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Review Article

Thrombophilia: how far should a dotter be investigated?

Isobel D. Walker

Thrombosis Research Group, Department ofHaematology, Glasgow Royal Infirmary, Glasgow G4 05F, UK

Introduction

Virchow' postulated that the key conditions pro-
moting thrombosis are changes in the vessel wall
(vascular injury), impairment of the blood flow
(stasis), and alterations in the blood itself (hyper-
coagulability). The concept of a congenital defici-
ency of a single regulatory factor that could shift
the haemostatic balance so significantly that the
resultant hypercoagulability would cause clinical
thrombosis seemed to be proven by the observation
of the association of familial thrombosis with
antithrombin deficiency.2 It has, however, become
clear that the components of Virchow's triad are
not independent - abnormality ofone element may
promote abnormalities in the others. Furthermore,
abnormality of a single element may not lead to
thrombosis unless abnormality ofa second element
supervenes - for example, individuals with in-
herited deficiency of the natural anticoagulant
mechanisms may be at significant thrombotic risk
only if vascular injury or stasis is superimposed. In
a century and a half a great deal of experimental
evidence has accrued to support Virchow's triad
but in purely practical terms frequently it remains
impossible to determine why an individual has
suffered a thrombosis.

In the developed world, thromboembolism re-
mains a major cause of mortality and morbidity.
Since the long-term health and cost implications
are enormous, prevention of thrombosis must be a
priority. When a patient does present with throm-
bosis we must not only manage the acute event but
ensure the risk of recurrence is minimized.

Terminology

The terminology used to describe conditions which
may increase the risk ofthrombosis is confused and
there are no universally accepted definitions. The
term thrombophilia has been used in the United
Kingdom to describe 'the familial or acquired
abnormalities of the haemostatic mechanism
likely to predispose to thrombosis'.3 This defines
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thrombophilia in laboratory terms but clinicians
would normally restrict it to include only those
defects shown to be associated with increased
thrombotic risk in a significant proportion of
affected individuals. Within this group are included
the inherited abnormalities of anti-thrombin,
protein C and protein S. and acquired abnor-
malities such as lupus anticoagulants and
anti-cardiolipins. Elsewhere authors define
thrombophilia in clinical terms - for example, as 'a
tendency toward venous thromboembolic disease
in adults under 50 years old in the absence of
known risk factors including, among others, malig-
nancy, immobilization or major surgery'.4
The term hypercoagulability is somewhat

broader and may be used to embrace not only
thrombophilic defects as described above but any
shift in the haemostatic balance which may pro-
mote inappropriate or excessive platelet/fibrin
deposition without necessarily to date having been
shown to be associated with clinical thromboem-
bolism in a significant proportion of affected
individuals. The term prothrombotic is yet wider
still and may be used to describe any abnormality
of any element of Virchow's triad. Thus conditions
such as trauma, malignancy, myeloproliferation or
nephrotic syndrome which do not primarily affect
haemostasis are included along with primary
hypercoagulable conditions.

Confusion has arisen from a tendency to use the
words prothrombotic and prethrombotic inter-
changeably. The prefix 'pre' indicates an irreversi-
ble evolution to a given effect, that is, a patient who
is prethrombotic must inevitably develop throm-
bosis. Patients who have a prothrombotic state
have an increased tendency to thrombosis but may
never develop a thrombus, that is, they may never
transform to a prethrombotic state.

Thrombophilic defects

Antithrombin deficiency

Antithrombin (AT) is the major plasma inhibitor
of thrombin and other serine proteases of the
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intrinsic coagulation pathway. The activity of AT
is enhanced in the presence of heparin or of certain
endothelial cell-surface heparan sulphate proteo-
glycans. The structure and function ofAT and the
organization of the gene have been described in
detail, and are reviewed by Lane et al. and by
Cooper.5"6

In accord with the classification of other
coagulation protein deficiencies, AT deficiency
characterized by a concomitant reduction in func-
tional activity and protein antigen is called type 1
(classical) deficiency whilst those deficiencies in
which functional activity and protein antigen are
discordantly reduced (the protein antigen assay
results being greater than the detectable functional
activity) are called type 2. Many attempts to further
subclassify AT deficiency are recorded but to date
none has gained universal acceptance.7

Inherited AT deficiency is associated with in-
creased risk ofthrombosis. The incidence ofthrom-
boembolic disease is highest in association with
type 1 deficiency and type 2 defects affecting the
reactive site. It has been suggested that heterozy-
gous type 2 defects affecting the heparin binding
site (HBS) may not increase thrombotic risk8'9 but
certain type 2 HBS mutations may be clinically
more important than others.'0
The relative prevalences of type 1 and type 2 AT

deficiencies have been unclear. In symptomatic
cohorts they may be equally common" but studies
reporting large numbers of deficient kindred have
given confficting impressions.7'8 After screening
25,000 females, Abildgaard'2 estimated the preva-
lence of type 1 AT deficiency in the general
population to be 1/5,000. This prevalence of type 1
AT deficiency has been confirmed in a recent survey
of 10,000 blood donors in which it was also
demonstrated that the prevalence of type 2 AT
deficiency is much greater and may be as high as
1/600- 1/700.'3
A variety of immunological and functional

assays for AT are commercially available. The
distribution of AT activity is approximately nor-
mal and, although definite age- and sex-related
variations have been reported, these are minor and
a single fairly narrow reference range may be
used.'4 The identification of individuals with AT
deficiency is therefore relatively simple.

Protein C deficiency

Protein C (PC) is a vitamin K-dependent glyco-
protein synthesized by the liver. On the endothelial
cell surface, thrombin in the presence of thrombo-
modulin cleaves an arginine-leucine bond
converting PC into activated protein C (APC).
APC inactives the coagulation cofactors FVa and
FVIIIa exerting regulatory activity on both intrin-
sic and extrinsic pathways. In addition APC neu-

tralizes plasminogen activator inhibitor-I (PAI-i)
the major inhibitor of tissue plasminogen activator
(t-PA) and thus enhances fibrinolytic activity.'5-"7
Both type 1 and type 2 deficiency are recognized.
The genetic defects in a large number of type 1 and
type 2 patients have been determined and recurrent
mutations noted. 18-21

In many families there appears to be a clear
association between PC deficiency and a throm-
botic tendency.22 It has been estimated that the
prevalence of heterozygous PC deficiency associ-
ated with thrombosis is around 1/16,000 to
1/32,000 of the population.23 24 This figure is widely
different from the observation that heterozygosity
for PC deficiency affects as many as 1 in 200-300
healthy blood donors.25 Furthermore, although
homozygotes or compound heterozygotes for PC
deficiency may suffer from neonatal purpura ful-
minans and life-threatening venous thrombosis26'27
their heterozygous parents usually have no per-
sonal or family history ofthrombosis. These obser-
vations have led to reconsideration of the hypo-
thesis that heterozygous protein C deficiency is in
itself enough to increase thrombotic risk substan-
tially and it has recently been proposed that in
symptomatic heterozygotes some other as yet
unidentified factor(s) (genetic or acquired) may be
contributing to the risk.28
The majority of known PC variants cause re-

duced function detectable in chromogenic assays
but a small number of variants have been found
that behave normally in chromogenic assays but
abnormally in clotting assays. Protein C activity
displays a log normal distribution and significant
variation with age.29 Age-restricted reference
ranges are therefore recommended when reporting
PC activity results. Interpretation of PC results is
complicated by the considerable overlap which
exists between normals and heterozygotes for PC
deficiency.

Protein S deficiency

Protein S (PS) is a non-enzymatic vitamin K-
dependent cofactor - essential for the expression of
the anticoagulant function of APC. Hereditary
deficiency of PS was first reported in 19843031 and
the association of inherited PS deficiency with a
tendency to develop thrombosis is well docu-
mented.32

Regulation of haemostasis may not be the sole
function of PS since it forms non-covalent com-
plexes with one of the complement system regu-
latory proteins - C4b binding protein. Currently
most diagnostic laboratories use ELISA-based
assays to measure total PS antigen and free PS
antigen. Over the past few years there have been
many attempts to devise meaningful assays of PS
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activity but to date there is little consensus on how
to perform a routine assay of PS activity.
The subclassification ofPS deficiency has proven

particularly complicated and the significance of
reduced free PS antigen is difficult to interpret. The
study of the molecular lesions responsible for PS
defects is also problematic - hampered by the large
size and exon number of the gene. There are no
large studies reported of the influence of demo-
graphic factors on PS levels. The diagnosis of PS
deficiency remains difficult in many instances. The
prevalence of PS deficiency in the general popula-
tion is unknown.

Anti-phospholipid antibodies

At one time believed to be the same, lupus anti-
coagulants and anti-cardiolipin antibodies are now
considered different antibody types within the wide
spectrum of anti-phospholipid antibodies (APAs).
Anti-cardiolipin (aCL) antibodies bind to anionic
phospholipids or phospholipid-containing com-
plexes in solid phase immunoassays whereas lupus
anticoagulant (LA) antibodies interfere with, and
prolong phospholipid-dependent coagulation
tests, such as the activated partial thromboplastin
time (APTT), kaolin clotting (KCT) and dilute
Russell viper venom time (dRVVT). Recently it has
become clear that the interactions between APAs
and their putative 'target' antigens may be more
complex than previously thought and that these
interactions may require the participation ofcofac-
tors.33-35

Anti-phospholipid antibodies may be found in
patients with a variety of 'underlying' disorders
including autoimmune disorders, malignancies,
infections and in association with a number of
drugs. Some patients develop APAs and clinical
complications including thrombosis without any
apparent underlying pathology. These patients
have been considered to have 'primary anti-
phospholipid syndrome'.36
Many authors have described an association

between aCL antibodies or LA antibodies and
thromboembolic disease.37140 Recruiting con-
secutive unselected systemic lupus erythematosus
(SLE) patients and using objective tests to detect
evidence of previous thrombosis, Long et al.41
demonstrated that SLE patients who had APAs
detectable as both aCL and LA antibodies had a
statistically significantly increased incidence of
thrombosis, and that SLE patients who had only
LA antibodies had a positive trend towards in-
creased numbers of thrombotic events. At present
the mechanism or mechanisms by which APAs play
a pathogenetic role in thrombosis are unclear.
The recent explosion of interest in APAs has

meant that routine haemostasis laboratories are
now regularly asked to perform screening tests. At

the same time there remains considerable con-
troversy about the most appropriate methods to
use. In screening for LA antibodies meticulous
sample preparation is essential. Further, it is
recommended that the APTT alone is an inade-
quate initial screen for LA antibodies and other
phospholipid dependent tests, for example, the
dRVVT and the KCT must be included. Once
prolongation of the initial screening tests is shown
to be due to the presence of an inhibitor, con-
firmation that the inhibitory activity is directed
against phospholipid-containing complexes is
mandatory.42 Kits for performing ELISA assays of
anti-cardiolipins are widely available. Unfor-
tunately at present there are no national or interna-
tional standards available and results vary from
laboratory to laboratory. In screening for APAs, it
is necessary to include both clotting tests to detect
LA antibodies and immunological assays of aCL
antibodies.

APC resistance

Recently a new disorder which may be associated
with familial thrombosis has been postulated. This
disorder is characterized by a poor anticoagulant
response (as measured by prolongation of an
APTT) when APC is added to the patient's
plasma.43 It was hypothesized that the observed
'APC resistance' is most likely the result of
deficiency in the patient's plasma ofa second, as yet
unidentified, cofactor for APC. However, more
recently it has become evident that APC resistance
may be the result ofa molecular defect in factor V.'
The defect appears to be heritable and to cosegre-
gate with an increased tendency to develop venous
thrombosis.
A kit containing optimized APC and APTT

reagents is available (Chromogenix, Sweden). Cur-
rently many haemostasis laboratories are evaluat-
ing this kit for routine use and screening their
population of patients with unexplained throm-
bosis trying to determine the prevalence of 'APC
resistance' in thrombotic patients and in the
healthy population.45

Fibrinolytic system abnormalities

Although some abnormalities of fibrinogen mole-
cules may increase the risk of thrombosis or
arteriosclerosis46 most dysfibrinogenaemias are
detected by chance and are not associated with any
clinical manifestations. Patients with both type 1
and type 2 plasminogen deficiency and a history of
recurrent thrombosis are described47'48 but in
affected families a low percentage of heterozygotes
are symptomatic.49 Approximately 30% ofpatients
who have had an idiopathic deep vein thrombosis
have low baseline fibrinolytic activity or a
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diminished fibrinolytic response to a standardized
venous occlusion test or to the infusion of desmo-
pressin. The majority of poor responders have
elevated PAI levels and only a minority (10-20%
of the poor responders) have reduced t-PA levels."0
Elevated PAI activity is found in association with a
wide variety of clinical disorders but it has proven
difficult to demonstrate a causal relationship with
thrombosis. Furthermore the methodology for
investigating the fibrinolytic system is cumbersome
and not readily applicable to routine clinical in-
vestigation. Blood samples must be collected in a
rigidly standardized fashion from fasting and rest-
ing patients. Of the stimulation tests, only venous
occlusion is safe for the majority of patients, and
this is a painful and often poorly tolerated proce-
dure. The clinical relevance of these stimulation
tests is questionable.

Other abnormalities

Individuals have been reported in whom throm-
bosis, venous or arterial, has been associated with a
variety of other deficiencies, for example, heparin
cofactor II, factor XII or cystathione-p-synthase.
However, to date convincing family studies are
lacking and screening for these abnormalities re-
mains the province of specialist laboratories.

Timing of investigation

As far as possible, detailed investigation is best
avoided in the acute post-thrombotic phase.
Heparin therapy reduces plasma levels of func-
tional AT and, because PC and PS are vitamin
K-dependent, their levels are lowered by oral
anticoagulants. Screening tests for LA antibodies
and the APC resistance test are also unreliable in
anticoagulated patients. Pregnancy and the contra-
ceptive pill influence the levels of the natural
anticoagulants thus, wherever possible, results
should be confirmed when the patient is neither
pregnant nor taking oral contraceptives.

Detection of the prethrombotic state

The processes which are responsible for converting
the hypercoagulable prothrombotic state into a
prethrombotic state and subsequently clinical
thrombosis are poorly understood, but obviously it
would be highly desirable to be able to detect this
transition. The coagulation cascade is a series of
linked proteolytic reactions. At each step an inac-
tive zymogen is converted to an active serine
protease which is then responsible for the subse-
quent zymogen to enzyme transition. The enzymes
generated are very short lived in the circulation

being rapidly neutralized by naturally occurring
inhibitors. However, in the process of activation,
peptides are released from the parent zymogens
and these activation peptides are more stable
entities with finite half-lives in the plasma.
Twenty years ago Nossel and co-workers5"

developed an immunoassay of fibrinopeptide A
(FPA), the peptide cleaved by thrombin from the a
chain of fibrinogen. FPA levels are elevated in
many clinical conditions and commercial kits for
FPA assays have been developed. The clinical
applicability of FPA assays is, however, limited by
the high probability of in vitro thrombin activa-
tion.52

Recently most interest has surrounded the detec-
tion and quantification of prothrombin fragment
1 + 2 (F + 2) released from the amino-terminal end
of prothrombin when it is activated by factor Xa.
Immunoenzymatic assays have been developed by
commercial manufacturers and are widely avail-
able. Elevated F1+2 levels have been reported in
disseminated intravascular coagulation and in
patients with venous thromboembolism.53'54 In
about 25% of asymptomatic and untreated
patients with inherited thrombophilic defects,
deficiency of AT, PC or PS, elevated FPA and/or
F1+2 levels have been recorded. F1,+2 levels are
more frequently elevated in patients with PC or PS
deficiency than in patients withAT deficiency. F1 + 2
and FPA levels do not differ significantly between
hereditary thrombophilic patients who have had a
clinical history of thrombosis and those who have
had no previous symptoms.55

Investigation of patients with thrombosis

In the current climate of concern about the cost of
health care, the question of how far it is justifiable
to take investigation of a patient with a history of
thrombosis begs the response 'what difference
would knowing that a defect does or does not exist
make to patient management?' Firstly, it is worth
emphasizing that objective diagnosis ofthrombotic
events - deep vein thrombosis (DVT) or pul-
monary embolism (PE) - by radiology, ultrasound
or impedance plethysmography, should be con-
sidered essential. It is rarely acceptable to diagnose
thrombosis or embolism on clinical grounds alone.
Secondly, diagnosing a modifiable prothrombotic
pathology is evidently likely to be worthwhile.
Thus the initial stages of investigation must be
directed towards excluding or identifying common
acquired causes of thrombosis - malignancy,
myeloproliferative disease and so on - and routine
haematology including a full blood count (FBC)
and film, urea and electrolytes (U/E), liver function
tests (LFTs) and plasma glucose levels are appro-
priate (Table I).
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Table I All patients with possible venous thrombosis
merit

1. Objective diagnosis of DVT/PE
2. Detailed clinical history and examination to identify

or exclude underlying pathology
3. Routine laboratory investigation including FBC and

film, coagulation screen (APTT, PT, TT) U/E, LFTs
and plasma glucose

Several years ago, in a guidelines document, the
British Society for Haematology suggested an
initial screen for thrombophilia should include
functional assays of AT, PC and plasminogen,
immunological assays of total and free PS, and
tests for LA and aCL antibodies.3 Preceded by a
coagulation screen (APTT, prothrombin time (PT)
and thrombin clotting time (TT)) this protocol is
aimed at detecting the commonest inherited and
acquired thrombophilic defects, and identifying for
further investigation patients who may have
fibrinogen or factor XII abnormalities. Since pub-
lication of these guidelines, information about
thrombophilia and about the various investi-
gations used to detect defects has grown steadily.

It has become clear that the tests and their
interpetation are more complex than they at first
seemed. Detailed recommendations for performing
lupus anticoagulant tests have been published.42'56
The interpretation of PC assays is complicated by
the considerable overlap between normals and
heterozygous PC-deficient patients. No widely
accepted PS functional assay is available and the
interpretation of reduced free PS results is difficult.
It is best to avoid collecting samples for thrombo-
philia screening tests whilst the patient is in the
acute post-thrombotic phase. The only exception
to this general rule would be the patient with severe
life- or limb-threatening thrombosis who is proving
difficult to anticoagulate, and inwhom the question
of AT deficiency and possible AT replacement
therapy has been raised. Otherwise screening for
specific thrombophilic defects when the patient has
a current thrombosis is unlikely to contribute
anything useful to his immediate management.
This, taken in conjunction with the undoubted
difficulties in performing and interpreting tests,
may mean that thrombophilia screening should be
confined to laboratories with a particular interest.

Is it worthwhile organizing patient follow-up for
thrombophilia screening at a later date? Data on
the prevalences ofthrombophilic defects in patients
who have had thrombotic events are confused.
Most studies report prevalence rates in 'young'
patients with histories of spontaneous venous
thromboembolism but differences in patient selec-
tion and diagnostic criteria have resulted in
reported prevalence rates of lo-30%.7-60 The

diagnosis of an underlying haemostatic defect is
potentially important not only for the patient
himself but, in the case of the heritable defects, for
his family. Detection of APAs should initiate
further investigation to exclude or identify
treatable pathology underlying their development.
Perhaps in patients in whom it has been decided on
clinical grounds that long-term anticoagulation is
mandatory, striving to diagnose an inherited
thrombophilic defect may be viewed by some as
pointless. However, in these patients, as in patients
who have an already identified heritable thrombo-
philic defect, screening offamily members is impor-
tant to identify affected but as yet asymptomatic
relatives.
At present the additional information which

may be gained from extending testing to subclassify
inherited defects and define genetic variants is
interesting but rarely useful in making clinical
decisions in patients who have already had throm-
bosis. In only a very few patients, consideration
may be given to extending investigation to include
fibrinolytic system assessment and assays of other
defects which may occasionally be associated with
thrombosis (Table II). Since heterozygous plas-
minogen is now believed not to be strongly associ-
ated with increased thrombotic risk a functional
assay ofplasminogen need no longer be included as
part of an initial thrombophilia screen but may be
included at this stage.

Recently Griffin et al.4 reported that the newly
described defect in anticoagulant response to APC
was present in 52-64% of plasmas from patients
with a history of venous thrombosis with no other
identified predisposing cause. If these findings are
corroborated, the chances of finding explanations
for many more thrombotic events will be greatly
enhanced.

There are no clear guidelines on the management
of patients with thrombophilia and it remains
difficult to give advice. Asymptomatic relatives and
thrombophilic patients who have already had a
thrombotic event but are not on long-term
anticoagulant prophylaxis constitute a con-
siderable challenge. Management is aimed at
preventing the initial or recurrent events but at
present is largely empiric since the currently
available tests for detecting the prethrombotic state
are insufficiently sensitive to predict thrombosis.
How far is it justifiable to pursue specialized

investigation of a patient with a history of throm-
bosis? Young patients under the age of 453 and
perhaps all patients up to age 70 or more' who
have had even a single episode of thrombosis either
apparently spontaneously or in circumstances
which in the great majority of individuals do not
result in thrombosis (for example, pregnancy,
contraceptive pill taking or long journeys) should
be offered screening for thrombophilic defects
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(Table III). Screening tests should be aimed at
detecting the most common defects - deficiency of
AT, PC or PS, presence of LA or aCL antibodies,
and APC resistance (Table IV). Finding an abnor-
mality may only rarely influence the management
of an acute event, but should in all cases highlight
the requirement for increased vigilance and careful
counselling in the patient's follow-up. In the case of
heritable defects it is frequently not the patient
himself who gains most from the diagnosis having
been established but his affected relatives who are
as yet asymptomatic.

Table II Additional tests - at present, unlikely to
influence management and/or limited to research groups

1. DNA analysis, for example, AT, PC or PS
2. Fibrinolytic system tests
3. Other assays including heparin cofactor II, cysta-

thione P synthase
4. Assays ofcoagulation activation markers - FPA,

F1 + 2, thrombin - antithrombin (TAT)

Table HI Who merits detailed thrombophilia screening?

1. Patients who have had one or more venous throm-
botic event, and in whom detailed clinical and routine
laboratory investigation has failed to reveal underly-
ing pathology

2. Patients who have had venous thrombosis associated
with exposure to minor increased thrombotic risk
only, for example, pregnancy, contraceptive pill tak-
ing, long journeys, etc.

3. Relatives of patients known to have a heritable
thrombophilic defect

Table IV Thrombophilia screening tests

Antithrombin activity Chromogenic assay
Protein C activity Chromogenic assay
Protein S antigen ELISA total antigen

ELISA free antigen
Activated protein C resistance test
Lupus anticoagulant (LA) screen* APTT

KCT
dRVVT

Anti-cardiolipins (aCLs) ELISA IgG aCL
ELISA IgM aCL

*At least 2 of the LA screening tests should be done and if
appropriate antiphospholipid activity confirmed with
platelet neutralization.
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