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Summary

The inherited platelet disorders are an uncommon cause of
symptomatic bleeding. They may be difficult to diagnose (and
are likely to be under-diagnosed) and pose problems in
management. This review discusses the inherited platelet
disorders summarising the current state of the art with respect
to investigation and diagnosis and suggests how to manage
bleeding manifestations with particular attention to surgical
interventions and the management of pregnancy.

Keywords: inherited platelet disorders, platelet glycoproteins,
thrombocytopenia, platelet receptors, platelet bleeding.

For most, if not all, of the inherited platelet disorders, there is
little adequate evidence (a lack of randomised controlled trials)
in the literature upon which to base recommendations for
management. There are some large case series for a number of
the severe, more clearly defined disorders, such as Glanzmann
thrombasthenia, but for most disorders the published evidence
about management consists of case reports or very small series.
The advice given herein is therefore based on personal practice
of several haemophilia centre directors and is ‘expert opinion’.
Investigation and treatment are discussed in broad terms for
‘mild’” and ‘severe’ disorders (defined clinically) as there is little
that is specific to a single disorder. Where relevant, additional
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details (including the management of neonates in some of the
conditions) are included in the disorder-specific sections.
There have been some very interesting advances in recent years
in the understanding and investigation of platelet molecular
biology, which are in a process of evolution and, in due course,
are anticipated to influence diagnosis.

Platelet physiology

Human platelets are small anucleate cells derived from bone
marrow megakaryocytes. Platelets are discoid and measure
approximately 2-0-4:0 X 0-5 pum with a mean volume of 7—
11 fl. The normal platelet count is 150-450 x 10%/1. Platelets
are formed from their parent cells, the bone marrow megak-
aryocytes (MK), which are characteristically very large polyp-
loid cells, reaching up to 50 um in diameter. During
maturation MKs undergo endomitosis (nuclear replication
without cell division) to form cells with DNA ploidy values
ranging from 4 to 128 N. Megakaryopoiesis is regulated by the
cytokine thrombopoietin (TPO) which is constantly synthe-
sised by the liver. TPO binds a specific receptor (c-mpl) on
both circulating platelets and bone marrow MKs, signals and is
then internalised and degraded. The total mass of cells
therefore determines the free level of TPO that ultimately
regulates megakaryopoiesis and platelet production (Kaushan-
sky, 2005; Pang et al, 2005; Patel et al, 2005). Platelets have a
mean life span in the circulation of 10 d. The shape and small
size of the platelet enables them to flow centrifugally in blood
vessels, allowing them to interact optimally with damaged
endothelium. Upon vessel wall damage, platelets undergo a
highly regulated set of functional responses including
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adhesion, spreading, granular release reactions, activation of
phospholipase A,, aggregation, exposure of a procoagulant
surface, microparticle formation and clot retraction. These
platelet responses enable the rapid formation of a haemostatic
plug that occludes the site of blood vessel damage and limits
blood loss.

Platelet adhesion

Subendothelial components [e.g. collagen, von Willebrand
factor (VWE), fibronectin and laminin] are exposed upon
vessel wall damage. Platelets have surface receptors for all these
proteins to enable rapid adhesion to the damaged area. VWF
facilitates the initial adhesion via binding to the glycoprotein
(GP)Ib/IX/V complex, especially under high shear conditions.
These interactions enable the platelets to slow down suffi-
ciently so that further binding interactions can take place with
other receptor-ligand pairs resulting in static adhesion. In
particular, the initial interaction between collagen and GPVI
induces a conformational change (activation) in the platelet
integrins GPIIb/IIa (o-I1IbB-3) and GPla/lla (a-2B-1). VWF
and collagen form strong bonds with GPIIb/IIla and GPIa/Ila,
respectively, anchoring the platelets in place.

Decreased or absent expression of the GPIb/IX/V receptor
due to mutations in the GPIBA, GPIBB or GP9 genes gives rise
to Bernard—Soulier syndrome. Decreased or absent expression
of GPIIb/IIla or qualitative defects of the receptor due to
mutations in either the ITGA2B or the ITGB3 genes gives rise
to the disorder Glanzmann thrombasthenia.

Platelet aggregation and secretion

As platelets are recruited to the area of blood vessel damage
they become activated by a range of agonist substances
including adenosine diphosphate (ADP), thrombin and
thromboxanes, which interact with seven transmembrane
receptors. Receptor stimulation results in G protein interac-
tions, which enable activation of enzymes involved in cellular
metabolic pathways, in particular, phosphatidylinositol
3-kinase and phospholipase C. Metabolic pathway activation
results in the elevation of cytoplasmic calcium and phos-
phorylation of substrate proteins, which bring about changes
in the cytoskeleton, enabling platelet shape change and
spreading, release of o- and dense-granular contents, stimu-
lation of phospholipase A, and liberation of thromboxane A,
(TXA,), induction of a procoagulant surface and activation of
GPIIb/IIIa receptors.

A rare, diverse group of disorders of ‘platelet signal
transduction’ have been described including defects in the
agonist receptors for, TXA,, ADP and collagen, the membrane
G proteins and in the prostaglandin pathway enzymes cyclo-
oxygenase and TXA, synthetase. Disorders of the ‘platelet
storage granules’ are also well described and include dense-
granule deficiency, a-granule deficiency, and combined dense
and a-granule deficiency.

A suggested classification for the most clearly defined
heritable platelet disorders together with their estimated
frequencies are shown in Table 1.

Approach to the diagnosis of a platelet function
disorder

Patients are investigated for a possible inherited defect of
platelet number or function in various circumstances. There
may be a history of bleeding or easy bruising, a family history of
a platelet function defect or thrombocytopenia. Patients will
usually be undergoing investigation for a bleeding disorder, so
investigation for a platelet function disorder will be undertaken
as part of this process. Patients may have multiple haemostatic
defects, for example, von Willebrand disease (VWD) or factor
XI deficiency combined with a platelet function defect (Bolton-
Maggs et al, 1995) or defects of both platelet number and
function that combine to produce a clinical bleeding phenotype.

A schema for analysis of patients with suspected platelet
disorders is shown in Fig 1 with an algorithm which is
discussed below.

There are numerous ‘acquired’ causes of thrombocytopenia
and platelet dysfunction (George & Shattil, 1991; Rao, 2002).
These will not be covered in this review, which will only deal
with inherited disorders.

The patient history

History taking is a key part of the assessment of a possible
bleeding disorder and is the best screening method for possible
platelet function defects. Bleeding histories are subjective,
variable and evolve throughout a person’s lifetime. Children
may not have had sufficient haemostatic challenges to develop
a positive clinical history.

There is overlap between symptoms suffered by people with
mild platelet function disorders and the normal population.
The bleeding history in severe platelet function disorders will
be clearly abnormal.

Patients should be assessed for disorders that may cause
acquired platelet dysfunction or vasculitis. A drug history
should be taken, including medicines bought ‘over the counter’
and herbal remedies, as non-steroidal anti-inflammatory drugs
(NSAIDs) and other drugs are the commonest cause of platelet
dysfunction (Hassan & Kroll, 2005).

Inherited disorders of platelet function, and in particular
platelet number, may be associated with other clinical features
that represent a defined syndrome. The specific associations
with other medical manifestations are covered in the relevant
disease-specific sections.

Bleeding manifestations typical of platelet function defects
are:

1 unexplained or extensive bruising;
2 epistaxis — particularly lasting more than 30 min, causing
anaemia or admission to hospital;
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Table I. A suggested classification of the heritable platelet disorders.

Review

Estimated no. cases

OMIM number* Site of gene defect} UK Worldwide

Disorders of platelet number
MYH9 disorders

May-Hegglin anomaly 155100 MYH9 <100 <1000

Sebastian syndrome 605249

Fechtner syndrome 153640

Epstein syndrome 153650
Congenital amegakaryocytic thrombocytopenia 604498 MPL <10 <100
Amegakaryocytic thrombocytopenia with radioulnar synostosis 605432 HOXA11 <10 <100
Thrombocytopenia absent radius syndrome 274000 Unknown <10 <100
X-linked thrombocytopenia with dyserythropoiesis 300367 GATAI <10 <100
Severe disorders of platelet function
Wiskott—Aldrich syndrome 302000 WAS <100 <1000
Glanzmann thrombasthenia 273800 ITGA2B, ITGB3 <100 <1000
Bernard-Soulier syndrome 231200 GPI1BA, GPIBB, GP9 <100 <1000
Disorders of receptors and signal transduction
Platelet cyclo-oxygenase deficiency 605735 Unknown <10 <100
Thromboxane synthase deficiency 274180 Unknown <10 <100
Thromboxane A2 receptor defect 188070 TBXA2R <10 <100
ADP receptor defect (P2Y,,) 600515 P2RYI12 <10 <100
Disorders of the platelet granules
Idiopathic dense-granule disorder (3-storage pool disease) 185050 Unknown <100 <1000
Hermansky—-Pudlak syndrome 203300 HPS1, AP3B1, HPS3, <100 >1000

HPS4, HPS5, HPS6,
DTNBPI, HPS8
Chediak-Higashi syndrome 214500 LYST <100 <1000
Grey platelet syndrome 139090 Unknown <10 <100
Paris—Trousseau/Jacobsen syndrome 188025 and 11923 deletion (FLII) <10 <100
147791

Idiopathic o- and dense-granule storage pool disease 185050 Unknown <100 <1000
Disorders of phospholipid exposure
Scott syndrome 262890 ABCAI <10 <10

This classification includes the major heritable disorders and some rare disorders that represent distinct clinico-pathological entities. The classification

excludes disorders that are poorly characterised or that have been described in very small numbers of subjects. The estimated numbers of affected

individuals represent the consensus view of the authors and are derived from the published world literature describing each disorder.

*Online Mendelian Inheritance in Man accession number: http://www.ncbi.nlm.nih.gov/entrez/query.fcgizdb=OMIM.

tHuman Genome Organisation nomenclature: http://www.gene.ucl.ac.uk/nomenclature/.

3 menorrhagia, particularly if this has been present since the
menarche;

oral cavity bleeding;

bleeding during childbirth;

bleeding following invasive procedures;

N N U s

bleeding following dental extraction.

A history of bleeding is more likely to be significant if it is
longstanding, the more symptoms that are present, the more
severe these symptoms are and the more frequently they
occur. The requirement for blood transfusion due to
bleeding, medical intervention to stop the bleeding or the
development of anaemia adds weight to the bleeding history.
For example, epistaxis that has required packing or repeated
cauterisation anaemia

and menorrhagia resulting in

© 2006 The Authors

(particularly if the menorrhagia has been present since the
menarche) are more significant symptoms. A bleeding
tendency is less likely if a person has undergone invasive
procedures without bleeding.

History suggestive of a severe platelet function disorder

Severe platelet function disorders are likely to present from
early childhood onwards and may cause problems at any age,
including the neonatal period. Intracranial haemorrhage and
subdural haemorrhage may occur following delivery and the
antenatal care of affected women coupled with the planned
delivery of at-risk babies are essential components of care in
these disorders.
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Fig 1. Scheme of analysis of patients with suspected hereditary platelet-based bleeding disorders: for patients with a clinical history suggestive of a
heritable platelet disorder, laboratory analysis is required to confirm a defect in platelet number or function and to enable refinement of diagnosis to
the level of individual disorders or groups of disorders. In many cases, this may be achieved by performing an automated full blood count, blood film,
platelet aggregometry and quantification of platelet nucleotides. It is recognised that in most clinical settings, these investigations are usually
performed simultaneously at the same clinic visit. This algorithm is intended as a guide to the systematic interpretation of these laboratory assays
rather than a suggested sequence of investigations. Where appropriate, specialist investigations that are necessary for diagnosis are included for
specific disorders. Many of these assays are available only through laboratories with a research interest in platelet function. These include flow
cytometry to measure expression of the integrin subunits GPIIb or IIla (GT), GPIb-a (BSS) and annexin V binding (Scott syndrome) and genetic
analysis to confirm a mutation in the relevant gene, e.g. GPIIbIIla (GT), WAS (WAS and XLA) and MYH9. Genetic analysis has not been included as
a definitive test in all cases as several disorders can be caused by mutations in more than one gene, e.g. HPS and BSS. The algorithm encompasses the
most frequent or best characterised heritable platelet disorders but excludes disorders that are described in very small numbers of kindreds or that
require esoteric tests to be fully characterised. Down arrow, reduced aggregation; AA, arachidonic acid; BSS, Bernard—Soulier syndrome; CHS,
Chediak-Higashi syndrome; COX, cyclo-oxygenase; 8-SPD, dense-granule disorder; em, electron microscopy; GPS, grey platelet syndrome; GT,
Glanzmann thrombasthenia; HPS, Hermansky—Pudlak syndrome; MYH9, MYH-9-related disorder; P2Y;,, deficiency of P2Y;, ADP receptor; QBS,
Quebec platelet syndrome; Rev., reversible aggregation; RIA, radioimmunoassay; RIPA, ristocetin-induced platelet aggregation; Sec., secretion; TXA,,
thromboxane A,; WAS, Wiskott—Aldrich syndrome.

Excessive bleeding from the umbilical stump or after
circumcision may be presenting features, as may the develop-
ment of bruising after handling. Guthrie tests and vaccination
pose haemostatic challenges for babies and excessive bleeding
may be noted when teething. As the child’s mobility increases,
easy or extensive bruising after mild trauma may be noted.

Prolonged epistaxis is a common problem throughout
childhood for children with severe platelet function disorders
and may in itself be life threatening. Menorrhagia and bleeding
during childbirth are common and may be very severe.
Bleeding following invasive procedures is almost inevitable.

In contrast to patients with haemophilia, inherited platelet
disorders do not usually present with haemarthroses or muscle
bleeds and bleeding occurs at the time of trauma rather than
after a delayed onset.

History suggestive of a mild platelet function disorder

Mild platelet disorders are likely to become evident later in
life, and only after some haemostatic challenge, such as
surgery or dental extractions. Easy bruising is a very non-
specific symptom, and in many of these patients it may be
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difficult to decide if bleeding manifestations are abnormal or
not.

Family history

A family history compatible with the dominant forms of
platelet disorders should be sought. Consanguineous partner-
ships increase the likelihood of a recessive platelet disorder.
Investigation of family members may be helpful in establishing
a diagnosis of an inherited platelet disorder.

Examination

Examination assesses the type of bleeding, if any, at the time of
the consultation but often the main purpose is to exclude an
underlying disease or diagnose a recognised syndrome. Scars
from previous trauma or surgery should be examined in case
the defect in primary haemostasis is due to a collagen disorder
and skin hyperelasticity should be sought. Urine should be
tested for blood and protein.

Investigations for a suspected inherited platelet disorder

All patients under investigation for a possible platelet disorder
should be investigated for other or additional potential causes
of bleeding. In practice, this will occur in parallel to
investigation of platelet function.

Full blood count and film

The platelet count should be measured. A peripheral blood
film should be examined to confirm the platelet count and
assess platelet size and morphology and any white cell or red
cell changes. Changes seen in specific disorders will be
described in the appropriate section. If clumping is seen, a
platelet count in a citrated sample should be analysed. Giant
platelets may not be identified automatically and in syndromes
with large platelets an inappropriately low platelet count may
be reported on an impedance analyser. Optical platelet
counters give more accurate counts in samples with macro-
thrombocytopenia. A reference method for platelet number
using flow cytometry for platelet counting is available (Har-
rison et al, 2001).

There are many potential causes of thrombocytopenia but
previous platelet counts and family studies may be helpful in
distinguishing between congenital and acquired causes.

Coagulation screen

All patients should have a prothrombin time, activated partial
thromboplastin time, Clauss fibrinogen and thrombin time
performed. Laboratories should determine their own age-
related reference range and be aware of the variable sensitivity
of the tests to reduced levels of clotting factors (Bolton-Maggs
et al, 2004).

© 2006 The Authors
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All patients with symptoms suggestive of a platelet function
disorder should be investigated for VWD (Laffan et al, 2004).
This disorder is more common than platelet function disorders,
presents with a similar bleeding phenotype and can interact
with platelet function disorders to affect their phenotype.

Bleeding time

The use of the bleeding time has reduced over the last decade. Its
clinical utility is limited because the test is poorly reproducible,
invasive, insensitive and time consuming (Rodgers & Levin,
1990; Lind, 1991). The bleeding time is frequently normal or
only minimally prolonged in mild platelet function disorders
(Lind, 2002), but will be prolonged in the more severe forms.

The bleeding time does not correlate with the bleeding
tendency within individual patients and it is widely considered
that an accurate bleeding history is a more valuable screening
test (Burns & Lawrence, 1989; Peterson et al, 1998).

Patients with collagen disorders usually have a normal
bleeding time (De Paepe & Malfait, 2004) and a prolonged
bleeding time should prompt further investigation of platelet
function.

The bleeding time is not suitable as a screening test but
should be considered in specific circumstances in the
investigation of patients with bleeding disorders if other tests
have not demonstrated a defect.

Platelet function analyser-100

Platelet function analyser-100 (PFA-100) measurements (Jil-
ma, 2001; Francis, 2002) will be significantly abnormal in
Glanzmann thrombasthenia and Bernard—Soulier syndrome
with closure times typically >300 s on both ADP/collagen and
adrenaline/collagen cartridges. Therefore, it can be used to
screen patients to exclude these diagnoses.

PFA-100 may be sensitive to platelet storage pool disorders,
primary secretion defects, Hermansky—Pudlak syndrome
(HPS) and Quebec syndrome. However, its utility as a
screening test as part of an investigation for these disorders is
limited, because false-negative results occur in patients with all
these disorders (Favaloro, 2001; Harrison et al, 2002a; Liesner
et al, 2004; Quiroga et al, 2004). Patients with a history
suggestive of a platelet function defect will need further
investigation whether the PFA-100 is normal or abnormal.

PFA-100 can be affected by platelet count, haematocrit, diet
and aspirin, and is very dependent on VWF levels (Favaloro,
2001; Jilma, 2001). A prolonged PFA-100 closure time must
therefore be further investigated by measurement of VWF
levels. Abnormal tests should be repeated to exclude a
transient-acquired defect.

Platelet aggregation

Platelet aggregation in platelet-rich plasma may give important
information about platelet function, especially as it provides
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information on the time course of activation. Typical agonists
for platelet aggregation are ADP, adrenaline, collagen, arachi-
donic acid, ristocetin, U46619 (thromboxane receptor agonist)
or thrombin receptor activating peptide (TRAP). It is recom-
mended that full dose-response curves to each agonist are
obtained and compared relative to a reference range obtained
from several healthy volunteers (British Committee for
Standards in Haematology, BCSH, 1988; Moffat et al, 2005;
Zhou & Schmaier, 2005). If thrombin is used, an inhibitor
of fibrin polymerisation, such as GPRP (glycine—proline—
arginine—proline) peptide or washed platelets, must be used.
Platelet counts below 120 x 10°/1 can severely influence
responses to some agonists. There is no need to normalise
the platelet count of the test plasma relative to the control
above this value, especially as there is evidence that dilution of
a plasma sample will change the responses to various agents. In
thrombocytopenic samples, where the platelet count is below
120 x 10%/1, the best options are to adjust a control sample to
the same count as the patient or to perform studies on washed
platelets where the platelet number can be normalised. In both
cases, it is necessary to generate standard concentration—
response relationships from a pool of control donors. How-
ever, neither case is ideal in that dilution of the control sample
with platelet-poor plasma is reported to impair agonist
activation and concentration of samples using washed platelets
is likely to generate a very small sample volume for analysis (as
a result of the thrombocytopenia). Consideration should
therefore be given to more specialist tests that are suited to
analysis of samples with a low platelet yield, such as analysis of
P-selectin expression or activation of integrin GPIIb/IIla by
flow cytometry.

Aggregation responses associated with specific diagnoses will
be covered in appropriate sections.

Platelet nucleotides content and release

The measurement of platelet adenosine triphosphate (ATP)/
ADP content and release is useful in the diagnosis of storage pool
and release defects (Summerfield et al, 1981). Normal platelet
aggregation does not exclude the diagnosis of storage pool
disease, especially depending upon the agonists and the range of
concentrations that have been used. In one study, 25% of
patients with storage pool disease had normal platelet aggrega-
tion (Nieuwenhuis et al, 1987), and in another, 17 of 46 (35%)
patients with normal platelet aggregation had storage pool
disease (Israels et al, 1990). At present it is reccommended that,
unless the laboratory has demonstrated that their platelet
aggregation assay is sensitive to defects in platelet nucleotide
amount or release, patients suspected of having a bleeding
disorder caused by platelet dysfunction should have both platelet
aggregation and platelet nucleotides/ATP release performed.
Normal ranges in children: ideally, age-related local normal
ranges should be established for total and released levels of
ATP and ADP and their ratios but for ethical reasons this is
seldom possible. Recent studies have shown that platelet

aggregation, nucleotide content and nucleotide release in
children over 12 months of age do not differ from adult values,
whereas collagen-induced platelet nucleotide release has been
shown to be reduced in neonates compared with children older
than 1 year; agonist-induced secretion of platelet granule
contents has been shown to be reduced in both term and
premature babies due to immature signal transduction path-
ways (Rajasekhar et al, 1994, 1997).

Platelet flow cytometry

Flow cytometry may be used to measure platelet activation as
well as surface GPs, a-granule release, phospholipid expression
and microvesicle production. Flow cytometry assays have also
been reported to measure dense-granule content and release
(Gordon et al, 1995; Wall et al, 1995). The most common
applications, however, are the assessment of GPIb/IX/V and
GPIIb/IIIa in the diagnosis of Bernard-Soulier syndrome and
Glanzmann thrombasthenia. Heterozygous states of these
disorders can also be identified. The measurement of GPIb-
IX-V in the heterozygous state needs to be corrected for
platelet size.

The main benefits of flow cytometry include the small
quantities of blood that are required, making this technique
particularly useful in young children and in thrombocytopenic
individuals, and unequivocal demonstration of defects in levels
of specific GPs.

Electron microscopy

Transmission electron microscopy (EM) of thin sections of
fixed/embedded platelets is available in only a few specialised
laboratories but may be of use in assessing platelet granule
defects and changes in platelet ultrastructure, for example, in
assessing patients with MYH-9 defects. Whole mount EM is
particularly useful for quantifying dense-granule numbers, as
they are very easily identified by EM of unstained preparations
(White, 1969). Dense bodies can be counted in many normal
platelets to determine a normal range. In HPS the dense
granules are completely absent.

Molecular analysis

Some families with severe platelet function disorders may
benefit from identification of their molecular defect(s) to allow
antenatal diagnosis to be offered. Molecular analysis of platelet
GPs is available in a small number of specialist laboratories.

Other methods

A wide variety of tests are available in specialist laboratories
that may provide further information on the disorder,
including analysis of receptor expression, protein phosphory-
lation and formation of second messengers. In addition,
several laboratories are at an early stage of developing
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genomic- and proteomic-based approaches for the analysis of
individuals with platelet disorders, although the practical
significance of these tests is presently unclear.

Specific platelet disorders

For investigation refer to the algorithm on approach to
diagnosis in Fig 1. The clinical management of the platelet
disorders is discussed later and divided broadly into severe and
mild. Where specific details apply to individual disorders these
are included in the disease-specific section.

Inherited thrombocytopenias

In the following, sections 1-6 refer to disorders with thromb-
ocytopenia (excluding Bernard-Soulier syndrome).

Introduction

The inherited thrombocytopenias are a heterogeneous group
of uncommon conditions that result in early onset thromb-
ocytopenia, which may occur either as an isolated finding or in
association with other abnormalities. Although some cases
remain unclassifiable, recent advances in molecular genetics
have improved our understanding of the nature of many of
these conditions. Various different classifications have been
proposed based on variables that include the mode of
inheritance, platelet size, genetic mutations and co-existing
abnormalities (Drachman, 2004). A recent publication has
proposed a simplified scheme for the investigation of these
disorders based on platelet size and the presence of co-existing
clinical abnormalities (Balduini et al, 2002). It is important to
note that, although many of these conditions are very rare,
they are likely to have been misdiagnosed in the past (often as
immune thrombocytopenia), which may have led to the use of
inappropriate treatment.

1. MYH-9-related thrombocytopenia syndromes

Definition. MYH-9-related disorder is an autosomal dominant
macrothrombocytopenia syndrome that includes entities
previously classified as May—Hegglin anomaly, Sebastian,
Fechtner and Epstein syndromes and some non-syndromic
heritable thrombocytopenias. This disorder is defined by the
presence of deleterious mutations within MYH9, the gene that
encodes non-muscle myosin II-A heavy chain (NMMHC-IIA)
(Seri et al, 2000, 2003; Pecci et al, 2002).

Molecular genetics. The NMMHC-IIA is part of the non-
muscle myosin ITA hexamer that is a component of the
contractile cytoskeleton in MK, platelets and other tissues.
MYH9 mutations associated with MYH-9-related disorder are
predicted to disrupt stability of the non-muscle myosin ITA
hexamer or to disrupt its interaction with other regulatory
proteins (Seri et al, 2000). Thrombocytopenia results from
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defective megakaryopoiesis. Additional defects in platelet
function may arise from defective shape change or
expression of GPIb/IX/V (Balduini et al, 2002; Di Pumpo
et al, 2002). There is poor correlation between MYH9 genotype
and clinical phenotype and there is variability in phenotype
amongst individuals with the same mutations (Seri et al,
2003).

Clinical presentation. The clinical features of MYH-9-related
disorder include, with decreasing frequency, bleeding,
sensorineural hearing loss, glomerulonephritis and cataract
(Seri et al, 2003). Affected individuals usually show a mild
bleeding phenotype although this may be more severe than
expected from the platelet count because of abnormal platelet
function. Life-threatening bleeding is recognised although
uncommon. Other phenotypic manifestations are highly
variable and may present in infancy or in adult life.

MYH-9-related disorder should be considered in individuals
previously classified as ‘non-syndromic macrothrombocytope-
nia’, in which autosomal dominant or sporadic macrothromb-
ocytopenia exists in isolation. In all patients with suspected
MHY-9-related disorder, evidence of glomerulonephritis, sen-
sorineural deafness and cataract should be sought with
specialist investigation.

Minimal diagnostic criteria. The association of macrothrombo-
cytopenia and one or more of the recognised clinical
associations of MYH-9-related disorder is highly suggestive of
this diagnosis. Platelet counts are typically in the range of
20-130 x 10°/1 and most patients show an elevated mean
platelet volume and a conspicuous population of very
large platelets (Balduini et al, 2003; Seri et al, 2003; Lova
et al, 2004). However, the platelet phenotype is variable and
the platelet count and mean platelet volume may be
underestimated by automated counters. Dohle-like bodies
within neutrophils on May-Griinwald—-Giemsa stained
peripheral blood are highly suggestive of MYH-9-related
disorder. However, the proportion of neutrophils containing
inclusions and the inclusion morphology are variable, with
some individuals showing absent inclusions using standard
microscopy. Abnormal staining of neutrophil inclusions with
anti-NMMHC-ITA may offer greater sensitivity (Pecci et al,
2002; Seri et al, 2003). Definitive diagnosis requires the
demonstration of a causative mutation within MYH9.

Management. As bleeding phenotype is highly variable in
MYH-9-related disorders, treatment of individual patients
should be guided, where possible, by personal and family
haemostatic history. In general, the bleeding disorder should
be managed as for other mild platelet disorders (see below).

2. Congenital amegakaryocytic thrombocytopenia

Definition. Congenital amegakaryocytic thrombocytopenia
(CAMT) is a rare disorder characterised by a severe
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thrombocytopenia associated with the almost complete
absence of MK in the bone marrow.

Molecular genetics. The molecular cause of CAMT has now
been identified in a number of cases or families and is due to
mutations in the MPL gene, which results in altered expression
or function of the TPO receptor c-mpl (van den Oudenrijn
et al, 2000; Ballmaier et al, 2001). CAMT is a recessive disorder
and both parents have normal platelet numbers and function.

Studies in mice have demonstrated a wider importance of
TPO and c-mpl in haemopoiesis. This is in keeping with
observations in humans that some individuals with CAMT
develop pancytopenia and reduced numbers of all haemopoi-
etic progenitors (Kimura et al, 1998).

Clinical presentation. Congenital amegakaryocytic thrombo-
cytopenia usually present in the neonatal period or soon after
with bleeding symptoms due to severe thrombocytopenia.
At diagnosis thrombocytopenia is usually an isolated
finding but the condition is associated with progressive
haemopoietic failure and the development of severe aplastic
anaemia. Haemopoietic failure usually develops over a period
of 5-10 years, although it can be more rapid (Ballmaier et al,
2003).

Minimal diagnostic criteria. The presence of severe congenital
thrombocytopenia associated with markedly reduced or absent
MK in the bone marrow is highly suggestive of a diagnosis of
CAMT. The differential diagnosis of CAMT includes Fanconi’s
anaemia and other congenital bone marrow failure syndromes
and definitive confirmation of the diagnosis currently requires
molecular analysis of the MPL gene.

Management. Platelet transfusion is the most important aspect
of the initial management of CAMT (see also generic section).
Given the severity of the thrombocytopenia and the eventual
progression of this condition to severe aplasia, CAMT is best
managed by haemopoietic stem cell transplantation (HSCT)
(see below).

3. Amegakaryocytic thrombocytopenia with radioulnar
synostosis

Definition. Amegakaryocytic thrombocytopenia with radio-
ulnar synostosis is a recently described syndrome where
radioulnar synostosis occurs in association with an
amegakaryocytic thrombocytopenia.

Molecular genetics. This condition has been described only in a
small number of families to date and appears to be dominantly
inherited (Thompson & Nguyen, 2000; Thompson et al, 2001).
Molecular analysis has demonstrated the presence of mutations
in the HOXAII gene. It is not yet clear how failure of
expression of HOXA11 causes abnormal megakaryopoieis and
other abnormalities of haemopoietic development.

Clinical presentation. Similar to CAMT, this condition usually
presents in the first few days of life with bleeding symptoms
secondary to severe thrombocytopenia. Platelet morphology is
normal and MK are virtually absent from the marrow. Infants
with the condition have a proximal radioulnar synostosis and
may have other skeletal abnormalities. Sensorineural deafness
has also been reported. Again, like CAMT, the condition is
associated with the development of pancytopenia as a
consequence of haemopoietic failure.

Minimal diagnostic criteria. Amegakaryocytic thrombocyto-
penia in association with characteristic skeletal malformation.
Molecular analysis may demonstrate the presence of mutations
in the HOXAII gene.

Management. Initial management is with platelet support but
a number of affected cases have subsequently undergone HSCT
(see below).

4. Thrombocytopenia and absent radii

Definition. Thrombocytopenia with absent radii (TAR) is a
rare but highly distinctive form of severe congenital
thrombocytopenia that characteristically improves through
childhood. Patients with TAR may show an additional defect
in platelet function (Day & Holmsen, 1972).

Molecular genetics. Thrombocytopenia with absent radii is
associated with defective response of MK to TPO and the
functional defect may lie in the signalling pathways
downstream of the TPO receptor c-mpl (Ballmaier et al,
1997). Although in most cases TAR shows autosomal
recessive inheritance, apparently dominantly inherited cases
have also been reported. The molecular basis of TAR is
unknown.

Clinical presentation. Thrombocytopenia with absent radii is
associated with the combination of severe congenital
thrombocytopenia and bilateral absent radii but is often with
associated clinical features, such as gastrointestinal problems
(47%), particularly cow’s milk intolerance, skeletal defects of
the lower limbs (47%), renal (23%) and cardiac anomalies
(15%), and facial capillary haemangioma (Hedberg & Lipton,
1988; Greenhalgh et al, 2002). The thrombocytopenia is
associated with reduced numbers of MK in the bone marrow
and defective MK maturation.

Although the thrombocytopenia is initially severe, the
platelet count gradually improves. There is no history of
progressive  haemopoietic failure in this condition,
although there are occasional reports of the development
of acute myeloid leukaemia in later life (Go & Johnston,

2003).

Minimal diagnostic criteria. The diagnosis is based on the
typical clinical and bone marrow abnormalities.
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Management. Platelet transfusions are wusually required
initially but this is not usually required beyond infancy as
the platelet count often improves. Bleeding risk may
therefore be more severe than expected from the platelet
count. Some clinicians suggest that a platelet function test is
performed in TAR patients, including those with normal
platelet number, to accurately assess bleeding risk before
major surgery.

5. X-linked thrombocytopenia with dyserythropoiesis
(GATA1 mutations)

Definition. This is an X-linked disorder in which thrombo-
cytopenia is associated with red cell abnormalities due to
mutations in the GATAI gene, which encodes the erythroid
and MK transcription factor GATAL.

Molecular basis. GATA1 and its co-factor FOG-1 are crucial
for normal MK development (Shivdasani, 2001). GATA1 is
also important for erythroid development and GATAI
knockout mice die in utero from a severe anaemia.
Mutations in the GATAI gene can give rise to a
macrothrombocytopenia associated with variable red cell
abnormalities depending upon the site of the mutation.

Clinical features. A small number of kindreds have now been
described where a peripheral blood macrothrombocytopenia is
associated with mild to moderate dyserythropoiesis (Nichols
et al, 2000; Freson et al, 2001; Mehaffey et al, 2001; Yu et al,
2002). The condition is X-linked and, clinically, patients often
have significant bleeding problems, which may be reported
from birth onwards. The thrombocytopenia is usually severe
and the platelet size is increased. Small defects in platelet
function have also been recorded, although platelet
aggregation to most agents is normal (when corrected for
platelet counts) (Hughan et al, 2005). The anaemia is of
variable severity and there may be evidence of haemolysis. The
marrow is hypercellular with evidence of dysplasia in both the
erythroid and myeloid series. The condition has not been
associated with leukaemic transformation or progressive bone
marrow failure. Female carriers may also have a mildly
increased reticulocyte count and evidence of imbalanced
globin chain production (Thompson et al, 1977).

Minimal diagnostic criteria. Thrombocytopenia in association
with red cell abnormalities is suggestive of the diagnosis, which
can be confirmed by finding a mutation in the GATAI gene.

6. Wiskott—Aldrich syndrome

Definition. Wiskott—Aldrich syndrome (WAS) is a rare X-
linked recessive disease classically characterised by micro-
thrombocytopenia, eczema and immunodeficiency (Wiskott,
1937; Aldrich et al, 1954), with an incidence of about 4 per
million live male births.
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The clinical phenotype is variable, with milder forms of the
syndrome previously described as X-linked thrombocytopenia
(XLT).

Molecular genetics. Wiskott—Aldrich syndrome is a monogenic
disorder, arising from defects in the WAS gene, located at
Xp-11-22. The WAS gene encodes a 502 amino acid protein
termed WASP that is expressed in all haemopoietic lineages
but shows reduced or absent expression in WAS (Derry et al,
1994). It has been shown that isolated XLT is also caused by
mutations in the WAS gene and that this is a variant of the
same disease (Derry et al, 1995; Kwan et al, 1995; Zhu et al,
1995; Ochs, 1998). Defects of signal transduction and in the
maintenance of the cytoskeleton result from the aberrant
WASP, giving rise to the diverse clinical and laboratory
manifestations of the syndrome (Remold-O’Donnell et al,
1996; Ochs, 1998; Higgs & Pollard, 2000).

Clinical presentation. The infant often presents with bruising
and purpura in the neonatal period and there is an
increased risk of intracranial haemorrhage. Bleeding from the
gastrointestinal tract may occur, and prolonged bleeding after
circumcision may be the presenting feature.

Eczema develops during the first year of life and may be of
varying severity, often being widespread and debilitating in
children with ‘classic WAS and mild or absent in those with
the XLT” phenotype.

Infections occur early, often in the first 6 months of life.
Bacterial infections occur most frequently, particularly otitis
media and respiratory tract infections, with severe viral
infections and opportunistic infections occurring less fre-
quently (Sullivan et al, 1994). In the XLT” phenotype, eczema
and infection do not occur.

Autoimmune disorders occur frequently with increasing age
in WAS, haemolytic anaemia and vasculitis being the most
frequent (Sullivan et al, 1994). The other life-threatening
complication of WAS is of malignancy, usually though not
exclusively lymphoreticular in origin. In the series reported by
Sullivan et al (1994), malignancy occurred in 13% of individ-
uals, the average age at diagnosis being 9-5 years.

Minimal diagnostic criteria. The diagnostic triad of thrombo-
cytopenia, eczema and immunodeficiency are typical, but the
full set was absent in most individuals at the first evaluation
and the average age at diagnosis in 122 individuals was 21
months, ranging from birth to 25 years (Sullivan et al, 1994).
Thrombocytopenia with small platelets is present at birth
and may vary between 5 and 50 x 10°/1. The average diameter
of WAS platelets is reported to be 1-82 £+ 012 pm compared
with the normal platelet diameter of 2-3 + 0-12 um (Kenney,
1990). Bone marrow examination shows normal numbers and
morphology of MK; but there may be ineffective thrombo-
poiesis (Ochs et al, 1980) with reduced platelet survival
(Murphy et al, 1972). Various defects of platelet function
have been reported in WAS (Baldini, 1972), although the
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degree of thrombocytopenia will always affect the interpret-
ation of such results.

Immune defects are not present at birth and usually develop
in later childhood, when they are variable and progressive,
affecting both T and B lymphocytes. T lymphocytes are
depleted (Ochs et al, 1980) and show abnormal function.
Immunoglobulin (Ig)G levels are usually normal but serum
IgM levels are reduced, resulting in low titres of isohaemag-
glutinins (Murphy et al, 1972). Antibody formation to poly-
saccharide antigens is absent or minimal. Antibody responses
to other protein antigens may be normal or reduced. Genotypic
confirmation of the diagnosis through analysis of the WAS
gene is undertaken by a small number of genetic laboratories in
the UK. Identification of non-random inactivation of the X
chromosome in haemopoietic cells may be helpful in the
diagnosis of female carriers when gene analysis is not possible.

Management. The management of WAS should address
bleeding manifestations, recurrent infections, eczema, auto-
immune disorders and the risk of malignancy; these patients
benefit from multidisciplinary management, which should
include an immunologist. In 1968, the life expectancy
for infants with WAS was reported as 3-5 years (Cooper
et al, 1968): developments in antimicrobial therapy, the
introduction of intravenous immunoglobulin, the ready
availability of blood product support and the more frequent
use of splenectomy have increased survival to the second and
third decade (Mullen et al, 1993). However, the only curative
treatment for WAS remains bone marrow transplantation.

Bleeding — see under severe platelet disorders in next section.
Whenever possible, human leucocyte antigen (HLA)-selected
platelets should be used in order to avoid sensitisation and,
because of the immune deficiency, should always be irradiated
and cytomegalovirus (CMV) negative.

Splenectomy may result in an increase both in platelet
number and size; the risk of postsplenectomy sepsis is
increased so that the risk—benefit analysis of this operation
must be evaluated for individual patients. A median survival
of 25 years has been reported in a series of 39 patients
following splenectomy coupled with the daily use of antibi-
otics (Mullen et al, 1993; Litzman et al, 1996). It is recom-
mended that prophylactic antibiotics should be lifelong for
individuals who have undergone splenectomy. Splenectomy
does not influence the development of malignancy or
autoimmune disorders. It may be expected to be successful
in the milder phenotype of this syndrome (XLT) where
immunodeficiency is not a feature.

Immune deficiency. The immunodeficiency in WAS is severe
and progressive: all infections must be thoroughly investigated
and appropriate antimicrobial therapy commenced -early.
Prophylactic antibiotics and antifungals may be indicated and
intravenous immunoglobulin should be given at least monthly
when recurrent bacterial infections occur. Otherwise, the use of
Ig has been successfully restricted to periods of infection.

Eczema. Eczema can be severe and debilitating and may
require aggressive local therapy as well as systemic steroids.
Food allergies may be an exacerbating factor and should be
sought routinely.

Haemopoietic stem cell transplantation See later.

Pregnancy If the mother is a carrier for WAS or the carrier
status is unknown but the fetus is male, delivery should be
managed as for a potentially severely affected child (see
sections below). Where the gene defect is known in a
particular family, antenatal diagnosis can be offered with the
option of termination of pregnancy if the fetus is found to be
affected.

Glanzmann thrombasthenia (normal platelet
count)

Definition

Glanzmann thrombasthenia, is a rare autosomal recessive
disorder characterised by a deficiency or functional defect of
platelet GPIIb/IIla (Nurden & Caen, 1975; Phillips & Agin,
1977; Ginsberg et al, 1986), which mediates aggregation of
activated platelets by binding the adhesive proteins, fibrinogen,
VWEF and fibronectin. The incidence is higher in communities
where consanguineous partnerships are frequent (Khanduri
et al, 1981; Awidi, 1984; Seligsohn & Rososhansky, 1984;
Ahmed et al, 1988).

Molecular genetics

The genes that encode GPIIb and GPIIIa, termed ITGA2B and
ITGBS3, respectively, are located within a single 260-kb segment
in the q21-23 band on chromosome 17. More than 100
mutations in either gene have been reported. A diversity of
mutational defects are described, including point mutations
leading to single amino acids substitutions, insertions or
deletions, nonsense mutations and splicing abnormalities
(Sosnoski et al, 1988; Ramasamy, 2004).

Clinical presentation

The clinical features are summarised in a large cohort of 177
patients (George ef al, 1990). Most present before the age of
5 years, often during the neonatal period with purpura or
petechiae or in early childhood with excessive bruising. Major
bleeding complications during the neonatal period, such as
intracranial bleeding are rare (Awidi, 1992).

Purpura, epistaxis, gingival bleeding and menorrhagia are
the commonest clinical features (George et al, 1990). Epistaxis
is the commonest cause of serious bleeding and is more severe
in childhood. Severe epistaxis is less frequent in adults.
Gingival bleeding is common especially if dental hygiene is
poor. Iron deficiency anaemia is common in children.
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Menorrhagia is often a serious problem in women and
severe bleeding can occur at the menarche. Occasionally,
patients may present with severe menorrhagia with no history
of bleeding prior to menarche (Markovitch et al, 1998).

Gastrointestinal haemorrhage was reported in 22 of the 177
cases (George et al, 1990). This may be sometimes associated
with angiodysplasia (Nardone et al, 1999; Poon et al, 2004).
Haematuria occurred in 10 of the 177 patients. Haemarthrosis
is rare (Cronberg & Nilsson, 1968; Reichert et al, 1975;
Klofkorn & Lightsey, 1979; George et al, 1990), and occurred
in five of 177 cases (George et al, 1990). Intracranial haemor-
rhage is unusual; it was reported that three of the 177 cases,
two of these were following head trauma.

Bleeding after trauma or surgical procedures can be severe.
Ten of 12 untreated infants bled following circumcision
(Seligsohn & Rososhansky, 1984). Dental extractions are
usually associated with excessive bleeding and troublesome
bleeding may also occur with exfoliation of deciduous teeth.

Pregnancy and delivery represent a severe haemorrhagic risk
(see below). With the exception of menorrhagia and the threat
posed by pregnancy, severity of bleeding diminishes with age.

Minimal diagnostic criteria

Glanzmann thrombasthenia is characterised by a normal platelet
count and morphology, a prolonged bleeding time, absent or
diminished clot retraction and defective platelet aggregation. If
available, testing with PFA-100 shows prolonged closure times
(Buyukasik et al, 2002; Harrison et al, 2002a). The coagulation
screen is normal. Thrombasthenic platelets do not aggregate in
response to agonists, such as ADP, collagen, thrombin and
adrenaline, but do agglutinate in the presence of ristocetin.
Affected platelets adhere normally to damaged subendothelium
but fail to spread normally and do not form platelet aggregates
(Weiss et al, 1986). Definitive diagnosis is made by flow
cytometry using antibodies to GPIIb (CD41) and GPIIla
(CD61). In the neonate, flow cytometry is easily performed on
small volumes of blood, but aggregation is necessary to identify
those with normal quantities of receptors with functional defects
(Montgomery et al, 1983; Jennings et al, 1986).

Management

See the following section for bleeding in severe disorders. Bone
marrow transplant should be considered in patients with
recurrent severe bleeding. It has been used successfully in a
small number of patients (McColl & Gibson, 1997). As affected
individuals are most often found in consanguineous families,
the chance of a compatible sibling donor is increased.

Neonates

Although presentation of Glanzmann thrombasthenia in the
neonatal period is common, symptoms are not usually severe
and are usually confined to purpura and petechiae (George

© 2006 The Authors

Review

et al, 1990). Occasionally more severe bleeding, such as
haematemesis, may occur. Intracranial haemorrhage in the
neonatal period is rare.

Neonatal alloimmune thrombocytopenia may occur and is
discussed later in the section on management of pregnancy.

Bernard-Soulier syndrome (thrombocytopenia
with large platelets)

Definition

Bernard-Soulier syndrome is a congenital bleeding disorder
characterised by thrombocytopenia and large platelets and a
prolonged bleeding time (Bernard & Soulier, 1948). Platelets
fail to aggregate with ristocetin. The incidence in the USA is
thought to be about one in a million population (Lopez et al,
1998). However, inherited as an autosomal recessive condition,
it is commoner in populations with high incidence of
consanguineous partnerships (Macheta et al, 1997).

Molecular genetics

The underlying defect is the absence or decreased expression
of the GPIb/IX/V complex on the surface of the platelets.
This complex is the receptor for VWF, so that defects result
in deficient binding of VWF to the platelet membrane
resulting in defective platelet adhesion (Nurden & Caen,
1975). GPIb is the major sialylated GP on the platelet surface,
so the absence of or reduction in this protein can lead to
thrombocytopenia because platelets with absent or reduced
sialic acid have reduced survival (Grottum & Solum, 1969).
The complex also facilitates thrombin activation of platelets
(Lopez et al, 1998). The enlarged platelets may relate to
abnormal membrane development observed in abnormalities
of GPIb-a (Poujol eral, 2002). A potentially important
observation is that one copy of GPIBB, the gene that encodes
GPIb-B, is lost in people with chromosome 22ql1 deletions
(di George and Velocardiofacial syndromes). Some of these
patients develop clinically significant thrombocytopenia and
giant platelets, but their platelet function is normal (Van Geet
et al, 1998). The 22q11 deletion syndromes may be associated
with a severe Bernard-Soulier syndrome phenotype if the
single remaining GPIBB gene contains an independently
inherited mutation (Budarf et al, 1995). Children with 22q11
deletions may require major cardiac surgery in infancy and
therefore may have a significant bleeding risk (Lascone et al,
2001; Nakagawa et al, 2001)

The four components of the complex are encoded by genes
on different chromosomes —GPIBA on chromosome 17, GPIBB
on chromosome 22, GP9 and GP5 on chromosome 3.
Mutations causing Bernard—Soulier syndrome have been
described for all these except GPV (consistent with the finding
that GP5 knockout mice are normal (Poujol et al, 2000)). A
mutation database is available at http://www.bernardsou-
lier.org. Currently (accessed 18 January 2006) this contains
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22 references to mutations in the GPIBA gene, 14 for the
GPIBB gene and 10 for the GP9 gene. There is also a mutation
in the GPIBB gene (Alal56Val ‘Bolzano’) (Savoia et al, 2001)
which causes hereditary macrothrombocytopenia and symp-
toms in heterozygotes (see below).

Clinical presentation

In its most severe form, Bernard—Soulier syndrome is a serious
disorder that can be difficult to manage. The inheritance of
Bernard-Soulier syndrome is normally recessive (i.e. no
symptoms in heterozygotes) when homozygosity is often due
to consanguinity. Males and females are equally affected.
Heterozygotes usually have normal investigations and no or
mild bleeding problems (Lopez et al, 1998). However, dom-
inant heterozygous Bernard-Soulier syndrome has been
reported (Miller et al, 1992) and may be more common than
previously thought. An analysis of 12 consecutive patients
(Italian) thought to have ‘hereditary macrothrombocytopenia’
revealed 10 to have the same mutation in the GPIBB gene
(Alal56Val ‘Bolzano’) (Savoia et al, 2001) that was associated
with a reduction in GPIb-B expression similar to Bernard—
Soulier syndrome heterozygotes. However, 22 of the 46
affected subjects/family members had mild to moderate
bleeding symptoms (epistaxis, gingival bleeding, menorrhagia,
easy bruising or excessive bleeding after dental surgery) but no
bleeding after major surgery or childbirth (Savoia et al, 2001).
A careful review of the literature by this group identified 38
heterozygous relatives of Bernard—Soulier syndrome patients,
some with bleeding symptoms similar to the patients in their
own study. This study suggests that heterozygotes for Bernard—
Soulier mutations may be symptomatic. Patients with familial
macrothrombocytopenia should be considered as possible
candidates for this class of mutation.

In classical Bernard—Soulier syndrome, typical symptoms are
those of frequent nosebleeds, bleeding from gums, and easy
bruising that is more severe than expected from the degree of
thrombocytopenia. Bleeding often starts in childhood. Life-
threatening bleeds are associated with major trauma or
surgery. Dental extraction may be troublesome. Women often
suffer with menorrhagia and severe bleeding may occur after
childbirth. While severe cases are usually diagnosed in
childhood, the diagnosis may be missed or confused with
immune thrombocytopenia. Patients may be first diagnosed in
pregnancy (Prabu & Parapia, 2006).

Minimal diagnostic criteria

In this severe disorder, the bleeding time is nearly always
prolonged and closure time on the PFA-100 is usually >300 s
on both cartridges. The platelet count is very variable, ranging
from <30 x 10%/1 to the normal range (Lopez et al, 1998) and
may be underestimated by automated counters. A more
accurate measurement is obtained by manual counts and by
using CD61 (GPIIla) antibodies (flow cytometric method).

Platelet size is increased. Examination of a blood film is
mandatory. Bernard-Soulier syndrome should be distin-
guished from other causes of thrombocytopenia and giant
platelet syndromes. Children may be misdiagnosed with
immune thrombocytopenia (Cuthbert et al, 1988) or, in
infancy, as alloimmune thrombocytopenia, leading to inap-
propriate therapy (Pinto da Costa et al, 2003). Bone marrow
examination is unnecessary. Platelet aggregation studies should
be carried out at experienced centres. Platelets fail to aggregate
with ristocetin. This is not corrected by the addition of normal
plasma, as seen in VWD (Shapiro, 2000). Flow cytometry
offers a rapid method of confirmation and is recommended
using analysis of GPIb-a surface density. EM is unnecessary
for diagnosis. Ultrastructural studies show that the
surface-connected system, the tubular system and the micro-
tubular system are much increased and prominent.

Management

The bleeding tendency is variable and needs to be assessed
individually. In addition to the investigations mentioned above
patients should have full blood count, liver function tests
(adults), blood group and iron status measured. Children and
adolescents, and adult women are often anaemic and iron
deficient.

Surgery and pregnancy are covered in a separate section
below. Normal infants of mothers with Bernard—Soulier
syndrome who have antiplatelet antibodies are at risk of
alloimmune thrombocytopenia.

Neonates

Infants with thrombocytopenia may present a diagnostic
dilemma (Pinto da Costa et al, 2003). Consanguinity of the
parents may be an important indicator of a possible autosomal
recessive condition. In the affected infant with Bernard-Soulier
syndrome, normally no treatment is needed unless there is
bleeding or in rare cases where the platelet count is low, for
example, <30 x 101, and there is danger of spontaneous
haemorrhage.

Disorders of platelet receptors and signal
transduction pathways (normal platelet count)

Definition

The heritable disorders of platelet receptors and signal
transduction pathways are a heterogeneous, ill-defined group
of defects of platelet activation. They are associated with
widespread inhibition of platelet activation to one or more
agonists, including defects in aggregation, granule secretion
and cytoskeletal regulation, and arise from abnormal function
of platelet membrane receptors or their associated signalling
pathways. Disorders previously classified as ‘primary secretion
defects’ may be a subset of this group.
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Molecular genetics

Disorders within this group may arise through molecular
defects in a wide range of receptors or their signalling proteins.
As a consequence, identification of the causative molecular
defects is often difficult and has been successful in only a small
number of isolated cases (Rao et al, 2004).

Clinical presentation

Affected individuals show abnormal primary haemostasis
usually manifesting as a mild bleeding tendency due to the
presence of compensatory receptors or signalling pathways.
Patients with defects in signal transduction pathways are
likely to have additional clinical manifestations because of
the contribution of the signalling pathways to the regulation
of other cell types. For example, pseudohypoparathyroidism
type 1b, which is associated with a mild bleeding disorder, is
caused by a defect in the heterotrimeric G protein subunit
Gso. which regulates adenylyl cyclase (Freson et al, 2002,
2004).

Minimal diagnostic criteria

These disorders are nearly always associated with normal
platelet count and morphology. Platelets usually show a
decrease in primary aggregation to one or more agonists,
which is often accompanied by an absence of secondary
aggregation in response to some, or all, standard laboratory
agonists. This group of disorders may be distinguished from
storage pool defects by the demonstration of normal platelet
nucleotide content and nucleotide release.

Most disorders within this group are heterogeneous in
laboratory phenotype and require specialist investigation for
definitive diagnosis. This could include, for example, meas-
urement of surface receptor expression or activation of signal
transduction pathways. However, some disorders have been
described with sufficient frequency to allow ‘provisional’
diagnosis in non-specialist laboratories by platelet aggregation
using standard laboratory agonists.

Defects in TXA, formation or TXA, receptor function

Defective TXA, receptor function is associated with impaired
platelet aggregation to arachidonic acid and a variable response
to other agonists, sometimes comprising a reduced primary
wave and absent secondary wave. The response to ristocetin is
preserved (Fuse et al, 1993, 1996; Lages et al, 1981; Samama
et al, 1981; Wu et al, 1981). Defects in platelet cyclo-oxygenase
(prostaglandin H, synthase-1) (Malmsten et al, 1975; Lagarde
et al, 1978; Horellou et al, 1983) or thromboxane synthase
(Mestel et al, 1980; Defreyn et al, 1981; Rao et al, 1985) are
associated with a similar laboratory phenotype using standard
laboratory agonists but may be distinguished from TXA,
receptor defects by preservation of platelet aggregation in
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response to prostaglandin-H, or the synthetic thromboxane
U46619.

ADP receptor defects

Platelets express two G protein-coupled receptors for ADP,
P2Y; and P2Y;,. The P2Y;, receptor is the target for
clopidogrel and plays a major feedback role in supporting
platelet activation by a wide range of agonists, following release
of ADP. Five patients with defects in the P2Y,, receptor have
been described. The patients have absent or impaired platelet
aggregation with ADP, and variable impairment in aggregation
to other agonists (Cattaneo et al, 1992, 2000, , Nurden et al,
1995). This disorder shows autosomal recessive inheritance but
heterozygous individuals may have a reduced, rather than
absent, secondary aggregation response to ADP (Cattaneo
et al, 1992, 2003). The importance of the P2Y;, receptor in
supporting platelet activation in vivo indicates that more
patients with defects in this receptor may be identified.
Patients with defects in the P2Y, ADP receptor have not been
reported.

Platelets express a ligand-gated ion-channel receptor, P2X;
which is activated by ATP. Patients with an inherited defect in
this receptor have not been described.

Collagen receptor defects

A small number of patients (<10) have been identified with
defects in platelet activation by collagen, which have been
attributed to defects in GPVI or GPIa/Ila (Moroi et al, 1989;
Ryo et al, 1992; Arai et al, 1995). In these cases, however, it is
unclear whether the defect is due to a secondary factor, such as,
for example, immune thrombocytopenia or the presence of a
myeloproliferative disorder.

Adrenoceptor defects

Selective absence of an aggregation response to adrenaline has
been reported as a heritable trait in association with easy
bruising and reduced expression of platelet a2-adrenoceptors
(Tamponi et al, 1987; Rao et al, 1988). However, the aggre-
gation response to adrenaline is variable in normal individuals
and impaired aggregation with adrenaline may be a common
asymptomatic population variant (Weiss & Lages, 1988). The
relationship between o2-adrenoceptor defects and bleeding
requires further clarification.

Management

Very little is known about management since the disorders of
platelet receptors and signal transduction pathways are
heterogeneous and historically have been poorly characterised.
In general, this group of disorders should be managed as for
other mild platelet disorders (see below).
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Abnormalities of the platelet granules (normal
platelet counts)

Definition

Defective platelet function can result from deficiencies in the
number of granules, granule content or failure of normal
secretory mechanisms upon stimulation. Many conditions are
associated with a defect in either dense- or o-granules,
although both can be affected in a small number of cases. In
many cases, defects in secretion from platelet granules are part
of a more complex condition affecting other body systems.

Dense-granule disorders (normal platelet count)
1 HPS;

2 Chediak-Higashi syndrome (CHS);

3 idiopathic dense-granule deficiency.

Dense granules are a lysosome-related organelle that are
localised to platelets and MK. They form part of a family of
highly specialised, cell-type-specific organelles that includes
melanosomes and lytic granules of cytotoxic T lymphocytes
and natural killer cells. Dense-granule disorders are generally
part of a more complex congenital disorder that can be
attributed to defects in several of the other related lysosome-
related organelles. Overall, the platelet defect in dense-granule
disorders causes a bleeding diathesis of mild—moderate severity
with easy bruising, epistaxis and menorrhagia, but the
possibility of significant surgical- or trauma-induced bleeding.

Hermansky—Pudlak syndrome

Hermansky—Pudlak syndrome is a genetically, clinically and
biologically diverse disorder. It was first described by two
Czechoslovakian pathologists (Hermansky & Pudlak, 1959)
and consists of a collection of genetically distinct defects that
have common clinical and laboratory findings (Huizing et al,
2001). The group of autosomal recessive disorders affects
related subcellular organelles, including platelet dense granules
and melanosomes, with each disorder being defined by the
nature of the mutated gene. Oculocutaneous albinism and
platelet dense-granule defects are common to all forms of HPS
with additional manifestations that are characteristic of certain
forms of HPS, including pulmonary fibrosis, granulomatous
colitis, neutropenia and mild immunodeficiency. For further
clinical information on HPS, the reader is referred to the
recent reviews by Gunay-Aygun et al (2004) and Spritz et al
(2003).

Although extremely rare worldwide, it is the commonest
genetic disorder in Puerto Rico affecting one in 800 and
giving rise to more than 500 known cases (Witkop et al,
1990). There are also clusters of affected kindreds in the Swiss
Valais, southern Holland and Japan and a recently reported
series of UK residents of Turkish extraction (Harrison et al,
2002b).

Molecular genetics. To date, HPS has been associated with
mutations in eight human genes: HPSI1, AP3B1/HPS2, HPS3,
HPS4, HPS5, HPS6, HPS-7/dysbindin and HPS8 (Gwynn et al,
20005 Li et al, 2003; Starcevic & Dell’Angelica, 2004; Di Pietro
& Dell’Angelica, 2005; Morgan et al, 2006). All the proteins
encoded by the HPS genes are involved in intracellular
vesicular trafficking, controlling processes such as protein
sorting, vesicle docking and fusion. Additional manifestations
of HPS are characteristic of mutations in specific HPS genes.
Examples include pulmonary fibrosis associated with HPSI
and HPS4 mutations and neutropenia and immunodeficiency
associated with HPS2 mutations. The proteins encoded by the
HPS1 and HPS4 genes are believed to play a co-ordinated role
in trafficking of proteins to newly synthesised organelles
(Chiang et al, 2003).

Most human HPS patients are known to have mutations of
either HPSI or HPS4. In the HPS patients from Puerto Rico, a
specific genetic abnormality in HPSI is almost ubiquitous; that
is a 16-bp frameshift duplication affecting codons 491-496 in
exon 15 of HPSI at chromosome segment 10q23 (Oh et al,
1996). A number of other mutations in HPSI have been
described in HPS patients from Europe and Japan (Oh et al,
1998).

It is noteworthy that between eight and 10 genes have been
identified in mouse models of HPS, which as yet have not been
implicated in a dense-granule disorder in humans. The precise
number of genes that fall into this group is determined by the
way that HPS is defined (Di Pietro & Dell’Angelica, 2005). For
example, the mocha mouse displays neurological defects that
have not been reported in HPS patients, even though it
encodes for a protein that forms a complex that includes the
gene encoded by HPS-2.

Chediak—Higashi syndrome

Chediak-Higashi syndrome is an autosomal recessive dense-
granule disorder which, in common with HPS, is associated
with deficient pigmentation of oculocutaneous albinism (Int-
rone et al, 1999; Huizing et al, 2001). In addition, infections
and a lymphoproliferative accelerated phase affect the majority
of patients with death usually occurring in the first decade. The
classical finding in this condition is very large peroxidase-
positive cytoplasmic granules in haemopoietic (neutrophils)
and non-haemopoietic cells. The dense-granule disorder
results in similar laboratory features and bleeding diathesis
to HPS (Buchanan & Handin, 1976) but some CHS patients
have reduced or irregular dense bodies rather than total
absence.

Molecular genetics. Chediak—Higashi syndrome is caused by a
series of frameshift and nonsense mutations in the CHS gene
which result truncation of the protein lysosomal trafficking
regulator (LYST). LYST is believed to play a role in organelle
trafficking, but its precise function is not known.
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Idiopathic dense-granule disorders

Idiopathic dense-granule disorder or d-storage pool disease is
used to describe a relatively large cohort of patients with mild
bleeding problems that have been attributed to a defect in
dense-granules. The genetic basis of the underlying defect is
unclear. The large variability in the extent of aggregation and
the absence of other characteristic features means that this
may be a relatively miscellaneous group of disorders. Unless a
clear demonstration of a defect in dense-granule content/
release has been demonstrated, it is prudent to consider other
causes of the disorder, such as a defect in ADP receptor
signalling or a defect in an intracellular signalling pathway.

Diagnosis of dense-granule disorders

A defect in platelet dense-granule content/release is common
to HPS, CHS and the idiopathic dense-granule disorders.
Analysis of a-granule function, however, must be performed to
distinguish this group of disorders from combined o- and
dense-granule disorders.

Hermansky—Pudlak syndrome and CHS have in common
oculocutaneous albinism, but can be distinguished by the large
peroxidase-positive cytoplasmic granules in neutrophils in
CHS. In addition, CHS is usually lethal within the first decade.

Platelet dense-granule disorders may result in defects in
platelet aggregation that range from an abnormal response to
all agonists to more subtle changes, which may only be seen
with low concentrations of agonists. Characteristic features are:
(i) the absence of second wave aggregation to adrenaline
(however, note that this is seen in a proportion of control
donors); (ii) a delayed and reduced response to collagen; (iii)
impaired aggregation to low concentrations of agonists, such
as arachidonic acid and TRAP; and (iv) high concentrations of
ADP elicit full, irreversible aggregation.

A marked reduction in both the content and ratio of ADP to
ATP or absence of release of ATP (measured with a lumi-
aggregometer) is diagnostic of a platelet dense-granule disor-
der. Reduced numbers or absence of dense granules can be
confirmed by EM.

Management

The bleeding symptoms of dense-granule disorders should be
managed as for other mild platelet disorders (see below). In the
case of CHS, the only curative therapy is bone marrow
transplantation.

o-Granule disorders (some may have

thrombocytopenia)

e Grey platelet syndrome (GPS; also known as gray platelet
syndrome);

e Paris—Trousseau or Jacobsen syndrome;

¢ Quebec platelet syndrome;

e arthrogryposis-renal dysfunction-cholestasis (ARC).
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Grey platelet syndrome (may have thrombocytopenia)

This is an extremely rare condition with <100 cases reported
worldwide. It is the only known granular disorder that is
associated with an absence of a-granules when analysed by EM
(Raccuglia, 1971; Hayward, 1997). Due to the absence of
a-granules, the platelets appear agranular and grey in periph-
eral blood smears. In addition, the platelets are large and
misshapen. The contents of a-granules are absent, including
proteins which are synthesised within the MK, such as platelet
factor 4, PB-thromboglobulin and platelet-derived growth
factor, and those that are taken up from the blood, including
platelet factor V and fibrinogen. The o-granule marker
P-selectin, however, is retained and is redistributed to the
surface upon activation. Drouin et al (2001) identified three
GPS patients who also had grey neutrophils, demonstrating
that this disorder is not necessarily restricted to platelets. The
defect in GPS is believed to be due to defective targeting and
packaging of endogenously synthesised proteins in the platelet
a-granules, although the responsible gene(s) or biochemical
defects have not been identified.

Both autosomal recessive and autosomal dominance pat-
terns of inheritance have been described raising the possibility
that GPS can be caused by defects in more than one gene. Mild
to moderate myelofibrosis has been described in some but not
all GPS patients (Jantunen et al, 1994). The myelofibrosis has
been attributed to the spillage of fibroblast growth factors in
the bone marrow, although other explanations have also been
proposed (Falik-Zaccai et al, 2001).

Minimal diagnostic criteria. The appearance of ‘grey’,
misshapen and slightly large platelets on a blood film is
characteristic. In addition, the platelet count is often reduced
and can be as low as 50 x 10°/1. The levels of platelet o-granule
contents are reduced or absent, including B-thromboglobulin,
platelet factor 4, fibrinogen, VWF, factor V and platelet-
derived growth factor. Platelet nucleotides fall within the
normal range. EM of platelets demonstrates reduced numbers
or absence of a-granules. Platelet aggregation to a range of
agonists has been shown to be normal in some GPS patients
(e.g. Falik-Zaccai et al, 2001), although a number of cases are
associated with defects in aggregation to one or more agonists,
e.g. loss of response to collagen (Nurden et al, 2004).

Paris—Trousseau or Jacobsen syndrome (thrombocytopenia)

Paris—Trousseau or Jacobsen syndrome is an autosomal
dominant-inherited thrombocytopenia that is characterised
by the presence of giant a-granules in a low percentage of
platelets and the presence of two morphologically distinct
populations of MK in the bone marrow, some of which present
with signs of abnormal maturation. In addition, there are
several other congenital abnormalities, including mental
retardation, cardiac abnormalities and cranio-facial abnormal-
ities. The bleeding diathesis is relatively mild.
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Paris—Trousseau or Jacobsen syndrome patients have dele-
tions on the long arm of chromosome 11q that include the FLI1
gene, which encodes a transcription factor that is essential for
megakaryocytopoiesis. The hemizygous deletion of FLII gener-
ates a subpopulation of progenitor cells that are unable to
undergo normal differentiation, thereby forming a large
population of small, immature MK that undergo massive lysis
(Raslova et al, 2004). The proportion of platelets with giant
a-granules cannot release their contents normally upon stimu-
lation (Breton-Goriuset al,1995).1tisan extremely rare disorder
with only 10 cases reported in children (Favier et al, 2003).

Quebec platelet syndrome (or factor V Quebec)

Quebec platelet syndrome is an autosomal dominant, extremely
rare disorder which was originally characterised by the low level
of factor V within platelet a-granules but normal plasma levels
of the coagulation factor (Hayward et al, 1997). There are
currently about 40 members of a single family characterised in
Canada. There are no characteristic morphological or platelet
aggregometry features, so cases may be undiagnosed. The defect
in factor V is now known to be caused by overexpression of
urokinase plasminogen activator leading to activation of
plasmin. The protease cleaves multimerin which would other-
wise stabilise factor V (Kahr et al, 2001; Sheth et al, 2003).
There is also degradation of many other a-granules proteins,
including P-selectin, although platelet a-granule structure is
conserved (Hayward, 1997). Quebec platelet syndrome is
associated with defective procoagulant activity due to the
resulting failure in assembly of the prothrombinase complex
(Hayward, 1997; Hayward et al, 1997).

Urokinase plasminogen is released in unusually large
amounts upon activation and this may explain why the
bleeding responds to fibrinolytic inhibitors rather than to
platelet transfusions.

Another related defect, which is also extremely rare, is
platelet factor V New York where the intracellular factor V
appears to be decreased but is not proteolysed as in factor V
Quebec (Weiss et al, 2001).

Arthrogryposis-renal dysfunction-cholestasis

A mutation in the gene VPS33B, which encodes for a protein
that is implicated in protein trafficking has recently been
identified as the cause of ARC syndrome (Lo et al, 2005). ARC
is an autosomal recessive multisystem disorder associated with
platelet dysfunction caused by a deficiency in platelet o-
granules (Gissen et al, 2004). This disorder is readily identified
based on the presence of other distinguishing features and
affected individuals usually die within their first year.

Management of a-granule disorders

The rare nature of these disorders means that there is little
evidence on which to base treatment of the bleeding problem.

In general, they should be managed as for other mild bleeding
disorders (see below) with the exception of Quebec platelet
syndrome which has been reported to be unresponsive to
platelet transfusions (Hayward, 1997; Hayward et al, 1997).
Recent studies support the use of fibrinolytic inhibitors to
control bleeding in Quebec platelet syndrome (Hayward et al,
1996, 1997).

Alpha- and dense-granule disorders

Idiopathic o- and dense-granule disorders. There are very few
reports of patients with deficiencies in both o- and dense-
granules and little information on which to base treatment.
Measurement of a-granule contents and secretion is essential
to distinguish this group of disorders from those of platelet
dense granules. Based on present information, the clinical
phenotype and laboratory abnormalities are believed to be
similar to dense-granule deficiency (Weiss et al, 1993), but it is
likely that this will represent a much more heterogeneous
group of disorders in view of the number of proteins
implicated in vesicle trafficking, many of which will be
associated with widespread organ dysfunction because of
their role in other cell types.

A number of mice models have been identified with defects
attributed to defects in platelet dense- and o-granules. The
defect in dense granules alters the coat colour, as is the case
for defects in genes that cause HPS in mice, but the
distinguishing feature is the accompanying defect in o-granule
content. The genes responsible for these defects encode for
proteins involved in membrane trafficking. Examples include
Rab geranylgeranyl transferase, which encodes for a protein
that regulates geranylation of the small G protein, rab27a
(Swank et al, 1993; Detter et al, 2000), and the pallidin gene,
which encodes for a protein that is associated with syntaxin
13, a SNARE (soluble N-ethylmaleimide-sensitive fusion
factor attachment receptor) protein involved in vesicle
trafficking (Huang et al, 1999).

Management of o- and dense-granule disorders

The rare nature of these disorders means that there is little
evidence on which to base treatment of the bleeding problem.
In general, they should be managed as for other mild bleeding
disorders (see below).

Scott syndrome and related disorders

Definition

Scott syndrome was originally described in 1979 in a patient
(from whom the name was derived) presenting with a
relatively severe bleeding syndrome (Weiss et al, 1979). Later
studies on this and other families demonstrated that the defect
is inherited in an autosomal recessive pattern (Dachary-Prigent
et al, 1997; Weiss & Lages, 1997; Munnix et al, 2003).
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However, the defect is extremely rare with only three cases
described so far in the literature. Scott syndrome is character-
ised by a significantly reduced ability to promote both tenase
and prothrombinase activity on the platelet surface. This is
caused not only by reduced exposure of negatively charged
phospholipids but also reduced generation of microvesicles
within activated platelets (Bevers et al, 1992; Kojima et al,
1994).

A similar clinical condition, termed Stormorken syndrome,
has also been described in one family that presented with
platelets with so-called ‘inverse Scott syndrome’ (Stormorken
et al, 1995). The platelets in this very rare condition demon-
strate full procoagulant activity and exposure of phosphat-
idylserine (PS) in the absence of activation along with higher
levels of circulating microvesicles. Platelet function tests reveal
abnormal clot retraction and reduced aggregation responses
and ATP secretion in response to collagen. The platelets also
have a tendency to spontaneously aggregate. Another related
syndrome with deficient microvesiculation but normal proco-
agulant activity has been recently described in four patients
from three unrelated families (Castaman et al, 1997).

Molecular genetics

Recently, a novel missense mutation has been found in the
gene that encodes the lipid transporter ABCA1, which resulted
in altered protein trafficking and reduced PS translocation in a
patient with Scott syndrome (Albrecht et al, 2005). The
molecular basis for Stormorken syndrome is not yet known.

Clinical presentation

Patients with Scott syndrome bleed following invasive proce-
dures such as dental extraction. Postpartum bleeding has been
reported and can be very severe.

Patients with Stormorken syndrome (platelet number low
normal) exhibit a mild bleeding disorder associated with
musculodystrophy and asplenia (Stormorken et al, 1985, 1995;
Stormorken, 2002). Although one might expect patients with
Stormorken syndrome to present with a thrombotic condition
the patients paradoxically all have a moderate bleeding
tendency.

Minimal diagnostic criteria

Scott syndrome and Stormorken syndrome can be easily
diagnosed using flow cytometry. Annexin V labelled to
fluorescein isothiocyanate now provides a calcium-dependent
high-affinity probe to assess whether platelets express PS upon
activation (Bettache et al, 1998; Munnix et al, 2003). The
generation of microvesicles can also be simultaneously monit-
ored on the flow cytometer (Sims et al, 1989). Platelets are
activated with calcium ionophore (A23187) or a combination of
thrombin and collagen. Normal platelets will bind only annexin-
V after activation. In contrast, Scott syndrome platelets will fail
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to significantly expose PS and therefore bind less annexin V
upon activation whereas Stormorken syndrome platelets will
significantly bind annexin V in the absence of stimulation.

The prothrombin consumption index is also a useful
screening test for Scott syndrome that can be performed in
any laboratory (Parry et al, 1980).

Management

Given the rarity of these disorders there is very little literature
on their treatment and management. The mainstay of treat-
ment for Scott syndrome is platelet transfusion, which corrects
the primary defect. Tranexamic acid is useful for mucosal
bleeding. Although there are no published data it might be
anticipated that recombinant FVIIa would be less efficacious in
Scott syndrome than other diseases but could be considered if
first-line therapy is unsuccessful.

The management of inherited platelet disorders

Inherited platelet disorders are rare, with some described in
single or a handful of families (e.g. Scott, Stormorken and
Quebec syndromes). These disorders require specialist man-
agement. All people with such disorders should be registered
with a haemophilia centre with appropriate facilities for
investigation, treatment and 24-h open access. Affected
individuals should also be issued with a card describing their
condition, and it is advisable to give the patient and his/her
primary care doctor some written information on the condi-
tion as many of these disorders are uncommon and will be
unfamiliar to many medical personnel. Children who present
with easy bruising are therefore often initially thought to suffer
non-accidental injury rather than hereditary bleeding disor-
ders.

Advice should be given where necessary about life-style
issues (e.g. individuals with severe disorders should avoid
contact sports) and patients with severe platelet disorders
should avoid medication which interferes with platelet
function, i.e. salicylates and other NSAIDs. These agents
may be used with caution in patients with milder disorders
where other medical conditions, such as cardiovascular
disease indicate. The use of such drugs must be balanced
against the risks. People with inherited platelet disorders
should be immunised against hepatitis A and B (Makris et al,
2003), have baseline liver function tests performed at
diagnosis, and these should be routinely monitored especially
in those who receive blood products. Children commonly
suffer from iron deficiency and this is likely to be particularly
prominent where there is an additional severe platelet
disorder.

Pregnancy should be managed in close collaboration with a
haemophilia centre, with a written plan of management for the
mother, and also a plan for investigation and management of
the neonate, in collaboration with neonatologists, if appropri-
ate. Further guidance is given below. For some disorders
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molecular genetic analysis is available, and antenatal diagnosis
may be possible for some of the severe disorders.

Specific treatment options

The following agents may be considered and are discussed in
relation to specific indications later:

1 Antifibrinolytic agents, e.g. tranexamic acid, either orally at
a dose of 15-25 mg/kg t.d.s. (or i.v. at a dose of 10 mg/kg
t.d.s. in the case of more serious bleeding). This is useful for
control of menorrhagia and other mild bleeding manifes-
tations from mucous membranes, such as epistaxis. It may
also be useful as a mouthwash (10 ml of a 5% w/v solution
q.d.s. which, if swallowed, is equivalent to a dose of 500 mg
q.d.s) for local mouth bleeding (e.g. bleeding from inflamed
tonsils).

2 Desmopressin (DDAVP): useful reviews are by Mannucci
(1997) and Wun et al (1995). Patients with storage pool
disorders usually (but not always) respond. It is also not
clear if laboratory correction (e.g. of the bleeding time) will
correlate with clinical efficacy. The effects of DDAVP may
involve an increase in the levels of circulating VWE. A
recent review examined the cellular mechanism of action
(Kaufmann & Vischer, 2003) and noted that effects on
platelet function remain undefined. DDAVP may cause
flushing and hypotension. It should not be used in
individuals with evidence of atherosclerosis. It causes fluid
retention, and patients should be advised to restrict fluid
intake in the subsequent 24 h. Intravenous fluids should be
given with caution because of the risk of water retention,
which can result in hyponatraemia and fits. For this reason,
it is not generally given to children under the age of 2 years
in whom the risk of hyponatraemia may be greater. If given
for more than a single dose it is advisable to monitor daily
weights and plasma electrolytes.

Desmopressin may be the agent of choice for mild bleeding
problems where tranexamic acid alone is ineffective. There is
no convincing evidence to support the practice of doing a
DDAVP correction of the bleeding time. The effect must be
assessed by the clinical response. DDAVP can be given as:

(i) Intravenous infusion over 30 min — the usual dose
regimen is 0-3 pg/kg of a 4 pg/ml solution diluted to
30-50 ml in 09% saline, and infused over 30 min, but
there is some evidence that a smaller dose of 0-2 pg/kg is
also effective when used with tranexamic acid 10 mg/kg
(Schulman et al, 1987).

(ii) Subcutaneous injection at a dose of 0-3 nug/kg (may be
useful in the control of menorrhagia where tranexamic
acid fails). A more concentrated product is available
containing 15 pg/ml.

(iii) Intranasal spray — available in a concentrated form
(150 pg per dose) to be administered at 300 pg for an
adult and 150 pg for a child (over 30 kg in weight)

equivalent to 0-2 pg/kg. This may be useful for the control
of menorrhagia or for a spate of nosebleeds although
some individuals find it troublesome to administer.

3 Platelet transfusions — are appropriate in severe disorders

and when other agents have failed. However, these are
blood products and carry risks of transfusion-transmitted
infections and allergic reactions. In the UK there is a
possibility of transmission of the prion agent associated
with variant Creutzfeldt—Jakob disease. The risk is unknown
but is thought to be higher with cellular products (Seghat-
chian, 2003). Experimental transmission by blood transfu-
sion has been demonstrated in sheep (Hunter et al, 2002),
and two cases of probable prion infection by blood
transfusion are now reported in the UK (Ironside & Head,
2004; Llewelyn et al, 2004). It is likely that multiple donor
exposures increase the risk, so that platelet transfusions
should only be given if essential. Children born since the
beginning of 1996 have not been exposed to prions through
the food chain, and it is preferable to avoid donor exposures
wherever possible. Because of these considerations, platelet
transfusions should not be given without clear indications.
Patients with platelet disorders may be subject to repeated
episodes of transfusion, putting them at risk of developing
alloantibodies either to HLA antigens or missing GPs in
Bernard—Soulier syndrome and Glanzmann thrombasthenia
(see below). For these reasons it has been custom and
practice to HLA-type these patients at diagnosis and where
possible, to transfuse HLA-selected platelets (unless the
delay in obtaining these would compromise the clinical
situation). Current BCSH guidelines do not support this
practice (BCSH, 2003a). Evidence suggests that the inci-
dence of HLA alloimmunisation is reduced with prestorage
leucocyte depletion (Novotny, 1999), but such evidence as
there is has been gathered from immunosuppressed recip-
ients and may not hold true for immunocompetent people
with inherited disorders who may need repeated transfu-
sions. Because the consequences of sensitisation may be so
deleterious in these patients (failure to obtain haemostasis),
our recommendation is that HLA-selected platelets are
preferable. A systematic gathering of information about
platelet sensitisation in patients with platelet disorders is
warranted. Platelets are available as:

(i) Random donor platelets — usually available as pheresis

units, one adult therapeutic dose (ATD) is equivalent to
four to six single donor units. In children the dose is 10—
15 ml/kg. This is often sufficient given before surgical
procedures and a further ATD afterwards, depending upon
the nature of the intervention or bleed. Patients with severe
disorders may need higher doses or two to four ATDs.

(i) HLA-selected platelets (as pheresis units) — product of

choice for all patients with inherited platelet disorders.

4 Recombinant factor VIIa (rFVIIa): this is an alternative
therapeutic agent whose use is being evaluated. An
international registry collects data on use in platelet
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disorders (Poon & d’Oiron, 2000) and participation is
encouraged. Experience in platelet disorders is limited
apart from in Glanzmann thrombasthenia (see below)
(Poon et al, 2004). Recombinant FVIIa is licensed for use
in Glanzmann thrombasthenia where refractoriness to
platelet transfusions has been demonstrated. It is not
licensed for any other platelet disorder, although there is
some published data on use in Bernard-Soulier syndrome
(see below).

Management of spontaneous bleeding in
patients with severe disorders (especially
Glanzmann thrombasthenia, Bernard-Soulier
syndrome, and the more severe forms of
Wiskott-Aldrich syndrome)

Bruising is very common in all the severe disorders and does
not require any treatment. For patients who have moderate or
severe bleeding, it is important to have a low threshold for
admission to hospital. Young children with epistaxis may lose
much more blood than is clinically apparent. If bleeding is
mild or moderate, treatment with local measures and anti-
fibrinolytic drugs may suffice, especially if the bleeding is
mucocutaneous. Local measures may include compression, use
of gelatin sponge or gauze dipped in tranexamic acid or topical
thrombin applied to superficial wounds (Bellucci & Caen,
2002). Epistaxis may be controlled by gel foam soaked in
topical thrombin or by nasal packing (Bellucci & Caen, 2002).
Packing can irritate nasal mucosa resulting in local inflamma-
tion and rebleeding when the packing is removed. Oral
tranexamic acid (combined with tranexamic acid mouthwash)
may stop gingival bleeding.

When local measures and antifibrinolytics fail to control
bleeding, the choice of treatment lies between platelet
transfusion, rFVIIa or a combination. Platelet transfusions
are usually effective in controlling haemorrhage but have
several disadvantages, particularly in Glanzmann thrombasthe-
nia and Bernard-Soulier syndrome where there is a risk of
alloimmunisation by HLA antigens or the specific missing GPs
resulting in refractoriness to transfusions.

The use of rFVIla in Glanzmann thrombasthenia was
described in the treatment of severe epistaxis in a 2-year-old
boy (Tengborn & Petruson, 1996). There are other reports of
successful treatment with rFVIIa, but the total number of
patients treated is small (Chuansumrit et al, 1999; Poon et al,
1999; Poon, 2001; Caglar et al, 2003; Kaleelrahman et al,
2004). Recombinant FVIIa is licensed for use in Glanzmann
patients who are refractory to platelet transfusions. A com-
monly used dose has been 110 pg/kg. Recombinant FVIIa has a
short half-life and the dose may need to be repeated at 90-min
intervals. Higher doses of up to 270 pg/kg have been used
when the standard dose was not effective (Chuansumrit et al,
1999). The number of doses required to treat bleeding episodes
has also varied. The dose given and the number of doses
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should be assessed individually for each patient; this agent is
not always successful. Recombinant FVIIa may be less effective
in more severe bleeding or if there is a delay from onset to
treatment (Almeida et al, 2003). Recombinant FVIIa is gen-
erally safe, but thrombotic complications have been recorded
(Aledort, 2004). Recombinant FVIIa could be used in
preference to platelet transfusion for non-life-threatening
bleeding where the site can easily be assessed, such as epistaxis
or oral bleeding, when local measures and oral tranexamic acid
are insufficient to stop the bleeding. Intracranial bleeding is
rare in Glanzmann thrombasthenia, and any life-threatening
bleeding should be treated with platelet transfusions without
necessarily waiting for HLA-selected platelets where this would
cause delay.

Menorrhagia can be a major problem in women with
Glanzmann thrombasthenia. Oral tranexamic acid should be
tried, and hormone therapy may be helpful. Bleeding may be
severe enough to require blood transfusions.

Management of dental procedures and surgery
in patients with inherited platelet disorders

Dental extractions and surgical procedures in patients with
inherited platelet disorders should always be carried out in
close collaboration with a haemophilia centre that has
expertise in the management of these conditions. Prior to
dental extractions or elective surgery patients who have
previously received platelet transfusions should be screened
for HLA and platelet antibodies.

Patients with ‘severe’ platelet disorders, e.g. Glanzmann
thrombasthenia and Bernard—Soulier syndrome

Dental extractions. Effective local haemostatic measures
including suturing and the use of topical haemostatic agents
are essential. Oral tranexamic acid should be commenced the
day before the extractions and continued for 5-7 d. The
patients should be kept under close clinical supervision.

It is desirable to avoid platelet transfusion if possible for two
reasons; first, to reduce alloimmunisation, and secondly in the
UK, to avoid unnecessary risk of exposure to prions. Recom-
binant FVIIa may be used to cover dental extractions in
patients with Glanzmann thrombasthenia and Bernard—Soulier
syndrome. The International Registry for the use of rFVIIa in
patients with hereditary platelet disorders reported successful
use of rFVIla to cover dental extractions in all nine reported
patients with Glanzmann thrombasthenia (Poon et al, 2004).
The dose and total number of treatments is not always stated.
Two patients (Almeida et al, 2003) were given a total of three
doses of rFVIIa (100 pg/kg per dose), the first 30—45 min prior
to extraction and the subsequent doses 90 min apart. There is a
single case of dental extraction in Bernard—Soulier syndrome
(Almeida et al, 2003) using rFVIIa with four doses of rFVIIa
(100 pg/kg) given 90 min apart.
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We suggest a trial of rFVIIa at a dose of at least 90 pg/kg,
given immediately prior to the procedure and two to three
further doses given at 90-min to 2-hourly intervals. If bleeding
recurs, further doses of rFVIIa should be given. If bleeding is
not controlled at the time of the extraction or further rFVIIa is
not effective in controlling rebleeding the patient should
receive an adult dose (or appropriate paediatric dose) of HLA-
selected platelets.

Minor surgery. The International Registry for the use of rFVIIa
in patients with hereditary platelet disorders has reported
successful use of rFVIIa to cover 11 of 12 minor surgical
procedures in patients with Glanzmann thrombasthenia (Poon
et al, 2004). We recommend that patients with Glanzmann
thrombasthenia and Bernard—Soulier syndrome undergoing
minor surgical procedures should be given a trial of rFVIIa
treatment. A suggested regime would be a dose of 90 pg/kg
given immediately prior to the procedure and repeated at
2-hourly intervals for 12 h, then at increasing intervals of
3—4 h, depending upon the clinical situation, until the patient
is considered to be no longer at risk of rebleeding. It should
be noted that the initial dose may need to be higher in
children in whom rFVIIa also has a shorter half-life (Villar
et al, 2004). If bleeding is not controlled at the time of surgery
(i.e. no response to two or three doses of rFVIIa) or rebleeding
does not respond to further doses of rFVIIa, the dose could be
escalated or an infusion of one adult dose of HLA-selected
platelets should be administered and repeated as necessary.
Oral tranexamic acid should also be prescribed during the
postoperative period.

Major surgery. The international registry reports the successful
use of rFVIla in six of nine major surgical procedures in
patients with Glanzmann thrombasthenia. However, due to
uncertainties concerning the efficacy of rFVIla, it is
recommended that HLA-selected platelets are used for
elective major surgery in patients with Glanzmann
thrombasthenia and Bernard-Soulier syndrome. An adult
dose of platelets should be given immediately prior to the
procedure and further doses given depending on clinical need.
For emergency procedures random donor platelets may have
to be given rather than delay while HLA-selected platelets are
located. Oral tranexamic acid should also be prescribed during
the postoperative period.

Patients with ‘mild’ platelet disorders — including most of
the other inherited disorders (inherited thrombocytopenias
are described separately, below)

Spontaneous bleeding is not likely to occur.

Dental extractions and minor surgery. Desmopressin has been
reported to be haemostatically effective for dental extractions
and minor surgery in patients with milder platelet defects,
including storage pool disease (Kohler et al, 1985; Kentro

et al, 1987; DiMichele & Hathaway, 1990; Rao et al, 1995;
Kosch et al, 1999; Piot et al, 2002). This should be the agent
of choice. A single dose given immediately prior to the
extraction should be sufficient. If rebleeding occurs after
more than 12 h a further dose may be given. If DDAVP is
contraindicated or is not haemostatically effective at the time
of the extraction or for the treatment of rebleeding, patients
should receive an appropriate dose of HLA-selected platelets
or possibly rFVIIa.

Major surgery. Due to the unpredictability of the efficacy of
repeated doses of DDAVP, it is recommended that patients
with milder platelet defects undergoing major surgical
procedures should receive an adult (or appropriate
paediatric) dose of HLA-selected platelets prior to operation
and further doses given depending on clinical need. As in
Glanzmann thrombasthenia and Bernard—Soulier syndrome,
random platelets may have to be given to cover emergency
procedures to avoid delay.

Effective local haemostatic measures should be applied. Oral
tranexamic acid may also be appropriate, depending on the
circumstances. The patients should be kept under close clinical
supervision.

Management of surgery in patients with hereditary
thrombocytopenia

The platelet count in this group is variable and patients may
also have platelet dysfunction of varying severity. Treatment
must be individualised and based on knowledge of the past
bleeding history, platelet number and function, and known
response to previous platelet infusions and haemostatic
agents. The risk of bleeding due to thrombocytopenia is
likely to be a continuum and the target platelet count will
depend on the risk of bleeding related to the specific
surgical procedure and the severity of the consequences of
haemostasis failure.

Dental extraction and surgery

In patients with no clinical or laboratory evidence of platelet
dysfunction, management should be based on the platelet
count. In the context of idiopathic thrombocytopenic purpura
(ITP), BCSH guidelines recommend that the platelet count
should be raised above 30 x 10°/1 for dental extraction and
inferior dental block and to a level of at least 50 x 10°/1 for
minor operative procedures (BCSH, 2003b). The platelet
transfusion guidelines recommend a platelet count of at least
50 x 10°/1 for procedures such as liver biopsy, laparotomy and
central line insertion (BCSH, 2003a).

The ITP guidelines (BCSH, 2003b) recommend a platelet
count of at least 80 x 10°/1 for major surgery whilst the platelet
transfusion guidelines (BCSH, 2003a) recommend a platelet
count of at least 50 x 10°/1 for major surgery and 100 x 10°/1
for procedures on the eye and brain.
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Similar target platelet counts are recommended for
patients with inherited thrombocytopenia. Tranexamic acid
may also be useful, especially for dental procedures, and
DDAVP and further platelet infusion should be tried for
patients who bleed despite apparently adequate platelet
counts.

In patients who also have platelet dysfunction, management
depends on the previous history of bleeding and known
response to haemostatic agents. Platelet counts should be raised
to at least the target levels recommended above for patients
without platelet dysfunction but higher target platelet counts
are likely to be required for some patients. Depending on the
individual’s past history and previous known responses,
DDAVP may also be required. Patients whose baseline platelet
count is above the target level may respond to DDAVP alone. If
bleeding occurs despite these measures, further platelets should
be transfused and if this fails, rFVIIa should be considered.

Management of pregnancy in women with
inherited disorders of platelet function and
number

Pregnancy in women who have an inherited platelet disorder
or may be carrying a child with an inherited platelet disorder
should be managed with close collaboration between haemo-
philia centre staff and the obstetric unit. A written birth plan
for obstetric and haematological management should be
available. Appropriate blood products and laboratory monit-
oring should be immediately available. Close clinical observa-
tion by staff experienced in the management of bleeding
disorders is required.

Regional anaesthesia in patients with platelet dysfunction is
contraindicated because haemostasis cannot be guaranteed and
a plan for pain relief in labour should be made with the patient
antenatally. If there is co-morbidity that makes the risk of
general anaesthesia high, a management plan should be made
in advance between the haematologist and anaesthetist in case
a Caesarean section becomes necessary.

Thromboprophylaxis should be considered on an individual
basis, particularly in patients who have received haemostatic
treatment.

Uterine contraction is an important part of perinatal
haemostasis, especially in women with inherited platelet
disorders, and should be planned in advance between the
obstetrician and haematologist. Standard therapy is to use
intramuscular syntometrin during the second stage of labour.
If intramuscular injections are contraindicated an intravenous
infusion of syntocinon should be used to ensure uterine
contraction. Close attention should be paid to possible surgical
causes of bleeding. Haemostatic management depends on the
severity of the bleeding disorder and is discussed below.

If the fetus is at risk of having inherited a platelet function
disorder, ventouse extraction and high forceps are contrain-
dicated and fetal scalp monitoring and blood sampling should
be avoided. A written management plan for diagnosis and
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treatment at birth should be available and a neonatologist
should be involved with management.

Women with ‘severe’ platelet disorders, particularly
Glanzmann thrombasthenia and Bernard—Soulier
syndrome

Women with severe platelet disorders are at significant risk of
haemorrhage at the time of delivery, which may be life
threatening and necessitate hysterectomy. Women should be
informed of this risk before becoming pregnant. Antepartum
haemorrhage is less common; vaginal bleeding severe enough
to require transfusion occurred once in 21 pregnancies of
women with Glanzmann thrombasthenia. Postpartum hae-
morrhage may occur 1-2 weeks after delivery (George et al,
1990). In Bernard—Soulier syndrome there are few reports in
the literature (n = 11; Prabu & Parapia, 2006). Bleeding has
been reported in the antenatal period but is more common at
and after delivery, including as late as 6-8 weeks postpartum.

Women should be monitored antenatally for the develop-
ment of anti-HLA and GPIIb/IIIa or GPIb iso-antibodies. The
normal fetus may be at risk of alloimmune thrombocytopenia
as a result of transplacental haemorrhage followed by sensi-
tisation. In mothers who have already developed antibodies, an
anamnestic response can occur (Vivier et al, 1989). Antiplate-
let antibodies may cross the placenta and cause neonatal
thrombocytopenia and intrauterine fetal haemorrhage. In
neonates at risk of thrombocytopenia, instrumental delivery
should, ideally, be avoided although this must be balanced
against the risk of a Caesarean section in the mother. Plasma
exchange during pregnancy has been used to reduce the
antibody titre (Vivier et al, 1989).

Vaginal delivery. Maternal haemorrhage is likely at the time of
vaginal delivery if no haemostatic treatment is given. One
option is to use rFVIIa combined with tranexamic acid. This
avoids the use of platelets and the associated risk of formation
of iso-antibodies that may increase the chance of neonatal
alloimmune thrombocytopenia and bleeding in a future
pregnancy. There are no data related to dosing schedules but
90 pg/kg (early pregnancy weight) given as close to delivery as
possible, followed by further infusions 2-hourly for three to
four doses or until haemostasis is clinically secure, is a
reasonable approach. If bleeding occurs despite this treatment
HLA-selected platelets should be infused.

The other option is to give HLA-selected platelets prior to
delivery combined with tranexamic acid. There is no evidence
to guide the amount of platelets but one or two adult doses
given prior to delivery and further doses given dependent on
observed bleeding could be tried. Reports describe platelet
transfusion for 6 d postdelivery (George et al, 1990). If HLA
antibodies or GPIIb/IIIa antibodies are present, rFVIIa can be
used in conjunction with HLA-selected platelets.

Severe late postpartum haemorrhage has been described 1-
2 weeks after delivery. Apparently uncomplicated deliveries in
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women without signs of bleeding complications need to
continue to be closely observed and tranexamic acid continued
for at least 2 weeks, and to have ready access to the
haemophilia/obstetric service.

A useful algorithm for the management during surgery and
delivery is available (Bell & Savidge, 2003).

Caesarean section. Bleeding at the time of Caesarean section is
inevitable without haemostatic cover and should be treated as
for any major surgical procedure. HLA-selected platelets and
tranexamic acid are recommended as first-line treatment with
one to two adult units given immediately before the procedure
and further doses postoperatively, dependent on the clinical
evidence of bleeding. The use of surgical drains and regular
testing of haemoglobin in the first 12-24 h will help identify
bleeding early. Bleeding may be concealed if it is into the
uterine wall.

Neonates. The neonate is not at risk of inheriting the full
platelet function disorder unless the father is a carrier, although
it should be noted that a limited number of symptoms are seen
in individuals who are heterozygous for Bernard-Soulier
syndrome. This may be important to consider because of the
high rate of consanguinity in some communities. Screening of
the father’s platelets by flow cytometry (to quantify the relevant
GP) will identify carrier fathers and so help to identify
neonates who are potentially at risk. If the neonate is at risk of a
severe platelet function disorder, ventouse and instrumental
delivery and fetal scalp monitoring are contraindicated.

Neonates of mothers with Glanzmann thrombasthenia or
Bernard-Soulier syndrome complicated by antiplatelet anti-
bodies are at particular risk of alloimmune thrombocytopenia
caused by transplacental passage of the antibodies to the fetus,
which can result in fatal intrauterine intracranial haemorrhage.
In such neonates, platelet transfusion should be ABO and RhD
identical, CMV screened and free of clinically significant
irregular blood group antibodies. If possible HLA-selected
platelets should be used (Gibson et al, 2004).

Women with ‘mild’ inherited platelet function disorders

The variable severity of this group of disorders means that
some are likely to respond to DDAVP, whist other women will
require platelets. Haemostatic management of these patients
will depend on previous knowledge of their bleeding pheno-
type and experience of their response to treatment modalities.

Use of epidural anaesthesia. In women with inherited
thrombocytopenia and no platelet dysfunction BCSH
guidelines can be followed. The ITP guidelines recommend
that epidural and spinal anaesthesia should be avoided if the
platelet count is <80 x 10°/1 (BCSH, 2003b). The platelet
transfusion guidelines (BCSH, 2003a), however, state that, for
lumbar puncture and epidural anaesthesia, the platelet count
should be raised to at least 50 x 10°/1.

In women with normal coagulation and platelet count the
risk of spinal haematoma is higher after an epidural than a
spinal anaesthetic (Tyagi & Bhattacharya, 2002). The risk of
spinal haematoma in relation to the platelet count is likely to
be a continuum and a cutoff is necessarily arbitrary. In the
absence of good quality data, each patient must be assessed
individually and the risk of spinal haematoma weighed against
the risk of general anaesthesia and potential benefit of pain
relief in the individual.

In patients with inherited thrombocytopenia the platelet
count should be raised to at least 80 x 10°/1 when an epidural
is both placed and removed. Although the risk of spinal
haematoma is less, the platelet count should also ideally be
raised to at least 80 x 10’/ for a spinal anaesthetic.

Vaginal delivery. Depending on the known severity and
previous responses to haemostatic agents, vaginal delivery
could be managed in a number of ways.

Observation with no haemostatic treatment or tranexamic
acid alone may be suitable for some patients. If bleeding
occurs, DDAVP or platelets can be given depending on
previously observed responses.

Some patients will have a clinical history that suggests
bleeding is likely following delivery. In this case, DDAVP or
platelets should be infused at the time of delivery depending on
previously observed responses.

If DDAVP fails to achieve an adequate haemostatic response,
platelets should be used initially at one to two adult doses. If
bleeding continues after platelet transfusion and a surgical cause
of bleeding is excluded then rFVIIa should be tried at a dose of
90 mg/kg repeated every 2 h until haemostasis is secured.

Caesarean section. This should be managed as for any other
major surgical procedure and in most cases HLA-selected
platelets should be given prior to Caesarean section in
association with tranexamic acid. Further platelets should be
given depending on haemostatic response.

Some patients may be adequately managed with DDAVP,
and platelet transfusions are used only if bleeding occurs.

If bleeding continues after platelet transfusion and a surgical
cause of bleeding is excluded then rFVIIa should be tried at a
dose of 90 pg/kg, repeated every 2 h until haemostasis is secured.

Management of the neonate. Some platelet function disorders
have a dominant mode of inheritance. In these cases the
neonate will be at risk of bleeding at the time of delivery and an
appropriate plan should be made.

Inherited thrombocytopenia.

This group of patients varies in severity and may also have
platelet dysfunction. Treatment is based on knowledge of the
past bleeding history, platelet number and function.

If there is no clinical evidence of platelet dysfunction then
management should be based on platelet number.
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Vaginal delivery. In the context of ITP, BCSH guidelines
recommend that the platelet count should be raised above
50 x 10°/1 for a vaginal delivery (BCSH, 2003a). In women
with inherited thrombocytopenia a platelet count of 50 x 10°/1
is likely to be sufficient for haemostasis during vaginal delivery.
However, in women with a history of mild bleeding, close
observation and the use of tranexamic acid may be sufficient to
cover vaginal delivery at platelet counts between 30 and
50 x 10%/1, thus avoiding the use of blood products (Lichtin,
1996).

Caesarean section. The risk of bleeding related to platelet count
is likely to be a continuum. The platelet count should be raised
at least to a level of 50 x 10%/1 to cover Caesarean section and
the decision to raise the count to 80 x 10°/1 should be made on
a case-by-case basis, dependent on the patient’s previous
history and the planned mode of anaesthesia.

Patients with inherited thrombocytopenia and associated
platelet dysfunction

Vaginal delivery. The platelet count should be raised to at least
50 x 10°/1 and tranexamic acid was used. Depending on the
individual’s past history and previous known responses,
DDAVP and platelets may also be needed at the time of
delivery.

Caesarean section. The platelet count should be raised to
80 x 10°/1 and tranexamic acid was used. Depending on the
individual’s past history and previous known responses,
DDAVP and platelets may also be needed at the time of
delivery.

Haemopoietic stem cell transplantation

There are a number of platelet disorders which ultimately may
be most appropriately managed by HSCT. This may reflect

Table II. Topics for further research and audit.

Review

either the severity of the clinical bleeding problems or the
natural history of the underlying condition where there is a
tendency for progression to marrow aplasia or for malignant
transformation. As with allogeneic bone transplantation for
other benign conditions, these transplant procedures are
increasingly performed using reduced-intensity conditioning
(RIC) regimens, which are associated with reduced toxicity
and may expand the potential use of such procedures in this
area (French et al, 2004).

In both CAMT and amegakaryocytic thrombocytopenia
with radioulnar synostosis, severe aplasia is likely to develop
after a variable period of time. A number of successful
transplant procedures have been reported in CAMT and this
now includes matched unrelated and RIC transplant proce-
dures (Lackner et al, 2000; Yesilipek et al, 2000; Al-Ahmari
et al, 2004; Muraoka et al, 2005; Steele et al, 2005). Successful
HSCT has also been reported in amegakaryocytic thrombocy-
topenia with radioulnar synostosis (Thompson et al, 2001).

Both Glanzmann thrombasthenia and Bernard-Soulier syn-
drome may be associated with potentially life-threatening
bleeding problems. Where severe bleeding is a recurrent
problem, HSCT may be an appropriate form of therapy and a
small number of cases have now been reported (McColl &
Gibson, 1997). As affected individuals are most often found in
consanguineous families, the chance of a compatible sibling
donor is increased and again, RIC transplantation may be
feasible (Flood et al, 2005).

Transplantation can be curative for all components of WAS
and has the potential to cure upwards of 90% of patients
depending on the nature of the transplant undertaken. A total
of 170 transplants for WAS have been reviewed. All children
with WAS should be considered for HSCT at diagnosis.
Transplantation is currently recommended for those with an
HLA-identical sibling donor and matched-unrelated donor
transplant is also recommended for those with an excellent
HLA match, using T-cell depletion and add-back if appropri-
ate (Filipovich et al, 2001). Haploidentical transplantation is

Area Suggested research/audit

Diagnosis

Production of guidelines to standardise laboratory methods

Publication of a network of laboratories able to perform more detailed tests

Contribution to mutation databases for specific conditions

e.g. Bernard—Soulier syndrome at http://www.bernardsoulier.org

Improvements in molecular and genetic diagnostic methods

Clinical presentation
Treatment
platelet transfusions

Contribution to established registries to share knowledge about the rare disorders
Gathering of data about human leucocyte antigen sensitisation in all patients treated with

Database for registration of treatment with rVIla in Glanzmann thrombasthenia

(funded by Novonordisk) at http://www.glanzmann-reg.org

Improved definition of dose of platelets required for effective haemostasis in different disorders

International collaboration

These disorders are rare and we encourage international collaboration through the

International Society for Thrombosis and Haemostasis, which could establish an international

congenital platelet disorders clinical group
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less successful and should be considered for severe clinical
phenotypes who have not responded to splenectomy or who
have recurrent serious infections. A strong correlation between
type of gene mutation, presence or absence of WASP and the
clinical phenotype of affected individuals has recently been
described (Jin et al, 2004): if such studies can be verified then
this information may be useful in predicting long-term
prognosis and enabling informed decisions to be made about
selection of patients for bone marrow transplantation or
splenectomy.

Conclusion

The heritable platelet disorders are a heterogeneous group of
disorders, but for clinical purposes can usefully be divided
into severe or mild. Treatment options for bleeding can
therefore be generalised. Stem cell transplantation is an
option for the most serious disorders. The state of the art is
advancing rapidly with the discovery of new molecular
interactions that, in future, will lead to better understanding
of platelet physiology. Most of our recommendations are not
able to be based on the highest level of evidence, but
nevertheless can act as a basis from which to audit future
practice. Table II gives information about topis for further
research and audit.

References

Ahmed, M.A., Al-Sohaibani, M.O., Al-Mohaya, S.A., Sumer, T., Al-
Sheikh, E.H. & Knox-Macaulay, H. (1988) Inherited bleeding dis-
orders in the Eastern Province of Saudi Arabia. Acta Haematologica,
79, 202-206.

Al-Ahmari, A., Ayas, M., Al-Jefri, A., Al-Mahr, M., Rifai, S. & El-Solh,
H. (2004) Allogeneic stem cell transplantation for patients with
congenital amegakaryocytic thrombocytopenia (CAT). Bone Marrow
Transplantation, 33, 829-831.

Albrecht, C., McVey, ].H., Elliott, J.I., Sardini, A., Kasza, 1., Mumford,
A.D., Naoumova, R.P., Tuddenham, E.G., Szabo, K. & Higgins, C.F.
(2005) A novel missense mutation in ABCA1 results in altered
protein trafficking and reduced phosphatidylserine translocation in
a patient with Scott syndrome. Blood, 106, 542-549.

Aldrich, R.A., Steinberg, A.G. & Campbell, D.C. (1954) Pedigree
demonstrating a sex-linked recessive condition characterised by
draining ears, eczematoid dermatitis and bloody diarrhoea. Pedia-
trics, 13, 133-139.

Aledort, L.M. (2004) Comparative thrombotic event incidence after
infusion of recombinant factor VIla versus factor VIII inhibitor
bypass activity. Journal of Thrombosis and Haemostasis, 2, 1700—
1708.

Almeida, A.M., Khair, K., Hann, I. & Liesner, R. (2003) The use of
recombinant factor VIla in children with inherited platelet function
disorders. British Journal of Haematology, 121, 477—481.

Arai, M., Yamamoto, N., Moroi, M., Akamatsu, N., Fukutake, K. &
Tanoue, K. (1995) Platelets with 10% of the normal amount of
glycoprotein VI have an impaired response to collagen that results in
a mild bleeding tendency. British Journal of Haematology, 89, 124—
130.

Awidi, A.S. (1984) Congenital hemorrhagic disorders in Jordan.
Thrombosis and Haemostasis, 51, 331-333.

Awidi, A.S. (1992) Delivery of infants with Glanzmann thrombasthenia
and subsequent blood transfusion requirements: a follow-up of 39
patients. American Journal of Hematology, 40, 1-4.

Baldini, M.G. (1972) Nature of the platelet defect in the Wiskott—
Aldrich syndrome. Annals of the New York Academy of Sciences, 201,
437-444.

Balduini, C.L., Iolascon, A. & Savoia, A. (2002) Inherited thrombo-
cytopenias: from genes to therapy. Haematologica, 87, 860-880.
Balduini, C.L., Cattaneo, M., Fabris, F., Gresele, P., Iolascon, A., Pul-
cinelli, FM. & Savoia, A. (2003) Inherited thrombocytopenias: a
proposed diagnostic algorithm from the Italian Gruppo di Studio

delle Piastrine. Haematologica, 88, 582-592.

Ballmaier, N., Schulze, H., Strauss, G., Cherkaoui, K., Wittner, N.,
Lynen, S., Wolters, S., Bogenberger, J. & Welte, K. (1997) Throm-
bopoietin in patients with congenital thrombocytopenia and absent
radii: elevated serum levels, normal receptor expression, but
defective reactivity to thrombopoietin’. Blood, 90, 612-619.

Ballmaier, M., Germeshausen, M., Schulze, H., Cherkaoui, K., Lang, S.,
Gaudig, A., Krukemeier, S., Eilers, M., Strauss, G. & Welte, K. (2001)
c-mpl mutations are the cause of congenital amegakaryocytic
thrombocytopenia. Blood, 97, 139-146.

Ballmaier, M., Germeshausen, M., Krukemeier, S. & Welte, K. (2003)
Thrombopoietin is essential for the maintenance of normal hema-
topoiesis in humans: development of aplastic anemia in patients
with congenital amegakaryocytic thrombocytopenia. Annals of the
New York Academy of Sciences, 996, 17-25.

BCSH (1988) Guidelines on platelet function testing. The British
Society for Haematology BCSH Haemostasis and Thrombosis Task
Force. Journal of Clinical Pathology, 41, 1322-1330.

BCSH (2003a) Guidelines for the use of platelet transfusions. British
Journal of Haematology, 122, 10-23.

BCSH (2003b) Guidelines for the investigation and management of
idiopathic thrombocytopenic purpura in adults, children and in
pregnancy. British Journal of Haematology, 120, 574-596.

Bell, J.A. & Savidge, G.F. (2003) Glanzmann’s thrombasthenia pro-
posed optimal management during surgery and delivery. Clinical
and Applied Thrombosis and Hemostasis, 9, 167—170.

Bellucci, S. & Caen, J. (2002) Molecular basis of Glanzmann’s
thrombasthenia and current strategies in treatment. Blood Reviews,
16, 193-202.

Bernard, J. & Soulier, J.P. (1948) Sur une nouvelle variete de dystro-
phie thrombocytaire-hemorragipare congenitale. Sermaine des Ho-
pitaux de Paris, 244, 159-160.

Bettache, N., Gaffet, P., Allegre, N., Maurin, L., Toti, F., Freyssinet,
J.M. & Bienvenue, A. (1998) Impaired redistribution of amino-
phospholipids with distinctive cell shape change during Ca2+-in-
duced activation of platelets from a patient with Scott syndrome.
British Journal of Haematology, 101, 50-58.

Bevers, E.M., Wiedmer, T., Comfurius, P., Shattil, S.J., Weiss, H.J.,
Zwaal, R.F. & Sims, P.J. (1992) Defective Ca(2+)-induced micro-
vesiculation and deficient expression of procoagulant activity in
erythrocytes from a patient with a bleeding disorder: a study of the
red blood cells of Scott syndrome. Blood, 79, 380-388.

Bolton-Maggs, P.H., Patterson, D.A., Wensley, R.T. & Tuddenham,
E.G. (1995) Definition of the bleeding tendency in factor XI-defi-
cient kindreds — a clinical and laboratory study. Thrombosis and
Haemostasis, 73, 194-202.

© 2006 The Authors

626 Journal Compilation © 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633



Bolton-Maggs, P.H., Perry, D.J., Chalmers, E.A., Parapia, L.A., Wilde,
J.T., Williams, M.D., Collins, P.W., Kitchen, S., Dolan, G. &
Mumford, A.D. (2004) The rare coagulation disorders — review with
guidelines for management from the United Kingdom Haemophilia
Centre Doctors’ Organisation. Haemophilia, 10, 593-628.

Breton-Gorius, J., Favier, R., Guichard, J., Cherif, D., Berger, R., Debili,
N., Vainchenker, W. & Douay, L. (1995) A new congenital dysme-
gakaryopoetic thrombocytopenia (Paris—Trousseau) associated with
giant platelet alpha granules and chromosome 11 deletion at 11q23.
Blood, 85, 1805-1814.

Buchanan, G.B. & Handin, R.I. (1976) Platelet function in the Che-
diak—Higashi syndrome. Blood, 47, 941-945.

Budarf, M.L., Konkle, B.A., Ludlow, L.B., Michaud, D., Li, M.,
Yamashiro, D.]J., McDonald-McGinn, D., Zackai, E.H. & Driscoll,
D.A. (1995) Identification of a patient with Bernard—Soulier
syndrome and a deletion in the DiGeorge/velo-cardio-facial
chromosomal region in 22q11.2. Human Molecular Genetics, 4, 763—
766.

Burns, E.R. & Lawrence, C. (1989) Bleeding time. A guide to its
diagnostic and clinical utility. Archives of Pathology and Laboratory
Medicine, 113, 1219-1224.

Buyukasik, Y., Karakus, S., Goker, H., Haznedaroglu, 1.C., Ozatli, D.,
Sayinalp, N., Ozcebe, O.L, Dundar, S.V. & Kirazli, S. (2002) Rational
use of the PFA-100 device for screening of platelet function dis-
orders and von Willebrand disease. Blood Coagulation and
Fibrinolysis, 13, 349-353.

Caglar, K., Cetinkaya, A., Aytac, S., Gumruk, F. & Gurgey, A. (2003)
Use of recombinant factor VIla for bleeding in children with
Glanzmann thrombasthenia. Pediatric Hematology and Oncology, 20,
435-438.

Castaman, G., Yu-Feng, L., Battistin, E. & Rodeghiero, F. (1997)
Characterization of a novel bleeding disorder with isolated pro-
longed bleeding time and deficiency of platelet microvesicle gen-
eration. British Journal of Haematology, 96, 458—463.

Cattaneo, M., Lecchi, A., Randi, A.M., McGregor, J.L. & Mannucci,
P.M. (1992) Identification of a new congenital defect of platelet
function characterized by severe impairment of platelet responses to
adenosine diphosphate. Blood, 80, 2787-2796.

Cattaneo, M., Lecchi, A., Lombardi, R., Gachet, C. & Zighetti, M.L.
(2000) Platelets from a patient heterozygous for the defect of P2CYC
receptors for ADP have a secretion defect despite normal throm-
boxane A2 production and normal granule stores: further evidence
that some cases of platelet ‘primary secretion defect’ are heterozy-
gous for a defect of P2CYC receptors. Arteriosclerosis, Thrombosis
and Vascular Biology, 20, E101-E106.

Cattaneo, M., Zighetti, M.L., Lombardi, R., Martinez, C., Lecchi, A.,
Conley, P.B., Ware, J. & Ruggeri, Z.M. (2003) Molecular bases of
defective signal transduction in the platelet P2Y12 receptor of a
patient with congenital bleeding. Proceedings of the National Acad-
emy of Sciences of the United States of America, 100, 1978—1983.

Chiang, P., Oiso, N., Gautam, R., Suzuki, T., Swank, R.T. & Spritz,
R.A. (2003) The Hermansky—Pudlak syndrome 1 (HPS1) and HPS4
proteins are components of 2 complexes, BLOC-3 and BLOC-4,
involved in the biogenesis of lysosome-related organelles. Journal of
Biological Chemistry, 278, 20332-20337.

Chuansumrit, A., Sangkapreecha, C. & Hathirat, P. (1999) Successful
epistaxis control in a patient with Glanzmann thrombasthenia by
increased bolus injection dose of recombinant factor VIIa. Throm-
bosis and Haemostasis, 82, 1778.

© 2006 The Authors

Review

Cooper, M.D., Chae, H.P., Lowman, J.T., Krivit, W. & Good, R.A.
(1968) Wiskott—Aldrich syndrome. An immunologic deficiency
disease involving the afferent limb of immunity. American Journal of
Medicine, 44, 499-513.

Cronberg, S. & Nilsson, I.M. (1968) Investigations in a family with
thrombasthenia of moderately severe type with 16 affected members.
Scandinavian Journal of Haematology, 5, 17-25.

Cuthbert, R.J., Watson, H.H., Handa, S.I., Abbott, I. & Ludlam, C.A.
(1988) DDAVP shortens the bleeding time in Bernard-Soulier
syndrome. Thrombosis Research, 49, 649-650.

Dachary-Prigent, J., Pasquet, J.M., Fressinaud, E., Toti, F., Freyssinet,
J.M. & Nurden, A.T. (1997) Aminophospholipid exposure, micro-
vesiculation and abnormal protein tyrosine phosphorylation in the
platelets of a patient with Scott syndrome: a study using physiologic
agonists and local anaesthetics. British Journal of Haematology, 99,
959-967.

Day, H.J. & Holmsen, H. (1972) Platelet adenine nucleotide “storage
pool deficiency” in thrombocytopenic absent radii syndrome.
Journal of the American Medical Association, 221, 1053-1054.

De Paepe, A. & Malfait, F. (2004) Bleeding and bruising in patients
with Ehlers—Danlos syndrome and other collagen vascular disorders.
British Journal of Haematology, 127, 491-500.

Defreyn, G., Machin, S.J., Carreras, L.O., Dauden, M.V., Chamone,
D.A. & Vermylen, J. (1981) Familial bleeding tendency with partial
platelet thromboxane synthetase deficiency: reorientation of cyclic
endoperoxide metabolism. British Journal of Haematology, 49, 29—
41.

Derry, J.M., Ochs, H.D. & Francke, U. (1994) Isolation of a novel gene
mutated in Wiskott—Aldrich syndrome. Cell, 78, 635-644.

Derry, J.M., Kerns, J.A., Weinberg, K.I., Ochs, H.D., Volpini, V.,
Estivill, X., Walker, A.P. & Francke, U. (1995) WASP gene
mutations in Wiskott—Aldrich syndrome and X-linked thrombo-
cytopenia. Human Molecular Genetics, 4, 1127-1135.

Detter, J.C., Zhang, Q., Mules, E.H., Novak, E.K., Mishra, V.S., Li, W,
McMurtrie, E.B., Tchernev, V.T., Wallace, M.R., Seabra, M.C.,
Swank, R.T. & Kingsmore, S.F. (2000) Rab geranylgeranyl trans-
ferase alpha mutation in the gunmetal mouse reduces Rab pre-
nylation and platelet synthesis. Proceedings of the National Academy
of Sciences of the United States of America, 97, 4144—4149.

Di Pietro, S.M. & Dell’Angelica, E.C. (2005) The cell biology of Her-
mansky—Pudlak syndrome: recent advances. Traffic, 6, 525-533.

Di Pumpo, M., Noris, P., Pecci, A., Savoia, A., Seri, M., Ceresa, L.F. &
Balduini, C.L. (2002) Defective expression of GPIb/IX/V complex in
platelets from patients with May-Hegglin anomaly and Sebastian
syndrome. Haematologica, 87, 943-947.

DiMichele, D.M. & Hathaway, W.E. (1990) Use of DDAVP in in-
herited and acquired platelet dysfunction. American Journal of He-
matology, 33, 39—45.

Drachman, J.G. (2004) Inherited thrombocytopenia: when a low
platelet count does not mean ITP. Blood, 103, 390-398.

Drouin, A., Favier, R., Masse, ].M., Debili, N., Schmitt, A., Elbim, C.,
Guichard, J., Adam, M., Gougerot-Pocidalo, M.A. & Cramer, E.M.
(2001) Newly recognized cellular abnormalities in the gray platelet
syndrome. Blood, 98, 1382-1391.

Falik-Zaccai, T.C., Anikster, Y., Rivera, C.E., Horne, III, M.K., Schl-
iamser, L., Phornphutkul, C., Attias, D., Hyman, T., White, ].G. &
Gahl, W.A. (2001) A new genetic isolate of gray platelet syndrome
(GPS): clinical, cellular, and hematologic characteristics. Molecular
Genetics and Metabolism, 74, 303-313.

Journal Compilation ® 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633 627



Review

Favaloro, E.J. (2001) Utility of the PFA-100 for assessing bleeding
disorders and monitoring therapy: a review of analytical variables,
benefits and limitations. Haemophilia, 7, 170-179.

Favier, R., Jondeau, K., Boutard, P., Grossfeld, P., Reinert, P., Jones, C.,
Bertoni, F. & Cramer, E.M. (2003) Paris—Trousseau syndrome:
clinical, hematological, molecular data of ten new cases. Thrombosis
and Haemostasis, 90, 893—-897.

Filipovich, A.H., Stone, J.V., Tomany, S.C., Ireland, M., Kollman, C,,
Pelz, C.J., Casper, J.T., Cowan, M.J., Edwards, J.R., Fasth, A., Gale,
R.P., Junker, A., Kamani, N.R., Loechelt, B.J., Pietryga, D.W.,
Ringden, O., Vowels, M., Hegland, J., Williams, A.V., Klein, J.P.,
Sobocinski, K.A., Rowlings, P.A. & Horowitz, M.M. (2001) Impact
of donor type on outcome of bone marrow transplantation for
Wiskott—Aldrich syndrome: collaborative study of the International
Bone Marrow Transplant Registry and the National Marrow Donor
Program. Blood, 97, 1598-1603.

Flood, V.H., Johnson, F.L., Boshkov, L.K., Thomas, G.A., Nugent, D.].,
Bakke, A.C., Nicholson, H.S., Tilford, D., Brown, M.P. & Godder,
K.T. (2005) Sustained engraftment post bone marrow transplant
despite anti-platelet antibodies in Glanzmann thrombasthenia. Pe-
diatric Blood and Cancer, 45, 971-975.

Francis, J.L. (2002) Platelet function analyzer (PFA100). In: Platelets
(ed. by A.D. Michelson), pp. 325-335. Academic Press, San Diego,
CA.

French, D.L., Fruchtman, S., Mitchell, W.B., Coller, B.S. & Peretz, H.
(2004) Evidence for megakaryocyte engraftment following reduced-
intensity conditioning. Experimental Hematology, 32, 877—880.

Freson, K., Devriendt, K., Matthijs, G., Van Hoof, A., De Vos, R., Thys,
C., Minner, K., Hoylaerts, M.F., Vermylen, J. & Van Geet, C. (2001)
Platelet characteristics in patients with X-linked macro-
thrombocytopenia because of a novel GATA1 mutation. Blood, 98,
85-92.

Freson, K., Thys, C., Wittevrongel, C., Proesmans, W., Hoylaerts, M.F.,
Vermylen, J. & Van Geet, C. (2002) Pseudohypoparathyroidism type
Ib with disturbed imprinting in the GNAS1 cluster and Gsalpha
deficiency in platelets. Human Molecular Genetics, 11, 2741-2750.

Freson, K., Hashimoto, H., Thys, C., Wittevrongel, C., Danloy, S.,
Morita, Y., Shintani, N., Tomiyama, Y., Vermylen, J., Hoylaerts,
M.F., Baba, A. & Van Geet, C. (2004) The pituitary adenylate
cyclase-activating polypeptide is a physiological inhibitor of platelet
activation. Journal of Clinical Investigation, 113, 905-912.

Fuse, L., Mito, M., Hattori, A., Higuchi, W., Shibata, A., Ushikubi, F.,
Okuma, M. & Yahata, K. (1993) Defective signal transduction
induced by thromboxane A2 in a patient with a mild bleeding dis-
order: impaired phospholipase C activation despite normal phos-
pholipase A2 activation. Blood, 81, 994-1000.

Fuse, 1., Hattori, A., Mito, M., Higuchi, W, Yahata, K., Shibata, A. &
Aizawa, Y. (1996) Pathogenetic analysis of five cases with a platelet
disorder characterized by the absence of thromboxane A2 (TXA2)-
induced platelet aggregation in spite of normal TXA2 binding
activity. Thrombosis and Haemostasis, 76, 1080—1085.

George, J.N. & Shattil, S.J. (1991) The clinical importance of acquired
abnormalities of platelet function. New England Journal of Medicine,
324, 27-39.

George, J.N., Caen, J.P. & Nurden, A.T. (1990) Glanzmann’s throm-
basthenia: the spectrum of clinical disease. Blood, 75, 1383—1395.
Gibson, B.E., Todd, A., Roberts, L., Pamphilon, D., Rodeck, C., Bolton-
Maggs, P., Burbin, G., Duguid, J., Boulton, F., Cohen, H., Smith, N.,
McClelland, D.B., Rowley, M. & Turner, G. (2004) Transfusion

guidelines for neonates and older children. British Journal of Hae-
matology, 124, 433—453.

Ginsberg, M.H., Lightsey, A., Kunicki, T.J., Kaufmann, A., Marguerie,
G. & Plow, E.F. (1986) Divalent cation regulation of the surface
orientation of platelet membrane glycoprotein IIb. Correlation with
fibrinogen binding function and definition of a novel variant of
Glanzmann’s thrombasthenia. Journal of Clinical Investigation, 78,
1103-1111.

Gissen, P., Johnson, C.A., Morgan, N.V., Stapelbroek, J.M., Forshew,
T., Cooper, W.N., McKiernan, P.J., Klomp, L.W., Morris, A.A.,,
Wraith, J.E., McClean, P., Lynch, S.A., Thompson, R.J., Lo, B,
Quarrell, O.W., Di Rocco, M., Trembath, R.C., Mandel, H., Wali, S.,
Karet, F.E., Knisely, A.S., Houwen, R.H., Kelly, D.A. & Maher, E.R.
(2004) Mutations in VPS33B, encoding a regulator of SNARE-de-
pendent membrane fusion, cause arthrogryposis-renal dysfunction-
cholestasis (ARC) syndrome. Nature Genetics, 36, 400—-404.

Go, R.S. & Johnston, K.L. (2003) Acute myelogenous leukemia in an
adult with thrombocytopenia with absent radii syndrome. European
Journal of Haematology, 70, 246-248.

Gordon, N., Thom, J., Cole, C. & Baker, R. (1995) Rapid detection of
hereditary and acquired platelet storage pool deficiency by flow
cytometry. British Journal of Haematology, 89, 117-123.

Greenhalgh, K.L., Howell, R.T., Bottani, A., Ancliff, P.J., Brunner, H.G,,
Verschuuren-Bemelmans, C.C., Vernon, E., Brown, KW. & New-
bury-Ecob, R.A. (2002) Thrombocytopenia-absent radius syndrome:
a clinical genetic study. Journal of Medical Genetics, 39, 876-881.

Grottum, K.A. & Solum, N.O. (1969) Congenital thrombocytopenia
with giant platelets: a defect in the platelet membrane. British Journal
of Haematology, 16, 277-290.

Gunay-Aygun, M., Huizing, M. & Gahl, W.A. (2004) Molecular defects
that affect platelet dense granules. Seminars in Thrombosis and He-
mostasis, 30, 537-547.

Gwynn, B., Ciclotte, S., Hunter, S., Washburn, L.L.,, Smith RS,
Andersen S.G., Swank R.T., Dell’Angelica E.C., Bonifacino J.S.,
Eicher EM. & Peters, L.L. (2000) Defects in the cappucino
(cno) gene on mouse chromosome 5 and human 4p cause
Hermansky = Pudlak syndrome by and AP-3 independent mech-
anism. Blood, 96, 4227-4235.

Harrison, P., Ault, K.A., Chapman, S., Charie, L., Davis, B., Fujimoto,
K., Houwen, B., Kunicka, J., Lacombe, F., Machin, S., Raynor, R.,
van Hove, L. & van Assendelft, O.W. (2001) An interlaboratory
study of a candidate reference method for platelet counting.
American Journal of Clinical Pathology, 115, 448-459.

Harrison, P., Robinson, M., Liesner, R., Khair, K., Cohen, H., Mackie,
I. & Machin, S. (2002a) The PFA-100: a potential rapid screening
tool for the assessment of platelet dysfunction. Clinical and La-
boratory Haematology, 24, 225-232.

Harrison, C., Khair, K., Baxter, B., Russell-Eggitt, I., Hann, I. & Lies-
ner, R. (2002b) Hermansky-Pudlak syndrome: infrequent bleeding
and first report of Turkish and Pakastani Kindreds. Archives of
Diseases in Childhood, 86, 297-301.

Hassan, A.A. & Kroll, M.H. (2005) Acquired disorders of platelet
function. In: American Society of Hematology Education Program
Book (ed. by N. Berliner, S.J. Lee, M. Lineberger & G.B. Vogelsang),
pp. 403-408. ASH, Berkeley, CA.

Hayward, C.P. (1997) Inherited disorders of platelets alpha granules.
Platelets, 8, 197—209.

Hayward, C.P., Rivard, G.E., Kane, W.H., Drouin, J., Zheng, S., Moore,
J.C. & Kelton, J.G. (1996) An autosomal dominant, qualitative

© 2006 The Authors

628 Journal Compilation © 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633



platelet disorder associated with multimerin deficiency, abnormal-
ities in platelet factor V, thrombospondin, von Willebrand factor,
and fibrinogen and an epinephrine aggregation defect. Blood, 87,
4967-4978.

Hayward, C.P., Cramer, E.M., Kane, W.H., Zheng, S., Bouchard, M.,
Masse, ].M. & Rivard, G.E. (1997) Studies of a second family with
the Quebec platelet disorder: evidence that the degradation of the
alpha-granule membrane and its soluble contents are not secondary
to a defect in targeting proteins to alpha-granules. Blood, 89, 1243—
1253.

Hedberg, V.A. & Lipton, J.M. (1988) Thrombocytopenia with absent
radii. A review of 100 cases. American Journal of Pediatric Hema-
tology and Oncology, 10, 51-64.

Hermansky, F. & Pudlak, P. (1959) Albinism associated with hae-
morrhagic diathesis and unusual pigmented reticular cells in the
bone marrow: report of two cases with histochemical studies. Blood,
14, 162-169.

Higgs, H.N. & Pollard, T.D. (2000) Activation by Cdc42 and PIP(2) of
Wiskott-Aldrich syndrome protein (WASp) stimulates actin
nucleation by Arp2/3 complex. Journal of Cell Biology, 150, 1311—
1320.

Horellou, M.H., Lecompte, T., Lecrubier, C., Fouque, F., Chignard, M.,
Conard, J., Vargaftig, B.B., Dray, F. & Samama, M. (1983) Familial
and constitutional bleeding disorder due to platelet cyclo-oxygenase
deficiency. American Journal of Hematology, 14, 1-9.

Huang, L., Kuo, Y.M. & Gitschier, J. (1999) The pallid gene encodes a
novel, syntaxin 13-interacting protein involved in platelet storage
pool deficiency. Nature Genetics, 23, 329-332.

Hughan, S.C., Senis, Y., Best, D., Thomas, A., Frampton, J., Vyas, P. &
Watson, S.P. (2005) Selective impairment of platelet activation to
collagen in the absence of GATAL. Blood, 105, 4369-4376.

Huizing, M., Anikster, Y. & Gahl, W.A. (2001) Hermansky—Pudlak
syndrome and Chediak—Higashi syndrome: disorders of vesicle
formation and trafficking. Thrombosis and Haemostasis, 86, 233—245.

Hunter, N., Foster, J., Chong, A., McCutcheon, S., Parnham, D., Eaton,
S., MacKenzie, C. & Houston, F. (2002) Transmission of prion
diseases by blood transfusion. Journal of General Virology, 83, 2897—
2905.

Introne, W., Boissy, R.E. & Gahl, W.A. (1999) Clinical, molecular and
cell biological aspects of Chediak—Higashi syndrome. Molecular
Genetics and Metabolism, 68, 283-303.

Ironside, J.W. & Head, M.W. (2004) Variant Creutzfeldt—Jakob dis-
ease: risk of transmission by blood and blood products. Haemo-
philia, 10(Suppl. 4), 64-69.

Israels, S.J., McNicol, A., Robertson, C. & Gerrard, J.M. (1990) Platelet
storage pool deficiency: diagnosis in patients with prolonged
bleeding times and normal platelet aggregation. British Journal of
Haematology, 75, 118-121.

Jantunen, E., Hanninen, A., Naukkarinen, A., Vornanen, M. & Lahti-
nen, R. (1994) Gray platelet syndrome with splenomegaly and signs
of extramedullary haematopoesis: a case report with review of the
literature. American Journal of Hematology, 46, 218-224.

Jennings, L.K., Ashmun, R.A., Wang, W.C. & Dockter, M.E. (1986)
Analysis of human platelet glycoproteins IIb-IITa and Glanzmann’s
thrombasthenia in whole blood by flow cytometry. Blood, 68, 173—
179.

Jilma, B. (2001) Platelet function analyzer (PFA-100): a tool to
quantify congenital or acquired platelet dysfunction. Journal of
Laboratory and Clinical Medicine, 138, 152-163.

© 2006 The Authors

Review

Jin, Y., Mazza, C., Chrisite, J.R., Giliani, S., Fiorini, M., Mella, P.,
Gandellini, F., Stewart, D.M., Zhu, Q., Nelson, D.L., Notarangelo,
L.D. & Ochs, H.D. (2004) Mutations of the Wiskott—Aldrich syn-
drome protein (WASP): hot spots, effect on transcription and
translation and phenotype/genotype correlation. Blood, 104, 4010—
4019.

Kahr, W.H., Zheng, S., Sheth, P.M., Pai, M., Cowie, A., Bouchard, M.,
Podor, T.J., Rivard, G.E. & Hayward, C.P. (2001) Platelets from
patients with the Quebec platelet disorder contain and secrete ab-
normal amounts of urokinase-type plasminogen activator. Blood, 98,
257-265.

Kaleelrahman, M., Minford, A. & Parapia, L.A. (2004) Use of re-
combinant factor VIla in inherited platelet disorders. British Journal
of Haematology, 125, 95-96.

Kaufmann, J.E. & Vischer, U.M. (2003) Cellular mechanisms of the
hemostatic effects of desmopressin (DDAVP). Journal of Thrombosis
and Haemostasis, 1, 682—689.

Kaushansky, K. (2005) The molecular mechanisms that control
thrombopoiesis. Journal of Clinical Investigation, 115, 3339-3347.
Kenney, D.M. (1990) Wiskott—Aldrich syndrome and related X-linked

thrombocytopenia. Current Opinion in Pediatrics, 2, 931.

Kentro, T.B., Lottenberg, R. & Kitchens, C.S. (1987) Clinical efficacy of
desmopressin acetate for hemostatic control in patients with pri-
mary platelet disorders undergoing surgery. American Journal of
Hematology, 24, 215-219.

Khanduri, U., Pulimood, R., Sudarsanam, A., Carman, R.H., Jadhav,
M. & Pereira, S. (1981) Glanzmann’s thrombasthenia. A review and
report of 42 cases from South India. Thrombosis and Haemostasis,
46, 717-721.

Kimura, S., Roberts, A.W., Metcalf, D. & Alexander, W.S. (1998)
Hematopoietic stem cell deficiencies in mice lacking c-Mpl, the
receptor for thrombopoietin. Proceedings of the National Academy of
Sciences of the United States of America, 95, 1195-1200.

Klofkorn, R.W. & Lightsey, A.L. (1979) Hemarthrosis associated with
Glanzmann’s thrombasthenia. Arthritis and Rheumatism, 22, 1390—
1393.

Kohler, M., Hellstern, P., Morgenstern, E., Mueller-Eckhardt, C.,
Berberich, R., Meiser, R.J., Scheffler, P. & Wenzel, E. (1985) Gray
platelet syndrome: selective alpha-granule deficiency and thrombo-
cytopenia due to increased platelet turnover. Blut, 50, 331-340.

Kojima, H., Newton-Nash, D., Weiss, H.J., Zhao, J., Sims, P.J. &
Wiedmer, T. (1994) Production and characterization of transformed
B-lymphocytes expressing the membrane defect of Scott syndrome.
Journal of Clinical Investigation, 94, 2237-2244.

Kosch, A., Kehrel, B., Nowak-Gottl, U., Haberle, J. & Jurgens, H.
(1999) Thrombocytic alpha-delta-storage-pool-disease: shortening
of bleeding time after infusion of 1-desamino-8-p-arginine vaso-
pressin. Klinische Padiatrie, 211, 198-200.

Kwan, S.P., Hagemann, T.L., Radtke, B.E., Blaese, R.M. & Rosen, E.S.
(1995) Identification of mutations in the Wiskott—Aldrich syndrome
gene and characterization of a polymorphic dinucleotide repeat at
DXS6940, adjacent to the disease gene. Proceedings of the National
Academy of Sciences of the United States of America, 92, 4706—4710.

Lackner, A., Basu, O., Bierings, M., Lassay, L., Schaefer, U.W., Revesz,
T., Havers, W. & Kremens, B. (2000) Haematopoietic stem cell
transplantation for amegakaryocytic thrombocytopenia. British
Journal of Haematology, 109, 773-775.

Laffan, M., Brown, S.A., Collins, P.W., Cumming, A.M., Hill, F.G.,
Keeling, D., Peake, L.R. & Pasi, K.J. (2004) The diagnosis of von

Journal Compilation © 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633 629



Review

Willebrand disease: a guideline from the UK Haemophilia Centre
Doctors” Organization. Haemophilia, 10, 199-217.

Lagarde, M., Byron, P.A., Vargaftig, B.B. & Dechavanne, M. (1978)
Impairment of platelet thromboxane A2 generation and of the platelet
release reaction in two patients with congenital deficiency of platelet
cyclo-oxygenase. British Journal of Haematology, 38, 251-266.

Lages, B., Malmsten, C., Weiss, H.J. & Samuelsson, B. (1981) Impaired
platelet response to thromboxane-A2 and defective calcium mobi-
lization in a patient with a bleeding disorder. Blood, 57, 545-552.

Lascone, M.R., Sacchelli, M., Vittorini, S. & Giusti, S. (2001) Complex
conotruncal heart defect, severe bleeding disorder and 22q11 dele-
tion: a new case of Bernard-Soulier syndrome and of 22q11 deletion
syndrome? Italian Heart Journal, 2, 475-477.

Li, W,, Zhang, Q., Oiso, N., Novak, E.K., Gautam, R., O’Brien, E.P.,
Tinsley, C.L., Blake, D.J., Spritz, R.A., Copeland, N.G., Jenkins, N.A.,
Amato, D., Roe, B.A., Starcevic, M., Dell’Angelica, E.C., Elliott,
R.W., Mishra, V., Kingsmore, S.F., Paylor, R.E. & Swank, R.T.
(2003) Hermansky—Pudlak syndrome type 7 (HPS-7) results from
mutant dysbindin, a member of the biogenesis of lysosome-related
organelles complex 1 (BLOC-1). Nature Genetics, 35, 84—89.

Lichtin, A. (1996) The ITP practice guideline: what, why, and for
whom? Blood, 88, 1-2.

Liesner, R., Hann, I. & Khair, K. (2004) Non-accidental injury and the
haematologist: the causes and investigation of easy bruising. Blood
Coagulation and Fibrinolysis, 15(Suppl. 1), S41-S48.

Lind, S.E. (1991) The bleeding time does not predict surgical bleeding.
Blood, 77, 2547-2552.

Lind, S.E. (2002) The bleeding time. In: Platelets (ed. by A.D.
Michelson), pp. 283-289. Academic Press, San Diego, CA.

Litzman, J., Jones, A., Hann, L, Chapel, H., Strobel, S. & Morgan, G.
(1996) Intravenous immunoglobulin, splenectomy, and antibiotic
prophylaxis in Wiskott—Aldrich syndrome. Archives of Disease in
Childhood, 75, 436—439.

Llewelyn, C.A., Hewitt, P.E., Knight, R.S., Amar, K., Cousens, S.,
Mackenzie, J. & Will, R.G. (2004) Possible transmission of variant
Creutzfeldt-Jakob disease by blood transfusion. Lancet, 363, 417—
421.

Lo, B, Li, L., Gissen, P., Christensen, H., McKiernan, P.J., Ye, C.,
Abdelhaleem, M., Hayes, J.A., Williams, M.D., Chitayat, D. & Kahr,
W.H. (2005) Requirement of VPS33B, a member of the Secl/
Muncl18 protein family, in megakaryocyte and platelet alpha-granule
biogenesis. Blood, 106, 4159—-4166.

Lopez, J.A., Andrews, RK., Afshar-Kharghan, V. & Berndt, M.C.
(1998) Bernard-Soulier syndrome. Blood, 91, 4397-4418.

Lova, P., Campus, F., Lombardi, R., Cattaneo, M., Sinigaglia, F.,
Balduini, C. & Torti, M. (2004) Contribution of protease-activated
receptors 1 and 4 and glycoprotein Ib-IX-V in the G(i)-independent
activation of platelet RaplB by thrombin. Journal of Biological
Chemistry, 279, 25299-25306.

Macheta, M.P., Minford, A.M.B. & Parapia, L.A. (1997) Incidence of
hereditary bleeding disorders in Bradford, U.K.: variation with
ethnic group. Haemophilia, 3, 292-294.

Makris, M., Conlon, C.P. & Watson, H.G. (2003) Immunization of
patients with bleeding disorders. Haemophilia, 9, 541-546.

Malmsten, C., Hamberg, M., Svensson, J. & Samuelsson, B. (1975)
Physiological role of an endoperoxide in human platelets: hemo-
static defect due to platelet cyclo-oxygenase deficiency. Proceedings
of the National Academy of Sciences of the United States of America,
72, 1446-1450.

Mannucci, P.M. (1997) Desmopressin (DDAVP) in the treatment of
bleeding disorders: the first 20 years. Blood, 90, 2515-2521.

Markovitch, O., Ellis, M., Holzinger, M., Goldberger, S. & Beyth, Y.
(1998) Severe juvenile vaginal bleeding due to Glanzmann’s
thrombasthenia: case report and review of the literature. American
Journal of Hematology, 57, 225-227.

McColl, M.D. & Gibson, B.E. (1997) Sibling allogeneic bone marrow
transplantation in a patient with type I Glanzmann’s thrombasthe-
nia. British Journal of Haematology, 99, 58—60.

Mehaffey, M.G., Newton, A.L., Gandhi, M.]., Crossley, M. & Drach-
man, J.G. (2001) X-linked thrombocytopenia caused by a novel
mutation of GATA-1. Blood, 98, 2681-2688.

Mestel, F., Oetliker, O., Beck, E., Felix, R., Imbach, P. & Wagner, H.P.
(1980) Severe bleeding associated with defective thromboxane syn-
thetase. Lancet, 1, 157.

Miller, J.L., Lyle, V.A. & Cunningham, D. (1992) Mutation of leucine-
57 to phenylalanine in a platelet glycoprotein Ib alpha leucine tan-
dem repeat occurring in patients with an autosomal dominant
variant of Bernard—Soulier disease. Blood, 79, 439-446.

Moffat, K.A., Ledford-Kraemer, M.R., Nichols, W.L. & Hayward, C.P.
(2005) Variability in clinical laboratory practice in testing for dis-
orders of platelet function: results of two surveys of the North
American Specialized Coagulation Laboratory Association. Throm-
bosis and Haemostasis, 93, 549-553.

Montgomery, R.R., Kunicki, T.]., Taves, C., Pidard, D. & Corcoran, M.
(1983) Diagnosis of Bernard-Soulier syndrome and Glanzmann’s
thrombasthenia with a monoclonal assay on whole blood. Journal of
Clinical Investigation, 71, 385-389.

Morgan, N.V., Pasha, S., Johnson, C.A., Ainsworth, J.R., Eady, R.A.J.,
Dawood, B.B., McKeown, C., Trembath, R.C., Wilde, J., Watson,
S.P. & Maher, E.R. (2006) A germline mutation in BLOC1S3/re-
dunced pigmentation causes a novel variant of Hermansky—Pudlak
syndrome (HPS). American Journal of Human Genetics, 78, 160—166.

Moroi, M., Jung, S.M., Okuma, M. & Shinmyozu, K. (1989) A patient
with platelets deficient in glycoprotein VI that lack both
collagen-induced aggregation and adhesion. Journal of Clinical In-
vestigation, 84, 1440—1445.

Mullen, C.A., Anderson, K.D. & Blaese, R.M. (1993) Splenectomy and/
or bone marrow transplantation in the management of the Wiskott—
Aldrich syndrome: long-term follow-up of 62 cases. Blood, 82, 2961—
2966.

Munnix, 1.C., Harmsma, M., Giddings, J.C., Collins, P.W., Feijge,
M.A., Comfurius, P., Heemskerk, J.W. & Bevers, E.M. (2003) Store-
mediated calcium entry in the regulation of phosphatidylserine
exposure in blood cells from Scott patients. Thrombosis and
Haemostasis, 89, 687—695.

Muraoka, K., Ishii, E., Thara, K., Imayoshi, M., Miyazaki, S., Hara, T. &
Hamasaki, Y. (2005) Successful bone marrow transplantation in a
patient with c-mpl-mutated congenital amegakaryocytic thrombo-
cytopenia from a carrier donor. Pediatric Transplantation, 9, 101-103.

Murphy, S., Oski, F.A., Naiman, J.L., Lusch, CJ., Goldberg, S. &
Gardner, F.H. (1972) Platelet size and kinetics in hereditary and
acquired thrombocytopenia. New England Journal of Medicine, 286,
499-504.

Nakagawa, M., Okuno, M., Okamoto, N., Fujino, H. & Kato, H. (2001)
Bernard-Soulier syndrome associated with 22q11.2 microdeletion.
American Journal of Medical Genetics, 99, 286—288.

Nardone, G., Rocco, A., Balzano, T. & Budillon, G. (1999) The efficacy
of octreotide therapy in chronic bleeding due to vascular abnorm-

© 2006 The Authors

630 Journal Compilation © 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633



alities of the gastrointestinal tract. Alimentary Pharmacology and
Therapeutics, 13, 1429-1436.

Nichols, K.E., Crispino, J.D., Poncz, M., White, J.G., Orkin, S.H.,
Maris, ].M. & Weiss, M.J. (2000) Familial dyserythropoietic anaemia
and thrombocytopenia due to an inherited mutation in GATAL.
Nature Genetics, 24, 266-270.

Nieuwenhuis, H.K., Akkerman, J.W. & Sixma, J.J. (1987) Patients with
a prolonged bleeding time and normal aggregation tests may have
storage pool deficiency: studies on one hundred six patients. Blood,
70, 620-623.

Novotny, V.M. (1999) Prevention and management of platelet trans-
fusion refractoriness. Vox Sanguinis, 76, 1-13.

Nurden, A.T. & Caen, J.P. (1975) Specific roles for platelet surface
glycoproteins in platelet function. Nature, 255, 720-722.

Nurden, P., Savi, P., Heilmann, E., Bihour, C., Herbert, .M., Maffrand,
J.P. & Nurden, A. (1995) An inherited bleeding disorder linked to a
defective interaction between ADP and its receptor on platelets. Its
influence on glycoprotein IIb-IIla complex function. Journal of
Clinical Investigation, 95, 1612-1622.

Nurden, P., Jandrot-Perrus, M., Combrie, R., WincKkler, J., Arocas, V.,
Lecut, C., Pasquet, ].M., Kunicki, T.J. & Nurden, A.T. (2004) Severe
deficiency of glycoprotein VI in a patient with gray platelet syn-
drome. Blood, 104, 107-114.

Ochs, H.D. (1998) The Wiskott—Aldrich syndrome. Seminars in He-
matology, 35, 332-345.

Ochs, H.D., Slichter, S.J., Harker, L.A., Von Behrens, W.E., Clark, R.A.
& Wedgwood, R.J. (1980) The Wiskott—Aldrich syndrome: studies
of lymphocytes, granulocytes, and platelets. Blood, 55, 243-252.

Oh, J., Bailin, T., Fukai, K., Feng, G.H., Ho, L., Mao, J.L, Frenk, E.,
Tamura, N. & Spritz, R.A. (1996) Positional cloning of a gene for
Hermansky—Pudlak syndrome, a disorder of cytoplasmic organelles.
Nature Genetics, 14, 300-306.

Oh, J., Ho, L., Ala-Mello, S., Amato, D., Armstrong, L., Bellucci, S.,
Carakushansky, G., Ellis, J.P., Fong, C.T., Green, ].S., Heon, E.,
Legius, E., Levin, A.V., Nieuwenhuis, H.K., Pinckers, A., Tamura, N.,
Whiteford, M.L., Yamasaki, H. & Spritz, R.A. (1998) Mutation
analysis of patients with Hermansky—Pudlak syndrome: a frameshift
hot spot in the HPS gene and apparent locus heterogeneity.
American Journal of Human Genetics, 62, 593—598.

van den Oudenrijn, S., Bruin, M., Folman, C.C., Peters, M., Faulkner,
L.B., de Haas, M. & von dem Borne, A.E. (2000) Mutations in the
thrombopoietin receptor, Mpl, in children with congenital amega-
karyocytic thrombocytopenia. British Journal of Haematology, 110,
441-448.

Pang, L., Weiss, M.J. & Poncz, M. (2005) Megakaryocyte biology and
related disorders. Journal of Clinical Investigation, 115, 3332-3338.

Parry, D.H., Giddings, J.C. & Bloom, A.L. (1980) Familial haemostatic
defect associated with reduced prothrombin consumption. British
Journal of Haematology, 44, 323-334.

Patel, S.R., Hartwig, J.H. & Italiano, J.E. (2005) The biogenesis of
platelets from megakaryocyte proplatelets. Journal of Clinical In-
vestigation, 115, 3348-3354.

Pecci, A., Noris, P., Invernizzi, R., Savoia, A., Seri, M., Ghiggeri, G.M.,
Sartore, S., Gangarossa, S., Bizzaro, N. & Balduini, C.L. (2002)
Immunocytochemistry for the heavy chain of the non-muscle
myosin IIA as a diagnostic tool for MYH9-related disorders. British
Journal of Haematology, 117, 164-167.

Peterson, P., Hayes, T.E., Arkin, C.F., Bovill, E.G., Fairweather, R.B.,
Rock, Jr, W.A,, Triplett, D.A. & Brandt, J.T. (1998) The preoperative

© 2006 The Authors

Review

bleeding time test lacks clinical benefit: College of American Pa-
thologists’ and American Society of Clinical Pathologists’ position
article. Archives of Surgery, 133, 134-139.

Phillips, D.R. & Agin, P.P. (1977) Platelet plasma membrane glyco-
proteins. Evidence for the presence of nonequivalent disulfide bonds
using nonreduced-reduced two-dimensional gel electrophoresis.
Journal of Biological Chemistry, 252, 2121-2126.

Pinto da Costa, N., Armari-Alla, C., Plantaz, D. & Pagnier, A. (2003)
Bernard—-Soulier syndrome revealed by major neonatal thrombocy-
topenia. Archives of Pediatrics, 10, 983-985.

Piot, B., Sigaud-Fiks, M., Huet, P., Fressinaud, E., Trossaert, M. &
Mercier, J. (2002) Management of dental extractions in patients with
bleeding disorders. Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology and Endodontics, 93, 247-250.

Poon, M.C. (2001) Use of recombinant factor VIIa in hereditary
bleeding disorders. Current Opinion in Hematology, 8, 312-318.
Poon, M.C. & d’Oiron, R. (2000) Recombinant activated factor VII

(NovoSeven) treatment of platelet-related bleeding disorders.
International Registry on Recombinant Factor VIIa and Congenital
Platelet Disorders Group. Blood Coagulation and Fibrinolysis,

11(Suppl. 1), S55-S68.

Poon, M.C., Demers, C., Jobin, F. & Wu, J.W. (1999) Recombinant
factor VIIa is effective for bleeding and surgery in patients with
Glanzmann thrombasthenia. Blood, 94, 3951-3953.

Poon, M.C., D’Oiron, R., Von Depka, M., Khair, K., Negrier, C.,
Karafoulidou, A., Huth-Kuehne, A. & Morfini, M. (2004) Prophy-
lactic and therapeutic recombinant factor VIIa administration to
patients with Glanzmann’s thrombasthenia: results of an interna-
tional survey. Journal of Thrombosis and Haemostasis, 2, 1096—1103.

Poujol, C., Ramakrishnan, V., DeGuzman, F., Nurden, A.T., Phillips,
D.R. & Nurden, P. (2000) Ultrastructural analysis of megakaryocytes
in GPV knockout mice. Thrombosis and Haemostasis, 84, 312-318.

Poujol, C., Ware, J., Nieswandt, B., Nurden, A.T. & Nurden, P. (2002)
Absence of GPIbalpha is responsible for aberrant membrane
development during megakaryocyte maturation: ultrastructural
study using a transgenic model. Experimental Hematology, 30, 352—
360.

Prabu, P. & Parapia, L.A. (2006) Bernard—Soulier syndrome in preg-
nancy. Clinical and Laboratory Haematology, 28, 198-201.

Quiroga, T., Pereira, J. & Mezzano, D. (2004) Template bleeding time
and PFA-100 have low sensitivity to screen patients with hereditary
mucocutaneous hemorrhages: comparative study in 148 patients — a
reply to rebuttals. Journal of Thrombosis and Haemostasis, 2, 2283—
2285.

Raccuglia, G. (1971) Gray platelet syndrome: a variety of qualitative
platelet disorders. American Journal of Medicine, 51, 818—828.

Rajasekhar, D., Kestin, A.S., Bednarek, F.J., Ellis, P.A., Barnard, M.R. &
Michelson, A.D. (1994) Neonatal platelets are less reactive than
adult platelets to physiological agonists in whole blood. Thrombosis
and Haemostasis, 72, 957-963.

Rajasekhar, D., Barnard, M.R., Bednarak, F.J. & Michelson, A.D.
(1997) Platelet hyporeactivity in very low birth weight neonates.
Thrombosis and Haemostasis, 77, 1002—1007.

Ramasamy, I. (2004) Inherited bleeding disorders: disorders of platelet
adhesion and aggregation. Critical Reviews in Oncology/Hematology,
49, 1-35.

Rao, A.K. (2002) Acquired disorders of platelet function. In: Platelets
(ed. by A.D. Michelson), pp. 701-726. Academic Press, San Diego,
CA.

Journal Compilation ® 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633 631



Review

Rao, AK,, Koike, K., Day, H.J., Smith, J.B. & Holmsen, H. (1985)
Bleeding disorder associated with albumin-dependent partial defi-
ciency in platelet thromboxane production. Effect of albumin on
arachidonate metabolism in platelets. American Journal of Clinical
Pathology, 83, 687-696.

Rao, AK., Willis, J., Kowalska, M.A., Wachtfogel, Y.T. & Colman,
R.W. (1988) Differential requirements for platelet aggregation and
inhibition of adenylate cyclase by epinephrine. Studies of a familial
platelet alpha 2-adrenergic receptor defect. Blood, 71, 494-501.

Rao, A.K., Ghosh, S., Sun, L., Yang, X., Disa, J., Pickens, P. & Polansky,
M. (1995) Mechanisms of platelet dysfunction and response to
DDAVP in patients with congenital platelet function defects. A
double-blind placebo-controlled trial. Thrombosis and Haemostasis,
74, 1071-1078.

Rao, AK., Jalagadugula, G. & Sun, L. (2004) Inherited defects in
platelet signaling mechanisms. Semininars in Thrombosis and He-
mostasis, 30, 525-535.

Raslova, H., Komura, E., Le Couedic, J.P., Larbret, F., Debili, N.,
Feunteun, J., Danos, O., Albagli, O., Vainchenker, W. & Favier, R.
(2004) FLI1 monoallelic expression combined with its hemizygous
loss underlies Paris—Trousseau/Jacobsen thrombopenia. Journal of
Clinical Investigation, 114, 77-84.

Reichert, N., Seligsohn, U. & Ramot, B. (1975) Clinical and genetic
aspects of Glanzmann’s thrombasthenia in Israel: report of 22 cases.
Thrombosis et Diathesis Haemorrhagica, 34, 806—820.

Remold-O’Donnell, E., Rosen, E.S. & Kenney, D.M. (1996) Defects in
Wiskott—Aldrich syndrome blood cells. Blood, 87, 2621-2631.

Rodgers, R.P. & Levin, J. (1990) A critical reappraisal of the bleeding
time. Seminars in Thrombosis and Hemostasis, 16, 1-20.

Ryo, R., Yoshida, A., Sugano, W., Yasunaga, M., Nakayama, K., Saigo,
K., Adachi, M., Yamaguchi, N. & Okuma, M. (1992) Deficiency of
P62, a putative collagen receptor, in platelets from a patient with
defective collagen-induced platelet aggregation. American Journal of
Hematology, 39, 25-31.

Samama, M., Lecrubier, C., Conard, J., Hotchen, M., Breton-Gorius, J.,
Vargaftig, B., Chignard, M., Lagarde, M. & Dechavanne, M. (1981)
Constitutional thrombocytopathy with subnormal response to
thromboxane A2. British Journal of Haematology, 48, 293-303.

Savoia, A., Balduini, C.L., Savino, M., Noris, P., Del Vecchio, M.,
Perrotta, S., Belletti, S., Poggi, V. & Iolascon, A. (2001) Autosomal
dominant macrothrombocytopenia in Italy is most frequently a
type of heterozygous Bernard-Soulier syndrome. Blood, 97, 1330—
1335.

Schulman, S., Johnsson, H., Egberg, N. & Blomback, M. (1987)
DDAVP-induced correction of prolonged bleeding time in patients
with congenital platelet function defects. Thrombosis Research, 45,
165-174.

Seghatchian, J. (2003) Universal leucodepletion: an overview of some
unresolved issues and the highlights of lessons learned. Transfusion
and Apheresis Science, 29, 105-117.

Seligsohn, U. & Rososhansky, S. (1984) A Glanzmann’s thrombas-
thenia cluster among Iraqi Jews in Israel. Thrombosis and Haemos-
tasis, 52, 230-231.

Seri, M., Cusano, R., Gangarossa, S., Caridi, G., Bordo, D., Lo Nigro,
C., Ghiggeri, G.M., Ravazzolo, R., Savino, M., Del Vecchio, M.,
Apolito, M., Iolascon, A., Zelante, L.L., Savoia, A., Balduini, C.L.,
Noris, P., Magrini, U., Belletti, S., Heath, K.E.,, Babcock, M.,
Glucksman, M.J., d’Aliprandis, E., Bizzaro, N., Desnick, R.J. &
Martignetti, J.A. (2000) Mutations in MYH9 result in the May-

Hegglin anomaly, and Fechtner and Sebastian syndromes. The
May-Heggllin/Fechtner Syndrome Consortium. Nature Genetics, 26,
103-105.

Seri, M., Pecci, A., Di Bari, F., Cusano, R, Savino, M., Panza, E., Nigro,
A., Noris, P., Gangarossa, S., Rocca, B., Gresele, P., Bizzaro, N.,
Malatesta, P., Koivisto, P.A., Longo, I., Musso, R., Pecoraro, C.,
Iolascon, A., Magrini, U., Rodriguez Soriano, J., Renieri, A., Ghig-
geri, G.M., Ravazzolo, R., Balduini, C.L. & Savoia, A. (2003) MYH9-
related disease: May—Hegglin anomaly, Sebastian syndrome, Fecht-
ner syndrome, and Epstein syndrome are not distinct entities but
represent a variable expression of a single illness. Medicine, 82, 203—
215.

Shapiro, A.D. (2000) Platelet function disorders. Haemophilia,
6(Suppl. 1), 120-127.

Sheth, P.M., Kahr, W.H., Haq, M.A., Veljkovic, D.K., Rivard, G.E. &
Hayward, C.P. (2003) Intracellular activation of the fibrinolytic
cascade in the Quebec platelet disorder. Thrombosis and Haemos-
tasis, 90, 293-298.

Shivdasani, R.A. (2001) Molecular and transcriptional regulation of
megakaryocyte differentiation. Stem Cells, 19, 397-407.

Sims, P.J., Wiedmer, T., Esmon, C.T., Weiss, H.J. & Shattil, S.J. (1989)
Assembly of the platelet prothrombinase complex is linked to vesi-
culation of the platelet plasma membrane. Studies in Scott syn-
drome: an isolated defect in platelet procoagulant activity. Journal of
Biological Chemistry, 264, 17049-17057.

Sosnoski, D.M., Emanuel, B.S., Hawkins, A.L., van Tuinen, P., Led-
better, D.H., Nussbaum, R.L., Kaos, F.T., Schwartz, E., Phillips, D.,
Bennett, J.S., Fitzgerald, L.A. & Poncz, M. (1988) Chromosomal
localization of the genes for the vitronectin and fibronectin receptors
alpha subunits and for platelet glycoproteins IIb and Illa. Journal of
Clinical Investigation, 81, 1993—-1998.

Spritz, R.A., Chiang, P.W., Oiso, N. & Alkhateeb, A. (2003) Human
and mouse disorders of pigmentation. Current Opinion in Genetic
Development, 13, 284-289.

Starcevic, M. & Dell’Angelica, E.C. (2004) Identification of snapin and
three novel proteins (BLOS1, BLOS2, and BLOS3/reduced pig-
mentation) as subunits of biogenesis of lysosome-related organelles
complex-1 (BLOC-1). Journal of Biological Chemistry, 279, 28393—
28401.

Steele, M., Hitzler, J., Doyle, ]J.J., Germeshausen, M., Fernandez, C.V.,
Yuille, K. & Dror, Y. (2005) Reduced intensity hematopoietic stem-
cell transplantation across human leukocyte antigen barriers in a
patient with congenital amegakaryocytic thrombocytopenia and
monosomy 7. Pediatric Blood and Cancer, 45, 212-216.

Stormorken, H. (2002) Stormorken’s syndrome. Tidsskrift for den
Norske Laegeforen, 122, 2853-2856.

Stormorken, H., Sjaastad, O., Langslet, A., Sulg, 1., Egge, K. & Dider-
ichsen, J. (1985) A new syndrome: thrombocytopathia, muscle fa-
tigue, asplenia, miosis, migraine, dyslexia and ichthyosis. Clinical
Genetics, 28, 367-374.

Stormorken, H., Holmsen, H., Sund, R., Sakariassen, K.S., Hovig, T.,
Jellum, E. & Solum, O. (1995) Studies on the haemostatic defect in a
complicated syndrome. An inverse Scott syndrome platelet mem-
brane abnormality? Thrombosis and Haemostasis, 74, 1244—1251.

Sullivan, K.E., Mullen, C.A., Blaese, R.M. & Winkelstein, J.A. (1994) A
multiinstitutional survey of the Wiskott—Aldrich syndrome. Journal
of Pediatrics, 125, 876—885.

Summerfield, G.P., Keenan, J.P., Brodie, N.J. & Bellingham, A.J. (1981)
Bioluminescent assay of adenine nucleotides: rapid analysis of ATP

© 2006 The Authors

632 Journal Compilation © 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633



and ADP in red cells and platelets using the LKB luminometer.
Clinical and Laboratory Haematology, 3, 257-271.

Swank, R.T., Jiang, S.Y., Reddington, M., Conway, J., Stephenson, D.,
McGarry, M.P. & Novak, E.K. (1993) Inherited abnormalities in
platelet organelles and platelet formation and associated altered
expression of low molecular weight guanosine triphosphate-binding
proteins in the mouse pigment mutant gunmetal. Blood, 81, 2626—
2635.

Tamponi, G., Pannocchia, A., Arduino, C., Bazzan, M., Della Dora, N.,
Schinco, P., Buraglio, M. & Eandi, M. (1987) Congenital deficiency
of alpha-2-adrenoceptors on human platelets: description of two
cases. Thrombosis and Haemostasis, 58, 1012—-1016.

Tengborn, L. & Petruson, B. (1996) A patient with Glanzmann
thrombasthenia and epistaxis successfully treated with recombinant
factor VIla. Thrombosis and Haemostasis, 75, 981-982.

Thompson, A.A. & Nguyen, L.T. (2000) Amegakaryocytic thrombo-
cytopenia and radio-ulnar synostosis are associated with HOXA11
mutation. Nature Genetics, 26, 397-398.

Thompson, A.R., Wood, W.G. & Stamatoyannopoulos, G. (1977) X-
linked syndrome of platelet dysfunction, thrombocytopenia, and
imbalanced globin chain synthesis with hemolysis. Blood, 50, 303—
316.

Thompson, A.A., Woodruff, K., Feig, S.A., Nguyen, L.T. & Schanen,
N.C. (2001) Congenital thrombocytopenia and radio-ulnar synos-
tosis: a new familial syndrome. British Journal of Haematology, 113,
866-870.

Tyagi, A. & Bhattacharya, A. (2002) Central neuraxial blocks and an-
ticoagulation: a review of current trends. European Journal of An-
aesthesiology, 19, 317-329.

Van Geet, C., Devriendt, K., Eyskens, B., Vermylen, J. & Hoylaerts,
M.F. (1998) Velocardiofacial syndrome patients with a heterozygous
chromosome 22q11 deletion have giant platelets. Pediatric Research,
44, 607-611.

Villar, A., Aronis, S., Morfini, M., Santagostino, E., Auerswald, G.,
Thomsen, H.F., Erhardtsen, E. & Giangrande, P.L. (2004) Pharma-
cokinetics of activated recombinant coagulation factor VII (Novo-
Seven) in children versus adults with haemophilia A. Haemophilia,
10, 352-359.

Vivier, M., Treisser, A., Naett, M., Diemunsch, P., Schmitt, J.P.,
Waller, C., Tongio, M.M., Hemmendinger, S. & Lutz, P. (1989)
Glanzmann’s thrombasthenia and pregnancy. Contribution of
plasma exchange before scheduled cesarean section. Journal de
Gynecologie Obstetrique et Biologie de la Reproduction (Paris), 18,
507-513.

Wall, J.E., Buijs-Wilts, M., Arnold, J.T., Wang, W., White, M.M.,
Jennings, L.K. & Jackson, C.W. (1995) A flow cytometric assay using
mepacrine for study of uptake and release of platelet dense granule
contents. British Journal of Haematology, 89, 380-385.

Weiss, H.J. & Lages, B. (1988) The response of platelets to epinephrine
in storage pool deficiency — evidence pertaining to the role of

© 2006 The Authors

Review

adenosine diphosphate in mediating primary and secondary aggre-
gation. Blood, 72, 1717-1725.

Weiss, H.J. & Lages, B. (1997) Family studies in Scott syndrome. Blood,
90, 475-476.

Weiss, H.J., Vicic, W.J., Lages, B.A. & Rogers, J. (1979) Isolated defi-
ciency of platelet procoagulant activity. American Journal of Medi-
cine, 67, 206-213.

Weiss, H.J., Turitto, V.T. & Baumgartner, H.R. (1986) Platelet adhe-
sion and thrombus formation on subendothelium in platelets defi-
cient in glycoproteins IIb-IIla, Ib, and storage granules. Blood, 67,
322-330.

Weiss, H.J., Lages, B., Vicic, W., Tsung, L.Y. & White, J.G. (1993)
Heterogeneous abnormalities of platelet dense granule ultrastructure
in 20 patients with congenital storage pool deficiency. British Journal
of Haematology, 83, 282-295.

Weiss, H.J., Lages, B., Zheng, S. & Hayward, C.P. (2001) Platelet factor
V New York: a defect in factor V distinct from that in factor V
Quebec resulting in impaired prothrombinase generation. American
Journal of Hematology, 66, 130-139.

White, D.G. (1969) The dense bodies of human platelets: inherent
electron opacity of serotonin storage organelles. Blood, 33, 598—606.

Wiskott, A. (1937) Familiarer, angeborener Morbus Werlhofii? Mon-
atsschrift Kinderheilkunde, 68, 212-216.

Witkop, C.J., Nunez Babcock, M., Rao, G.H., Gaudier, F., Summers,
C.G., Shanahan, F., Harmon, K.R., Townsend, D., Sedano, H.O. &
King, R.A. (1990) Albinism and Hermansky—Pudlak syndrome in
Puerto Rico. Bulletin of the Medical Association of Puerto Rico, 82,
333-339.

Wu, K.K., Le Breton, G.C., Tai, H.H. & Chen, Y.C. (1981) Abnormal
platelet response to thromboxane A2. Journal of Clinical Investiga-
tion, 67, 1801-1804.

Wun, T., Paglieroni, T.G. & Lachant, N.A. (1995) Desmopressin sti-
mulates the expression of P-selectin on human platelets in vitro.
Journal of Laboratory and Clinical Medicine, 126, 401-409.

Yesilipek, M.A., Hazar, V., Kupesiz, A. & Yegin, O. (2000) Peripheral
stem cell transplantation in a child with amegakaryocytic throm-
bocytopenia. Bone Marrow Transplantation, 26, 571-572.

Yu, C,, Niakan, K.K., Matsushita, M., Stamatoyannopoulos, G., Orkin,
S.H. & Raskind, W.H. (2002) X-linked thrombocytopenia with
thalassemia from a mutation in the amino finger of GATA-1 af-
fecting DNA binding rather than FOG-1 interaction. Blood, 100,
2040-2045.

Zhou, L. & Schmaier, A.H. (2005) Platelet aggregation testing in pla-
telet-rich plasma: description of procedures with the aim to develop
standards in the field. American Journal of Clinical Pathology, 123,
172-183.

Zhu, Q., Zhang, M., Blaese, R.M., Derry, ].M., Junker, A., Francke, U.,
Chen, S.H. & Ochs, H.D. (1995) The Wiskott—Aldrich syndrome
and X-linked congenital thrombocytopenia are caused by mutations
of the same gene. Blood, 86, 3797-3804.

Journal Compilation © 2006 Blackwell Publishing Ltd, British Journal of Haematology, 135, 603-633 633



