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Abstract 

 

Background: Recombinant activated factor VIIa (rFVIIa) is a hemostatic agent that is 

used for the treatment of patients with hemophilia A and inhibitors. However, clinical 

response to rFVIIa is variable and unpredictable with currently available laboratory 

assays.  

Objectives: To investigate the anti-fibrinolytic effects of rFVIIa in relation to thrombin 

generation (TG) and other hemostatic parameters in patients with hemophilia and 

inhibitors. 

Patients/Methods: Nineteen patients with hemophilia A and inhibitors were included. 

A clot-lysis assay was performed in plasma with the addition of rFVIIa. TF-dependent 

and TF-independent thrombin generation and parameters involved in coagulation, 

anticoagulation and fibrinolysis were assessed. 

Results: The clot-lysis test distinguished two groups of patients: a group (n=8) with 

normal and a group (n=11) with impaired anti-fibrinolytic response to rFVIIa. The 

addition of rFVIIa showed a dose-dependent increase in TF-dependent- and TF-

independent TG in all individuals. There was a significant difference in TF-independent 

TG parameters between the normal and impaired response groups. In addition, there 

was a difference between the normal and impaired response group in prothrombin 

time, which could be explained by significantly higher levels of coagulation factors V, 

X, VII and IX in the normal response group. In addition, soluble thrombomodulin was 

decreased in the impaired response group. 

Conclusions: We observed different in vitro responses on rFVIIa addition in plasma of 

patients with hemophilia A and inhibitors. The different responses could be partially 

attributed to a difference in levels of procoagulant proteins and soluble 

thrombomodulin.  
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Introduction 

 

In hemophilic patients who develop high-responding inhibitors (historical inhibitor 

peak > 5 BU/ml), bleeds are treated with bypassing agents such as recombinant FVIIa 

(rFVIIa). rFVIIa (NovoSeven, Novo Nordisk) has been approved by the European 

Medicine Agency (EMA) for treatment of bleeding episodes in patients with 

hemophilia and inhibitors in 1996. The initial licensed dosing regimen was 90 µg/kg 

body weight every 2-3 hours until bleeding resolution. 

 

Since then, a substantial amount of clinical evidence has been generated suggesting 

that rFVIIa could be safely used at higher doses with a similar efficacy but a higher 

convenience especially in those patients with problematic venous accesses as children 

[1-5]. In particular the observation of a faster clearance of the drug in children 

suggested that in this subgroup of patients the drug should be used at higher doses 

to be as effective as in adults [6]. With this new information as background, in 2007, 

the single high dose of 270 µg/kg was approved by regulatory agencies.  

 

It is not completely understood why higher doses of rFVIIa may be more effective; one 

possible explanation is that higher doses of rFVIIa increase thrombin generation, 

which in turn, enhances fibrin formation, structure and stability [7-11].  Recent studies 

indicated that inhibitor patients who were treated with higher doses of rFVIIa 

experienced fewer re-bleedings [12] and required less rescue medication in a 

randomized cross-over double-blind clinical study [5].  

 

Several mechanisms have been described via which rFVIIa would lead to inhibition of 

fibrinolysis [11], among them the (indirect) activation of thrombin-activatable 

fibrinolysis inhibitor (TAFI). Lisman et al demonstrated that rFVIIa concentrations 

required for inhibition of fibrinolysis in plasma of hemophilia patients with inhibitors 

varied considerably [13]. In the present study, we investigated the determinants of the 

rFVIIa-mediated clot lysis inhibition in the plasma of 19 patients with hemophilia and 

inhibitors.  
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Materials and methods 

 

Patients 

Patients (age > 8 years) affected with severe hemophilia A and inhibitors from 3 

hemophilia treatment centers (Angelo Bianchi Bonomi Hemophilia and Thrombosis 

Center, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Milan, Italy; Van 

Creveldkliniek, University Medical Center, Utrecht, the Netherlands and University 

Hospital, Maastricht, the Netherlands) were included in this study. All patients had 

detectable inhibitor titers at time of blood sampling. All patients provided written 

informed consent prior to blood drawing and the study was approved by the Medical 

Ethical Committees of the participating hemophilia centres. 

 

Materials 

Recombinant human tissue factor (TF; Innovin) was obtained from Siemens Healthcare 

Diagnostics (Marburg, Germany). Carboxypeptidase inhibitor (CPI) from potato was 

purchased from Sigma (St. Louis, MO, USA). Recombinant tissue plasminogen 

activator (Actilyse) was obtained from Boehringer Ingelheim (Ingelheim, Germany). 

1,2-dioleoyl-sn-glycero-3-phosphatidylserine (DOPS), 1,2-dioleoyl-sn-glycero-3-

phosphatidylethanolamine (DOPE) and 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine 

(DOPC) were purchased from Avanti Polar Lipids (Albaster, AL, USA). Small unilamellar 

phospholipid vesicles composed of a mixture of DOPC, DOPS and DOPE (60/20/20) 

were prepared as described before [14]. The PPP (provide the definition in extent, this 

is the first time) low and MP (provide the definition in extent, this is the first time) 

reagents, fluorogenic substrate (Z-Gly-Gly-Arg- AMC) with calcium in Hepes buffer 

(FluCa-Kit®) and the calibrator (thrombin calibrator®) were commercial preparations 

purchased from Thrombinoscope BV (Maastricht, the Netherlands). rFVIIa was a gift 

from Novo Nordisk (Bagsvaerd, Denmark). 

A mouse monoclonal antibody Phx-01 against the EGF 5 domain of thrombomodulin 

(TM), capable of blocking TM cofactor activity, was purchased from Covance 

(Princeton, New Jersey, USA). 
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Clot lysis assay 

Lysis of a TF-induced plasma clot by exogenous tissue-type plasminogen activator 

(tPA) was studied as described previously with some minor modifications [15]. Briefly, 

citrated plasma (75 µl) was mixed with an equal volume of recombinant human tissue 

factor (4 x 10
4
 dilution of Innovin), phospholipid vesicles (final concentration 10 µM), 

CaCl2 (final concentration 17 mM) and tPA (final concentration 0.30 µg/ml; Actilyse) in 

buffer (25 mM Hepes, 150 mM NaCl, 0.1% bovine serum albumin, pH 7.4). Clot 

formation and subsequent clot lysis was continuously monitored by turbidity 

measurements at 405 nm. Clot lysis time (CLT) was defined as the time from the 

midpoint of the clear to maximum turbid transition, which characterizes clot 

formation, to the midpoint of the maximum turbid to clear transition, which 

represents clot lysis. A high CLT reflects a reduced fibrinolytic capacity. To assess the 

contribution of TAFI activation to CLT, experiments were performed in which CPI (final 

concentration 56 µg/ml), a specific inhibitor of activated TAFI, was added to the 

plasma. The TAFIa-dependent prolongation was defined as the difference in clot-lysis 

time in the absence and presence of CPI. The effect of rFVIIa on inhibition of 

fibrinolysis in hemophilic plasma was determined by addition of different 

concentrations of rFVIIa (Novo Nordisk AS). Several parameters were assessed: 

clotting time, clot-lysis time and increase in clot-lysis time and were compared to 0 

nM rFVIIa. 

 

Thrombin generation assay 

Thrombin generation (TG) in platelet-poor plasma (PPP) was measured with the 

Calibrated Automated Thrombogram (Thrombinoscope BV, Maastricht, the 

Netherlands) as previously described [16].  TG was assessed by two different methods: 

a TF-independent method in which only phospholipids were used as trigger and a TF-

dependent method in which TF plus phospholipids were used as trigger. Briefly, 80 µl 

plasma was added to 20 µl of trigger reagent and incubated for 10 min at 37°C. We 

used MP reagent (4 µM phospholipids) for TF-independent TG and PPP LOW (1 pM TF 

and 4 µM phospholipids) for TF-dependent TG as trigger. TF-dependent TG was also 

assessed at very low TF concentration (0.25 pM TF and 4 µM phospholipids) using a 
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1:4 mixture of the PPP low and MP reagent. TG was initiated by adding 20 μl 

Hepes/BSA buffer containing 100 mM CaCl2 and 2.5 mM fluorogenic substrate Z-

GGR-AMC. Fluorescence was read in a Fluoroskan Ascent reader (Thermo Labsystems 

OY, Helsinki, Finland) equipped with a 390/460 filter set and thrombin generation 

curves were calculated with Thrombinoscope software, version 4.0.0.200 

(Thrombinoscope BV, Maastricht, Netherlands). Four parameters were derived from 

the thrombin generation curves: lag time, endogenous thrombin potential (ETP), peak 

height and velocity index (slope). 

 

Hemostatic Assays 

Prothrombin time (PT), activated partial thromboplastin time (APTT), and the level of 

factors II, V, VII, VIII, X (what about the missing ones? FIX, XI and XII), antithrombin, 

alpha2-antiplasmin and fibrinogen were determined with standard assays on an 

automated coagulation analyzer (Behring Coagulation System, Siemens Healthcare 

Diagnostics, Marburg, Germany) with reagents and protocols from the  manufacturer 

(Siemens Healthcare Diagnostics). Factor XI antigen levels (it is peculiar to have 

antigen and not clotting assay for FXI) were determined by enzyme-linked 

immunosorbent assay (ELISA, Affinity Biologicals, Ancaster, Canada). Factor VIII- and 

factor IX antigen (as for FXI) levels were measured using ELISA kits from Diagnostica 

Stago (Asnieres Sur Seine, France). Factor XIII activity was measured using a 

spectrofotometric assay (Berichrom FXIII, Siemens Healthcare Diagnostics) according 

to the manufacturer’s instructions. Protein C levels were determined using a 

chromogenic assay (Chromogenix, Mölndal, Sweden). Total protein S antigen levels 

were determined by a home-made ELISA method using rabbit-polyclonal antibodies 

(DAKO, Glostrup Denmark) against human protein S. 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. 

 

Assays of total and free tissue factor pathway inhibitor (TFPI) were performed with 

specific monoclonal antibody-based ELISA’s (Asserachrom, Diagnostica Stago). TAFI 

antigen levels were assayed by ELISA as described by Mosnier et al [17]. TAFIa activity 
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was measured using the arginine kinase assay as previously described [18]. Plasmin-

α2-antiplasmin complex (PAP) levels were measured with a commercially available 

ELISA kit (DRG, Marburg, Germany). Soluble tissue factor (s-TF) antigen was measured 

by ELISA (Imubind, American Diagnostica, Greenwich, CT, USA). Soluble 

thrombomodulin (sTM) antigen levels were analyzed by ELISA (Asserachrom, 

Diagnostica Stago). 

 

Statistical analysis 

Statistical analyses were carried out using Graph Pad Prism software version 5.0.1 

(Graph Pad Software Inc, San Diego, California, USA). Statistical differences between 

patients with normal- and impaired anti-fibrinolytic group were determined by the 

independent student’s t-test. P values < 0.05 was considered statistically significant. 

 

Results 

Nineteen patients with severe hemophilia A and high responding inhibitors were 

included in the study. The median age of the study participants was 38 years (range 8-

75) and median inhibitor titre at the time of blood sampling was 26 BU (range 0.8-

750).  

 

Clot lysis test  

A clot lysis test was used to study the effects of increasing concentrations of rFVIIa on 

the inhibition of fibrinolysis in plasma from hemophilia patients with inhibitors. This 

test is dependent on the activation of TAFI [17]. In the absence of rFVIIa, only 2 

patients showed a marked TAFIa-dependent prolongation of clot-lysis (Figure 1). In 

contrast, the anti-fibrinolytic response of rFVIIa was completely dependent on the 

thrombin-mediated TAFI activation, since the addition of an inhibitor to TAFIa (potato 

carboxypeptidase inhibitor) blocked the increase in clot-lysis time completely (data 

not shown).  

The clot-lysis profiles showed marked differences between patients (Figures 2 and 3). 

Three groups of patients could be identified: 8 patients were ‘good responders’ 

(Figure 2A), 8 were ‘delayed responders’ (Figure 2B), and 3 were ‘weak responders’ 



Chapter 9 

164 

 

Figure 1. TAFIa-mediated prolongation in clot lysis time in hemophilia patients with inhibitors. Clot-

lysis was performed in the plasmas of 19 hemophilia patients with inhibitors in the absence and 

presence of potato carboxypeptidase inhibitor, a potent inhibitor of activated TAFI. The difference in 

clot-lysis time (TAFIa-mediated prolongation of clot-lysis) is depicted for each patient. 

(Figure 2C). The different response of patients can be easily visualized by the 

representation in Figure 3A, in which the increase in clot lysis time (compared to the 0 

nM rFVIIa control) was depicted according to the added rFVIIa concentration. Using a 

cut-off at 100 nM rFVIIa, the patients with weak or delayed responses were pooled 

and are, from now on, referred to as “impaired (anti-fibrinolytic response group)”. Age 

was similar between the normal (38 years, range 11-75) and impaired (39 years, range 

8-55) anti-fibrinolytic response groups. Inhibitor titres were 32 BU (range 0.8-75) and 

22 BU (range 4-750) for the normal and impaired anti-fibrinolytic response groups, 

respectively.  

 

 

Strikingly, addition of rFVIIa to the impaired response group resulted at low 

concentrations in an increased fibrinolytic response. The reason for this paradoxical 

effect of rFVIIa is not yet known. Despite the relative large differences in clot lysis 

times, only modest effects were seen on clot times. In the clot lysis assay, the clot time 

is not a very sensitive parameter, and, therefore, we have further assessed the effect of 

rFVIIa on thrombin generation with a more suitable method. 
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Thrombin generation 

 

TF-independent thrombin generation 

In the TF-independent TG, the lag time was shortened significantly in all patients upon 

addition of rFVIIa. Furthermore, the addition of rFVIIa increased the peak height, ETP 

and slope in a dose-dependent manner in the plasma of all patients (Figure 4). At 

every rFVIIa concentration tested, there were significant differences in TG parameters 

between the impaired anti-fibrinolytic and normal groups. In the absence of rFVIIa no 

TG was observed. TF-independent TG parameters correlated with the response in the 

clot-lysis test, but only at low rFVIIa concentrations. Above 50 nM rFVIIa, the 

correlation between thrombin generation and increase in clot-lysis time was no longer 

observed (data not shown). This indicated that the impaired response on clot-lysis was 

not only due to a decreased thrombin generation.  

 

Figure 2. Representative clot-lysis pro-

files of hemophilia patients with 

inhibitors with a good (A; n=8), delayed 

(B; n=8) or weak (C; n=3) response upon 

the addition of rFVIIa at different doses 

(black line, 0 nM; red line, 25 nM; blue 

line, 100 nM; green line, 500 nM). 
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Figure 3. Increase in clot-lysis time upon addition of factor rVIIa in plasma from representative 

hemophilics with inhibitors with a normal- (filled circle), delayed- (filled squares) or weak anti-

fibrinolytic (filled triangle) response are depicted in (panel A). The individuals with a delayed (filled 

squares) or weak (red squares) response were combined in an impaired anti-fibrinolytic group, and the 

response to 25, 100 and 500 nM rFVIIa in comparison with the normal group are shown in panel B. 

 

 

 

 

TF-dependent thrombin generation 

TF-dependent TG was assessed at two different TF concentrations: 0.25 pM (Figure 5), 

which was equivalent to the used TF concentration in the clot lysis assay, and 1 pM 

(Figure 6).  

The addition of rFVIIa shortened the lag time significantly in all patients independent 

of the TF concentration. At low TF concentration (0.25 pM), TG parameters, ETP and 

peak height were significantly lower in the impaired anti-fibrinolytic group compared 

to the normal group. However, these differences were not observed when TG was 

triggered with a higher TF concentration (1 pM).  
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Figure 4. TF-independent thrombin generation of patients with normal (filled circles) or impaired (filled 

squares) anti-fibrinolytic response to rFVIIa in the clot-lysis test. Data are given as mean (SEM). * p<0.05 

for the comparison between the normal and impaired response groups. 

Figure 5. TF-dependent thrombin generation (triggered with 0.25 pM TF) of patients with normal (filled 

circles) or impaired (filled squares) anti-fibrinolytic response to FVIIa in the clot-lysis test. Data are given 

as mean (SEM). * p<0.05 for the comparison between the normal and impaired response groups. 
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Figure 7. PT, sTM and coagulation factor levels in hemophilia patients with inhibitors stratified 

according to their rFVIIa-mediated inhibition of fibrinolysis (normal or impaired). The individuals 

with a delayed (filled squares) or weak (red squares) response were combined in the impaired anti-

fibrinolytic group. 

 

 

 

 

Analysis of procoagulant, anticoagulant and fibrinolytic markers  

To assess if other determinants than thrombin generation contributed to the 

variations observed in the clot lysis assay, we tested a number of components of 

coagulation and fibrinolysis in the plasma samples of all inhibitor patients. The results 

are summarized in Table 1. Prothrombin time (PT) was increased (12.7 versus 11.6 sec, 

Figure 6. TF-dependent thrombin generation (triggered with 1 pM TF) of patients with normal (filled 

circles) or impaired (filled squares) anti-fibrinolytic response to FVIIa in the clot-lysis test. Data are 

given as mean (SEM). * p<0.05 for the comparison between the normal and impaired response groups. 
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p=0.018) in the impaired anti-fibrinolytic group compared to the normal group 

(Figure 7). This could be explained by the lower concentrations of coagulation factors 

V (112±20 versus 160±38%, p=0.003), factor VII (91±14 versus 121±38%, p=0.028), 

factor X (85±16 versus 120±41%, p=0.023) and factor IX (69±12 versus 84±15%, 

p=0.021) in the impaired anti-fibrinolytic group. Soluble thrombomodulin (sTM) was 

significantly decreased (19.3 versus 26.3 ng/ml, p=0.002) in the impaired anti-

fibrinolytic group compared to the normal group.  

 

 
Normal anti-

fibrinolytic activity 

Impaired anti- 

fibrinolytic activity 
P value 

PT (sec) 11.6 ± 0.7 12.7 ± 1.0 0.018* 

APTT (sec) 100.8 ± 6.8 100.7 ± 6.0 0.908 

FII (%) 121 ± 65 95  ± 28 0.719 

FV (%) 160 ± 38 112  ± 20 0.003** 

FVII (%) 121 ± 38 91  ± 14 0.028* 

FX (%) 120 ± 41 85  ± 16 0.023* 

FIX-Ag (%) 84 ± 15 69  ± 12 0.021* 

FXI-Ag (%) 94 ± 33 97  ± 17 0.828 

Fibrinogen (g/l) 3.0 ± 0.7 2.9 ± 0.7 0.686 

AT (%) 100 ± 16 100 ± 13 0.964 

PCact (%) 116 ± 35 98 ± 26 0.198 

PSTot (%) 101 ± 18 86 ± 19 0.099 

PSFree (%) 98 ± 32 81 ± 18 0.141 

FXIIIact (%) 91 ± 24 91 ± 16 0.967 

a2AP (%) 114 ± 10 108 ± 12 0.214 

PAP (µg/ml)) 660 ± 201 572 ± 242 0.404 

TFPIag Tot (ng/ml) 81 ± 22 67 ± 19 0.151 

TFPIag Free (ng/ml) 15.3 ± 5.0 13.2 ± 3.5 0.287 

TAFIact (%) 104 ± 19 91 ± 19 0.126 

TAFIag (%) 117 ± 17 115 ± 21 0.804 

sTF (pg/ml) 113 ± 20 101 ± 28 0.537 

sTM (ng/ml) 26.3 ± 4.8 19.3 ± 4.0 0.002** 

 

Table 1.  Coagulation and fibrinolytic parameters in hemophilia patients with inhibitors stratified to normal 

and impaired anti-fibrinolytic response in the clot-lysis test. PT, prothrombin time; APTT, activated partial 

prothrombin time; FII, factor II; FV, factor V; FVII, factor VII; FIX-Ag, factor IX-antigen, FX, factor X; FXI, factor 

XI; AT, antithrombin; PCact, protein C activity; PSTot, total protein S; PSfree, free protein S; FXIIIact, factor XIII 

activity; a2AP, alpha2-antiplasmin; PAP, plasmin-alpha2-antiplasmin complex; TFPIagTot, total TFPI antigen; 

TFPIagFree, free TFPI antigen, TAFIact, thrombin-activatable fibrinolysis inhibitor activity; TAFIag, thrombin-

activatable fibrinolysis inhibitor antigen; sTM, soluble thrombomodulin. Data are given as mean (SD). 

Statistics was performed with independent student’s t-test, * p<0.05.  
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Contribution of sTM to the anti-fibrinolytic effect of rFVIIa 

To investigate the role of sTM in in-vitro activation of TAFI, the clot-lysis assay was 

performed in the presence of an anti-TM antibody (Phx-01) which blocks the 

interaction of TM with thrombin. Addition of anti-TM to pooled plasma diminished 

the cofactor activity of exogenous recombinant TM thereby inhibiting activation of 

TAFI by thrombin (data not shown).  

We evaluated the effect of the anti-TM antibody in plasma of 4 patients with different 

anti-fibrinolytic responses (2 patients per group) upon addition of 25 and 100 nM 

rFVIIa (Figure 8). Inhibition of sTM in plasma blocked the TAFIa-mediated 

prolongation of clot-lysis in the patient groups with delayed- and normal- responses, 

but not in the patients with weak anti-fibrinolytic response. These results suggest that 

the endogenous TM-mediated activation of TAFI in patients with weak anti-fibrinolytic 

response is impaired even at high concentrations of rFVIIa. 

 

 

 

  

Figure 8. Clot-lysis times in the absence (left panels) and presence of CPI in four hemophilia patients 

with inhibitors with a normal- (A; n=2) or impaired anti-fibrinolytic response (B; n=2). The effect upon 

addition of 25nM or 100 nM rFVIIa, an inhibiting anti-TM antibody or the combination thereof is 

depicted. 
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Discussion 

In this in vitro study, we evaluated the effect of rFVIIa on anti-fibrinolytic response in 

plasma of hemophilia patients with inhibitors in an attempt to better understand the 

individual variable responses of inhibitor patients to rFVIIa observed in the clinical 

setting. As observed earlier [13], the response upon addition of rFVIIa varied 

considerably between individual patients and three groups of responses could be 

identified: a ‘normal’, ‘delayed’ and ‘weak’ response.  The normal group reacted dose-

dependently on the addition of rFVIIa. The delayed group needed higher 

concentrations of rFVIIa to obtain a normal anti-fibrinolytic response. The anti-

fibrinolytic response of the weak group was hardly affected even at very high levels of 

rFVIIa. Because the weak group constituted only three patients, we decided to 

combine the delayed and weak response groups in a group with impaired anti-

fibrinolytic response.  

 

There are several possible explanations for the differences in anti-fibrinolytic 

response. First, the inhibitor titer could determine the assignment of the patients to a 

certain response group. This was not the case in our study as there was no correlation 

of inhibitor titers with any of the determined parameters (data not shown).  

 

Second, a decreased thrombin generation could result in an increase in clot lysis time 

and a reduced response after the addition of rFVIIa. The thrombin generating capacity 

of hemophilia patients varies widely [8;19;20]. In our study, there was a significant 

difference in thrombin generation at 0 and 0.25 pM tissue factor between the 

impaired and normal response groups. Even at the highest rFVIIa concentration used, 

there was still a difference in thrombin generation between the groups. Thrombin 

generation capacity by itself is therefore not the sole determinant for the anti-

fibrinolytic response in the individual patient, since we did not observe statistically 

significant differences in increase in clot lysis time at the highest rFVIIa concentrations 

between the normal and impaired groups.  

Although there was a difference in thrombin generation at low tissue factor 

concentrations between the normal and impaired response groups, this difference 



Chapter 9 

172 

 

disappeared at 1 pM. This finding may be clinically relevant, since it is especially at low 

tissue factor concentrations that factor VIII becomes important for thrombin 

generation [21;22] and tissues with low tissue factor are the predominant sites of 

bleeding in hemophilia patients [23].  

 

A difference in thrombin generation could also be seen in the prothrombin time, 

where the impaired response group had significantly prolonged clotting times 

compared to the normal group. The differences in prothrombin time may be 

explained by higher levels of the coagulation factors V, VII, IX and X in the normal 

compared to the impaired anti-fibrinolytic response group.   

 

A third explanation for a reduced anti-fibrinolytic response could be a reduced 

activation of the thrombin-activatable fibrinolysis inhibitor (TAFI). TAFI becomes 

activated by thrombin during coagulation to an enzyme (TAFIa) that has basic 

carboxypeptidase activity, which inhibits the lysis of a fibrin clot by the removal of C-

terminal lysine residues that are the binding site for both tissue plasminogen activator 

and plasminogen. The clot lysis test that was used in our study is very sensitive to the 

concentration, activity and stability of TAFI(a). The anti-fibrinolytic potential of TAFI is 

dependent on the time that TAFIa is above a certain threshold [24;25]. The threshold 

mechanism may provide an elegant explanation for the anti-fibrinolytic response 

variability between patients because it may be possible that TAFIa levels of the 

impaired anti-fibrinolytic response patients did not even reach the required TAFIa 

threshold levels to initiate the anti-fibrinolytic activity of TAFIa. In case of delayed 

responders, TAFIa levels may have surpassed the TAFIa threshold at higher rFVIIa 

levels due to the increased thrombin generation. Weak responders may never reach 

the TAFIa threshold, even at the highest rFVIIa concentrations tested, because of their 

limited intrinsic thrombin generation capacity. This explanation of our results is also in 

line with previous clinical observations that showed good efficacy of rFVIIa in oral 

cavity bleedings if rFVIIa was administered by bolus injections but not if rFVIIa was 

administered by continuous infusion [26]. Fibrinolytic activity is particularly high in the 

oral cavity [27;28] and high levels of thrombin generation to reach (and stay above) 
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TAFIa thresholds may have been needed to protect the clots against premature lysis 

and cause re-bleedings. In fact, previous work already indicated an inverse correlation 

between the individual TAFIa activation rate in vitro and and the individual bleeding 

tendency of hemophilia patients [29]. 

 

The time above TAFIa threshold is determined by a number of parameters: the 

concentration of TAFI, the stability of the enzyme (TAFIa), and the concentration of 

the fibrinolytic activator (in our assay tissue-plasminogen activator). There were no 

statistically significant differences in TAFI antigen or activity levels between the 

groups, and as expected, there was a high correlation between TAFI antigen and 

activity, that did not vary over the groups. The stability of TAFIa is an intrinsic property 

of the protein and is not affected by environmental factors [30]. Only genetic variation 

may affect stability [30]. Unfortunately, no DNA was available from the patients, and 

therefore, we could not assess the polymorphisms in TAFI that affect stability of the 

enzyme. The tissue plasminogen activator concentration was constant in our assay, 

and although it may have been affected by variations in levels of plasminogen 

activator inhibitor-1, the concentration of tPA was in a large excess.  

 

A very important contributor to TAFI activation could be the concentration of soluble 

thrombomodulin (sTM). In vitro studies have shown that thrombomodulin enhances 

the thrombin-mediated TAFI activation in plasma of healthy individuals [31] and 

hemophilia patients [32;33]. Small variations in the circulating levels of sTM may 

seriously affect the activation of TAFI. In fact, we could demonstrate statistically 

significant lower levels of sTM levels in patients with an impaired response and that 

this affected the response in the clot-lysis time. It has been shown that circulating sTM 

is active as cofactor for thrombin-mediated TAFI activation [34]. Also, increased levels 

of sTM were associated with increased bleeding complications during warfarin 

treatment [35]. Thrombomodulin has dual effects on coagulation in that it has pro-

fibrinolytic effects via thrombin-mediated activation of protein C and anti-fibrinolytic 

effects via thrombin-mediated activation of TAFI. It was earlier shown that this 

thrombomodulin-paradox is dependent on the concentration of thrombomodulin 
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whereby at low concentrations of thrombomodulin especially the thrombin-mediated 

activation of TAFI is enhanced, and at relatively high concentrations the thrombin-

mediated activation of protein C becomes stimulated [36]. In the setting of patient 

plasma, the levels of sTM are low and variation in the level will therefore mainly affect 

thrombin-mediated TAFI activation and anti-fibrinolytic response. In normal 

individuals, this may not greatly influence the anti-fibrinolytic response, but in the 

case of a compromised coagulation system, such as in hemophilia patients (this study) 

or in patients treated with warfarin [35], even slight changes in thrombomodulin may 

result in a variable anti-fibrinolytic response. 

 

It is tempting to speculate that our in vitro assay determining the anti-fibrinolytic 

response upon addition of rFVIIa in combination with sTM concentration, may predict 

the clinical response. Unfortunately, we do not have the clinical data to establish a 

causal relationship. Nevertheless, it is our opinion that it is of great importance to 

confirm such a relationship, since it has been shown that re-bleedings are the main 

clinical problem in hemophilia. 

 

One of the limitations of our study is that we performed multiple comparisons. We 

did not perform statistical adjustment such as Bonferroni correction, since we consider 

our data as hypothesis-generating. Further studies are necessary to corroborate our 

findings. 

 

In conclusion, we identified different anti-fibrinolytic response upon addition of rFVIIa 

in the plasmas of patients with hemophilia and inhibitors. These differences may be 

explained by a reduced thrombin generating capacity, especially at low tissue factor 

levels. Increasing the dose of rFVIIa normalized the anti-fibrinolytic response in most, 

but not all impaired response patients. Furthermore, the activation of TAFI was 

compromised in the impaired response group both because of the diminished 

thrombin generation and lower levels of soluble thrombomodulin.  
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