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Venous thromboembolic disease (VTD) has
two clinical manifestations: deep vein throm-
bosis (DVT) and the more serious pulmonary

embolism (PE). VTD can result from congenital or
acquired factors, or more frequently from a combi-
nation of the two.1 Congenital factors include
defects of natural inhibitors of hemostasis,2-5 such
as antithrombin, proteins C and S, heparin cofac-
tor II (HC-II), resistance to activated protein C
(APC-R), hyperhomocysteinemia, dysfibrinogene-
mia and dysplasminogenemia. The largest study in
patients with instrumentally diagnosed DVT, in
1990,6 showed a prevalence of natural hemostasis
inhibitors less than 10%.

The mechanism of resistance to activated protein
C (factor V Leiden mutation of Arg 506→Gln) was
not known at that time. The prevalence of this
defect in the heterozygotic form in the healthy pop-
ulation is about 3-6%, while the prevalence of APC-
R in patients with VTD ranges from 10 to 60%.7-9

Thrombophilia due to hereditary abnormalities of

hemostasis carries a life-long risk of thrombosis.
When this condition is identified, anticoagulant
treatment of adequate duration and intensity must
be provided for patients with a prior thrombotic
event, prophylactic protection must be given at
times of risk, and their families must be evaluated
to find asymptomatic carriers. A frequent acquired
abnormality of hemostasis causing VTD is the pres-
ence of antiphospholipid antibodies (APLA);10 a
strong association between lupus anticoagulant
(LA) and DVT has recently been found11 and high
intensity anticoagulant treatment has been suggest-
ed in patients with APLA and DVT.12 Since the
prevalence of hemostatic abnormalities in patients
with VTD in earlier studies was low (under 10%),6

the current issue is whether natural inibitors should
be assayed in all VTD patients. Congenital hemo-
static abnormalities are known to cause thrombo-
sis, particularly at a young age,13,14 so we assayed
natural inhibitors and the LA in patients younger
than 50. The goal of this study was to evaluate the

Background and Objective. Deficiencies of natur-
al inhibitors and the presence of lupus anticoagu-
lant are important risk factors leading to venous
thromboembolic events. Before of resistance to
activated protein C (APC-R) was identified, the
overall prevalence of inherited abnormalities of
hemostasis in non-selected outpatients with
venous thromboembolic disease was under 10%.
This cast doubts on the of cost effectiveness and
clinical significance of assaying hemostasis
inhibitors in all such patients. The goal of this
study is to evaluate the prevalence of inherited and
acquired abnormalities of hemostasis in younger
symptomatic outpatients with objectively diag-
nosed venous thromboembolic disease (VTD).

Methods. From October 1994 to October 1996,
we diagnosed, treated and followed191 consecutive
outpatients with an objective diagnosis of venous
thromboembolic disease, and assayed natural and
acquired hemostasis inhibitors in 81 of them aged
less than 50; in addition, 129 relatives of patients

with inherited deficiencies were evaluated.
Results. Twenty-six of the patients under age 50

showed inherited deficiencies of natural inhibitors
(3 antithrombin, 5 protein C, 3 protein S and 14
APC-R, 1 dysfibrinogenemia) and 8 patients had
lupus anticoagulant (LA): abnormalities of hemo-
stasis were found in 41.9% (95% confidence inter-
val 31.1-53.5). In older selected patients, 60%
(95% confidence interval 40.6-77.3) of the sub-
jects showed abnormalities. Seventy-two of the rel-
atives displayed natural inhibitor deficiencies.
88.5% of the families studied had at least one rela-
tive with the same defect as the propositus. 

Interpretation and Conclusions. A simple selec-
tion based on age, clinical and family history
shows the existence of a high prevalence and the
important clinical significance of abnormalities of
hemostasis in symptomatic outpatients with
venous thromboembolic disease.
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prevalence of inherited and acquired abnormalities
of hemostasis in younger symptomatic outpatients
with objectively diagnosed VTD.

Patients and Methods

Patients 
Between October 1994 and October 1996, 191 consecutive

outpatients with symptomatic objectively confirmed VTD (97
younger and 94 older than 50 years) were followed in our Unit
for thrombotic and hemorrhagic diseases: 97 showed DVT, 87
PE with DVT and 7 PE without evidence of DVT. At the end of
anticoagulant treatment (at least 7 days after its completion;
for diagnosis and treatment flowchart, see Table 1), natural and
acquired inhibitors of hemostasis were studied in 81 patients
younger than 50; 16 were not evaluated because 5 had dropped
out and 11 were receiving ongoing anticoagulant treatment.
Furthermore, 30 patients over 50 considered at risk because
they had either a personal history of thrombotic recurrences (at
least twice in the last 3 years) or a family history of thrombosis
(at least one first-degree relative younger than 50 with an acute
thrombotic event without any triggering cause) were studied.
We also investgated the 26 families (129 individuals) of
patients with deficiencies of natural inhibitors.

VTD diagnosis
DVT was diagnosed by means of an echo-color Doppler

Ultramark 9 HDI (ATL) operating with linear electronic (5
MHz) and convex probes (2-4 Mhz). The diagnostic criteria15, 16

were: resistance of the vein to compression by the echographic
probe and direct visualization of the thrombus. For patients
with venous thrombosis extending above the inguinal ligament
and not evaluable by ultrasound because of intestinal gas or the
constitution of the patient, we used a contrast medium CT
scan. Each patient underwent a pulmonary scintigraphy with
perfused macroaggregates of Tc99-labelled albumin. Patients
with perfusion abnormalities were studied using ventilatory pul-
monary scintigraphy with microcolloidal Tc99. We used the
PIOPED criteria to confirm diagnosis.17

Laboratory methods
Blood samples for protein C and protein S, HC-II, antithrom-

bin, APC-R, fibrinogen and LA assays were collected in vacu-
tainer tubes containing sodium citrate (1:10). Platelet-poor
plasma was obtained by centrifugation at 4,000 rpm for 30
minutes at 4°C, then stored at –80°C. Genomic DNA for the
factor V mutation analysis was obtained from whole blood col-
lected in tubes containing EDTA. 

LA, protein C, protein S, antithrombin, HC-II and fibrinogen assays.
LA was diagnosed according to Standardization of Lupus Anti-
coagulant/Antiphospholipid Antibody Subcommittee guidelines.18 The
presence of LA was detected by using the APTT (Actin-FSL,
Baxter, Miami-USA) and kaolin clotting time (KCT) screening
tests. The two tests were performed either on the patient’s plas-
ma or on a 1:1 mixture of the patient’s plasma and normal pool
plasma (obtained from 20 healthy donors). The platelet neu-
tralization procedure (Stago)19 was used as a confirmation test.
The antithrombin plasma level was assayed by a chromogenic
method (Immunochrom AT-III, Immuno); protein C and total
protein S were determined by using the coagulative assays from
Stago (protein C and protein S clotting tests). HC-II was mea-
sured by an amidolytic method using a commercial kit
(Stachrom HC-II Stago). Fibrinogen was quantified according
to Clauss. Normal ranges were: from 80 to 120% for antithrom-
bin, from 70 to 140% for protein C, from 60 to 140% for pro-
tein S, from 65 to 145% for HC-II.

The normal ranges were obtained from an analysis of one
hundred healthy blood donors. Diagnosis of a deficiency was
established only if the plasma level of a protein was below the
lower limit of its normal range in at least two samples.  

APC-R test. Plasma was incubated with an APTT reagent for a
standard period. Clotting was triggered by the addition of
CaCl2 in the absence or presence of activated protein C (APC).
The time for clot formation was recorded. A commercial kit

(Cromogenix-Coatest APC Resistance-Ortho Diagnostic
System) was used. Clotting times were determined with a KJ16S
semi-automated coagulometer (Ortho). Results were expressed
as an APC sensitivity ratio, obtained by dividing APTT plus APC
by APTT minus APC. When APC-SR was lower than 1.8, it was
considered to be positive. This value was obtained by ROC
curve analysis: this cutoff best discriminated between normal
subjects and patients with defects (sensitivity = 58%, specificity
= 100%, efficiency = 91.6, positive predictive value = 100%, neg-
ative predictive value = 90.5%). Each sample found to be posi-
tive or borderline for the functional test was then confirmed by
molecular biology assay (factor V gene mutation test).

Factor V gene mutation test. The factor V 506 Arg to Gln muta-
tion was determined as described elsewhere.20,21 The region in
exon 10 encoding for the APC cleavage site in Factor V was
PCR™ amplified using the primers 506.5 (5' TGTTATCA-
CACTGGTGCT 3') and 506.9 (5'TGTTATCACACTGGTGCT
3'). PCR conditions consisted of 37 cycles at 95°C for 45 sec,
55°C for 90 sec, 72°C for 180 sec, preceded by 5 min at 65°C.
The presence of the factor V mutation was detected by diges-
tion with MnlI). 

Statistical analysis
The factor V mutation was used as the reference standard to

establish the presence of the APC-R. Sensitivity and specificity
of APC-R clotting assays were calculated by ROC analysis. The
diagnostic efficiency of functional assays was calculated by
Reverse Galen and Gambino analysis. The prevalences are
shown as percentage and 95% confidence intervals (95% CI).

Venous thromboembolism and inhibitors of hemostasis

Clinical suspicion of venous thromboembolic disease

Physical examination and anamnesis

Venous compression ultrasonography, lung perfusion scan, PT, PTT

i.v. heparin, oral anticoagulants

Stop the anticoagulant treatment

Patients over 50 yrs.:
assay of natural and
acquired inhibitors

Patients under 50 yrs.:
family history and/or
recurrence of thrombosis

Negative Positive No

Prolongation of anticoagulant
treatment and family study No assay of inhibitors

Yes

Table 1. Diagnosis and treatment flowsheet in patient with
venous thromboembolic disease.

Clinical suspicion of venous thromboembolism disease

Physical examination and anamnesis

i.v. heparin, oral anticoagulants

Stop the anticoagulant treatment

Patients over 50 yrs:
assay of natural and
acquired inhibitors

Yes

NoPositiveNegative

Prolongation of anticoagulant
treatment and family study

No assay of inhibitors

Patients under 50
yrs: and/or recur-

rence of thrombosis

Venous compression ultrasonography, lung perfusion scan, PT, PTT



Results
Natural and acquired inhibitors of hemostasis

were studied in 81 patients under 50 years old; of
these, 26 (32.1%; 95% CI 22.1-43.4) showed inher-
ited deficiencies of natural inhibitors and 8 (9.9%;
95% CI 4.4-18.5) patients had LA: 41.9% (95% CI
31.1-53.5) of patients were found to have hemo-
stasis abnormalities. In addition, 30 patients over
50 were selected and studied: 13 (43%; 95% CI
25.5-62.6) displayed deficiencies of natural
inhibitors and 5 (16.6%; 95% CI 5.6-34.7) had LA:
60% (95% CI 40.6-77.3) presented hemostasis
abnormalities. Frequencies (% and 95% CI) of each
abnormality are shown in Table 2.

Relatives (129 individuals) of the 26 patients with
inherited hemostasis abnormalities were also stud-
ied: 72 carriers of inhibitor deficiencies were found
and 88.5% of these families had at least one carrier
of the defect. 

Discussion
The prevalence of hemostasis abnormalities in

VTD patients is extremely variable. The issue is if
and when inherited and acquired inhibitors should
be assayed in patients presenting with VTD. Up to
1990 the answer was probably negative because
the largest study on non-selected patients with VTD
published showed a prevalence of abnormalities
lower than 10%. To our knowledge, no recent study
assaying both acquired and inherited hemostatic
abnormalities in VTD outpatients is available.

Our data show that in symptomatic outpatients
with VTD diagnosed by objective methods and
selected on the basis of age and clinical history,
there is a very high prevalence of hemostatic abnor-
malities: about 42% in patients under 50 and 60%
in those over 50 with recurrences of thromboem-
bolic disease or a family history of VTD. This study,
because of the relatively low number of patients
enrolled, cannot answer the above question; never-

theless, the high prevalence of hemostasis abnor-
malities observed suggests the clinical relevance of
the assay at least in similarly selected patients.
Intensity and duration studies are needed to clarify
the role of oral anticoagulant treatment in these
patients. Even more important is the diagnosis of
inherited abnormalities in symptomatic and asymp-
tomatic relatives22 in order to the prevent the first
thrombotic event or reduce recurrences.
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Table 2. Percentage and 95% confidence intervals (95% CI) of
hemostasis abnormalities in selected symptomatic patients with
venous thromboembolic disease. Group A: patients under 50 yrs.
Group B: patients over 50 yrs., with recurrences of thrombotic
events and/or a family history of thrombophilia.

Group A % (95% CI) Group B % (95% CI)

Antithrombin 3.7 (0.78-10.4) 10 (2.1-26.5)

Protein C 6.1 (2.03-13.8) 10 (2.1-26.5)

Protein S 3.7 (0.78-10.4) 3.3 (0.8-17.2)

APC resistance 17.3 (9.8-27.4) 20 (7.7-38.6)

Dysfibrinogenemia 1.2 (0.03-6.7) 0 (0-11.6)

Lupus anticoagulant 9.8 (4.4-18.5) 16.6 (5.6-34.7)

Total abnormalities 41.9 (31.1-53.5) 60 (40.6-77.3)

 




