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Introduction
Haemorrhage remains the leading cause of preventable death in injured patients. Severely injured patients experience acute trauma
coagulopathy of trauma in addition to crystalloid solutions resuscitation without paying attention to patient’s cellular physiology. This
can cause an iatrogenic coagulopathy or “triad of death” of acidosis, hypothermia and coagulopathy 1-4.
In order to minimise the effects of this, it is essential to recognise the acutely bleeding patient and activate the Massive Transfusion
Guideline. This enables the Transfusion Laboratory to prepare Massive Exsanguination Pack (MEP) in time to provide early blood
product-based resuscitation.

Massive Blood Transfusion Definition
A massive blood transfusion may be defined either by prospectively identifying patients who are likely to have significant haemorrhage
requiring transfusion or retrospectively.
Prospective definitions or predictors include the ABC tool / or shock index outlined below.
The traditional retrospective definition is as follows 1, 2, 4, 5


Loss or replacement of 50% of blood volume within 4 hours



More than 4 units administered in the first 4 hours (Equivalent to 1 MEP)

Massive Transfusion Guideline Aims
Fresh whole blood has the best performance in terms of oxygen carrying capacity and coagulation of all available blood products.
However fresh whole blood is not available in Australia, therefore in an attempt to come as close as possible, a 1:1:1 ratio of Packed
Red Blood Cells (PRBC): Fresh Frozen Plasma (FFP): Platelets (Plts) is utilised 6.
This ratio aims to optimise delivery of oxygenated blood to the tissues while avoiding dilution of clotting factors and also ensuring the
availability of platelets which are an essential component of coagulation 4, 5.
In addition to the PRBC, FFP and Plts, it is also essential to ensure that calcium is replaced if it is low. Calcium is an essential component
of the clotting cascade and the way in which the body intrinsically forms a blood clot 4. Early treatment of hypofibribinogenaemia with
cryoprecipitate or fribringin concentrate.
Other vital considerations include avoidance of hypothermia and acidosis (in addition to coagulopathy) the vicious cycle referred to
above. The clotting cascade does not work if the tempreature is too cold. Acidosis also interferes with clotting, and in addition can
cause myocardial dysfunction which worsens shock.

The Massive Exsanguination Pack (MEP) contents:


4 units of Red blood cells (RBC)



4 units or 2 bags or 600mls of Fresh Frozen Plasma (FFP)



4 units or 1 pooled/ aphorised bag of Platelets (Plts)

When one all the contents of a MEP pack is transfused- this is equivalent to a 1:1:1 transfusion ratio. The MEP products are contained
in a refrigerated bag, the contents can be stored for 2 hours before being used or returned to transfusion laboratory.
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NOTE: The MEP does not contain fibrinogen or fibrinogen concentrate.

Activation of the Massive Transfusion Guideline (including activation of MEP)
Ordering the MEP Pack
A MEP pack should ideally be present in the ED resuscitation bay before the patient arrives.
Unopened MEP packs should be returned to blood bank as soon as possible (<2 hours).
The decision to call for MEP Pack will come down to the senior ED clinicians’ assessment, but can be assisted by two tools, the
shock index 7 and the ABC Tool 8.
See TRM 08.06 Trauma OPSTAT Exsanguinating Patient 9

Procedure
Pre arrival (if able)
Senior ED Physician considers prehospital information (or initial clinical impression) and activates the Massive Exsanguination Pack
(MEP)
Emergency Department Assistant (EDA) attends Transfusion Labratory with the blood product release form to pick up MEP +/- 30mins
prior to arrival. The blood product release form can be created in EPIC, or paper copies are kept with the Emergency Department Floor
Co-ordinator.
Transfusion laboratory requires at a minimum the patients UR number/ gender to prevent wastage of the O negative blood.
First MEP pack transfusion5, 10.
ED and trauma staff initially assess and decide if the MEP pack is to be opened and given. Whenever possible ensure baseline blood
taken and sent urgently via chute prior to transfusion. ROTEM sample (extra blue tube) should
also be taken, however note that the results of this will not be available for at least 5-20 minutes.
PitFall
Not giving all of the
The Transfusion Laboratory should be contacted and informed that the MEP Pack has been opened
contents of a MEP
and that a ROTEM has been run ex 27275.
The MEP transfusion should begin with the FFP and Plts (unless all can be infused simultaneously),
the ED and Trauma team should assess if the patient has either (a) responded, in which no further products will be immediately
required or (b) partially or (c) not responded, where further products will be required. Depending upon the urgency, patients requiring
further transfusion will receive either a second MEP pack, or more preferably a Targeted Transfusion pack based upon initial and
subsequent ROTEM results.
It should be noted that such patients should be urgently moved to the most appropriate location to diagnose or definitively treat the
bleeding source (i.e. angiography or theatre). Blood tests included ROTEM should be sent in between each MEP.
MEP
Give the
Plts and FFP
first

Fibrinogen replacement in trauma patients.
The dose of cryoprecipitate is generally 2 mL/kg body weight and one unit should increase the fibrinogen level
by 0.1 g/L. (roughly 10 bags/70kg individual).
Where possible notify Transfusion Lab that the MEP has been opened, this will allow them to prepare more
products including thawing, products, and assist in interpreting the ROTEM so as to provide a more targeted
transfusion.

The Lab scientist if able should call the ED once the ROTEM has been reviewed and discuss the needs of the patient. If the patient has
left ED, then the ED Physician is responsible for informing the lab staff where the patient has gone, which will usually be one of
Operating Theatre, Angiography or ICU.

ROTEM
ROTEM is a point-of-care viscoelastic testing that assesses the formation, strength and rate of dissolution
of a blood clot. It can be used as an adjunct to assess in vivo coagulation. Hypofibinoginaemia at
presentation is an independent predictor of increased mortality. The use of ROTEM has allowed us to
make the diagnosis of hypofibinoginaemia and trauma induced coagulopathy and resulting in earlier
targeted blood product use and increase use of cryoprecipitate as an adjunct therapy 4, 11. At RMH a
ROTEM should be performed in all patients in whom massive transfusion has been commenced, and
regularly as transfusion goes on e.g. at the end of every MEP pack or Targeted Transfusion Pack

ROTEM
On all patients who
have commenced the
MEP

To perform a ROTEM, a second citrate tube (blue top/coag tube) is taken. The Emergency Department Floor Co-ordinator will then run
the test on the ROTEM machine. Results are subsequently visible directly on the ROTEM console, or using ROTEM Secure Viewer in the
Emergency Department resuscitation and trauma bays. Information regarding the interpretation of results is available on EDCKB and
included as an appendix.
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Transexamic Acid (TXA)
TXA has been shown when given early (within 3 hours of injury) in patients with or at risk of significant haemorrhage to improve
survival 4, 5, 12.
TXA is currently part of the PATCH study 13 which has an inclusion criteria of injured patients, aged ≥18, Coagulopathy of Severe Trauma
(COAST) score ≥ 3, able to be dosed ≤ three hours and admitted to a study hospital. Patients are randomised by paramedics will give
TXA or placebo at the scene and a second dose on arrival.
Initial management of bleeding and coagulopathy TXA be administered to the trauma patient who is bleeding or at risk of significant
haemorrhage as soon as possible and ≤ three hours after injury at a loading dose of 1g infused over 10 min, followed by an i.v. infusion
of 1 g over 8 hours.
Additional indications for use at RMH in patients who have evidence of hyperfibrinolysis on ROTEM; or if the trauma team leader feels
that TXA has a role to play. We recommend that the administration of TXA not await results from a viscoelastic assessment.

Calcium
Acute hypocalcaemia is common in massive transfusion. Calcium plays a critical role due to its role in formation and stabilisation of
fibrin polymerisation sites and the cardiac effects ionised calcium levels should be monitored and maintained within the normal range
[1.1–1.3 mmol/L] during massive transfusion. Calcium chloride should be administered to correct hypocalcaemia4, 14.

Endpoints of Massive Transfusion
Trauma patients receiving a massive transfusion are susceptible to several physiologic and biochemical derangement as a result of both
further bleeding and the transfusion itself. The following parameters should be measured at the end of massive transfusion, and or
within 24 hours, and corrected if identified.
Endpoints








INR 1.5 or less
Fib 1.5 normal or more
Plts > 50 or > 100 if critical structures
are at risk of bleeding
PH > 7.20
SBP: 80-90 mmHg
Temperature > 36 degrees
Calcium 1.1-1.3

Exit criteria for the Massive Transfusion Guideline and MEP Use
Stabilisation of haemodynamic status
Control and normalisation of haemorrhage ( via damage control surgery or
angiography)
Normalised ROTEM

Appendix 1: Transfusion prediction Tools
The Assessment of Blood Consumption Tool (ABC Tool) 8
The ABC Tool consists of 4 dichotomous components, which are readily
available and assessed in all trauma patients on admission. The presence of
any one component contributes one to the total score, with a range of zero
to four. Vital signs and assessments are taken from those conducted in the
emergency department.

Mechanism
Penetrating Mechanism
ED SBP  90mmHg
ED HR  120 bpm
Positive Fast

A score of ≥ 2 will trigger the MBT protocol (75% likelihood of MBT). Higher
scores demonstrate an increased need for MBT

Total Score

Yes=1 & No = 0

of ≥ 2 will trigger the
MBT protocol

e.g. score of 4 = 100% likelihood.

Shock Index (SI) 7

Shock Level

HR / SBP =

Shock index is defined as heart rate (HR) divided by systolic blood
pressure(SBP) a SI of >1.0 predicts not only an increase mortality and the
need for a massive transfusion 7. Shock Index of >1.0 predicts not only an
increase mortality and the need for a massive transfusion

No Shock (Class I)
Mild Shock (Class II)
Moderate Shock (Class III)
Severe Shock (Class IV)

< 0.6
≥ 0.6 to <1.0
>1.0 to < 1.4
≥ 1.4
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Appendix 2: ROTEM
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Appendix 3: Massive Blood Transfusion in Trauma Guideline
Trauma Team Activation
ABC Tool
Penetrating Mechanism
ED SBP < 90mmHg
ED HR > 120 bpm

Prehospital
Massive Transfusion
Trigger?

Positive Fast
> 2 trigger MBT

No

Patient Arrives

Shock Index
HR/ SBP

Yes

> 1.0 Trigger MBT

Initiate MEP 1
Transfusion Laboratory ext 27275
Blood release form on EPIC

Prehospital
Massive Transfusion
Trigger?

Yes

MEP 1 contents


Red blood Cells (O Rh negative) = 4units= 4bags



Fresh Frozen Plasma = 4units = 2bags



Platelets = 4pooled units of = 1bag

Commence the transfusion with FFP and PLTs

No
Primary Survey
C: See Trauma Cardiac Arrest Guideline

If theatre required

Trauma Arrest Interventions

A: Patent airway & C/spine protection

urgently initiate

Stop the bleeding

B: Ensure adequate breathing, circulation & oxygenation

Trauma OPSTAT

Open the airway

C: IV or I/O access, inspect for sources of bleeding; MEP;

in consultation with

Decompress the chest

take baseline bloods & ROTEM, consider TXA

SURGEON

IV or I/O or Central Access

D: Conduct GCS

Resuscitation

E: Commence hypothermia protocol: warm fluids & bair hugger

Identify and treat source
of blood loss
ROTEM
Blue top citrate tube, in ED floor coordinator

ROTEM
Take 5-20 mins for results

takes 15-20 mins
Tranexamic Acid
Pt's at risk of significant bleeding or evidence of
hyperfibrinolysis



Exit Criteria and
Resuscitation Endpoints
Stabilised haemodynamics



Haemostatic Control



INR 1.5 or less



Fibrinogen 1.5 or more



Platelets > 50 or > 100 if critical
structures are at risk of
bleeding



PH > 7.20



SBP: 80-90 mmHg



Temperature > 36 degrees



Calcium 1.1-1.3

Continue resuscitation based on

Or on team leader recommendation

clinical parameters and ongoing bleeding

TXA should be given <3hrs of injury

and ROTEM results

Calcium

TF to Angio or Theatre for

Calcium chloride should be given to maintain

damage control management

normal calcium levels

of bleeding

[1.1-1.3 mml/L]

Initiate MEP 2 / Or Targeted Transfusion
Transfusion Laboratory ext 27275
Blood release form on EPIC
Target blood products orders/ requested due to

Release group

bloods and ROTEM results

specific products

OR if unavailable MEP 2

and targeted transfusion



4 units FFP = 2 bags or Fibrinogen concentrate



4 units of Platelets = 1 pool



4 units O Rh (D) Negative Red Cells

Continue resuscitation based on clinical parameters and ongoing bleeding
(ensure post administration bloods have been taken and sent)
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