
EMORRAGIA MASSIVA 
IN OSTETRICIA, TRAUMA, CHIRURGIA

Dott. Marco Marietta
Modena 



Relazioni con soggetti portatori di interessi
commerciali in campo sanitario

Il sottoscritto Marco Marietta, in qualità di relatore all’evento
“Hematology Passport”, ai sensi dell’art. 3.3 sul Conflitto di Interessi, dell’Accordo
Stato-Regione del 19 aprile 2012,

dichiaro
che negli ultimi due anni ho avuto rapporti diretti di finanziamento con i seguenti
soggetti portatori di interessi commerciali in campo sanitario:
Ø Relazioni a convegni: Novo-Nordisk, Octapharma, Werfen

e che detti rapporti non sono tali da poter influenzare l’attività di docenza
espletata nell’ambito dell’Evento nel senso di pregiudicare la finalità esclusiva di
educazione/formazione dei professionisti della Sanità nell’attività formativa
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Le grandi domande dell’emorragia massiva

ü Che cos’è un’emorragia massiva?

ü Che cosa vedono e che cosa NON vedono i comuni test dell’emostasi?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipocoagulabile?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipofibrinolitico?

ü In che misura il modello del trauma è trasferibile ad altre emorragie critiche?

ü Come gestire la coagulopatia del trauma?
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BCSH. British Journal of Haematology 2006;135:634-641
Crosson JY. Clin Lab Med 1996;16:873-882
Erber WN. Transfusion and Apheresis Science 2002;27:83-92

üTrasfusione di >3000 mL o >10 unità di EC in 24 h

üRimpiazzo (perdita) di un volume ematico in 24 h

ü Rimpiazzo (perdita) del 50% del volume ematico in 3h 

üTrasfusione di 4 o più unità di EC in 1 ora

ü Sanguinamento > 150 ml/min

CHE COS’E’ UN’ EMORRAGIA MASSIVA





Moore EE et al. Nature Reviews. Disease Primers (2021) 7:30

Definitions of Massive Transfusion

ü>10 units of RBCs per 24 hours (liable to substantial survivor bias)

ü>4 RBC units or death in the first hour after injury (minimizes survivor 

bias);

ü≥3 RBC units per hour in the first hour or in any of the first 4 hours 

from arrival); 

ü >4 RBC units within the first hour

ØNB: definitions of MT do not capture the effects of TBI on a peculiar type of TIC 



§ 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



Le grandi domande dell’emorragia massiva

ü Che cos’è un’emorragia massiva?

ü Che cosa vedono e che cosa NON vedono i comuni test dell’emostasi?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipocoagulabile?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipofibrinolitico?

ü In che misura il modello del trauma è trasferibile ad altre emorragie critiche?

ü Come gestire la coagulopatia del trauma?



Elbaz C. Res Pract Thromb Haemost. 2020;4:761–773.

Che cosa vedono i test di base dell’emostasi?

PT APTT



üPT/ INR and aPTT were basically designed to assess coagulation factor deficiencies and
to monitor vitamin K antagonists and heparin
üAll these tests are performed in plasma without platelets or red cells at a standardized
temperature, and are unable to correctly diagnose complex settings of fibrinogen
deficiency or fibrinolysis
üPT and aPTT measurements terminate when only 5% of thrombin is generated
üIt should be clearly stated that SLT are not per se inappropriate, but have been
frequently used to try to answer a question that they were never designed to be able to
answer.





Ematologia di Modena



Che cosa NON vedono i test di base dell’emostasi? 

Fenomeno non identificato Ricadute cliniche

Effetto inibitorio dell’ipotermia Valori dei test non attendibili nel paziente
ipotermico

Cinetica del coagulo Apparente ipocoagulabilità di epatopatico

Stabilizzazione del Coagulo (F XIII) Deficit acquisiti di F XIII

Fibrinolisi Mancata diagnosi di iper/ipofibrinolisi

Funzionalità piastrinica Deficit di attività (es antiaggreganti)

Contributo dell’endotelio all’ emostasi Incapacità di diagnosticare/trattare endotelite

Contributo della reologia all’ emostasi Incapacità di trattare difetti reologici





TEG®

üLavorano su sangue intero
üRapidi
üVisione dinamica di coagulazione
üValutano la fibrinolisi
üValutano funzione piastrinica
üLavorano anche in ipotermia

ROTEM®
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Setting Recommendation GoR

Post-partum 
haemorrhage

During ongoing major postpartum haemorrhage, if the FIBTEM A5 is >12 mm
fibrinogen replacement is unlikely to improve clinical haemostasis.

2B

During major postpartum haemorrhage, if FIBTEM A5 is <7 mm, or <12 mm with
ongoing bleeding, fibrinogen replacementmay improve clinical haemostasis.

2C

TXA should not be withheld based on the TEG/ROTEM 1B
Liver surgery In bleeding patients, VHA (FIBTEM, TEG ff) should be used to guide fibrinogen

replacement.
1C

Cardiac surgery VHA can be used to guide fibrinogen replacement. 1B
Trauma TEG and ROTEM may be used as an indicator that a trauma patient is at higher risk

of requiring RBC and blood components
2C

Transfusion algorithms should be adapted according to local normal ranges and locally validated



Che cosa NON vedono i test di base dell’emostasi? 

Fenomeno non identificato TEG/ROTEM

Effetto inibitorio dell’ipotermia Test eseguibili in ipotermia

Cinetica del coagulo Apparente ipocoagulabilità di epatopatico

Stabilizzazione del Coagulo (F XIII) Deficit acquisiti di F XIII

Fibrinolisi Diagnosi di iper/ipofirbinolisi

Funzionalità piastrinica Deficit di attività (es antiaggreganti)

Contributo dell’endotelio all’ emostasi Incapacità di diagnosticare/trattare endotelite

Contributo della reologia all’ emostasi Incapacità di trattare difetti reologici



Zou et al. Journal of Neuroinflammation 2021; 18:134

Endothelial glycocalyx in TBI-associated coagulopathy: 
potential mechanisms and impact



Alta 
degradazione 

glicocalice

Bassa
degradazione 

glicocalice

p

Sat O2 (%) 93 96 0.021

Mortalità (%) 42 14 0.006

Lattato (mmol/L) 3 2 0.006

IL-6 (pg/mL) 44.9 7.8 <0.001

IL-10 (pg/mL) 13.3 3.7 0.001

HMGB1 (ng/mL) 10.8 6.8 0.006

t-PA (ng/mL) 15.3 9.2 0.005
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In this cohort of severely injured trauma patients, rTEG coagulopathy was associated with sympathoadrenal
activation, endotheliopathy, and excess mortality.
High adrenaline and biomarkers reflecting endothelial cell junction and glycocalyx damage were independently
associated with hypocoagulability and hyperfibrinolysis
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Walker SC et al Shock. 2021 Oct 1. doi: 10.1097/SHK.0000000000001867



Walker SC et al Shock. 2021 Oct 1. doi: 10.1097/SHK.0000000000001867



Zou et al. Journal of Neuroinflammation 2021; 18:134

Endothelial glycocalyx in TBI- associated coagulopathy: 
potential mechanisms and impact



Le grandi domande dell’emorragia massiva

ü Che cos’è un’emorragia massiva?

ü Che cosa vedono e che cosa NON vedono i comuni test dell’emostasi?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipocoagulabile?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipofibrinolitico?

ü In che misura il modello del trauma è trasferibile ad altre emorragie critiche?

ü Come gestire la coagulopatia del trauma?



ü Severe tissue injury is followed by a hypercoagulable state that is likely
related to tissue factor exposure and the release of procoagulants into the
systemic circulation

Early TIC (I)

Duque P et al. Anesth Analg 2019



Abrams S et al. Blood. 2020 Jul 28:blood.2019002973. doi: 10.1182/blood.2019002973.
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Histone H4 Is Cytotoxic to Platelets, Inducing Sustained Cytosolic
Calcium Elevation and Reducing Agonist Responses. Histone H4
was detectable on the surface of circulating platelets from
trauma patients, and the degree of histone binding was strongly
correlated with the size of the procoagulant subset (Fig. 4A). In
vitro, exposure of platelets sourced from healthy volunteers to
histone H4 at concentrations previously reported in injured hu-
mans produced sustained rises in cytosolic calcium concentra-
tions of platelets which persisted for at least 60 min from
exposure (Fig. 4B). This population could not respond to sub-
sequent agonist stimulation (Fig. 4C). Histone-platelet interac-
tion resulted in membrane damage, evidenced by a concentration-
dependent increase in lactate dehydrogenase (LDH) release from
platelets (Fig. 4D). This was not attenuated by blockade of Toll-
like receptor 2 (TLR2) or TLR4, the major receptors for histones
on platelets (23) (SI Appendix, Fig. S2), consistent with the direct
effect that histones are known to exert on cell membranes (24, 27)

Extracellular Histone H4 Induces Platelet Ballooning and Microparticle
Production.A sustained elevation in platelet cytosolic calcium is a
requirement for balloon formation (13, 28). In accord with this,

we found that platelets from healthy individuals exposed to histone
H4 were rapidly converted into platelet balloons, with histone de-
posited both on the remnant body of the ballooning platelets and
around the balloon itself (Fig. 5A). Histones were also present on the
surface of ballooning platelets in samples taken from trauma patients
(Fig. 5A). Exposure of platelets from healthy volunteers to histone
H4 in vitro led to a concentration-dependent increase in expression
of histones on the surface of platelets, procoagulant platelet trans-
formation, and platelet ballooning (Fig. 5 B–D). Blockade of TLR2
or TLR4 in isolation or in combination did not significantly reduce
histone-induced platelet ballooning (SI Appendix, Fig. S2). Histone
H4–treated platelets also produced large quantities of microparticles
which retained histone H4 on their surfaces (Fig. 5 E–G) and
expressed phosphatidylserine on their outer leaflets (Fig. 5H), sug-
gesting that they originated from the procoagulant subset and in-
dicating their potential to support coagulation and modulate
immune cell function. These microparticles coated the surfaces of
leukocytes (Fig. 5I), reflecting our observations in trauma patients.
Finally, histone H4 caused a concentration-dependent release of the
proinflammatory alpha granule protein platelet factor 4 (PF4) from
platelets in vitro, mirroring observations of elevations in PF4 seen
in plasma samples of trauma patients (SI Appendix, Fig. S3).

Discussion
The results presented in this study demonstrate a fundamental
switch in platelet behavior toward a procoagulant and proin-
flammatory phenotype at the expense of platelet aggregation,
which occurs during traumatic hemorrhage as a direct response
to tissue damage. We propose a model in which histone H4 re-
leased into the circulation by mechanically damaged or ischemic
tissues exerts a direct cytotoxic effect on platelets. This interac-
tion drives platelet ballooning, leading to the release of micro-
particles which interact with circulating leukocytes.
Platelet balloons are thought to form at wound sites as a re-

sponse to vascular injury (13, 28–30). The agonist requirements
for platelet ballooning in vitro are high concentrations of colla-
gen (or collagen-related peptide) and thrombin—conditions
found at the site of endothelial damage (31). The ballooned
platelet membrane maximizes the surface area for assembly of
procoagulant enzyme complexes on the platelet surface, which is
critical for amplification of thrombin generation at sites of in-
jury (13, 32). Histones have been shown to promote platelet-
dependent thrombin generation (23), but have not been shown
to induce ballooning. In this study, we observed interactions
between histone H4 and platelets in vivo after major injury in
humans, and found that this interaction induces sustained rises
in cytosolic calcium levels leading to membrane ballooning and
procoagulant transformation. Histone H4 is released from tis-
sues which have been mechanically disrupted or subjected to
ischemia, resulting in massive elevations in circulating histone
levels after severe injury and hemorrhage (12, 33). Of the 5
proteins which make up the histone family, H4 has the most
potent effects on platelets (22) and has pore-forming activity on
contact with cell membranes which induces lytic cell death (26).
Our data suggest that this direct membrane-toxic effect of H4
drives platelet ballooning, although other histones may also play
a contributory role. This alternative mechanism accounts for the
presence of balloons free in the peripheral circulation in trauma
patients at sites remote from vascular damage, and provides a
potential explanation for the widespread development of pro-
coagulant platelets in other diseases which involve histone release
but not collagen exposure, such as ischemia-reperfusion injury and
sepsis-induced disseminated intravascular coagulation (30, 34, 35).
Due to their lack of cytoskeletal architecture, balloons are del-

icate structures which readily disintegrate, producing large quan-
tities of microparticles (13, 17). Histone H4 exposure recapitulates
this phenomenon. In trauma patients, we found large numbers of
circulating leukocytes bound by material from activated platelets
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Fig. 2. Platelet ballooning during trauma hemorrhage. (A) Representative
transmission electron microscopy images of platelet-rich plasma from 3 patients
with severe injuries showing ballooning platelets (red arrows) with loss of mem-
brane integrity and absent cytoplasmic contents. White arrows indicate non-
ballooned platelets. (Scale bars, 2 !m.) (B) Representative images from trauma
patients demonstrating a morphologically normal platelet (Top) and platelets dis-
playing membrane ballooning and annexin V binding. (C) Number of ballooning
platelets in healthy volunteers (black, n = 10) and in trauma patients (red) with
mild–moderate injuries (ISS ! 15, n = 13), severe injuries (ISS 16–25, n = 17), and
critical injuries (ISS > 25, n = 18). Results expressed as proportion of platelets. Box
plots display median with interquartile range and 10th–90th percentiles. ***P <
0.01, 1-way ANOVA. (D) Level of ballooning before (pre-) and after (post-) platelet
transfusion in serial samples taken during active hemorrhage (n = 9). Lines indicate
mean. **P < 0.01, paired t test. (E) Annexin V binding to platelets isolated from
healthy volunteers (n = 8) and trauma patients (n = 18). ***P < 0.001, Mann–
Whitney U test. (F) Frequency of P-selectin+ve/PAC-1"ve platelets in healthy vol-
unteers (n = 8) and trauma patients (n = 28). **P < 0.01, Mann–Whitney U test.
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authors have described a state of elevated thrombin–generating
potential despite loss of procoagulant clotting factors in severely
injured patients (42, 43). This study identifies ballooning plate-
lets as the previously undefined procoagulant factor underlying
this apparently paradoxical situation. Our findings illustrate that
posttraumatic changes in platelet behavior are more complex
than solely the impairment of platelet aggregation that has
been described (1, 2). It is unclear how platelet ballooning
and PMP release impact global assays of hemostasis, such as
thromboelastometry, that are increasingly used to guide resuscitation
(44). Although allogeneic platelets are routinely administered to
bleeding patients as part of major hemorrhage protocols to
support platelet function during TIC, there is uncertainty around their
efficacy and mechanism of action (45, 46). Transfused platelets are

exposed to the same intravascular conditions as endogenous plate-
lets and are therefore susceptible to histone-induced procoagulant
transformation. This provides one potential explanation as to why
platelet transfusions do not support aggregation (3, 7) but lead to
increases in circulating alpha granule proteins (3) and increases in
circulating platelet balloons.
In conclusion, this study describes a dramatic phenotypic

change in circulating platelets induced by histone release after
major trauma. Our findings provide insights into aspects of platelet
behavior previously unrecognized in trauma patients, and broaden
the concept of platelet “dysfunction” during coagulopathic hem-
orrhage. We describe a previously undefined and fundamental
component of the innate response to damage, which is manifest by
the development of platelet ballooning and microparticle pro-
duction. These observations have implications for the pathophys-
iology of trauma-induced coagulopathy and multiple-organ
dysfunction, and for the future development of effective platelet
therapeutics for critically bleeding patients.

Materials and Methods
Additional methodological details can be found in the SI Appendix.

Study Design. Adult trauma patients recruited into the Activation of Coag-
ulation and Inflammation after Trauma (ACIT) study who met criteria for
advanced trauma team activation at a single urbanmajor trauma center were
included in this study. Inclusion and exclusion criteria have been published
previously (3, 5). The study was approved by the London – City and East
Research Ethics Committee (reference 07/Q0603/29). In patients who lacked
capacity, consent for participation was provided by an independent clinician
prior to any study-related activities. Informed consent was then obtained
from the patient or next of kin at the earliest opportunity. Blood samples
were obtained in the emergency department within 2 hours of injury and
processed immediately after collection. Characteristics of the study cohorts
are described in the SI Appendix, Tables S1 and S2. Healthy volunteers taking
no regular medication acted as a control group (reference 07/Q0702/24).

Transmission Electron Microscopy. Platelet-rich plasma was fixed in graded
buffers, washed, and stored overnight in sodium cacodylate buffer. Samples
were dehydrated in a graded ethanol series and then infiltrated with London
Resin white resin prior to examination with a JOEL JEM-1230 microscope
(JOEL USA). Further details can be found in the SI Appendix.

Flow Cytometry and Imaging Flow Cytometry. P-selectin (CD62P) expression,
integrin !IIb"3 activation, annexin V binding, and histone H4 were quan-
tified on platelets by flow cytometry using an LSRII flow cytometer (Becton
Dickinson). Platelet balloons, platelet-leukocyte interactions, and PMPs were
characterized and quantified using the ImageStreamx Mk II imaging flow
cyometer (Amnis). Antibody panels and gating strategies are described in
the SI Appendix, Figs. S1 and S4.

Platelet Stimulation. Washed platelets (3 ! 108/mL) were recalcified to 2 mM
and incubated at 37 °C under stirring conditions with vehicle or Histone H4
Human, Recombinant (New England Biolabs), at the stated concentrations.
Reactions were stopped by addition of 1:2 acid-citrate-dextrose (5 mM
dextrose, 6.8 mM trisodium citrate, 3.8 mM citric acid). Platelets were then
prepared for flow cytometry or imaging flow cytometry as described in the
SI Appendix.

CalciumMobilization.Washed platelets were loadedwith Fluo 3-AM (Biotium)
for 30 min and then incubated with anti-CD42b-APC for 15 min. Platelets
were then diluted 1:10 with Tyrode’s buffer with 2 mM calcium. Basal
fluorescence was recorded in unstimulated platelets, and changes were
quantified in real time following challenge with thrombin receptor–acti-
vating peptide 6 (TRAP) or H4 using the LSRII flow cytometer.

Data Analysis. Hierarchical clustering analysis was performed with Morpheus
software (Broad Institute). Statistical analyses were performed using Prism v6.0
(GraphPad). A 2-tailed P value of <0.05 was considered significant throughout.

ACKNOWLEDGMENTS. We thank Professor Harry Heijnen for his advice and
assistance in the interpretation of electron microscopy images, and Dr. Giulia
Mastroianni for technical assistance with electron microscopy. This study was
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Fig. 5. Histone H4 induces platelet ballooning and release of procoagulant,
proinflammatory microparticles. (A) Representative images of platelets from
healthy volunteers and trauma patients. (B–D) Impact of histone H4 expo-
sure on platelets. Platelet ballooning (B), surface expression of histone H4
(C), and annexin V binding (D) after stimulation with histone H4 at the in-
dicated concentrations or vehicle for 5 min under stirring conditions (1,200
rpm). (E–I) Histone-induced microparticle production by platelets. Repre-
sentative flow cytometry plots of vehicle- and histone-treated platelets (E).
Quantity of PMPs released (F), expression of histone H4 on surface of PMPs
(G), annexin V binding to PMPs (H), and interaction of PMPs with leukocytes
(I). Box plots display median, interquartile range, minimum values, and
maximum values from 6 independent experiments. *P < 0.05 **P < 0.01
***P < 0.001 vs. vehicle, 1-way ANOVA with Dunnett’s posttest.
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authors have described a state of elevated thrombin–generating
potential despite loss of procoagulant clotting factors in severely
injured patients (42, 43). This study identifies ballooning plate-
lets as the previously undefined procoagulant factor underlying
this apparently paradoxical situation. Our findings illustrate that
posttraumatic changes in platelet behavior are more complex
than solely the impairment of platelet aggregation that has
been described (1, 2). It is unclear how platelet ballooning
and PMP release impact global assays of hemostasis, such as
thromboelastometry, that are increasingly used to guide resuscitation
(44). Although allogeneic platelets are routinely administered to
bleeding patients as part of major hemorrhage protocols to
support platelet function during TIC, there is uncertainty around their
efficacy and mechanism of action (45, 46). Transfused platelets are

exposed to the same intravascular conditions as endogenous plate-
lets and are therefore susceptible to histone-induced procoagulant
transformation. This provides one potential explanation as to why
platelet transfusions do not support aggregation (3, 7) but lead to
increases in circulating alpha granule proteins (3) and increases in
circulating platelet balloons.
In conclusion, this study describes a dramatic phenotypic

change in circulating platelets induced by histone release after
major trauma. Our findings provide insights into aspects of platelet
behavior previously unrecognized in trauma patients, and broaden
the concept of platelet “dysfunction” during coagulopathic hem-
orrhage. We describe a previously undefined and fundamental
component of the innate response to damage, which is manifest by
the development of platelet ballooning and microparticle pro-
duction. These observations have implications for the pathophys-
iology of trauma-induced coagulopathy and multiple-organ
dysfunction, and for the future development of effective platelet
therapeutics for critically bleeding patients.

Materials and Methods
Additional methodological details can be found in the SI Appendix.

Study Design. Adult trauma patients recruited into the Activation of Coag-
ulation and Inflammation after Trauma (ACIT) study who met criteria for
advanced trauma team activation at a single urbanmajor trauma center were
included in this study. Inclusion and exclusion criteria have been published
previously (3, 5). The study was approved by the London – City and East
Research Ethics Committee (reference 07/Q0603/29). In patients who lacked
capacity, consent for participation was provided by an independent clinician
prior to any study-related activities. Informed consent was then obtained
from the patient or next of kin at the earliest opportunity. Blood samples
were obtained in the emergency department within 2 hours of injury and
processed immediately after collection. Characteristics of the study cohorts
are described in the SI Appendix, Tables S1 and S2. Healthy volunteers taking
no regular medication acted as a control group (reference 07/Q0702/24).

Transmission Electron Microscopy. Platelet-rich plasma was fixed in graded
buffers, washed, and stored overnight in sodium cacodylate buffer. Samples
were dehydrated in a graded ethanol series and then infiltrated with London
Resin white resin prior to examination with a JOEL JEM-1230 microscope
(JOEL USA). Further details can be found in the SI Appendix.

Flow Cytometry and Imaging Flow Cytometry. P-selectin (CD62P) expression,
integrin !IIb"3 activation, annexin V binding, and histone H4 were quan-
tified on platelets by flow cytometry using an LSRII flow cytometer (Becton
Dickinson). Platelet balloons, platelet-leukocyte interactions, and PMPs were
characterized and quantified using the ImageStreamx Mk II imaging flow
cyometer (Amnis). Antibody panels and gating strategies are described in
the SI Appendix, Figs. S1 and S4.

Platelet Stimulation. Washed platelets (3 ! 108/mL) were recalcified to 2 mM
and incubated at 37 °C under stirring conditions with vehicle or Histone H4
Human, Recombinant (New England Biolabs), at the stated concentrations.
Reactions were stopped by addition of 1:2 acid-citrate-dextrose (5 mM
dextrose, 6.8 mM trisodium citrate, 3.8 mM citric acid). Platelets were then
prepared for flow cytometry or imaging flow cytometry as described in the
SI Appendix.

CalciumMobilization.Washed platelets were loadedwith Fluo 3-AM (Biotium)
for 30 min and then incubated with anti-CD42b-APC for 15 min. Platelets
were then diluted 1:10 with Tyrode’s buffer with 2 mM calcium. Basal
fluorescence was recorded in unstimulated platelets, and changes were
quantified in real time following challenge with thrombin receptor–acti-
vating peptide 6 (TRAP) or H4 using the LSRII flow cytometer.

Data Analysis. Hierarchical clustering analysis was performed with Morpheus
software (Broad Institute). Statistical analyses were performed using Prism v6.0
(GraphPad). A 2-tailed P value of <0.05 was considered significant throughout.
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Fig. 5. Histone H4 induces platelet ballooning and release of procoagulant,
proinflammatory microparticles. (A) Representative images of platelets from
healthy volunteers and trauma patients. (B–D) Impact of histone H4 expo-
sure on platelets. Platelet ballooning (B), surface expression of histone H4
(C), and annexin V binding (D) after stimulation with histone H4 at the in-
dicated concentrations or vehicle for 5 min under stirring conditions (1,200
rpm). (E–I) Histone-induced microparticle production by platelets. Repre-
sentative flow cytometry plots of vehicle- and histone-treated platelets (E).
Quantity of PMPs released (F), expression of histone H4 on surface of PMPs
(G), annexin V binding to PMPs (H), and interaction of PMPs with leukocytes
(I). Box plots display median, interquartile range, minimum values, and
maximum values from 6 independent experiments. *P < 0.05 **P < 0.01
***P < 0.001 vs. vehicle, 1-way ANOVA with Dunnett’s posttest.
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THROMBOSIS AND HEMOSTASIS

Prothrombotic skeletal muscle myosin directly enhances prothrombin
activation by binding factors Xa and Va
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Owen J. T. McCarty,2 Mitchell J. Cohen,3 and John H. Griffin1,4

1Department of Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla, CA; 2Biomedical Engineering, School of Medicine and

Division of Hematology, Oregon Health and Science University, Portland, OR; 3Department of Surgery, University of California, San Francisco and San

Francisco General Hospital, San Francisco, CA; and 4Division of Hematology, Department of Medicine, University of California, San Diego, La Jolla, CA

Key Points

• Skeletal muscle myosin
promotes thrombus formation
and enhances prothrombin
activation by binding factors
Xa and Va.

• The procoagulant activity
of skeletal muscle myosin
might contribute to the
hypercoagulability in plasmas
of acute trauma patients.

To test the hypothesis that skeletal muscle myosins can directly influence blood coagu-

lation and thrombosis, ex vivo studies of the effects ofmyosin on thrombogenesis in fresh

human blood were conducted. Addition of myosin to blood augmented the thrombotic

responses of human blood flowing over collagen-coated surfaces (300 s21 shear rate).

Perfusion of human blood over myosin-coated surfaces also caused fibrin and platelet

deposition, evidencing myosin’s thrombogenicity. Myosin markedly enhanced thrombin

generation in both platelet-rich plasma and platelet-poor plasma, indicating that myosin

promoted thrombin generation in plasma primarily independent of platelets. In purified

reaction mixtures composed only of factor Xa, factor Va, prothrombin, and calcium ions,

myosin greatly enhanced prothrombinase activity. The Gla domain of factor Xa was not

required for myosin’s prothrombinase enhancement. When binding of purified clotting

factors to immobilizedmyosin wasmonitored using biolayer interferometry, factors Xa and

Va each showed favorable binding interactions. Factor Va reduced by 100-fold the apparent

Kd ofmyosin for factor Xa (Kd!0.48 nM), primarily by reducing koff, indicating formation of a

stable ternary complex of myosin:Xa:Va. In studies to assess possible clinical relevance for this discovery, we found that antimyosin

antibodies inhibited thrombin generation in acute trauma patient plasmas more than in control plasmas (P 5 .0004), implying myosin

might contribute to acute trauma coagulopathy.Weposit thatmyosin enhancement of thrombin generation could contribute either to

promote hemostasis or to augment thrombosis risk with consequent implications for myosin’s possible contributions to patho-

physiology in the setting of acute injuries. (Blood. 2016;128(14):1870-1878)

Introduction

Thrombin is generated in blood by proteolytic activation of pro-
thrombin by factor Xa, factor Va, and Ca11 assembled on a
suitable surface.1,2 Insuf!cient or excessive thrombin generation is
associated with bleeding or thrombosis, respectively. Knowledge
of the molecular surfaces that regulate thrombin generation is
essential. Recent studies emphasize that thrombin generation
primarily occurs at the site of damaged endothelium and exposed
subendothelium, not primarily on the membranes of activated
platelets.3,4 Thus, damaged cells, subendothelial basement mem-
branes, and damaged tissues may provide procoagulant surfaces that
contribute to thrombin generation.Avariety ofmolecular and structural
elements distinct from phosphatidylserine or phospholipid mem-
branes are procoagulant, including collagens that are prothrombotic
via both platelet activation5-7 and contact activationmechanisms.8,9

Murine and primate in vivo thrombosis model studies10,11 are con-
sistent with prothrombotic mechanism for collagens. Collagens bind
factor IX,12 and a mouse model with a variant of factor IX defective
in collagen binding manifests impaired hemostasis.3 Laminins are

procoagulant via both platelet activation and contact activation.5,7-14

Polyphosphates and polynucleotides support contact activation and
other procoagulant reactions,2,15 but none of these enhance prothrom-
binase activity.

In a pilot exomics rare-variant genotyping study targeting
low-frequency exomic variants for their potential association with
venous thrombosis,16 we linked a cluster of skeletal muscle myosin
heavy chain gene rare missense variants to venous thrombosis.
However, myosin is not a member of any conventional pathway
affecting thrombosis or hemostasis. Thus, here we report our
testing of the hypothesis that myosin can directly in"uence blood
coagulation and thrombosis. We report the remarkable direct
effects of skeletal muscle myosin on thrombin generation and
!brin formation in ex vivo studies of "owing human blood and in
vitro in thrombin generation assays using both plasma assays and
puri!ed prothrombinase assays due to myosin’s ability to bind
factors Xa and Va. Moreover, myosin is here implicated as
potentially contributing to the thrombin generation potential in
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required for myosin’s prothrombinase enhancement. When binding of purified clotting

factors to immobilizedmyosin wasmonitored using biolayer interferometry, factors Xa and

Va each showed favorable binding interactions. Factor Va reduced by 100-fold the apparent

Kd ofmyosin for factor Xa (Kd!0.48 nM), primarily by reducing koff, indicating formation of a

stable ternary complex of myosin:Xa:Va. In studies to assess possible clinical relevance for this discovery, we found that antimyosin

antibodies inhibited thrombin generation in acute trauma patient plasmas more than in control plasmas (P 5 .0004), implying myosin

might contribute to acute trauma coagulopathy.Weposit thatmyosin enhancement of thrombin generation could contribute either to

promote hemostasis or to augment thrombosis risk with consequent implications for myosin’s possible contributions to patho-

physiology in the setting of acute injuries. (Blood. 2016;128(14):1870-1878)

Introduction

Thrombin is generated in blood by proteolytic activation of pro-
thrombin by factor Xa, factor Va, and Ca11 assembled on a
suitable surface.1,2 Insuf!cient or excessive thrombin generation is
associated with bleeding or thrombosis, respectively. Knowledge
of the molecular surfaces that regulate thrombin generation is
essential. Recent studies emphasize that thrombin generation
primarily occurs at the site of damaged endothelium and exposed
subendothelium, not primarily on the membranes of activated
platelets.3,4 Thus, damaged cells, subendothelial basement mem-
branes, and damaged tissues may provide procoagulant surfaces that
contribute to thrombin generation.Avariety ofmolecular and structural
elements distinct from phosphatidylserine or phospholipid mem-
branes are procoagulant, including collagens that are prothrombotic
via both platelet activation5-7 and contact activationmechanisms.8,9

Murine and primate in vivo thrombosis model studies10,11 are con-
sistent with prothrombotic mechanism for collagens. Collagens bind
factor IX,12 and a mouse model with a variant of factor IX defective
in collagen binding manifests impaired hemostasis.3 Laminins are

procoagulant via both platelet activation and contact activation.5,7-14

Polyphosphates and polynucleotides support contact activation and
other procoagulant reactions,2,15 but none of these enhance prothrom-
binase activity.

In a pilot exomics rare-variant genotyping study targeting
low-frequency exomic variants for their potential association with
venous thrombosis,16 we linked a cluster of skeletal muscle myosin
heavy chain gene rare missense variants to venous thrombosis.
However, myosin is not a member of any conventional pathway
affecting thrombosis or hemostasis. Thus, here we report our
testing of the hypothesis that myosin can directly in"uence blood
coagulation and thrombosis. We report the remarkable direct
effects of skeletal muscle myosin on thrombin generation and
!brin formation in ex vivo studies of "owing human blood and in
vitro in thrombin generation assays using both plasma assays and
puri!ed prothrombinase assays due to myosin’s ability to bind
factors Xa and Va. Moreover, myosin is here implicated as
potentially contributing to the thrombin generation potential in
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patients, whichwas signi!cantly greater than the 17%value for healthy
control subjects (P 5 .0004, Mann-Whitney test) (Figure 6A). When
the thrombin generation data of this study were quanti!ed in terms of
absolute molar amounts of thrombin generation, the reduction of
thrombin peak concentration by anti–myosin antibodies was 22 nM,
whichwas almost twofold greater than that for control plasmas (13 nM)
(P 5 .0026, Mann-Whitney test) (Figure 6B), implying that myosin-
related thrombingenerationpotentialwas almost twice asmuch in acute
trauma plasmas than in healthy subject plasma.

Discussion

Studies that were conducted to test the hypothesis that muscle myosin
can contribute functional activity to prothrombotic mechanisms16

established the remarkable prothrombotic activities of myosin. Ex vivo
experiments using "owing fresh human blood showed that surfaces
coated with rabbit skeletal muscle myosin, which is ;95% homolo-
gous to human skeletal muscle myosin, substantially promotes both
!brin deposition and platelet deposition. When myosin is added to
"owing blood that is exposed to collagen-coated surfaces, !brin depo-
sition was greatly increased compared with controls, indicating that
myosin particularly promotes !brin strand formation in "owing blood.
The impression that myosin particularly promotes !brin formation was
strengthened by results from in vitro studies showing that skeletal
myosin enhances thrombin generation in either PRP or PPP. This
!nding showed that myosin strongly exerts procoagulant activity, even
in plasma without platelets.

To identify potential mechanisms for myosin’s enhancement of
thrombin generation, we focused on the most critical step that is
common to the extrinsic and intrinsic coagulation pathways, namely
prothrombin activation. In prothrombinase assays comprising only
myosin and clotting factors, myosin strongly enhances prothrombin
activation. This was true whether or not substantial levels of pro-
coagulant phospholipid vesicles (eg, 4 mM PCPS) were added to
the reaction mixtures. Moreover, myosin supports the activation of
prothrombin by Gla-domainless-factor Xa and factor Va, whereas
phospholipid vesicles fail to do so, thereby de!ning a unique attribute
of myosin’s ability to promote thrombin generation.

Consistent with the hypothesis that myosin assembles the pro-
thrombinase factor Xa:factor Va complex on its surface, myosin is
capable of binding both factor Xa and factor Va individually, and
the latter factor greatly enhances the binding of the former factor such
that the dissociation constant of factor Xa for myosin is,1 nM in the

presence of factor Va. Thus, the functional assays and biophysical
binding studies provide a clear mechanism for the ability of myosin
to enhance thrombin generation, namely that myosin assembles a
stable prothrombinase complex.

Another remarkable !nding in this report is the fact that analysis of
the enzyme kinetics for myosin’s enhancement of prothrombinase
activity (Figure 4B) yielded a very high value of 836 min21 for the
catalytic rate constant, ie, for the catalytic ef!ciency of prothrombin
activation by the factor Xa:Va:Ca11 complex associated withmyosin.
This catalytic rate constant value formyosinwas somewhat greater than
the 429 min21 value determined in parallel for PCPS (80:20) vesicles
using the same reagents and protocol. At 2mMmyosin (Figure 4B), the
Vmwas490moles of thrombinpermole of prothrombinaseperminute.
Comparison of this observed value to other Vm values measured for
phospholipid enhancement of prothrombinase24-27 (see supplemental
Table 2) indicates thatmyosin exerts a procoagulant potencywithin the
generally reported range for PCPS vesicles.

Our !ndings provoke a potential paradigm shift for how surface-
bound prothrombinase activities might contribute to hemostasis or
thrombosis when blood encounters damaged tissues that expose
procoagulant myosins. Tissue damage exposes cytoskeletal and
extracellular matrix structural proteins and intracellular proteins,
including laminins, collagens, tissue factor, and polyphosphates that
trigger platelet activation and/or that can stimulate activation of
intrinsic pathway and extrinsic pathway.1-12 These reactions that are
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Figure 6. Anti–myosin antibody–induced reduction of

thrombin peak values observed for acute trauma coagul-
opathy plasma and normal control plasma following
tissue factor/Ca11 ion addition. The effects of anti–myosin

antibodies on the 0.1-pM TF-induced peak of thrombin gener-
ation in plasmas from acute traumatic coagulopathy patients
(N 5 26) and healthy controls (N 5 20) were tested using

either polyclonal antiserum against myosin heavy and light
chains or nonimmune control antiserum, respectively (2 mg/mL

protein). The graphs show the reduction of thrombin peak values
by anti-myosin antibodies either as percent of control peak (A) or
in absolute concentration of the thrombin peak (B). Bars indicate

median values.
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Figure 7. Thrombin generation can be driven by prothrombin activation on the
surface of myosin, which binds factors Xa and Va. The intrinsic and extrinsic
coagulation pathways converge at the generation of factor Xa, which is the key

enzyme that activates prothrombin. As depicted here, both factor Xa and its cofactor,
factor Va, bind to myosin, which potently promotes prothrombin activation to
generate thrombin. Extensive data in this report lead to this novel scheme for

prothrombin activation, which may occur on the surface of myosin independent of
any particular cell surface.
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Thrombin generation can be driven by prothrombin activation on the surface of myosin,
which binds factors Xa and Va.



that anti-SkM antibodies can significantly reduce throm-
bin generation in plasma from patients with trauma-
induced coagulopathy.1 The novel APC cofactor activity
of SkM discovered here may have direct relevance for
trauma-induced coagulopathy. One major mechanism
thought to contribute to this form of coagulopathy
involves hyperactivation of the protein C system, with
consumption of FV and FVIII, and hyperfibrinolysis.12-15 It
has been noted that 25-33% of severely injured patients
present with elevated APC plasma levels, which are asso-
ciated with increased blood transfusion requirements and
mortality.15 This so-called “activated protein C trauma-
induced coagulopathy mechanism” is linked to suppres-

sion of coagulation and enhanced fibrinolysis.15 Our dis-
covery that SkM has APC cofactor activity raises a num-
ber of new questions about the mechanisms of trauma-
induced coagulopathy, such as whether trauma-induced
exposure of SkM can causally contribute to excessive
suppression of coagulation and hemostasis in subsets of
trauma patients with increased bleeding risk. Further
studies of SkM levels and activities in patients with trau-
ma-induced coagulopathy and in preclinical trauma mod-
els are needed. Coagulation studies in the future will
need to take these newly revealed mechanisms for
diverse activities of SkM (Figure 3) into account and
determine the potential physiological relevance for the
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Figure 2. Myosin does not alter activation of protein C by thrombin or thrombin:thrombomodulin. (A) Protein C activation in purified component reaction mix-
tures by thrombin without thrombomodulin.  Time course for protein C activation (500 nM) by thrombin (50 nM) in the absence of soluble thrombomodulin and
in the presence or absence of various indicated concentrations of skeletal muscle myosin (myosin), with either 2 mM EDTA (red  symbols) or 3 mM CaCl2 (black
symbols) at 37°C. The diluent was Hepes buffer saline + 0.1% bovine serum albumin. (B) Protein C activation by thrombin with soluble thrombomodulin. Time
course for protein C activation in a purified component system containing soluble thrombomodulin (5 nM) in the presence or absence of various indicated con-
centrations of myosin and the same general conditions as in (A) with CaCl2. Samples were collected at several times after the addition of 10 nM thrombin and
assayed for activated protein C (APC) amidolytic activity. Open diamonds indicate no thrombin added control. (C) Protein C activation by thrombin in the presence
of endothelial cells. Time course for protein C activation on cells in the presence or absence of myosin. Thrombin (10 nM), protein C (100 nM) and various con-
centrations of myosin in Hank balanced salt solution + 1.3 mM CaCl2 + 0.6 mM MgCl2 + 0.1 % endotoxin-free bovine serum albumin were added on confluent
monolayers of EA.hy926 cells. Samples of the fluid phase were collected 30 and 90 min after addition of thrombin and assayed for APC amidolytic activity. Open
diamonds indicate no thrombin added control. Each point in (A), (B), and (C) represents the mean ± standard error mean from three independent experiments.

Figure 3.  Skeletal muscle myosin can play a balancing role involving key blood coagulation reactions. In the left panel, factor Xa and its potent cofactor, factor
Va, assemble to form the prothrombinase complex on surfaces such as skeletal muscle myosin (as shown here) or alternatively on the widely recognized proco-
agulant surface of negatively charged phospholipid membranes (not depicted here). The prothrombinase complex generates thrombin from prothrombin. In the
right panel, some of the thrombin formed by the prothrombinase complex binds to thrombomodulin on cell surfaces and generates anticoagulant activated pro-
tein C (APC) from protein C. Then, in the presence of myosin, as depicted (or negatively charged phospholipid membranes, not depicted), APC can proteolytically
inactivate factor Va, resulting in less thrombin generation. Thus, myosin may not only help to generate thrombin but may also contribute to negative feedback
downregulation of excessive thrombin generation. During acute muscle trauma, blood is exposed to myosin and some myosin is released and circulates in plas-
ma. The procoagulant role of skeletal muscle myosin as a membrane substitute could be important in situations such as acute muscle trauma to stop excessive
bleeding. The anticoagulant role of skeletal muscle myosin could be important after initial trauma and tissue damage to help reduce excessive generation of
thrombin and procoagulant factors. 

A B C

Activated protein C anticoagulant activity is
enhanced by skeletal muscle myosin

Skeletal muscle myosin (SkM) promotes thrombus for-
mation in flowing blood, supports prothrombinase activ-
ity in plasma, and promotes prothrombin activation by
factors (F) Xa and Va in purified systems.1 SkM binds FXa
and FVa and effectively replaces the procoagulant activity
of phospholipid vesicles. This discovery challenges a
long-standing paradigm for blood coagulation in which
coagulation reactions, except for contact activation reac-
tions, are thought to occur only on surfaces containing
negatively charged phospholipids, which include phos-
phatidylserine.2-6 Thrombin provides both positive feed-
back upregulation of coagulation by activating various
clotting factors and negative feedback downregulation of
coagulation by activating protein C to the potent antico-
agulant, activated protein C (APC).2-6 Because APC is
potent for negative feedback downregulation of throm-
bin generation in vivo,7 here we assessed and describe that
SkM enhances the anticoagulant activity of APC in puri-
fied human clotting factor reaction mixtures and in
human plasma. This indicates that SkM can promote
both thrombin generation and negative feedback down-
regulation of thrombin generation. 

Because the major mechanism of the anticoagulant
activity of APC involves irreversible proteolytic inactiva-
tion of FVa, purified human FVa was incubated with APC
and varying concentrations of SkM; then residual FVa
activity was determined (see the Online Supplementary
Appendix for details of the methods and the reagents
used). These SkM dose-response studies for FVa inactiva-
tion by APC showed a maximum effect at SkM concen-
trations of 30-40 nM and a half-maximal effect (EC50) at
10 nM SkM (Figure 1A). When the time-course for FVa
inactivation by APC in the presence of 40 nM SkM was
monitored and compared to that in the presence of 
25 µM phospholipids, the rate and extent of FVa inactiva-
tion by APC were very similar for SkM and for phospho-
lipids (Figure 1B). To evaluate whether phosphatidylser-
ine contamination of SkM might be responsible for the
activity of SkM, the purified SkM reagent was submitted
to Avanti Polar Lipids, Inc. (Alabaster, AL, USA) and ana-
lyzed using liquid chromatography mass spectrometry.
This analysis showed that 40 nM SkM contained only 1.0
nM phosphatidylserine which could not possibly explain
why 40 nM SkM is as potent as the optimal level of 
25 µM phospholipids. Notably, in separate studies, 40
nM phospholipids provided negligible inactivation of FVa
(data not shown).  

Because protein S is an anticoagulant cofactor for APC,
the ability of protein S to enhance SkM-dependent inac-
tivation of FVa by APC was assessed. When the time
course for FVa inactivation by APC in the absence and
presence of protein S was determined, protein S signifi-
cantly enhanced this reaction (Figure 1C). The initial rate
of FVa inactivation by APC was maximally enhanced
four-fold by the optimal level of 100 nM protein S (Figure
1C). The effects of SkM on specific proteolytic cleavages
of FVa by APC in the absence and presence of protein S
were examined by immunoblotting using a monoclonal
antibody that is directed against an epitope in the 307-
506 amino acid region of the FVa heavy chain (Figure
1D). Bands were identified by epitope, by apparent
molecular mass, and by comparison to bands previously
identified in studies of FVa and of FVa cleavage site
mutants.8,9 As seen in the immunoblot (Figure 1D), the
most visually prominent FVa heavy chain fragment due

to cleavage by APC in the presence of SkM but absence
of protein S was due to cleavage at Arg506, resulting in
appearance of the 1-506 amino acid fragment. But strik-
ingly, when protein S was present, the visually evident
cleavage by APC in the presence of SkM was at Arg306
because the most prominent fragment was the 307-506
amino acid fragment. Such SkM-supported cleavages are
consistent with previous studies which showed that, in
the presence of phospholipids, protein S enhances the
cleavage of APC at R306.10,11 Thus, SkM may function as
an anticoagulant APC cofactor.

To determine whether SkM enhances APC anticoagu-
lant activity in the milieu of plasma, clotting assays were
employed using protocols that avoided adding exoge-
nous phospholipid vesicles which themselves would pro-
mote the anticoagulant effects of APC. When the effects
of varying levels of SkM on FXa one-stage assays were
studied, there was a procoagulant effect of increasing
SkM concentrations in the absence of addition of APC,
i.e., there was a shortening of the clotting times from 87
to 52 s (Figure 1E), consistent with the known procoagu-
lant effects of SkM in plasma.1 Strikingly, in the presence
of APC, SkM addition increased rather than decreased
the clotting times, e.g., from 129 to 207 s (Figure 1E),
showing that SkM enhanced the anticoagulant actions of
APC in plasma. The APC sensitivity ratio, defined here as
the ratio of clotting times in the presence of APC com-
pared to in its absence, rose significantly with increasing
SkM concentrations from 1.5 in the absence of SkM to
3.9 at 200 nM SkM (Figure 1E). Kaolin-induced clotting
time assays were also used with plasma conditions cho-
sen to emphasize that changes were due to FVa inactiva-
tion in plasma. For this purpose, when FV-deficient plas-
ma was reconstituted with 2 nM of FVa, addition of
increasing concentrations of SkM produced significant
procoagulant effects as clotting times were reduced from
126 to 71 s (Figure 1F). However, when APC was present,
addition of SkM produced significant anticoagulant
effects as clotting times were prolonged from 187 to 306
s (Figure 1F). The calculated APC sensitivity ratio rose
significantly, as a function of increasing SkM concentra-
tions, from 1.4 to 4.2 (Figure 1F). Thus, data here from
two different coagulation assays unambiguously demon-
strate that SkM can enhance the anticoagulant actions of
APC, not only in purified reaction mixtures but also in
the plasma environment. 

SkM can provide a surface on which both procoagulant
and anticoagulant reactions, namely prothrombin activa-
tion1 and FVa inactivation, respectively, are enhanced. So
here we tested the ability of SkM to provide a surface for
enhancement of protein C activation by thrombin or
thrombin:thrombomodulin, and we found no influence
of SkM on protein C activation. When SkM was tested at
concentrations ranging from 5 to 100 nM, it did not
change the rate of protein C activation by thrombin in
purified reaction mixtures with or without calcium ions
(Figure 2A), by thrombin and soluble thrombomodulin in
the presence of calcium ions (Figure 2B), or by thrombin
in the presence of endothelial cells (Figure 2C). Thus,
SkM had no effect on protein C activation. The fact that
SkM does not support the activation of protein C by
thrombin ± thrombomodulin in purified reaction mix-
tures or on endothelial cells suggests that SkM enhance-
ment of protein C activation is unlikely to occur in vivo,
although this idea needs in vivo experimentation in order
that a firm conclusion can be reached.

Since procoagulant and anticoagulant mechanisms
must normally be balanced overall in vivo and since phos-
pholipids enhance both thrombin generation and APC
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procoagulant and anticoagulant properties of SkM, espe-
cially in the context of trauma-induced coagulopathy.  
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that anti-SkM antibodies can significantly reduce throm-
bin generation in plasma from patients with trauma-
induced coagulopathy.1 The novel APC cofactor activity
of SkM discovered here may have direct relevance for
trauma-induced coagulopathy. One major mechanism
thought to contribute to this form of coagulopathy
involves hyperactivation of the protein C system, with
consumption of FV and FVIII, and hyperfibrinolysis.12-15 It
has been noted that 25-33% of severely injured patients
present with elevated APC plasma levels, which are asso-
ciated with increased blood transfusion requirements and
mortality.15 This so-called “activated protein C trauma-
induced coagulopathy mechanism” is linked to suppres-

sion of coagulation and enhanced fibrinolysis.15 Our dis-
covery that SkM has APC cofactor activity raises a num-
ber of new questions about the mechanisms of trauma-
induced coagulopathy, such as whether trauma-induced
exposure of SkM can causally contribute to excessive
suppression of coagulation and hemostasis in subsets of
trauma patients with increased bleeding risk. Further
studies of SkM levels and activities in patients with trau-
ma-induced coagulopathy and in preclinical trauma mod-
els are needed. Coagulation studies in the future will
need to take these newly revealed mechanisms for
diverse activities of SkM (Figure 3) into account and
determine the potential physiological relevance for the
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Figure 2. Myosin does not alter activation of protein C by thrombin or thrombin:thrombomodulin. (A) Protein C activation in purified component reaction mix-
tures by thrombin without thrombomodulin.  Time course for protein C activation (500 nM) by thrombin (50 nM) in the absence of soluble thrombomodulin and
in the presence or absence of various indicated concentrations of skeletal muscle myosin (myosin), with either 2 mM EDTA (red  symbols) or 3 mM CaCl2 (black
symbols) at 37°C. The diluent was Hepes buffer saline + 0.1% bovine serum albumin. (B) Protein C activation by thrombin with soluble thrombomodulin. Time
course for protein C activation in a purified component system containing soluble thrombomodulin (5 nM) in the presence or absence of various indicated con-
centrations of myosin and the same general conditions as in (A) with CaCl2. Samples were collected at several times after the addition of 10 nM thrombin and
assayed for activated protein C (APC) amidolytic activity. Open diamonds indicate no thrombin added control. (C) Protein C activation by thrombin in the presence
of endothelial cells. Time course for protein C activation on cells in the presence or absence of myosin. Thrombin (10 nM), protein C (100 nM) and various con-
centrations of myosin in Hank balanced salt solution + 1.3 mM CaCl2 + 0.6 mM MgCl2 + 0.1 % endotoxin-free bovine serum albumin were added on confluent
monolayers of EA.hy926 cells. Samples of the fluid phase were collected 30 and 90 min after addition of thrombin and assayed for APC amidolytic activity. Open
diamonds indicate no thrombin added control. Each point in (A), (B), and (C) represents the mean ± standard error mean from three independent experiments.

Figure 3.  Skeletal muscle myosin can play a balancing role involving key blood coagulation reactions. In the left panel, factor Xa and its potent cofactor, factor
Va, assemble to form the prothrombinase complex on surfaces such as skeletal muscle myosin (as shown here) or alternatively on the widely recognized proco-
agulant surface of negatively charged phospholipid membranes (not depicted here). The prothrombinase complex generates thrombin from prothrombin. In the
right panel, some of the thrombin formed by the prothrombinase complex binds to thrombomodulin on cell surfaces and generates anticoagulant activated pro-
tein C (APC) from protein C. Then, in the presence of myosin, as depicted (or negatively charged phospholipid membranes, not depicted), APC can proteolytically
inactivate factor Va, resulting in less thrombin generation. Thus, myosin may not only help to generate thrombin but may also contribute to negative feedback
downregulation of excessive thrombin generation. During acute muscle trauma, blood is exposed to myosin and some myosin is released and circulates in plas-
ma. The procoagulant role of skeletal muscle myosin as a membrane substitute could be important in situations such as acute muscle trauma to stop excessive
bleeding. The anticoagulant role of skeletal muscle myosin could be important after initial trauma and tissue damage to help reduce excessive generation of
thrombin and procoagulant factors. 

A B C

anticoagulant activity, here we investigated whether SkM
could support not only procoagulant prothrombinase
reactions but also the balancing anticoagulant activities
by APC and protein S. In purified clotting factor mix-
tures, SkM enhanced APC/protein S proteolytic inactiva-
tion of FVa. In two distinct types of plasma clotting
assays, kaolin-induced clotting time and FXa one-stage
assays, SkM dose-dependently shortened plasma clotting
times in the absence of APC by enhancing prothrombi-
nase activity; however, in the presence of APC, SkM

strikingly prolonged clotting times, implying that SkM is
an anticoagulant APC cofactor. Thus, these studies
extend the potential role of SkM in supporting procoagu-
lant reactions1 to that of supporting the anticoagulant
actions of APC and protein S, indicating that SkM may
contribute to negative feedback downregulation of
thrombin generation (Figure 3).

The possibility that SkM might contribute to trauma-
induced coagulopathy was suggested by the observation
that SkM is increased in plasma of trauma patients1 and
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Figure 1. Myosin supports inactivation of activated factor V by activated protein C in purified human coagulation factor reaction mixtures and in human plasma
coagulation assays. (A) Skeletal muscle myosin (myosin) dose-response curve for inactivation of 1.25 nM activated factor V (FVa) by 0.4 nM activated protein C
(APC) over 4 min. Data shown are the composite from three experiments performed on different days. (B) Time course for inactivation of 1 nM FVa by 0.4 nM
APC in the presence of 40 nM myosin, or 25 µM phospholipids (PL). Residual FVa activity was measured in a second-stage standard prothrombinase assay with
PL, activated factor X (FXa) and prothrombin. One hundred percent FVa activity corresponded to generation of ~1 nM thrombin/min from the sub-aliquot used
to test for prothrombinase activity in the absence of APC in the second stage of the assay. Data shown are the composite from three or four experiments per-
formed on different days. (C) Inactivation of FVa (3.7 nM final concentration) by APC (0.6 nM final concentration) with or without protein S (100 nM final con-
centration), as indicated, in the presence of 120 nM myosin. Data shown are combined from experiments performed on three different days. (D) Immunoblot
analysis of reaction mixtures from FVa inactivation studies. Inactivation of FVa (3.7 nM final concentration) by APC (1 nM final concentration) with or without pro-
tein S (100 nM final concentration) in the presence of 120 nM myosin was monitored at the indicated times. Aliquots were taken over time into 80°C LDS Li-Cor
sample buffer containing 10 mM EDTA for 10 min for immunoblotting in sodium dodecylsulfate polyacrylamide gel electrophoresis. Immunoblotting of FVa was per-
formed using a monoclonal anti-FVa heavy chain antibody with an epitope in the region of residues 307-506. (E) Factor Xa one-stage assay in FX-depleted plasma
with FXa added shows the effects of myosin on clotting times in the presence of 17 nM APC (+ APC) (!) and in the absence of added APC (no APC) (").The APC sen-
sitivity ratio (#) was obtained by dividing the clotting times in the presence of APC by the clotting times in the absence of APC at each myosin concentration. (F)
Kaolin clotting time assays in FV-deficient plasma with FVa added show the effects of myosin on clotting times in the presence of 17 nM APC (+ APC) (!) and in
the absence of added APC (no APC) ("). The APC sensitivity ratio was calculated as in (E).
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that anti-SkM antibodies can significantly reduce throm-
bin generation in plasma from patients with trauma-
induced coagulopathy.1 The novel APC cofactor activity
of SkM discovered here may have direct relevance for
trauma-induced coagulopathy. One major mechanism
thought to contribute to this form of coagulopathy
involves hyperactivation of the protein C system, with
consumption of FV and FVIII, and hyperfibrinolysis.12-15 It
has been noted that 25-33% of severely injured patients
present with elevated APC plasma levels, which are asso-
ciated with increased blood transfusion requirements and
mortality.15 This so-called “activated protein C trauma-
induced coagulopathy mechanism” is linked to suppres-

sion of coagulation and enhanced fibrinolysis.15 Our dis-
covery that SkM has APC cofactor activity raises a num-
ber of new questions about the mechanisms of trauma-
induced coagulopathy, such as whether trauma-induced
exposure of SkM can causally contribute to excessive
suppression of coagulation and hemostasis in subsets of
trauma patients with increased bleeding risk. Further
studies of SkM levels and activities in patients with trau-
ma-induced coagulopathy and in preclinical trauma mod-
els are needed. Coagulation studies in the future will
need to take these newly revealed mechanisms for
diverse activities of SkM (Figure 3) into account and
determine the potential physiological relevance for the
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Figure 2. Myosin does not alter activation of protein C by thrombin or thrombin:thrombomodulin. (A) Protein C activation in purified component reaction mix-
tures by thrombin without thrombomodulin.  Time course for protein C activation (500 nM) by thrombin (50 nM) in the absence of soluble thrombomodulin and
in the presence or absence of various indicated concentrations of skeletal muscle myosin (myosin), with either 2 mM EDTA (red  symbols) or 3 mM CaCl2 (black
symbols) at 37°C. The diluent was Hepes buffer saline + 0.1% bovine serum albumin. (B) Protein C activation by thrombin with soluble thrombomodulin. Time
course for protein C activation in a purified component system containing soluble thrombomodulin (5 nM) in the presence or absence of various indicated con-
centrations of myosin and the same general conditions as in (A) with CaCl2. Samples were collected at several times after the addition of 10 nM thrombin and
assayed for activated protein C (APC) amidolytic activity. Open diamonds indicate no thrombin added control. (C) Protein C activation by thrombin in the presence
of endothelial cells. Time course for protein C activation on cells in the presence or absence of myosin. Thrombin (10 nM), protein C (100 nM) and various con-
centrations of myosin in Hank balanced salt solution + 1.3 mM CaCl2 + 0.6 mM MgCl2 + 0.1 % endotoxin-free bovine serum albumin were added on confluent
monolayers of EA.hy926 cells. Samples of the fluid phase were collected 30 and 90 min after addition of thrombin and assayed for APC amidolytic activity. Open
diamonds indicate no thrombin added control. Each point in (A), (B), and (C) represents the mean ± standard error mean from three independent experiments.

Figure 3.  Skeletal muscle myosin can play a balancing role involving key blood coagulation reactions. In the left panel, factor Xa and its potent cofactor, factor
Va, assemble to form the prothrombinase complex on surfaces such as skeletal muscle myosin (as shown here) or alternatively on the widely recognized proco-
agulant surface of negatively charged phospholipid membranes (not depicted here). The prothrombinase complex generates thrombin from prothrombin. In the
right panel, some of the thrombin formed by the prothrombinase complex binds to thrombomodulin on cell surfaces and generates anticoagulant activated pro-
tein C (APC) from protein C. Then, in the presence of myosin, as depicted (or negatively charged phospholipid membranes, not depicted), APC can proteolytically
inactivate factor Va, resulting in less thrombin generation. Thus, myosin may not only help to generate thrombin but may also contribute to negative feedback
downregulation of excessive thrombin generation. During acute muscle trauma, blood is exposed to myosin and some myosin is released and circulates in plas-
ma. The procoagulant role of skeletal muscle myosin as a membrane substitute could be important in situations such as acute muscle trauma to stop excessive
bleeding. The anticoagulant role of skeletal muscle myosin could be important after initial trauma and tissue damage to help reduce excessive generation of
thrombin and procoagulant factors. 
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ü Severe tissue injury is followed by a hypercoagulable state that is likely
related to tissue factor exposure and the release of procoagulants into the
systemic circulation

ü When shock and hypoperfusion occur, activation of the protein C pathway
and endothelial release of tPA result in a shift to a hypocoagulable and
hyperfibrinolytic state

Early TIC (II)

Duque P et al. Anesth Analg 2019



Thorsen K et al. Br J Surg 2011;98:894-907

PROTEIN C IN TRAUMA : “TOO MUCH OF A GOOD THING”

ü aPC has cytoprotective functions [levels between 1 and 6 ng/mL]: stabilization of endothelial and epithelial
junctions, anti-apoptosis, cleavage of extracellular histones

ü Hypocoagulability does not occur in the absence of hypoperfusion, regardless of tissue injury severity



ü Severe tissue injury is followed by a hypercoagulable state that is likely
related to tissue factor exposure and the release of procoagulants into the
systemic circulation

ü When shock and hypoperfusion occur, activation of the protein C pathway
and endothelial release of tPA result in a shift to a hypocoagulable and
hyperfibrinolytic state

ü Progressive hypocoagulability is an evolutionary response in which the fluid
phase (cells and plasma) becomes progressively more hypocoagulable in an
attempt to counterbalance the more hypercoagulable solid phase
(endothelium)

Early TIC (III)

Duque P et al. Anesth Analg 2019



ü Severe tissue injury is followed by a hypercoagulable state that is likely
related to tissue factor exposure and the release of procoagulants into the
systemic circulation

ü When shock and hypoperfusion occur, activation of the protein C pathway
and endothelial release of tPA result in a shift to a hypocoagulable and
hyperfibrinolytic state

ü …..
ü Increasing thrombin generation should no longer be considered a routine

goal in trauma patients

Early TIC (IV)

Duque P et al. Anesth Analg 2019



Moore EE et al. Nature Reviews. Disease Primers (2021) 7:30

Pathophysiology of trauma-induced coagulopathy (I)



Moore EE et al. Nature Reviews. Disease Primers (2021) 7:30

Pathophysiology of trauma-induced coagulopathy (II)



Duque P et al. Transfus Med Rev. 2021 Aug 29:S0887-7963(21)00041-9

Pathophysiology of trauma-induced coagulopathy (III)



Le grandi domande dell’emorragia massiva

ü Che cos’è un’emorragia massiva?

ü Che cosa vedono e che cosa NON vedono i comuni test dell’emostasi?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipocoagulabile?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipofibrinolitico?

ü In che misura il modello del trauma è trasferibile ad altre emorragie critiche?

ü Come gestire la coagulopatia del trauma?
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üElevated fibrinolysis measured with viscoelastic assays has repeatedly been
demonstrated to be associated with a high mortality rate and massive
transfusion in trauma but is found in <20% of the most severely injured
trauma patients.

üLow fibrinolytic activity measured with viscoelastic assays, termed fibrinolysis
shutdown, is also associated with increased mortality in severely injured
patients
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Ann Surg. 2019 Jun;269(6):1184-1191

Popolazione: ML high = 7%
ML normal = 63%
ML low = 30%
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Summary 
Haemostatic reference intervals are generally based on samples from 
non-pregnant women. Thus, they may not be relevant to pregnant 
women, a problem that may hinder accurate diagnosis and treatment 
of haemostatic disorders during pregnancy. In this study, we establish 
gestational age-specific reference intervals for coagulation tests during 
normal pregnancy. Eight hundred one women with expected normal 
pregnancies were included in the study. Of these women, 391 had no 
complications during pregnancy, vaginal delivery, or postpartum peri-
od. Plasma samples were obtained at gestational weeks 13–20, 21–28, 
29–34, 35–42, at active labor, and on postpartum days 1 and 2. Refer-
ence intervals for each gestational period using only the uncomplicated 
pregnancies were calculated in all 391 women for activated partial 
thromboplastin time (aPTT), fibrinogen, fibrin D-dimer, antithrombin, 
free protein S, and protein C and in a subgroup of 186 women in addi-
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tion for prothrombin time (PT), Owren and Quick PT, protein S activity, 
and total protein S and coagulation factors II, V, VII, VIII, IX, X, XI, and 
XII. The level of coagulation factors II, V, X, XI, XII and antithrombin, pro-
tein C, aPTT, PT remained largely unchanged during pregnancy, delivery, 
and postpartum and were within non-pregnant reference intervals. 
However, levels of fibrinogen, D-dimer, and coagulation factors VII, VIII, 
and IX increased markedly. Protein S activity decreased substantially, 
while free protein S decreased slightly and total protein S was stable. 
Gestational age-specific reference values are essential for the accurate 
interpretation of a subset of haemostatic tests during pregnancy, de-
livery, and puerperium.  
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Introduction  

Pregnancy, delivery, and puerperium are associated with many he-
mostatic complications as well as significant morbidity or mortal-
ity to both mother and fetus (1–4). Pregnancy and the puerperium 
are well-established risk factors for venous thromboembolism, 
with an incidence 4–50 times higher compared to non-pregnant 
women. On the other hand, vaginal bleeding is an event common 
to all stages of pregnancy, and obstetric haemorrhage is still a fear-
ed complication that many women will experience, especially in 
third-world countries. 

Physiological changes that occur during pregnancy may affect 
biochemical parameters. Most laboratory information systems re-
port reference intervals based on samples obtained from non-
pregnant women, which are not necessarily useful for clinical deci-
sions during pregnancy. Although some gestational age-specific 
reference intervals have been reported, many of the studies use 
non-standardised analytical methods and/or include a mixture of 
complicated and uncomplicated pregnancies in their cohort (5, 6). 
The reported differences in results between studies are difficult to 
interpret, and most do not fulfill the International Federation of 

Clinical Chemistry (IFCC) recommendation of a minimum 
sample size of 120 for calculating reference values (7). 

Here, we report gestational age-specific reference intervals during 
391 uncomplicated pregnancies, vaginal deliveries, and the early post-
partum period for six coagulation tests (activated partial thromboplas-
tin time [aPTT], fibrinogen, fibrin D-dimer, antithrombin, free protein 
S, and protein C) according to the recommendations of the IFCC. In a 
subgroup of the first consecutively enrolled 221 women, we assessed the 
reference intervals in 186 women with uncomplicated pregnancies for 
four additional coagulation tests (prothrombin time [PT], Owren PT, 
Quick PT, protein S activity, and total protein S) and eight single-factor 
tests (coagulation factors II, V, VII, VIII, IX, X, XI, and XII). 

Methods 

Study population 

A total of 801 women were recruited during their first trimester screen-
ing for Down’s syndrome and were selected as previously described (8). 
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ods, using the non-parametric bootstrap method with 500 iterations 
performed with RefVal software version 4.11 (9) according to the rec-
ommendations of the IFCC (7). Outliers were removed with Dixon’s 
algorithm; descriptive 95th interpercentile ranges were used for 
groups with fewer than 40 measurements. Groups were compared by 
one-way analysis of variance (ANOVA) using SPSS 15.2 for Windows 
(SPSS Inc, Chicago, IL, USA). Tukey HSD or Games-Howell post hoc 
analyses were used to investigate the nature of any differences (p<0.05 
was considered statistically significant). 

Results 

Study population 

The entire study population of women had a mean age of 31.9 
years, with a mean pre-pregnant body mass index (BMI) of 22.2 
kg/m2, and 44% were nulliparous. The subgroup tested for single 
factors had a mean age of 31.7 years, with a mean pre-pregnant 
BMI of 22.3 kg/m2, and 41% were nulliparous. The mean ges-
tational age at delivery was 283 days, and the mean birth weight 
was 3,601 grams. Two newborns had Apgar scores < 7/5. Women 
delivering at our hospital during the same time period had a mean 
age of 32.8 years, with a mean pre-pregnant BMI of 22.6 kg/m2, and 
43% were nulliparous. 

The reference intervals and 90% confidence intervals were cal-
culated for gestational weeks 13–20, 21–28, 29–34, 35–42, during 
vaginal delivery, and on postpartum days 1 and 2. These intervals 
are shown in !Table 2. Table 1 includes the expected values for 
non-pregnant women according to the reagent manufacturer’s or 

local recommendations. Values during the course of pregnancy 
different from gestational weeks 13–20 are indicated with an aster-
isk (ANOVA). 

Fibrinogen and fibrin D-dimer 

Fibrinogen concentrations increase most dramatically from week 
28 to approximately twice the non-pregnant levels late in pregnan-
cy, where they remain through the first two days following delivery 
(!Fig. 1, Table 2). The D-dimer concentration increases progress-
ively throughout the pregnancy and peaks at the first postpartum 
day (Fig. 1, Table 2). As early as weeks 13–20, more than 25% of 
pregnant women without any complications have D-dimer levels 
at or above 0.5 mg/l, the conventional cut-off point for throm-
boembolism. By weeks 36–42, practically all pregnant women have 
values above this conventional reference point. The level increased 
slightly upon delivery and through first day postpartum, but be-
gins to decrease by postpartum day 2. The distribution width in-
creases with gestational time, and a considerable percent of women 
have very high D-dimer values at delivery. 

Activated partial thromboplastin time (aPTT) and  
prothrombin time (PT) 

The aPTT values are stable at non-pregnant levels both during 
pregnancy and around delivery. The values obtained from the 
aPTT assays were dependent on the reagents used. Frozen samples 

Figure 1:  Box plot of gestational age-specific reference intervals for 
fibrinogen and fibrin D-dimer. Box plots represent the range of data from 
the 25th to the 75th percentile, while the bar in the middle of each box plot 
represents the median value. The “whiskers” extending from the box repre-
sent the range of values obtained excluding outliers. Circles and asterisks in-

dicate outliers (1.5 x the interquartile range) and extreme values (3.0 x the in-
terquartile range) outside the central box, respectively. The shaded area rep-
resents non-pregnant expected values accordingly to Stago or local recom-
mendation. 
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Fibrinogeno (mg/dl) e gravidanza

13-20 
sett.

21-28 
sett.

29-34 
sett.

35-42 
sett.

P PP+1 gg PP+2 gg No 
gravida

289-527 299-571 323-568 350-649 350-642 343-642 391-670 197-401



Charbit B et al for the PPH Study Group. J Thromb Haemost 2007; 5: 266–73.

NPV=79%

PPV=100%



Gillissen A et al. Blood Adv 2018; 2: 2433-2442

ü Women with the composite adverse outcome (severe acute maternal morbidity, mortality, or the
need for surgical intervention) had a median fibrinogen level of <2g/L at 1.5 to 2 L of blood loss.

ü Women without the composite adverse outcome had a median fibrinogen of <2 g/L after a volume
of >3.5 L of blood loss.



Le grandi domande dell’emorragia massiva

ü Che cos’è un’emorragia massiva?

ü Che cosa vedono e che cosa NON vedono i comuni test dell’emostasi?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipocoagulabile?

ü Nell’emorragia massiva da trauma, il paziente è iper o ipofibrinolitico?

ü In che misura il modello del trauma è trasferibile ad altre emorragie critiche?

ü Come gestire l’emorragia massiva?



Vlaar APJ et al. Intensive Care Med. 2021 Oct 22;1-25 



Vlaar APJ et al. Intensive Care Med. 2021 Oct 22;1-25 
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40138 participants: 
20127 from the CRASH2 trial (trauma)
20011 from the WOMAN trial (PPH). 

OR for not dying from bleeding



Setting Recommendation GoR Guideline

General coagulation 
management

Fibrinogen concentration <1.5 to 2 g/L is considered as
hypofibrinogenaemia in acquired coagulopathy

C

ESA on 
perioperative 

Bleeding, 2017

We recommend treatment of hypofibrinogenaemia in
bleeding patients.

1C

Complex 
cardiovascular 
surgery

We recommend fibrinogen concentrate infusion guided by
VHA monitoring to reduce perioperative blood loss.

1B

Obstetric bleeding We suggest assessing fibrinogen levels in parturients with
bleeding, as levels <2 g/L may identify those at risk of
severe PPH.

2B

We recommend against FC administration if the plasma fibrinogen
concentration is > 1.5 g/L or if there is no evidence of functional
fibrinogen deficiency on VHA.
If FC is given, we suggest an initial dose of 25-50 mg/kg.

ISTH guidance
on use of factor
concentrates, 

2017

LG sul monitoraggio del fibrinogeno
e sulla terapia sostitutiva



Winearls J et al. Curr Opin Anaesthesiol. 2021 Aug 1;34(4):514-520. 



Winearls J et al. Curr Opin Anaesthesiol. 2021 Aug 1;34(4):514-520. 



Luz LT  et al. BMJ Open 2021;11:e051003
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Ionized hypocalcaemia <1.1 mmol/L 
Severe hypocalcaemia <0.8 mmol/L

50% (95%CI: 43.54–56.46%) patients
had an admission ionized
hypocalcaemia of whom 26% (95%CI:
12.2– 56.6%) patients had severe
hypocalcaemia.
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In-hospital mortality: 
25.6% hypocalcaemic patients
15% normocalcaemic (P = 0.047). 



BUT: retrospective analyses have suggested that there is no gender-associated benefit or, in some instances, a female-
associated disadvantage.
Two Phase 1 clinical trials have been completed to investigate the effect of Premarin (conjugated estrogens) in trauma-
hemorrhage (NCT00973102) and traumatic brain injury (TBI) (NCT00973674). These studies demonstrated that these
therapies are safe and represent promise for the future use of sex hormone therapy in T-H.



üLe conoscenze fisiopatologiche sullo shock emorragico si riferiscono
prevalentemente al modello del TRAUMA ® cautela nel
trasferimento ad altri setting assistenziali

üGestione della coagulazione:
§ Implementare Massive Transfusion Protocols
§ Evitare acidosi, ipotermia e ipocalcemia
§ Tranexamico 1 gr ev subito, poi 1 gr in 8 ore (anche in sanguinamento GI)
§ Plasma fresco congelato preferibilmente 1:1 con EC
§ Fibrinogeno 30 mg/kg se fibrinogenemia <1.5 g/L

How I treat massive bleeding



Medico è colui che introduce sostanze che non conosce
in un organismo che conosce ancora meno

Victor Hugo


