
plastic substances are released into the circulation. This
includes a great many conditions ss thromboplastin is present
in varying concentratione in virtually all body tissues. The
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highc-.t pei-centage of this group are obstetric patients with
abruptio placenta, a retained, dead.fetus, '•orm w4otic fluid
oib,_A I. Acute intravascular hemolysis secondary,,to-in•om-,
j-,Oibl,, bl:)od transfusion, drowning~ in fe Ict ions, iet.' may
nlzo be associeted with DIC presumab1y'fromth 6plastin
rcleazed fr .om the lysed red blood cell. Massive tissue
i..ury, burnn, transplant rejecti6n a.nd.surgery- .111release,
thromb'plastin into the circulation. In transpiantiejections
rwnt!:mn-antibody complexes have been shown to cause the
p3 nato.t contra :tion-release phenomenon./18/

DLC asnsociatcd with surgery probably has a higher
frequency than has been realized. Lung surgery end surgery

qssociated i-ith extracorporeal circulation are prime situations

for the occurrence of DIC. The high conrentration••f thr6mbo-

pilastin in lung tissue, the extensive foreign surface contact,

and tIssue trauma associated with operations requiring extra-

corporeal circulation allow for massive generation.of pro-,,

thrombin activator via both intrinsic and extrinsic pathways.

Neoplastic diseases are frequently associated with thromboembolic
complications. In Merskeyu series of patients vith. DICone-third
of th' caser bad cancer./l/ The most frequent diagnoses were

carcinoma of the. pxostate and proayelocytic leukemia. Cancer of

the lung, breast, stomach, pancreas, cervix, and colon have all

been implicated.

The third category of Bachmann consists of those conditions

in which there are multiple reacons for activation 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, pseudrnonas, klebsiella, proteus)', rickettsiae

(RocKy mounta~iispotted fever), viral diseases, and parasites

(Plasmodium falciparum) all may in'tlabe DIC through variable

mechanisms. The Gram-negative orgfinisms have particular
importance because of the potent endotoxins released. Perhaps

the most common mechanism of DIC initiation in thls* category is

via endothelial damage and platelet aggregation. Other diseases

also falling into this category are glomerulonephritis, purpura

fulminans, thrombotlc thrombocytopenic purpura, and the hemolytic-

uremia syndrome.

The association of shock and DIC has been extensively re-

viewed by Hardaway./85.92.qq/ Shock, from whatever cause, is a

state associated with inadequate tissue perfusion and nlowing of
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onpillary blood flow resulting in acidosis and sthsis. These
',)nditions are sufficient to initiate coagulation via the

Intrinsic pathway. twua•l•y there 'is associated vascular endn-
thelial damage, tissue necrosis or trauma resmlting in activa-
tion of the platelet phase as well as the extrinsic coagulation
Acbhanism. Particularly important is inadequate perfusio. of
the liver because activated clotting factors cannot be cleared
f'rom the circulation and the liver dependent factors (including
the vitamin K dependent factors) dre produced at'suboptimum
rates. This sets a situation for DIC and the bleeding
asisociated with consumption of coagulation factois is abetted
by the decreased circulatiti levels of the factor's synthesized
ii 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 msy-result. Hemorrhagic
adrenal necrosis, periportal hepatic necrosis and postportum
pituitary necrosis are common findings. In addition, fibrin
deposits are frequently present in the lungs, spleen, heart,
GI tract and brain./94,95/

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

PRIMARY FIBRINOLYSIS

Fibrinolysis occurs, for the most part, as a secondary
manifestation of DIC. Primary fibrinolysis is a rare condi-
tion /1/ but there are a few clinical situations in which this
syndrome mty exist without antecedent intravascuLar coagula-
tion. Sherry /65/ describes three situations in which this
may occur. (1) If inordinate amounts of plasminogen activator
are admitted to the circulation, the antiplasms are overwhelmed
end fibrinogenolysis occurs which produces a bleeding syndrome
clinically indistinguishable from DIC. Prcstatic tissue is rich
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in urokinase ,and carcinoma of the prostate or prostatic
surgery may allow the release of considercable activator
material. Severe anoxia, shock iind extensive surgery,
especially lung and cardiae bypalos surgery, have also been
implicated as causing excessive activator release.
(2) Cirrhosis and otuer hepatic diseases impair the ability
of the body to inactivate or clear activator substances and
significant-hyperplssmiaemia resUts. (3) Activation of
plasminogen may occur when proteolytic enzymes capable of
fibrinogen degradation appear in the circulation. In some
leukemias increased cell turnover is associated with the
liberation of intracellular proteases in excessive quantities.
The diagnosis of this condition may be difficult because the
laboratory data ý..re similar to these seen in DIC. The
condition is likely when there is marked reduction in plasma
plasminogen Levels, marked fibriholytic activity as evidenced
by the markedly short-tned euglobulin lysis time, and only a
modest reduction 1h Factors V and vntII./65/

TRMATMENT
for DIC,and PR0MARY FIBR•OLYSIS

Successful treatment of the patient with DIC necessitates
removal 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 agent exists that will
effectively meet all of these requirements. In some instances
merely the early removal of the coagulation stimulus (sunh as,
the retained dead fetus or abruptcai placenta) will stop the
process because plasma checks and balances had not been over-
whelmed. Usually, this is not the case and definitive treat-
ment is required.

The use of fresh whole blood is recommended for its
ab•ity to replenish the conw med coagulatlon factors inc. -ding
Factor V, Factor VIII and platelets which are not present in
bank blood. If fresh whole blood is not available, platelet
conr'antiates cnd fresh frozen plasma are suitable substituteso
Transfusions alone may occasioneally be able to arrest the
hemorrhage if the syndrome is mild, but usually heparin nmust
be ad.ded lest the transfusion merelv adds "fuel to the fi~e".
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Heparin is effective in treating DIC. Effectiveness of
hcparin therapy is demonstrated by a return to normal of the
labile coagulation factors, by arrest 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 /97-3.02/, it may not increase the chances
for survival of patients in septic shock. The study by
Corrigan and Jordan /4/ showied that of the 26 children with
septic shock, 24 had associated coagulation defects and were
treated with heparin. 1'ourteen (58 percent) of the patients
treated with heparij did not survive despite the significant
improvement of coaguiation parameters before death in three
of the fatal cases. 'Theiefore, treatment of the coagulopathy
alone is insufficient to improve sturvival statistics. Failure
to correct irreversible shock will lead to death in spite of
"adequate therapy of the associated coagulopsthy.

Methods of heparinization are as many as there are authors
who 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.A03/ The initial heparin dose is
usually 10,000 units by intravenous push. Subsequent dosages
are adjusted to prolong the baseline clotting time 2½ times
when measured four hours after injection. Initia" !y heparin
is given on a six-hour schedule, but four and two-hour
schedules are sometimes required when the coagulation process
is severe. I have no experience with the constant infusion
method although it has been reported to be effentive./l/

If there is evidence of hyperplasminemia, as reflected by
a shortened euglobulin lysis time, and plasma plasminogen
levels are law, 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 coagulation. /96/

The coiLmarin-group of anticoagulants, in common thera-
peutic dosages, do not have the antithrombotic capability tc
halt DIC./2O/ The primary value of this 7rovp of anticoagulants
is maintenance of long-term anticoagulation after an acute
process (such as. pulmonary embolism or thrombophlebitis) has
subsided.
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In this review of normal hcrrontasis and disseminated
intravascular cosgulatinmi, an attempt has been made to presrent
the coagulation scheme in a lucid fashion. Indeed it is com-
plicated, end many questions remain unanswered in our jresent
"state of knowledge. The syndrome of DIC is beinrL recognized
with increasing frequency as physicians become more familiar
with the clinical settings in which it may occur. A patho-
physiologic 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 fsr those desiring
more detailed knowledge of the mechanisms of hemostasis and the
syndrome of disseminated intravascular coagulation.
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If the least wcratch is made on the skin as mortal a hemorrhage will
ev-.tually ensue as if the largest wound was inflicted. The divided
pans, in some instances, hae. had the appearance of uniting.., when,
generally about a wtek from the injury, an hemorrhage takes place
ft-m the whole surfw. of the wound, and continues several days,..
the streigth and spirits of the person become rapidly prostrate; the
counterance assumes a pale and ghostly appearance; the pulse loses
its force, and is increased in frequency; and death, from mere debility,
then soon closes the scene.

It is a surprising circumstance that the malem only are subject to this
str-nje affection, and that all of them ate not liable to it... Although
the females are exempt, they ate capable of transmitting it their male
children...

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

-JOHN C. OTTO, M.D., 1803
On Hemophilia
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PRESET CONCEPTS IN THE MANAGEMENT OF HEMOPHILIA A

MAJ Josp D. McrCken, MC

Hemophilia A is one oX the 6Idest hematol.gic problems
known to mankind. The etiology of this condition, its
diagnosis and treatment baffled physicians for =ny cen-
turies.,- Only in the last decade have truly great advances
been made. l-day it is possible to detect easily even ;uild
cases of .hemopflilia and to treat effectively such patientr
so that they may live reasonably normal lives.

The genetics of hemophilia (factor VIII deficiency) are
a classic exa:-rle or x-linKed recessive iheritance. Th.ere
also appears to be two variations of the )resentation of this
condition -- severe and mild. Abnormalities of the sane dý,gree
are transmitted in the same family, i.e. severe hemophiliacs
give rise to severe, and anild hemophiliacs to mild hemophilva
in subsequent generatiorns.

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

A mild deficiency of factor VIII (a plasma level of
2-19 percent of no.mal) is rarely associated with spontaneous
he;...rrhage and :ay become apparent clinically only E.fter'
surger; or traua when such patients may have severe i'.ffti-
culties with hemostasis.

Detection of hemophilia A has aeivanced considerably with
the introduction of the partial thromboplastin U[ie (Prr).
I'radLtionally, factor VIII deficiency vas suspected when v
patient presented with a normal bleeding time and a prolonged
clotting tine. The prothrombin time does not measure factor
VII, is not dependent on it, and is normal in hemophilia.
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The Prr in normal plasma is 4.5-85 sec, in mild hemophilia
85-115 see, and for severe hemophilia greater then 120 see. /I/
If one uses the kaolin activated PTT, mild hemophilia would be
susnected in the 45-60 second range, and severe hemophilia

will us~nllyres~ ~ ~ sponds1 ~,, dil
various dilutions of either normal plasma* or low fctbr'h ItI
plasma from a severe hemophiliac one qgn pqxrtm.•a quanti4a-
tive assay to determine the percent of ractor VIII present
in the patient's plasma.

The stability of factor VIII in vitro depends on a
variety of conditions including the anticoatulant used for
blood collection, the rapidity with which the plasma is
seýarated and frozen, ard the temperature at which it is
stored. /2/ Factor VIII activity is preserved best with
acid citrate dextrose (ACD) and plasma should be separated
fromn the red cells and stored without delay. During the
first 18 hours of storage at 40 C, 20-40 percent of the origi-
nal factor VIII activity is lost. Also the process of
freezing and thawing plasma may be associated with a 20 per-
cent loss of factor VIII. However, once plasma is frozen,
factor VIII remains relatively stable for periods of several
months provided Whe material is kept at 20 C or below.

Factor Villi Concentrates

Before the develo nment of effective factor VIIT concen-
trates, the large amounts of fresh plasma necessary to
iaintain therapeutic levels of factor VIII for prolonged
periods invariably led to vascular overload. However, in
recent years several methods have evolved to produce factor
'II concentrates. There are four ',rincipal factor NII
concentrates available and TABLE I gives a basic descrl-ption.

Hemofil is a new, high potency glycine precipitated
factor VIII concentrate, from 100 to 400 times purified %rd can
be ad,,inistered to patients in solutions 100 tines nore con-
centrated than plasma. /3/ rhe product appears st:able and
causes no immediate untoward side reactions. The '.lasna
factor VIII levels of patients with classical hem'oohilia can
be normalized with small volumes of the glycine precinitated
material given by syringe. Thus, its princi,ýal nerits are the
lowering of amounts of Volume necessary to obtain therapeutic
levels, and being able to store it in refriperation rather

than freezing. /4/
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TABLE I

FACTOR VIII CONCENTRATES*

PRODUCT AHF UNITS COST STORAGE
per packag per M per AHF unit REQUIREMENT

(cents)

Hehi-•fl! ' 230 33.0 13 Refrigeate
• tahi)dj 725 28.0 13
Fibro-AHI'F 75 0.75 23 Refrigerate
(Mgerck) "" "

Antihemophlic Factor (AHF) 200 8.0 20 Room temperature "*
(Couwrt•rd •

Qryopre~ltate 100 to 150 4 to 6 ISt Freeze

'Blood banks preple crfepeitats ricb In factor VIII by ntriffuption of plasma. Besides
Hemolll two other farto" concentrates e avaii•b•e conmevaclay. The above table from
'Ae Medlcal Lett on Dns and Th•wpeutkt 11:96, 1969, lbt the sources of the concentrates
with thck cost and other data.

4 *Can be siored at room tampt.um for alnost six mimt
thrice in M"t York QW fty my tkoeDhou 11 cous".

Fibro AHF is an ethanol precipitate and contains a
considerable amount of fibrinogen from which factor VrIT is
difficult to separate. Because it is prepared from pooled
olasma there is a considerable risk of serum hepatitis. It
is alto, somewhat eipensive. Hemolysis appears to be a
recognized complication of Fibro AHF with a positive Coombs'
test, splenomegaly, and increased osmostic fragility. /5/
Possibly this is related to its high fibrinogen con:ent,
because hemolysis is seen less often with the other prepara-
tions lower in fibrinogen content.

Antihemophilic factor (Courtland) is a lympholized
preparation 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 1?64 by a simple method
of' separating factor VIII from plasma by cold or "cryo"
precipitation. This technique is feasible because much of the
factor MII remains associated with a fibrinogen precipitate
that forms when frozen plasma is gradually thawed at 5 C. -rhis
material is harvested and then frozen until used. Using this
•nethod most large blood banks can easily produce cryoorecipi-
tate. Thus it can be prenared inexpensively. rhe risk of
serum hepatitis is decreased as the material is hirvesbed
from a few select units of plasma rather than oooled plasma.
The most serious shortcoming ts'iits v'ar'iable factor VIII
Present Concepts, Vol IV No Mi. March 1971
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content - the average yield teinp 68 percent and varyinp
from 20 to 90 percent. /6/

Treatment of'Fsett V!II, Defi.-ncy

Dosages orf tese various agents depend or their standard-
ization to determine the Aumber of antihemoohilic factor (AHF)

umits Der milliliter. One unit of factor VIII is defined as
the amount. of tactor VIII in one milliliter of normal olasma.

To calculate the amount of factor IIII necessary to
obtain an 80 percent level of factor VIII in a 70 kg patient
with severe hemophilia whose hematoorit is 45 percent may be
done by, the following formulA: /7/

Blood Volume (70 kg) (8%) - 5600 ml
Plasma Volume (100 minus hematocric) x Blood volume

55% x 5600 ml
3080 ml (100%)

80% level =3080 mlxi 80%
2•h64 units

Thus approximately 2500 units oi factor VIII are required.
Theref'ore, the initial dosages of the various factor VIII con-
centrates would be as follows:

Hemofil® (33 Al'? u/mi) 75 ml
FIbro-AHF (0.75 ARF u/ml) 3300 ml
AHF - Courtland (8 AHF u/ml) - 300 ml
Cryoprecipitate (6 AHF u/mil) = 400 ml

Hemofil@ is the product which -aeets u1th much oraise and
is raoidly beconing the standard preparation used because of
its high concentration per unit volume. In vivo studies have
been made using this prodact in which dosages of 12, 24, and
50 units factor VIII per kiloeram body weight resulted iii
immediate levels of 32, 65 and 100 percent of rpctor VIII
respoctively. /8/ Thus if one wishes to avoid these 3o'mewhat
cu:rbersome calculations, one can predict an 80 oercent level
of factor VIII by giving 40 units per kilogrpi or body weight.

the initial dosago of factor VIII gifen for h-r~ostasls,
however, is just the beginning ste? of therdioy. One .iust
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c•al ully .monitor the oatiOnr'S factor 7111 leekls and -iI,-3
-IdL.ional rreat-ient. to maintain an adequate le)el of [:ct,-r

/EII for hemostasia. For examiple, if a postirU'usion yield
or 80 percent of factor 1T.I is achieved in a nonbleedlin,,
2atien t, it can be predicted that approxi-nately 50 -p'rcent
of this level will disappear in eight hours. The rurLher
:iisapearance of factor VIII proceeds with the biologic
half-life of approximately 14 hours. It can further be
predicted that in an additional 14 hours (22 hours ;ost-
infusion) the patient's factor VIII level should reach
aporoxLn1ately 20 percent. Thus if one were atte.nting to
maintain a patient's factor VIII level greater than 20 per-
cent, a second infusion would be necessary 22 hours after
the first.

However, several circu.nztanceF !'ay alter this ideal
theoreLical situation. In a patient who is actively bleed-
ing, factor VIII will be consuLmed at a more rapid rate
proportional 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 hour-- depending
on the individual. /9/

fhe imoortance of closely monitoring the patient '-
factor VIII level is stressed. Patients given calculated
dosages of factor VIII to hi[,h levels may have persistent
bleeding aid the laboratory reports low factor VIII levels.
This is caused by a factor 7II1 inhibitor which markedly
accelerates the disappearance of factor VIII from the plasma.
Factor VIII inhibitors are more common in oatients with
severe factor VIIII deficiency and usually becoqe manifest
after exposure to multiple transfus±ons. This finding is not
rare - in a larger series 16 of 77 patients (20.8 percent)
had lev3ls of factor VIII inhibitor appearing h-5 days after
inf:;sion of f-ctor VIII and peaking at 10-1i days. /10/

SPECIAL PROBLEMS IN TREATMENT OF HEMOPHILIA

Surgical Management

Before taking the patient to surgery the o&,tient should
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be given enough factor VIII to raise the level t' 75 to
100 percent. Adequate he-nostasis can be maintained as long
as the factor VIII level is kept above the 20 'ercent level.
Frequent deter:ninations o' factor VIII levels are imaorta:,t
• nd naintenance therapy to keep the factor VT1! hevvl

r than 20 percent is impcrative In the nedi.- post-
op, rati vce period. Maintanance therapy then !r~j be g- 'en
0 -.ry 12 h urs after chez:ring factor VIII Ievel,: over the

Snext ce.aral pstoperative days. Patient shouild be cork-
tini~d for 10-1h days depending on the severity of the
surgery. One must be alert for the )resence of an ARF
inhibitor after the first several days of therapy as men-
ticned previously. Using the products availabl? even
neu.•os-irg:cal procedures /11/ and major orthopedic
surgery such as hip arW)roplasty /12/ can be accomplished
without excessive bleeding.

Management of Hematomas and Hemarthroses

For si:-rle hematomas of soft tissues an initial dose
to raise AHF to greater than 50 porcent should be given and
a local ice pack apolied. If the heratoma is extensive
and eniarging - maintenance therapy every 12 hoars for
three days should oe given.* For hemarthrosis the natient
should receive initial treatrp.nt plus mzintenanco for three
days as above with an ice pack awid bed rest. Many authors
telievo that aspiration of the hemartnrcsis should be done
ir addition to prevent serious arthropathy. /13/ Intra-
arJicular injections of -teroid have also been tried to
r'.ducc .he incidence of arthropathy folloving hemarthrosis. /1- /
When joint deformiaty is caused by formation -f hemzý-)hi!la
os'-idoturiors (destructive lesions due to subperiosteal
hemorrhage) local radiotherapy may be used to help improve
joint functio- /15/

Dental Frocedures

A simi!ar regi-nen to that of the surgical procedfu7e
should be followed when an extraction is necc-sary with
extra a.temo°.s made for complete hemostasis. Maintenance
treat'nant Pvery 12 hours for 10 days is indicated.

*Personal communkation. R.F. Schoen,MD, Letterntan Gerweral Ho,pital. 1971
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FUTURE CONCE MS

C rrently experiiental prophylaxis or severe heiophilla
A has been attempted with HeViocfAI (glycine precloitatad
AHF). /16,17 / Fthaps with further sophisticalio: o-C AHF
concentrates, the hero_,philiac may be able to control efrec-
tively his disease si'-dlar to the diabetic.

Reports of splenic transplantation in animials with
resultanr. :Icire" of he:mophilia is another avenue bein.
exolored wish much controversy. /18/ Perhaps this ",ay repre-
sent another heans of control of this dreaded disease.
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VON IVILLEBRAND'S DISLEASlg 6 avacedu
~Va~I,6 1Cap),

LTC Laurcnce J. Logni, MC y

'-)r years the ria-ie *"Von Willab,:anndls rItnzInet --srvod

x~Tr~.Rimcvrt1y, ur,! ::f' thlis *o'p-nyvn hais leenirr'ywcI ýo'
vci-of nr~civly delineat~ed ho'ios ,ttc disorde.

-~ K~ir.~Uý- to whnPt cons'titviýtd !1v'3n Wilebi-nd'S dtSe,1SC%
Pin nniy c-ynio-iy'-. use~d jin the earlier. Ut~e'tatu'ro - e'rt.
hi)rfittary v-it'.lary piurnura /31, rascnliir' hain'7-h Ilia ,/V,

-~ ~ t~ t' d~'tcirz e~neptsof'etA~o~and t-, tn"
it' whi L ý i -hh rrh~ --i'L disorder,~ Von WUill fbrarnd'-

Ii ~ l.; nn~un rt~xt ' a vojrtieinfl iat
ril~c.r- t~~n- U- ;hcht~h-2e 13 a 'ob~ ~?:L

~f~''~ I- d~c2.In prl.-iry b.nrmoztatic plu, ~Xrorwitl.ir

DIt ftor WIIlL'.

£>' 7''~;~'n~di.:c'isa3ior will inc'tzli' the cli!-ic;1 1.
n,,:itur tli' dli~.s"ý; a britf' revicau ot nrcprnl. pri"nar7

- w u c-h ail in t.irc -s nd problems~ cnca'intercd
in im it dins.

CLINICAL FEATURES

AI la-alo tz.st ý.jicl * n defect., tw ~*o

'~n~'- ~c ~. "i' '~ti n d d--rq';1i-on of n ~':~ t'

'x~'~r tý~ -MI), the 1,thcdirg prh.vnr '~c ,

On,! plasma factor necessary for primary hemostatic plug formation whichisI deficient in patients
with yeýn W~lllbrnd's disease has been calld the "antl~beading factor", "platelet adhesiveness
plasma factor (PAPF)". etc. The term "aatL-vort WlflebranJ'u factor" will be used herein to avoid
confusion with factor Vill.
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attribitable to the Cormer. Thu.' a ty7)ical hi-tory frrxn
a pat.ic;nt with von: Willebrand's disease may include. frequenL
'r sevore epistaxiS (often tending t( .ih:te in adulthood),
prol..nged and excessive bleeding from 'minor curs, incr-,as'-d
brtiisability (but usually without 0ha huir¶ ecchymosfs seer,
in disorders of coagulation -- 1 h-"ophilia), uxcesslve
bleeding of the "i-nedlate" typeo ftu:. dental extractions and
minor surgiLC ')rocedures, and in fenles, nen-rrhaii. Lne
severity of symp.to-s varies cornside~rably from patient to
-w!in4,enrt ;rnd among afflicted members of a kindred. Sonc
1)atients experience moderately severe bleeding problems
whereas otter patients, if ".ey recognize an increased
bleedLng tendency au all, regard It as merely a nuisance.

r "eression of factor VIII levels, a %ajor labrratory
feature of the disease is usually of slight to moderate degree.
If factor VIII ie:iels are Uelo:• 35%, however, retarded coagu-

atlon ma., contribute to the i.,.iair'nent of hemostasis. /7/
Although distLnctly uncoLmon one imist be aware that fa.ctor VIII
levels may he severely depressed in ";on 1.12ebrand's disease
and resuit in the sane bleeding problems which afflict the
hemophi.1.1ac, including hemarbhroses. /8/

r-IMARY HEMOSTATIC PLUG FORMATION

Injured tissue exposed to blood clotting components
initiates the 'first line of defense' in hemostasis: formation
of thc primary hemostat.c plug. The integral role of the
platelet in this earliest stage of hemostasis is discussed
elsewhere in this issue in detail (viz.pp 191.199 ). The major
steps leading to formation of the primary hemostatic plug are
summarized in Figure I.

r h,.'rlmark of impaired hemostatic plug formation is
"-,royl x:,>Uon cr' the bleeding tlme (S-o Figure 2). For y-ars
manry ýr /es.igaturs (inclu'ing von eillebrand) regardid the

bleeding disorder bearing hiis namer as an intrinsic -)latel-t
abnor tality. /6/ The Uindingz on which this assumUiorn was
1-sed have been refuted. /11, 12, 13/ As will be discussed,
.,:e of the currently available tests of .latelet function
provid-ii good evidence fcr ar, intrinsic nlitelet deCee• In
von ",illobrand's disease. Def-ctive pri'mary h-nostatic pluc

rmation In oatients wi.h von WUll.' rand's disease C. evincc I
by the nature of the :redorninant bleeding sympto-as which are
of the "mrcosal" type, prolongation of the bleeding time, and
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DAMAGED BLOOD VFESSEL

I

RELEASE OF ADP; PF 3AVAILABILITY

AGGREGATION OF PLATELETS

throm bin

CONSOLIDATION 0F AGGREGATES

FIBRIN NEETWORK

Fig. 1 Platelets adhere to collagen in "h subencholhelial conn'ective tissue /9/ and a complsx inter-
action results In tra release of adenosine diphosph/ste (AOP) from a rretabolically inert pool in the
platelet. 110/ This ADP induces adlierance of p("steldts to one another -- iAe. aggregation - produc-
ing a loose, semipermeable, reversible plug. At th'is stage tho platelet exerts its role in intrinsic
coagulation by rendednig available the lipid activity which it referred to as "plartilet factor T' (PF3!.
Upon generation of minute amounts of thromrbiti on the platelet surface the pliaeleis cha~nge shape,
the aggregates coalesce. and the puh' becomes irVermitable and irreversible. Perimetric fibrin forma-
tion in and around the primary plug occurs dm~ to activatioti of the coagulation phase of hemostaxis
and the clot is cmoplete.

POOR HEMOSTATIC PLUG

DEFICIENCY OF PLASMA FAC'TOR(S)
von Willebrand's Disease
severe factor X deficiency
afibrinogenem'a

THROMBOCfl OPEN IA

QUALITATIVE PLATELET DYSFUNCTION
primary:

Thrombasthenim
Maicroshrombic thrombocytopathy
Thrombopothia

Secondary
Paraproteinamnias
U rem Ia
Do xtran

LONG BLEEDING3 TIME

Fig. 2. A prolonged bloeding time rallects im.'aired hemostatic plug formation from any cause.
Hemostatc plug formation is normal in most de.'ects of the coagulation ph&se of hasnostasis (e.g. the
hemophilias). Afibrinogenemia, very severe factor X deficiency. and von Willabiandls disease are
conditions in which, hemnostatic plug formation is impaired due to an absence or a deficiency of a

plasma factor.
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ix.1 , : adhierion of platelehts to g'lans. It. Is appropriati
atc;1rPjs thnt the refin'nd definition of what set or' ahnorrnd

£ýiridinjr, constituteos 'von Willehrw.d's discase' haz nr)t. pru-
vidP-d c-larificatton of the basic mechanizjs.: wherf~hy cffoctlve

h.-,ws'alsis impaired in %sis conditioni. Th-~ pernic rolo eir
t~'ant,!-von Willebrand factor in normal pri~uaryi-heirootatic
pliifrrnation rera~ins ufl'fownf.

(AIBORATORY TESTS: WNERPRETATION AND LUhUTATIONS

1. Tests of primary heamostaic plug tormaton

n. The ),rimar-y bleeding Urnso Failure' to d A nn:: ra t,7
xi2 nat~i on cf' the bleeding time af'ter anveral de~trnrinnttors
SdtCC.iu1.t (withont necescarlly ruling cut) a dtaEgno3i3

ýf' 'icr, . "11r3b-zanci's discase. /7/ I favor the s',andardizid
Ivy ý,,Ilofding ti-m b,7 the template method /14/ in which an
!!,clslori of 9-ra length and I-La depth Is made ran th.h, Cornar-ii
uit:, a blood "%ressur3 cuff" inflatod to l4a-mii Hg. This13 c1
i,,dU'ýical~ion or the Ivy bleeding t~irnv insures o'uc ilt

'~rc~dby difo'feent testc-&3. The D~ke Ui'rt h&c bcon shown
t,, lack t~hr s',rnoitivit~y of the Ivy method tn 6iotecting

4A, Oir..t  iy~s.15 'nethalnra~, coetMzn din-

not , hcr n . s- casns or e.,~vA <u

~crr~l ~r~aynrb :nf l in ,.idnniic with thelk~h~,~ln
T. n 'he hand-s -)r t'-.v,ýrn in- Ernn who n-r~or1-r~ hlvend.

,howev~er, tqe ~1at' -1 vy me~thodiI' z17,~ t ~~t

v-": W111,hrand'¶s dt:7t-asn h.ýA: hoero advocapll. /17/ A, c-. ;1 1 n
1'w~n to Lbterfore with thn rplkrise )f* t~,ýlot, AD? /18/

r -r by tr-ndino, to Icn~ther the bleeding Mei. h "qiar
~1 in~tin-_ of' a nornal onniaticn by the 'a,.rd:oIv

*' LF increas'nd ifro; t-iti to n&ine and one-half minutes
tw'- h'n' rs Lfter Ingestion~ -)f 1 G-n of asni~rin. /1h/ In -,o-ri

2~~h:d' isease where an asp)irin inducoýd deLCe,:t Ln ADP
rr½z~may/ rezmu1t in a "ldcuble derect" in priaary he-o.3tasis o-

ii ~";~n nt'~':tdisorders in whichi ADP releass is nlrenv17
iwnl)-jrid, tho leiJ'- ti-"e mtky hfe more nniilf ahn-irnal
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S~~b. Pl'atplet counts, "•l'ttelel, mor-)hol)•,vy on th,"-le

",'-r, ~and clot "etraction are nornmal in von Wii1]ihra:,d'-
disease. Normalcy of these findings helps ',o erclude Other
causes of poor hemostatic plug formation -- e.r?. throiibocyto-
penia, certain intrinsic -ilatelet disorders in which altera-
tion of platelet morpholoe7 may be present /1), 2M,, and
thrombasthenia- of'Glanzmann in whidh ciot retraction is
impaired. /21/

c. Platelets from patients with von Willebrand's diseisc-
adhere nornally to connective tissue (collagen .ibers) .22/ .1i
release A e in norial aaounts. /23/

d. In vitro studies of platelet aggregation In res.-nse
to exorenous ADP,- to dilute connective tUissue 5uspension
(collagen), to eoinenhriie, and to weAk thromibt. are
charactnristically normal in von Willebrand's disert". One
study suggested thrt the addition of dilute ADP to -]atelet
rich nlas-aa from patients with von Willebrand's disease
produced norxnhl initial ag-regation followed hy rapid diblP-
g7regation. /2h/ Others have not found sPecific aggreration
ahnor:,aliAies in von Willebrand's disease. /23, 25/ (We have
occasionelly seen rapid disaggregation of platplets in samples
fro- no-.-nal individuals when dil'te ADP was used, esnecially
when the platelet rich plasma platelet count wa ! )war than
usual. /26/)

Various abnormal natterns of olatelet aggrenatiton when
nrnperly !nterpreted %iay indicate the presence (,f a platelet
disorder,

e. "Availability" of pinatlet factor 3 ii-on exn-,mqirp
or -latelet rich -lasma to kaolin /2?,23/ is nor-zJ in
von 'rlllebrand's disease. /23/ This test may yield abnorn--al
results in various platelet defects, primary or acq,2ired.

"f. The modified Salzm.an glass adhesiveness test: Dis-
orders of' pri-iary hemostatic nlug formation tend to be rso-Ivat-d
w.th relatively poor adherance of platelats to :,lass s rf'ies.
Presumably, this lowered adhe,3ivity to glass r-flect.v deero.,sed
latpelt "stickinezs" whirh may contribute somehow to imnapar-d

pri-nar he-ostatis. At least five different methods of asses-
sing alaq ,'t-glascs interactions have been develooed /2F/ the
Most nroi-isin: of which is Salzman'- test. 1271 Blood is
drawn frro the vein into a glass bead cciu-mn ani plate let vonnt.;
before and after passage through the column are comnared.
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rJr~~1,25-91% of 1~~eet f~#r tfLo-Pfr!befldn.
FrjiJt! inc~eption. nta1rou, 'Lechntc.J rhlu ~'- t~hO

ljl f khe' Salzi'an tent -andd vnpdT-ts *it~nirxbins-1 6` vnl.,,it'V-i tr
-)n aid W~ the d' ectt~icamr,%ron wuieiirand'i di-vin,3-

wer'i cnnrlictinr. It -was -noted, roiý Pxavnej-!thnVrdult,,w'ure
rw',rn'rcx,.*uci1be with dtf'ferent~ aee-~ rvbr~ /3A/t,

11hr~r t~hro raite of' f'low through the coluwrn was Orittc~il -/3/ int'.
ý-~~ruriulous att-intinri to tachnique -riny or' the initAt.1

~r~l'-~have been surm'ounte-d and-it do#*.s noW( appear t.hi. a
iyP i~tir7fl of' this, tpit in usef'hl in, nelaratinr, uatinntqn

wlth if- Willobrand's diseare from norml-ndividfi1I. -In
~d~ti(' iri,2 1 5; nnrrfnt (if nor-irtl stibir'etz h-td 1 ')w

7tJh-,I i-inenz w~here~s 79 poreent of' tinf w th n Wil~ln-
r: ýi]'1' dlse018q had abnorituly low-rl27I rtt, Whoo

-,/'-1, Ln' tes~t ti a twWu djinrt. dl! ~ranoi' ~,/nnW11.1n-:
tpi*.'3~. l wn usedi in conjulnctionl with otPhbr flndin'r~:

nf-. ~Ii~y history suroro:;ii~ aut~oso-pt dortlinmt trp..4mtt-
~i-ri oF" tlin tilnedirfr diriordoir, prolongatiton ýor' the bl6^dLrirF

~A v, 1w-'r~dfact.-r VT1I levels, etc.).. Unfocrtunazt~nly,
%heý r,)~-erion'-e or' zooysral 'invest~igatrn ha's beeii th,ht'when 'the
hli,(rffncr ttmi's and/or fact~ori vir levils aro'',3rdarline-, q4nis

:.dzi~es~tends also 0n he -bordarlin-y.- /?t ýic5f r _ia te
ts,ýst may yield ditT r-!mt -rerults- &t.r diffez'ret- -j i-vm J250 it,
'shcf'ji be done more than ance when potssiblae.:

Tn navtients with von Willebrand's disear, I.,mairod. nlatilat.-
'~'Inrernction is the only other lahoratory abnor'wdity besidese

nrolorn-y-iVon or' the bleeding, time which retlects'a disorder of
-'"'l'u- for'iatiLon. Of' n~rticular inteorptt Is Lthe fnr~t t~hn

n~ ".hi'- dL!,gzý,zc thp ahnor"nal fodhesion o" nltplc'ts teo plass¶ c.-'n
h-~ r-.rormeted thy in vivcd aeFninjstr~ition of' volnrimrj Pý)/or In v~trn
hbv d rswl-n'; the nati;E7s tlood into normedol*pafti.rv ht-c'ro'

througph thn ginss bead cmiliumn Y30. 32/ UThis' C'tndinp
-rr~t;eid-!- )ne of' -any piocr',p-ar evidence*~

h-m>;~1oIn von Willeb''ind'-_ dic-ar is 'I'i" t-, +d'z~Inieney
oP )'I~ -vn: actor. -- the antdi-v=n Willebraa'! t.(-t~or.. ffebevo'r,

tWhr- r"1'Pr-nce- of' faulty- plas-vplatelect int-racJ -xi 'to rntho-
rnh7yt:ol'ric ?n'"rhan1.nsrw hei~ebv, C~rmtiona- o.thp he~mofttnrc,ncIlluf'
is i-"iJred Ln von Willebrand's dise'sce is not yet understood.

2. Thc coagaatfoa syitn (tosts of factor Vill actm~ty)

a. The activated partial thromiboplastin time /32/
roflectsc the combined activity of' all the conpulation fac~tors
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which narticnlate in the so-called "intrinsic' system of
ecoaorulation. Thus depression of factor VIII may cause nro-
longatfion nf the PT'r. Appropriate "correcti on" studize (e.p.
nnrmilization of the prolonged PTr upon addition of hariun
sulf-t', adsrhed nlpsma versus aged rerum) would supnort (hut
not, confi-m) that 3 depressed factor VIII level accounted for
a prolonged ?PL. Unfortunately, such "correction" studies
are least accurite in those cases in which factor VIII levels

Sirp only slightly to moderately reduced.

"b. Assay of factor VIII activity by a one-staae /3-1/ or
a two-stage /35/ method is essential in any susnected case of
von Willebrand's disease. Results in von Willebrand's disease
are not uncommonly borderline. It is im 'ortant to remember
that in this disease, factor VIII levels increase in response
to the same rti-uli which increase factor VIII levels in
normal individuals - e.g. stress, late pregnancy, etc. Often
the initial sample is collected during a stressful period
and yields a normal value in an individual who, if tested
under "baseline" conditicns would shnw a lowered value.

c. Response of factor VIII levels to transfusion with
vnriouo creparations: A Pascinitinj observation, first,
re,)ort~ed by Nilsson et al, /11/ is that transfusion of
normal plasma, serum or -Cohn fraction I to nati.nts with
von Willebrand's diseasp alters factor VIII in .very dif~er-
ent manner from that seen in natients with hernoohnil i' A.
Shortly after infusion of one of these preoarations individ-
uals with -on Willebrand's disease demonstrate :n increpsp
in factor VIII level to values greater than can be accounted
for by •he amount of administered factor VIII. Furthermore,
the factor VIII level rather than dropping progressively In
accordance with its known hale-life of about 10 hours,
continues to rise over the following 2)4-48 hours. Pven nore
dramatically, o7- ma from patients with hemophilia A (i.e.
factor VIII deficient plasma) when administered to a patient
with vor. 1'illebrand's disease produces this sa',n pattern in
factor VIII levels. /36,'

By contrast, adrdnistration of fuctor VIII conra, nLng
pre:.iarations to patients with hemophilia A results D-
elevarizn of thls factor to a value which would bc i'!r:Ued
Sbps-d o.- the aiount giren. Peak values are in.i-;,Latrt .i,rl
. i, )redtctable curvilinear cecay follows corresponding G,-
V,,.ct-or VIf half-life. Therefore, the renonse .Lo
lowqrere factor VIII levels to transfusion of factor VITI
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containing rtuLerials may distinguish von Will ibrand'' ri~
L'rorn hemnophilia A. 117/ Careftil. at.Lsntioi, hnpt b1vrni L.,
the considerable risk of heuatitts wliich, at,tenL. tho ii-e
Lhe~s preparations beCore 3-iploying transfusi-:. s~d' 'ro
purel~y diagnostic purposes.

'4hen spontaneous bleeding is ancontrollad by s1i~pl_
~iecasures or wheýn a persn 'with a he.-iosta'Lc dea'ccL requir:ýs a
dr,,cedare which is likely to cause undue bleedi..g thcre is
thet'apear~ic inpo3rtaace in knowing whether depressý'd
factor VIII levels are due to hemophilia A or to von ~le
brand's diseaso for two reasons. Firstly, it is clear from
the abý,ve that factor VIII levels in patients v'ith von
Willebrand's disease can be raised and sustal~icx fairly
easily with a transfusicn requirement con~siderably less t~han
is needed in patients with hemophilia A. Secondly, the
anti-von WiLlebrand factor which iiormalizes the prolonged
bleeding ti.,ie and impaired platelet adhesivene:,ý to glass
is present ia sonie but. not "all preparations which contain
factor '11H. Fresh or rresh-f rozen plas-ia and the Ui.&nback
T-C _" ^ 2.tion contain the anti-von Willebrand f'act(,:. /36/
Fihlrino 'en conccntrat~es, /37/ stored pl..,and Cohn
P'iact'ion. I conicen'tratres do not.. 1331 Currently avnilab'.e
:c-nnercial factor VIII concentrates do not ap~pear to cont~ain~
th:) aitpi-von W*-llebranid factor. Fortunately, however,
cryopr'-cipitat~e prepared as described by Pool 13Y1 is Arih
nob only in 'actor VIII blit In the anti-von Wili.'ýbrand
-actor. /143/ 'Evidence indicatec that the anti-blecding
factor 4 s highly lab-le and mnay be lost if the c )-iceo trate
is exposed to glass surfaces. /41l/ Accordingly, when cryo-
precipitate is prepared primarily for its anti-von Willebrand
factor content, rapid processing or single uinits at a time
at cold tLeiperatures in an all-plastic systemn is desirable.

di. I-1Pýnalogic techniques of diagnosis: Recently,
Fcins.~otn et al /4~2, 43/ and two othcr groups 145, / inde -
narndently d,ý'ionstrated that by eiiloyinC natur,.lly occurririF
factor qT1 anrtihody ?O-)5 percent of oatients v'ith he'i~ohi1 Ld A
had no detectdblc factor VrII antigeziic niateriai in thirr
plsi wAherea~s in 5-10 percent of -'atiento with h'~'iophili.1 A
therr. was im-iunologic evidence of a factor VlIt Io'u,
I1th.)ugh it was ineffective in the coagulationi syst,.n. /142/
P,%on %nore rqcearly, Ratnoff's group /lh6/ using hott-rolognuZ
fact-)r VIII antilbodlt demo~nstrated mnaterial anti1-enically resen-
bli.ri, factor VIII in eac'a :;f 10 patients with ho-iophilia A in
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q'i:.-ntitsies comrparable to that found in sior',vl indivIduals.
Of great interest was the discovery that i.n seven cases cf
von Willebrand's disease the quantity o" innunologically
detectable factor VIII was directly equivalent f_ the degree
of deficiency seen in the usual coagulation assay syste'as
which measure factor VIII activity. This highly ImporLant
obsorvation may provide an eff'octive in vi ,rU Iet.hod oC
os.,ablishini whebher depressed factor 'ITi levels in a

given patient are due to hemophilia A or to von Willebrand's
disease.

DIFFICULT PROBLEMS IN DIFERENTIAL DIAGNOSIS

The classic case of von Willebrand's diseýase is not
difiicnlt to diagnose. Unfcrtunately, not all patients with
this disease present with a clear-cut family history
indicative of autosomal dominance, a distinctly prolonged
bleeding time, unequivocal impairment of olatelet adhesion
to glass and abnormally low factor VIII. The foregoing
discussion suggests the two major challenges in differential
diagnosis which the physician may face in attempting to
establish that a patient has von Willebrand's disease: 1. To
eli.minate insofar az possible a nlatelet disorder as the ca.se
for noor primary hemostatic plug frrmation. 2. ro establich
th-t ow factor VIII levels are not due to he'noohilic (or t.he
carrier state).

Platelet Disorders: .-,,ry attenpt m'ust be :-ade to eli'irnA, &nI ntrinslc nlatlot defect as the cause of °: long b.eedin-
time in each suspected case of von Willebrand's disease he-
cauisc of the theiapeutic ipnlications. Platelet concfntra6o,:,
are without benefit in von Willebrand's disease. Cryoprecii-

tate, the treatment of choice in von Willebrand'3 dispase i2 of
no valne to the patiený with intrinsic plptelet dysfunction.
Tests which indicate platelet dysfunction have been mentione.
and are discussed in detail el.ewhere in t:iis isaue.
(viz_,--pp 191-199 ) One must re-nember that prolengation of the
bleeding time and defective platelet adhesion t'• glass ar-
common to both platelet disorders and co von Willebrand 9
diseaze.

Pon Willebrand's disease orhemophiliaA? A modcr',te trc i,'dcraftr]y-
severe bleeding diesorder in a patient witti lom f'ýctor V7u
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1-,r-':.s, an equtvora] or unavailable CaniIi hiatory nuid
hl., o.lnq tims which art, within or trnard the iii;)er Iidtit

jy'":" ni himophiliU A. Thitt 2r.h1'- tn dIn - .
dit'-non3J is not lirlj d to i-lc., sinco In accord.-inti with
th.' Lyor.-P'utlor hypothesi. /!j7,b8/ carripra cf" ho'lchhtlia
iiy have ver.-, low levels of factor MTh actiivLy as' the
rmcu•.; of rtndoi inactivntion or a greator nvufrr or the
'norn.' IX chro-nosones than of the 'he.mo-hiUa-ha•rinf' X

-•ro:,.'s. rhrý Salz-?n test .avr aid in +,he ?roper
t--n-.!. f of ch caes Since ad&.:rance )f pLtrleht t,
SI ti rot ilpiirad in hom.onhilla. rrnnefuslon stlidi1'.
,h •crial determinations of factor VTII laevls -'ay b,)

r:;-j r.-,. Poss'bly the -tst helpPal tFcO to estahlilh
"shh,: a low factor VIII level is d-e to hemo.hilia A or
v rn \•.1'.brand's disease may prove to b& tho i ninnl'i-c
-,,-hv! e-rib, .d ehove. It 13 '•,a -:rly to acn'cs Phn

tii't#' role of thir technique r•s a diagnontic tool. rhe
'itferLng a-,*troich to ther;.?.y hosed on wha•he- th' pv*ti)nt
hfs v-tn Wi].ebrand's disease or heqopillia A his beendiscussd.

CONCLUDING REMARKS

rt is doubtful if one who reviews what we know zbont
vwi Willebrand's disease can escape the ,wny intriguing and
unanswered questions which nose themselves. As a great Army
nhysician said: "We must be unencumbered by . . . pompons
notions that we physicians hav' the right to define disease.
If (the physician) concludes that disease "I" cannot be
nresent because a certain sign or lab test is not present, he
limits his agility. He certainly' W*Cf't discover something
new!" /49/ We are now able to define what clinical and
laboratory features entitle us to use the diaLjnostic term
"von Willebrind's disease" but we have not thereby clarifted
the diseaze. Recent progress in the understanding or latelep
dtsoPFds.r as given us some insight into whqt von Wille'rands
di3riae is -.ot. Our definition allows better "sorting" of
patients, ýeits selection of .-ore appropriate theeapy etc.
but we ar'e left with many questions (e.g. At what stage of
primary hernostasis and how does a deficiency of nvti-von
Willpbrand factor exert its deleterious effect(s)? Trans-
_uslon studies clearly demonstrate that unlik,. Phr patient
with hemophilia A, patients with von Willebrand's disunse
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~vI-lv'. tht" (rtpwity to mythes1i;., taict 'or VTrr. Dmis th'ý
anti-von Willbrand factor pr-vide thisr4,ib~ Od~

n r'rovide i.tnPt imuldus? Is mnore thrnn cnoý IPV
c IooI.,,1: linked) doetAive tin "clasarzc" voti WilliraznlI'
dlnen-sn and if' sot does the inheritanr'e ot' hst, onfo of' thlw

;'n account e-ir what we glibly ref'er to ia"vril

"x'~ivty' aong, mowmlibnrs of' a'kindred? Whetv' Is the ,,Ltp
CLq -r,!rjue~tton of arnti-von Willchrand tftctor?-etes f etc.)
P'In&l~y, thor- rerain a infcnn'br'pte' wtth

-aiid to m~odera~te bleedine disorder and prolnn-ed' ,bief-11irir

;Iinr wh-9,fe framily historiea do not. 5ujport von Willohrnnd Is
rlirsnse 'or whose factor vuI levels ere cc'nsistently nor-wl
-r hiph hut, in vho-i no evie-mce iror a platelet disorder enn

riatirnts arýý wrt. oc' a ir-pctrumt of von, Will Lhrand Is discase
leo, r- vlct.lms na IC'ntrinsic olat&eit diyrrlinc1'Aon trio suhtle'

*)r d n,ort-tiin by our te5st, or reoresent. eyamls of' a dipnordo
(rir U.T~ordrim) iinralnted nithrbr to von Wllleb~rnnd'n diarp orr
intrlin~ic piitmleot- dy.-function remwuina to b* qfen
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RED CELL G-6-PD DEFICIENCY

Its Clinical Spectrum

LTC Neil W. Culp, MC

Genetically determined deficiency in the red cell enzyme
glucose-6-phosphate dehydrogenase (G-6-PD) represents one of
the most common, clinically significant, inherited abnormalities
of man. In excess of 100 million individuals on a world-wide
basis are affected. /l/ 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 anemia." Today, however, the
import of this most prevalent of the known enzymatic defects
nP the red cell is not limited to those relatively few physicians
who Jispense antimalarial drugs, iut it has consi.!erable signifi-
cance to every physician charged with treating patients. Not
only is there a growing list of cormnonly employed drugs which
possess the potential of precipitating hemolysis in G-6-PD
deficient subjects, but recognized with increasing frequency are
episodes of hemolysis which are precipitated by infectious and
metabolie diseases when affected subjects acquire them. In
aCdition, some individuals with G-6-PD deficiency manifest
chronic hemolytic anemia in th' absence of drug exposure or com-
plicating illness and such subjects are a significant percentage
of tIose patients diagnosed as having congenital nonspherocytic
hemolytic disease (CNHD).

It is the purpose of this paper to review the spectrum of
clinical manifestations now recognized to occur among those
subjects with genetically determined abnormalities in erythrocytc

G-6-PD.

Historica! and Genetic Features

Although fEvism (now known to be conditioned by a ieficiency
of red cell G-6-PD) was recognized more than 2,000 years agz, 4t
was not until the introduction of the first antimalaria] 8-amino-
quinoline compound, pamaquine (1926) that a clear relationship
between drug exposure and hemolytic anemia in selected recipients
was appreciated./2/ It was almost 30 years later, when a group
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of Negro volunteer subjects were given the newer drug
primaquine that sensitivity to the drug was tiemonstrated to
be an intrinsic property of the rea cell./3/ A series of
subsequent investigations culminated in 1956 with the recogni-
tion that the abnormality in red cell metabolism responsible
for primaquine sensitivity was a deficiency of the enzyme
G-6-PD./"/ For the first time the adverse effect of a drug
was defined at the molecular level.

It soon became apparent that G-6-PD deficiency was not
a single defect, but rather a heterogenous 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 molecule 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 Dnly a fraction of the variants yet to be identified.
Each varia.it appears to be explained by a single amino acid
substitu' i-n in the structure of the G-6-PD molecule, which is
also tr 1. the hemoglobinopathies./lO/ Some of these variants
are fu,,' Mnally adequate while the structural alteration of
other var-ants resultsin a severe impairment of enzyme activity.

The multiple biochemical variants of the G-6-PD molecule
are inherited as sex-linked traits; that is, the gene is
carried on the X chromosome. Male hemizygotes and female noro-
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 ratio of red cells with normai 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 basis of the X inactivation hypothesis which proposes that
during the early embryogenesis one of the t:o X chromosomes in
each cell if the female becomes inactive and remains inactive
throughout a.12 subsequent cell divisions during the life of the
inWividual./ll/ Stem cells destined to develop into mature
cirulating red cells may in the heterozygote possess either
the functional X chromosome with its gene for normal G-6-PD
activity or the X chromosome with the mutant gene for G-6-PD
deficiency.
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The distribution of G-6-PD deficiency is world-wide.
Extensive population surveys have to date, however, been performed
only in selected groups. Table I /12/ lists the approximate
frequency of the genetic defect in some of the ethnic groups
studied.

TABLA I

'NtIDENCE OF G.-6PD DEFICIENCY IN VARIOUS RACES*

RACES INCIDENCE

CAUCASIANS
Northern Europeamns 0.1
Sardinian- 3-30
Greeks 2-5
Italians (northern) 2-S

NEGROES
American (USA) 10
Nigerian t0
Congolese 15-20
Tanganyikans 15-30
Bantu 2

JEWS
European 0.2
Iraqi 25
Turkish 5
Kurdish 60

ASIAN
(hinew 2
Japancw 0
FIdipmno% 12

'Adapted from Prankerd. Clin PhaOmocol Ther 21:73.103.1969

"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
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is metabolically and nutritionally restricted because it has
lost much of the metabolic machinery characteristic ot nmcleated
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 denaicuration. With progressive e--ythrocyte 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 ree '.ell is
releared into the circulation with an inadequate supply of one
of these crucial enzymes or if the biological half-life or +'-
kinetic properties of the enzyme are abnormal, the life r"
the red cell is reduced and, by definition, hermolysis ex

The Embden-Myerhof anaerobic pathway of glycolysis (Figure 1)

which converts glucose to lactate, normally accounts for 90 percent

of the energy production in the mature red cell. The high energy
phosphate 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 (MAP) shunt (pentose phosphate pathway) was generally
considered to play a role of limited importance in erythrocyte meta-
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 priathway varies with conditions
of intracellular P0 2 and pH, and under conditions of oxidative stress
to the red cell, this pathway is greatly stimulated. This enhanced
metabolism of glucose through the HNP shunt during Periods of oxi-
dative stress to the red cell is related to the critical ro'le nlayed
by reduced glutathione (GSH) in the protection of hemoglobin and
the red cell membrane from oxidative damage. /13/ GSH is generated
solely via the IAMP shunt.

G-6-PD occupies the critical site of entry for glucose into
the hW? 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. Availability of NAIP appears to be the factor
limiting the rate of glucose utilization by this pathway under
usual circumstances. /14/ In the individual with deficient
G-6-PD activity, however, the limiting factor may be
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Embden-Mverhof I Hexowe Monophosphate Shunt (oxidative)
GlyColytiC Pathway j(Pentose Phosphate Pathway)
(anaerobic)

GSH GSSG;

GLUCOSE

I NADP NADPH

G43-P 6-PG

i 63 NADP

11635 NADPH

TroePhosphate . Pentose-5P

LACTATE

Fig. '1. Simplified diagram of pjahways for erythrocyte energy production.
legend: G4* - OUGleSe0-phosphate

G6-PD - glueos.4phosphate dc4fydrogenwae
641G " 6-ptlosphoglucontate
NAOP - nicotinamide adenine dinucloutide phosphate (7PN)
NADPH - reduced nlcotinamids edonino dinuclautide phosphste ITPNH)
GSSG - 0&fo~d- aloutethione
GSH - reduced glutwthione
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the impaired enzyme system during periods where
metabolic demands exceed its functional ca~abilitv.
The fundamental pathophysiology in G-6-PD deficient red cells
then seems t- be an inability to meet increased demands for
NADPH and 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, may
be associated with hemolysis precipitated by those agents
responsible for hemolysis in G-6-PD deficient subjects./15/

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 clinical
symptoms; (b) those experiencing symptomatic hemolysis on
exposure to certain oxidant drugs or associated with infecti-

ous disease, and (c) those with evidence of chronic hemolytic
disease 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-
opathie), are primarily of interest to the geneticist because
they are associated with no apparent clinical abnormality.
The most commonly encountered variant in the United States
has been termed G-6-PD(A) and is found in approximately 22
percent of the North American Negro population. It is dis-
tinguished from the normal enzyme, G-6-PD(B), by a more
rapid el,-ctrophoretic mobility characteristic of the former.
G-6-PD(A) is functionally adequate and subjects with this
variant have no symptoms. An electrophoretically similar but
chromatographically distinguishable enzyme, G-6-PD(A-), isS~found in 10 to 12 percent of the Negro population and is

associated with deficient activity and clinical symptoms of
hemolysls in settings where the red cell is subjected to
oxidative stress, such as, that imposed by ingestion of cer-
tain drugs. G-6-PD (Mediterranean) is the deficient enzyme
variant occurring among Sardinians, Greeks, Sephardic Jews,
and perhaps other Mediterranean groups, which is associated
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with a tuore severe form of drug induced hemolys is, favism,
and occasionally with chronic hemolytic disease in the abspnce
of stress. A number of distinct abr..-)rmal variants of' the
G-6-PD molecule have been demonstrated in subjects with CmI~D
due to G-6-PD deficiency./16/

The degree of impairment in enzyme activity characteristic
of each of the recognized variants is correlated with t1.ie
absence or presence of hemoliytic manifestations. In general
those variants in which red cell enzyme activity is greater
than 30 percent of normal are unacCOL~panied by prob~ezns of
hemolysis. Below this range of ectivity however the. severity
or persistence of hemolysis is less well correlated. Assays
of enzyme activity in unselected circulating red cells may be
misleading as only the older cells may be enzyme deficient, and
assays may fail to reflect abnormalities in enzyme stability or
kinetic alterations of enzyme function. Better correlation is
seen when consideration is given to these additional factors .11-5/

With this appreciation of the genetic hetpvogenicity among
subjects with G-6-PD deficiency, some clinics&l1y imnportant
distinctions between the two most common wgro-ups of deficient
individuals encountered in the Unit'sd States, (-6--PiJ(A-) and
G-6.-PD (Mediterranean), deserves ephasis.

MANIFESTATIONS IN SUBJEC`TS W.TH GO6-PD~ N~iy kI~i

Although mninimal shortening of the red cell] survival hzfiý
been reporteed in acz.e Negro malles vith G-6-FD(A-) in the ab,;ýence
of any apparent precipitating stress., siach individuals are
generally clinically mid hemat-ologrically. normal exccept during
the administration of certain drugs or assocre..ted with systteric
illness./.17/` -B-e typical. caurse of hemoiysi.a in a deficient
Negro male bemizygote Is depicted graphic-ally in Figure 2.
ý1'th the ad-ministration of 30 mg of prirnaquine base daily, tbhe

C r red cell survival time begins to shortern al-aost brrn~cdtately.
During this period Heinz bodies (precipitated nenatured hcmw',-
globin within the red cell) may be demonstrated by s:-mra-vt.-i
staining. Within 148 to 7r2 hours, evidence of intravascu. .~r
hemolysis becones appa.rent vith a falling hematocrit an.-I fre-
quently hevioglobinuiria. The period of acute hen-olysi.' lasts
for 8 to 10 days 01nd iG followed by a period of heamtological
recovery wbiclh occnars in spite of continued drtag exposure at
a constaýnx~t dose. The subsequent phase uf apprarent resistance
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or equilibrium represents a state of mild but fully compensated
heimlyris. Since an increase in the dose of primaquine to 60

a 9. day vould precipitate a second acute hemolytic phase, the
"resistaWcL" of the ciradlating zed cells to furthLr hemolysis is
relative and not absolute./18/ VLF- 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 a
fwuction of red cell age; older red cells being preferentially

destroye,'./19/ The age related susceptibility is due to the
increaed rate of enzyme denaturation characteristic of the
+fegro G-6-PD(A-) variant. The calculated in vivo half-life of
this (A-) enzyme is approximately 13 days as compared with the
norma: enzyme which has a half-life of 62 days./20/ The reticu-
locytes and the relatively young erythrocytes in such deficient
Negro subjects possess normal activity whereas the older cells
are grossly G-6-PD deficient.

ACU7E RECO VERY RESISTANE~ OR
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Fig 2 Typica coune of hemolysis Liduced in hemizygc~u!. male :Jegrocs by daily administration
of 30 m_- pnim..quinc buic. From Bull WHO 22 625. 1960
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MA:NIFESTATIONS IN SUBJECTS WITH G.6-PD Mediterranean ENZYME VARIANT

In contrast to the self-limited course of acute hemoly-.is
and the relative resistance to continued drug exposure whiJ(h
characterizes the Negro type deficiency, Caucasian subjects
with the Mediterranean enzyme variant behave differently.
Although minimal shortening of the red cell survival in the
ibsence of any oxidative stress has been reported in individuals
possessing the Mediterranean enzyme variant, the majority of
such individuals, 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 hemolysis in a male individual with the Mediter-
raneem variant who received 30 mg of primaquine base daily.

IH I AJ~
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Fir,. 3. In it month's period, I-No weyete hemolytic crises wcrecaused in i mutant Sardinlan male
b•. two cour-,e ol gprimsquint (30 mg dady). In the x+cond hemolytic epikodc a yo~ung pop1elation
(10-16 days) of" "Fe-L&Wd red blood cells was rapidly destroyed. /22/ Repinducrd with Ferinsiton,
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The acute hemolytic phase continued until the drug was with-
drawn at a point when more than half the red cell mass had
undergone hemolysis. Radioactive iron ( 5 9Fe) was administered

to label the newly formed red cells which were to replete the
circulating red cell mass over the succeeding l days. A
second course 7f primaquine in the same dosage was followed
initially by several days of hemolysis sufficient to offset
the increased rate of rd 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 newlj formed
red cells, labeled with 5 9 Fe and therefore less than 14 days
of age, were susceptible to the hemolytic effects of the drug,
which 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 drag
exposure existed(which was characteristic of the deficient
Negro subject).

The rate of G-6-PD synthesis in red cell precursors from
deficient Mediterranean and Negro subjects is probably normal,
however, the biological half-life, or the rate of decay in
enzyme activity, is much more rapid in the Mediterranean
variants and even the reticulocytes emerge from the bone
marrow already deficient in G-6-PD 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.i20/

The examples illustrated in Figure 2 and 3 represent
generalizations regarding the severity of expected hemolysis
among subjects with these two enzyme variants. Considerable
individual variation nay exist. The weekly administration
of 45 mg of primaquine base and 300 mg of chloraquine base
(the combination presently employed as malaria chemoprophylaxis
for LIS troops in Republic of Vietnam) generally produces mild
hemolysis which is completely compensated within a few weeks
in the majority of enzyme deficient Negro males./23/ Occasion-
ally however, such an individual without any additional drug
therapy or apparent complicating illness will develor, symptomatic
hemolysis following initial ingestion of a single c)hloraquine-
primaquine tablet./24/ Weekly chloraquine-primaquine administra-
tion results in hemolysis of unpredictable severity among
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Caucasian males with the Mediterranean enzyme variont and
generally the results are safticiently severe so that this
regimen should not be emplojy,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 is probably the variant termed
G-6-PD(Canton). This variant has functional enzyme character-
istics as well as clinical expression similar to that of the
Mediterranean variant. /26/ Both are associated with an increased
incidence of severe neonatal jaundice, favism, and drug-induced
hemolytic episodes,

AGENTS PRECIPITATING HEMOLYSIS IN G-6-PD DEFICIENT SUBJECTS

Drugs

Antimalarial drugs, and 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 commonly used by physicians practicing medicine in
temperate climates are now known to have hemolytic potential in
affected subjects. Table II lists most of the clinically imn-
portant drugs by their common or trade name and the daily dosage
reported to have been associated with hemolysis in 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, that 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 hentolysis only in Cau-
casian subjects.

It must be emphasized that the spectrum of drugs which
possess hemolytic potential for G-6-PD deficient erythrocytes
is to date incompletely defined. There are several reasons fVr
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 hemolysis
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TABLE I1

DRUGS PRECIPITATING HEMOI.YSIS IN G-6.PD DEFICIENT SUBJECTS*

DRUG DAILY DOSAGE

Dnrgs frequently resulting in significant hernolysis

Acetanhlid 3.6 gm
Azulfidine ® 6.0 gm
D',psone@ (DDS) 25 mg

Furacin®
Furadantin® 400 mg
Furaltadone ( Altafur(Q 1.0 gin
Kynex ® 2.0 gm
Neosalvarsan 600 mg
Prnmaquine 30 mg
Promizole
Oumocide
Sulfanilamide 3.6 gm
Sulfapyridine 4.0 gm
Tricofuron® 400 mg

Drugs only rarelv producing -,gnificant hemolysis under normal conditions

Ascorbic acid 1.5 gm
tAspirn 3.6 gm

Asprin, 0-12.0 gm
tChloramphenocol 1.0 gi

i hloroqune 300 ing
Diasone 300 mg
Gantrisine 300 mg
Phenacetin 3.6 gm

tQuinid~n! 800 ing

*Data compiled fiom Beutlet E: DD1ug-nduiced hemolyuc anemia Phan. ,cot Rev
21:73-103, 1969

'Reportcd in Cucasians only
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selectively in such individuals. Secondly, clinical reports
of hemoytic anemia developing during drug therapy have
generally been ascribed to the drug alone when the illness
itself may have induc',d hemolysis in b-L-PD deficient subjects.
Lastly, the number of subjcots studied with any single agent
is usually by necessity small and individual differences in
drug metabolism as well as variable degrees of impairment of
enzyme activity among deficient subjects may significantly
influence the response to drug administration./27/ In vitro
observations have revealed that some parent drugs are inactive
in producing abnormalities in G-6-PD deficient red cells,
whereas metabolites of these drugs may be capable of induciiig
severe membrare damage in G-6-PD deficient cells,/28/ It has
recently been aeronstrated that gentisate, a known metabolite
of aminosalicylic acid, plays a major role in aspirin-inducedI
hemolysis in G-6-PD aeficient Caucasian subjects. It acts
not only as an oxicizing agent but apparently as a direct
inhibitor cf enzyme activity as ;.. 11. This latter function is
variaole from one deficient subject to another and may explain
to some ex:tent the unpredictablI. affect of this drug in enzyme
deficient subjects./29/

Hernolytic Agents Other than Drugs

It is now recognized that hemolytic episodes may occur
in G-6-PD deficient subj•cts under conditions other tian drug
exposure. Bacterial infection,/30,31,32/ viral hepatitis,

/30,33,34,35/ viral upper respiratory infections,,30/o chicken-
po::,'3bi diabetic ketoacidosls,,/37/ and nephritis /30/ have
all been reported to be associated with hemolysis in G-6-PD
deficient subjects. The pathogenesis of hemolysis associated
with infection or metabolic abnormalities has not been clearly
defined. It has been postulated that the "oxidant drurs" in
patients with hepatic and renal insuffiý7ency qnd perhaps
other metabolic abnormalities are those i.et*1onkc Droducts
that accuulate as a result nf organ dysfunction. In addition,
azotemia is known to be associated with redu-,:ed levels of GSH
in normal erythrocýdes; a factor tha': would further increise
the susceptibility of G-6-PD deficient cells to henolysis.'3?.
The role of altered blood pf in sys. ilrass and its effeýt
on r- ',aoolsm throigh the hexomonophos.1a .. ""t is not 1:now•n.

Some interesting in vitro obýLrvati.cnz :maJe recently may
hellp to clarify the meohanisa, b- whlch v'ral 3n:ecl/ons induce
hemolyr's of G-6-PD deficient erythr-,'cyte•.-3•.' ricure h
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depicts values for autchemnolysis in the presence of influenza
A virus .,th both norrcmal and G-',-PD deficient erythrocytes.
in th? nbsence of virus bot - nor-mal and G-6-PD deficient cells
underjo less than t.;o percern,, hemolysis in 24 hours, With
conc,,ntrations of virus greater than 103 increased autohemolysis
of G-6-PD deficient red cells occurs. This could be prevented
by rior heat inactivation or antibody neutraulization of the •
virus. To esta'rlish that increased autchemolysis was related to

metabolic imoairment resulting from the presence of the virus
particles, metabolic activity of the W1]Y shunt in normals and
G-6-PD deficient red cells was evaluated. Since the only locus
,f decarboxilation of glucose in the mature red cell is the ?M4

shan't (Figure 1), Cu2 production by the rythrocyte is directly
proportional to the activity of the shunt. In the presence of
significant concentrations of live virus particles normas red
cells increas.ed mari'edly the activity of their MIMP shunt which
suggested that the virus represented an oxidative stress.
These cells h?,aever tolerated •he oxdative stress because of
their ability to increase GSH production through their intact
shunt. In contrast. G-6-PD deficient cells exhibited little or
no increase in C02 production reflecting an inability to increase
activity of their HMP shunt due to deficiency of the enzyme./39/

The frequency with which iliness in itself precipitates
hemolytic episodes among G-6-PD deficient subjects has not been
well studied, but is possibly greater than has been appreciated.
One retrospective study /30/ evaluated 139 episodes of recognlzed
hemolysis among 63 Negro and Caucasian patients with G-61PD
deficiency wh-, were adLmitted to a general hospital for a variety
o2 indi:ations. '-x.ty percent of the ,bserved hemolytic episodes
were a parently relatec to concurrert illness alone -- most
f-ea-uently, to bacterial or viral infections. The severity of
hemolysis varied from minimal to extremely severe and the duration
of the observed episodes was transient ir some, while in others
several weeks were required for recovery. Thirty-six percent of
the patients with documented hemolytic episodes were female,
which emphasized that clinically significant hemolysis may
frequentl:' occur in heterzygotes. In another recent study /31/
of 206 consecutive hospital admissions of Negro patients, 47
had acute infections and 18 (35 per:ent -'f the group) developed
anemia with hematocrits less than 3C perccnt. Although the
incidence of G-6-pp deficiency among the entire group was only
16 percent, 67 percent rcf the anemic-infecteo patients were
found to be G-6-PD defivient. Although it was not p-ssible to
establish the relative role of infection per se as opposed to

Prevent (',,nepts. I ol /I* Ao 3. Marg Ii 1971
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drug therapy as precipitating factors among this group, a

relationship between anemia and acute infection in G-6-PDI deficient Negro subjects was strongly suggested.

AUT#,HEMOLYS/$

4.0. o6o 6PDI X " X X

3.0- +io +

NOMAL i

NORtW.L 1 0.... ..

1.0. 0 @ x •

VlRUS PAPICLIES ./1

Fig 4. Aulohemolysis. in the presence of influenza-A virus, in erthrocytct either normal or
deficient in G-6-PD. 1391 Reproduced with pennission.

Clinically, the more commonly encountered situation is
one in which both illness and effects of drmg aaninistration
rxe present. There is evidence that additi-te hemolytic effects
result when a susceptible individual is exposed to more than,
one agent simultaneously./23,30/ Asy.'ptomatic affected Negro
males serving in Vietnam and receiving weekly ohloraquine-
primakaine for a period of several months were not infrequently
observed to develop significant intravascular hemnolysis with V

hemoglobinuria when hospitalized for an intervurrent febrile
illy'ess./2 4 / Figure 5 illustrates the course in such a patient
receiving weekly chloraquine-primaquine prophylaxis,/_3/ fie
was non-anemic but with manifestations of inapparent compensatcd
hemolysis prior to the development of a febrile illness of

Precni (oncepts, VWl IV N• .J. March 1971
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undetermined etk~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 precýipitated hemolysis in this individual, however,
the combined effect of illness, small (loses of salicylates,
and continued chioraquine-ori~maquine administration resulted
in a significant hemnolytic episode.

15

-06 13 -

9.--

I 36

28

0 7 14 21 28 35 42 49 56 63 70
0 Da y s

Fig. S. Hfemol,: , ffects of an intcrcurrent febrile illness (etiology not establishcd ).salicylate ad-A
znani%trzition arid chloroquinc-prinaquine administration in a Negro male with ".-PD deficiency.

administration of 300 mg chloroquine and 45 mg primaquint. 11.3/

There are several situations irI which unrecognized G-6-PDI
deficiency rray nr~plion-e t-he man-~fes-ations of an associated
iin~erlying illness or in w1Zicnr (,..t-PD deficiency may rasaucrade
ns another disease state. One ,"' the.:e ;s horaozygous sickle
cell -lisease in which chroni-c heinolysis and painful crises oue
t,) intravascular sac~klinw are expected features of the disense,
but in whi-,h acate hemnolytic crises seldoin occur. A recent,

Pr.?s-ri COncepts. Vol I W No 3. Mfarci /9 71
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evaluation of P subjects with docuvnented sickle cell anemia

who did experience acute episodes of increased red cell des-
trurtion, 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./4O/

The incidence of severe neonatal hyrerbilirubinemia
among infants with either the Mediterranean or the Canton
enzyme variants is significant3y 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-PD deficient red cells to recipients

receiving oxidant drugs may result in intravascular hemolysis
whicr mimics an incompatible hemolytic transfusion reaction.
A fatal outcome has been noted in one instance where G-6-PD
delicient blood from a Caucasian subject was transfused to a
recipoent receiving Dapsone® (DDS) for the treatm•ent of leprosy./43/

CONGENITAL NONSPHEROCYTIC HEMOLYTIC DISEASE (CHND)

Patients with chronic hemolytic anemia in whom no snecific
diagnosis can be readily established by such routine tests as
examination of the bWood 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"
(CNMM). The basis for the diagnosis lies in the results of the
standard autohemolysis test of Dacie, et al./44/ Over the past
decade an increasing number of such patients have been found tc
possess deficiencies of specific erythrocyte enzymes essential
to metabolic processes of th: red cell. Although to date 14
distinct red cell enzyme deficiencies have been reported to be
associated with hemolytic disorderq, G-6-PD deficiency represents
the most frequently encountered example.,'h5/ It has been estimated
that two percent of subjects with G-6-PD deficiency manifest
chronic hem.•olytic disease in the absence of druig challenge or
precipitating acute .illness./46 !

Present Concepts, Vol IV No 3, March 1971
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The genetic variants of the G-6-PD molecule identified
among patients with CNIED are characterized by marked in vivo
instability of the enzyme, severe impairment in activity, or
unfavorable alterations in the kinetic properties of the mutant
enzyme, so that functionally the HMP shunt is virtually.
inactive./1 6 / Such affected individuals have been Caucasians
and Orientals 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 hemolysis is compensated
and the patients are non-anemic. The diagnosis is usually made
in childhood but may go u-xrecognized until adult life. Hemolysis
may be aggravated by any of the factors that precipitate hemolytic
episodes in other G-6-PD deficient subjects. Splenectomy and
corticosteroids have no therapeutic efficacy.

Laboratory Diagnosis
A.though spectrophotometric assays of erythrocyte G-6-PD I

activity are performed in msany laboratories, the procedure is

time-c.onsuming, 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 whicih is a function of
the reaction catalyzed by G-6-PD. Figure 1. The tests are
based upon the ability of generated NADPH to reduce visible dyes

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,!/48 / although the latter lacks specificity./49/

Although these screening procedures are sufficiently

sensitivw to detect the affected male hemizygote under usual
circumstances, Jetection of 1•n.ale heterozygotes with their

varyinri; prcportion of noymai and enzyme leficient cel.s presents

a greater probler. At bcst, approxinr.ately 'jO percent of hetero-
zygotes are recognized by the methe,.ot-l-bin redu,:tion iest. "C')

T, is im:portant "-or physi-2ians to recognize that af'ectcd
:Jegro s'ib ects who havei recently experienced a significant hem'-
lytic crisole may at the tirie ot" post-eiso:e evalu, t-on posr:ýs

Prevent Concepti. Vol 11' No 3. March 1971
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normal or near nor-a3 enzyme activities berausc the enzyme
deficient cells have been destroyed and replacel by reLicul"-
cytes with relatively high activities. The rcor.nition of
c-6-PD deficiency is an e(ven more difficult prob]em in the
female heterozygote who has undergone hemolysts. Postponing'
the identification of the deficiency until a time when the
disproportionate number of young cells have at-c6 sufficiently

to manifest it, is impractical. Delayed diagnosis r:,ay result in
failure to withdrew the offending agent, or may lead to the institu-
tinn of inappropriate therapeutic measures. A simple technique
has recently been described which serves to increase the likeli-
hood of detecti •n during or irmmediately following a hemolytic
episode./51/ This technique is based on selective measurem.ent
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 may
be selectively studied for G-6-PD activity.

Diagnosis in subjects with genetic variants .)f G-6-.PL
other than the A-type usually presents little difficulty be-
cause recognition of subjects with the Mediterranean and Canton
varients is usually possible even during a hemolytic crisis be-
cause they have a more severe enzyme deficiency which is less de-

pendent upon cell age for expression.

CONCLUDING REMARKS

Erythrocyte G-6-PD deficiency is a common hereditary
abnormality of" world-wide distrib':tion. Genetic heterogenic•ity
underlies the broad spectrum of mranifestations encountered
among affected subjects. A striking analogy to the hemoglobin-
opathies is apyarent. Biochemically a sinFle F.,nhno aci• sub-
stitution in the protein molecule represents the structural
abnormality which characterizes the genetic variants of both
hemcglobin Lnd G-6-PD. In each there are variants unassoclatei
with any functional impairment, those associated with eniso '•

symptonatc-•p,, and some which result in chroniz hen.mlytic
disease. On the molecular level our understanding of* th, he-
globinopathies and G-6-PD deficiency far surpasses thit of r'c•st
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other dlneases,, yet knowledge concerning the pathogenesis of
hemclysix and more importantly.-vbtat 1to do:4abo~it-it, 1n',limited.
Careful clinical )bservstions have,, hovdvet,-provided a basis
for rational mwnqemcnt of such patients and have''obviated many
of the needless therapeutic gestures employred in the past. The
Va~ture undoubtedly bol~ds knowledge which will permit a more
direct therapeutic approach; i.e. one aimed at assisting the red
cell to f'uritionally circuimvent its structurally altered hemo-
globi~n or enzymatic protein.
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While it may be a great personal satisfaction to maie a discovery in the

laboratory, we do not save people's liv'es in the lahoratory. People's

lives are saved where people are.

- GEORGE N. PAPANICOLAOU

P
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HYPOPLASTIC ANEMIA

MAJ] Roland F. Schoen, Jr., MC

The concept of hypoplastic anemia as we know it today has
been long in evolving because 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" vas that of
a fujbitinant disease. Peripheral pancytopenia was a reflection
of markedly or totally reduced er•throid, granulocytic, and
megakaryocytic cells in the marrow. Resultant infection and
hemorrhage supravened early. However, other peripheral pancy-
topenic states or normochromic normocytic anemias with reticu-
l-ocytopenia were included later in the syndrome. Therefore,
some anem~ias of chronic infection (with normocellular or
slightly hypocellular marrows) and refractory normoolastic
anemia (an iron-loading, probably premalignant condition with
hyperplastic marrow) were included.

Today the term "hypoplastic" rather thaun "aplastic" is
the qualifier of this anemic syndrome because, as with most
syndromes, a spectrum of severity is encountered. Diverse
etiologies are recognized, and more are postulated. The com-
mon features include peripheral anemia (usually normoc.ytl
slightly macrocytic) reticulocytopenia, and reduced eryti. .-

precursors in the bone marrow. Whi *e iells and platelet
numbers may or may not be reduced peripherally or in the
marrow.

Classification

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

drome and malignant conditions.

TOXIC EXPOSURE

These may be divided into two general groups. First
there is exposure to those agents which regulaly produce
hypoplasia after sufficient exposure, whose effects are more
or less predictable, and whose effect may be demonstrated in
experimental animals/i/; 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 reduce.d granulocytes and platelets in a general
hypoplastic reaction. Many drugs selectively depress either
the granulocytic or platelet precursors alone, and are not
considered here.

Predictable dose related hypoplasia

Ionizing radiation. Excessive doses can lead to severe
and even fatal aplastic anemia, such as the cases which have
been seen after nuclear explosions and industrial accidents.
At lower doses, this is a reversible phenomenon, provided the
victim receives exogenous blood products until regeneration
of marrow has occurred. At higher dose levels, probably above
20OOr of total body irradiation, regeneration will not occur.
Knospe et al/2/ have demonstrated 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
penetrating effect of several millimeters, they are harmful to
the sensitive hematopoictic tissues only if injected systemically.
It is the gamma particles and fast neutrons which can penetrate
the entire body and cause imr.ediate widespread 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./l/
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In therapeutic radiation, marrow damage occurs only 'in
the fPield of exposure, and is reversible ir a time course
proportional to the dose given. Localized~ radiation, however,
may produce miild ttartrow depression at sites distant frm the

4 radiation field (abscopal effect). This ma:.. be reflected
* peripherally by reduced numbers of whit,_ cells and platelets.

Radiation given to a patient with much prior chemotherapy
produces mach more marrow depression, supposedly because of
prior marrow se,.sitization.

Animal studies suggest that lymphocytic and erythrocytic
precursors are more ser.zitive to radiation than are mega~aryo-
cy-tes and granulocytes./l/ However, radiation-induced anemaia
is much less of a problem functionally than leukopenia and
throirbocytopenia.

Cancer chemotherapeutic !&ents. Most of the chemothera-
peutic agents for malignntdiseas have marrow depressive
effects. Indeed, it ', the reaction of this highly sensitive
tissue that often limits and may even preclude admin~istration
of a full tumoricidal dose. Again, anemia is not at& signifi-
cant functionally as leukopenia and thrombocytopenia.

Benzene and its derivatives./3,5/ This toxic depression
usually occur-s iNTMustriiI workera with chronic exposure to 1

this widely used so.Lvent. Control measures have aimed 1
largely at keeping the concentration of Ithe vapor below a
c.-itical. level, because it Is usually absorbed by ir~zlation in
a poorly vevntilated room.

Classic pancytopenia is the most severe form, and rarely
even then is tae mar-row comipletely aplastic. However, many
more subtle forms of toxicity exist. 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 hematopolesis and splenomegaly, but these are
rare. A significant number of the chronic benzene-induced
hypoplastic states have evolved to acute myelogenous leukemia.

Trinitrotoluene (TN~T) has prodt 'ed hypoplasia, but mure
often it produces a dermatitis and gastritis. Benzene hexa-
chloride (lindane) is a popular insecticide and has been
implicated as a causative agent in hypoplastic diseate.
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Agents Unpredictably producing hypoplasia

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

Chloramphenicol. Until recently, most cases of acquired
hypoplastic anemia in which a toxic exposure was elicited
historically have been caused by chloramphenicol. The reaction
was first recognized in the early 1950s but because of con-
comitant drug therapy in many instances, the early reports
-ere not heeded, and the peak incidence of new cases of hypo-
plastic anemia (83) occ.arred iL 1959./6/ The incidence has
declined 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
patient-exposures. A variable predominance in females has
been reported (a ratio as high as 1.6 to 1.0) especially in
the premenopausal group, as well as an increased incidence in
Caucasians in the northern European countries. In 75 percent
of the cases, all three blood cell lines were depressed and
marrow hypoplasia was found. in 50 percent cf the cases
evidence of "reaction" was found within 38 days of the last
dose, in 22 percent during treatment, and in 10 percent after
130 days had elapsed./l/ Overall mortality rate was 50 per-
cent; half of these deaths occurred within 50 days of onset.
Favorable prognostic variables were (1) fewer blood lines
depressed, (2) non-Caucasian race, (3) development of re-
action during therapy or shortly thereafter, and (4) large
daily dose of drug.

The marrow was truly hypocellular in only two-thirds of
the cases and the remaining one-third had riormocellular (or
rarely hypercellular) marrows with or 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 () 80 percent) with aplastic marrows.
died (all 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 anemia, were normocellular _'n the
marrow, and often recovered in several months, but sometimes
as long as a year after presentation.

Present Concepts. Vol I' No 3. A•, arcc 1971



279

Hypoplastie Anemit - Schoen

The two types of chlorsmphenicol toxicity are
summarized in Table 1./6/

TABLE I

CHLORAPHENICOL TOXICITY

TYPES OF TOXICITY
: Bone Marrow CelluLuity Nonnocellul•r Hyapliia or Aplastic

PERIPHERAL BLOOD Anemia withlwthout Pancytopenla
lukop,.ia or
S Thombwcytopenia

DRUG DOSAGE Usually large and given in No particular relationship to
a Lhort period of time dose, frequeatly intermittent

TIME RELATION
(of Toxicity o last dose) Concurrent 2 to 20 weeks later

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

OUTCOME Usually nonfatal Usually fatal

Human studies were cea-ried out in the fifties in an

attempt to delineate the dynamics of the "dose related"
lesi-n. Rubin et al found plasma ircn was elevated with
•4gi carrier saturation, a delay in t• disappearance of

Fe frou. the plasma, and failure of Fe to appear in
circulating red cells for et least eight days. Definite
marrow depression occurred in two percent and borderline
depression in six percent of 50 healthy voluntAers.
Saidi et al /9/ have demonstrated striking znorp,.:,logic
changes in the marrow of patients receiving therapeutic
doses of chloramphenicol. Large vacuoles are seen in the
primitive erythroblasts, associated with anemia and reticu-
locytopenia, and have been considered the classic erythro-.
poletic 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 B1 2 to patients with pernicious anemia did not
inhibit the correction of megaloblastosis, so the chloram-
phenicol lesion is apparently not involved with nucleic
acid metabolism./9/ The vacuolization is not a unique lesion;
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it is also seen in acate alcoholism./ll/ The appearance of
such vacuoles does not warn of impending marrow hypoplasia.

No clear explanation has been forthcoming to describe
the z .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 Judicious use of the drug clinically.

Organic arsenicals (arsenoaminobenzals used in early
oyphili-s +erapy) occasionally produced a hypoplastic syndrome
but this type is not seen now. Inorganic arsenic in sufficient
dose will always produce marrow depression; arsenite salts do
not.Il/

Anticonvulsants, such as methylphenylhydantoin (Mesantoin¶,
trimethadione (Tridione ®), and carbamazepine (Tegre-tol ®), have
produced the syndrome. Diphenylhydantoin (Dilantin ID) has been
reported in one case./12/

Phenylbutazone usually produces leukopenia as a ride-
effect, but may produce erythroid hypoplasia.

Gola compounds, used in treatment of rheumatoid arthritis,
may produce both leukopenia and hypoplastic ariezria and are
usually reversible on cessation of treatnent.

7ýeatment

The most important specific therapeutic measure is the
identification of any causative toxin, removing it from the
patient and his environment for all time. In over one-half of
cases, toxic exposure is not discernible, which suggests a
toxin is not .ausative, or continues occultly, perhaps, to
insult the marrow because of uninterrapted exposure. Etiolog-
ically, these remain "idiopathic".

Supportive measures, including blood transfusions for

antibiotic treatment for infections permitted by granulocyto-
penia, are important. These are not without hazard, because
transfusion reactions and sensitization occur. Cirrhosis and
liver failure may develop from transfusional hemosiderosis./13/
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Not to abandon attempts at therapy is the primary
theme. Multiple hematinics have been tried, such as pyrioxine,
folic acid, vitamin B1 2, liver extract, and a trial of these
is probably warranted only to prove that they will not be a
beneficial alternative to repeated transfusion. Some spontane-
ous remissions have occurred many months after onset, and so
vigorous support is justified. Splenectomy /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-Medal, et al
/16/ had a 12 percent response rate.

The mnst promising agents are te.stosterone and its deriva-
tives, especially 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 permanent.
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. 0,y-
methelone can produce obstructive jaundice (as a 17-methylated
testosterona) but is not often a cause for stoppiný therapy.
Its mechanism of action is unclear. but decreased 59Fe plasma
clearance and decreased red cell59Fe utilization have normalized
on therapy./17/ Erythropoietin values are increased in such
patients, and it is postalated 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 cel] precursors are the
only deficient cells in the marx'ow, (2) which occur independent
of any toxic exposure, (3) which cccur in certain age groups,
(4) which have a particular therapeutic approach.

Pure Red Cell Aplasia (PRCA) in Adults

This acquireO condition has been given many names, includ-
ing primary red cell aplasia, erythroblastophthisis, idiopathic
aplastic anemia, selective red cell aplasia, erythroblastic
hypoplasia, chronic hypoplastic anemia, essential erythroblasto-
penia, primary refractory anemia.
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The Mayo Clinic reviewed 16 cases seen in 1951-61 and
established the following diagnostic criter~a./18/

-- Sevare normocytic nnrmochromic anemia
rcquiring transfusi on.

-- Reticulocyý.e count of 0.0 to 0.2
percent.

-- Norrmocellular marrow without red cell
precursors (as distinguished from
refractory riormoblastic anemia).

-- Normal Jýver, spleen and lymph nodes
(before transi'usional. hemosiderosis)

In their series 10 percent developed hemolysis. The
average patient -was male (2:1) and middle-aged. Ten percent
developed leukemia at a later time. Some toxins have been
suspected, ano in other rettings this syndrome (PRCA) haa
been seen in k'washiorkor (which responds to riboflavin) and
in one case with carcinoma of the bronchus ./18/

Finkel, et 91l/191 have described three patients in whom
co~rtisone has been dramatically effectivi, and this has been
noted by others. Its mode of action is speculative, but
recognized to be antireoplastic (in lymphoprolifera±tive
syndro)mes) and immunosuppressive in other settings. Anti-.
bodies have been demonstrated againsBt erytbrobiants
and agrinat erthropoietin. /20/ Cyclophos-
phamide "and 6 -mercaptopurin have also been used with

suocess, suggesting inhibition of a cell that had been produc-
ing something 1,oxic and suppressive to erythroblasts./21,22/
Therefore, cortisone and cyt~otoxic drigs have theoretic bases
for use in PRCA.

Pure red --ell aplasia in a.iults has also be~en seer.
coincIdentally with, benign thymoras, non-invasive spindle-ce2.l
"type./23/1 In about 15 percentl of these m~yasthenia gravis is
alss presenst. The ane-mia may precede recognition of the
tumor but usually occurs with It. In one ense, anemia occurred
three years after the removal )f the tumor. Thymectorny may
completely, partially, or fail. to correct the anemia. Corti-
sone was beneficial in two cases only after thymectomy and
s~lenectomy. Vestosterone has o'ccasionally been helpful. The
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mechanism of the anemia in combination with thymoma is
obscure. An autoimmune bhsis has been postulated but not
demonstrated.

Pure Red Cell Aplasia in Children

Congenital hypoplastic anemia was described as a syndrome
in 1938 by Blackfan and Diamond and beers their name. It re-
fers to an abnormality charaeterized by normocytic, normo-
chromic anemia, reduced red cell precursors in the marrow, but
normal leukocytes and platelets and found in young children.
The usua2 name applied is "congenital hypoplastic anemia/29/,
as opposed to "congenital pancytopenia" (Fanconi's anemia)
discussed page 286, Other synonyms for this syndrome are hypo-
regenerative anemia, erythrophthisis, idiopathic hypoplastic
anemia, stationary hypoplastic anemia, chronic erythroblasto-
penia, erythrodisganetic anemia, chronic erythrocytic hypo-
plasia, pure red cell agenesis, erythrogenesis imperfecta.

These children may not be anemic at birth, or do not show
sufficient pallor to entertain such a diagnosis, and so the
true congenital nature is controversial. There is a slight
predisposition for males, Caucasians, and one-third of cases
have been products of complicated pregnancies. Most do not
have other congenital anomalies like the Fanconi patients.
The median age of diagnosis is one month; average is six
months. Hepatomegaly has been described.

The natural course of the disease has changed. Previous?y
15 percent had spontaneous remissions with decreasing trans-
fusion reqairements. The usual problem of hemosiderosis
cirrhosis, growth retardation, o3teoporosis, bone age retarda-
tion and pubertal failure were seen after five years of trans-
fusions. Cortisone has been of some benefit, and it has
recently been appreciated that if the disease is treated
within the first few months of diagnosis, 90 percent will
respond, whereas after a year with the disease the response
rate is much less./25/ Maintenance usually requires 5.0-7.5 mg
prednisone daily, with rise in hematocrit each time a "reduced"
dose of corticosteroids is raised. The mechanism of action for
cortisone remains unclear.

The disease has been seen to occur more than once in five
families./24/ No chromosomal aberrations have been described,
in contrast to those with Fanconi's anemia. Abnormal amounts
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of anthranilic acid have' Ifen described in the urine of
atients/26/ but a defin' re metabolic error has not been

found.

Hyporegen.p-ative Cris& s

Th".-• are orobably nian• acute illnesses and stresses
which i , ersal.y c. "se tempo.-ary marrow arrest./27/ It is
transi. rid 7Nsses L-,noticed In ind•/iduals whose blood
cells L_' fl nr-mal if, span . In patients ,ith hemo-
lytic alit. . , .' e 'is may 3'.ve only a fractin of
the normP 120 days i " ,rary marrow .-rest may lead to
severe anem a. Th< o-ow normally works much below full
capacity, implying uzaL it can produce several times the
usual numbtr of cells per unit of time. Vi refore it can
compensate wi tbout anemia developing when red z:ells live
only 12 days . some settings. Certainly this increased
rate cannot be sustained indefinitely. In acute hemolytic
anemia, reticulocytc is may be delayed peripherally and the
bone marrow depleted of red cell precursors. This is dhl,.
to initial rapid emptying cf reserves and a two to four day
lag in marrow erythroid response.

Patients with chronic hemolytic anemia, such as sickle
cell disease, and hereditary spherocytosis are most prone
to hyporegenerative crises./28/ It cannot be prevented in
thz. former, but splenectomy prevents it in the latter.
(The cellulDr defect persists, but accelerated destruction
ceases.) Chronic hemolytic disease may predispose to a
megaloblastic aggravation of marrow failure because of a
relative folate deficiency.

Treatment

Treatment of hyporegenerative crisis is supportive with
transfusions. 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 can be prevented only by altering the length of life of the
red cell, as splenectomy in hereditary spherocytosis, or
possibly in elliptocytosis.
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Uremia

Anemia is observed in most types cf renal insufficiency.
In mild azotemic states anemia may be a reflection of the
disease causing the renal insufficiency, not of the kidney
failure per se. Only when the blood urea nitrogen (BUN) is
greater thanT0O-1OO mg/iOOcc may erythroid hypoplasia be
seen. White cells and platelets are usually present in nor-
ma). r'mbers.

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 F.ttracorpuscular
factor (uremic inhibitor?)/29/ Reticulocytes are usually
reduced; the anemia usually stabilizes when the hematocrit is
about 20 percent. Ferrokinetic studies have shown plasma iron
clearance time is increased, plasma iron transport rate is
decreased 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. In advanced renal disease the level of this hormone is
reduced, and exogenous erythropoietin stimulates the uremic
marrow imperfectly, suggesting the presence of some additional
repressor or inhibitor. Recently an inhibitor to erythropoietin
has been isolated from the kidney (and other tissues) but it may
not play a physiologic role./29/

Chronic dialysis may improve the anemia after several
months. The kidney does not, supposedly, produce more erythro-
poietin, but improvement may occur from removal of a marrow
suppressant, removal of erythropoietin inhibitor, removal of a
depressant on erythropoietin production, or increased erythro-
poietln production from extrarenal sites. Eschbach* has
acently shown that the anemia of renal failure may be benefited

by androgens, specifically fluoxymestrone (Halotestin0).One to
six months is required for treatment; there appears no relation-
ship to status of kidney function. It is effective in anephric

*On faculty. School of Medicin., University cf Washington. Seattle
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patients. Concomitant iron deficiency prevents its action.

It rarely raises the hematocrit above 30 percent.

Fanconi Syndrome and Other Possible Pre-malignant States

This sec!tion raises the intriguing notion that hypoplastic
disease from seemingly diverse etiolo6ies can terminate with
malignant transformation to acute leukemia. Indeed, such a
diagnosis should be entertained in any differential diagnosis
of hypoplastic anemia./31/ There is one case report/32/ in
which chloramphenicol-induced hypoplasia, treated for seven
.years with androgens, terminated in acute leukemia. Several
cases of leukemia following benzcne induced hypoplasia have
been described./4/ Many of the Japanese survivors of the atom
bomb blasts were hypoplastic as a population and developed
leukemia in much higher numbers at a later date than uneffected
populations./33/ Paroxysmal nocturnal hemoglobinemia (PMe) has
been associated with aplastic crises and acute leukemia has
developed in a few patients./3 4 /

Fanconi's syndrome, cr constitutional 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 are usually hyperpigmented,
have small stature, and have other congenital anomalies, such
as •nicrocephaly, hypogenitalism, strabismus, extra digits,
renal anomalies, and mental retardation. Bone marrow examina-
tion may initially be hypercellular/36/, but later shows
depression of one or more cell lines. Chromosome studies show
a normal number with a specific type of aberration termed
endoreduplicatin./l/ Chromatid exchanges and chromatid
breaks nave also been seen. These abnormal chromosomal
patterns have been seen in "normal" family members of the pro-
band./37/ Patients with Fanconi's anemia and their family
members have an increased incidence of leukemia./5/ The
chromosomes of patients with Fanconi's anemia and those of the
normal family members are also more susceptible to malignant
transformation by SV 40 virus in vitro./h4/

Patients with Fanconi's disease usually do not survive
more than three years from diagnosis, although a few have
reached adulthood. Splenectomy has been helpful occasionally
in relieving thrombocytopenia. Cortisone and androgens have
not been usefil.
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Corwhusion

The diagnosis of bypoplastic disease raises four
imp',)rtant points: Is more than the red cell line involved?
If so, and the stigmata of Fanconi's syndrome are not ap-
parent, then the presence of on exogenous toxin must be sus-
pected and its identification and elimination are paramount.

Can a specific therapeutic 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.

If no specific therapeutic agents are applicable, many
non-specific remedies must be tried, a spontaneous remission
hoped for, and transfusions given for support.

Patience, a hematologic potpourri of therapies, and hope
constitute the milestones on the journey toward control, if
not cure, of hypoplastic anemia.
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