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La triada letal

Acute Traumatic Coagulopathy

Karim Brohi, BSe, FRCS, FRCA, Jasmin Singh, MB, BS, BSc, Mischa Heron, MRCP, FFAEM,
and Timothy Coars, MD, FRCS, FFAEM

Backgrountk: Traumatic coagulopa- full data sers. Median Injury Severity CONCIUSION: There is a common and
thy is thought to be caused primarily by  Score was 20, and 57.79 had an Injury  clinically important acute trawmatic co-
fuid administration and hypother mia. Severify Score > 15; 24.4% of patients  agulopathy that is not refated o (uid ad-

Methods: A retrospective study was  had a significant coagulopathy. Patients ministration. This is a marker of injury
performed to determine whether coagn-  with an acute coagulopathy had signifl.  severify and is related fo mortality. A co-
lopathy resulting from the injury irselfisa  cantly higher martality (46.0% vs. 10.9%;  agulation screen is an important early test

clinically important entity i severely - X%, p < 0.001). The incklence of coagu-  in sever<ly injured paticnts.
Jured patients. lopathy incrensed with severity of injury, ey Words: Traumatic coaguiopa-

Oue thousand cight hun-  but was not related fo the volume of in-  (hy, Hypothermia, Fluid administration.
dred sixfy-seven comsecutive frauma pa-  fravenous fluid administered (7 = 0.25,p
tients were reviewed, of whom 1,088 had < 0.001).

J Trauma 2003,541127-1130.

ACIDOSIS HIPOTERMIA | COAGULOPATIA

L/

m % parte de los pacientes politraumaticos con shock
hemorragico estan coagulopaticos (TP/TTPa>1.5)

m A peor ISS mayor coagulopatia

m Los pacientes coagulopaticos presentan mayor mortalidad,
FMOy estancia hospitalaria.




Trauma Inducgd 'c_oagulopathy (T,
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CONSUMO

ACIDOSIS HIPOTERMIA

CONSUMO: consumo de plaquetas y factores a nivel de las lesiones.
PERDIDA DE SANGRE
ACIDOSIS: alteracion de la funcién de los factores de coagulacion.
HIPOTERMIA: alteracion de la funcion plaquetar.
COAGULOPATIA DILUCIONAL: dilucién de los factores debido al aporte de volumen.
ACOTS (Acute Coagulopathy of Trauma Shock): Mecanismo end6geno descrito en el paciente PPT grave secundario a un estado de

hipoperfusién + importante lesion tisular, esto genera un estado de ANTICOAGULACION + HIPERFIBRINOLISIS.
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HIPERFIBRINOLISIS




TIC TRATAMIENTO

Trauma Induces Coagulopathy 3

DAMAGE CONTROL
RESUSCITATION

Anticoagutacion

1. Control PRECOZ de la hemorragia
2. Resucitacion HIPOTENSIVA

3. Sueroterapia RESTRICTIVA

4. Transfusidn precoz de

- Acute Traumatic Coagulopahy. Brohi K, Singh J, Heron M, I:emocoWWEC:cpj I

Coats T.J Trauma. 2003;54:1127-1130.

hiperfibrinolisis

= Acute coagulopathy of trauma: mechanism, identification
q . . Table 1. Recent frials investigating fibrinogen replacement in severe frauma
and effect. Brohi K, Cohen M, Davenport R. Curr Opin Crit 97g oo =
Trial Intervention Setting Sample size  Primary outcome Results
Care 13:680-685. CRYOSTAT.1  Early Cryo vs. Standard MHP_ Trauma Uit 43 Time 1o delivery of S| 85% received Cryo < 90 min
Time to delivery Cryo 60 min
EFIT-1 FC vs. Placebo Trauma Unit 40 Time to delivery of SI 69% received Sl in < 45 min
FEISTY-Pilot FCvs. Cryo Trauma Unit 100 Time to delivery of SI Time to FC 29 min
Time fo Cryo 60 min
FlinTIC FC vs. Placebo Pre-Hospital 53 Clot stability - ROTEM  FIBTEM 1 in FC Am
FIBTEM | in placebo arm
FiiRST-1 FC vs. Placebo Trouma Unit 50 Time to delivery of SI 95% received Sl in < 60 min
PRooF-TH FC vs. Placebo Trauma Unit 40 Clot siability - TEG Not reported




DAMAGE CONTROL RESUSCITATION

PROTOCOLOS DE
TRANSFUSION
MASIVA

ACIDO
TRANEXAMICO

TECNICAS
VISCOELASTICAS




DAMAGE CONTROL RESUSCITATION

Recommendation 25. In the initial
management of patients with expected
massive haemorrhage, we recommend one
of the two following strategies:

gL0 DE TRAN
. *Fibrinogen concentrate or cryoprecipitate

-

and PRBC. el et e
1 *FFP Or pal]  nosssintetal CrticalCore  (2023) 2780
FFP/pRBC | https://doiorg/10.1 186/513054-023-04327-7
L »| (Grade 1C
J
In additio
® U\ platelet/p ! h A ANOAAN O

Recommendation 25. In the initial
management of patients with expected
massive haemorrhage, we recommend
one of the two following strategies:
*Fibrinogen concentrate or
cryoprecipitate and pRBC. (Grade 1C)
*FFP or pathogen-inactivated-FFP in a
FFP/pRBC ratio of at least 1:2 as needed
(1¢)

Recommendation 29. We recommend
treatment with fibrinogen concentrate or
cryoprecipitate if major bleeding is
accompained by hypofibrinogenemia
(viscoelastic signs of a functional deficit
or a plasma fibrinogen level of less than
1.5g/1) (Grade 1C)

ideline on mane

d coagulops
th edition

ean-Louis Vincent®™, Sebastia

adimir Cemy**, Diana Cimpoesu®, Nicola Curry™®,
Grottke', Lars Granlykke'', Anatole Hasaic?
Herold Madsen?, Marc Maegele)”

The P ideline on

of major bleeding and coagulopathy
following trauma: sixth edition
o oo :

Recommendation 23. We recommend that \
tranexamic acid be administered to the trauma
patient who is bleeding or at risk of significant
haemorrhage as soon as possible, if feasible en
route to the hospital, and within 3h after injury

at a loading dose of 1 g infused over 10 min,
followed by an intravenous infusion of 1 g over

8h (Grade 1A)

We recommend that the administration of TXA

not await results from a viscoelastic assessment

(grade 1B) /

Lilantl?

Recommendation 24. We recommend that
monitoring and measures to support
coagulation be initiated immediately upon
hospital admission (grade 1B)

Recommendation 26. We recommend that
resuscitation measures be continued using a
goal-directed strategy, guided by standard
laboratory coagulation values and/or
viscoelastic methods (Grade 1B)

y




DAMAGE CONTROL RESUSCITATION. Controversias

= Epinaphrine
= Tissue factor exposure

Hypocoagulability Tissue injury
Hypercoa gulability l_"—J

Em———)

Hmmukﬂh Hw-mongllﬂtv

Plltdn Huhngm Dnuu-dﬂnnth imﬂdﬂllmim Flatelet [Fibrinobysis
Hyperfibrinohysiz Wm generation Hyperfibrinogenasmia activntion ey

(R X
Bleeding phenotypes

Increased dlot formation +— ""

Trauma-induced coagulopathy. Moore, Hoffman, Schéchl, Hunt et al. Nature reviews. 2021




DAMAGE CONTROL RESUSCITATION. Controversias

*Metodologia
PROMMT/PROPPR
*Tratamiento empirico y
agresivo

*Mejora en la sintesis de
trombina?

*Dilucion del fibrinégeno

FIBRINOGENO

ACIDO
TRANEXAMICO

TECNICAS
VISCOELASTICAS




DAMAGE CONTROL RESUSCITATION. Controversias

*Metodologia

PROMMT/PROPPR

*Tratamiento empirico y - *Metodologia CRASH-II
agresivo - *Fibrinolysis shutdown
*Mejora en la sintesis de

trombina?

*Dilucion del fibrinégeno

TECNICAS
VISCOELASTICAS

FIBRINOGENO




DAMAGE CONTROL RESUSCITATION. Controversias

*Metodologia

PROMMT/PROPPR

*Tratamiento empirico y - *Metodologia CRASH-II
agresivo = *Fibrinolysis shutdown
*Mejora en la sintesis de ‘

trombina?

*Dilucion del fibrinégeno

*Falta de evidencia | § |
*Fibrinégeno vs fa9q TECNICAS
crioprecipitado VISCOELASTICAS

*Momento ideal, empirico?
*Trombosis?




DAMAGE CONTROL RESUSCITATION. Controversias

*Metodologia

PROMMT/PROPPR

*Tratamiento empirico y ‘ *Metodologia CRASH-II
agresivo *Fibrinolysis shutdown
*Mejora en la sintesis de

trombina?

*Dilucion del fibrinégeno

*Falta de evidencia
*Fibrinégeno vs
crioprecipitado

*Momento ideal, empirico?
*Trombosis?

*Falta de evidencia
*Hemostasia primaria
*Curva de aprendizaje
*Algoritmos no validados




Parametro Intervencion

——

de otros FC FVIII / FXIII

0D E Trombocitopenia Plaquetas

@6 e Defecto en la
generacion de trombina

;g a ‘\) Déficit rFVlla

CCP (o PFC)

Concentrado de

AT e B Fibrinogeno / crioprecipitado

Aspirina? Clopidogrel? Warfarina?

Tratamientos previos Heparina?

Establecer condiciones dptimas:
Condiciones hemostaticas Tc > 35°C; pH 7,2; Ca iénico > 1mmol/L;
Hb >8g/dL

Sangrado Detener el sangrado (cirugia, arteriografia, ...)

CCP:Concentrado de complejo protrombinico; PFC: Plasma fresco congelado; Tc Temperatura central; Hb: Hemoglobina



/ REVERSION

CONDICIONES HEMOSTATICAS

PREHOSPITAL HOSPITAL

/l Antiagregantes » DESMOPRESINA?
m Acenocumarol / Warfarina » CCP (+ Vit K!)
m Dabigatran » IDARUCIZUMAB / CCP

> m Rivaroxaban / Edoxaban /
Apixaban » CCP / Andexanet?
\l Heparina » Protamina

\

pH> 7,20 (BICARBONATO?)
Hemoglobina > 8 g/dL

> NORADRENALINA?
CALCIO > 1 mmol/L
\_ Temperatura > 352

EMPIRICO GUIADO
STOP SANGRADO

STOP BLEEDING




TECNICAS VISCOELASTICAS: COMO FUNCIONAN?

PPT CON SOSPECHA DE
COAGULOPATIA

Paciente PPT inestable con importante
lesion tisular.

Es necesaria la obtencién de una
muestra de sangre en un tubo con
citrato.

REACTIVO ESPECIFICO

Vamos a usar un reactivo que contiene
un activador de la coagulacion.

CUBETA

Se pone en contacto una muestra de
sangre con el reactivo, y la mezcla se
deposita en una cubeta.

VARIEDAD DE REACTIVOS

Existen varios reactivos con propiedades
especificas, vamos a obtener graficos
similares pero con interpretacion variable
segun el reactivo. La combinacién de todos
ellos nos va a proporcionar la maxima
iinformacion sobre la coagulacion.

GRAFICO

El cambio de resistencia detectado por
el pistén se representa en un grafico que
nos informa de las propiedades
viscoelasticas del coagulo.

La sangre empieza a coagular debido a que
se ha puesto en contacto con un reactivo
activador de la coagulacion.A medida que la
sangre coagula el pistén detcta mayor
resistencia dentro de la muestra.

PISTON

La mezcla se pone en contacto con un
piston que ejerce una fuerza rotatoria en
la cubeta.



TECNICAS VISCOELASTICAS: COMO FUNCIONAN?




TECNICAS VISCOELASTICAS: INTERPRETACION

Firmeza
del coagulo
SN | — A we-rermverrerese
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*ﬂ Tlemnu de formacidn del coagulo (CFT) [seq]

- Tiempo de Coagulacion (CT) [sec]

Tiempo
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ORIGINAL

Viscoelastic haemostatic assay augmented ‘%
protocols for major trauma haemorrhage
(ITACTIC): a randomized, controlled trial

K. Baksaas-Aasen’, L S. Gall?, ). Stensballe®, N. P Juffermans®, N. Curry®, M. Maegele®, A. Brooks”, C. Rourke?,
S. Gillespie?, J. Murphy®, R. Maroni®, P Vulliamy?, H. H. Henriksen®, K. Holst Pedersen®, K. M. Kolstadbraaten',
M. R.Wirtz*, D. {leinveld”, N. Schafer®, 5. Chinna”, R A. Davenport?, B A, Naess', J. C. Goslings®,

5. Eaglestone?, 5. Stanworth®® P | Johansson®, C. Gaarder' and K. Brohi®®

© 020 The Authors)

Abstract

Purpose: Contemporary trauma resuscitation priositizes control of bleeding and uses major haemorrhage protocols
(MHPs) to prevent and treat coagulopathy. We aimed to determine whether augmenting MHPs with Viscoelastic Hae-
mostatic Assays (VHA) would impro ed to ional Coagulation Tests (CCTs).

Methods: This was a multi-centre, randomized orllralln—d trial paring outcomes in trauma patients who received
empiric MHPs, augmented by erther VHA or CCT-guided interventions. Primary outcome was the proportion of sub-
jects who, at 24 h after injury, were alive and free of massive transfusion (10 or maore red cell transfusions). Secondary
outcomes included 28-day mortality. Pre-specified subgroups included patients with severe traumatic brain injury
(TBI).

Results: Of 396 patients in the intention to treat analysis, 201 were allocated to VHA and 195 to CCT-guided therapy.
At 24 b, there was no difference in the proportion of pa who were alive and free of massive transfusion (VHA:
67%, CCT: 64%, OR 1.15, 95% C1 0.76-1.73). 28-day mortality was not different overall (VHA: 25%, CCT: 28%, OR 0.84,
5% (| 0.54-1.31), nor were there differences in other secondary outcomes or serious adverse events. In pre-specified
subgroups, there were no differences in primary cutcomes. In the pre-specified subgroup of 74 patients with TBI, 64%
were alive and free of massive transfusion at 24 h compared to 46% in the CCT arm (OR 2,12, 95% O 0.84-534).
Conclusion: There was no difference in overall cutcomes between VHA- and CCT-augmented-major haemaorrhage
protocols.

Keywords: Trauma, Haemorrhage, Coagulopathy, Thrombelastography, Thriomboelastometry




TRATAMIENTO DE LA COAGULOPATIA GUIADA POR OBJETIVOS
A

Upon Emergency Room admission:
Trauma AS Algorithm CHECK BE< -6 mmuol/L or -
Diffuse bleeding and blood > Hb <10 gfdL or rvencion
wansfusion considered 17 185225 or
NO TASH-Score = 15
Jyes | ves
ASp<35mm or YES Tranaxamicacid ?
CTyy > 600s or *  (15-)25 mg/kgas asingle bolus
ML = 5% (within 60 min) [iE mot already given prophylactically)
T DOME |
NO s
AL, <35 mm YES Fibrinogen concentrate or —
and #| Cryoprecipitate (dose calculation) ? .
ASpg<9 mm Target: AS;g > 12 mm The role of evidence-based
NO§ algorithms for rotational
AS5., <35mm and .
A5,> 9 mm YES Platelet concentrate * thromboelastometry-guided
or platelet dysf ion 5-10mlfkg bw .
(TRAPTEM < 50 and/or (1-Z pooled or apheresis / 80 kga) bleedlng
ADPT:;MOTD s management. Gérlinger K.
- Korean J Anesthesiol 2019.
= VES | 4ppcc 152510 /kgbw S
ASFlBa_B i or FFP 10-15mlL / kg bw
NO
Consider FFP
1 10:mL £ ke bwr opidogrel? Wartarina?
CT,, >240s CTy/CTygep 2 1.25
Consider Protamine

(0.3)-0.5 mg kg bur
[25-50 mg/B0 kg; 2.55
mbL/80 kglin severe bleeding

NO YE

ondiciones optimas:
17,2; Caionico > 1mmol/L;

4

YES

Re-check after 10-15min
using a new blocd sample

Ongoing bleeding

dSangraao vetener el sangrado (cirugia, arteriografia, ...)

CCP:Concentrado de complejo protrombinico; PFC: Plasma fresco congelado; Tc Temperatura central; Hb: Hemoglobina
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PREHOSPITAL HOSPITAL
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/ REVERSI

‘ Ratio 1:1:1
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EMPIRICO GUIADO
STOP SANGRADO

CONDICIONES HEMOSTATICAS
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CONCENTRADOS DE
HEMATIES +
CONCENTRADO DE
FIBRINOGENO
(Ratio 1:1)

N

4

CONDICIONES HEMOSTATICAS

EMPIRICO GUIADO
STOP SANGRADO






European Joumnal of Tmuma and Emergency Surgery (2022) 48:763-774
hittps= dioi.ong10. 1007/ 500068-020-01563-2

REVIEW ARTICLE

Variations and obstacles in the use of coagulation factor concentrates
for major trauma bleeding across Europe: outcomes from a European
expert meeting

= We suggest a simple definition of TIC.

= We propose a simple set of criteria to guide when to administer an MTP in the majority of clinical trauma

settings. However

= Immediate admi

= We suggest that it gentevel o, a C, ie upon
« Loading . : ‘
infusion | i -

hospital admission B
v. infusior se: 100015000

= We suggest that

hypofribrinogene

* Impaired thromk ted bleeding

Fig.1 Recommended tmatment sequence massive bleeding and  FIBTEM can be used. FIBTEM A5, clot amplitude 5 min after clot
trauma-induced coagulopathy. “Informed by the fifth edition of the ion; FCH, fibri iv., i PCC, pro-

management, as t trauma guidelines [10]. Vi ic tests other than  thrombin complex concentrate; TXA., tranexamic acid butlng factors’

such as hypobrinogenemia and hyperfibrinolysis, should be managed first and the severity/risk of ongoing

bleeding determined, before PCC administration.

= We believe a step-wise approach to the treatment for trauma-related bleeding allows for individualised

therapy, and avoids overtreatment and unnecessary allogenic transfusion.
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Parametro Intervencion

Déficit rFVlla
de otros FC FVIII / FXIII

Trombocitopenia Plaquetas

y Defecto en la CCP (o PFC)
generacion de trombina

Concentrado de

B RCIEC ST EnC Fibrinégeno / crioprecipitado

Hiperfibrinolisis Acido tranexamico

Aspirina? Clopidogrel? Warfarina?
Heparina?

Tratamientos previos

Establecer condiciones 6ptimas:
Condiciones hemostaticas Te > 35°C; pH 7,2; Ca iénico > 1mmol/L;
Hb > 8g/dL

Sangrado Detener el sangrado (cirugia, arteriografia, ...)

CCP:Concentrado de complejo protrombinico; PFC: Plasma fresco congelado; Tc Temperatura central; Hb: Hemoglobina



pagulation factors, Platelets, Fibrinolytic enzymes,
pagulants, FDPs, fibrinogen, fibrinolysis inhibitors,
hogen, tissue factor || FXII, colloids FXIll, fibrinogen

10\ min
(--—-\Alpha angle [°]

g

- “Querido farmacéutico.... CALIENTA que
SALES..!!!”

BLEEDING

' . afterCT[%]

f | K A5/A10 = Amplitude 5/ 10 min after CT [mm]

TRAUMA INDUCED COAGULOPATHY

* Coagulation Time (CT) [s]
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