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Summary.

Background: Fibrinolysis may exacerbate bleeding in patients with hemophilia A (HA). 

Accordingly, antifibrinolytics have been used to help maintain hemostatic control. Although 

antifibrinolytic drugs have been proven to be effective in the treatment of mucosal bleeds in the 

oral cavity, their efficacy in non-mucosal tissues remain an open question of significant clinical 

interest.

Objective: To determine whether inhibiting fibrinolysis improves the outcome in non-mucosal 

hemophilic tail vein transection (TVT) bleeding models, and to determine whether a standard ex 
vivo clotting/fibrinolysis assay can be used as a predictive surrogate for in vivo efficacy.

Methods: A highly sensitive TVT model was employed in hemophilic rodents with a suppressed 

fibrinolytic system to examine the effect of inhibiting fibrinolysis on bleeding in non-mucosal 

tissue. In mice, induced and congenital hemophilia models were combined with fibrinolytic 

attenuation achieved either genetically or pharmacologically (tranexamic acid [TXA]). In 

hemophilic rats, tail bleeding was followed by whole blood rotational thromboelastometry 

evaluation of the same animals to gauge the predictive value of such assays.

Results: The beneficial effect of systemic TXA therapy observed ex vivo could not be confirmed 

in vivo in hemophilic rats. Furthermore, neither intravenously administered TXA nor congenital 

knockout of the fibrinolytic genes encoding plasminogen or tissue-type plasminogen activator 

markedly improved the TVT bleeding phenotype or response to factor therapy in hemophilic mice.
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Conclusions: The findings here suggest that inhibition of fibrinolysis is not effective in limiting 

the TVT bleeding phenotype of HA rodents in non-mucosal tissues.
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Introduction

Hemophilia A (HA) is a bleeding disorder caused by coagulation factor VIII (FVIII) 

deficiency. In the absence of adequate levels of circulating FVIII, thrombin generation is 

compromised, leading to impaired blood coagulation [1]. Accordingly, individuals with HA 

form unstable blood clots with an abnormal structure [2,3]. Moreover, insufficient thrombin 

generation is hypothesized to lead to inadequate downregulation of the fibrinolytic system, 

owing to diminished activation of thrombin-activatable fibrinolysis inhibitor (TAFI; also 

known as carboxypeptidase B2) [4]. Consequently, clots are degraded prematurely, 

potentially causing rebleeding. To correct the bleeding phenotype, current HA treatments 

aim to restore thrombin generation by supplying exogenous clotting factors [5]. Such 

therapies include administration of FVIII or bypassing agents, such as recombinant activated 

FVII (rFVIIa), in patients who have formed inhibitory antibodies against FVIII.

An alternative treatment strategy is to limit premature clot degradation in HA patients by 

applying pharmaceutical agents to suppress the fibrinolytic pathway. The beneficial effect of 

antifibrinolytic drugs as adjunctive HA therapy for mucosal bleeds, and especially oral 

surgical procedures, is widely recognized [6–8]. However, the efficacy of antifibrinolytic 

drugs in treating non-mucosal bleeding in HA patients lacks formal clinical and preclinical 

validation.

Two studies have suggested a potential beneficial effect of antifibrinolytic drugs for bleeding 

in non-mucosal tissues [9,10]. However, these studies did not provide definitive conclusions, 

and have, to our knowledge, never been followed up by larger preclinical or clinical studies. 

Whole blood assays [11–13] indicate that antifibrinolytics can markedly improve clot 

stability in HA patients, but whether such ex vivo and in vitro analyses are indicative of 

hemophilic bleeding pathology in vivo has not been confirmed by preclinical or clinical 

studies. Therefore, we directly evaluated the hypothesis that inhibition of fibrinolysis 

increases clot stability ex vivo, and improves the bleeding phenotype and/or response to 

rFVIIa/recombinant FVIII (rFVIII) treatment in vivo in hemophilic rodents. To test this 

hypothesis, the effect of inhibiting fibrinolysis in non-mucosal tissue was determined by 

studying such animals, with an inhibited fibrinolytic system, in a tail-bleeding model. 

Furthermore, the predictive value of a standard ex vivo whole blood clotting assay was 

assessed in rats subjected to the in vivo bleeding model.
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Methods

Animals

FVIII−/− mice with a mixed 129SV/C57BL/6 background [14] and C57Bl/6 mice were 

obtained from Taconic (Ry, Denmark), and FVIII−/− rats were bred at Novo Nordisk A/S 

(Maaloev, Denmark) [15]. FVIII−/− rats and mice are animal models of congenital HA. 

Tissue-type plasminogen activator (t-PA) wild-type (WT), t-PA−/− [16], plasminogen WT 

and plasminogen−/− mice [17], all with a C57Bl/6 background, were bred at the Cincinnati 

Children’s Hospital Research Foundation (Cincinnati, OH, USA).

The animals were group-housed under standardized conditions; both sexes were used; and 

mice were aged 8–16 weeks and rats were aged 8–23 weeks when they were included in the 

studies. Experiments were approved and performed according to guidelines of the Danish 

Animal Experiments Council, the Novo Nordisk Ethical Review Council, and the Cincinnati 

Children’s Hospital Research Foundation’s Institutional Animal Care and Use Committee.

Proteins and reagents

Monoclonal anti-FVIII antibody 4F30 was produced in-house (Novo Nordisk A/S, 

Bagsværd, Denmark). rFVIIa (NovoSeven) (Novo Nordisk A/S, Bagsværd, Denmark) was 

reconstituted in sterile water, and diluted to concentrations corresponding to intended 

dosages in 10 mM glycyl-glycine, 165 mM mannitol, 50 mM NaCl, 10 mM CaCl2, and 

0.01% Tween-80 (pH 6.0) (vehicle buffer). rFVIII (Advate) was purchased from Baxter 

Bioscience (Vienna, Austria), reconstituted with its diluent, and further diluted to various 

concentrations with 12 mM L-histidine, 209 mM mannitol, 1.9 mM CaCl2 (dihydrate), 108 

mM NaCl, 12 mM Tris, 0.33 mM glutathione, 26.4 mM trehalose (dihydrate), and 0.015% 

polysorbate 80 (pH 7.4) (vehicle buffer). Tranexamic acid (TXA) (Cyklokapron, 100 mg mL
−1) was purchased from Pfizer (New York, NY, USA), and was stored at room temperature 

or at 4 °C, and the other compounds were stored at −80 °C.

Induced HA model

A condition similar to acquired HA was induced in mice by intravenous injections of 143.8 

mg kg−1 4F30 into the lateral tail vein 5 min prior to any other test compound (Data S1, 

Figure S1).

Tail vein transection (TVT) bleeding model

A 40-min version of the TVT bleeding model was used [18]. The study design, treatment 

and doses are shown in Tables 1 and 2. rFVIIa and rFVIII doses were selected to represent at 

least the median effective dose (ED50) in the TVT bleeding model (Data S2, Figure S2, S3). 

Two TXA doses in a similar range to what has successfully been used in rodents before [19–

21] were selected to achieve TXA plasma concentrations of > 100 μg mL−1, which is an 

exposure level that is known to be efficacious clinically [22,23], and to fully inhibit 

fibrinolysis in vitro [24]. Isoflurane-anesthetized mice and rats were dosed with the test 

compound in the right lateral tail vein. After 5 min, the left lateral tail vein was transected by 

use of a template guide with a #11 scalpel at a tail diameter of 2.5 mm (mice) or with a #21 

scalpel at a tail diameter of 6.4 mm (rats). The tail was submerged in 37 °C saline, and all 
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tail-bleeding episodes were monitored and recorded for 40 min, while the blood was 

collected. If no bleeding was observed at 10, 20 or 30 min after injury, the clot was gently 

challenged by being wiped twice with wetted saline gauze. The bleeds observed at 0, 10, 20 

and 30 min were considered to be provoked, whereas any additional bleeds were deemed to 

be spontaneous, as these developed without intervention by the experimenter. After 40 min, 

blood was sampled by cardiac puncture in all mice and half of the rats. The remaining rats 

had a catheter placed in the carotid artery at t = 40 min, from which blood was collected for 

rotational thromboelastometry (ROTEM) analyses at t = 55 min. All samples were stabilized 

with 3.2% trisodium citrate (1 : 10). Animals were killed while fully anesthetized. Blood 

loss was determined by quantification of the collected hemoglobin (Hgb) (nmol) [25], and 

bleeding time (min) was defined as the sum of the durations of all observed bleeding 

episodes.

Whole blood ROTEM assay

Whole blood coagulation profiles were obtained by use of a ROTEM delta hemostasis 

analyzer (TEM International, Munich, Germany) and prewarmed plastic test cups. Native 

clot formation was assessed by adding 20 μL of the recalcification reagent star-tem (TEM 

International) and 300 μL of stabilized whole blood to a test cup (recalcification assay). Clot 

formation, after initiation of coagulation with tissue factor (TF), was assessed by adding 20 

μL of star-tem, 20 μL of the TF-containing reagent r ex-tem (TEM International) and 300 μL 

of stabilized whole blood to a test cup (TF assay). The stability of blood clots was assessed 

with an adapted TF/t-PA assay, in which whole blood was spiked with t-PA prior to the 

ROTEM assay (Merck Life Science A/S, Hellerup, Denmark); coagulation was also initiated 

as in the TF assay described above. This ensured sufficient clot formation in all treatment 

groups, so any observed differences in the TF/t-PA assay should be attributable to 

differences in clot stability and resistance to t-PA-mediated fibrinolysis. t-PA was diluted in 

20 nM HEPES buffer with 150 mM NaCl and 0.01% Tween-80 (pH 7.4) to obtain a final 

concentration of 20 nM t-PA. All ROTEMs were run for 120 min, and standard ROTEM 

parameters were collected as described in [26], including the amplitudes at 5, 10, 15, 20, 25, 

30, 45, 60 and 120 min.

TXA plasma concentration

The TXA plasma concentration was determined by solid-phase microextraction coupled to 

liquid chromatography–tandem mass spectrometry (LC-MS/MS), a method that has been 

previously described by Gorynski et al. [27]. In the current experiments, 10 μL of plasma 

was used instead of 800 μL. Sample preparation steps were performed with the Concept-96 

manual unit (PAS Technology, Magdala, Germany), liquid chromatography was performed 

with the Discovery HS F5 100 × 2.1-mm, 3-μm chromatographic column from 

MilliporeSigma/Supelco (Bellefonte, PA, USA), and LC-MS/MS analysis was performed 

with a Shimadzu LC-MS 8060 triple quadrupole mass spectrometer coupled to the Nexera 

UHPLC system.

Statistical analyses

Data were analyzed with GRAPHPAD PRISM 7.03, Excel 2010, and R version 3.3.2. The 

ROTEM measurements were analyzed with Welch’s ANOVA with the Games–Howell post 
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hoc test, as the data were continuous but without variance homogeneity of the residuals. 

Continuous data with variance homogeneity of the residuals, including total blood loss, 

bleeding time, and number of spontaneous bleeds, were analysed with ANOVA with 

Bonferroni’s correction for multiple comparisons. Otherwise, a Kruskal–Wallis test with 

Dunn’s multiple comparisons test was used. In the cases where the impact of a different 

genotype was also analyzed (experiments with t-PA or plasminogen mice), the blood loss, 

bleeding time and spontaneous bleeds were analyzed with two-way ANOVA with 

Bonferroni’s correction for multiple comparisons, after Q–Q plots and residual versus fitted 

plots had confirmed that the assumptions of the test were not violated (P < 0.05 was 

considered to be significant).

Results

Antifibrinolytic therapy did not increase the rate of clot formation, but increased clot 
stability ex vivo

The effect of TXA was tested in the same FVIII−/− rats with both an ex vivo ROTEM assay 

and an in vivo bleeding model. The schematic depiction of a ROTEM trace in Fig. 1A 

demonstrates how to interpret whole blood coagulation profiles. To illustrate the differences 

in the coagulation profiles, Fig. 1B–D shows representative examples of recorded ROTEM 

traces from each treatment group after coagulation had been initiated with recalcification 

only (Fig. 1B), TF (Fig. 1C), and TF/t-PA (Fig. 1D). The impact of the treatments on whole 

blood coagulation was analyzed by plotting the average clot firmness for each of the 

measured time points. In the recalcification assay, TXA was not found to increase the rate of 

clot formation, as no difference in clot firmness was detected between vehicle-treated and 

TXA-treated rats (Fig. 2A). However, the TF/t-PA assay revealed that, in contrast to whole 

blood samples from vehicle-treated rats, samples from TXA-treated FVIII−/− rats could 

resist the t-PA-mediated clot degradation (Fig. 2B).

The potential additive contributions of TXA and rFVIIa were also determined. In the 

recalcification assay, the clot formation rate of whole blood samples from rFVIIa-treated 

FVIII−/− rats was significantly increased as compared with samples from vehicle-treated or 

TXA-treated FVIII−/− rats (Fig. 2A). Notably, coadministration of TXA did not further 

enhance the effect of rFVIIa (Fig. 2A). However, coadministration of rFVIIa and TXA 

substantially decreased t-PA-mediated clot degradation, which indicated that the 

combination therapy increased clot stability (Fig. 2B).

Antifibrinolytic therapy alone did not improve the in vivo bleeding phenotype of rats with 
congenital HA

To determine whether the TF/t-PA ex vivo ROTEM assay accurately predicted the effect of 

TXA in vivo, we analyzed the bleeding phenotype of rats following a TVT injury. All 

recorded bleeding episodes were first illustrated to provide a visualization of the length and 

number of bleeds that the rats experienced (Fig. 2C); visual examination of the bleeding 

profile indicated that TXA alone did not shorten the bleeding episodes (Fig. 2C). Despite the 

observed ex vivo reduction in fibrinolysis afforded by TXA treatment, no significant 

difference in blood loss was observed between vehicle-treated and TXA-treated FVIII−/− rats 
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in vivo (Fig. 2D); mean blood losses were 37 721 ± 3898 nmol of Hgb and 44 114 ± 5914 

nmol of Hgb for vehicle-treated animals and TXA-treated animals, respectively. 

Furthermore, TXA did not reduce the number of spontaneous bleeds (Table 3). Notably, the 

mean TXA plasma concentration was determined to be 228.7 μg mL−1 (Table 3), which is a 

plasma level that has previously been shown to be clinically efficacious [23].

Antifibrinolytic therapy did not improve the response to rFVIIa in vivo in rats with 
congenital HA

Next, we examined whether TXA could augment the therapeutic effect of a bypassing agent 

(rFVIIa) in vivo. As expected, rFVIIa treatment decreased the length of the bleeding 

episodes in some FVIII−/− rats (Fig. 2C), and, as compared with vehicle-treated and TXA-

treated FVIII−/− rats, also significantly decreased the overall blood loss, to 18 821 ± 3108 

nmol of Hgb (Fig. 2D; Table 3). However, coadministration of TXA did not improve the 

response to rFVIIa, as the blood loss (25 926 ± 4401 nmol of Hgb) and number of 

spontaneous bleeds in rFVIIa-treated and TXA-treated FVIII−/− rats were similar to that in 

rFVIIa-treated FVIII−/− rats (Fig. 2D; Table 3). The mean TXA plasma concentration was 

determined to be 166.1 μg mL−1 (Table 3), again corresponding to a clinically efficacious 

plasma level [23].

Antifibrinolytic therapy alone did not improve the in vivo bleeding phenotype of mice with 
congenital or induced HA

To confirm the absence of observed efficacy of TXA in the non-mucosal TVT bleeding 

model in rats, FVIII−/− mice with or without TXA treatment were also subjected to the TVT 

bleeding model in two separate studies. The illustrated visualization of bleeding episodes 

revealed that vehicle-treated and TXA-treated mice had similar bleeding phenotypes (Fig. 

3A,E). This observation was confirmed by further data analyses, as vehicle-treated and 

TXA-treated FVIII−/− mice had similar levels of blood loss (Fig. 3B,F; Table 3), bleeding 

times (Fig. 3C,G; Table 3), and numbers of spontaneous bleeds (Fig. 3D,H; Table 3). TXA-

treated FVIII−/− mice had a mean TXA plasma concentration of 105 or 150 μg mL−1 (Table 

3), corresponding to clinically efficacious plasma levels [23].

The FVIII−/− mice had a mixed 129SV/C57BL/6 background. Several studies have 

highlighted interstrain differences in coagulation and fibrinolytic factors in mice [28–30]. To 

confirm the results obtained in the FVIII−/− mice, the effect of inhibiting fibrinolysis was 

also evaluated in mice with a pure C57Bl/6 background. A hemophilic condition similar to 

acquired HA was induced in inbred C57Bl/6 mice, which were then subjected to the TVT 

bleeding model. The determined TXA plasma concentration of 183 μg mL−1 indicated that 

these animals were adequately treated with TXA (Table 3). Like the mixed background 

FVIII−/− mice, vehicle-treated and TXA-treated C57Bl/6 mice had similar bleeding patterns 

(Fig. 4A), and no significant differences in blood loss (6064 ± 967 nmol of Hgb versus 535 

± 790 nmol of Hgb), bleeding time (29.0 ± 1.1 min versus 25.4 ± 2.6 min), or occurrences of 

spontaneous bleeds (1.25 ± 0.96 versus 0.75 ± 0.75) were found (Fig. 4B–D; Table 3).
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Antifibrinolytic therapy did not improve the response to rFVIIa or rFVIII in vivo in mice with 
congenital or induced HA

The effect of TXA on the response to rFVIIa or rFVIII therapy was also tested in mice with 

congenital or induced HA. In FVIII−/− mice, neither blood loss nor bleeding time was 

significantly reduced by the administered dose of rFVIIa, although significance was 

observed for FVIII−/− mice treated with rFVIIa and TXA (Fig. 3B–C; Table 3). However, no 

significant difference in blood loss, bleeding time or spontaneous bleeds was observed 

between rFVIIa-treated mice and mice treated with rFVIIa and TXA (Fig. 3B–D; Table 3). 

Furthermore, coadministration of TXA did not significantly enhance the therapeutic effect of 

rFVIII either, as rFVIII-treated FVIII−/− mice and FVIII−/− mice treated with rFVIII and 

TXA showed comparable bleeding phenotypes (Fig. 3F–H; Table 3). The absence of an 

effect was not considered to be attributable to an insufficient dose of TXA, as the mean TXA 

plasma concentrations were 119 μg mL−1 and 140 μg mL−1, corresponding to clinically 

efficacious plasma levels (Table 3).

In C57Bl/6 mice with induced HA, TXA was not found to improve the response to rFVIIa 

(Fig. 4B–D). The mean TXA plasma concentrations were determined to be 158 μg mL−1 and 

130 μg mL−1, corresponding to clinically efficacious plasma levels (Table 3) [23].

Genetically induced fibrinolytic deficiency did not improve the in vivo bleeding phenotype 
in mice with induced HA

To confirm the results obtained with pharmacological inhibition of fibrinolysis, mice with 

complete, genetically imposed deficiency in either t-PA or plasminogen were studied with 

the TVT bleeding model. Both t-PA-deficient and plasminogen-deficient mice have been 

shown to have significantly reduced clot lysis [16,31]. Following TVT, no significant 

difference in bleeding phenotype could be detected between t-PA−/− and t-PA WT mice (Fig. 

5A–D; Table 3). Furthermore, in mice with induced HA, the genetic elimination of t-PA did 

not reduce the total blood loss (8793 ± 981 nmol of Hgb versus 7744 ± 484 nmol of Hgb), 

bleeding time (26.2 ± 2 min versus 32.3 ± 1.3 min) or the occurrences of spontaneous bleeds 

(2.13 ± 0.4 versus 0.88 ± 0.023) associated with induced FVIII deficiency (Fig. 5A–D). HA 

was also induced in plasminogen-deficient mice, which were then subjected to the TVT 

bleeding model. The complete genetic loss of plasminogen failed to improve the bleeding 

phenotype associated with loss of FVIII as evaluated by blood loss (5477 ± 468 nmol of Hgb 

versus 5437 ± 606 nmol of Hgb), bleeding time (25.4 ± 2.4 min versus 27.2 ± 1.5 min), and 

spontaneous bleeds (1.38 ± 0.26 versus 1.82 ± 0.35) (Fig. 5E–H; Table 3).

Genetically induced fibrinolytic deficiency did not improve the response to 
pharmacologically administered rFVIIa in vivo in mice with induced HA

HA was induced in WT mice and t-PA−/− mice, which were then treated with rFVIIa. As 

expected, the mice showed a dose-dependent reduction in lengths of bleeding episodes, 

blood loss and bleeding times in response to rFVIIa therapy (Fig. 5A–D; Table 3). However, 

no difference in the hemostatic effect of rFVIIa therapy could be detected between t-PA WT 

and t-PA−/− mice with induced HA (Fig. 5A–D). Similar observations were made in mice 

with plasminogen deficiency, as the loss of plasminogen failed to enhance the therapeutic 

effect of rFVIIa (Fig. 5E–H; Table 3).
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Discussion

These studies show that TXA has the capacity to preserve thrombi generated in whole blood 

sampled from rats with HA. However, the striking findings in the ex vivo assay did not 

translate to an in vivo decrease in TVT bleeding in hemophilic rats. Furthermore, neither 

pharmacologically nor genetically induced diminution of fibrinolysis improved TVT 

bleeding or the response to rFVIIa or rFVIII in mice with congenital or induced HA.

Antifibrinolytic drugs have been used in the management of hemophilia since the 1960s 

[10], as a widely held clinical view is that enhanced fibrinolytic activity exacerbates 

bleeding symptoms in patients with HA [4]. Similarly to our findings, modified TF/t-PA 

ROTEM ex vivo/in vitro assays have indicated that antifibrinolytic drugs have a clot-

stabilizing effect. Thus, the working theory has been that these agents can enhance the 

efficacy of factor replacement treatment [11–13,32,33]. However, these modified assays rely 

on artificial activation of the fibrinolytic system, and lack the contribution of the vasculature. 

Our studies are the first to combine the TVT bleeding model with a ROTEM TF/t-PA assay 

in the same set of FVIII−/− rats to directly evaluate the predictive potential of the TF/t-PA 

ROTEM assay. As hypothesized, TXA, both alone and in combination with rFVIIa, induced 

resistance to t-PA-mediated fibrinolysis in the TF/t-PA assay. However, despite the clear 

clot-stabilizing effect observed ex vivo, TXA treatment did not diminish bleeding or increase 

the response to rFVIIa therapy in an in vivo challenge in FVIII−/− rats. Our observation 

corresponds with the lack of compelling evidence for a beneficial effect of TXA in non-

mucosal bleeds in clinical medicine. Although thromboelastography assays can assess the 

effect of rFVIII treatments and the clinical phenotypes of HA patients [34,35], the 

comparison of our ex vivo and in vivo results indicates that the modified TF/t-PA assay may 

not accurately describe the complete clinical situation [11–13]. Consequently, care should be 

taken when results from the TF/t-PA assay are interpreted and translated in terms of patient 

outcomes.

Although antifibrinolytic drugs have been proven to be effective as adjunctive HA therapy 

for mucosal bleeds [5,36–38], in non-mucosal tissues they are mainly used empirically. Only 

limited evidence supports the use of antifibrinolytic drugs in cases of non-mucosal bleeding 

and in surgical operations [9,10,39–45]. Moreover, no study has definitively shown the 

usefulness of systemic TXA therapy in patients with HA. To shed more light on the potential 

benefits of inhibiting fibrinolysis in non-mucosal HA bleeds, we performed tail vein 

bleeding studies in hemophilic rodent models with impaired fibrinolysis. Neither TXA 

treatment, t-PA deficiency nor plasminogen deficiency was observed to significantly reduce 

bleeding. Furthermore, in neither of the tested animal models was the effect of factor 

treatment enhanced by genetically or pharmacologically induced inhibition of fibrinolysis, 

despite the use of doses of TXA sufficient to obtain clinically relevant plasma levels of TXA 

[22,23], which are known to fully inhibit fibrinolysis in vitro [24]. Consequently, we were 

unable to demonstrate a significant in vivo value of inhibiting fibrinolysis in non-mucosal 

hemophilic TVT bleeds.

To confirm that our findings were valid in both congenital HA and an induced condition 

similar to acquired HA, the role of fibrinolysis in non-mucosal TVT bleeding was examined 
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with complementary approaches and in different species; the inhibition of fibrinolysis and 

the HA setting were obtained both with pharmacological intervention and with genetically 

induced deficiencies. The TVT bleeding model employed here has been shown to be 

sensitive to clinically relevant doses and valuable in assessing the pharmacodynamic effects 

of rFVIII and rFVIIa [18,46,47]. Importantly, FVIII−/− mice subjected to the TVT bleeding 

model also develop spontaneous recurrent bleeding, which decreases in a dose-dependent 

manner with rFVIII replacement [18]. The occurrence of recurrent bleeding should allow for 

assessment of any potential rebleeds resulting from fibrinolysis, as plasminogen is activated 

in an early phase of hemostasis [48]. This supports the suitability of the bleeding model for 

testing our hypothesis, as it recapitulates the bleeding phenotype seen in patients with HA. 

This model has the further strength of incorporating the contribution of blood flow and 

platelet function during primary hemostasis [49].

The observation that diminished fibrinolysis failed to reduce bleeding indicates that, in non-

mucosal large-vessel injuries, the effect of fibrinolysis may be relatively limited. Insufficient 

TAFI activation by thrombin has been presumed to increase fibrinolysis [4,50,51], but TAFI 

is also activated by other proteins. Indeed, plasmin activates TAFI in vitro and in vivo 
[52,53], and could potentially help to prevent premature clot degradation. Furthermore, 

TAFI−/− mice have a comparable tail-bleeding phenotype to WT mice, even when bleeding 

is exacerbated with an antithrombotic agent [49,54], and non-mucosal bleeding models in 

dogs, rats and rabbits were not affected by a TAFI inhibitor [55]. Results regarding the 

influence of TAFI on HA pathology are also conflicting [51,56], and it remains to be 

determined whether activated TAFI actually affects the bleeding symptoms of HA patients.

It is recognized that there are a number of limitations in the current study. For example, the 

lack of suitable mucosal rodent bleeding models prevented us from examining whether 

inhibition of fibrinolysis would be effective in preventing mucosal bleeding in hemophilic 

rodents. Moreover, the model used here examined bleeding following a transection injury to 

a large vessel. It is possible that antifibrinolytics effectively limit bleeding from some vessel 

types (i.e. arterial versus venous) or vascular beds (i.e. small vessels or capillaries versus 

large vessels) in the setting of HA, but not from others. Indeed, the model used here is more 

akin to a setting of bleeding following a surgical incision, whereas common spontaneous 

clinical pathologies of HA include synovial microvessel, muscular and parenchymal bleeds. 

Accordingly, validation of our findings with additional non-mucosal bleeding models, e.g. a 

joint-bleeding model, would provide further insights. Furthermore, it could be argued that 

the pathological traits of plasminogen deficiency could constitute a confounding variable, as 

could the mixed background of the FVIII−/− mice, owing to the increased potential for 

genetic drift. The FVIII−/− mice with a mixed 129SV/C57BL/6 background are, however, 

very well characterized, and are widely accepted by the scientific community. Finally, the 

degree of fibrinolytic inhibition with TXA was not directly measured, but was assumed to be 

sufficient on the basis of the TXA exposure, the TF/t-PA ROTEM assay, and previous 

reports [20,21]. The inclusion of additional models could therefore also be useful to confirm 

the efficacy of TXA dosing in the rodent species employed.

In conclusion, antifibrinolytic drugs are used to stabilize hemostatic plugs in the oral cavities 

of HA patients. Moreover, they are often applied off-label as systemic agents for the 
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treatment of HA. However, in the present rodent study, the beneficial effect of systemic TXA 

treatment observed ex vivo could not be confirmed in vivo. Furthermore, completely 

inhibiting fibrinolysis either genetically or pharmacologically did not improve the bleeding 

phenotype in HA rodents, as assessed with a sensitive non-mucosal TVT bleeding model 

that predicts the effect of rFVIIa and rFVIII therapies well. Instead, our observations 

indicate that, in HA, fibrinolysis may not be a major driver of hemorrhage in non-mucosal 

bleeds in rodents. Thus, systemic antifibrinolytics may have limited value as stand-alone or 

adjunctive therapy in hemophilic large-vessel injuries. Further investigation is therefore 

warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Essentials

• The efficacy of systemic antifibrinolytics for hemophilic non-mucosal 

bleeding is undetermined.

• The effect of systemically inhibiting fibrinolysis in hemophilic mice and rats 

was explored.

• Neither bleeding nor the response to factor treatment was improved after 

inhibiting fibrinolysis.

• The non-mucosal bleeding phenotype in hemophilia A appears largely 

unaffected by fibrinolysis.
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Fig. 1. 
Schematic depiction and representative examples of rotational thromboelastometry 

(ROTEM) traces recorded during recalcification, tissue factor (TF) and TF/tissue-type 

plasminogen activator (t-PA) ROTEM assays with whole blood from treated FVIII−/− rats. 

(A) Schematic depiction of a ROTEM curve that demonstrates where clot initiation, 

propagation, stabilization, lysis and dissolution of a formed thrombus can be detected. (B) 

Representative examples of recorded ROTEM traces from the recalcified whole blood assay, 

which assesses global clot formation. (C) Representative examples of recorded ROTEM 

traces for the TF assay, which assesses global clot formation following activation of 

coagulation with TF. (D) Representative examples of ROTEM traces for the TF/t-PA assay, 

which assesses the formation and stability of clots following addition of t-PA to all blood 

samples. Each trace in (B), (C) and (D) shows the rat whole blood sample that best 

represented its treatment group on the basis of mean clotting time and maximum clot 

firmness results. rFVIIa, recombinant activated factor VII; TXA, tranexamic acid; WT, wild-

type.
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Fig. 2. 
Antifibrinolytic therapy increased clot stability ex vivo, but did not improve the bleeding 

phenotype or the response to rFVIIa in vivo in rats with congenital hemophilia A. (A) Native 

clot formation in recalcified whole blood as measured by changes in amplitude over time. 

Clot formation was significantly reduced in whole blood from tranexamic acid (TXA)-

treated and vehicle-treated rats. ¤P ≤ 0.05 for vehicle versus recombinant activated factor 

VII (rFVIIa); #P ≤ 0.05 for vehicle versus rFVIIa + TXA; *P ≤ 0.05 for TXA versus rFVIIa 

and TXA versus rFVIIa + TXA. (B) Whole blood clot formation and stability as measured 

by changes in amplitude over time in the tissue factor (TF)/tissue-type plasminogen activator 

(t-PA) assay. TXA had a significant clot-stabilizing effect ex vivo, as rats treated with TXA 

or a with combination of rFVIIa and TXA were almost completely resistant to a fibrinolytic 

challenge. $P ≤ 0.05 for rFVIIa + TXA versus vehicle and rFVIIa + TXA versus rFVIIa; §P 
≤ 0.05 for TXA versus vehicle; *P ≤ 0.05 for TXA versus rFVIIa. In both (A) and (B), n = 5, 

with two technical replicates for each rat (mean ± standard error of the mean [SEM]). 

Recalcification and TF/t-PA data were analyzed with Welch’s ANOVA with the Games–

Howell post hoc test. (C) Individual bleeding profiles of treated rats: a graphical 

representation of bleeding profiles, in which horizontal lines represent the entire bleeding 

profile of a single rat, and each bar in a line represents a single bleeding episode for that rat. 

(D) The total blood loss of FVIII−/− rats subjected to the tail vein transection (TVT) bleeding 

model shown as individual observations; horizontal and error bars indicate mean ± SEM. In 

the TVT bleeding model, no significant differences for TXA alone versus vehicle or rFVIIa 

alone versus rFVIIa and TXA were detected. However, blood loss was significantly reduced 

in rFVIIa-treated and rFVIIa + TXA-treated rats. Blood loss was analyzed with an ordinary 
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ANOVA with Bonferroni’s correction for multiple comparisons, except for wild-type (WT) 

rats. *P < 0.05; ***P < 0.001. FVIII−/− rats were used, unless noted otherwise. Hgb, 

hemoglobin.
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Fig. 3. 
Antifibrinolytic therapy did not significantly improve the bleeding phenotype or the 

response to recombinant activated factor VII (rFVIIa) or recombinant factor VIII (rFVIII) in 

mice with congenital hemophilia A. (A, E) Individual bleeding profiles of treated mice: 

graphical representation of bleeding profiles, in which horizontal lines represent the entire 

bleeding profile of a single mouse, and each bar in a line represents a single bleeding 

episode for that mouse. (B–D, F–H) Total blood loss (B, F), bleeding time (C, G) and 

spontaneous bleeds (D, H) of FVIII−/− mice are shown as individual observations, with 

horizontal and error bars representing mean ± standard error of the mean. No significant 

differences for tranexamic acid (TXA) alone versus vehicle or for factor treatment alone 

versus factor treatment + TXA were detected for blood loss, bleeding time, or the number of 
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spontaneous bleeds. Data were analyzed with the Kruskal–Wallis test, with Dunn’s test to 

adjust for multiple comparisons between all groups, except for wild-type (WT) mice. *P < 

0.05, **P < 0.01, and ***P < 0.001. FVIII−/− mice were used, unless noted otherwise. Hgb, 

hemoglobin.
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Fig. 4. 
Antifibrinolytic therapy did not improve the bleeding phenotype or improve the response to 

recombinant activated factor VII (rFVIIa) in mice with induced hemophilia A (HA). (A) 

Individual bleeding profiles of treated mice: graphical representation of bleeding profiles, in 

which horizontal lines represent the entire bleeding profile of a single mouse, and each bar 

in a line represents a single bleeding episode for that mouse. (C–D) Total blood loss (B), 

bleeding time (C) and spontaneous bleeds (D) of C57Bl/6 mice are shown as individual 

observations, with horizontal and error bars representing mean ± standard error of the mean. 

No significant differences for tranexamic acid (TXA) alone versus vehicle or rFVIIa alone 

versus rFVIIa and TXA were detected for blood loss, bleeding time, or the number of 

spontaneous bleeds. Data points were analyzed with the Kruskal–Wallis test, with Dunn’s 

test to adjust for multiple comparisons between all groups, except for mice without induced 

HA. *P < 0.05, **P < 0.01, and ***P < 0.001. Hgb, hemoglobin; WT, wild-type.
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Fig. 5. 
Genetically induced fibrinolytic deficiency did not improve the bleeding phenotype or 

improve the response to recombinant activated factor VII (rFVIIa) in mice with induced 

hemophilia A (HA). (A, E) Individual bleeding profiles of treated mice: graphical 

representation of bleeding profiles, in which horizontal lines represent the entire bleeding 

profile of a single mouse, and each bar in a line represents a single bleeding episode for that 

mouse. (B–D, F–H) Total blood loss (B, F), bleeding time (C, G) and spontaneous bleeds 

(D, H) of mice are shown as individual observations, with horizontal and error bars 

representing mean ± standard error of the mean. (A–D) Graphs from studies with tissue-type 

plasminogen (Plg) activator (t-PA) mice. (E–H) Graphs from studies with Plg mice. In no 

case was a significant difference between vehicle-treated t-PA wild-type (WT) and t-PA−/− 
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mice, or between Plg WT and Plg−/− mice, detected. Similarly, no difference between 

rFVIIa-treated t-PA WT and t-PA−/− mice, or between Plg WT and Plg−/− mice, was 

detected. Data were analyzed with a two-way ANOVA with Bonferroni’s correction for 

multiple comparisons. *P < 0.05. Hgb, hemoglobin; KO, knockout.

STAGAARD et al. Page 22

J Thromb Haemost. Author manuscript; available in PMC 2021 April 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

STAGAARD et al. Page 23

Ta
b

le
 1

O
ve

rv
ie

w
 o

f 
th

e 
st

ud
y 

de
si

gn
 f

or
 th

e 
co

m
bi

ne
d 

ta
il 

ve
in

 tr
an

se
ct

io
n 

(T
V

T
)/

ro
ta

tio
na

l t
hr

om
bo

el
as

to
m

et
ry

 (
R

O
T

E
M

) 
ra

t s
tu

dy

G
ro

up
R

at
s

T
yp

e 
of

 H
A

R
at

s 
pe

r 
gr

ou
p 

fo
r 

T
V

T
 (

R
O

T
E

M
)

T
re

at
m

en
t 

(d
os

e,
 m

g 
kg

−1
)

D
es

ig
n

1
FV

II
I−

/−
C

on
ge

ni
ta

l
10

 (
5)

V
eh

ic
le

S

2
FV

II
I−

/−
C

on
ge

ni
ta

l
10

 (
5)

T
X

A
 (

35
0)

S 
an

d 
B

3
FV

II
I−

/−
C

on
ge

ni
ta

l
10

 (
5)

rF
V

II
a 

(0
.5

 ~
 E

D
50

)
S 

an
d 

B

4
FV

II
I−

/−
C

on
ge

ni
ta

l
10

 (
5)

rF
V

II
a 

(0
.5

 ~
 E

D
50

) 
+

 T
X

A
 (

35
0)

S 
an

d 
B

5
W

T
-

11
 (

5)
V

eh
ic

le
S

B
, b

lin
de

d;
 E

D
50

, m
ed

ia
n 

ef
fe

ct
iv

e 
do

se
; H

A
, h

em
op

hi
lia

 A
; r

FV
II

a,
 a

ct
iv

at
ed

 r
ec

om
bi

na
nt

 f
ac

to
r 

V
II

; S
, s

tr
at

if
ie

d;
 T

X
A

, t
ra

ne
xa

m
ic

 a
ci

d;
 W

T,
 w

ild
 ty

pe
. A

ll 
ra

ts
 w

er
e 

su
bj

ec
te

d 
to

 th
e 

T
V

T
 b

le
ed

in
g 

as
sa

y.
 F

ol
lo

w
in

g 
th

e 
T

V
T

 b
le

ed
in

g 
st

ud
y,

 h
al

f 
of

 th
e 

ra
ts

 h
ad

 b
lo

od
 d

ra
w

n 
fr

om
 a

 c
ar

ot
id

 a
rt

er
y 

ca
th

et
er

 f
or

 R
O

T
E

M
 a

na
ly

se
s.

 D
at

a 
fr

om
 th

e 
st

ud
y 

ar
e 

sh
ow

n 
in

 F
ig

s 
1 

an
d 

2.

J Thromb Haemost. Author manuscript; available in PMC 2021 April 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

STAGAARD et al. Page 24

Ta
b

le
 2

O
ve

rv
ie

w
 o

f 
th

e 
st

ud
y 

de
si

gn
s 

fo
r 

th
e 

m
ou

se
 ta

il 
ve

in
 tr

an
se

ct
io

n 
bl

ee
di

ng
 s

tu
di

es

F
ig

ur
e

G
ro

up
St

ra
in

T
yp

e 
of

 H
A

M
ic

e 
(n

)
T

re
at

m
en

t 
(d

os
e,

 m
g 

kg
−1

)
D

es
ig

n

3A
-D

1
FV

II
I−

/−
C

on
ge

ni
ta

l
16

V
eh

ic
le

S 
an

d 
B

2
FV

II
I−

/−
C

on
ge

ni
ta

l
15

T
X

A
 (

50
0)

S 
an

d 
B

3
FV

II
I−

/−
C

on
ge

ni
ta

l
15

rF
V

II
a 

(0
.4

 ~
 E

D
50

)
S 

an
d 

B

4
FV

II
I−

/−
C

on
ge

ni
ta

l
15

rF
V

II
a 

(0
.4

 ~
 E

D
50

) 
+

 T
X

A
 (

50
0)

S 
an

d 
B

5
C

57
B

l/6
-

8
V

eh
ic

le
S

3E
-H

1
FV

II
I−

/−
C

on
ge

ni
ta

l
12

V
eh

ic
le

S 
an

d 
B

2
FV

II
I−

/−
C

on
ge

ni
ta

l
12

T
X

A
 (

50
0)

S 
an

d 
B

3
FV

II
I−

/−
C

on
ge

ni
ta

l
12

rF
V

II
I 

(1
 U

 k
g−

1  
~ 

E
D

50
)

S 
an

d 
B

4
FV

II
I−

/−
C

on
ge

ni
ta

l
12

rF
V

II
I 

(1
 U

 k
g−

1  
~ 

E
D

50
) 

+
 T

X
A

 (
50

0)
S 

an
d 

B

5
C

57
B

l/6
-

8
V

eh
ic

le
S

4A
-D

1
C

57
B

l/6
In

du
ce

d
12

T
X

A
 (

35
0)

S

2
C

57
B

l/6
In

du
ce

d
12

V
eh

ic
le

S 
an

d 
B

3
C

57
B

l/6
In

du
ce

d
12

rF
V

II
a 

(0
.4

)
S 

an
d 

B

4
C

57
B

l/6
In

du
ce

d
12

rF
V

II
a 

(0
.4

) 
+

 T
X

A
 (

35
0)

S 
an

d 
B

5
C

57
B

l/6
In

du
ce

d
12

rF
V

II
a 

(0
.7

 ~
 E

D
50

)
S 

&
 B

6
C

57
B

l/6
In

du
ce

d
12

rF
V

II
a 

(0
.7

~E
D

50
) 

+
 T

X
A

 (
35

0)
S 

an
d 

B

7
C

57
B

l/6
-

8
V

eh
ic

le
S

5A
-D

1
t-

PA
 W

T
In

du
ce

d
8

V
eh

ic
le

S

t-
PA

−
/−

In
du

ce
d

8

2
t-

PA
 W

T
In

du
ce

d
10

rF
V

II
a 

(0
.7

 ~
 E

D
50

)
S

t-
PA

−
/−

In
du

ce
d

8

3
t-

PA
 W

T
In

du
ce

d
8

rF
V

II
a 

(1
.5

)
S

t-
PA

−
/−

In
du

ce
d

8

4
t-

PA
 W

T
In

du
ce

d
8

rF
V

II
a 

(2
.7

)
S

t-
PA

−
/−

In
du

ce
d

8

5
t-

PA
 W

T
-

8
V

eh
ic

le
S

t-
PA

−
/−

-
8

J Thromb Haemost. Author manuscript; available in PMC 2021 April 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

STAGAARD et al. Page 25

F
ig

ur
e

G
ro

up
St

ra
in

T
yp

e 
of

 H
A

M
ic

e 
(n

)
T

re
at

m
en

t 
(d

os
e,

 m
g 

kg
−1

)
D

es
ig

n

5E
-D

1
Pl

g 
W

T
In

du
ce

d
8

V
eh

ic
le

S

Pl
g−

/−
In

du
ce

d
11

2
Pl

g 
W

T
In

du
ce

d
10

rF
V

II
a 

(0
.7

 ~
 E

D
50

)
S

Pl
g−

/−
In

du
ce

d
7

3
Pl

g 
W

T
In

du
ce

d
7

rF
V

II
a 

(1
.5

)
S

Pl
g−

/−
In

du
ce

d
8

4
Pl

g 
W

T
In

du
ce

d
8

rF
V

II
a 

(2
.7

)
S

Pl
g−

/−
In

du
ce

d
9

5
Pl

g 
W

T
-

7
V

eh
ic

le
S

Pl
g−

/−
-

5

B
, b

lin
de

d;
 E

D
50

, m
ed

ia
n 

ef
fe

ct
iv

e 
do

se
; F

V
II

I,
 c

oa
gu

la
tio

n 
fa

ct
or

 V
II

I;
 H

A
, h

em
op

hi
lia

 A
; P

lg
, p

la
sm

in
og

en
; r

FV
II

a,
 a

ct
iv

at
ed

 r
ec

om
bi

na
nt

 f
ac

to
r 

V
II

; r
FV

II
I,

 r
ec

om
bi

na
nt

 f
ac

to
r 

V
II

I;
 S

, s
tr

at
if

ie
d;

 t-
PA

, 

tis
su

e-
ty

pe
 p

la
sm

in
og

en
 a

ct
iv

at
or

; T
X

A
, t

ra
ne

xa
m

ic
 a

ci
d;

 W
T,

 w
ild

 ty
pe

. D
at

a 
fr

om
 th

e 
st

ud
y 

ar
e 

sh
ow

n 
in

 F
ig

s 
3–

5.

J Thromb Haemost. Author manuscript; available in PMC 2021 April 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

STAGAARD et al. Page 26

Ta
b

le
 3

O
ve

rv
ie

w
 o

f 
th

e 
ef

fe
ct

 o
f 

di
m

in
is

hi
ng

 f
ib

ri
no

ly
si

s 
in

 h
em

op
hi

lia
 A

 (
H

A
) 

an
im

al
 m

od
el

s 
su

bj
ec

te
d 

to
 th

e 
ta

il 
ve

in
 tr

an
se

ct
io

n 
(T

V
T

) 
bl

ee
di

ng
 m

od
el

 a
s 

as
se

ss
ed

 b
y 

bl
oo

d 
lo

ss
, b

le
ed

in
g 

tim
e,

 a
nd

 s
po

nt
an

eo
us

 b
le

ed
s;

 to
ta

l b
lo

od
 lo

ss
, b

le
ed

in
g 

tim
e,

 s
po

nt
an

eo
us

 b
le

ed
s 

an
d 

tr
an

ex
am

ic
 a

ci
d 

(T
X

A
) 

pl
as

m
a 

co
nc

en
tr

at
io

n 
as

 o
bs

er
ve

d 
in

 th
e 

T
V

T
 m

od
el

F
ig

ur
e

St
ud

y
T

re
at

m
en

t 
gr

ou
p

B
lo

od
 lo

ss
 (

nm
ol

 o
f 

H
gb

)
B

le
ed

in
g 

ti
m

e 
(m

in
)

Sp
on

ta
ne

ou
s 

bl
ee

ds
T

X
A

 e
xp

os
ur

e 
(μ

g 
m

L
−1

)

2
FV

II
I−

/−
 r

at
s

V
eh

ic
le

37
 7

21
 ±

 3
89

8
31

.5
 ±

 1
.4

1.
6 

±
 0

.4
0

T
X

A
44

 1
14

 ±
 5

91
4

35
.2

 ±
 0

.9
1.

3 
±

 0
.2

6
22

8.
7 

±
 3

4

rF
V

II
a

18
 8

21
 ±

 3
10

8
21

.6
 ±

 4
.0

1.
7 

±
 0

.8
7

0

rF
V

II
a 

an
d 

T
X

A
25

 9
26

 ±
 4

40
1

29
.3

 ±
 2

.6
1.

4 
±

 0
.3

1
16

1.
5 

±
 1

8.
6

W
T

10
 9

39
 ±

 2
42

4
6.

3 
±

 0
.4

0.
09

 ±
 0

.0
9

0

3A
-D

FV
II

I−
/−

 m
ic

e
V

eh
ic

le
47

45
 ±

 5
45

.9
23

.3
 ±

 2
.8

1.
06

 ±
 0

.1
4

0

T
X

A
41

15
 ±

 4
39

23
.3

 ±
 2

.1
0.

87
 ±

 0
.1

9
10

4.
9 

±
 9

.5
7

rF
V

II
a

34
49

 ±
 5

99
19

.9
 ±

 2
.8

0.
8 

±
 0

.1
4

0

rF
V

II
a 

an
d 

T
X

A
15

00
 ±

 4
19

11
.2

 ±
 2

.5
0.

73
 ±

 0
.2

8
11

8.
9 

±
 1

1.
5

W
T

36
6 

±
 8

5
3.

7 
±

 0
.4

0 
±

 0
0

3E
-H

FV
II

I−
/−

 m
ic

e
V

eh
ic

le
53

26
 ±

 5
46

20
.5

6 
±

 1
.8

1.
33

 ±
 0

.4
3

0

T
X

A
43

55
 ±

 6
28

20
.2

8 
±

 2
.7

1 
±

 0
.2

1
15

0 
±

 3
7.

5

rF
V

II
I

37
40

 ±
 7

24
16

.7
 ±

 2
.9

1.
25

 ±
 0

.3
5

0

rF
V

II
I 

an
d 

T
X

A
23

22
 ±

 6
00

12
.8

 ±
 2

.7
1.

25
 ±

 0
.3

3
13

9.
9 

±
 1

5.
2

W
T

65
7 

±
 1

27
4.

9 
±

 0
.4

0 
±

 0
0

4
C

57
B

l/6
V

eh
ic

le
60

64
 ±

 9
67

29
 ±

 1
.1

0.
75

 ±
 0

.2
2

0

T
X

A
53

56
 ±

 7
90

25
.4

1 
±

 2
.6

1.
25

 ±
 0

.2
8

18
2.

9 
±

 3
3.

21

0.
4 

m
g 

kg
−

1  
rF

V
II

I
45

81
 ±

 6
62

22
.4

1 
±

 1
.8

2.
33

 ±
 0

.7
4

0

0.
4 

m
g 

kg
−

1  
rF

V
II

I 
an

d 
T

X
A

40
11

 ±
 8

73
20

.9
5 

±
 3

.2
1 

±
 0

.3
3

15
7.

8 
±

 2
9.

86

0.
7 

m
g 

kg
−

1  
rF

V
II

I
19

07
 ±

 5
58

8.
72

 ±
 1

.1
2.

58
 ±

 0
.7

0

0.
7 

m
g 

kg
−

1  
rF

V
II

a 
an

d 
T

X
A

27
61

 ±
 9

72
10

.9
9 

±
 3

.3
0.

5 
±

 0
.2

9
13

0.
4 

±
 1

5.
32

W
T

50
6 

±
 1

07
4.

87
 ±

 0
.6

0 
±

 0
0

5A
-D

t-
PA

 W
T

 m
ic

e
V

eh
ic

le
87

93
 ±

 9
81

26
.2

 ±
 2

2.
13

 ±
 0

.4
-

t-
PA

−
/−

 m
ic

e
77

44
 ±

 4
84

32
.3

 ±
 1

.3
0.

88
 ±

 0
.0

23
-

t-
PA

 W
T

 m
ic

e
0.

7 
m

g 
kg

−
1  

rF
V

II
a

39
75

 ±
 9

34
17

.7
 ±

 3
.2

2.
5 

±
 0

.8
5

-

t-
PA

−
/−

 m
ic

e
45

09
 ±

 9
10

20
.7

 ±
 3

3 
±

 1
.3

6
-

J Thromb Haemost. Author manuscript; available in PMC 2021 April 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

STAGAARD et al. Page 27

F
ig

ur
e

St
ud

y
T

re
at

m
en

t 
gr

ou
p

B
lo

od
 lo

ss
 (

nm
ol

 o
f 

H
gb

)
B

le
ed

in
g 

ti
m

e 
(m

in
)

Sp
on

ta
ne

ou
s 

bl
ee

ds
T

X
A

 e
xp

os
ur

e 
(μ

g 
m

L
−1

)

t-
PA

 W
T

 m
ic

e
1.

5 
m

g 
kg

−
1  

rF
V

II
a

26
27

 ±
 8

77
13

 ±
 3

.7
2 

±
 0

.7
8

-

t-
PA

−
/−

 m
ic

e
22

80
 ±

 7
88

9.
2 

±
 1

.9
4 

±
 1

.1
9

-

t-
PA

 W
T

 m
ic

e
2.

7 
m

g 
kg

−
1  

rF
V

II
a

71
0 

±
 2

16
6.

1 
±

 1
2 

±
 1

.0
9

-

t-
PA

−
/−

 m
ic

e
76

5 
±

 2
08

5.
8 

±
 1

.1
1 

±
 0

.8
6

-

t-
PA

 W
T

 m
ic

e
N

o 
in

du
ce

d 
H

A
75

9 
±

 1
23

5 
±

 0
.3

0.
13

 ±
 0

.1
3

-

t-
PA

−
/−

 m
ic

e
11

91
 ±

 5
91

4.
7 

±
 0

.3
0 

±
 0

-

5E
-H

Pl
g 

W
T

 m
ic

e
V

eh
ic

le
54

77
 ±

 4
68

25
.4

 ±
 2

.4
1.

38
 ±

 0
.2

6
-

Pl
g−

/−
 m

ic
e

54
37

 ±
 6

06
27

.2
 ±

 1
.5

1.
81

 ±
 0

.3
5

-

Pl
g 

W
T

 m
ic

e
0.

7 
m

g 
kg

−
1  

rF
V

II
a

47
97

 ±
 1

03
4

17
.6

 ±
 2

.8
3.

1 
±

 0
.7

2
-

Pl
g−

/−
 m

ic
e

49
75

 ±
 1

13
8

16
 ±

 3
.8

1.
57

 ±
 0

.6
5

-

Pl
g 

W
T

 m
ic

e
1.

5 
m

g 
kg

−
1  

rF
V

II
a

30
87

 ±
 1

30
5

13
.1

 ±
 3

.6
3.

14
 ±

 1
.0

3
-

Pl
g−

/−
 m

ic
e

22
62

 ±
 9

57
10

.2
 ±

 2
.7

1.
13

 ±
 0

.5
5

-

Pl
g 

W
T

 m
ic

e
2.

7 
m

g 
kg

−
1  

rF
V

II
a

17
35

 ±
 3

25
9.

4 
±

 1
.8

3.
13

 ±
 1

.0
4

-

Pl
g−

/−
 m

ic
e

22
88

 ±
 8

03
10

.1
 ±

 2
.8

2.
67

 ±
 1

.0
7

-

Pl
g 

W
T

 m
ic

e
N

o 
in

du
ce

d 
H

A
76

0 
±

 1
89

5.
0 

±
 0

.4
0.

14
 ±

 0
.1

4
-

Pl
g−

/−
 m

ic
e

98
3 

±
 3

44
5.

3 
±

 0
.4

0 
±

 0
-

FV
II

I,
 c

oa
gu

la
tio

n 
fa

ct
or

 V
II

I;
 H

gb
, h

em
og

lo
bi

n;
 P

lg
, p

la
sm

in
og

en
; r

FV
II

a,
 a

ct
iv

at
ed

 r
ec

om
bi

na
nt

 f
ac

to
r 

V
II

; r
FV

II
I,

 r
ec

om
bi

na
nt

 f
ac

to
r 

V
II

I;
 t-

PA
, t

is
su

e-
ty

pe
 p

la
sm

in
og

en
 a

ct
iv

at
or

; W
T,

 w
ild

 ty
pe

. 
V

al
ue

s 
ar

e 
sh

ow
n 

as
 m

ea
n 

±
 s

ta
nd

ar
d 

er
ro

r 
of

 th
e 

m
ea

n.

J Thromb Haemost. Author manuscript; available in PMC 2021 April 12.


	Summary.
	Introduction
	Methods
	Animals
	Proteins and reagents
	Induced HA model
	Tail vein transection (TVT) bleeding model
	Whole blood ROTEM assay
	TXA plasma concentration
	Statistical analyses

	Results
	Antifibrinolytic therapy did not increase the rate of clot formation, but increased clot stability ex vivo
	Antifibrinolytic therapy alone did not improve the in vivo bleeding phenotype of rats with congenital HA
	Antifibrinolytic therapy did not improve the response to rFVIIa in vivo in rats with congenital HA
	Antifibrinolytic therapy alone did not improve the in vivo bleeding phenotype of mice with congenital or induced HA
	Antifibrinolytic therapy did not improve the response to rFVIIa or rFVIII in vivo in mice with congenital or induced HA
	Genetically induced fibrinolytic deficiency did not improve the in vivo bleeding phenotype in mice with induced HA
	Genetically induced fibrinolytic deficiency did not improve the response to pharmacologically administered rFVIIa in vivo in mice with induced HA

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	Table 1
	Table 2
	Table 3

