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SECTION 1

Introduction

CHAPTER 51

‘Diagnostic Approach to the Bleeding Disorders

George M. Rodgers

Clinical Evaluation of the Bleeding Patient
Manifestations of Disordered Hemostasis
Bleeding into Skin and Soft Tissues
Hemarthrosis
Traumatic Bleeding
Miscellaneous Bleeding Manifestations
Clinical Features of Inherited Bleeding Disorders
Age at Onset: Bleeding in the Neonate
Family History
Clinical Features of Acquired Bleeding Disorders
Drug History
Laboratory Methods for Study of Hemostasis and Blood
Coagulation
Tests of Vascular and Platelet Phases
Bleeding Time
Platelet Enumeration
Platelet Volume Measurements
Platelet Function Assays
Tests of Coagulation Phase
Partial Thromboplastin Time
Prothrombin Time
Thromboplastin Generation Test
Assay of Plasma Fibrinogen

Thrombin Time and Related Techniques
Tests for Fibrin-(Fibrinogen)-Degradation Products and D-
Dimer :
Tests for Factor XIII Activity
Tests for Fibrinolysis
Bioassays for Coagulation Factors
Tests for Inhibitors of Coagulation
Tests for Physiologic Inhibitors of Coagulation
Automated Coagulation Methods
Chromogenic and Fluorometric Techniques
Initial Laboratory Evaluation
Primary Screening Tests
Confirmatory Tests
Thrombocytopenia
von Willebrand Disease
Qualitative Platelet Disorders
Disorders of the Intrinsic Pathway of Coagulation
Disorders of the Common Pathway of Coagulation
Disorders of the Extrinsic Pathway of Coagulation
Disorders in Which Results of Primary Screening Tests Are
Normal
Preoperative Hemostasis Evaluation
Evaluation of the Neonate

Except for that which occurs during menstruation, spontaneous
bleeding is abnormal. Surprisingly, little blood is lost, even after
large injuries, because of the efficiency with which vascular
integrity is normally maintained and the rapidity with which it
is restored after injury. In general, these phenomena reflect the

functional effectiveness of normal hemostasis (see Chapters 19
to 22). It must be recognized, however, that the adequacy of
hemostasis is only relative, and despite the presence of normal
vessels, platelets, and coagulation factors, bleeding can occur as
the result of localized pathologic processes.
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TABLE 51.1. Clinical Distinction between Disorders of Vessels and Platelets and Disorders of Blood Coagulation

Finding

Disorders of Coagulation

Disorders of Platelets or Vessels

Petechiae Rare

Deep dissecting hematomas Characteristic
Superficial ecchymoses

Hemarthrosis

Delayed bleeding

Bleeding from superficial cuts and scratches
Sex of patient

Characteristic
Common
Minimal

patients

Positive family history Common

Common; usually large and solitary

80-90% of inherited forms occur only in male

Characteristic

Rare

Characteristic; usually small and multiple
Rare

Rare

Persistent; often profuse

Relatively more common in females

Rare (except von Willebrand disease and heredi-
tary hemorrhagic telangiectasia)

The 11 chapters in Part V deal with disorders that result from
abnormalities of the hemostatic process. Chapter 51 is a sum-
mary of the diagnostic approach to these disorders and includes
a brief discussion of laboratory methods for their study. In sub-
sequent chapters, individual disorders are considered in six cat-
egories: thrombocytopenia (Chapters 52 to 55), bleeding
disorders caused by vascular abnormalities (Chapter 56),
thrombocytosis (Chapter 57), disorders of platelet function
{Chapter 58), inherited coagulation disorders (Chaptet 59), and
acquired coagulation disorders (Chapter 60). The pathophysiol-
ogy of thrombosis and the principles of antithrombotic therapy
are summarized in Chapter 61.

CLINICAL EVALUATION OF THE
BLEEDING PATIENT

A careful evaluation of the patient presenting with a bleeding
disorder can often provide valuable clues as to whether the
abnormality resides in the vessels, platelets, or the process of
blood coagulation; a carefully obtained history can usually
establish whether the disorder is inherited or acquired; and the
physical examination may reveal findings such as the character-
istic skin lesions of hereditary hemorrhagic telangiectasia,
which alone may provide the diagnosis of a previously perplex-
ing bleeding problem. Results of the clinical evaluation should
lead to a rational and efficient laboratory investigation. If labo-
ratory studies are to be used to maximal advantage in terms of
time and expense, they should supplement and not supersede a
careful review of the history and the physical examination.

It is important to ask specific questions about bleeding
because people with normal hemostasis may believe they bleed
excessively (1). Certain questions may discriminate between
those with normal and abnormal hemostasis, including
whether excessive bleeding occurs after tooth extraction or
small cuts, whether spontaneous bruising or muscle bleeding
occurs, or whether the patient has ever been transfused or
treated with blood products (1).

MANIFESTATIONS OF DISORDERED HEMOSTASIS

Certain signs and symptoms are virtually diagnostic of disor-
dered hemostasis. They can be divided arbitrarily into two
groups: those seen more often in disorders of blood coagulation
and those most commonly noted in disorders of the vessels and
platelets. The latter group is often called purpuric disorders
because cutaneous and mucosal bleeding usually are promi-
nent. The clinical findings that are most valuable in distinguish-
ing between these two broad categories are summarized in
Table 51.1. Although these criteria are relative, they provide

valuable clues to the probable diagnosis if they are applied to
the predominant clinical features in a given patient.

Bleeding into Skin and Soft Tissues

Petechiae are characteristic of an abnormality of the vessels or the
platelets, such as thrombocytopenia, and are exceedingly rare in
the coagulation disorders. These lesions are small capillary hem-
orrhages ranging from the size of a pinhead fo much larger (Fig.
51.1). They characteristically develop and regress in crops and are
most conspicuous in areas of increased venous pressure, such as
the dependent parts of the body and areas subjected to pressure
or constriction from girdles or stockings. In patients with scurvy,
petechiae may be distributed around hair follicles in the “saddle
area” of the thighs and buttocks (see Fig, 56.6). Petechiae must be
distinguished from small telangiectasias and angiomas. Vascular
structures such as telangiectasias or angiomas blanch with pres-
sure, whereas petechiae do not.

Figure 51.1. Diffuse petechial rash induced by a tourniquet in a patient
with chronic idiopathic thrombocytopenic purpura {(platelet count = 40 x
10%/L).



Figure 51.2. Large dissecting hematoma of thigh in a patient with hemo-
philia A. The lesion resulted from a slight bump to the inguinal area and
spread to involve the entire thigh. See Color Plate. (Courtesy of Dr. john
Lukens.)

In the purpuric disorders, petechiae commonly are associated
with multiple superficial ecchymoses, which usually develop
without perceptible trauma but seldom spread into deeper tissues.
Small isolated ecchymoses are commonly noted in apparently nor-
mal women, especially on the legs, and in small children.

Although large superficial ecchymoses may be seen in asso-
ciation with the coagulation disorders, the most characteristic

51: DIAGNOSTIC APPROACH TO THE BLEEDING DISORDERS 1513

lesion is the large spreading hematoma (Fig. 51.2). Such
hematomas may arise spontaneously or after trivial trauma.and
often spread to involve an entire limb by dissecting within mus-
cles and deep fascial spaces, often with minimal discoloration
of the overlying skin.

Hemarthrosis

Hemorrhage into synovial joints is virtually diagnostic.of a
severe inherited coagulation disorder, most commonly hemo-

philia A or hemophilia B, and is rare in disorders of the vessels

and platelets or in acquired coagulation disorders. This dis-
abling problem often develops with pain and swelling as chief
symptoms but without discoloration or other external evidence
of bleeding (Fig. 51.3). Subperiosteal hemorrhages in children
with scurvy and swollen painful joints that may develop in
some patients with allergic purpura occasionally may be con-
fused with hemarthrosis. :

Traumatic Bleeding

The unavoidable traumas of daily life and even minor surgical
procedures are a greater challenge to hemostasis than any test yet
developed in the laboratory. In contrast to “spontaneous” bleed-
ing manifestations, bleeding after trauma in a person with a hem-
orrhagic diathesis differs in a quantitative way from that which
would normally be expected in terms of the amount, duration,
and magnitude of the inciting trauma. Such variables are
extremely difficult to assess accurately by taking the patient’s his-
tory. The amount of blood lost may be exaggerated by the
patient. The need for transfusions and the number administered
may serve as a rough guide. The patient’s statement concerning
the duration of bleeding is more reliable. Detailed inquiry as to
past injuries and operations must be made because the patient is
likely to forget procedures or injuries that were uncomplicated
and to dwell on those in which bleeding was a problem. Whether
reoperation was required for prolonged bleeding after tooth
extraction or other minor surgical procedures may be helpful in
identifying a patient with abnormal hemostasis. = =~ -

In individuals with a coagulation disorder, the onset of
bleeding after trauma often is delayed. For example, bleeding

Figure 51.3. Acute hemarthrosis and its
sequelae in a patient with hemophilia B.
Note the periarticular swelling in the left leg
and the marked atrophy of the thigh mus-
cles as a result of recurrent hemarthrosis.
(Courtesy of Dr. John Lukens.)
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after a tooth extraction may stop completely, only to recur in a
matter of hours and to persist despite the use of styptics, vaso-
constrictors, and packing. The temporary hemostatic adequacy
of the platelet plug despite defective blood coagulation may
explain this phenomenon of delayed bleeding, as well as the
fact that patients with coagulation disorders seldom bleed
abnormally from small superficial cuts such as razor nicks. In
contrast, posttraumatic or postoperative surgical bleeding in
thrombocytopenic patients usually is immediate in onset, as a
rule responds to local measures, and rarely is as rapid or volu-
minous as that encountered in patients with coagulation disor-
ders. However, it may persist for hours or days after
surprisingly small injuries.

Valuable information often is obtained from a careful review
of dental procedures, because most patients have had one or
more teeth extracted at some time during their lives. Inquiry
should clarify whether the extractions were single or multiple,
the size and location of the tooth or teeth, any treatment given,
and the amount, if any, of direct operative trauma. The amount
of bleeding normally encountered varies greatly, but as a rough
guide, uncomplicated extraction of a single molar tooth may
result in brisk bleeding for up to 1 hour and slight oozing for up
to 2 days in normal persons (2). Typically, bleeding is more pro-
fuse from upper than from lower sockets and is more extensive
after extraction of molar teeth, particularly impacted third
molars, than after removal of other teeth. In patients with inher-
ited coagulation disorders, the shedding of deciduous teeth
often is uncomplicated.

The response to trauma is an excellent screening test for the
presence of an inherited hemorrhagic disorder, and a history of
surgical procedures or significant injury without abnormal
bleeding is equally good evidence against the presence of such
a disorder. The removal of molar teeth is a major chalienge to
hemostasis, as is a tonsillectomy, and it is a rare hemophiliac,
however mildly affected, who can withstand these procedures
without excessive bleeding. -

Miscellaneous Bleeding Manifestations

Despite the fact that structural causes for bleeding (such as pol-
yps, varices, and tumors) are commonly seen in patients with
hematuria, hematemesis, and melena, bleeding from these sites
may also be associated with both purpuric and coagulation dis-
orders. Severe menorrhagia may be the sole symptom of
women with von WillebrandWillebrand disease (vWD), mild
thrombocytopenia, or autosomally inherited coagulation disor-
ders. Recurrent gastrointestinal bleeding or epistaxis in the
absence of other bleeding manifestations is common in heredi-
tary hemorrhagic telangiectasia. A coagulation disorder or a
disorder of platelet function should be considered if protracted
hematuria is the only symptorn.

Bleeding into serous cavities and internal fascml spaces often
occurs in patients with inherited coagulation disorders and may
create serious diagnostic problems. In hemophilia, retroperito-
neal hemorrhage or bleeding into the psoas sheath may mimic
appendicitis, and hemorrhage into the bowel wall may be con-
fused with intestinal obstruction. Signs and symptoms simulat-
ing a variety of acute intraabdominal disorders also may be
seen in association with allergic purpura. Bleeding into the cen-
tral nervous system may complicate thrombocytopenia and
may occur after minor trauma in patients with coagulation dis-
orders. Multiple small retinal hemorrhages are common in
patients with thrombocytopenia and other purpuric disorders
but are uncommon in those with inherited coagulation disor-
ders; large hematomas of the orbit may be seen in the latter
group. The coexistence of bleeding and thromboembolic phe-

nomena or bleeding from previously intact venipuncture sites is
suggestive of diffuse intravascular coagulation (DIC). Pro-
tracted wound healing, wound dehiscence, and abnormal scar
formation have been described in inherited afibrinogenemia,
the dysfibrinogenemias, and in factor XIII deficiency (3).
Hemoptysis rarely is associated with hemorrhagic disorders.

CLINICAL FEATURES OF INHERITED
BLEEDING DISORDERS

An inherited bleeding disorder is suggested by the onset of
bleeding symptoms in infancy and childhood, a positive family
history (particularly if it reveals a consistent genetic pattern),
and laboratory evidence of a single or isolated abnormality,
most commonly the deficiency or aberrance of a single coagula-
tion factor.

~Age at Onset: Bleeding in the Neonate

Birth and the neonatal period provide unique challenges to the
hemostatic mechanism (4), and bleeding during the first month
of life often is the first evidence of an inherited disorder of
hemostasis. Small cephalohematomas and petechiae are com-
mon in the newborn as a result of the trauma of delivery. Large
cephalohematomas that progressively increase in size may
result from hemophilia but are more commeon in association
with acquired bleeding disorders such as hemorrhagic disease
of the newborn (see Chapter 60). Bleeding from the umbilical
stump and after.circumcision is common in the acquired coagu-
lation disorders, and it also occurs in the inherited coagulation
disorders (5) with the exception of hypofibrinogenemia, dysfi-
brinogenemia, and factor XIII deficiency. The onset of bleeding
from the umbilical cord may be delayed in these latter disor-
ders. In the evaluation of bleeding in the neonate, the clinician
should remember that hematochezia and hematemesis may
originate from swallowed blood of maternal origin. Simple tests
to distinguish such maternal blood from fetal blood have been
described (5).

Many infants with inherited coagulation disorders do not
bleed significantly in the neonatal period. Less than one-third of
patients with hemophilia A and B and only 10% of those with
other inherited coagulation disorders have hemorrhagic symp-
toms during the first week of life. In such patients, the disorder
may become clinically silent for a time. Hematomas may first be
seen only when the child becomes active. Hemarthrosis com-
monly does not develop until a child is 3 or 4 years of age.

A mild inherited hemorrhagic disorder may be difficult to
distinguish from the insidious onset of an acquired defect.
Patients with mild inherited coagulation disorders may enter
adult life before characteristic bleeding manifestations occur.
These patients and those with some forms of inherited throm-

" bocytopenia and disordered platelet function often describe a

history of posttraumatic bruising and hematoma formation that
they have come to accept as normal. In hereditary hemorrhagic
telangiectasia, the lesions become more prominent with
advancing age and may not be symptomatic until middle age.
Similarly, in patients with Ehlers-Danlos syndrome, bleeding
may not be a problem until adult life.

Family History

The family history is of great importance in the evaluation of
bleeding disorders. In disorders inherited as autosomal-domi-
nant traits with characteristic symptoms and high penetrance,
such as hereditary hemorrhagic telangiectasia, an accurate ped-



igree spanning several generations can often be obtained. The
presence of typical bleeding manifestations in male siblings and
maternal uncles is virtually diagnostic of X-linked recessive
inheritance, which characterizes hemophilia A and hemophilia
B. In such X-linked traits, the family history also may be helpful
in a negative sense—that is, it may clearly exclude the disorder
in certain offspring, such as the sons of a known hemopbhiliac.
Details of the various genetic patterns that may be encountered
are discussed in the chapters that deal with these conditions.

The limitations of the family history, however, are greater
than is commonly realized. Hearsay history is difficult to evalu-
ate, and it is often impossible to assess the significance of easy
bruising or to differentiate between manifestations of a general-
ized bleeding disorder and more common localized lesions,
such as peptic ulcer and uterine leiomyomas. In affected fami-
lies, a bewildering variety of unrelated symptoms is often
attributed to bleeding. A negative family history is of no value
in excluding an inherited coagulation disorder in an individual
patient. As many as 30 to 40% of patients with hemophilia A
have a negative family history (6). The family history usually is
negative in the autosomal-recessive traits, and consanguinity,
which i{s commonly present in these kindreds, is notoriously
difficult to document or exclude.

CLINICAL FEATURES OF ACQUIRED
BLEEDING DISORDERS

Generalized bleeding may be a prominent feature of a wide
variety of acquired disorders that encompass virtually the
entire field of medicine. Bleeding manifestations usually are
less severe than in the inherited forms, and the clinical picture
often is dominated by evidence of the underlying disorder
rather than by bleeding alone. In the neonate, for example, DIC
usually is associated with significant complications such as sep-
sis, hypoxia, acidosis, or problems related to prematurity. The
physician should suspect sepsis or occult thrombosis in any sick
neonate with unexplained thrombocytopenia (5). Multiple
hemostatic defects commonly are present in patients with
acquired hemorrhagic diseases, which often include throm-
bocytopenia and significant coagulation abnormalities. In con-
trast, a single abnormality usually is found in patients with
inherited hemorrhagic disorders.

In general, the emphasis of the study of the acquired bleed-
ing disorders should be on the patient, not on the laboratory. A
thorough history and the physical examination often reveal the
cause of thrombocytopenia, such as a drug or acute leukemia.
In most vascular disorders, including senile purpura, allergic
purpura, scurvy, and amyloidosis, the history and physical
examination are of primary diagnostic importance, and the lab-
oratory has little to offer.

Drug History

The importance of exhaustive interrogation regarding drug use
and chemical exposure cannot be overemphasized. The list of
drugs associated with thrombocytopenia (see Table 53.5) or vas-
cular purpura grows longer each year. Less common but more
serious is drug-induced aplastic anemia, which may present ini-
tially with bleeding (see Chapter 44). Many commonly used
drugs (see Table 58.4), notably aspirin, impair platelet function
and produce abnormal findings on laboratory tests that often
lead to expensive and unnecessary additional laboratory stud-
ies. The same drugs may provoke bleeding when administered
to patients with preexisting hemostatic defects such as hemo-
philia A.

51: DIAGNOSTIC APPROACH TO THE BLEEDING DISORDERS 1515

Drug ingestion also may produce coagulation abnormalities,
and drugs that potentiate or antagonize the anticoagulant
effects of coumarin derivatives may lead to bleeding or erratic
laboratory control. The surreptitious ingestion of such agents is
not uncommon.

Results of various coagulation tests may be abnormal in a
surprisingly large percentage of hospitalized patients because
of heparin that is administered therapeutically or is used in
small amounts to maintain the patency of indwelling venous

. catheters, venous pressure lines, arteriovenous shunts, and var-

ious pumps and infusion machines. The partial thromboplastin
time (PTT), in particular, may be greatly prolonged in patients
who have received even a minute amount of this anticoagulant.
Such coagulation abnormalities often are confused with DIC,
inhibitors of factor VIII, and other serious coagulation disor-
ders, and they commonly lead to repeated, often detailed, and
usually useless coagulation studies. A thorough bedside inven-
tory often is required to find out that heparin is indeed respon-
sible. Prolongation of the thrombin time associated with a
normal reptilase time or direct assay of heparin provides labo-
ratory evidence of heparin contamination.

LABORATORY METHODS FOR STUDY OF
HEMOSTASIS AND BLOOD COAGULATION

No single test is suitable for the laboratory evaluation of the
overall process of hemostasis and blood coagulation, but meth-
ods of varying complexity and use are available for assessing
various components and functions individually. The emphasis
of the following discussion is on methods that are simple and
widely available in most laboratories. The interpretation of the
most commonly used tests and the range of values obtained in
normal subjects with representative techniques are summarized
in Table 51.2. Definitive methods usually require a specially
equipped laboratory and trained personnel, and are discussed
here from a general standpoint only. Additional comments con-
cerning the use and limitations of the various methods are
included in chapters dealing with individual disorders. For
details concerning such definitive methods, the reader is
referred to more comprehensive works devoted entirely to this
subject (7).

Tests of Vascular and Platelet Phases

BLEEDING TIME

Hemostasis in a small superficial wound, such as that produced
when measuring the bleeding time, depends on the rate at
which a stable platelet plug is formed and, thus, provides a
measure of the efficiency of the vascular and platelet phases.
However, it does not discriminate between vascular defects,
thrombocytopenia, and platelet dysfunction. The bleeding time
leaves much to be desired in terms of reproducibility because
no two skin areas are exactly the same and it is impossible to
produce a truly standard wound (8).

Older studies using the bleeding time test supported the
view that this test might be helpful in predicting bleeding in
individual patients (9). More recent studies suggest that a
bleeding time result is determined not only by platelet number
and function, but also by hematocrit (10), certain components of
the coagulation mechanism (11,12), skin quality (13), and tech-
nique (14). A careful analysis of this literature indicates that
there is no correlation between a skin template bleeding time
and certain visceral bleeding times (14,15), and that no correla-
tion exists between preoperative bleeding time results and sur-
gical blood loss or transfusion requirements (16).
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TABLE 51.2. Interpretation of Common Tests of Hemostasis and Blood Coagulation

Normal Range® (+2
Test SD) and Reference

Common Causes of Abnormalities

Platelet count
Phase microscopy
Automated

Partial thromboplastin time (acti-
vated)®

Prothrombin time®

140,000-440,000/u}
177, 000—406,000/p|
26-37 sec; (51)¢

12.0-15.5 sec; (62)°

Thrombin time® 18-22 sec; (7)

Thrombocytopenia, thrombocytosis

Deficiencies or inhibitors of prekallikrein; high-molecular-weight kininogen; factors
X, X1, IX, VI, X, and V; prothrombin or fibrinogen; lupus inhibitors; heparin
Deficiencies or inhibitors ofp
ogenemia; lupus inhibitors; heparin
Afibrinogenemia, dysfibrinogenemia, hypofibrinogenemia, and hyperfibrinogenemia;

factors VII, X, and V; prothrombin or fibrinogen; dysfibrin-

inhibitors of thrombin (heparin) or fibrin polymerization (fibrin degradation prod-

Fibrinogen assay® 150-430 mg/d|; (68)
Factor VIl assay®

50-150 U/dl; (7)
Fibrin degradation product assay

0-5 pg/mi; (77)

ucts, paraproteins)
Afibrinogenemia, dysfibrinogenemia, and hypofibrinogenemia; inhibitors of thrombin
or fibrin polymerization
Hemaphilia A and von Willebrand disease; acquired antibodies to factor VIl
Disseminated intravascular coagulation; fibrinogenolysis; thrombolytic drugs, liver dis-

ease; dysfibrinogenemia

3Normal range in the University of Utah coagulation laboratory.
bTests affected by heparin.
<Significant variations depending on reagents and technique.

A clinical outcomes study reported that discontinuation of
the bleeding time in a major academic medical center had no
detectable adverse clinical impact (17). A position paper of the
College of American Pathologists and the American Society of
Clinical Pathologists concluded that the bleeding time was not
effective as a screening test, and that a normal bleeding time
does not exclude a bleeding disorder (18). Patients thought to
have a platelet-type bleeding disorder based on their personal
or family history (or both) should be evaluated for vWD and the
inherited qualitative platelet disorders using assays discussed
in the section Platelet Function Assays. Newer assays that may
be useful in screening patients for platelet dysfunction are also
discussed in the section New Assays of Platelet Function.

PLATELET ENUMERATION

Platelets are considerably more difficult to count than erythro-
cytes or leukocytes. This difficulty is to be expected in view of
the small size of these cells and their tendency to adhere to for-
eign surfaces and to aggregate when activated.

In general, techniques for platelet counting may be classified
into three groups: hemacytometer or direct methods, in which
whole blood is diluted and the platelets are counted in much
the same way as leukocytes or erythrocytes; semiautomated
methods, in which the number of platelets in plasma prepared
by sedimentation or centrifugation is determined in an elec-
tronic particle counter; and fully automated electronic methods.
Virtually identical values for the normal range of the platelet
count have been obtained with modern methods, as summa-
rized in Table 51.2.

An estimate of platelet numbers in a well-prepared blood
smear by an experienced observer is a valuable check on the
platelet count as determined by any method. In general, when a
blood smear is examined at 100x power, each platelet seen/field
represents approximately 10,000 platelets x 10°/L. Consequently,
a normal blood smear should demonstrate, on average, at least
14 platelets/high-power field.

Instruments for totally automated platelet counting are
widely used. Details of automated cell counters are discussed in
Chapter 1. When automated methods are used, vatious nontech-
nical factors may produce falsely low platelet counts (19). These
factors include platelet agglutinins (20), abnormal amounts of
plasma proteins in various paraproteinemias, previous contact of
platelets with foreign surfaces such as dialysis membranes (21),

‘giant platelets, platelet satellitism (22), lipemia (23), and ethy-

lenediaminetetraacetic acid—induced platelet clumping (24), a
phenomenort that may produce platelet clumps of sufficient size
to artifactually increase the leukocyte count (25). Spuriously high
platelet counts may result from the presence of microspherocytes
(26), fragments of leukemic cells (27), and Pappenheimer bodies
(28). Special technical modifications and the use of careful man-
ual counting methods may be required to eliminate these arti-
facts and to obtain accurate platelet counts.

PLATELET VOLUME MEASUREMENTS

The widespread availability of particle counters in the clinical lab-
oratory now permits the accurate measurement of platelet volume
on a routine basis. Mean platelet volume (MPV) is increased in dis-
orders associated with accelerated platelet turnover as the result of
large numbers of megathrombocytes (29) or in patients with
Bernard-Soulier syndrome. Normal or decreased values for MPV
usually are obtained in patients with disorders associated with
deficient platelet production, in some patients with sepsis (30), and
in people with certain big-spleen syndromes (31).

Some authors suggest that increased MPV provides evi-
dence of accelerated platelet production and may be interpreted
in the same way as the reticulocyte count. The method is diffi-
cult to standardize, however, and when determined on rou-
tinely collected specimens by automated counters, it is affected
by numerous variables pertaining to specimen collection, anti-
coagulant, temperature, and duration of storage (32). In view of
these problems and the difficulty in interpreting platelet size
heterogeneity under normal and abnormal conditions (33),
these measurements should be interpreted with caution. Never-
theless, this method is potentially valuable, and estimates of
MPV are obtained with currently available instruments at
essentially no additional cost.

The presence of microcytic platelets in patients with some
inherited thrombocytopenias such as Wiskott-Aldrich syn-
drome is reliably reflected by MPV measurements. On the other
hand, giant platelets associated with Bernard-Soulier syndrome
may be counted as leukocytes or erythrocytes and may not be
reflected in the MPV.

PLATELET FUNCTION ASSAYS
Since the 1960s, platelet aggregation using platelet-rich plasma
has been the standard method to assess platelet function. This



