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Venous thrombosis
Formation of a clot (thrombosis) is the result of an 
imbalance between procoagulant, anticoagulant and 
fibrinolytic factors in arteries or veins. In case of 
venous thrombosis, this imbalance and clot formation 
is often due to acute and transient risk factors. 
Symptoms may occur suddenly or with a delay of 
some days or even weeks. Venous thromboembolism 
(VTE) is a common denominator, including superficial 
or deep venous thrombosis (DVT) of the leg and 
pulmonary embolism (PE). VTE is one of the most 
common cardiovascular disorders in industrialized 
countries, affecting about 5% of all people during 
their lifetime (1;2). 
The mean Dutch figures of fatal outcome over the 
years 2000 - 2010 were for men respectively woman in 
case of DVT 7 and 14, for PE 190 and 300 (http://
statline.cbs.nl). However, especially PE is a frequently 
missed diagnosis: 22% of the PE cases are not 
diagnosed before causing death. The early fatality of 
DVT is lower (1- and 7- day survival rates of 
respectively 97.0% and 96.2%), as compared to PE (1- 
and 7- day survival rates of 63.6% and 59.1%) (3). 
There is a strong age-dependency of VTE, as shown in 
three large studies in France, USA and Norway (4-6), 
from 1 in 100.000 per year in childhood to nearly 1 in 
100 in the elderly. From the patients with VTE, nearly 
70% is older than 60 years and nearly 25% is over 80 
years old (7). Most patients with VTE are male. Only 
in the reproductive period of woman (20 - 45 years 
old), there is a higher number of female patients. 
Whether gender is an independent risk factor for the 
first and recurrent VTE, is however not fully clarified 
(8).

Diagnosis and exclusion of DVT
Thrombosis is a result of coagulation with a key role of 
the enzymatic conversion of fibrinogen in fibrin 
monomers (FM) by thrombin. The thrombus will be 
removed by the enzymatic conversion of the cross 
linked fibrin by plasmin (fibrinolysis) in fibrin 
degradation products (FbDP). In some situations there 
is also an enzymatic degradation of fibrinogen 
(fibrinogenolysis) in fibrinogen degradation products 
(FgDP). A closer look to the process of coagulation 
scheme is helpful to gather information about the 
formation or presence of a thrombus (Figure 1).
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One of the most important fibrin degradation products 
is the D-dimer. D-dimers can be found during both 
coagulation and fibrinolysis.
With the development of specific monoclonal 
antibodies against epitopes of the D-dimer molecule, 
measurement of D-dimer levels became feasible (9). 
The first D-dimer tests were qualitative tests (10), 
followed by quantitative ELISA’s (11). Because the 
ELISA is very laborious test, this type of D-dimer 
assays was only used in studies. With the launch of the 
Vidas® ELFA (a so-called fast ELISA) (12) and the 
latex D-dimer assays, both measured on dedicated 
instruments or analyzers, the application of D-dimer 
tests in direct patient care became possible (13). 

Information about the coagulation scheme can be 
obtained by:
thrombin (thrombin generation assay)
fibrin monomer (FM)
fibrin degradation products (FbDP)
fibrinogen degradation products (FgDP)

The D-dimer has proven to be a very useful tool in the 
diagnostic procedure of VTE.
Different D-dimer assays have been evaluated in the 
diagnosis of VTE. The general conclusion is that the 
combination of sensitivity and specificity is not high 
enough to exclude VTE, based on only the results of a 
D-dimer test (14-25). With sensitivity beneath 100% 
for almost all D-dimer tests, there is a small but 
unacceptable risk for sending home patients with a 
VTE. The relatively low specificity of most D-dimer 
tests, results in the need for additional investigations to 
exclude VTE. Therefore, the combination of D-dimer 
tests and a clinical decision rule (CDR) score is used. 
Wells has introduced a CDR, initially with three levels 
(low, moderate and high) (26), later simplified to two 
levels (unlikely and likely) (27). In patients with high 
D-dimer levels or a high CDR-score, additional 
imaging procedures are necessary. The CDR has only 
been validated for outpatients. For the primary care, 
an adapted decision rule has been developed and 
evaluated (28;29). 
D-dimer levels are not only high in patients with VTE. 
Many non-pathological (e.g. high age or surgery) and 
pathological (e.g. inflammation or malignancy) 
conditions are associated with elevated D-dimer levels 
(30). It is, therefore, necessary to improve the 
contribution of the clinical chemistry in the diagnostic 
workup of VTE.

Outline of the thesis
The aim of this thesis is the improvement of clinical 
chemical techniques, used in the diagnostic workup of 
patients suspected for DVT, resulting in a safe 
exclusion of DVT as well as a reduction of false 
positive results. To realize this aim, the specificity of 
the used technique(s) must increase without reduction 
of a sensitivity of 100%. 
This reduction may be achieved by: 
•  more specific assays; we have evaluated current and 

new laboratory assays, measuring the forming of 
intermediate or end products of coagulation (Figure 1),

•  the combination of these new assay results with the 
D-dimer assay, as second decision criterion or 
correction of the D-dimer value,

•  changing the cut-off value of the D-dimer assay in 
special subgroups of patients.

Because the highest number of false positive results is 
obtained in the elderly, we have focused on this 
subgroup of patients.

Like the D-dimer assay, additional assays should be 
available in a routine laboratory setting, 24 hours a 
day with an acceptable turnaround time. A further 
prerequisite is that the selected and evaluated assays 
should be commercially available or under 
development. For all evaluation studies we used the 
patient database of a management study, investigating 
the use of a quantitative D-dimer assay in combination 
with the Wells score in the exclusion of DVT in 
symptomatic outpatients. (31). In Chapter 2, a review 
of D-dimer in relation to DVT and PE is presented, 
based on the text used in the Dutch CBO Guideline 
‘Diagnostiek, preventie en behandeling van veneuze 
trombo-embolie en secundaire preventie van arteriële 
trombose’ (32). 
The use of heparin plasma instead of the standard 
citrated plasma for the measurement of D-dimer is 
described in Chapter 3. The possibility of using 
heparin plasma is of great logistic importance, because 
the turnaround time of the D-dimer assay can be 
reduced and the usefulness as diagnostic tool may be 
enhanced.
In Chapter 4, the performance of four D-dimer assays 
is discussed and compared to the results obtained with 
Tina-quant® in the mentioned previous management 
study (31).
In Chapter 5, the results of the D-dimer assay in 
combination with the Wells score in the elderly are 
presented. Because the D-dimer level increases with 
age, the specificity decreases with a reduction in its 
clinical applicability in the elderly.
The combination of the D-dimer assay and CDR is not 
very helpful in the exclusion of VTE in the elderly. 
The contribution of other intermediate and end 
products of the coagulation scheme (Figure 1) is, 
therefore, investigated. The results of two quantitative 
FM assays in combination with the Tina-quant 
D-dimer assay and CDR in the diagnostic workup are 
given in Chapter 6. 
Currently, a fixed cut-off value of D-dimer (regardless 
the age of the patient) is used. A higher specificity 
(less false positive results) may be obtained by applying 
age dependent cut-off values. In Chapter 7, a new 
D-dimer assay (InnovanceTM D-dimer) is introduced 
with special emphasis on the results of age-adapted 
cut-off values.
Coagulation results also in thrombin formation. 
Therefore, the thrombin generation assay (TGA) as 
diagnostic tool in patients suspected for having VTE is 
of interest. TGA according to Hemker (33-35) is not 
feasible in a routine patient care setting due to the high 
turnaround time and the need of specialized 
technicians. New TGAs, such as the Endogenous 
Thrombin Potential (Innovance®-ETP), are not 
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hampered by these factors and can be used for routine 
application (36;37). In Chapter 8, the Innovance®-
ETP as new TGA is evaluated, as stand-alone assay 
and in combination with the standard procedures of 
the diagnostic workup of VTE. The performance of 
TGA and D-dimer/CDR is especially tested in the 
elderly.
It is known that some thrombin generation assays are 
sensitive for thrombophilic factors. In Chapter 9, the 
relation between ETP parameters and the most 
common thrombophilic risk factors is investigated in 
DVT negative and DVT positive patients.
End products of the coagulation scheme (Figure 1), 
such as fibrinogen elastase degradation product and 
another fibrin degradation product than D-dimer, may 
also have a role in the diagnostic procedure of VTE. 
The results of measurements of these products, alone 
and in combination with some D-dimer assays, are 
presented in Chapter 10.
In Chapter 11 a compilation of the results of this 
thesis and the future perspectives are presented. 
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Figure 1. Simplified coagulation scheme
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5Ned Tijdschr Klin Chem Labgeneesk 2016, vol. 41, no. 1

11.  Bounameaux H, Cirafici P, De MP, Schneider PA, Slosman 
D, Reber G, et al. Measurement of D-dimer in plasma as 
diagnostic aid in suspected pulmonary embolism. Lancet 
1991 Jan 26;337(8735):196-200.

12.  Pittet JL, De MP, Reber G, Durand C, Villard C, Piga N, et 
al. VIDAS D-dimer: fast quantitative ELISA for measuring 
D-dimer in plasma. Clin Chem 1996 Mar;42(3):410-5.

13.  Kario K, Matsuo T, Kabayashi H, Matsuo M, Yamamoto 
K, Sakurai G, et al. Rapid quantitative evaluation of plasma 
D-dimer levels in thrombotic states using an automated 
latex photometric immunoassay. Thromb Res 1992 May 
1;66(2-3):179-89.

14.  Brill-Edwards P, Lee A. D-dimer testing in the diagnosis 
of acute venous thromboembolism. Thromb Haemost 1999 
Aug;82(2):688-94.

15.  Dempfle CE. Use of D-dimer assays in the diagnosis of 
venous thrombosis. Semin Thromb Hemost 2000;26(6):631-
41.

16.  Dempfle CE. Validation, calibration, and specificity of 
quantitative D-dimer assays. Semin Vasc Med 2005 
Nov;5(4):315-20.

17.  Di Nisio M., Squizzato A, Rutjes AW, Buller HR, 
Zwinderman AH, Bossuyt PM. Diagnostic accuracy of 
D-dimer test for exclusion of venous thromboembolism: a 
systematic review. J Thromb Haemost 2007 Feb;5(2):296-
304.

18.  Goodacre S, Sampson FC, Sutton AJ, Mason S, Morris F. 
Variation in the diagnostic performance of D-dimer for 
suspected deep vein thrombosis. QJM 2005 Jul;98(7):513-
27.

19.  Gosselin RC, Owings JT, Kehoe J, Anderson JT, Dwyre 
DM, Jacoby RC, et al. Comparison of six D-dimer methods 
in patients suspected of deep vein thrombosis. Blood 
Coagul Fibrinolysis 2003 Sep;14(6):545-50.

20.  Heim SW, Schectman JM, Siadaty MS, Philbrick JT. 
D-dimer testing for deep venous thrombosis: a 
metaanalysis. Clin Chem 2004 Jul;50(7):1136-47.

21.  Janssen MC, Verbruggen H, Wollersheim H, Hoogkamer 
B, van LH, Novakova IR. D-dimer determination to assess 
regression of deep venous thrombosis. Thromb Haemost 
1997 Aug;78(2):799-802.

22.  Kelly J, Rudd A, Lewis RR, Hunt BJ. Plasma D-dimers in 
the diagnosis of venous thromboembolism. Arch Intern 
Med 2002 Apr 8;162(7):747-56.

23.  Larsen TB, Stoffersen E, Christensen CS, Laursen B. 
Validity of D-dimer tests in the diagnosis of deep vein 
thrombosis: a prospective comparative study of three 
quantitative assays. J Intern Med 2002 Jul;252(1):36-40.

24.  Stein PD, Hull RD, Patel KC, Olson RE, Ghali WA, Brant 
R, et al. D-dimer for the exclusion of acute venous 
thrombosis and pulmonary embolism: a systematic review. 
Ann Intern Med 2004 Apr 20;140(8):589-602.

25.  van der Graaf F, van den Borne H., van der Kolk M., de 
Wild PJ, Janssen GW, van Uum SH. Exclusion of deep 
venous thrombosis with D-dimer testing--comparison of 
13 D-dimer methods in 99 outpatients suspected of deep 
venous thrombosis using venography as reference standard. 
Thromb Haemost 2000 Feb;83(2):191-8.

26.  Wells PS, Hirsh J, Anderson DR, Lensing AW, Foster G, 
Kearon C, et al. Accuracy of clinical assessment of deep-
vein thrombosis. Lancet 1995 May 27;345(8961):1326-30.

27.  Wells PS, Anderson DR, Rodger M, Forgie M, Kearon C, 
Dreyer J, et al. Evaluation of D-dimer in the diagnosis of 
suspected deep-vein thrombosis. N Engl J Med 2003 Sep 
25;349(13):1227-35.

28.  Janssen KJ, van der Velde J, Ten Cate AJ, Prins MH, van 
Weert HC, Stoffers HE, et al. Optimisation of the diagnostic 
strategy for suspected deep-vein thrombosis in primary 
care. Thromb Haemost 2011 Jan;105(1):154-60.

29.  Oudega R, Hoes AW, Toll DB, Moons KG. The value of 
clinical findings and D-dimer tests in diagnosing deep vein 
thrombosis in primary care. Semin Thromb Hemost 2006 
Oct;32(7):673-7.

30.  Siragusa S. D-dimer testing: advantages and limitations in 
emergency medicine for managing acute venous 
thromboembolism. Intern Emerg Med 2006;1(1):59-66.

31.  Schutgens RE, Ackermark P, Haas FJ, Nieuwenhuis HK, 
Peltenburg HG, Pijlman AH, et al. Combination of a 
normal D-dimer concentration and a non-high pretest 
clinical probability score is a safe strategy to exclude deep 
venous thrombosis. Circulation 2003 Feb 4;107(4):593-7.

32.  Richtlijn Diagnostiek, preventie en behandeling van 
veneuze trombo-embolie en secundaire preventie van 
arteriële trombose. Van Zuiden Communications B.V.; 
2008.

33.  Baglin T. The measurement and application of thrombin 
generation. Br J Haematol 2005 Sep;130(5):653-61.

34.  Hemker HC, Al Dieri R., de Smedt E., Beguin S. Thrombin 
generation, a function test of the haemostatic-thrombotic 
system. Thromb Haemost 2006 Nov;96(5):553-61.

35.  Mann KG, Brummel K, Butenas S. What is all that 
thrombin for? J Thromb Haemost 2003 Jul;1(7):1504-14.

36.  Devreese K, Wijns W, Combes I, van Kerckhoven S., 
Hoylaerts MF. Thrombin generation in plasma of healthy 
adults and children: chromogenic versus fluorogenic 
thrombogram analysis. Thromb Haemost 2007 
Sep;98(3):600-13.

37.  Eichinger S, Hron G, Kollars M, Kyrle PA. Prediction of 
recurrent venous thromboembolism by endogenous 
thrombin potential and d-dimer. Clin Chem 2008 
Dec;54(12):2042-8.




