
plasminogen activation and immunologic tests detecting fibrin-specific
neoantigens (7, 8, 12-14). Potential neo-antigens for immunologic 
detection of FM are the aminoterminal of the a-chain which is tempo-
rarily uncovered by thrombin-mediated cleavage of fibrinopeptide A,
the t-PA binding site Aa-(148-160) which is uncovered by conforma-
tional changes induced by fibrinopeptide A release and the sequence g
(312-324) of the gamma chain which becomes accessible after cleavage
of the fibrinopeptides (15-17). The advantage of measuring FM in com-
parison with fibrinopeptide A is the much longer half life of the former
(5-6h) (8).

Enzymun-Test FM® is a new ELISA-based fibrin monomer assay
using a specific monoclonal IgG antibody directed against the tempo-
rarily uncovered aminoterminals of the a-chains of fibrinogen follow-
ing cleavage of fibrinopeptide A (18).

In the present study we evaluated the performance of this new FM
assay for the exclusion of DVT in a series of consecutive symptomatic
outpatients who were referred by primary health care physicians. 

Patients and Methods

Patients

Consecutive outpatients referred for diagnostic work-up for clinically sus-
pected deep vein thrombosis of the lower limb between December 1996 and
January 1998 were included. All patients had their diagnosis confirmed or 
refuted within 1 day of referral by the general practitioner. Patients were ex-
cluded if they were receiving therapeutic or prophylactic anticoagulation (oral
anticoagulation or heparin/low molecular weight heparin (LMWH)) for more
than 24 h prior to study enrollment. Pregnant women and patients having been
hospitalized in the preceding 3 days were also excluded. All patients gave 
informed consent. From all patients history was obtained and all underwent
physical examination. The study protocol was approved by the local ethical
committee.

Diagnosis of Deep Vein Thrombosis

DVT was diagnosed either by colour-coded duplex sonography, performed
by an experienced sonographer, or by contrast venography. Patients were con-
sidered not to have DVT when the initial test was normal and 3-month follow
up was uneventful. DVT was classified as “proximal” when it was localized 
in the popliteal and/or iliofemoral veins and as “distal” when localized exclu-
sively in the calf veins. 

Laboratory Analysis

All blood samples were collected into 10 ml plastic tubes (Monovette®, 
Sarstedt Nuembrecht, Germany) containing 1 ml 0.106 M trisodium citrate.
Blood samples were centrifuged twice at 1500 3 g for 10 min at room temper-
ature and frozen within one hour after blood sampling. Plasma was stored in 
aliquots using polypropylene tubes at –70 °C. 
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Summary

In this study we prospectively assessed the reliability of a new fibrin
monomer assay in 106 outpatients with clinically suspected deep 
venous thrombosis of the lower limb. According to the results of the ob-
jective tests and using different cut-off points we calculated the sensi-
tivity, specificity and negative predictive value of the fibrin monomer
assay. The prevalence of deep vein thrombosis was 44.3% (31.1%
proximal, 13.2% distal). Using a cut-off level of plasma fibrin
monomer of 3.5 mg/ml, a sensitivity, specificity and negative predictive
value of 100% (95% CI: 94-100%), 35.6% (95% CI: 23-48%) and
100% (95% CI: 86-100%), respectively, were obtained. The exclusion
rate was 19.8% (95% CI: 12-27%) of all referred patients. These 
accuracy indices compared favourably with the respective results of a
routine D-dimer ELISA used for comparison. Conclusion: This new 
fibrin monomer assay appears to be a reliable method for the exclusion
of deep vein thrombosis in symptomatic outpatients.

Introduction

Of all patients with suspected deep vein thrombosis (DVT) of the
lower extremities only one third will prove to have the disease when ob-
jective diagnostic methods such as contrast venography or sonography
are applied. Therefore it is of considerable interest to have a reliable
screening test to accurately identify patients without the disease to 
obviate unnecessary diagnostic work-up (1, 2). Assays that measure
cross-linked fibrin derivatives such as D-dimer or soluble fibrin have
shown potential clinical utility. It has been advocated that normal 
plasma levels of D-dimer or soluble fibrin can be used for the exclusion
of venous thromboembolism (3-7). 

Increased plasma levels of circulating soluble fibrin are considered
as molecular markers of an impending thrombotic event resulting from
increased thrombin formation (8-11). Therefore, it is reasonable to 
hypothesize that patients with DVT have elevated plasma levels of 
soluble fibrin. In contrast to D-dimer, production of soluble fibrin is
neither dependent upon factor XIIIa-mediated cross-linking of fibrin
nor upon a normal fibrinolytic system (7).

Fibrin monomer (FM), a component of soluble fibrin, is produced
when thrombin sequentially cleaves fibrinopeptides A and B from 
the amino-termini of the Aa- and Bb-chains of fibrinogen, respective-
ly. Several assays that measure soluble fibrin or FM are available, 
including functional tests based on the enhancement of t-PA-induced

Correspondence to: Dr. W. A. Wuillemin, Central Hematology Labo-
ratory, University Hospital, Inselspital, CH-3010 Bern, Switzerland – Tel.:
0041 31 632 94 12; FAX Number: 0041 31 632 34 06
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Fibrin monomer antigen was measured using Enzymun-Test FM® (Boeh-
ringer Mannheim AG, Mannheim, Germany) as previously described (11, 18).
Briefly, fibrin monomer is measured by a specific monoclonal IgG1 antibody
(2B5) raised against the neo-epitope, which is temporarily uncovered by the
thrombin-mediated cleavage of fibrinopeptide A from fibrinogen. It is a two-
step sandwich assay in streptavidin-coated polystyrene tubes using monoclonal 
antibody 2B5 as biotin-conjugated capture antibody and peroxidase-labelled
tagging antibody. A sample pretreatment step with thiocyanate leads to the 
dissociation of soluble fibrin complexes. The test was performed on an 
automated ELISA instrument system (ES 300, Boehringer Mannheim GmbH,
Mannheim, Germany). 

Asserachrom D-Dimer® ELISA (STAGO, Asnières, France) was used 
for comparison (cut-off level: 500 ng/ml). It was performed according to the 
instructions of the manufacturer. D-dimer values are expressed in ng/ml of 
fibrinogen equivalent units.

Statistical Analysis

The accuracy indices [sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV)] of different fibrin monomer 
cut-off levels were calculated. The 95% confidence intervals (CI) were 
calculated according to the normal approximation of the binomial distribution.
The Receiver Operating Characteristic (ROC) curve was constructed by plott-
ing the sensitivity (true positive fraction) versus 100-specificity (false positive
fraction).

Results

During the study period a total of 123 consecutive outpatients with
clinically suspected deep vein thrombosis were referred. Seventeen 
patients had to be excluded because of therapeutic or prophylactic anti-
coagulation for more than 24 h prior to study enrollment. Finally, a 
total of 106 patients were included into the study. The median age was
56.3 years (range 16 to 88 years), 51% were female. The mean delay
from first symptoms to study enrollment was 8 days. The overall prev-
alence of deep vein thrombosis using objective tests was 44.3% (47/106
patients). DVT was proximal in 33 (31.1%) and distal in 14 (13.2%) 
patients. Clinical signs of pulmonary embolism were present in 4
(8.5%) patients with confirmed DVT. Fourteen patients (13.2%) had 
received one or two doses of heparin or low molecular weight heparin
prior to blood sampling, 10 (21.3%) in the DVT group and 4 (6.8%) in
the group without DVT.

The distribution of the fibrin monomer results of all the 106 patients
is shown in Fig. 1. The indices of accuracy of the fibrin monomer assay

are given in Table 1 and in the ROC analysis in Fig. 2. Using a cut-off
level of 3.5 mg/ml, the fibrin monomer assay had a sensitivity of 100%
(95% CI: 94-100%) and a NPV of 100% (95% CI: 86-100%) for the 
diagnosis of deep vein thrombosis. Taking this cut-off level the Enzy-
mun-Test FM® was able to adequately exclude the presence of deep
vein thrombosis in 21 of 106 symptomatic outpatients, giving an exclu-
sion rate of 19.8% (95% CI: 12-27%). 

A separate analysis performed after the exclusion of the patients in
whom therapy with heparin or LMWH had been started within 24 h
prior to study enrollment revealed a similar performance of the FM 
assay at a cut-off level of 3.5 mg/ml: sensitivity 100% (95% CI: 
92-100%), specificity 36.7% (95% CI: 24-49%), NPV 100% (95% 
CI. 86-100%) and exclusion rate 21.7% (95% CI:13-30%) (n = 92). 

A further analysis at a cut-off level of 3.5 mg/ml restricted to patients
with proximal DVT yielded again a similar performance of the 
Enzymun-Test FM® as compared to the overall performance: sensitiv-
ity 100% (95% CI: 91-100%), NPV 100% (95% CI: 86-100%), 
specificity 35.6% (95% CI: 23-48%) and exclusion rate 22.8% (95%
CI: 14-31%), respectively (n = 92).

The sensitivity, NPV and exclusion rate of the Asserachrom 
D-Dimer® ELISA were 95.7% (95% CI: 90-100%), 94.7% (95% CI:
88-100%) and 34% (95% CI: 25-43%), respectively, using a cut-off

Fig. 1 Distribution of fibrin monomer (FM) levels in patients (n = 106) with
and without deep vein thrombosis (DVT). The horizontal dashed line indicates
the cut-off at 3.5 mg/ml

Table 1 Accuracy indices of several cut-off levels of fibrin monomer test 
(Enzymun-Test FM®) and of Asserachrom D-Dimer® ELISA used for com-
parison

Fig. 2 Receiver Operating Characteristic (ROC) curve of accuracy indices of
fibrin monomer plasma concentrations for the presence of deep vein thrombo-
sis. The given numbers indicate different plasma fibrin monomer cut-off levels
in mg/ml
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level of 500 ng/ml. Taking a lower cut-off level of 370 ng/ml, in order
to achieve a sensitivity and NPV of 100%, the specificity and the exclu-
sion rate of the D-dimer ELISA were 39.0% (95% CI: 27-51%) and
21.7% (95% CI: 14-30%), respectively (Table 1).

Discussion

The aim of our study was to evaluate a new fibrin monomer test for
its usefulness to safely exclude deep vein thrombosis in symptomatic
outpatients. The present study indicates that the Enzymun-Test FM® is
an accurate method for this purpose. Using a cut-off level for fibrin
monomer of 3.5 mg/ml a sensitivity of 100% (95% CI: 94-100%) and a
negative predictive value of 100% (95% CI: 86-100%) were obtained.
Thus, none of the patients with proven DVT had a normal fibrin
monomer test result. Although the optimal cut-off point of the Enzy-
mun-Test FM® has still to be definitely established, these results show
that patients who presented with suspected DVT and showed a fibrin
monomer result below the cut-off level of 3.5 mg/ml were unlikely to
have DVT. 

Over the past years several investigations have been performed to
evaluate the potential role of cross-linked fibrin derivatives or soluble
fibrin in the diagnostic work-up of patients with suspected DVT. 
ELISA-based D-dimer assays have shown potential clinical utility. 
In our study, we compared the accuracy indices of the Enzymun-Test
FM® with the Asserachrom D-Dimer® ELISA. The sensitivity (100%)
and the negative predictive value (100%) of the fibrin monomer assay
were equal to the respective results of the D-dimer ELISA (95.7% and
94.7%, respectively; cut-off level 500 ng/ml). Two patients with 
proven distal DVT had a D-dimer value below the cut-off level. On the
other hand, the fibrin monomer assay showed a lower specificity
(35.6%) and exclusion rate (19.8%) than the D-dimer assay (61% and
34%, respectively). However, fixing a lower cut-off level for D-dimer
(370 ng/ml) in order to achieve an equivalent sensitivity and NPV of
100% for the D-dimer assay, resulted in a decrease of the specificity
and the exclusion rate of the Asserachrom D-Dimer® ELISA to 39.0%
(95% CI: 27-51%) and 21.7% (95% CI: 14-30%), respectively. Thus,
with the precondition of an optimal sensitivity and NPV the perfor-
mances of both assays were equivalent. The low specificity and exclu-
sion rate of the fibrin monomer assay probably resulted from the fact
that in several clinical conditions, such as infection, trauma or malig-
nancy, which might have coexisted in our patients, circulating fibrin
monomers are generated in similar amounts as in DVT. With respect to
clinical utility the low exclusion rate may be considered a major limita-
tion. However, the low exclusion rate of about 20% in our study also 
relates – at least in part – to the rather high prevalence of DVT in our
series of outpatients.

Because the assessment of circulating plasma fibrin monomer levels
differs significantly using different assays, our results are valid only for
the test we used in this study but may not apply for other currently
available fibrin monomer assays (13, 14). In addition, further clinical
trials are needed to elucidate the cut-off points and to determine whether
management decisions can be safely made based on the results of this
assay. 

In the actual format the Enzymun-Test FM® is designed for batch
analysis and can be performed on a routine ELISA instrument system
(ES 22, ES 33, ES 200 or ES 300) within a few hours. Clinical utility
could be improved when the assay would suit for rapid testing on indi-
vidual patients.

The results of our study are consistent with the results of other recent
reports. Fibrin monomer testing was found to be a valuable diagnostic

tool for the early diagnosis of postoperative DVT (21). Moreover, 
soluble fibrin, assessed by an ELISA with an antibody specific for the
sequence g 312-324 of fibrin, was demonstrated to be of potential 
clinical utility in the exclusion of suspected DVT and pulmonary 
embolism (7, 22). 

In conclusion, this study shows that the new fibrin monomer assay
(Enzymun-Test FM®) has a performance equal to a routine D-dimer
ELISA in the exclusion of DVT in symptomatic outpatients and is 
of potential clinical utility. The results support the development of an
assay format more prone to rapid individual testing. Based on these 
results a clinical management trial should be performed in which the
decision about whether the patient will not be further investigated will
be based on a normal FM-test result. Moreover, further studies are
needed to establish definitely the appropriate cut-off level of the new
FM-test for the exclusion of DVT in symptomatic outpatients. 

Acknowledgment

WAW is supported by a grant from the Swiss National Foundation for Sci-
entific Research (Nr. 3200-047016.96).

References

1. Lensing AWA, Hirsh J, Büller HR. Diagnosis of venous thrombosis. 
In: Haemostasis and Thrombosis, basic principles and clinical practice. 
Colman RW, Hirsh J, Marder VJ, Salzman EW (eds). 3rd edition. Phi-
ladelphia: JP Lippincott 1994; pp 1297-321.

2. Wells PS, Hirsh J, Anderson DR, Lensing AWA, Foster G, Kearon C,
Weitz J, D'Ovidio R, Cogo A, Prandoni P, Girolami A, Ginsberg JS. Accu-
racy of clinical assessment of deep-vein thrombosis. Lancet 1995; 345:
1326-30.

3. Bounameaux H, de Moerloose P, Perrier A, Reber G. Plasma measurement
of D-Dimer as diagnostic aid in suspected venous thromboembolism: an
overview. Thromb Haemost 1994; 71: 1-6.

4. Ginsberg JS. Management of venous thromboembolism. N Engl J Med
1996; 335: 1816-28.

5. Becker DM, Philbrick JT, Bachhuber TL, Humphries JE. D-Dimer testing
and acute thromboembolism. Arch Intern Med 1996; 156: 939-46.

6. Turkstra F, van Beek EJR, ten Cate JW, Büller HR. Reliable rapid blood
test for the exclusion of venous thromboembolism in symptomatic outpati-
ents. Thromb Haemost 1996; 76: 9-11.

7. Ginsberg JS, Siragusa S, Douketis J, Johnston M, Moffat K, Stevens P,
Brill-Edwards P, Panju A, Patel A. Evaluation of a soluble fibrin assay in
patients with suspected deep vein thrombosis. Thromb Haemost 1995; 74:
833-6.

8. Nieuwenhuizen W. Soluble fibrin as a molecular marker for a pre-thrombo-
tic state: a mini review. Blood Coag Fibrinol 1993; 4: 93-6.

9. Okajima K, Uchiba M, Murakami K, Okabe H, Takatsuki K. Determina-
tion of plasma soluble fibrin using a new ELISA method in patients with 
disseminated intravascular coagulation. Am J Hematol 1996; 51: 186-91.

10. Wada H, Wakita Y, Nakase T, Shimura M, Hiyoyama K, Nagaya S, Degu-
chi H, Mori Y, Kaneko T, Deguchi K, Fujii J, Shiku H. Increased plasma so-
luble fibrin monomer levels in patients with disseminated intravascular co-
agulation. Am J Hematol 1996; 51: 255-60.

11. Lill H, Spannagl A, Trauner A, Schramm W, Schuller D, Ofenloch-Haehn-
le B, Draeger B, Naser W, Dessauer A. A new immunoassy for soluble 
fibrin enables a more sensitive detection of the activation state of blood 
coagulation in vivo. Blood Coag Fibrinol 1993; 4: 97-102.

12. Wiman B, Ranby M. Determination of soluble fibrin in plasma by a rapid
and quantitative spectrophotometric assay. Thromb Haemost 1986; 55:
189-93.

13. Dempfle CE, Pfitzner SA, Dolmann M, Huck K, Stehle G, Heene DL. Com-
parison of immunological and functional assays for measurement of soluble
fibrin. Thromb Haemost 1995; 74: 673-9.

52

Thromb Haemost 1999; 81: 50–3

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



53

Caliezi et al.: Fibrin-monomer and Deep Vein Thrombosis

14. Rahr HB, Danielsen D, Andersen BS, Borris LC, Lassen MR. Poor correla-
tion between soluble fibrin concentrations measured by two commercially
available immunoassays. Thromb Res 1996; 81: 607-14.

15. Scheefers-Borchel U, Müller-Berghaus G, Fuhge P, Eberle R, Heimburger
N. Discrimination between fibrin and fibrinogen by a monoclonal antibody
against a synthetic peptide. Proc. Natl. Acad. Sci. USA 1985; 82: 7091-5.

16. Schielen WJG, Voskuilen M, Tesser GI, Nieuwenhuizen W. The sequence
A-a-(148-160) in fibrin, but not in fibrinogen, is accessible to monoclonal
antibodies. Proc. Natl. Acad. Sci. USA 1989; 86: 8951-4.

17. Schielen WJG, Adams HPHM, van Leuven K, Voskuilen M, Tesser GJ,
Nieuwenhuizen W. The sequence gamma-(312-324) is a fibrin specific 
epitope. Blood 1991; 77: 2169-73.

18. Dempfle CE, Dollman M, Lill H, Puzzovio D, Dessauer A, Heene DL. 
Binding of a new monoclonal antibody against N-terminal heptapeptide of
fibrin a chains to fibrin polymerization site “A”: effects of fibrinogen and 
fibrinogen derivatives, and pretreatment of samples with NaSCN. Blood
Coag Fibrinol 1992; 4: 79-86.

19. Baumgartner I, Braunschweig M, Triller J, Mahler F. Power-based colour
coded duplex sonography for evaluation of calf veins. Int Angiol 1998; 17:
43-8.

20. Bounameaux H, Cirafici P, de Moerloose P, Schneider P-A, Slosman D,
Reber G, Unger PF. Measurement of D-dimer in plasma as diagnostic aid in
suspected pulmonary embolism. Lancet 1991; 337: 196-200.

21. Vogel G, Dempfle CE, Spannagl M, Leskopf W. The value of quantitative
fibrin monomer determination in the early diagnosis of postoperative deep
vein thrombosis. Thromb Res 1996; 81: 241-51.

22. Ginsberg JS, Siragusa S, Douketis J, Johnston M, Moffat K, Donovan D,
McGinnis J, Brill-Edwards P, Panju A, Patel A, Weitz JI. Evaluation of a
soluble fibrin assay in patients with suspected pulmonary embolism.
Thromb Haemost 1996; 75: 551-4.

Received June 2, 1998 Accepted after resubmission October 1, 1998

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


