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Disorders of Platelet Function
Mechanisms, Diagnosis and Management

LOTHAR B. HUEBSCH, MD, and LAURENCE A. HARKER, MD, Seattle

Platelets play an -important role in hemostasis, and alterations in platelet func-
tion may be the cause of abnormal bleeding in a wide variety of congenital and
acquired-clinical disorders. Platelet dysfunction may be classified as disorders
of (1) substrate connective tissue, (2) adhesion, (3) aggregation and (4) platelet-
release reaction. The congenital defects of platelet function, although uncom-

mon, have provided important insights into platelet physiology and patho-
physiology and, as a group, are less common, better characterized and more
readily classified than the acquired defects.

The severity of bleeding resulting from platelet dysfunction varies greatly
and is substantially increased when another defect of hemostasis coexists. A
disorder of platelet function is suspected on the basis of the history and physi-
cal examination and is confirmed by the finding of a prolonged bleeding time
in the presence of an adequate number of platelets. A specific diagnosis often
requires measurements of the factor VIII and von Willebrand factor complex
and other tests of platelet function. Some of these tests may be available only
in specialized laboratories.

Therapy for bleeding episodes resulting from platelet dysfunction is di-
rected at (1) removing or treating the underlying cause of the platelet disorder;
(2) replacing the missing plasma cofactors needed to support normal platelet
function (such as by the transfusion of cryoprecipitate in patients with von

Willebrand disease, and (3) transfusing functional platelets in the form of plate-
let concentrates in patients with disorders of intrinsic platelet dysfunction.

THE PLATELET REACTIONS of adhesion, aggrega-
tion and release are initiated by vascular injury
and each has an important role in the mechanisms
of hemostasis, arterial thrombus formation, throm-
boembolism and atherogenesis.'-4 Disorders of
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hemostasis may arise from a variety of congenital
and acquired abnormalities of platelet function.5-8
In this review, we discuss clinically significant de-
fects in platelet function, their pathophysiology,
diagnosis and management.

Platelet Physiology
Platelets normally circulate in blood for about

ten days as cytoplasmic discs of approximately a
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-10-fl average volume at a concentration of 250,-
000+50,000 platelets per fd. Under normal cir-
cumstances, platelets are nonadherent to all blood
elements and to intact vascular endothelium. Vas-
cular disruption exposes blood to subendothelial
connective tissue structures of the vessel wall,
which initiates the formation of a hemostatic
plug."12

Platelet Structure
Platelets9 are limited by a typical trilaminar

membrane with an outer glycoprotein coat 10 to
20 nm thick that mediates platelet activation re-

actions (Figure 1). The platelet membrane forms

a sponge-like network of tortuous surface con-
necting channels that expand the surface area of
platelets and serves as a conduit for the extrusion
of released secretory products. The dense tubular
system that is derived from the endoplasmic
reticulum interdigitates with the surface connect-
ing system.

The platelet cytoplasm contains three types of
granules.10 Dense a-granules contain storage-pool
calcium, serotonin, adenosine triphosphate (ATP)
and adenosine diphosphate (ADP) . These a-
granules contain the following platelet-specific
proteins: platelet factor 4 (PF4), ,8-thrombo-
globulin (/-TG) and platelet-derived growth factor
(PDGF)." Coagulation proteins such as fibrinogen,
factor VIII, factor V, as well as albumin and fibro-
nectin, are also contained in the a-granules. The
lysosomal granules contain hydrolytic enzymes.

Platelets also contain a circumferential band
of microtubules that appears to be anchored to
the surface membrane and which provides a cyto-
skeletal structure that maintains the platelet's
discoid shape and contractile orientation. The
process of platelet activation results in the cen-
tripetal movement of these microtubules and the
platelet granules. Platelets also contain the con-
tractile proteins actin and myosin, which together

4

Figure 1.-Platelet ultrastructure. The
outer glycoprotein coating mediates
platelet reactions. Microtubules (m)
form *a circumferential cytoskeleton
that maintains the platelet discoid.
Two types of granules are visible in
this electron micrograph, the abundant
a-granules (ag) and the less common
dense granules (dg). The third type of
lysomal granules cannot be differen-
tiated by electron microscopy. The
focal collection of smaller glycogen
granules (g), microfilaments and tubu-
lar systems are also present. (Elec-
tron micrograph courtesy of Dr. Russell
Ross.)
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ABBREVIATIONS USED IN TEXT

ADP= adenosine diphosphate
ATP=adenosine triphosphate
,-TG= p-thromboglobulin
cAMP=cyclic adenosine monophosphate
FVIII/VWF=factor VIII/von Willebrand factor
GP= glycoprotein
PG= prostaglandin
PDGF= platelet-derived growth factor
SLE= systemic lupus erythematosus
SPD = storage-pool deficiency
VWD= von Willebrand disease
VWF=von Willebrand factor
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Figure 2.-Platelet hemostatic plug formation. This process includes the sequential events of platelet adhesion
to subendothelial structures, platelet aggregation and platelet release reaction. (Electron micrograph courtesy
of Dr. Hans Baumgartner.)
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constitute about 20 percent of the total platelet
protein. Formation of microfilaments reflects
the interaction of actin and myosin in the process
of platelet spreading, pseudopod formation, secre-
tion of granule constituents and clot retraction.'2
Mitochondria are few in number and structurally
simple, and abundant glycogen granules are pres-
ent in the cytoplasm. Platelets have no DNA, and
ribosomes are seen only rarely; a small amount
of RNA is present, and protein synthesis has been
noted. The cytosol also contains important en-
zymes involved in platelet metabolism.

Platelet Function13"14
Platelet Adhesion

Under normal circumstances, platelets are non-
reactive to all blood elements and normal vascular
endothelium. A breach in vascular integrity ex-
poses circulating blood to subendothelial struc-
tures (Figure 2). The process of platelet adhesion

involves the interaction of platelet surface glyco-
proteins with connective tissue elements of the
subendothelium, especially collagen and micro-
fibrils, and requires the von Willebrand* factor
(VWF)"'5 and, possibly, fibronectin as plasma
cofactors.

The von Willebrand factor may be synthesized
by endothelial cells and circulates in plasma as a
multimeric glycoprotein. It is also absorbed onto
,platelets. When subendothelium is exposed by
vessel injury, von Willebrand factor is also ab-
sorbed onto exposed collagen.'8 Similarly, fibro-
nectin, a ubiquitous glycoprotein present in
platelets, is important in attachment processes of
cells. Fibronectin has been postulated to be neces-
sary for the normal interaction of von Willebrand
factor with its platelet receptors and with colla-
gen.'7 Platelet adhesion requires a platelet surface
*THE WESTERN JOURNAL'S style regarding eponyms is that they

are not written in the possessive form; therefore Graves disease,Ewing sarcoma and Paget disease. An explanation may be found
on page 78 of the July 1978 issue.

TABLE 1.-Disorders of Platelet Function

Hereditary

Disorders of substrate connective
tissue ... .

Disorders of adhesion .........

Disorders of platelet interaction

Disorders of release
Storage granule deficiency

a-Granule deficiency ......

8-Granule deficiency ......

Defective release ...........

Altered nucleotide
metabolism ..............

Others ......................

Ehlers-Danlos syndrome

Bernard-Soulier syndrome
von Willebrand disease

Thrombasthenia
Afibrinogenemia

Gray platelet syndrome
Autosomal recessive disorders
Albinism
Familial disorders

Cyclooxygenase deficiency
Thromboxane synthetase

deficiency

Glycogen storage disease
Fructose-1, 6-diphosphate

deficiency
Platelet factor 3 deficiency

Scurvy
Amyloidosis
Acquired von Willebrand disease
Uremia
Drugs (eg, dipyridamole)
Fibrin(ogen) degradation products (eg, DIC),

liver disease, fibrinolytic liver disease,
fibrinolytic therapy I

Macromolecules (eg, paraproteins and dextran)
Drugs (eg, semisynthetic penicillins)

Cardiopulmonary bypass operation

Immune-mediated release (eg, ITP, collagen
vascular diseases)

Drugs (eg, reserpine, methysergide, tricyclics,
phenothiazines)

Platelet dyspoiesis (eg, leukemia, myeloprolifera-
tive syndrome)

Drugs (eg, aspirin and other nonsteroidal anti-
inflammatory drugs, furosemide, nitrofurantoin)

Ethanol
Diet

Drugs (eg, phosphodiesterase inhibitors), stimu-
lators of adenyl cyclase (eg, PGI2, PGE,)

Drugs (eg, heparin, sympathetic blockers,
clofibrate, hydroxychloroquine)

Diet
I Viral Infections

Hypothyroidism
DIC = disseminated intravascular coagulation; ITP = idiopathic thrombocytopenic purpura; PG = prostaglandin
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glycoprotein (GP) complex designated GPIb and
GPIs.'8 This complex may act as the platelet re-
ceptor for the von Willebrand factor, or, alterna-
tively, the complex may facilitate proper inter-
action of the von Willebrand factor with its
platelet receptor. Absence of this glycoprotein
complex causes a serious defect of platelet ad-
hesion.'8"9s
A variety of congenital and acquired abnor-

malities of platelet function have been attributed
to defects in one or more of these factors of
platelet adhesion (Table 1).

Platelet Aggregation
Vessel disruption not only induces platelet ad-

hesion but also produces (1) the release of dense-
granule ADP from adherent platelets, (2) the
formation of small amounts of thrombin and
(3) the generation of phospholipase activity to
cleave arachidonic acid from membrane phos-
pholipids to synthesize thromboxane A2.4"13-15"20'21
These factors-ADP, thrombin and thromboxane
A2-together with exposed collagen may act in-
dependently but generally act synergistically to
promote the accumulation of additional platelets
to the already adherent platelets at -the site of
vascular damage. Through this process of platelet
aggregation the growing platelet mass forms the
hemostatic plug (Figure 2).

Platelet aggregation in vitro has been widely
used to test platelet to platelet interaction. When
platelet agonists such as ADP, epinephrine, col-
lagen or thrombin are added to an opalescent
stirred suspension of platelets, the platelets re-
spond by forming aggregates, a process which is
recorded as an increase in light transmittance
through the platelet suspension. Most platelet
agonists induce a biphasic wave of platelet aggre-
gation-primary aggregation, which is the direct
result of the agonist-platelet interaction, and sec-
ondary aggregation, which is the result of endog-
enous ADP released during the primary phase of
aggregation. Platelet aggregation in vitro is ab-
normal in a variety of platelet function disorders.

ADP-induced aggregation. Locally formed ADP
promotes platelet aggregation by its binding to
specific platelet receptors to induce a change in
platelet shape from discs to spiny spheres and to
decrease adenyl cyclase activity. The interaction of
ADP with its surface receptor mobilizes fibrinogen-
binding sites on the platelet surface. Fibrinogen
binding is essential for platelet-to-platelet inter-

action.22 The fibrinogen-binding site contains the
glycoprotein complex designated GPIIb and
GPIIIa.18"19 The GPIIIa component of this com-
plex may also serve as the surface membrane
anchor for the contractile protein actin, thereby
providing a direct link between the membrane
structures involved in aggregation and the con-
tractile-secretory apparatus of platelets. Lack of
fibrinogen or absence of the putative fibrinogen
receptor GPIIb and GPIIIa substantially impairs
platelet aggregation.

, Epinephrine-induced aggregation. Epinephrine
induces platelet aggregation. Primary interaction
of epinephrine with its platelet a-receptor induces
reversible aggregate formation and inhibition of
adenyl cyclase activity. Second-wave aggregation
is mediated through the release of ADP from the
8-granules and through the synthesis of throm-
boxane A2. Although the concentration of cate-
cholamines usually found in the circulation may
not be sufficient to cause aggregation, they may,
however, sensitize the platelets to the effects of
other aggregatory factors. The secondary phase of
aggregation induced by epinephrine is blocked by
inhibition of cyclo-oxygenase as well as by defi-
ciency of 8-granule ADP.

Collagen-induced platelet aggregation. In vitro,
collagen induces primary platelet aggregation.23
Low concentrations of collagen cause a few plate-
lets to adhere to the collagen, and these adherent
platelets then release ADP and thromboxane A2. In
vitro, this response to small concentrations of
collagen is partially inhibited by inactivation of
platelet cyclo-oxygenase or by the removal of
released ADP. However, in vivo the collagen plate-
let interaction provides a strong stimulus for the
release of granule contents. Adherent platelets
undergo the release reaction even in the presence
of drugs (such as aspirin) that inhibit platelet
cyclo-oxygenase.

Thrombin-induced aggregation. Thrombin plays
a central role in the growth and stability of the
platelet hemostatic plug.24'25 Vessel injury leads to
rapid local production of thrombin in small
amounts, which then interacts with platelet recep-
tors. Receptor stimulation may lead to platelet ag-
gregation directly. Thrombin also stimulates throm-
boxane A2 synthesis and causes the release of
platelet 8-granule ADP. Thus, thrombin magnifies
its effect on platelet aggregation and release by
activating several additional pathways. Thrombin
also causes the appearance of receptors for factors
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Va and Xa, which enhances the conversion of
prothrombin to thrombin on the platelet surface.
in turn allowing for fibrinogen to be converted to
fibrin.24 Polymerized fibrin adheres to the surface
of platelets and imparts stability to the platelet
aggregate. Fibrin may be formed from platelet
fibrinogen independent of plasma fibrinogen.

Platelet Release Reaction

The release reaction is the secretory process
whereby substances stored in platelet granules are
extruded from the platelet.'0 ADP, epinephrine,
collagen and thrombin are the physiologically im-
portant agents that induce such release. The a-
granule contents are the most readily released;
8-granule release requires a somewhat greater
platelet stimulus, and lysosomal granule contents
are released only with potent stimuli such as con-
centrated collagen or thrombin.10

The exact biochemical reactions induced by
ADP, collagen and thrombin that lead to granular
release remain unclear. However, the release re-
action, like platelet adhesion and aggregation, is a
membrane-mediated process involving specific
glycoprotein receptors located on the platelet sur-
face. Receptors are.present for ADP, epinephrine,
collagen and thrombin, the physiologically impor-
tant agents that induce platelet release. The bind-
ing of these agonists initiates the formation of
intermediaries that relay the signal to the contrac-
tile-secretory apparatus.25 The system of inde-
pendent but interactive second messengers is
thought to trigger a transfer of free, ionized cal-
cium as the final mediator in the formation of
actomyosin microfilaments, which then execute
the release reaction.26
The platelet arachidonic acid pathway illus-

trates this sequence. It has been worked out in
some detail,27'28 whereas the intermediate path-
ways specific for collagen, ADP and thrombin re-
inain to be characterized. Arachidonic acid is
stored in platelet phospholipids, especially mono-
phosphotidylinositol. Arachidonic acid is cleaved
from these phospholipids either by phospholipase
C and diacylglycerol lipase or by phospholipase
A2.29 Free arachidonic acid is subsequently con-
verted to the prostaglandin endoperoxides PGG,
and PGH2 by platelet cyclo-oxygenase. The un-
stable endoperoxides are converted to thrombox-
ane A2, a labile but potent substance capable of
inducing platelet aggregation and release, which
is also a potent arterial vasoconstrictor. The

short-lived thromboxane A2 spontaneously breaks
down to thromboxane B2, a stable inactive metab-
olite measurable by radioimmunoassay. ADP,
thrombin and collagen can all induce platelet
aggregation and the platelet release reaction di-
rectly, but usually these agents also activate the
platelet arachidonic acid pathway. It is not clear
how membrane stimulation by collagen, thrombin
or ADP initiates thromboxane A2 synthesis. How-
ever, these agents may, in part, act by their ability
to raise free, ionized, intracellular calcium levels,
which in turn activates calcium-sensitive phos-
pholipases.

Thromboxane A2 synthesis is inhibited by as-
pirin and other nonsteroidal anti-inflammatory
drugs that act by inhibiting platelet cyclo-oxy-
genase.30 The fact that aspirin can induce a com-
plete block of this pathway, and in so doing only
induces a mild defect in hemostasis, suggests that
the important physiological agents that induce
platelet release and aggregation can act on plate-
lets independent of activation of the arachidonic
acid pathway. This suggests that activation of the
platelet arachidonic acid pathway acts only as a
mechanism of potentiation or amplification of
physiological stimuli leading to aggregation and
release but is not critical to platelet function.

Agents that inhibit the platelet release reaction
generally increase adenyl cyclase activity and
elevate, platelet cAMP (cyclic adenosine mono-
phosphate) levels, causing free calcium levels to
drop and, thereby, inhibiting the interaction of
actin and myosin. Inhibitory effects exerted on
platelets by such prostaglandins as PGD2, PGI2
and PGE1 are initiated by the binding of these
platelet antagonists to specific surface membrane
receptors.31
A wide spectrum of acquired and congenital

abnormalities of the platelet release reaction have
been identified and, on the whole, result in mild
bleeding disorders (Table 1).

Disorders of Platelet Function
Disorders of Substrate Connective Tissue
Ehlers-Danlos Syndrome

Some inherited disorders of collagen biosynthe-
sis such as the Ehlers-Danlos syndrome are char-
acterized in part by extremely fragile skin and
easy bruising. Such patients may sustain extensive
ecchymoses from minimal trauma. In Ehlers-

114 FEBRUARY 1981 * 134 * 2



PLATELET FUNCTION DISORDERS

Danlos syndrome type IV, there is a pronounced
propensity for easy bruising and a predisposition
to sudden death from spontaneous hemorrhage as
a result of arterial rupture. Abnormal bleeding is
thought to be the result of defective connective
tissues (Table 1). For example, Ehlers-Danlos
syndrome type IV is characterized by a deficiency
of type III collagen in the skin and vessel wall.32
Poor connective tissue support leads to a pro-
pensity for vessel wall disruption, poor vessel wall
retraction after disruption and extension of the
hematoma along fragile tissue planes. Intrinsic
platelet function is usually normal in this syn-
drome, but impaired platelet adhesion to the dis-
rupted defective vessel wall impairs platelet plug
formation and leads to a bleeding disorder simu-
lating qualitative platelet defects. The diagnosis is
suspected on clinical grounds together with nor-
mal findings on in vitro tests of hemostasis. Con-
firmation requires.documentation of the abnormal
collagen in the subcutaneous tissue. There is no
known specific therapy for the bleeding tendency
in these patients.

Scurvy
Scurvy, an acquired disorder now rarely seen,

may be associated with a significant bleeding
tendency, the result of a connective tissue defect
caused by vitamin C deficiency.33'34 The deficiency
impairs the synthesis of hydroxyproline, an im-
portant building block of normal collagen. The
resultant defective collagen weakens the connec-
tive tissue, producing hemorrhagic manifestations
such as gingival bleeding, and subcutaneous and
muscle hemorrhages. Finding perifollicular pete-
chiae on physical examination is characteristic.
The bleeding time is slightly prolonged and in
vitro platelet function is normal. The disorder
responds within one to three weeks following oral
administration of vitamin C.

Amyloidosis
Purpura may be acquired from the diffuse vas-

cular and mucosal infiltration that occurs in sys-
temic amyloidosis.""6 Periorbital purpura is typi-
cal. The risk of hemorrhage is high after minor
surgical procedures such as skin, gingival or liver
biopsy. When amyloidosis occurs in association
with plasma cell myeloma, hemostatic defects re-
sulting from the latter condition may further ag-
gravate the bleeding tendency. In a few patients

with amyloidosis, an acquired factor X deficiency
has also developed.37 In vitro platelet function is
normal. Management of such patients includes the
avoidance of liver biopsy because this procedure
may lead to serious bleeding after biopsy. Primary
treatment is directed at the underlying disorder.

Disorders of Platelet Adhesion
Bernard-Soulier Syndrome

The Bernard-Soulier syndrome is a rare, famil-
ial bleeding disorder of moderate severity charac-
terized clinically by epistaxis, menorrhagia, and
cutaneous and visceral hemorrhages.7 The platelet
count is variable, and on blood film the platelets
appear enlarged because of their flat disc shape.
The bleeding time is substantially prolonged-
that is, more than 20 minutes. Ristocetin-induced
platelet aggregation is absent and is not correctible
by the addition of exogenous, von Willebrand fac-
tor.613 Platelet aggregation to such other aggregat-
ing agents as ADP, collagen, epinephrine and
thrombin is normal.

The impairment of hemostasis in this syndrome
is secondary to an intrinsic defect of platelet ad-
hesion to subendothelium.38 The membrane gly-
coprotein of platelets from these pjtients shows
a deficiency of membrane glycoproteins desig-
nated GPIb and GPIs (glycocalicin). There is
evidence to support the hypothesis that the ab-
sence of these membrane glycoproteins is respon-
sible for the observed functional defect. It has
been postulated that this glycoprotein I complex
may normally act as the platelet receptor through
which the von Willebrand factor mediates not
only the platelet subendothelium interaction but
also the in vitro ristocetin-induced aggregation of
platelets.'8

The diagnosis is based on the patient's history
and on the presence of the morphological, func-
tional and biochemical characteristics outlined
above. Therapy is limited to the transfusion of
platelet concentrates for control of threatening
hemorrhage. The condition appears to improve
with age, but fatal bleeding episodes have been
reported.

Von Willebrand Disease

Von Willebrand disease (VWD) is a relatively
common heterogeneous group of congenital bleed-

39-42ing disorders, in which a prolonged bleeding
time and impaired hemostasis are the result of
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TABLE 2.-Nomenclature of Factor Vlil/von Willebrand
Factor Used in This Review*

Factor VIII procoagulant activity (FVIII:Co). Clot-pro-
moting activity that is absent in severe hemophilia A,
but normal or decreased in vWD.

Ristocetin cofactor (FVIII:RCo). Activity that supports
ristocetin-induced platelet aggregation; it is normal in
hemophilia A, but reduced or absent in most (but not
all) cases of vWD.

Factor VIII-related antigen (FVIII:Ag). Antigen of
FVIII/vWF, detected by heterologous antibodies. It is
normal in hemophilia A, but may be normal, decreased
or absent in vWD.

Factor VIII/von Willebrand factor (FVIII/vWF). Com-
plex of FVIII:Co, FVIII:Ag and FVIII:RCo. It is
present in normal plasma as high multimers.

vWD- von Willebrand disease

*Source: Zimmerman et al.44

quantitative and qualitative abnormalities of the
factor VIII/von Willebrand factor (FVIII/VWF)
(Table 2).
The classic form of von Willebrand disease is

inherited as an autosomal dominant trait and is
characterized clinically by a mild to moderate
bleeding tendency that frequently involves epis-
taxis, gingival bleeding, menorrhagia or post-
operative bleeding. Gastrointestinal, muscle and
joint bleeding are much less common. The tem-
plate bleeding time is prolonged. Biochemically,
two main variants can be defined on the basis of
laboratory findings. In type 1 there is a concordant
decrease in FVIII:Co, FVIII:Ag and FVIII:RCo
(Table 2). In type 2, a qualitative abnormality of
FVIII/VWF complex can be shown on radio-
crossed immunoelectrophoresis, which shows the
absence of the larger molecular forms of the
FVIII/VWF complex.43
A less common but more severe form of von

Willebrand disease is transmitted as an autosomal
recessive trait and is clinically similar to hemo-
philia. Muscle, gastrointestinal and joint bleeding,
as well as mucosal bleeding are the most common
clinical manifestations. The disease is inherited
from both parents, although the heterozygote
parents are usually clinically normal or have only
a mild bleeding tendency with modest abnormali-
ties of the FVIII/VWF complex. The template
bleeding time in affected patients is greatly pro-
longed. Both qualitative and quantitative abnor-
malities of the FVIII/VWF can be observed on
crossed immunoelectrophoresis. Such studies have
shown that the FVIII:Ag level is severely de-
pressed and that the very small amount of antigen
that is present is structurally abnormal."

The quantitative and qualitative abnormalities
of FVIII/VWF impair hemostasis by virtue of the
defect of platelet adhesion that results from de-
creased platelet interaction with subendothelium,
a process that is normally supported by high
molecular weight multimers of FVIII/VWF. This
abnormality is best observed by failure of platelets
to adhere to segments of de-endothelialized artery
in patients with VWD.45 This defect of adhesion to
subendothelium is most pronounced at sites of
high-shear flow as found in the microcirculation.
The defect of adhesion is corrected by the addition
of normal plasma that contains FVIII/VWF, such as
is present in cryoprecipitate.4" The second factor
that contributes to bleeding in some patients ap-
pears to be the FVIII:Co that is seen in the auto-
somol recessive variety of von Willebrand disease.
In some such cases the FVIII procoagulant activity
may be depressed to the same degree as in hemo-
philia, and this may be an important additional
mechanism for abnormal hemostasis in this
disease.
The diagnosis in von Willebrand disease is usu-

ally based on the finding of a combination of an
inherited bleeding disorder characterized by a
prolonged bleeding time and a combination of
biochemical abnormalities of FVIII/VWF-typi-
cally, concordantly low FVIII:Co, low FVIII:Ag
and decreased or absent ristocetin-induced platelet
aggregation.3947 However, it is becoming increas-
ingly apparent that von Willebrand disease repre-
sents a heterogeneous group of diseases both
clinically and biochemically. While no single test
is diagnostic, the measurement of FVIII:RCo has
been found to be the most consistent biochemical
abnormality. Even this test may give false-nega-
tive results as shown in a recent report of a sub-
group of autosomal dominant VWD with acceler-
ated ristocetin-induced platelet aggregation.48
The preferred treatment for bleeding problems

in patients with von Willebrand disease is admin-
istration of cryoprecipitate and, occasionally,
concomitant epsilon aminocaproic acid. The aim
of therapy with cryoprecipate is to achieve hemo-
static levels of FVIII procoagulant activity rather
than the normalization of the bleeding time, which
is achieved only transiently. Using the principles
of transfusion therapy developed for hemophilia
A, surgical procedures can be safely carried ocit
in these patients, and most bleeding episodes can
be well controlled.47,49

Acquired von Willebrand disease.5053 An in-

116 FEBRUARY 1981 * 134 * 2



PLATELET FUNCTION DISORDERS

creasing number of patients are being described
who have a von Willebrand-like defect as an ac-
quired phenomenon secondary to the development
of an autoimmune disease (such as systemic lupus
erythematosus [SLE]) or a lymphoproliferative
syndrome (such as lymphoma or multiple mye-
loma). The resultant acquired bleeding disorder
has been termed von Willebrand syndrome. Pa-
tients may present with a bleeding diathesis simi-
lar to that seen in the inherited types of von
Willebrand disease. The molecular defect is the
absence of adequate amounts of functionally ac-
tive VWF, which leads to a defect in platelet ad-
hesion. In several patients this has been due to an
antibody directed against the von Willebrand
factor, with either rapid clearance of this complex
or interference with its normal function. In other
patients, such as those with lymphoproliferative
disorders, the malignant cells may avidly absorb
active VWF, leaving the patients depleted of this
factor. The end result is a defect in platelet ad-
hesion detectable by a prolonged bleeding time
and, in some patients, a clinically significant
bleeding disorder. This bleeding tendency may
remit if the primary disease is successfully treated.

Uremia
Uremia produces an extrinsic platelet defect as

a result of the progressive accumulation of me-
tabolic products in the blood.54 In untreated pa-
tients with uremia the template bleeding time is
usually greater than 30 minutes and, predictably,
shortens to near normal in patients treated with
peritoneal dialysis.55 Hemodialysis is less effective
in this regard.

The mechanism of the platelet defect in uremia
remains unclear, but appears to be due in part to
the accumulation of uncleared metabolites such
as guanidinosuccinic acid, phenol and phenolic
acids.56 These metabolic end products can inhibit
platelet procoagulant availability and aggregation
of platelets to ADP, collagen and epinephrine in
vitro.

Therapy for the platelet disorder is adequate
dialysis, which will tend to restore the prolonged
bleeding time towards normal. Occasionally,
platelet concentrates are necessary for control of
bleeding during surgical procedures.

Drugs
Dipyridamole is an antiplatelet agent used in

the prevention of arterial and venous thrombosis.
.Vipyridamole diminishes platelet adherence to

collagen, the subendothelium and artificial sur-
faces in vivo.57-60 Increased platelet consumption
in humans is normalized by the administration of
dipyridamole, a phosphodiesterase inhibitor that
increases platelet cAMP levels and possibly po-
tentiates the antiaggregatory activity of endoge-
nous prostacyclin.6' Despite these antithrombotic
actions, the administration of dipyridamole does
not prolong bleeding time and has no detectable
influence on hemostatic function in vivo at the
doses usually given. Dipyridamole has been shown
to decrease the thromboembolic complications of
prosthetic heart valves,62 and aspirin potentiates
the antithrombotic effects of the drug. In a re-
cent major trial using dipyridamole and aspirin,
a reduced incidence of coronary disease (coronary
deaths and nonfatal infarction) was reported.63

Under physiological conditions of flow and
hematocrit, drugs such as sulfinpyrazone and
aspirin, both of which inhibit cyclo-oxygenase, do
not inhibit the adherence of the initial layer of
platelets to the subendothelium or prevent the
adherent platelets from releasing their constitu-
ents. These drugs do, however, inhibit subsequent
platelet aggregation, probably by preventing
thromboxane A, formation. Sulfinpyrazone, in
contrast to aspirin, does not prolong the bleeding
time and does not impair hemostatic function
when given in pharmacological doses.57

Disorders of Platelet Interaction
Thrombasthenia

Thrombasthenia is a rare congenital bleeding
disorder transmitted as an autosomal recessive
trait.64'5 The bleeding tendency starts early in
life, is of variable severity and is characterized by
cutaneous, mucosal and postoperative bleeding.
The prolonged bleeding time in the presence of a
normal platelet count seen in this disorder is due
to an abnormality of platelet aggregation, which
is manifested as an absence of in vitro platelet
aggregation following the addition of ADP, epi-
nephrine, collagen or thrombin.
The defect in thrombasthenia is an abnormality

of platelet to platelet interaction which results in
an inability to form a hemostatically effective co-
hesive platelet aggregate. Platelet adherence to
subendothelial connective tissue structures is
normal. Although thrombasthenic platelets fail to
aggregate in vitro to the usual aggregating agents,
these same agents do produce normal changes in
platelet shape and a near normal release reaction.
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This defect in platelet to platelet interaction is
associated with an inability of the thrombasthenic
platelets to bind fibrinogen to their surface follow-
ing ADP activation.22 This failure of fibrinogen
binding in thrombasthenia may be related to a
deficiency in the platelet surface glycoproteins
designated GPIIb and GPIIIa.18"19 It has not been
actually shown that this glycoprotein complex is
the fibrinogen receptor. Alternatively, it has also
been postulated that the glycoprotein Ilb and Illa
complex serves as the membrane anchor for the
actin component of the cytoskeleton. A deficiency
of this glycoprotein complex may then lead to a
failure in the contractile process involved in plate-
let orientation during the formation of a cohesive
platelet aggregate.
The recent development of a monoclonal anti-

body to the GPIIb and GPIIIa complex may
clarify not only the nature of the defect in throm-
basthenia, but may also provide greater insight
into normal platelet aggregation.60 In addition, the
use of such an antibody has allowed detection of
the heterozygote state of this condition by measur-
ing the moderate decrease in the amount of
GPIIb and GPIIIa on the platelet surface.
The diagnosis is made on the basis of the his-

tory, prolonged bleeding time and platelet ag-
gregation abnormalities described above. The
transfusion of platelet concentrates for bleeding
episodes is effective therapy for this condition.
Even with this mode of treatment, however, the
development of antibodies to glycoproteins of nor-
mal platelets in some patients may make platelet
concentrates only transiently beneficial.

Afibrinogenemia
The bleeding time is prolonged in this rare

autosomal recessive condition, probably because
there is insufficient binding of fibrinogen to plate-
let surfaces for significant platelet to platelet in-
teraction.67 ADP-induced platelet aggregation is
reduced, a defect that can be corrected in vitro
by the addition of fibrinogen. This condition
demonstrates the crucial mediating role played by
fibrinogen in platelet aggregation. Bleeding epi-
sodes are treated with the transfusion of fibrinogen
as cryoprecipitate.

Proteolytic Products of Fibrin(ogen)
Proteolytic degradation products of fibrin and

fibrinogen may inhibit platelet plug formation.68
These complexes are increased in a number of

clinical conditions, such as disseminated intra-
vascular coagulation, fibrinolytic therapy with
urokinase or streptokinase, and liver disease.
Platelet function may be impaired by fragments
X, Y and D, all products of plasmin digestion of
fibrin(ogen). These products bind to fibrin mono-
mers and interfere with fibrin polymerization and
platelet-fibrin interaction.69
The relative importance of platelet dysfunction

in some of these clinical situations is not entirely
clear because other aspects of hemostasis are
often profoundly impaired. For example, patients
with liver disease may also have a deficiency of
vitamin-K-dependent coagulation proteins, in-
creased fibrinolytic activity, and quantitative and
qualitative platelet defects.70

Treatment is directed at the underlying disease
process. Administration of platelet concentrates
may be of significant benefit in those patients with
combined qualitative and quantitative platelet
defects.

Dysproteinemia
The monoclonal immunoglobulins in the dys-

proteinemia syndromes, such as multiple mye-
loma, sometimes induce a disorder of platelet
function.71 In such patients the bleeding time is
prolonged. Platelet adhesion and aggregation are
impaired and platelet procoagulant activity is also
reduced. The platelet defect is thought to be the
result of interference by immunoglobulins, especi-
ally IgA, of platelet receptor-mediated reactions,
presumably as a result of coating of the platelet
surface by the paraprotein.

Like other acquired defects of platelet function,
the hemostatic defect in these disorders is com-
plex, with the frequent coexistence of thrombo-
cytopenia, impaired fibrin formation, and hyper-
viscosity as possible additional contributing
factors. The severity of the bleeding disorder cor-
relates with the prolongation in bleeding time and
the level of paraprotein. An improvement is usu-
ally seen when therapy of the underlying plasma
cell dyscrasia successfully lowers the protein level.
However, with high levels of monoclonal protein,
therapy with platelet concentrates may be ineffec-
tive. Plasmaphoresis may lower the paraprotein
level suddenly and ameliorate the bleeding ten-
dency in some patients.

Dextran
Dextran, a high molecular weight polysaccha-

ride derived from sucrose, has been used in the
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prophylaxis of postoperative deep venous throm-
bosis and pulmonary thromboembolism.72 Thera-
peutic doses of dextran prolong the bleeding time
and decrease platelet aggregation and procoagu-
lant activity.73 The exact mechahisms of platelet
dysfunction remain uncertain, although coating of
the platelet surface has been assumed. Bleeding
as a complication of administration of dextran
requires its discontinuation and, occasionally,
platelet transfusions.

Drugs

A number of antibiotic drugs have significant
effects on platelet function. These effects are of
particular importance in -patients receiving inten-
sive chemotherapy. Carbenicillin is often used in
pancytopenic patients for suspected sepsis in doses
that cause significant platelet. dysfunction.74 Ticar-
cillin, penicillin G, ampicillin and cephalosporins,
although less well studied than carbenicillin, ap-
pear to induce a similar defect when given in high
enough doses..

Carbenicillin prolongs the bleeding time as a
result of a defect in platelet to platelet interaction.
Decreased sensitivity to the aggregating effects of
ADP, with absent primary and secondary aggrega-
tion has been seen. The mechanism is unclear,
but it has been postulated that the antibiotic drug
or its metabolites inhibit interaction of platelet
agonists (such as ADP and epinephrine) with von
Willebrand factor and their respective platelet
surface glycoprotein receptors.75

Patients with severe thrombocytopenia who are
receiving carbenicillin treatment may have a
bleeding tendency at an absolute platelet level
that is considerably higher than might be expected
in patients not receiving these antibiotic drugs.76
The use of platelet concentrates in such patients
is then recommended at a higher platelet count
than the 5,000 platelets per ,ul generally recom-
mended for those patients who do not have a
qualitative defect in addition to severe throm-
bocytopenia.76 It is unclear whether ticarcillin may
be effectively substituted for carbenicillin at doses
that do not affect platelets to the same degree.

Disorders of Platelet Release Reaction
Abnormalities of platelet release can be divided

into deficiencies of one or more of the platelet
granules, disorders of thromboxane A., synthesis
from membrane arachidonic acid, or conditions in

which altered cAMP metabolism changes the
reactivity to platelet agonists.

Granule Storage-Pool Deficiency
a-Granule depletion. A small number of patients

have an inheritable deficiency of platelet a-gran-
ules (a-SPD), a condition termed the gray platelet
syndrome.77 The platelets appear enlarged and
gray on a Wright-stained blood film. The platelet
function defect, which is characterized by a de-
ficiency of a-granules and their contents, includ-
ing PF4, 8-TG, PDGF, platelet fibrinogen and
fibronectin.78 These platelets have normal dense
granules and lysosomal granules. Clinicallv, these
patients present with a syndrome of easy bruis-
ability. The bleeding time and platelet aggregation
induced by ADP, thrombin, and collagen are
minimally abnormal. Mild to moderate thrombo-
cytopenia is also present in some, and may im-
prove with splenectomy. The fact that an a-
granule deficiency induces only a mild disorder
of platelet function is consistent with the notion
that a-granules play a minor role in normal
hemostasis.
An acquired a-granule depletion has been

observed in patients durinxg open-heart and pump-
oxygenator bypass operations.79 These patients
are at risk for serious bleeding as a result of the
procedures and the accompanying acquired de-
fects in hemostasis. There are a number of poten-
tial contributing factors in the hemostatic defect
during cardiopulmonary bypass operations, in-
cluding a reduction in the levels of coagulation
factors, heparinization or its inadequate reversal,
increased fibrinolytic activity and thrombocyto-
penia; however, the most important is a transient
defect in platelet function.80 With the onset of
the cardiopulmonary bypass operation, the bleed-
ing time becomes greatly prolonged, in parallel
with platelet a-granule release as indicated by
substantial elevations in plasma PF4 and 83-TG.
At the end of a bypass operation, the remaining
circulating platelets are partially depleted of their
a-granules. This deficiency persists despite the
bleeding time returning to normal within one to
two hours after completion of bypass oxygena-
tion. The dense granules do not undergo release
in this setting. However, in some patients the
bleeding time after a bypass operation remains
prolonged and may be the cause of excessive post-
operative bleeding. Bleeding from a persistent
platelet function defect after a bypass operation
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should be treated by administering platelet con-
centrates even when the platelet count is adequate.

8-Granule deficiency. Congenital dense-granule
storage-pool deficiency (8-sPD) 8) 82 is a term used
to designate a group of lifelong platelet function
disorders clinically manifested by easy bruisabil-
ity, menorrhagia and excessive postoperative
bleeding. In some patients oculocutaneous albin-
ism is also present, in which case the disorder is
referred to as the Hermansky-Pudlak syndrome.
The bleeding time is moderately prolonged and in
vitro platelet aggregation to collagen is impaired
as is the second phase of aggregation to ADP and
epinephrine. The platelet count is normal or
slightly decreased, and platelet morphology under
light microscopy is normal. Electron -microscopy
shows a deficiency of 8-granules and, usually, a
normal number of a-granules. Biochemically,
platelet ATP and ADP are below normal and the
ATP to ADP ratio is increased (because more ADP
than ATP is contained in the 8-granules). The
congenital 8-granule deficiencies can be distin-
guished from the aspirin-like platelet defects by
the normal ATP to ADP ratio and the normal num-
ber of 8-granules seen on electron microscopy in
the latter syndromes.

The dense-granule deficiencies are not a homo-
geneous group of disorders and can be separated
into several subgroups on the basis of associated
biochemical abnormalities.82 Some patients may
have an associated partial or complete deficiency
of a-granules. Management involves avoidance of
aspirin therapy as well as judicious use of platelet
concentrates for bleeding episodes when clinically
indicated. On the whole, these disorders are be-
nign, although occasionally easy bruising can be
troublesome.

Chronic immune thrombocytopenic purpura,3
autoimmune hemolytic anemia," and systemic
lupus erythematosus (SLE)85 occasionally have
been associated with an acquired platelet defect
characterized by a prolonged bleeding time and
decreased aggregation to collagen, thrombin and
ADP. In such circumstances, an acquired deficiency
of dense granules and dense granular contents is
seen. Antiplatelet antibodies or antigen-antibody
complexes associated with these underlying dis-
eases may act on circulating platelets by inducing
the release reaction and causing the depletion of
dense-granule ADP and serotonin.80 It appears
then that human antiplatelet antibodies are cap-
able of inducing a wide spectrum of platelet de-

fects, ranging from profound thrombocytopenia to
subtle qualitative defects of platelet function.
Specific mechanisms whereby the platelets in such
conditions become depleted of dense-granule con-
tents are not known, although activation of the
complement system appears to be associated in
some instances. The diagnosis should be suspected
in a patient who has an inappropriately long
bleeding time or bleeding for the degree of
thrombocytopenia in a setting of any of the im-
mune-mediated diseases mentioned above. Ther-
apy is generally directed at the underlying condi-
tion.

In both congenital and acquired dense-granule
depletion, it appears that the deficiency of ADP
underlies the bleeding tendency seen in these pa-
tients. Serotonin, on the other hand, although also
low in such conditions, appears to have no well-
established role in human platelet function. Selec-
tive depletion of platelet serotonin by such drugs
as reserpine and the phenothiazines causes no de-
tectable disorder of platelet function in vivo.

Abnormalities of Platelet Release Reaction
A heterogeneous group of mild bleeding dis-

orders involving defective platelet release mech-
anisms has been observed. These disorders are
characterized by mild to moderate prolongation
of the bleeding time with impaired in vitro plate-
let aggregation induced by ADP, collagen and
epinephrine, but with normal platelet 8- and a-
granule content.
A group of patients have been described with

(1) a history of intermittent excessive bleeding
in response to trauma, in association with a nor-
mal platelet count and a normal or minimally
prolonged bleeding time, (2) an exaggerated pro-
longation of the bleeding time in response to as-
pirin therapy and (3) abnormal platelet aggrega-
tion suggestive of a defect in the platelet release-
mechanism. This has been termed the "interme-
diate syndrome" of platelet dysfunction.87 The
underlying defect is not known.

Recently, in some of these patients a specific
platelet defect has been identified.

Cyclo-oxygenase deficiency. In a number of
patients a deficiency in platelet cyclo-oxygenase
has been confirmed.88 This condition is charac-
terized by defective platelet aggregation to colla-
gen as well as absent second-phase aggregation to
ADP and epinephrine. The platelets fail to aggre-
gate to arachidonic acid, but do aggregate with
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addition of the endoperoxides, such as PGH2.89
The patients have a normal ATP to ADP ratio and
their platelets appear normal by microscopy.
Clinically, these patients have a mild impairment
of hemostasis with easy bruisability, menorrhagia
and excessive postoperative bleeding. The impair-
ment is the result of an inability of platelets to
generate thromboxane A2, a potent inducer of the
platelet release reaction and of platelet aggrega-
tion. Platelet adhesion is normal. From a diag-
nostic point of view, it may be difficult to exclude
aspirin ingestion as the basis for the observed
abnormalities. It is imperative that a patient not
take aspirin for two weeks before doing any
platelet function tests for this and other disorders.

Thromboxane synthetase deficiency. Several
patients with a bleeding disorder of moderate
severity due to presumed thromboxane synthetase
deficiency have been described.90'91 The bleeding
time is prolonged and in vitro platelet aggregation
to ADP, collagen and epinephrine is impaired.
Furthermore, platelets in this disorder fail to ag-
gregate to arachidonic acid or the endoperoxide
PGH2. Failure to aggregate in response to the
endoperoxides distinguishes this syndrome from
platelet cyclo-oxygenase deficiency, where PGH2-
induced aggregation is normal. In one' case of
congenital thromboxane synthetase deficiency, the
patient's bleeding responded to platelet trans-
fusion.

Diet. Thromboxane A2 is generated from mem-
brane arachidonic acid. Diets rich in another fatty
acid, eicosapentaenoic acid, as consumed by Es-
kimos, for example, leads to replacement'of phos-
pholipid arachidonate by phospholipids rich in
eicosapentaenoic acid. This latter fatty acid is a
poor substrate and in effect leads to decreased
thromboxane A2 synthesis and a slight prolonga-
tion of the bleeding time. It has been postulated
that such dietary manipulations, by impairing
platelet function and possibly enhancing synthesis
of antiaggregatory prostaglandins by the vessel
wall, may retard the development of arterial
thrombosis and atherosclerosis.92'93

Platelet dysfunction due to abnormalities of
hematopoiesis. Acute nonlymphocytic and acute
lymphocytic leukemia as well as the preleukemic
states that sometimes precede them, are often
associated with quantitative as well as qualitative
abnormalities of platelet function.94'9' The func-
tional defects are variable and often complex, but
include (1) giant platelets, (2) abnormal cyto-

plasmic granules, (3) defective granule migration,
(4) deficient storage-pool content and (5) im-
paired thromboxane A2 synthesis. It is important
to recognize this qualitative defect as it may be
superimposed on the thrombocytopenia in these
disorders.90
The myeloproliferative syndromes-polycythe-

mia vera, agnogenic myeloid metaplasia and idio-
pathic thrombocythemia-as well as chronic
myelogenous leukemia are clonal disorders of the
hematopoietic stem cells. Not surprisingly, both
morphological and functional abnormalities of
megakaryocytes and platelets are common in these
disorders.97 98 These abnormalities may explain
the increased risk for bleeding or thrombosis seen
in these conditions.

In essential thrombocythemia elevated platelet
counts (often above a million) are seen, some-
times with prolonged bleeding times. Typically,
a diagnostically useful absence of platelet aggre-
gation to epinephrine secondary to a deficiency
of platelet a-adrenergic receptors can be ob-
served.99 In vitro aggregation to ADP and collagen
are more variable. To a lesser degree polycythe-
mia vera and agnogenic myeloid metaplasia may
show a similar abnormality, whereas platelet
dysfunction in chronic myelogenous leukemia is
rarer.100 Interestingly, clinically significant epi-
sodes of thrombosis or hemorrhage in these dis-
orders do not correlate well with platelet counts,
bleeding times or in vitro platelet aggregation
tests.101 The actual biochemical abnormalities in
some of these disorders include deficiency in
surface-related platelet receptors, in the surface
connecting system, the dense tubular system and
in platelet storage-pool granules. Abnormalities in
arachidonic acid metabolism with decreased ac-
tivity of the lipoxygenase and cyclo-qxygenase
enzymes have also been reported.

Drugs.57'58 In a dose of 200 mg, aspirin con-
sistently and predictably doubles the bleeding
time'02 by irreversibly inhibiting platelet cyclo-
oxygenase.10'3-'1' The result is impaired thrombox-
ane A2 formation and a mild bleeding tendency.
The platelet defect lasts for four to ten days after
a single dose and is the result of irreversible
acetylation of cyclo-oxygenase. As in congenital
cyclo-oxygenase deficiency, the diagnosis is based
on findings of impaired collagen-induced aggre-
gation and the absence of second-phase aggrega-
tion to ADP and epinephrine in conjunction with
a normal ATP to ADP ratio. If aspirin is given to
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a patient with an independent hemostatic defect,
such as thrombocytopenia or hemophilia, severe
bleeding may result. In such cases the drug should
be discontinued. In some instances (such as dur-
ing surgical procedures), excessive bleeding re-
sulting from dysfunctional platelets that were
produced by earlier aspirin therapy may require
platelet transfusion.

Other nonsteroidal anti-inflammatory drugs
such as phenylbutazone, indomethacin, fenoprofen
and ibuprofen are also capable of reversibly in-
hibiting platelet cyclo-oxygenase and impairing
the mechanism of thromboxane A, generation.104
Similar to the defect induced by aspirin therapy,
the inability to generate thromboxane A, is the
cause for impaired platelet release and aggrega-
tion. The bleeding time is slightly prolonged.
Aspirin ingestion may cause easy bruising, menor-
rhagia and gastrointestinal bleeding.
The drug sulfinpyrazone, used in the secondary

prevention of myocardial infarction, is becoming
more widespread since the results of the Anturane
Reinfarction Trial Group's'00 study have become
available. Sulfinpyrazone and its metabolites in-
hibit cyclo-oxygenase and decrease platelet aggre-
gation.107 The drug has no effect on platelet ad-
hesion and shortened platelet survival may be
returned to normal. The mechanism of action of
sulfinpyrazone in vivo, however, remains un-
known, but it is important to note that ingestion
of sulfinpyrazone does not impair platelet function
in vivo, and no bleeding tendency is seen in pa-
tients taking this drug.

Nitrofurantoin prolongs the bleeding time by
one to three minutes by inhibiting ADP-induced
platelet aggregation and collagen-induced platelet
release. The clinical significance of this effect is
uncertain.'08

Alcohol. Alcoholism is associated with signifi-
cant abnormalities of platelets and of blood clot-
ting.109"'0 In alcoholic patients without liver dis-
ease, high doses of alcohol induce a quantitative
and qualitative defect of platelets. The qualitative
abnormalities are multiple and include decreased
platelet aggregation and release, decreased stor-
age-pool ADP as well as decreased platelet pro-
coagulant activity. Intake of large amounts of
ethanol inhibits the rate of synthesis of prostag-
landin endoperoxides and thus impairs throm-
boxane A., formation."" These changes are asso-
ciated with abnormalities in platelet morphology
at the ultrastructural level. The qualitative defect

of platelet function superimposed on a variable
degree of thrombocytopenia places the patient at
additional risk of bleeding, which is even greater
when the patient also has coagulation abnormali-
ties associated with significant liver disease. The
effect of alcohol on platelets is reversible.109

Evaluation of platelet function in a patient
with alcoholism is but one aspect of the complete
evaluation of hemostasis needed in such patients
because of the complexity of the hemostatic defect
so frequently seen. Thrombocytopenia with or
without an associated qualitative platelet defect
is treated with platelet transfusion of concen-
trates if the patient has significant bleeding.

Altered cAMP Metabolism
A number of drugs, especially the phospho-

diesterase inhibitors and a number of prostaglan-
dins are able to inhibit platelet function by elevat-
ing cAMP levels within platelets. Dipyridamole
is a phosphodiesterase inhibitor that prevents the
breakdown of cAMP57'8 and thereby elevates
the levels of this second messenger within plate-
lets, making the platelets less likely to undergo
aggregation and release when stimulated. It has
been suggested that this is the mechanism of
action of dipyridamole. It has also been suggested
that prostaglandins such as prostacyclin (PGI,)
may potentiate the effect of dipyridamole on plate-
lets because prostacyclin itself is also able to ele-
vate cAMP levels in platelets. Pharmacologic
doses of PGEI and PGD, acting through a com-
mon receptor also, elevate cAMP levels of plate-
lets and thereby inhibit platelet aggregation and
release both in vitro and in vivo. In the case of the
prostaglandins, such platelet inhibitory activity
may prolong the bleeding time and induce a mild
hemostatic defect. It is postulated that the effects
of these agents are mediated through specific
membrane receptors, and that the resultant ele-
vated cAMP level inhibits the ATP-dependent
translocation of intracellular calcium; low levels
of free calcium inhibit interaction of actin and
myosin and, hence, impair platelet secretory
activity.

Other Disorders
Platelet Procoagulant Activity

Platelets contribute significantly to the rapid
early generation of fibrin by providing platelet
surface phospholipid receptor sites for activated
clotting factors Va and Xa, which bind to the
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platelet surface and rapidly catalyse the conver-
sion of prothrombin to thrombin. Fibrin formed
by thrombin stabilizes the platelet aggregate and
allows for the formation of a stable hemostatic
plug. .The complex interaction of platelet surface
receptors and activated clotting factors has in the
past been called platelet factor 3 activity. A
patient with a congenital deficiency of receptors
for factor Va has been described."13"114 The pa-
tient had a normal bleeding time but had a sig-
nificant history of menorrhagia and postoperative
bleeding as well as easy bruising.

Heparin

Heparin is used in the treatment of venous
thrombosis because of its inhibitory effect on
coagulation.'", It does not generally affect platelet
function significantly as shown by the fact that
the bleeding time remains normal following bolus
injection of heparin. However, occasionally it
may have a significant effect on platelets. In some
patients heparin-induced thrombocytopenia de-
velops, either as a result of an immunologic mech-
anism"" or because of activation of platelets by
a contaminating fraction in certain types of hep-
arin preparation."7

Clinical Approach
The congenital disorders of platelet function

have been studied extensively and have provided
important insights into platelet physiology and
pathophysiology; however, these defects are un-
common in clinical medicine. On the other hand,
acquired syndromes of platelet dysfunction are
more complex, less well studied, more difficult to
classify, but occur frequently in a wide variety of
clinical settings.
The severity of a bleeding disorder caused by

platelet dysfunction depends not only on the na-
ture of the platelet defect itself, but also on the
severity of the hemostatic challenge. Disorders of
platelet function vary in severity from the mild
syndromes of easy bruisability seen, for example,
in the storage-pool deficiencies, to the severe and
sometimes fatal hemorrhages seen in such condi-
tions as autosomal recessive von Willebrand dis-
ease. The bleeding tendency in any of the platelet
function disorders may be aggravated by the in-
troduction of additional hemostatic defects such
as chemotherapy-induced thrombocytopenia or

the administration of aspirin or anticoagulant
drugs. Gastrointestinal or genitourinary bleeding
may be a manifestation of defective platelet func-
tion; such bleeding may be precipitated by an
underlying structural abnormality such as an ul-
ceration or polyps of the colon or bladder.
The diagnostic approach to patients with plate-

let dysfunction should depend somewhat on the
urgency with which the provisional diagnosis
must be made in order to manage the bleeding
diathesis. For example, the diagnostic workup of
a patient with an acute bleeding episode may be
limited to a screening test evaluation of hemostasis
followed by a decision as to the possible role that
a platelet defect may play in causing the bleeding.
Because acute disorders are usually transient,
comprehensive evaluation may not be possible.
In contrast, the diagnostic workup in a patient
with chronic or recurrent bleeding should be
definitive. Most often the diagnosis can be sug-
gested on the basis of information obtained in the
history, physical examination and simple labora-
tory assessment; however, confirmation frequently
requires diagnostic tests that are available only
in specialized laboratories. In the case of a patient
with a mild congenital bleeding disorder in whom
von Willebrand disease has been excluded and for
which there is not a specific therapy, there is
greater flexibility in the time permitted for labora-
tory confirmation.

Approach to Diagnosis
The diagnosis of platelet dysfunction in most

instances is made by the systematic analysis of
information obtained in the history and physical
examination and by laboratory evaluation of
platelet function as well as of other aspects of
hemostasis."18

Diagnostically, the most valuable data from a
patient's history include (1) the onset, site, extent,
severity and time course of bleeding episodes and
the severity of the trauma that elicits such epi-
sodes; (2) a positive drug history; (3) a positive
family history for bleeding tendencies and the
pattern of bleeding in such family members, and
(4) the presence of other illnesses that may be
contributing factors in the disorder of platelet
function.
On physical examination, the documentation of

petechiae or purpura is suggestive of a defect in
platelet plug formation. Because spontaneous
gastrointestinal or genitourinary bleeding may in-
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ts significantly the abnormalities seen with such tests may havewith a serious little or no relationship to the actual mechanism
luate platelet of the hemostaticdefect in vivo.
superimposed
in inappropri- Electron microscopy has been used in the
the degree of enumeration of platelet 8-granules and a-granules

to confirm storage-pool deficiencies.-20 Direct
of a stained measurements of 8-granule ADP and ATP are re-

pearing plate- quired to differentiate storage-pool deficiencies
ier syndrome, from those like aspirin-caused defects. Platelet
y platelet syn- a-granule contents may be evaluated by measur-

ilocytosis may ing releasable pools of PF4 and ,B-TG by radio-
ndromes. Ex- immunoassay, tests that are now available com-
ments of the mercially. Platelet arachidonic acid metabolism

may be evaluated by measuring its stable end
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product thromboxane B, using radioimmunoassay
or by noting an absence of in vitro platelet aggre-
gation to added arachidonic acid.

Management

Proper treatment of disorders of platelet func-
tion depends on an accurate diagnosis, and it
varies from patient to patient and from disease to
disease. Generally, treatment is directed at re-
moving, if possible, the cause of the platelet dys-
function, such as treating systemic diseases like
uremia or multiple myeloma and removing, if
possible, drugs that may be causally implicated in
platelet dysfunction syndromes. Immunosuppres-
sive therapy may be indicated in immune-medi-
ated dysfunction. In patients with platelet dys-
function resulting from deficiency of a required
plasma cofactor such as von Willebrand disease,
replacement therapy (for example, cryoprecipi-
tate) is needed. If, on the other hand, an extrinsic
factor acts as an inhibitor, as with plasma dyspro-
teinemia, then replacement using platelet concen-
trates may be ineffective and removal of the in-
hibitor is necessary (for example, removal of a
paraprotein by plasmapheresis). If the hemostatic
disorder is due to an intrinsic platelet defect and
the patient is bleeding, administration of platelet
concentrates is indicated.

If both qualitative and quantitative platelet
defects are present, the guidelines for use of plate-
let concentrates remain unclear. Patients have
been shown to lose little blood if they have more
than 5,000 per fd of normally functioning platelets
and no underlying structural pathological condi-
tion (such as a colonic polyp or peptic ulcer).76
Under such circumstances, prophylactic platelet
concentrates are given only when the platelet
count falls below 5,000 per /1. If, however, a
qualitative defect is superimposed on a profound
thrombocytopenia (as for example, carbenicillin
therapy in a patient receiving pancytopenic chem-
otherapy), the risk of bleeding increases consid-
erably and the recommendations of prophylactic
platelet transfusions may be made at a platelet
count of 20,000 per ,d or more. If a patient is
bleeding and this is due in whole or in part to a
functional platelet defect, then platelet concen-
trates are indicated irrespective of the platelet
count. Platelet concentrates should be used judici-
ously, however, because alloimmunization to
platelets will develop, resulting in refractoriness
to subsequently transfused platelet concentrates.70

In such situations human leukocyte antigen (HLA)-
typing and platelet cross-matching procedures are
helpful in identifying compatible donors.76"2'
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