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La Hemorragia masiva es una causa muy
importante de morbimortalidad en todo el
mundo, cuyo manejo optimo ha variado
sustancialmente en los ultimos anos



Capacidad de mejora

Reconocimiento precoz

>
m

> Protocolizacion de la respuesta (PTM)

> Reanimacion hemostatica

cirugia y RX intervencionista

> Disponibilidad de recursos:

> Prevencion de complicaciones



El fibrindgeno en la reanimacion hemostatica

N

Plaquetas

Fibrindgeno

Antifibrinoliticos
AAS? ; Clopi? ; AVK? ; Otros?

Condiciones basicas
T2>34°C, pH>7.2, Ca>1 mmollL, Hb>8

Compresion quirirgica




Modelo celular de la hemostasia
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Modelo celular de la hemostasia

Healthy Clot

A strong, stable clot includes a tight fibrin mesh with
platelet aggregates and entrapped red blood cells.

%

Fibrinogen Is cleaved
to form fibrin

Platelets adhere to
sites of injury by binding
von Willebrand factor

Platelets aggregate by

Flbrin is crosslinked binding with fibrinogen

by factor Xifi

Fibrinogen, factor Xl and von Willebrand factor
add the clotting strength needed to achieve stable clot formation and restore hemostasis.



Fibrinogeno y plaquetas: “el muro”

¢, ES posible compensar un recuento
bajo de plaquetas con fibrinogeno?

“TEORIA DEL MURO’
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Fibrindgeno: administracion precoz

EJA
(o]

Efficacy of prehospital administration of fibrinogen
concentrate in trauma patients bleeding or presumed
to bleed (FIinTIC)

A multicentre, double-blind, placebo-controlled,
randomised pilot study

Eur J Anaesthesiol 2021; 38:348-357

Bernhard Ziegler, Miriam Bachler, Hubert ¢ Christian Ni ger, Petra
Tobias Hell, Marc Kaufmann, Marc Maegele, Uriel Martinowitz, Carolin Nebl, Elgar Oswald,
Herbert Schchl, Bettina Schenk, Markus Thaler, Benjamin Treichl, Wolfgang Voelckel,
Ivana Zykova, Christine Wimmer, Dietmar Fries, the FlinTIC study group*

Fig. 3 Changes in FIBTEM maximum clot firmness (FIBTEM MCF) between baseline (T1) and 7 days posttrauma (T7)
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groups and 95% CI. Horizontal dashed red lines show boundaries of the normal range. FC, Factor Concentrate group; n1, Placebo group; n2, FC
group.
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BACKGROUND Trauma-induced coagulopathy (TIC) sub-
stantially contributes to mortality in bleeding trauma patients.

OBJECTIVE The aim of the study was to administer fibrinogen
concentrate in the prehospital setting to improve blood clot
stability in trauma patients bleeding or presumed to bleed.

DESIGN A prospective, randomised, placebo-controlled,
double-blinded, international clinical trial.

SETTING This emergency care trial was conducted in 12
Helicopter Emergency Medical Services (HEMS) and Emer-
gency Doctors' vehicles (NEF or NAW) and four trauma
centres in Austria, Germany and Czech Republic between
2011 and 2015.

PATIENTS A total of 53 evaluable trauma patients aged at
least 18 years with major bleeding and in need of volume
therapy were included, of whom 28 received fibrinogen
concentrate and 25 received placebo.

INTERVENTIONS Patients were allocated to receive either
fibrinogen concentrate or placebo prehospital at the scene
or during transportation to the study centre.

* Supplemental Digital Content 1, http://lnks ww.com/EJA/A381 for a full &st of
the study investigators

MAIN OUTCOME MEASURES Primary outcome was the
assessment of clot stability as reflected by maximum clot
firmness in the FIBTEM assay (FIBTEM MCF) before and
after administration of the study drug.

RESULTS Median FIBTEM MCF decreased in the placebo
group between baseline (before administration of study
treatment) and admission to the Emergency Department,
from a median of 12.5 [IOR 10.5 to 14l mm to 11 [9.5 to
13] mm (P=0.02286), but increased in the FC Group from
13 [11 to 15] mm to 15 [13.5 to 17] mm (P=0.0062). The
median between-group difference in the change in FIBTEM
MCF was 5 [3 to 7] mm (P < 0.0001). Median fibrinogen
plasma concentrations in the fibrinogen concentrate Group
were kept above the recommended critical threshold of
2.0g!™" throughout the observation period.

CONCLUSION Early fibrinogen concentrate administration is
feasible in the complex and time-sensitive environment of pre-
hospital trauma care. It protects against early fibrinogen deple-
tion, and promotes rapid blood clot initiation and clot stability.
TRIAL REGISTRY NUMBERS EudraCT: 2010-022923-31
and ClinicalTnals.gov: NCT01475344.

Published online 28 October 2020



Fibrindgeno: directrices de uso

Adequate plasma levels of fibrinogen are essential for clot formation, and in severe
bleeding, fibrinogen reaches a critically low plasma concentration earlier than other
coagulation factors. Although the critical minimum concentration of fibrinogen to
maintain hemostasis is a matter of debate, many patients with coagulopathic bleeding
require fibrinogen supplementation. Among the treatment options for fibrinogen
supplementation, fibrinogen concentrate may be viewed by some as preferable to fresh
frozen plasma or cryoprecipitate. The authors review major studies that have assessed
fibrinogen treatment in trauma, cardiac surgery, end-stage liver disease, postpartum
hemorrhage, and pediatric patients. Some but not all randomized controlled trials have
shown that fibrinogen concentrate can be beneficial in these settings. The use of
fibrinogen as part of coagulation factor concentrate based therapy guided by point-of-
care viscoelastic coagulation monitoring (ROTEM [rotational thromboelastometry] or
TEG [thromboelastography]) appears promising. In addition to reducing patients’
exposure to allogeneic blood products, this strategy may reduce the risk of compli-
cations such as transfusion-associated circulatory overload, transfusion-related acute
lung injury, and thromboembolic adverse events. Randomized controlled trials are
challenging to perform in patients with critical bleeding, and more evidence is needed
in this setting. However, current scientific rationale and clinical data support fibrinogen
repletion in patients with ongoing bleeding and confirmed fibrinogen deficiency.

Fibrinogen Supplementation and Its Indications

Oliver Grottke, MD, PhD'  Shuba Mallaiah, MD2 Keyvan Karkouti, MD? Fuat Saner, MD*

Thorsten Haas, MD?
Semin Thromb Hemost 2020:46:38-49,

Niveles adecuados de fibrinGgeno para
hemostasia

En HM, el nivel plasméatico de fibrinogeno
baja rapidamente

Se debe usar en el contexto de una
estrategia multimodal

Dudas en el empleo profilactico

Mejor si se usa en terapia guiada por
objetivos (test viscoelasticos)



TVE en las guias
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TVE en las guias

Introduction: The management of patients with critical bleeding
requires a multidisciplinary approach to achieve haemostasis,
optimise physiology, and guide blood component use. The 2011
Patient blood management guidelines: module 1— critical bleeding/
massive transfusion were updated and published. Systematic

- reviews were conducted for pre-specified research questions,
dﬂc umen tD H EMGM'A 5 I I and recommendations were based on meta-analyses of included

studies.
Main recommendations: The critical bleeding/massive transfusion
Raecomendacion 19 guideline indudes seven recommendations and 11 good practice
a . a statements addressing:
En el pacrente con f'I'IEH'h'.'.l.I'Tﬂj'lﬂ srave, se recomienda « major haemorrhage protocols (MHPs) facilitating a
la momtorizacidn precoz de la hemostasia para optimizar multii::iﬁciplti_lnarﬁ,rjppruaclr_'ntﬂ_haen;url_lrhqgia cqntlrgl,mrrec_‘tinn of
- = coagulopathy and normalisation of physiological derangement;
la admimistracion de m“ﬂ?ﬂ?ﬂfﬁ L fﬂl’TﬂﬂEﬂS p.l"-I:FhE'- « measurement of physiological, biochemical and metabolic
mostdticos, Quiando mediante algoritmos un tratamiento parameters in critical bleeding/massive transfusion;
T . « the optimal ratio of red blood cells to other blood components;
individualizado basado preferentemente en o5 resultados . the use of tranexamic acid
de test viscoeldsticos (18), o en su defecto, de test de coa- . ‘flﬁlfﬂellﬂﬁtlc haemostatic assays; and
. . « cell salvage.
g-I..I'IﬂI'_'I'-IfH'.I comvencionales. .|"T'|:,| Changes in management as a result of the guideline: The new

guideline recommends MHPs be established as standard of care in
all institutions managing patients with critical bleeding. In addition
to routine physiological markers, the new guideline recommends
temperature, biochemistry and coagulation profiles be measured
early and frequently, providing parameters that define critical
derangements. Ratio-based MHPs should include no fewer than
four units of fresh frozen plasma and one adult unit of platelets
for every eight units of red blood cells. In the setting of trauma
and obstetric haemorrhage, administration of tranexamic acid
within three hours of bleeding onset is recommended. The use

of recombinant activated factor VIl (rFVIIa) is not recommended.

There was insufficient evidence to make recommendations on the
use of viscoelastic haemostatic assays or cell salvage as part of
MIA 220 (4) = 4 March 2024 I\MHpg_




Conocer el funcionamiento de los TVE

Mechanical viscoelastic testing Resonance viscoelastic testing
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Example shows TEG®*5000 system Example shows TEG®6s system
TEG*5000: whole blood sample is placed in a heated TEG®6s: Uses resonance frequency to measure
rotating cup with a static pin ROTEM*Delta/ROTEM*Sigma: whole blood viscoelasticity
whole biood sample is placed in a stationary cup

TEG® Analyzer to conduct thromboelastography; ROTEM® Analyzer to conduct thromboetastometry
Figures reproduced from Hartmans 2020 under CC BY 4.0 fcense

Hartman J et al. https://doi.org/10.1016/j.rpth.2022.100031



Data Acquisition

An ultrasound pulse is sent into the blood
sample to generate a shear wave, causing the
sample to resonate.

Ultrasound Blood

Transducer Sample
[ IS

_— a——
- @
=

Ultrasound ==

Pulse

Conocer el funcionamiento de los TVE

Displacement Estimation
As the clot vibrates during resonance,
ultrasound “tracking” pulses are used to
estimate the sample motion.

10 minutes after activation

Shear Modulus Estimation d
The shear madulus of the sample at a specific
time point is calculated by analyzing the sample
motion pattern.

A Shear
Modulus

Time
>

Schematic representation of SEER Sonorheometry. The technology is composed of three fundamental steps, as represented by the three
panels in this figure. First, an ultrasound pulse is transmitted in the blood sample to generate a shear wave, causing the sample to resonate
(left panel). A series of ultrasound “tracking™ pulses is then sent within the sample and the returning echoes are used to estimate the sample
motion (middle panel). The shape of the estimated displacement curve is directly related to the shear modulus of the sample. The time-
displacement curve can be compared to theoretical models to determine the actual shear modulus for that specific point in time. This process

is repeated every 4 seconds to form a signature curve that shows shear modulus vs time (right panel).




Conocer el funcionamiento de los TVE

QUANTRA

‘AUTOMATICO

‘NUEVO METODO DE MEDICION (SEER)
‘MEDICION DE LA ELASTICIDAD

Aparente mejor deteccion de la formacion de
coagulos debiles

Medida Directa de la Elasticidad

lkacte ‘La elasticidad es una propiedad fisica
real del coagulo”

Relative G values (kPa)™?
Pure Clotted Brain | Roman M. Sniecinski, MD,* and Kenichi A. Tanaka, MD, MSct
iquid Dblood
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Fibringeno y TVE

Advantages of viscoelastic testing compared with conventional coagulation testing [5]

Viscoelastic testing Conventional laboratory
* coagulation testing
platelets
» ) & white blood cells

w o

Viscoelastic tests Conventional laboratory coagulation assays

red blood cells

Whole blood sample Platelet-poor plasma sample
Can be viewed and evaluated at the point-of-care Tests take place in a central laboratory
Results within minutes Longer turn-around time
Holistic overview of ex vivo clotting Snapshot of individual steps in clotting process

Hartman J et al. https://doi.org/10.1016/j.rpth.2022.100031



Fibringeno y TVE

Assa TEG® assays
y (activator)
Contact activation Kaolin TEG®
pathway (Kaolin)
Tissue factor (TF) =
activation pathway
Contact activation + TF RapidTEG®
pathway (Tissue factor + kaolin)
Heparinase Kaolin TEG® with
P lyophilized heparinase
TEG® Functional
Fibrinogen Fibrinogen (tissue

factor + abciximab)

Native whole blood

Native TEG®
sample

Platelet function via AA

: o=
and ADP activation TEG® PlateletMapping

ROTEMP® assays
(activator)

INTEM®
{ellagic acid)

EXTEM®
(tissue factor)

HEPTEME (ellagic acid + lyophilized
hepannase)

FIBTEM?® (tissue factor +
cytochalasin D)

NATEM®

No platelet function test exists on
the platform; however, it can be used
in conjunction with VerifyNow™ &
Muitiplate® platelet function
impedance aggregometry analysis

Interpretation of assay

Assesses the contact activation pathway
(intrinsic pathway) partially measured by aPTT

Assesses the tissue factor activated pathway
(extrinsic pathway) partially measured by PT

Assesses both activation pathways

Assesses the presence of systemic heparin via
comparison with the Kaolin/INTEM assay

Uses a platelet inhibitor to assess the relative
contribution of fibrinogen to ciot strength
independent of platelets

Used for custom hemostasis iests. Not for
clinical use due to the long reaction rate

Platelet receptor-specific tracing to identify
levels of platelet inhibition and aggregation

Hartman J et al. https://doi.org/10.1016/j.rpth.2022.100031
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Fibrindgeno y TVE

> SiTP-ratio / INR/ TTPA ratio > 1,5

| l-) Plasma (10-15 mi/kg)
‘-)} HEMOGLOBINA = CCP (25 Ul/kg) (de inicio)

-)} CONDICIONES BASICAS — (
, ' Sifibrinégeno clauss < 1,5 g/L

*Hemorragia obstétrica < 2 g/L

3

50 mg/kg de inicio o
2 g deinicio

HEMOSTASIA - ‘ L

")l HEMODINAMICA - |

) Siplaauetas
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7 2 gde inicio

Fibrindgeno y TVE

) Si plaquetas
< 50.000 / microL

A | |
| ' U 1 pool de inicio
§

")’ HEMOGLOBINA =

ﬁ CONDICIONES BASICAS = d{
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9‘/ HEMOSTASIA i

‘—){’ TEG -

")' HEMODINAMICA B |

j( QUANTRA >




Fibrinogeno y TVE
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Fibrindgeno y TVE
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Fibrinogeno y TVE: toma de decisiones

Recomendacion 33

En un paciente con sangrado activo, se recomienda la
administracion de concentrado de fibrinogeno si los niveles
plasmaticos (funcional de Clauss) estan por debajo de 1,5-
2,0 g/L, o el A5 en el FIBTEM es inferior a 7-9 mm o, por
equivalencia, la amplitud maxima MAcgs es inferior a 10
mm. (1C)

En la fase inicial del sangrado masivo, sobre todo si es
debido a un traumatismo grave, se recomienda la adminis-
tracion de concentrado de fibrinogeno junto a concentrado
de hematies como alternativa a la estrategia de reanima-
cion hemostatica, incluso sin necesidad de resultados de los
TVE o de coagulacion. (1C)

El umbral para la administracion de fibrinogeno es con-
trovertido. El nivel plasmatico no debe ser inferior a 1,5
g/ L4 1319958570 rarregpondiendo a un AS-FIBTEM inferior
a 7/ mm, aungue se ha propuesto un umbral de 8-9 mm en

algunos escenarios clinicos™. En el TEG®, por equivalencia,
se corresponderia con una amplitud maxima (MAge) 10 mm.

Documento HEMOMAS-II. 2023



Fibrinogeno y TVE: toma de decisiones

Table 2. Societies’ Guidelines on Coagulation Factor Substitution and Antifibrinolytic Therapy®12-7

Obstetrics Cardiac Surgery with
Medical Area (Postpartum Hemorrhage) Trauma Cardiopulmonary Bypass
Fibrinogen Fibrinogen ROTEM viscoelastic Major bleeding with Fibrinogen ROTEM viscoelastic ampli-  Fibrinogen ROTEM maa-
concentrate amplitude at 5min < 7mm functional fibrinogen tude at 10min < 10mm; tissue fac-  mum clot fimness <4
cryoprecip-  Fibnnogen ROTEM wiscoelastic deficit (plasma tor—activated ROTEM wiscoelastic to 6 mm recommended
itate amplitude at 5min <12mm Clauss fibnnogen amplitude at 10min < 40mm Fibrinogen ROTEM miaxi-
(im ongoing bleeding) concentration TEG macimum amplitude < 40mm; mum clot firnness & to
<1.5g) functional fibrinogen < 8 mm 8 mm considered
Fibrinogen ROTEM max- Fibrinogen ROTEM
imum clot firmness maximum clot firmness
< 8 to 10 mm* = Ymm targeted
Functional fibrinogen
< 12 mm*
Mo fibrinogen  Fibrinogen ROTEM Fibrinogen ROTEM
concentrate =12 mm maximum clot firmness
= 14 mm

Erdoes G et al. Anesthesiology 2021 - 135;2:342-9



Fibringeno y TVE

Viscoelastic testing: clinical areas with active research [6]

tam> | Cardiothoracic and o Gynecologic and

. vascular surgery a obstetric care
® Presurgical platelet function tests ¢ Management of postpartum hemorrhage
e Pen-operative hemostasis testing e |dentifying hypercoagulability as a
® |Intensive care unit management potential cause for miscarriage
N — - R | Jgvons "
s | Interventional cardiology ' Liver disease and transplant
. e Assessing patients pnior to surgery e Patients with cirrhosis undergoing
® Personalized dual anti-platelet therapy invasive procedures
® Periprocedural monitoring in e Patients with cirrhosis experiencing
interventional cardiology active bleeding

e Liver transplant surgery

O Trauma and emergency ' ' Critical care
( ¢ Trauma-induced coagulopathy ! ¢ Management of clinical conditions
e Traumatic brain injury and associated associated with coagulopathy and
coagulopathy thrombotic complications

e.g., hemorrhage, mechanical support,
sepsis and COVID-19

NOTE: indications for different viscoelastic assays vary by platform, see local label for full details of cleared indications

Hartman J et al. https://doi.org/10.1016/j.rpth.2022.100031



Mensajes para llevar a casa

1. La administracion precoz y efectiva de fibrinogeno es de crucial importancia
para limitar la pérdida de sangre y minimizar el riesgo de complicaciones en
una HM, probablemente porque disminuye la coagulopatia inducida al
mejorar la fuerza del coagulo (demostrado en test viscoelasticos)

2. La administracion profilactica no es una opcion preferente y no se
recomienda de forma general

3. El aumento de fibrindbgeno plasmatico no se consigue de forma adecuada
en base a la administracion de PFC

4. Si bien su administracion debe ser precoz, es altamente recomendable que
se realice en base a los resultados de monitorizacion.



Reanimacion hemostatica
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REANIMACION HEMOSTATICA

a) Hematies para Hb > 8 g/dL
b) Plasma

o, - Monitorizacion test estandar/viscoelasticos
¢)  Fibrinogeno ﬁ - Valorar ratio alta de CH/PF/Plaqg (1:1:1)-(2:1:1)

d) CCP o

e) Plaquetas - Valorar suplementos de Fibrindgeno/CCP
TRANEXAMICO
Valorar administracion precoz si sangrado en sabana/trauma/HPP (1 g iv en 20’ + Valorar 1 g iv/h)
ANTECEDENTES

a) Toma de antiagregantes - Valorar plaquetas

b) Toma de anticoagulantes - Valorar pruebas de hemostasia/reversor
c) Hepatopatia/Insuficiencia renal/trombopenia

d) Historia previa de sangrado?

CONDICIONES BASICAS

a) Transfusién de CH - Hb > 8 g% (Transfusion de CH “de uno en uno”)
b) Ta> 35°C - Calentamiento de todos los fluidos

c) Fluidoterapia “NO LIBERAL” - Evitar coagulopatia dilucional

d) Valorar NADR precoz - TAM >60 mmHg

e) Ca>1 mmol/L > Valorar administrar Ca
f)  Criterios de gravedad: pH<7.3/EB<-5
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