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Abstract

Introduction. Previous research has shown that the endogenous thrombin potential 
(ETP) discriminates affected from non-affected family members in families with 
unexplained thrombophilia (OR 1.03 95% CI 1.01-1.05 for every percentage increase 
of the ETP). A high variance of 68% attributed to genetic factors for the ETP was found 
in one particular family. The present study was conducted to search for determinants 
of the ETP in this family. Methods. In the GENES study probands with a strong family 
history of VTE but no known thrombophilic defect and their extended pedigrees 
were identified. We measured several coagulation variables in one large family with 
unexplained thrombophilia and a high variance attributed to genetic factors for 
the ETP. Univariate and multiple regression analysis of variables were performed. 
Results. We were unable to identify coagulation variables as determinants for ETP 
in univariate linear regression with ETP as dependent variable. In multiple linear 
regression analysis, PT, factor (F) VII, FVIII and FIX and antithrombin were found to 
be minor determinants of the ETP. Discussion and conclusion. Although the effect of 
antithrombin and FVII, FVIII and FIX on ETP can be explained physiologically, none 
of these variables were major independent determinants of the ETP. In conclusion, no 
determinant for the ETP could be identified in this family. Therefore, the ETP seems 
to be a risk factor for thrombosis not influenced by one of the known coagulation 
variables. 
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Introduction

Since the 1990’s, several prevalent inherited and acquired coagulation defects that 
increase the risk of venous thrombosis (VTE) have been identified, for example factor 
(F)V Leiden, prothrombin G20210A mutation and elevated levels of FVIII, FIX and 
FXI. It is widely accepted that both known and unknown inherited risk factors and 
environmental factors contribute to the occurrence of VTE (e.g. surgery, immobilisation 
and use of oral contraconceptives). This multicausality makes it difficult to predict 
VTE and therefore a laboratory test that is able to detect a prothrombotic state which 
correlates with clinical VTE would be helpful. 1

The haemostatic balance in plasma is regulated by procoagulant factors, natural 
anticoagulants and fibrinolytic factors that are all dynamically intertwined under 
normal circumstances. The central component of this cascade is thrombin generation 
and disturbance leads to either bleeding or thrombosis. 
Thrombin generation assays are used to phenotype the clotting system. 2 For example, 
the thrombin generation test (TGT) has been used in patients with haemophilia and 
correlated with levels of FVIII activity. 3 In another study, patients at low risk for 
recurrent VTE could be identified by measuring thrombin generation. 4 Furthermore, 
the endogenous thrombin potential (ETP, area under the curve of the thrombin 
generation time) was developed in 1993 to measure enhanced thrombin generation and 
was modified some years later by adding activated protein C. 5;6 The ETP is elevated in 
hypercoagulable states induced by oral contraceptive use and inherited thrombophilic 
defects (i.e. antithrombin deficiency and prothrombin G20210A mutation). 7-10 
Recently, we investigated several potential markers of a prothrombotic state in 17 
thrombophilic families without a known inherited defect. Of the six markers we 
investigated, only the endogenous thrombin potential (ETP) was able to discriminate 
between affected and non-affected family members (OR 1.03 (95% CI 1.01-1.05) per 
10% percent increase of the ETP). 11 Interestingly, a high variance (68%) attributed 
to genetic factors for the ETP was found in one particular family. 11 This study was 
conducted to find out if a single known coagulation or fibrinolysis factor determined 
the ETP in this family.   
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Methods

Family
The presently investigated family is one of the families with unexplained thrombophilia 
included in the GENES study, which was described previously. 11 In this study, probands 
with a personal and strong family history of VTE (defined as at least one first degree 
or two second degree relatives with VTE) but without a known thrombophilic defect 
were included. Probands were selected from the outpatient clinic of the Department 
of Vascular Medicine, Academic Medical Center, Amsterdam, where they had been 
referred to because of suspected VTE. Probands were included if they had an objectively 
diagnosed VTE. A thrombotic event was classified as “definite” if objectively diagnosed 
(compression ultrasonography, plethysmography, venography, (spiral) CT scan or 
ventilation/perfusion scan) and treated with anticoagulant therapy. A VTE event was 
defined as “probable” if there was a typical history and anticoagulant treatment, but no 
objective diagnosis. Family members including spouses were identified by a genetic 
field worker. All individuals with a history of VTE were defined as cases and tested 
for deficiencies of protein C, protein S and antithrombin (AT), FV Leiden and the 
prothrombin G20210A mutation. A standardised history was taken using a validated 
questionnaire.(12) Written informed consent was obtained before inclusion.
In this study individuals on anticoagulant treatment (i.e. vitamin K antagonists, low-
molecular weight heparin or pentasaccharides) at the time of blood sampling were 
excluded from all analyses (n=2). 
The GENES study was approved by the Central Committee on Research In volving 
Human Subjects (CCMO).

Blood collection 
Blood was collected at least 3 months after an acute thrombotic event in tubes 
containing 0.106 mol L-1 trisodium citrate after overnight fasting and 12 hours 
cessation of smoking. Plasma was prepared by centrifugation at 2000 g for 20 minutes 
at room temperature and stored at -70ºC in suitable aliquots. 



Determinants of a high endogenous thrombin potential in a thrombophilic family

39

Coagulation parameters
The ETP was performed as previously described. 6;7 Briefly, thrombin potential was 
determined amidolytically at 37°C in defibrinated plasma containing phospholipids, 
tissue factor and calcium chloride. A higher ETP reflects more thrombin generation. 
APC sensitivity ratios (APC-sr) were determined by quantifying the effect of APC on 
thrombin generation as described before. 13 Increased levels of this ETP-based APC 
resistance test reflect enhanced resistance to APC. Coagulation assays (prothrombin 
time (PT), activated partial thromboplastin time (APTT), and coagulation FII, 
FV, FVII, FVIII, FIX, and FXI) were performed on an automated coagulation 
analyzer (Behring Coagulation System, BCS) with reagents and protocols from the 
manufacturer (Siemens Healthcare Diagnostics, Marburg, Germany). AT activity was 
determined with Berichrom antithrombin (Siemens Healthcare Diagnostics) on a 
Behring Coagulation System. Protein C was determined using the Coamatic protein C 
activity kit from Chromogenix (Mölndal, Sweden). Total protein S antigen was assayed 
by ELISA using antibodies from DAKO (Glostrup, Denmark). Free protein S was 
measured by precipitating the C4b-binding protein-bound fraction with polyethylene 
glycol 8000 and measuring the concentration of free protein S in the supernatant. TFPI 
activity was measured on the Behring Coagulation System according to a method 
described by Sandset et al. 14

Statistical analysis
Univariate and multiple linear regression models for all measured coagulation variables 
with ETP as the dependent variable were performed in Sequential Oligogenetic 
Linkage Analysis Routines (SOLAR). 15 Both analyses were corrected for age, sex and 
oral anticonceptive use, since these are known to influence coagulation variables. 16-18 

Heritabilities for all measured coagulation variables and their effects on ETP were also 
estimated in SOLAR. All analyses were adjusted for age, sex, oral contraceptive use and 
household effects. A proband ascertainment correction implemented in SOLAR was 
performed to obtain unbiased parameter estimates relevant to the general population. 
19;20
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Results

The baseline characteristics of the 136 family members are described in Table 1. The 
pedigree of the family is depicted in Figure 1. Two individuals without VTE were using 
anticoagulant treatment at the time of blood sampling and were excluded from the 
present analysis. The median age of the participants was 48 years. Four family members 
(including the proband) had a history of VTE; the median age at the time of first VTE 
was 36 years, ranging from 4-41 years. Five family members had a history of superficial 
thrombophlebitis (STP). Table 2 lists the levels of all variables. Interestingly, relatively 
high levels of protein C (median 113%, range 72-212%) were found in this family. 
Table 3 shows the results of the univariate and multiple linear regression analyses per 
coagulation variable with ETP as dependent variable. No determinants of the ETP were 
found among all variables in the univariate analysis. In the multiple linear regression 
model PT, FV, FVII and FIX, and AT were found to be minor determinants of the ETP. 
The total variance of ETP explained by this model was 35%, covariates included.
Table 4 lists the variance of all coagulation variables attributed to covariates, heritability 
and household effects. Similar to our findings in the analysis of 79 members of this 
family 11, the heritability remained high (67%) after extension of the family with 57 
subjects in the present study. We found very high heritability for the PT, protein C 
and AT activity of 74%, 72% and 75%, respectively. All variables, except FIX, had 
a moderate to high variance attributed to heritability ranging from 38 to 60%. In 
contrast, the variance attributed to household effects was absent for most coagulation 
variables, except for FIX, although it was low (6%). Variances attributed to covariates 
(age and/or sex) were low, ranging from 0 to 22%. 
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Figure 1. Pedigree of the affected family. 

□ male ○ female; ■ / ●: individuals with a history of VTE; I-V: generations

Table 1. Baseline characteristics at blood draw in all family members (n=136). 
Characteristics n %
Age (median yrs(IQR; range)) 48 (27; 15-72) -
Women 70 51
Spouses 24 17
Number of households 85 -
History of venous thromboembolism 4 3
History of superficial thrombophlebitis 5 4
Oral contraceptive use* 20 29 
Hormone replacement therapy 0 -
Pregnancy* 2 3 
Smoking 27 20

*Percentages for oral contraceptive use and pregnancy were given for women only.

I

II

III

IV

V

1
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Table 2. Median, interquartile range and range of all variables in family members and spouses 

without anticoagulant treatment. (n=136)
Variable Median IQR Range
PT (sec) 12.0 1.1 10.6 - 14.4
APTT (sec) 31.6 4.1 24.0 - 38.0
F II (%) 99 23 66 - 161
F V (%) 116 35 67 - 193
F VII (%) 97 22 49 -180
F VIII (%) 116 31 59 - 196
F IX (%) 100 20 77 -165
F XI (%) 110 22 75 - 181
Protein C act (%) 113 42 72 - 212
Protein S free (%) 46 13 19 - 79
Protein S total (%) 103 24 48 - 169
AT (%) 105 13 81 - 228
TFPI (%)                                 88 38 45 - 171
ETP (%) 103 30 60 - 176
APC-sr                                                          males 0.57 0.69 0.01 - 5.82

females without OAC 0.79 1.02 0.00 - 4.14
females with OAC 1.76 1.88 0.30-3.33

PT, prothrombin time; APTT, activated partial thromboplastin time; AT, antithrombin; TFPI, tissue factor 
pathway inhibitor; ETP, endogenous thrombin potential; APC-sr, activated protein C-sensitivity ratio; OAC, 
oral anticonceptives. 
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Table 3. Linear regression analysis with ETP as dependent variable adjusted for age, sex, oral 

contraceptive use and family or household correlations.  
Variable Univariate linear regression

Explained variance by covariates only: 6%

Multiple linear regression

Explained variance (with covariates):  35%

Unstandardized Beta 
(95% CI)

R2 (%) Unstandardized Beta 
(95% CI)

PT 4.54 (-0.98-10.06) 9 14.50 (4.16-24.84) *
APTT 0.52 (-0.85-1.88) 7 1.24 (-0.71-3.19)
F II 0.17 (-0.07-0.40) 7 0.21 (-0.10-0.52)
F V 0.03 (-0.06-0.16) 6 0.17 (-0.03-0.37)
F VII 0.06 -0.14-0.26) 6 0.30 (0.02-0.59) *
F VIII 0.09 (-0.07-0.25) 7 0.25 (0.04-0.47) *
F IX -0.06 (-0.33-0.21) 8 -0.58 (-0.98-(-0.18))*
F XI 0.00 (-0.20-0.21) 6 0.10 (-0.22-0.42)
Protein C 0.12 (-0.05-0.29) 7 0.14 (-0.07-0.35)
Protein S free 0.08 (-0.34-0.49) 6 0.17 (-0.38-0.72)
Protein S total 0.13 (-0.10-0.36) 6 0.18 (-0.22-0.58)
TFPI -0.01 (-0.18-0.16) 6 -0.11 (-0.28-0.06)
AT -0.35 (-0.78-0.07) 6 -0.60 (-1.09-(-0.12))*
APC-sr 5.02 (-4.64-14.68) 6 7.21 (-3.46-17.87)

ETP, endogenous thrombin potential; CI, confidence interval; PT, prothrombin time; APTT, activated 
partial thromboplastin time; TFPI, tissue factor pathway inhibitor; AT, antithrombin; APC-sr, activated 
protein C-sensitivity ratio (root transformed). * p<0.05. 

Table 4. Proportion of variance of all coagulation variables attributed to covariates, heritability 

and household effects. 
Proportion of variance (% )

Covariates Heritability (h2) Household effects (c2)
Variable h2 SE (h2) p (h2) c2 SE (c2) p (c2)
PT 17 74 15.2 0.000 - - -
APTT 13 60 22 0.002 - - -
F II - 38 21 0.026 - - -
F V 12 57 18.3 0.002 - - -
F VII 17 53 16.4 0.002 5 15.2 0.365
F VIII 14 36 21.7 0.051 8 19.9 0.344
F IX 7 15 17.0 0.178 6 13.6 0.002
F XI 9 46 23.3 0.017 - - -
Protein C act 16 72 15.3 0.000 - - -
Protein S free 11 49 21.4 0.014 - - -
Protein S total 22 47 19.4 0.012 - - -
AT 8 75 15.5 0.000 - - -
TFPI 18 58 17.4 0.003 - - -
ETP 11 67 17.6 0.001 8 11.6 0.230
APC-sr 9 38 21.9 0.044 10 12.3 0.193

SE, standard error; Calculations were made with a proband ascertainment correction. PT, prothrombin time; 
APTT, activated partial thromboplastin time; AT, antithrombin; TFPI, tissue factor pathway inhibitor; ETP, 
endogenous thrombin potential; APC-sr, activated protein C-sensitivity ratio.
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Discussion 

In this family with a strong genetic basis for the ETP, we measured several coagulation 
variables to investigate whether one or more of these determined the level of ETP. 
Although these coagulation variables were selected for their known influence on 
thrombin generation and therefore potentially on the ETP, none were found to be strong 
determinants of the ETP. Following multiple linear regression analysis, the PT, FVII, 
FVIII, FIX, and AT were found to be minor, however not independent, determinants. 
These findings are in line with our previous observations. 21 Furthermore, studies 
investigating influence of pro- and anticoagulants on thrombin generation in healthy 
individuals were also unable to find a single major factor determining thrombin 
generation. 22;23 In another study, determinants of the ETP based APC sensitivity test 
were examined in healthy women (with and without oral anticonceptive use) and men 
and free protein S and free TFPI levels were found to influence the test mostly. 16

The positive correlation between the PT and the ETP cannot be explained 
physiologically. The paradoxical effect of FIX, where an increase of FIX leads to a 
decrease in ETP, has been described. 24 A lack of response in thrombin generation to 
increasing FIX concentrations might be the consequence of a competition of FIX and 
FX with the FVIIa-TF complex. The other minor determinants can be more easily 
explained. When AT levels decrease, downregulation of the coagulation cascade 
is diminished resulting in a hypercoagulable state and thus an increase in the ETP. 
Increased levels of FVII and FVIII enhance thrombin generation. 24 

The high genetic influences for PT, protein C and AT have not been described previously, 
as is true for the low genetic influence for FIX levels. All our other findings are in 
line with observed heritabilities of a prothrombotic state, reflected by measurement of 
various coagulation variables. 25-29

No good explanation is available for the high levels of protein C in this family. A 
correlation between elevated levels of protein C with a low risk of venous thrombosis has 
not been described. Another hypothesis might be that these levels are a compensatory 
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mechanism to an unknown defect underlying hypercoagulability in this family. The 
high levels of protein C and the exceptionally high heritability of protein C found in 
this family warrant further genetic investigation. 

In conclusion, we did not identify an independent major determinant of the high 
ETP in this large pedigree. Therefore, the ETP seems to be a risk factor for venous 
thrombosis not influenced by one of the known coagulation variables that affects the 
ETP. In the future, we plan to perform genetic linkage analysis in this family to search 
for a potential genetic defect underlying the levels of ETP.
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