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Relazioni con soggetti portatori di interessi 
commerciali in campo sanitario

Ai sensi dell’art. 76 sul Conflitto di Interessi, pag. 34
dell’Accordo Stato-Regione del 2 febbraio 2017, dichiaro
che negli ultimi due anni ho avuto i seguenti rapporti anche
di finanziamento con soggetti portatori di interessi
commerciali in campo sanitario:

üAdvisory board: Novo-Nordisk, BioVIIIx, Bristol-Myers
Squibb, Daiichi-Sankyo
üConsulenza: Gilead, Kedrion, Octapharma Italy
üRelazioni a convegni: Novo-Nordisk, Orphan, Sanofi,
BioFVIIIx
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§ Per ENTITA’
§ Per SEDE
§ Per FISIOPATOLOGIA

- paziente (comorbità/farmaci)

- setting (pre-H, Emer, ICU)

Per ENTITA’
§ INTRAOPERATORIA  > 500-1000 ml/ora per 1 ora
§ POSTOPERATORIA     > 200-500 ml/ora per 2 ore
§ TRAUMA PENETRANTE  > 2 gr Hb/ora per 1 ora
§ MASSIVA > 150 ml/min

Il concetto di emorragia CRITICA



Fisiopatologia dell’ emorragia critica: luci…

Georges de La Tour, Maddalena penitente (particolare), 1639- 1634 
(New York, Metropolitan  Museum of  Art)
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MECHANISMS AND MEDIATORS

MECHANISMS AND MEDIATORS           
üTissue injury and shock
üFactor depletion, impaired thrombin generation, and

fibrinogen deficiency
üActivation and depletion of protein C
ü Dysregulated fibrinolysis
üInflammation and immune dysfunction: endotheliopathy,

DAMPs, and others
üAltered postinjury platelet biology



ACIDOSI e IPOTERMIA





2.3 g/l

1.1 g/l

2.4 g/l

1.4 g/l

Mortalità a 24 h Mortalità a 28 gg 



PPV=100%

NPV=79% Metodo Clauss
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All current efforts to correct traumatic coagulopathy are currently
directed at augmenting the clotting factor pathway, through the
administration of fresh frozen plasma or recombinant factor VIIa.
In theory, while patients are shocked and thrombomodulin is present
in excess, thrombin that is generated will be anticoagulant, and
stable clot will not be formed.
Although it may be possible to overwhelm thrombomodulin with
massive thrombin generation, this would also be associated with
widespread activation of protein C.
This would lead to consumption of PAI-1 and increased fibrinolysis,
breaking down the clot that had formed.
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Summary 
Thrombin is the central protease in the coagulation cascade and one of 
the most extensively studied of all enzymes. In addition to its recog-
nised role in the coagulation cascade and haemostasis, thrombin is 
known to have multiple pleiotropic effects, which mostly have been 
shown only in in vitro studies: it plays a role in inflammation and cellu-
lar proliferation and displays a mitogen activity on smooth muscle cells 
and endothelial cells, predominantly by activation of angiogenesis. In 
vivo, thrombin effects were examined in animal models of intravenous 
or intraarterial thrombin infusion. An extensive literature search re-
garding in vivo data showed that i) thrombin administered as a bolus 
causes microembolism, ii) thrombin infused slowly at steady-state con-
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ditions (up to 1.6 U/kg/min) leads to bleeds but not to intravascular 
clotting, iii) large quantity of thrombin infused at low rates (0.05 U/kg/
min) does not have any measurable effect, and iv) thrombin increases 
vascular permeability leading to tissue damage. Although several dec-
ades of research on thrombin functions have provided a framework for 
understanding the biology of thrombin, animal and human studies with 
use of newer laboratory techniques are still needed to confirm the 
pleiotropic thrombin functions shown in in vitro studies.  
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Introduction 

Thrombin is the central protease in the coagulation cascade and one 
of the most extensively studied of all enzymes. Several decades of re-
search on thrombin have provided a framework for understanding 
its biology. Thrombin plays a role in arterial and venous thrombosis 
as wells as in the pathogenesis of multiple conditions, e.g. sepsis and 
disseminated intravascular coagulation (DIC), cancer, inflamma-
tory brain diseases, wound healing and atherosclerosis. Therefore, 
further research on thrombin functions and translation of these 
findings into therapeutic targets would have important clinical im-
plications. As thrombin has a very short half-life time (1–2 minutes, 
min), information regarding thrombin functions are mostly derived 
from in vitro studies. Animal and human studies concerning the in 
vivo functions of thrombin are scarce. In this review, we focused on 
the characterisation of in vitro and in vivo effects of thrombin.  

Thrombin: evolution, synthesis and structure 
Thrombin, described in 1892 by Alexander Schmidt, was first 
identified by Buchanan in 1845 (1). Thrombin diverged from the 
complement factors C1r, C1s or MASP2, and this was heralding the 

onset of further specialisation of defense mechanisms (2–4). As 
complement evolved from developmental proteases, thrombin 
most likely descended from growth factors. It pre-dated and pre-
sumably gave rise to the vitamin K-dependent proteases: factors 
VIIa, IXa and Xa and protein C (3, 5, 6). The sequence of the heavy 
chain of human thrombin is related to trypsin and chymotrypsin 
with 35% sequence identity and 49% sequence similarity (7, 8). 
Prothrombin (70 kDa), a glycoprotein with 579 amino acid resi-
dues, is produced in the liver parenchymal cells and secreted into 
the blood (9, 10). Prothrombin is converted to thrombin by the 
prothrombinase complex consisting of factor Xa, co-factor Va, an-
ionic phospholipids on the surface of activated platelets and cal-
cium ions (11–13). Factor Xa cleaves prothrombin to generate 
meizothrombin, which subsequently is cleaved to liberate throm-
bin (3, 14–16). Thrombin (37 kDa) is a heterodimer consisting of 
two polypeptide chains A and B. The light chain A consisting of 36 
residues is linked by a single disulfide bond to the heavy chain B 
with 259 residues that contains three intra-chain disulfide bonds 
(10). Thrombin is a sodium activated allosteric enzyme: sodium 
binding is required for cleavage of fibrinogen, and activation of 
factors V, VIII and XI (17, 18).  
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Thrombin functions in the coagulation  
cascade 
Thrombin has many functions in the coagulation cascade (!Table 
1, !Fig. 1). The major procoagulant effect, the conversion of fibri-
nogen to fibrin, is amplified by activation of factor XIII that coval-
ently stabilises the fibrin clot (19, 20). Following its activation, fac-
tor XIII induces soluble fibrin monomers to interact end-to-end 
and side-to-side, causing it to become a soluble cross-linked fibrin 
monomer (21–23). Also, the inhibition of fibrinolysis via acti-
vation of thrombin-activable fibrinolysis inhibitor (TAFI) and the 
proteolytic activation of factors V, VIII and XI contribute to the 
procoagulant activity of thrombin (!Fig. 1) (24, 25). Regarding 
thrombin function as anticoagulant, activation of protein C is 
highly important (26, 27). The activation depends on the binding 
to thrombomodulin, a membrane receptor on endothelial cells 
(28–30). In turn, thrombin is inhibited by thrombomodulin, pro-
tein C, heparin cofactor II and antithrombin III with the help of 
acidic carbohydrates (31–33).  

Thrombin functions described in in vitro 
studies 
In addition to its role in haemostasis, thrombin is known to have 
pleiotropic effects. However, most of the pleiotropic effects of 
thrombin were documented only in in vitro studies (!Table 2). 
Thrombin affects the activity of multiple cell types including blood 
platelets, endothelial cells, vascular smooth muscle cells, mono-
cytes, T lymphocytes and fibroblasts (34–38). Thrombin plays an 
important role in inflammation and cellular proliferation (!Table 
2, !Fig. 1) (39). Thrombin modulates multiple processes in the 
vascular system including vascular permeability, vascular tone, in-
flammation and neovessel formation (40–42). Thrombin also acti-
vates numerous cells involved in the inflammatory and reparative 
responses, including monocytes, T lymphocytes and mast cells, 
and endothelial cells (43). It affects leukocyte migration, oedema 
formation, and other processes related to tissue repair (44, 45).  

The protease activated receptors (PARs) are essential in many 
pleiotropic functions of thrombin (28). In the activation of pla-
telets and other cells via PARs, thrombin serves as a central effector 
(46). PARs are a family of seven-transmembrane G-protein-
coupled receptors (47). Four PARs are currently known. Thrombin 
activates PAR1, PAR3 and PAR4. PAR2 is not cleaved by thrombin 
but can be activated by trypsin-like serine proteases (47, 48). En-
dothelial cells are considered the main cells mediating vascular ef-
fects of PARs (42). PAR-1 is the major thrombin receptor express-
ed by endothelial cells, which is up-regulated by thrombin via 
kruppel-like transcription factor 2 (49). Endothelial cells also ex-
press PAR-2, PAR-3 and PAR-4. PARs contribute to the pro-inflam-
matory phenotype observed in endothelial dysfunction and their 
up-regulation in vascular smooth muscle cells seems to be an im-
portant element in the pathogenesis of atherosclerosis and reste-
nosis (42). The effect of PAR deficiency was examined in a mouse 
endotoxaemia model. Endotoxin-induced thrombocytopenia was 

not diminished in Par4 (-/-) mice, suggesting that a mechanism in-
dependent of platelet activation by thrombin was sufficient to 
cause thrombocytopenia (50). Thrombin is the most potent pla-
telet activator, producing an effect at concentrations lower than 
those required for activation of the coagulation cascade (51). 
Thrombin binds the PAR-1 receptor on the platelet surface, cleav-
ing the receptor, and exposing a tethered ligand, which binds and 
activates the receptor (52). At higher concentrations, thrombin 
also activates PAR-4 (53). Combined blockade of thrombin anion 
binding exosite-1 and PAR4 produces synergistic antiplatelet effect 
in human platelets (54). Signalling via PAR-4 is available for hae-
mostasis when very high levels of thrombin are generated, thereby 
providing a protective mechanism in situations where this pathway 
may contribute to arrest bleeding, such as trauma (51).  

Thrombin also binds to the GPIb on platelet surface (51, 55). 
Different experimental approaches conclude that both exosite I 
and exosite II of thrombin bind to GPIb (56). However, the patho-
physiological relevance of thrombin binding to platelet GPIb is still 
uncertain, and the key question whether thrombin binding to 
GPIb is prothrombotic or antithrombotic remains unanswered yet 
(56). 

Thrombin exhibits mitogen activity on smooth muscle cells 
and endothelial cells. Most of the cellular effects elicited by throm-
bin are mediated through activation and subsequent signal trans-
duction cascades of members of the PAR family. Thrombin acti-
vates angiogenesis, a process that is essential in tumour growth and 
metastasis (!Fig. 1, !Table 2). Thrombin decreases the ability of 
endothelial cells to attach to basement membrane proteins via cyc-
lic adenosine monophosphate (57). Thrombin also potentiates 
vascular endothelial growth factor (VEGF)-induced endothelial 
cell proliferation. This process is accompanied by up-regulation of 

Table 1: Thrombin functions in coagulation. 

 Thrombin functions in coagulation 
Procoagulant  
properties 

● cleavage of fibrinogen and liberation of fibrinopeptide 
A and B (10) 

● activation of factors: V (128), VIII (129), XI (130) and 
XIII (131) 

● induction of platelet aggregation, platelet secretion 
and platelet procoagulant activity (132) 

● release of adenosine diphosphate from platelets (132) 
● expression of P-selectin on endothelial cells (133, 134) 
● stimulation of expression of the platelet activating  

factor (PAF) 

Anticoagulant  
properties 

● binding to thrombomodulin (TM) and activation of  
protein C 

● decrease in the binding of von Willebrand factor (vWF) 
to glycoprotein (GP) Ib (135) 

● decrease in ristocetin-induced agglutination (135) 

Antifibrinolytic  
properties 

● activation of thrombin-activable fibrinolysis inhibitor 
(TAFI) (136) 

● release of the plasminogen activator inhibitor-1 (137) 

Fibrinolytic  
properties 

● release of the tissue plasminogen activator (138)
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PROTEIN C IN TRAUMA :
“TOO MUCH OF A GOOD THING”

aPC has cytoprotective functions [levels between 1 and 6 ng/mL] : 
ü stabilization of endothelial and epithelial junctions,
ü anti-apoptosis, 
ü cleavage of extracellular histones
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Effect of early tranexamic acid administration on mortality, 
hysterectomy, and other morbidities in women with 
post-partum haemorrhage (WOMAN): an international, 
randomised, double-blind, placebo-controlled trial
WOMAN Trial Collaborators*

Summary
Background Post-partum haemorrhage is the leading cause of maternal death worldwide. Early administration of 
tranexamic acid reduces deaths due to bleeding in trauma patients. We aimed to assess the effects of early administration 
of tranexamic acid on death, hysterectomy, and other relevant outcomes in women with post-partum haemorrhage.

Methods In this randomised, double-blind, placebo-controlled trial, we recruited women aged 16 years and older with a 
clinical diagnosis of post-partum haemorrhage after a vaginal birth or caesarean section from 193 hospitals in 21 countries. 
We randomly assigned women to receive either 1 g intravenous tranexamic acid or matching placebo in addition to usual 
care. If bleeding continued after 30 min, or stopped and restarted within 24 h of the first dose, a second dose of 1 g of 
tranexamic acid or placebo could be given. Patients were assigned by selection of a numbered treatment pack from a box 
containing eight numbered packs that were identical apart from the pack number. Participants, care givers, and those 
assessing outcomes were masked to allocation. We originally planned to enrol 15 000 women with a composite primary 
endpoint of death from all-causes or hysterectomy within 42 days of giving birth. However, during the trial it became 
apparent that the decision to conduct a hysterectomy was often made at the same time as randomisation. Although 
tranexamic acid could influence the risk of death in these cases, it could not affect the risk of hysterectomy. We therefore 
increased the sample size from 15 000 to 20 000 women in order to estimate the effect of tranexamic acid on the risk of 
death from post-partum haemorrhage. All analyses were done on an intention-to-treat basis. This trial is registered with 
ISRCTN76912190 (Dec 8, 2008); ClinicalTrials.gov, number NCT00872469; and PACTR201007000192283.

Findings Between March, 2010, and April, 2016, 20 060 women were enrolled and randomly assigned to receive 
tranexamic acid (n=10 051) or placebo (n=10 009), of whom 10 036 and 9985, respectively, were included in the analysis. 
Death due to bleeding was significantly reduced in women given tranexamic acid (155 [1·5%] of 10 036 patients vs 191  
[1·9%] of 9985 in the placebo group, risk ratio [RR] 0·81, 95% CI 0·65–1·00; p=0·045), especially in women given 
treatment within 3 h of giving birth (89 [1·2%] in the tranexamic acid group vs 127 [1·7%] in the placebo group, 
RR 0·69, 95% CI 0·52–0·91; p=0·008). All other causes of death did not differ significantly by group. Hysterectomy 
was not reduced with tranexamic acid (358 [3·6%] patients in the tranexamic acid group vs 351 [3·5%] in the placebo 
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The composite primary endpoint of death from all causes or hysterectomy 
was not reduced with tranexamic acid (534 [5·3%] deaths or hysterectomies in the tranexamic acid group vs 546 [5·5%] 
in the placebo group, RR 0·97, 95% CI 0·87-1·09; p=0·65). Adverse events (including thromboembolic events) did 
not differ significantly in the tranexamic acid versus placebo group.

Interpretation Tranexamic acid reduces death due to bleeding in women with post-partum haemorrhage with no 
adverse effects. When used as a treatment for postpartum haemorrhage, tranexamic acid should be given as soon as 
possible after bleeding onset. 

Funding London School of Hygiene & Tropical Medicine, Pfizer, UK Department of Health, Wellcome Trust, and 
Bill & Melinda Gates Foundation.

Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0  
license.

Introduction
Primary post-partum haemorrhage, usually defined as a 
blood loss of more than 500 mL within 24 h of giving 
birth, is the leading cause of maternal death worldwide, 
responsible for about 100 000 deaths every year.1–3 Most of 
the deaths occur soon after giving birth and almost 

all (99%) occur in low-income and middle-income 
countries.4,5

Tranexamic acid reduces bleeding by inhibiting the 
enzymatic breakdown of fibrinogen and fibrin by 
plasmin.6 Findings of a systematic review of clinical trials 
of tranexamic acid in surgery showed that the drug 
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Effect of early tranexamic acid administration on mortality, 
hysterectomy, and other morbidities in women with 
post-partum haemorrhage (WOMAN): an international, 
randomised, double-blind, placebo-controlled trial
WOMAN Trial Collaborators*

Summary
Background Post-partum haemorrhage is the leading cause of maternal death worldwide. Early administration of 
tranexamic acid reduces deaths due to bleeding in trauma patients. We aimed to assess the effects of early administration 
of tranexamic acid on death, hysterectomy, and other relevant outcomes in women with post-partum haemorrhage.

Methods In this randomised, double-blind, placebo-controlled trial, we recruited women aged 16 years and older with a 
clinical diagnosis of post-partum haemorrhage after a vaginal birth or caesarean section from 193 hospitals in 21 countries. 
We randomly assigned women to receive either 1 g intravenous tranexamic acid or matching placebo in addition to usual 
care. If bleeding continued after 30 min, or stopped and restarted within 24 h of the first dose, a second dose of 1 g of 
tranexamic acid or placebo could be given. Patients were assigned by selection of a numbered treatment pack from a box 
containing eight numbered packs that were identical apart from the pack number. Participants, care givers, and those 
assessing outcomes were masked to allocation. We originally planned to enrol 15 000 women with a composite primary 
endpoint of death from all-causes or hysterectomy within 42 days of giving birth. However, during the trial it became 
apparent that the decision to conduct a hysterectomy was often made at the same time as randomisation. Although 
tranexamic acid could influence the risk of death in these cases, it could not affect the risk of hysterectomy. We therefore 
increased the sample size from 15 000 to 20 000 women in order to estimate the effect of tranexamic acid on the risk of 
death from post-partum haemorrhage. All analyses were done on an intention-to-treat basis. This trial is registered with 
ISRCTN76912190 (Dec 8, 2008); ClinicalTrials.gov, number NCT00872469; and PACTR201007000192283.

Findings Between March, 2010, and April, 2016, 20 060 women were enrolled and randomly assigned to receive 
tranexamic acid (n=10 051) or placebo (n=10 009), of whom 10 036 and 9985, respectively, were included in the analysis. 
Death due to bleeding was significantly reduced in women given tranexamic acid (155 [1·5%] of 10 036 patients vs 191  
[1·9%] of 9985 in the placebo group, risk ratio [RR] 0·81, 95% CI 0·65–1·00; p=0·045), especially in women given 
treatment within 3 h of giving birth (89 [1·2%] in the tranexamic acid group vs 127 [1·7%] in the placebo group, 
RR 0·69, 95% CI 0·52–0·91; p=0·008). All other causes of death did not differ significantly by group. Hysterectomy 
was not reduced with tranexamic acid (358 [3·6%] patients in the tranexamic acid group vs 351 [3·5%] in the placebo 
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The composite primary endpoint of death from all causes or hysterectomy 
was not reduced with tranexamic acid (534 [5·3%] deaths or hysterectomies in the tranexamic acid group vs 546 [5·5%] 
in the placebo group, RR 0·97, 95% CI 0·87-1·09; p=0·65). Adverse events (including thromboembolic events) did 
not differ significantly in the tranexamic acid versus placebo group.

Interpretation Tranexamic acid reduces death due to bleeding in women with post-partum haemorrhage with no 
adverse effects. When used as a treatment for postpartum haemorrhage, tranexamic acid should be given as soon as 
possible after bleeding onset. 

Funding London School of Hygiene & Tropical Medicine, Pfizer, UK Department of Health, Wellcome Trust, and 
Bill & Melinda Gates Foundation.
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üClinical diagnosis of post-partum haemorrhage after a
vaginal birth or caesarean section (estimated blood loss
>500 mL after vaginal birth or >1000 mL after caesarean
section or any blood loss sufficient to compromise
haemodynamic stability.

ü 1 g (100 mg/mL) of tranexamic acid i.v. in 10 min
üIf bleeding continued after 30 min or stopped and

restarted within 24 h of the 1rst dose, a second dose of
1 g of tranexamic acid or placebo could be given.
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(227 [2·3%] in the tranexamic acid group vs 256 [2·6%] 
in the placebo group; RR 0·88, 95% CI 0·74–1·05; 
p=0·16).

In women given tranexamic acid within 3 h of giving 
birth, tranexamic acid substantially reduced the risk of 
death due to bleeding (89 [1·2%] women died in the 
tranexamic acid group vs 127 [1·7%] in the placebo group, 
RR 0·69, 95% CI 0·52–0·91; p=0·008). There was no 
apparent reduction when tranexamic acid was given after 
3 h (66 [2·6%] tranexamic acid group vs 63 [2·5%] placebo 
group, RR 1·07, 95% CI 0·76–1·51; p=0·70).There was 
no heterogeneity in the effect by type of birth or cause of 
bleeding (figure 3).

709 women had hysterectomies of which 608 (86%) 
were on the day of randomisation and 191 (27%) were 
within 1 h of randomisation (figure 2). The appendix 
shows the distribution of hysterectomy from hours since 
childbirth (appendix p 1). 578 (81%) of 709 hysterectomies 
were done to control bleeding. The risk of hysterectomy 
was not reduced with tranexamic acid (358 [3·6%] done in 
the tranexamic acid group vs 351 [3·5%] in the placebo 
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The risk of 
hysterectomy to control bleeding was not significantly 
reduced with tranexamic acid (283 [2·8%] tranexamic acid 
group vs 295 [3·0%] placebo group, RR 0·95, 95% CI 
0·81–1·12; p=0·57).

The primary endpoint of death from all causes or 
hysterectomy within 42 days of giving birth occurred in 
1080 women. Of these, 371 (34%) women died without 
undergoing a hysterectomy, 112 (10%) died after 
hysterectomy, and 597 (55%) survived after hysterectomy. 
The risk of death from all causes or hysterectomy was not 
reduced with tranexamic acid (534 [5·3%] tranexamic acid 
group vs 546 [5·6%] placebo group, RR 0·97, 95% CI 
0·87–1·09; p=0·65). After adjusting for baseline risk, the 
risk ratio for death from all causes or hysterectomy was 
0·98 (95% CI 0·87–1·10; p=0·75). There was no significant 
heterogeneity in the effect of tranexamic acid by time to 
treatment, type of birth or cause of bleeding (table 3).

The use of intrauterine tamponade, embolisation, 
manual removal of the placenta, and arterial ligation did 
not differ significantly between the tranexamic acid and 
the placebo group (table 4). Brace sutures were used 
more often in the tranexamic group (300 [3·0%] 
tranexamic acid group vs 250 [2·5%] placebo group; 
RR 1·19, 95% CI 1·01–1·41; p=0·035). 209 laparotomies 
were done after randomisation to control bleeding and 
achieve haemostasis of which 114 (55%) followed 
caesarean section births and 95 (45%) followed vaginal 

Figure 3: Death from bleeding by subgroup
*Heterogeneity p value. †One patient excluded from subgroup analysis because of missing baseline data.

Risk ratio 
(95% CI)

Tranexamic 
acid group

Placebo group†

Time from delivery (h)
 ≤1
 >1–3
 >3
p=0·085*

Type of delivery
 Vaginal
 Caesarean section
p=0·91*

Primary cause of haemorrhage
 Uterine atony
 Other/unknown
p=0·36*

All patients
Two-sided p=0·045

 49/4846 (1·0%)
 40/2674 (1·5%)
   66/2514 (2·6%)

 110/7083 (1·6%)
   45/2952 (1·5%)

   77/6428 (1·2%)
   78/3608 (2·2%)

 155/10 036 (1·5%)

 60/4726 (1·3%)
    67/2682 (2·5%)
 63/2569 (2·5%)

 135/7108 (1·9%)
   55/2871 (1·9%)

 103/6333 (1·6%)
   88/3652 (2·4%)

 191/9985 (1·9%)

 0·80 (0·55–1·16)
 0·60 (0·41–0·88)
 1·07 (0·76–1·51)

  0·82 (0·64–1·05)
 0·80 (0·54–1·18)

  
  0·74 (0·55–0·99)
 0·90 (0·66–1·21)

  0·81 (0·65–1·00)

1·00·60·4 1·4 1·61·20·8

Favours placeboFavours tranexamic acid

Tranexamic acid group Placebo group Risk ratio (95% CI)

Time from delivery (h)

≤1 253/4844 (5·2%) 229/4726 (4·9%) 1·08 (0·91–1·28)

>1–≤3 122/2672 (4·6%) 154/2682 (5·7%) 0·80 (0·63–1·00)

>3 159/2514 (6·3%) 161/2569 (6·3%) 1·01 (0·82–1·25)

p=0·11*

Type of delivery

Vaginal 255/7080 (3·6%) 288/7108 (4·1%) 0·89 (0·75–1·05)

Caesarean section 279/2951 (9·5%) 257/2873 (9·0%) 1·06 (0·90–1·24)

p=0·15*

Primary cause of haemorrhage

Uterine atony 249/6426 (3·9%) 274/6333 (4·3%) 0·90 (0·76–1·06)

Other or unknown 285/3606 (7·9%) 272/3652 (7·5%) 1·06 (0·90–1·24)

p=0·15*

All patients 534/10 032 (5·3%) 546/9985 (5·5%) 0·97 (0·87–1·09)

Two-sided p=0·65

Data are n (%) unless otherwise indicated. *p value from likelihood ratio test.

Table 3: Effect of tranexamic acid on composite primary endpoint (death or hysterectomy) by subgroup

1 g TXA i.v in 10 min, 
repeated if bleeding continued after 30 min or stopped and restarted within 24 h
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Fisiopatologia dell’emorragia critica: …e 
ombre

Georges de La Tour, Maddalena penitente (particolare), 1639- 1634 
(New York, Metropolitan  Museum of  Art)



§ Per ENTITA’
§ Per SEDE
§ Per FISIOPATOLOGIA

- paziente (comorbità/farmaci)

- setting (pre-H, Emer, ICU)

Per ENTITA’
§ INTRAOPERATORIA  > 500-1000 ml/ora per 1 ora
§ POSTOPERATORIA     > 200-500 ml/ora per 2 ore
§ TRAUMA PENETRANTE  > 2 gr Hb/ora per 1 ora
§ MASSIVA > 150 ml/min

Il concetto di emorragia CRITICA
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Early death in APL-post ATRA era
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Factors contributing to increased risk of 
intracranial hemorrhage in APL



§ Per ENTITA’
§ Per SEDE
§ Per FISIOPATOLOGIA

- paziente (comorbità/farmaci)

- setting (pre-H, Emer, ICU)

Per ENTITA’
§ INTRAOPERATORIA  > 500-1000 ml/ora per 1 ora
§ POSTOPERATORIA     > 200-500 ml/ora per 2 ore
§ TRAUMA PENETRANTE  > 2 gr Hb/ora per 1 ora
§ MASSIVA > 150 ml/min

Per SEDE
§ INTRACEREBRALE
§ INTRAEPATICA

Per FISIOPATOLOGIA
§ DIFETTO DELL’EMOSTASI CONGENITO O 

ACQUISITO

Non solo quantità: il concetto di emorragia CRITICA
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Pathophysiology of trauma-induced
coagulopathy: disseminated intravascular
coagulation with the fibrinolytic phenotype
Mineji Hayakawa

Abstract

In severe trauma patients, coagulopathy is frequently observed in the acute phase of trauma. Trauma-induced
coagulopathy is coagulopathy caused by the trauma itself. The pathophysiology of trauma-induced coagulopathy
consists of coagulation activation, hyperfibrino(geno)lysis, and consumption coagulopathy. These pathophysiological
mechanisms are the characteristics to DIC with the fibrinolytic phenotype.

Keywords: Coagulopathy, Disseminated intravascular coagulation, Fibrinolysis, Massive bleeding, Transfusion, Fibrinogen,
Trauma

Background
In severe trauma patients, coagulopathy is frequently
observed in the acute phase of trauma, with profound
effects on outcome [1–7]. This coagulopathy is caused
by multiple factors associated with the trauma itself as
well as certain interventions [8–12] and has been de-
scribed with various terms. In this manuscript, we refer
to the coagulopathy caused by diverse trauma-associated
factors as “trauma-associated coagulopathy” and the coag-
ulopathy caused by the trauma itself as “trauma-induced
coagulopathy” (Fig. 1).

Inconsistencies in the acute coagulopathy of trauma
shock theory
Coagulation suppression by activated protein C?
In the acute coagulopathy of trauma shock (ACoTS)
theory, trauma-shock stimulates release of soluble throm-
bomodulin (TM) from endothelial cells [13, 14]. Soluble
TM binds to thrombin to form a thrombin-TM complex,
which activates protein C [13, 14], which in turn sup-
presses prothrombinase complex (factor Va-factor Xa
complex) activity and thrombin formation [13, 14].
However, TM is a receptor of thrombin and protein C

on the endothelial cell surface and regulates the coagula-
tion and complement system [15]. Soluble TM is formed

via the limited proteolysis of TM by neutrophil elastase
on the endothelial cell surface [16, 17], but it has not
been confirmed that soluble TM is actively secreted by
endothelial cells. However, the level of soluble TM
correlates with the degree of endothelial injury [16, 17].
Furthermore, soluble TM has only 20% of activity of
normal TM on the endothelial cell surface [18]. Under
these circumstances, the anticoagulant property of the
endothelium is impaired [16, 17]. Consequently, total
anticoagulant activity of TM in vessels is impaired in
the acute phase of trauma [17].

Hyperfibrinolysis by degradation of plasminogen activator
inhibitor?
In the ACoTS theory, activated protein C decomposes
plasminogen activator inhibitor (PAI) [13]. Because PAI
suppresses fibrinolysis, PAI degradation accelerates
fibrinolysis [13].
However, activated protein C level does not increase,

because, as mentioned above, total TM activity in the
vessel is impaired [17]. Furthermore, plasma PAI level
does not increase immediately following trauma [19].
Chapman et al. [19] indicated that total plasma PAI in
severe trauma patients with hyperfibrinolysis did not
increase compared to that in healthy controls. Therefore,
PAI degradation does not appear to play a significant
role in the pathogenesis of hyperfibrinolysis in the acute
phase of trauma [17, 19].
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DIC phenotypes
We have repeatedly advocated that trauma-induced co-
agulopathy is a disseminated intravascular coagulation
(DIC) with the fibrinolytic phenotype [12, 20–22]. How-
ever, it has been suggested that trauma-induced coagu-
lopathy does not imply DIC [13]. We consider that this
argument [13] might have resulted from a misunder-
standing about DIC phenotypes.
DIC is divided into two phenotypes, the fibrinolytic

and thrombotic phenotypes (Table 1) [20, 23, 24]. In
critical care settings, sepsis-induced DIC is frequently
observed, which is a representative of the thrombotic
phenotype [24] and characterized by suppressed fibrin-
olysis with micro-vessel thrombosis and ischemic organ
dysfunction [25]. However, trauma-induced coagulopa-
thy, which is considered a type of DIC with the fibrino-
lytic phenotype, is markedly different from DIC with
the thrombotic phenotype [12, 20, 21]. Coagulation ac-
tivation is observed in both phenotypes of DIC. Plasma
PAI suppresses fibrinolysis in DIC with the thrombotic
phenotype, whereas fibrino(geno)lysis is activated by
tissue-plasminogen activator (t-PA) in DIC with the

fibrinolytic phenotype [24, 25]. Therefore, although
sepsis-induced DIC does not lead to massive bleeding,
trauma-induced DIC (fibrinolytic phenotype) in the
acute phase of trauma contributes to massive bleeding
and death [1–4].

Pathophysiology of trauma-induced coagulopathy
Trauma-induced coagulopathy is generated by the follow-
ing pathophysiological mechanisms:

1) Coagulation activation

1. Procoagulants in the systemic circulation
2. Impairment of endogenous anticoagulant activity
3. Thrombin generation in the systemic circulation

2) Hyper-fibrino(geno)lysis

1. Acute release of t-PA-induced
hyperfibrino(geno)lysis

2. Coagulation activation-induced fibrino(geno)lysis

3) Consumption coagulopathy

Coagulation activation
Procoagulants in the systemic circulation
In severe trauma patients, particularly those with blunt
trauma, massive tissue injury accelerates thrombin gen-
eration [3, 5–7]. Previous studies showed spontaneous
thrombin generation in severe trauma by using non-
stimulation thrombin generation assays (Fig. 2) [26, 27].
Shortly after trauma, various procoagulants are ob-
served in the systemic circulation, which results in this
spontaneous thrombin generation (Table 2).
The platelet-derived microparticle is a well-known

procoagulant in the acute phase of trauma [28–30], and
several studies have indicated that various other cell-
derived microparticles are subsequently released into the
systemic circulation in the acute phase of trauma, such
as the leukocyte-derived [30, 31], erythrocyte-derived
[31], and endothelial-derived [30, 31] microparticles.
Tissue factor is exposed on the membrane of certain mi-
croparticles [30, 32, 33]. Therefore, elevation of tissue
factor antigen levels in the plasma reported in previous
studies [34, 35] may reflect increase of tissue factor-
exposing microparticles. Recently, brain-derived micro-
particles were detected in brain trauma animal models
[32, 33]. These brain-derived microparticles expressed
neuronal or glial cell markers, procoagulant phosphati-
dylserine, and tissue factor [32, 33]. In addition, other
injured organs may possibly release microparticles in
severe trauma.
Extracellular DNA and DNA-binding proteins, which

are well known as damage-associated molecular patterns,

Fig. 1 Trauma-associated coagulopathy and trauma-induced
coagulopathy. Trauma-associated coagulopathy is caused by
multiple factors and includes trauma-induced coagulopathy,
which is caused by trauma itself.

Table 1 Characteristics of DIC phenotypes
Fibrinolytic phenotype Thrombotic phenotype

Representative cause Acute phase of trauma Sepsis

Coagulation Activated Activated

Fibrinolysis Activated Suppressed

PAI-1 Low High

Clinical symptom Bleeding Organ dysfunction

DIC disseminated intravascular coagulation, PAI plasminogen
activator inhibitor
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Acute promyelocitic leukemia





ü Acute promyelocytic leukaemia(APL) is characterized by a high rate of
life-threatening haemorrhagic events related to hyperfibrinolysis.

ü Low TAFI activity has been reported in APL patients
ü PML-RAR-a enhances the expression of S100A10 (p11) which forms a

eterotetrameric (S100A10)2-(annexin A2)2 complex on the surface of
various cells

ü The (S100A10)2-(annexin A2)2 complex provides a template for
plasminogen activation on the cell surface and protects plasmin
against plasma inhibitors in a similar way to fibrin.

ü These S100A10-related pro-fibrinolytic effects are consistent with the
bleeding profile in APA

ü An additional factor for the profibrinolytic state in APL could be the
release of neutrophil elastase from the leukaemic promyelocytes

ü The evidence justifies the classification of the haemostatic imbalance
in APL as primary hyperfibrinolysis, and this conclusion is supported
by the typical laboratory findings in the blood of APL patients
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Authors, year Pts. End-point Predictor

Abla et al. 683 Thrombo-hemorrhagic
early death

WBC count, PB blast count, morphological
subtype, ethnicity, BMI

Mantha et al. 995 Hemorrhagic early
death

WBC count, PB blast count, ECOG PS

Mitrovic et al. 56 Hemorrhagic early
death

WBC count, ECOG PS, fibrinogen, PT, ISTH
DIC score

Kim et al 90 Hemorrhagic death Platelet count, LDH, fibrinogen

de la Serna et al. 732 Hemorrhagic induction
death

Age, creatinine, WBC count, PB blast
count, coagulopathy

Higuchi et al. 19 Hemorrhagic early
death

Fibrinogen

Univariate; multivariate
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ü Retrospective study applying group based trajectory
modeling over continously recorded variables

ü Significantly higher risk for major bleeding in pts. with:
§ WBC > 20.000/mmc uptrending during the initial days of

induction
§ LDH > 700 U/L uptrending during the initial days of

induction
Our findings urge that the transfusion strategy in APL
should not be dictated by PLT, FGN, and coagulation
parameters alone, but should incorporate consideration of
WBC and LDH values and trends
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A Cochrane meta-analysis evaluating the use of tranexamic acid in 1654 UGIH patients
showed a beneficial effect of TXA on mortality when compared with placebo (relative
risk [RR] 0.61, 95%CI 0.42–0.89), but not on other patient outcomes including
bleeding, surgery, or transfusion requirements.
However, the beneficial effect on mortality did not persist in subgroup analysis.
The studies included in this meta-analysis have important limitations that affect their
generalizability including their methodological quality and the fact that the majority
were conducted before the widespread use of therapeutic endoscopy and PPIs.
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ü International, randomised placebo-controlled trial in
adults with intracerebral haemorrhage within 8 h of
stroke symptom onset (or time last seen well).

ü Participants were randomly assigned (1:1) to receive 1
g intravenous tranexamic acid bolus followed by an 8 h
infusion of 1 g tranexamic acid or a matching placebo
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