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Background Thrombin-activatable ﬁbrinolysis inhibitor (TAFI) inhibits ﬁbrinolysis and
high levels may have an association with thrombosis. The aim of the current study was to
investigate the association of TAFI antigen levels with pulmonary thromboembolism (PTE).
Patients and Methods A case–control study was conducted with 29 patients with PTE
and 17 age- and gender-matched control individuals. Plasma levels of TAFI were
measured at the time of diagnosis, then at 3 and 6 months after the event.
Results Initial TAFI levels (%) were higher in patients with PTE than in the control
group (190,0 [65,0–250,0] vs 133,0 [83,0–153,0]; p ¼ 0.003). TAFI levels signiﬁcantly
decreased at the third and sixth months after initial diagnosis (p < 0.05). The percentage reductions in TAFI levels were 12 and 36.8% at 3 and 6 months, respectively. The
Odss ratio (OR) of TAFI level for PTE was found to be 1.024 (95% CI: 1.007–1.040;
p ¼ 0.005). There was no signiﬁcant correlation of initial TAFI levels with age, gender,
smoking status, history of thrombosis, pulmonary artery pressure, and D-dimer levels
(p > 0.05). In the sixth month of treatment, patients with residual thrombosis were
seen to have similar baseline levels and reductions of TAFI as patients without residual
thrombosis (p > 0.05).
Conclusion The result of this study suggests that high TAFI levels may have a role in
the occurrence of PTE without impact on treatment outcome.

Introduction
Pulmonary thromboembolism (PTE) as a severe clinical
consequence of venous thromboembolism (VTE) is one of
the leading causes of morbidity and mortality.1,2 There are
many predisposing factors including both acquired characteristics and congenital genetic features of the patients.
However, the other underlying major factor may be due to

impaired balance in the coagulation and ﬁbrinolysis system.
The role of responsible factors in this complex system has
been under investigation for many years, but has not yet been
clearly elucidated.
It is well known that hypercoagulability together with
hypoﬁbrinolysis increases the risk of VTE.3 It has been
previously demonstrated that hypoﬁbrinolysis-associated
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Patients and Methods
A total of 29 patients who presented at the Department of
Pulmonology of Ankara Etlik Training and Research Hospital
and were newly diagnosed with PTE were enrolled in this case–
control study. A control group was formed of 17 healthy
individuals who did not have diabetes mellitus, hypertension,
hyperlipidemia, chronic renal failure, or a history of any
cardiovascular disease. Patients younger than 18 years or older
than 75 years were excluded from the study. The demographic
and clinical characteristics of the patients were recorded. The
diagnosis of PTE was conﬁrmed by thoracic CT angiography in
patients who presented at the emergency department or
pulmonology department with chest pain and shortness of
breath and whose D-dimer level was greater than 0.55 (normal
limit: 0–0.55). CT angiography was applied to all patients at the
time of diagnosis, then in the third and sixth months of
treatment. Cardiac functions were assessed with echocardiography for all patients at the time of diagnosis and after 6 months
of treatment. D-dimer and TAFI levels were measured at the
time of diagnosis, and at 3 and 6 months. TAFI antigen (TAFI-Ag)
levels were quantitatively determined using ELISA kits
(Imclone; American Diagnostic Inc., United States). The assay
was performed according to the manufacturer’s instructions.
The results of TAFI-Ag were given as a percentage. TAFI levels
were expressed as percentage of normal pooled plasma.

Statistical Analysis
Statistical analyses of the study data were made using SPSS
Statistics 20 software (IBM, Armonk, New York, United
States). Descriptive data were reported as number (n) and
percentage (%). TAFI (%) data at the time of diagnosis were
given as median (Min–Max) values. In the comparison of two
unpaired data with measurement values without normal
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distribution, the Mann–Whitney U-test (Z-table value) was
used. In the comparison of two paired data with measurement values, the Wilcoxon test was used, whereas for more
than three variables, the Friedman test was used. A value of
p < 0.05 was accepted as statistically signiﬁcant.

Ethical Approval and Informed Consent
All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards.

Results
Evaluation was made of 29 patients with PTE and 17 healthy
individuals. Of the PTE patients, 18 had at least one comorbidity. The most common comorbidities were chronic obstructive
pulmonary disease, coronary artery disease, and hypertension. There were 10 patients with thrombosis history. The
demographic and disease characteristics of the patients are
given in ►Table 1. Warfarin treatment was given to 25 patients
and low-molecular-weight heparin was administered to 4.
Pulmonary artery pressure (PAP; mm Hg) measured by Echocardiography (ECO) was normal for 14 patients and greater
than 40 for 15 patients. After the treatment period, four
patients still had PAP greater than 40.
Initial median TAFI levels (%) were higher in patients with
PTE than in the control group (190,0 [65,0–250,0] vs 133,0
[83,0–153,0]; p ¼ 0.003). TAFI levels signiﬁcantly decreased
at 3 and 6 months after initial diagnosis (p < 0.05). The
percentage reductions in TAFI levels were 12 and 36.8% at
3 and 6 months, respectively. The levels and comparisons of
Table 1 Demographic and disease characteristics of the
patients

Age (  SD, y)

Patients
(n ¼ 29)

Control
(n ¼ 17)

53.07  16.64

52.41  6.43

Gender
Female

12 (41.3%)

9 (52.9%)

Male

17 (58.7%)

8 (47.1%)

Smoking status
Smoker

13 (44.8%)

Non-smoker

8 (27.5%)

Ex-smoker

8 (27.5%)

History of thrombosis
Yes

10 (34.4%)

No

19 (65.6%)

Site of thrombosis
Left pulmonary artery

8

Right pulmonary artery

12

Bilateral

9
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VTE is maintained by thrombin-activatable ﬁbrinolysis
inhibitor (TAFI) and plasminogen activator inhibitor type 1
(PAI-1).3 TAFI has an important bridging function between
coagulation and the ﬁbrinolysis system.2 It has also been
reported that TAFI accounts for the antiﬁbrinolytic effect that
accompanies prothrombin activation.4 TAFI circulates as an
inactive proenzyme in the bloodstream, and becomes activated during blood clotting. Moreover, TAFI has been demonstrated to play a role in inﬂammation and tissue repair.5,6
With this current knowledge, it is thought that high TAFI
plasma levels may contribute to an increased risk of VTE.7 In
2000, van Tilburg et al reported that TAFI levels above the
90th percentile were associated with an increased risk of
thrombosis in patients with VTE.8 Recently, in 2009, Meltzer
et al also demonstrated that increased plasma levels of TAFI
and PAI-1 are associated with VTE.9 To the best of our
knowledge, the only study on this subject showed that
TAFI antigen levels in patients with PTE were not associated
with the presence of PE overall but maybe related to the
extent of PE.10 The aim of the current study was to investigate
the association of TAFI antigen levels with PTE and suggest
a rationale for an alternative treatment option that
targets TAFI.
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Table 2 Biochemical parameters of the patients and healthy subjects
Patients with PTE (n ¼ 29)

Control (4)
(n ¼ 17)

p

At the time of PTE diagnosis (1)

Post-PTE 3 mo (2)

Post-PTE 6 mo (3)

D-dimer (ng/mL)

850
[344–1,400]

350
[100–900]

60
[20–300]

–

0.000a

TAFI (%)

190
[65–250]

140
[40–250]

100
[40–250]

133
[83–153]

0.000a
0.003b

Abbreviations: PTE, pulmonary thromboembolism; TAFI, thrombin-activatable ﬁbrinolysis inhibitor.
a
Difference between 1 and 2–3, difference between 2 and 3.
b
Difference between 1 and 4.

Table 3 Correlation analysis of the TAFI levels with other
parameters at the time of diagnosis
Parameters

TAFI (%)
r

p

Age (y)

0.323

0.088

D-dimer (ng/mL)

0.100

0.606

patients still had thrombosis. In the comparison of patients
with residual thrombosis and patients without residual
thrombosis, there was no signiﬁcant difference between
the two groups in respect of age, gender, smoking status,
thrombosis history, or TAFI levels both at the time of diagnosis and in the follow-up period (p > 0.05; ►Table 5).

Discussion

Abbreviation: TAFI, thrombin activatable ﬁbrinolysis inhibitor.

the biochemical parameters of the patients and the control
group are shown in ►Table 2. The optimal TAFI cutoff value
was determined as 145 with 69.0% sensitivity and 76.5%
speciﬁcity (AUC ¼ 0.764; p < 0.05). Logistic regression analysis showed that the initial TAFIa levels were signiﬁcantly
correlated with PTE. The OR for TAFI level was found to be
1.024 (95% CI: 1,007–1.040; p ¼ 0.005). There was no signiﬁcant correlation of TAFI levels with age, gender, smoking
status, history of thrombosis, PAP, and D-dimer levels
(p > 0.05; ►Tables 3–4).
Control CT angiography in the 6th month of treatment
revealed that 24 patients had no residual thrombosis, and 5

A variety of studies have demonstrated a role for TAFI/TAFIa
in venous and arterial diseases.7–9,11,12 It has been identiﬁed
as a link between coagulation and ﬁbrinolysis.5 TAFI levels
have been investigated in cardiovascular diseases and have
been reported to be related with thrombosis. In a Swedish
population, increased TAFI levels were measured in patients
with stable angina pectoris and coronary heart disease.13 In
another case–control study, TAFI levels were assessed in 45
patients with AMI and 42 control individuals, and the TAFI
activity levels were found to be higher in patients with AMI
Table 5 Comparison of patients with residual thrombosis and
patients without

Table 4 Correlation analysis of the TAFI levels with other
parameters at the time of diagnosis
n

TAFI (%)

p

Male

17

146 [65–250]

0.135

Female

12

220 [65–250]

Gender

Age (  SD, y)

Smoking status
Smoker

13

190 [65–250]

Non-smoker

8

220 [65–250]

Ex-smoker

8

140 [94–250]

0.354

Thrombosis history
10

250 [94–250]

No

19

180 [65–250]

0.295

p

50.41  15.25

61.43  19.24

0.129
0.665

Gender
Female

12 (54.5%)

5 (71.4%)

Male

10 (45.5%)

2 (28.6%)

Yes

10 (45.5%)

3 (42.9%)

No

12 (54.5%)

4 (57.1%)

8 (36.4%)

2 (28.6%)

Smoking status

Normal

14

220 [65–250]

Abnormal

15

146 [65–250]

0.257

Abbreviations: Echo, echocardiography; PAP, pulmonary artery pressure; TAFI, thrombin activatable ﬁbrinolysis inhibitor.
No. 3/2022

Yes
No

Echo (PAP)

Vol. 42

Patients
with
residual
thrombosis
(n ¼ 7)

0.626

Thrombosis history

Yes

Hämostaseologie

Patients
without
residual
thrombosis
(n ¼ 22)
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0.541

14 (63.6%)

5 (71.4%)

TAFI (at the time
of diagnosis, %)

220
[65–250]

146
[113–250]

0.161

TAFI
(at 6 mo, %)

115
[40–250]

92
[40–250]

0.175

Abbreviation: TAFI, thrombin-activatable ﬁbrinolysis inhibitor.
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outcome which is important for the prognosis of survival,
life-long anticoagulation, or thrombophilia screening.
The major limitation of this study was small number of
patients and control group which make the results only
preliminary. Also TAFI levels were not normally distributed
reducing the statistical signiﬁcance. Further large-scale,
prospective, randomized clinical trials are needed to determine the hypothesis that whether TAFI is associated with
PTE, especially in respect of treatment.

Conclusion
PTE is one of the leading causes of morbidity and mortality
worldwide. TAFI has an important bridging function
between coagulation and ﬁbrinolysis system, and its role
in venous and arterial diseases has been demonstrated in a
variety of studies. The result of this study suggested that high
TAFI levels may be independently associated with hypercoagulable state of PTE, but not with treatment outcome.
Larger, prospective studies are required to clarify the role
of TAFI in PTE and its utility in the diagnosis and treatment
of PTE.
Conﬂict of Interest
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than in the control group.14 Another study demonstrated the
role of TAFI in human abdominal aortic aneurysm (AAA).15
However, a few studies have shown no correlation
between TAFI and thrombosis. Donmez et al showed that
the plasma activated TAFI level was not related with the
presence of thrombosis in patients with Behcet’s disease.16
Another study demonstrated that TAFI antigen levels are
increased in type 2 diabetic patients, but are not related to
diabetic foot ulcer development.17 A case–control study
suggested that TAFI does not play a role in the pathogenesis
of the hypercoagulable state in gastric cancer patients.18
Only one previous study has analyzed the association
between TAFI and PTE, in which the TAFI antigen levels did
not differ between patients with and without acute PE. It was
also demonstrated that TAFI antigen levels did not correlate
with age, gender, and D-dimer levels.10 In this study, it was
determined that TAFI levels may be associated with PTE.
Similar to the earlier-mentioned study, there was no correlation of TAFI with any other parameter such as age, gender,
smoking status, history of thrombosis, PAP, D-dimer, and IgE
levels. According to these results, it can be suggested that
TAFI may be independently related with PTE. The use of this
parameter for diagnostic purposes should be considered and
studied by researchers. In contrast, Grosso et al found a
positive association between TAFI and age in their study
demonstrating increased TAFIa levels in antiphospholipid
syndrome patients affected by arterial thrombosis.19
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supports the signiﬁcant role of TAFI in PTE.
As TAFI has been demonstrated to be associated with
thrombosis, many investigators have studied the inhibitors of
TAFI in thrombotic disorders. Many inhibitors have been developed and have been shown to have a proﬁbrinolytic effect.2,7,23
Denorme et al studied the inhibition of TAFI and PAI-1 in a
mouse model of transient middle cerebral artery occlusion. The
inhibition of TAFI or PAI-1 was seen to have signiﬁcantly
decreased cerebral infarct size by 50% at 24 hours after stroke.
The results suggested that targeting of PAI-1 and TAFI is
protective in an ischemic stroke model.24 An experimental
agent (DS-1040) has been recently shown to inhibit the activated form of TAFI but to have no impact on bleeding time.25
With the consideration to analyze the association of TAFI
with treatment outcome, control CT angiography and TAFI
levels were examined in the sixth month of treatment. The
TAFI levels of the ﬁve patients with residual thrombosis did
not differ from those of the patients without residual thrombosis. This result may suggest that TAFI levels may be
important in acute disease period but not for treatment
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