Thrombosis Research 176 (2019) 67-73

Contents lists available at ScienceDirect

THROMBOSIS
RESEARCH

Thrombosis Research

journal homepage: www.elsevier.com/locate/thromres

Full Length Article

High detection rates of antithrombin deficiency and antiphospholipid R

Check for

syndrome in outpatients aged over 50 years using the standardized protocol |%&&
for thrombophilia screening

a,c

Sarah Goldman-Mazur™", Ewa Wypasek™, Marek Karpinski®, Andrzej Stanisz”, Anetta Undas™*"

@ Krakow Center for Medical Research and Technology, John Paul II Hospital, Krakow, Poland

Y Department of Hematology, University Hospital, Krakow, Poland

¢ Faculty of Medicine and Health Sciences, Andrzej Frycz Modrzewski Krakow University, Krakow, Poland
4 Department of Bioinformatics and Telemedicine, Jagiellonian University Medical College, Krakow, Poland
¢ Institute of Cardiology, Jagiellonian University Medical College, Krakow, Poland

ARTICLE INFO ABSTRACT

Keywords:

Thrombophilia
Thrombophilia screening
Antiphospholipid syndrome
Antithrombin deficiency
Venous thromboembolism

Introduction: Thrombophilia screening has limited detection efficiency. We assessed the detection rate when a
standardized approach to thrombophilia-screened outpatients was used.

Methods: We analyzed 1185 patients (36.5% males, median age: 43 years [IQR 33-54]) referred to a single
center from January 2014 to October 2017 with 11 different clinical indications for thrombophilia screening,
which was performed in the adherence to published guidelines. Factor V Leiden, prothrombin G20210A mu-
tation, antithrombin (AT), protein C, protein S deficiencies and antiphospholipid syndrome (APS) were de-
termined.

Results: The overall positivity rate was 37.1% (95% CI 34.3%-39.7%). The highest positivity rate was found in
women following VTE during pregnancy/childbirth (64.1%) and provoked VTE patients with positive family
history (52.9%). In patients aged > 50 years (32.5%), APS was found at a similar rate as in younger subjects
(11.4% vs 10.1%), while AT deficiency was detected more frequently in the older group (5.7% vs 2.4%,
p = 0.003).

Conclusions: Standard indications for thrombophilia screening lead to detection rates of 37% or more. Frequent
detection of APS and AT deficiency among older patients, which often implies a need for long-term antic-
oagulation and could impact clinical practice patterns, suggests a benefit of thrombophilia screening in this
population in selected clinical circumstances.

1. Introduction thrombosis (DVT) patients [1,3,4].

Although no strong recommendations exist regarding a target po-

Thrombophilia, both genetically determined and acquired, increases
the risk of venous thromboembolism (VTE) [1]. Thrombophilia can be
found in approximately 50% of patients with VTE [2]. Thrombophilia
testing include factor V Leiden (FVL) and prothrombin (FII) G20210A
mutations, with a prevalence in VTE patients up to 20% and 6%, re-
spectively [1,3], along with plasma levels of natural anticoagulants, i.e.
antithrombin (AT), protein C (PC) and protein S (PS), with the pre-
valence estimated at 0.5-4.9%, 3%, 2-12% of patients, respectively,
after the first incident of VTE [1,3-5]. Antiphospholipid syndrome
(APS) is also part of thrombophilia screening. The overall frequency of
APS antibodies is 6% for pregnancy morbidity, 13.5% for ischemic
stroke, 11% for myocardial infarction (MI), and 9.5% for deep vein

pulation which benefits from thrombophilia detection, there are some
clinical characteristics which are highly suggestive for thrombophilia,
namely thrombosis at a young age (< 50 years), especially in associa-
tion with weak provoking factors (minor surgery, combination oral
contraceptives, or immobility) or unprovoked VTE, strong family his-
tory of VTE (first-degree family members affected at a young age), re-
current VTE events, in particular at a young age, and VTE in unusual
sites such as splanchnic or cerebral veins [1]. Few studies evaluated all
the above mentioned indications in terms of the rates of positive results
among consecutive outpatients in a tertiary center.

The so far published rates of positive results differ with regard to
clinical adherence to thrombophilia screening guidelines [6-9]. Kwon
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et al. showed that the rate of positive results was as low as 13.8%
among all patients who were tested for thrombophilia during a 3-year
period [10], whereas Meyer et al. reported 20% rate of positive results
among patients with acute VTE [11]. Roldan et al. showed that in a
selected group of 3613 symptomatic VTE patients with confirmed in-
dication for thrombophilia screening, the positivity rate reached 34%,
with the highest prevalence of FVL mutation [12].

To our knowledge, there have been no studies that compared de-
tection rates at thrombophilia screening in consecutive outpatients with
various indications beyond unprovoked or recurrent VTE. The goal of
the study was to assess the detection rates of thrombophilia using a
standardized approach to thrombophilia screening with 11 different
clinical indications with the focus on subjects aged 50 years or more.

2. Methods
2.1. Patients

We assessed thrombophilic factors in 1185 consecutive adult
Caucasian outpatients referred to the Center for Coagulation Disorders
at the John Paul II Hospital in Krakow, Poland, due to suspected
thrombophilia from January 2014 to October 2017. All analyzed pa-
tients fulfilled at least one of the following indications for thrombo-
philia testing developed in our center based on available expert opi-
nions and guidelines [6-8]. This unified approach to thrombophilia
testing was started in January 2014.

All patients were categorized with regard to the indication for
thrombophilia screening, as follows:

1) first unprovoked pulmonary embolism (PE);
2) first unprovoked DVT;
3) ischemic stroke at age < 50 years;
4) MI at age < 50 years;
5) recurrent VTE (=2 episodes);
6) positive family history of VTE and provoked VTE;
7) =2 miscarriages;
8) thrombosis at unusual site (e.g. splanchnic veins or cerebral sinus
veins thrombosis);
9) VTE episode during pregnancy/childbirth (within 4 weeks);
10) VTE while on oral contraceptives or on hormone replacement
therapy;
11) other, e.g. asymptomatic patients with positive family history
without a prior thrombotic event.

The diagnosis of DVT was established by a positive finding of color
duplex sonography (visualization of an intraluminal thrombus in calf,
popliteal, femoral or iliac veins), whereas PE was diagnosed on the
basis of a positive finding on computed tomography angiography.
Unprovoked VTE was diagnosed in the absence of the following tran-
sient risk factors: trauma, surgery, prolonged hospitalization (3 days or
more), pregnancy, childbirth or the oral contraceptive use. The acute
ischemic stroke diagnosis was made based on clinical symptoms ac-
cording to the World Health Organization definition [13] and brain
imaging. MI was defined as typical chest pain and elevated cardiac
troponin levels. Patients who experienced VTE following trauma, sur-
gery, hospitalization and pregnancy or childbirth within 12 weeks prior
to the onset of VTE-related symptoms were eligible, only if their family
history of VTE was positive, that is, a documented VTE episode in a
first-degree relative below 50 years of age. Recurrent miscarriages were
defined as two or more consecutive miscarriages. The diagnosis of
cerebral sinus veins thrombosis was based on computed tomographic
angiography, magnetic resonance imaging, or magnetic resonance an-
giography. The diagnosis of splanchnic vein thrombosis was based on
color duplex sonography, computed tomography, or magnetic re-
sonance imaging.

All patients provided their written informed consent before
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thrombophilia screening.
2.2. Laboratory investigations

Thrombophilia screening was performed 4 weeks or more after a
thrombotic event. Six basic thrombophilic factors determined involved
FVL, FII G20210A mutation, deficiencies of AT, PC, and/or PS, together
with APS. FVIII activity and plasma homocysteine (tHcy) were mea-
sured optionally, at the discretion of the attending physician. FVL and
FII G20210A mutations were determined by the Real-Time PCR with
the use of TagMan Genotyping Assays (QuantStudio Dx Real-Time PCT
Instrument, ThermoFisher Scientific, Waltham, Massachusetts, USA).
Plasma PC activity was quantified using a chromogenic assay (Siemens
Healthcare Diagnostics); deficiency was defined as activity of < 70%.
PS levels were measured using an immunoturbidimetric assay (INNO-
VANCE® Free PS Ag, Siemens Healthcare Diagnostic); deficiency was
defined as levels of < 60% for women and < 67% for men. AT activity
was measured using factor Xa inhibition or thrombin-inhibition based
assays (Siemens Healthcare Diagnostics Marburg, Germany); deficiency
was defined as activity < 83%.

To detect APS, the 5 variables were determined. Estimation of lupus
anticoagulant was performed using clot-based assays [7]. Antic-
ardiolipin and B,GP-I antibodies were determined by immunoenzy-
matic assays (INOVA Diagnostics, San Diego, California, USA). Re-
ference ranges for IgG antibodies were up to 15.0 GPL and 8.0 SGU,
respectively, and for IgM antibodies up to 17.0 MPL and 10.0 SMU,
respectively. APS was diagnosed as recommended in 2006 [14].

Plasma FVIII activity was determined by the coagulometric assay
using a deficient plasma (Siemens Healthcare Diagnostics) and levels of
150% or more were considered elevated. tHcy was determined in
plasma by the enzymatic assay (Roche Diagnostics, Mannheim,
Germany). Hyperhomocysteinemia was defined as fasting
tHcy = 15 umol/1 [15,16].

In case of decreased levels of PS, PC or AT, repeated testing to
confirm the initial abnormality was performed after 1-6 months while
off anticoagulation.

2.3. Statistical analysis

Categorical variables are presented as numbers and percentages.
Continuous variables are expressed as mean # standard deviation or
median and interquartile range (IQR), as appropriate. Normality was
assessed by the Shapiro-Wilk test. Equality of variances was assessed
using the Levene's test. Differences between groups were compared
using the Welch's t-test or the Mann-Whitney U test, depending on the
equality of variances for normally distributed variables. Categorical
variables were analyzed using the chi® test or Fisher's exact test as
appropriate. To investigate intergroup differences between multiple
groups, Kruskal-Wallis ANOVA was used. Associations between the
variables were expressed as odds ratios with 95% confidence intervals.
Two-sided P-values < 0.05 were considered statistically significant.
All calculations were done with STATISTICA 12.0 software (StatSoft
Inc., Tulsa, USA).

3. Results

We analyzed 1185 consecutive outpatients (752 women, 63.5%),
aged 18 to 84 (median 43) years, with indications for thrombophilia
screening. The most common indications were recurrent VTE (15.6%),
ischemic stroke at the age < 50 years (12.8%) and first unprovoked PE
episode (11.6%; Table I). As many as 214 asymptomatic individuals
(18.1%) were screened due to positive family history without a prior
thrombotic event or adverse pregnancy outcome (Table I).

The overall rate of any positive test of the 6 key parameters reached
37.1% (95% confidence interval [CI] 34.3%-39.7%), with the highest
incidence of heterozygous FVL (13.3%), APS (10.5%), FII G20210A
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Table I (continued)

p-Value

Screening indications, n(%)

Variable

Thrombosis in ~ VTE during VTE on oral Other Total

=2 miscarriages

Positive family
history and

=2

AIS < 50years old MI < 50 years old

First

First

contraceptives or

hormone

pregnancy/
childbirth

unusual site

recurrent

VTE

unprovoked

DVT

unprovoked

PE

provoked VTE

replacement therapy

Elevated tHcy"”

All

< 0.0001

0.69

192 (17.9%)
105 (26.9%)
79 (11.5%)

34 (17.9%)
18 (27.3%)
16 (11.4%)

7 (11.9%)

1 (2.6%)

18 (20.5%)
10 (33.3%)
5 (7.8%)

0

13 (40.6%)
8 (36.4%)

37 (20.0%)
20 (24.1%)
18 (17.6%)

7 (16.3%)

21 (14.8%)
11 (20.8%)
13 (13.5%)

22 (20.2%)
13 (24.5%)
10 (16.4%)

32 (24.6%)
22 (32.4%)
3 (4.6%)

3 (13.0%)

Males

0.0002

7 (11.5%)

1 (2.6%)

0

3 (27.3%)

3 (13.6%)

Females

AIS, acute ischemic stroke; AT, antithrombin activity < 83%; APS, anti-phospholipid syndrome; DVT, deep vein thrombosis; FII, prothrombin; FVL, Factor V Leiden; FVIII, Factor FVIII > 150%; MI, myocardial

infarction; PC, protein C activity < 70%; PE, pulmonary embolism; PS, protein S level < 67% for men and 60% for women; tHcy, plasma homocysteine = 15 pmol/1; VTE, venous thromboembolism.

Bolded text indicates the rate of positive thrombophilia screening with regard to the main indication in total number of patients.

A Denotes a statistically significant difference between males and females patients in the given variable (see the Results section for exact p-values).

@ FVIII measured for 1148 patients.
> tHcy measured for 1073 patients.
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mutation (4.1%) and AT deficiency (3.5%; Table I).

The highest rates of positive results of basic 6 thrombophilia tests
were found in women following VTE during pregnancy/childbirth
(n = 25, 64.1%) and in patients with positive family history and pro-
voked VTE episode (n = 18, 52.9%). The positivity rate was higher in
the former group (p = 0.003).

FVL and APS were most often detected in patients following VTE
during pregnancy/childbirth (n = 12, 30.8%; and n =7, 17.9%, re-
spectively). The highest prevalence of deficiencies of AT, PC or PS were
observed in patients with =2 recurrent VTE (7.0%), positive family
history and provoked VTE (5.9%), and VTE during pregnancy/child-
birth (10.3%), respectively (Table I).

Forty-three (3.6%) patients positive for thrombophilia had 2 or
more abnormalities, including 4 (0.3%) with three abnormalities. The
highest co-incidence included FVL and APS (n = 14, 1.2%).

Gender-specific analysis showed that the screened men were older
than women (45 [IQR 36-55] vs 41 [IQR 32-54] years, respectively,
p = 0.003). In women the most frequent indications for testing were
recurrent VTE (n = 107, 14.2%) and ischemic stroke at the age <
50 years (n = 96, 12.7%; Table I). The highest rate of positive test re-
sults was observed in women with VTE during pregnancy/childbirth
(n = 25, 64.1%) and after first unprovoked DVT (n = 25, 41.0%). The
most prevalent indication in male patients was recurrent VTE (n = 78,
18.0%), followed by first unprovoked PE (n = 71, 16.4%; Table I). Men
after first unprovoked DVT (n = 26, 63.4%) and those with VTE and
positive family history (n = 14, 60.9%) had the highest rate of positive
test results (Table I). In men FVL was more often detected than in fe-
males (n = 74 [17.1%] vs n = 95 [12.6%;] p = 0.03). As expected, APS
was more frequently detected in females (n = 80 [10.6%] vs n = 30
[6.9%]; p = 0.003).

When we compared patients aged =50 years and older (Table II),
the former group was most frequently referred to thrombophilia
screening after first unprovoked PE (n = 112, 14.0%), followed by first
unprovoked DVT (n = 101, 12.6%). The highest rate of positive results
in this age group was found in women following VTE during preg-
nancy/childbirth (n = 25, 64.1%) and in patients with positive family
history of VTE and provoked VTE (n = 16, 61.5%; Table II).

Among individuals > 50 years old, the most common indication for
thrombophilia testing were recurrent VTE (n = 141, 36.6%) and history
of ischemic stroke at the age < 50 (n = 56, 14.6%). In the older age
group, the highest rate positive test results were observed when es-
trogen-related or recurrent VTE occurred (n = 4, 44.4% and n = 62,
44.0%, respectively).

For both age categories (i.e. <50 and > 50 years), the most fre-
quently observed thrombophilias were FVL mutation (14.6% and
13.8%) and APS (10.1% and 11.4%, respectively). In patients >
50years old, compared with younger subjects, AT deficiency was
higher (and n = 22 [5.7%] vs n = 19 [2.4%]; p = 0.003), whereas the
rate of PS deficiency was lower (n = 30 [3.8%] vs n =3 [0.8%];
p = 0.004). No differences in thrombophilic factors, including PC de-
ficiency, APS diagnosis, related to sex were observed between two age
groups (Table II).

Assessment of plasma tHcy and FVIII activity was performed in
1073 (90.6%) and 1148 (96.9%) patients, respectively. We identified
192 (17.9%) subjects with elevated tHcy, 386 (33.6%) with FVIII ac-
tivity > 150% and 98 (8.5%) cases in whom FVIII activity was >
200%. When the 6 basic thrombophilias were combined with de-
termination of FVIII and tHcy, 85.9% (95% CI 83.92%-87.88%) of
screened patients were found positive in any of the 8 tests.

4. Discussion

In the current study on 1185 consecutive outpatients, we in-
vestigated detection rates of thrombophilia using our predefined in-
stitutional indications for thrombophilia screening, based on so far
published guidelines, and we found that the overall prevalence of
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thrombophilia reached 37% in all age (> 50 and <50 years old) and
sex groups. We showed substantial detection rates, including APS, not
only in unprovoked or recurrent VTE, but on other patients including
those with arterial thromboembolism, miscarriages, provoked VTE
combined with positive family history. The highest positivity rate was
observed when patients were screened due to VTE during pregnancy/
childbirth and those with positive family history and provoked VTE, but
not in those with recurrent or unprovoked VTE, which is an unexpected
finding. This observation indicates that the two indications should be
included in the routine thrombophilia screening strategies. We detected
thrombophilia in a substantial proportion of patients > 50 years old,
with AT deficiency being more common in this group and with APS at
similar rates both in patients < 50 and > 50 years old. Hence, we de-
monstrated that patients aged 50 years or more should be screened for
thrombophilia if there are appropriate indications.

Most of previous studies on thrombophilia screening were focused
on VTE patients. In a registry-based study on 21,367 VTE patients,
Roldan et al. demonstrated that the positivity rate in a retrospectively
selected group of 3618 VTE Spanish patients with confirmed screening
indications was 34% [10,12]. However, this study only included pa-
tients with symptomatic VTE [12]. In turn, Kwon et al. [10] evaluated
outpatient thrombophilia screening practices at a tertiary academic
medical center. They performed a retrospective review of the outpatient
electronic medical records and coagulation laboratory data collected
from 2081 patients treated in New York City. The low positivity rate
(13.8%) of patients due to limited clinician adherence to screening
guidelines has been reported [10]. Meyer et al. identified 1314 US
patients with confirmed acute VTE and reported 20% rate of positive
results [11]. In this study more than half of patients were tested in
situations known to increase the potential for inaccurate results e.g. on
anticoagulation therapy or during the acute VTE period [11]. In the
current study such situations were excluded. None of the above studies
included tHcy and FVIII evaluation for laboratory screening of throm-
bophilia, which renders the present study closer to everyday practice in
most centers. The current study based on institutional guidelines pre-
sented a comprehensive analysis of the detection rates in a wide range
of indications for thrombophilia screening, showing a substantial rate
of positive results in most indications other than the most commonly
studied VTE related indications, in particular ischemic stroke at a young
age.

As expected, the most frequent abnormality in our cohort (13.3% of
all patients) regardless of the indication for testing was FVL, which
agrees with previous reports in white patients [11,12]. The second most
common detected thrombophilia in our study was APS diagnosed in
10.5% of screened patients, similarly to the study by Roldan et al. [12].
The incidence of APS in every screening indication was substantial,
ranging from 5.1% in the group of first unprovoked PE to 17.9% in
women with VTE during pregnancy/childbirth. Among deficiencies of
the natural anticoagulants, AT deficiency was the most frequently de-
tected, present in 3.5% of the studied patients. Diagnosis of AT defi-
ciency and APS is of particular importance given indications for long-
term anticoagulation in most of those individuals after a first throm-
botic event [17,18]. Meyer et al. demonstrated FII G20210A mutation
to be the second most common thrombophilia in VTE patients diag-
nosed in clinics in Colorado, USA [11]. In the current cohort this mu-
tation was less prevalent (4.1%) and similar in all indications for
thrombophilia screening. That confirms that the prevalence of the FII
G20210A mutation largely depends on the geographical location [3].

Contrary to our expectations, the highest positivity rate was ob-
served in patients screened due to VTE during pregnancy/childbirth or
with positive family history and provoked VTE, which highlights the
role of screening patients with provoked VTE in the presence of weak
triggers [1]. Moreover, in our study each of the 6 key thrombophilias
was more frequently present in women following VTE during preg-
nancy/childbirth. Roldan et al. showed 51% of pregnant women tested
positive for thrombophilia screening, however the highest prevalence
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(53%) of thrombophilia was observed among patients < 50 years old
with recurrent VTE [12]. Our study strongly indicates that women who
experienced pregnancy related VTE should be screened for thrombo-
philia even if this type of VTE is perceived as provoked episodes with
limited duration of anticoagulation in most cases. The same holds true
for patients with positive family history, which appears to be of value
even if trauma or surgery provoked VTE in young or middle-aged in-
dividuals.

All basic thrombophilias, including the 2 major prothrombotic
mutations, were frequently detected in young stroke patients from our
cohort even if the relevance of these factors other than APS is highly
controversial [19]. Recently, the FVL mutation has been shown to in-
crease the risk of transient ischemic attack or amaurosis fugax [20]. In
our study the most common thrombophilia detected in young acute
ischemic stroke patients was APS in 44.4% of all positive results in this
group, which indicates that this disease should be looked for in such
subjects to ensure appropriate anticoagulant treatment. As expected, a
higher rate of APS was demonstrated in women than in men. Of im-
portance, the prevalence of APS did not differ between younger and
older patients. The high prevalence of APS among patients aged
50 years or more is of major importance given the subsequent need for
oral anticoagulation regardless of history of cardiovascular risk factors
or the absence or presence of VTE events [21].

In our study, men and women had similar positivity rates in
thrombophilia testing. It is well known that men have two-fold higher
risk of developing first and recurrent VTE [22]. Several hypotheses
have been proposed to explain the association, like more advanced age
or the presence of other risk factors in male population, however in
thrombophilias it did not prove relevant [23].

Recent studies have shown that prevalence of any thrombophilia
decreased with age which concerns mostly the hereditary thrombo-
philias, like FII G20210A mutation or deficiencies of natural antic-
oagulants [12,24]. Surprisingly, in the current study the rate of AT
deficiency was higher in patients > 50years old compared with
younger subjects. It proves that the older patients should not be ruled
out from genetic testing if guidelines-based indications are found. From
our experience young and middle-aged survivors of VTE are referred to
further laboratory work-up a few years after the event, often at the aged
of > 50 years. Therefore a personal history of VTE as well as positive
family history of VTE should be taken into account even in older pa-
tients. Thrombophilia testing among patients > 50 years of age may
identify those who require chronic anticoagulation for high-risk
thrombophilia, including > 10% of patients with APS and may facil-
itate family counseling directed at first-degree family members.

The issue of tHcy and FVIII determination deserves a special com-
ment. Hyperhomocysteinemia is associated with higher risk of DVT in
the general population [25], and predicts VTE recurrences [26]. High
FVIII levels constitute a prevalent, dose-dependent risk factor for VTE,
and patients with FVIII > 2001U/d were at higher risk of recurrences
[27,28]. Most of our cohort was tested for FVIII and hyperhomocys-
teinemia; one-third was positive for elevated FVIII, almost 18% for
elevated tHcy. Although the practice of hyperhomocysteinemia treat-
ment with the combination of folic acid, B6-, and B12-vitamins sup-
plementation may vary in different centers [29], the evidence that
elevated tHcy and FVIII are associated with thrombosis and its recur-
rence is strong. Nonetheless, it remains to be established whether as-
sessment of tHcy, and particularly FVIII, would yield any clinically
relevant information (even if their optional determination was fre-
quently chosen during thrombophilia screening in the present study).

Our study has several limitations. There was no control group in
which another approach to thrombophilia testing was used. We did not
confirm deficiencies of natural anticoagulant proteins by genetic
testing, though two positive results were required following exclusion
of other acquired cause of such abnormalities e.g. liver injury. Some
cut-off values e.g. AT could be suboptimal as suggested recently [30].

Our study demonstrates new aspects of everyday thrombophilia
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screening in outpatients, suggesting the need for testing older patients if
indicated and those with provoked VTE with positive family history of
VTE. We found high detection rates of APS and AT deficiency among
older screened patients that implicate long-term anticoagulation.
Further studies are needed to elucidate a clinical relevance of throm-
bophilia testing in the current clinical practice.
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