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1 Introduction 

This document presents the methods and results relating to the findings from a systematic 
literature review on patient blood management in critical bleeding/massive transfusion. It is 
the first volumne of a technical report produced as part of the development process for the 
Patient blood management guidelines: Module 1 – Critical bleeding/massive transfusion, 
which is the first in a series of six modules that focus on evidence-based patient blood 
management, and will replace the 2001 National Health and Medical Research 
Council/Australasian Society of Blood Transfusion (NHMRC/ASBT) Clinical practice guidelines 
on the use of blood components.1 The six modules of the guidelines are being developed in 
three phases, as shown in Table 1.1. 

Table 1.1 Phases of development of guideline modules 

Phase Modules 

I Critical bleeding/massive transfusion 

 Perioperative 

II Medical 

 Critical care 

III Obstetrics 

 Paediatric/neonatal 

 

Volume 2 of the technical report presents the related appendixes. 

The document Patient blood management guidelines: Module 1 – Critical bleeding/massive 
transfusion gives information on: 

• governance arrangements for the guidelines 

• committee memberships and affiliations 

• the background research team 



 

Technical report on patient blood management in critical bleeding/massive transfusion 3 

2 Methods 

2.1 Overview 

As detailed in Patient blood management guidelines: Module 1 – Critical bleeding/massive 
transfusion, between July and November 2008, relevant clinical research questions were 
developed, prioritised, combined and refined by an Expert Working Group (EWG), the 
NHMRC Guidelines Assessment Register (GAR) consultants and the Clinical/Consumer 
Reference Group (CRG) for this guideline. The process resulted in different types of 
questions, as shown in Table 2.1. 

Table 2.1 Details of question types 

Question type Answered based 
on 

Uses 

Specific to this module Systematic review Used to develop: 

• recommendations  

•  practice points 

Generic (i.e. relevant to 
all six modules in the 
series) 

Systematic review Used to develop: 

• recommendations  

•  practice points 

Background specific to 
this module 

Background 
material 

Used to: 

• capture information considered as being outside the scope 
of the systematic review questions 

• provide general information for the guidelines. 

 

2.2 Structure of systematic review questions 

Details of the structure of the systematic review questions is given in Appendix 1 (Volume 1). 
The questions (listed in Box 2.1) were structured according to: 

• PICO (population, intervention, comparator and outcome) criteria for intervention 
questions 

• PPO (population, predictor and outcome) criteria for prognostic questions 

• PRO (population, risk factor and outcome) criteria for the aetiology question. 

Details of the quality criteria used to assess each included study are presented in Appendix 2 
(Volume 1), which gives the prespecified populations intended to identify evidence relevant 
to the critical bleeding/massive transfusion guidelines (questions 1 and 2) and to both the 
critical bleeding/massive transfusion and the perioperative guidelines (questions 3–8). 
Various subgroups were prespecified for population criteria, to identify patient groups of 
particular importance for each research question. 
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Box 2.1 Questions asked as the basis of the systematic review 

Questions 1 and 2 are specific to critical bleeding or massive transfusion (i.e. to this 
module); questions 3–8 are relevant to all six modules of these guidelines. 

Question 1 – In patients with critical bleeding requiring massive transfusion, what is the 
effect of variation of physiologic, biochemical and metabolic (including temperature) 
parameters on morbidity, mortality and transfusion rate?  
(Prognostic question) 

Question 2 – In patients with critical bleeding requiring massive transfusion, does the dose, 
timing and ratio (algorithm) of RBCs to blood component therapy (FFP, platelets, 
cryoprecipitate or fibrinogen concentrate) influence morbidity, mortality and 
transfusion rate?  
(Interventional question) 

 Question 3 – In patients with critical bleeding requiring massive transfusion, is anaemia an 
independent risk factor for adverse outcomes?  
(Aetiological question) 

Question 4 – In patients with critical bleeding requiring massive transfusion, what is the 
effect of RBC transfusion on patient outcomes?  
(Interventional question) 

Question 5 – In patients with critical bleeding requiring massive transfusion, what is the 
effect of non-transfusion interventions to increase haemoglobin concentration on 
morbidity, mortality and need for RBC blood transfusion?  
(Interventional question) 

Question 6 – In patients with critical bleeding requiring massive transfusion, what is the 
effect of rFVIIa (prophylaxis or treatment) on morbidity, mortality and transfusion rate?  
(Interventional question) 

Question 7 – In patients with critical bleeding requiring massive transfusion, what is the 
effect of FFP, cryoprecipitate, fibrinogen concentrate, and/or platelet transfusion on 
patient outcomes?  
(Interventional question) 

Question 8 – In patients with critical bleeding requiring massive transfusion, what INR (PT/ 
APTT) for FFP, fibrinogen level for cryoprecipitate, platelet count for platelets 
concentrates should patients be transfused to avoid risks of significant adverse events?  
(Prognostic question) 

APTT, partial thromboplastin time; FFP, fresh frozen plasma; INR, international normalised ratio; PT, 
prothrombin time; RBC, red blood cell; rFVIIa, recombinant activated factor VII 

2.3 Literature searches 

NHMRC standards and procedures require clinical practice guidelines to be based on 
systematic identification and synthesis of the best available scientific evidence.2 Three main 
strategies were used to identify potentially relevant literature: electronic database searching, 
manual searching and literature recommended by expert members of the CRG. 
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2.3.1 Electronic databases 

The systematic review/technical writing group carried out searches using the following 
primary databases: 

• EMBASE and Medline via the EMBASE.com interface 

• Cochrane Library Database: a database of systematic reviews, other reviews, clinical 
trials, methods studies, technology assessments, economic evaluations and Cochrane 
Groups 

• PreMedline: Medline in process, accessed via the PubMed interface. 

Dates of searching the primary databases are presented in Appendix A (Volume 2).  

Additional secondary databases searched, where indicated, included: 

• CINAHL (Cumulative Index to Nursing and Allied Health Literature) 

• AMI (Australasian Medical Index). 

Dates of searching the secondary databases are presented in Appendix A (Volume 2).  

Search strategies for primary and secondary databases were developed in consultation with 
a specialist search strategist. All strategies were based on PICO, PPO or PRO criteria 
developed for the research questions. Full details of all search strategies for these primary 
and secondary databases are presented in Appendix A (Volume 2). 

The search included health technology assessment (HTA) agency websites such as the 
National Institute for Health and Clinical Excellence (NICE) and the Canadian Agency for 
Drugs and Technologies in Health (CADTH), as well as relevant guideline websites. 

2.3.2 Manual searching of reference lists 

Members of the systematic reviewer/technical writing group manually searched reference 
lists included in relevant articles identified from the systematic literature search. This 
strategy identified some additional articles that were not found in electronic database 
searches. Additional articles found by conducting manual searching are indicated in the 
literature search results presented in Appendix C (Volume 2). 

2.3.3 Expert sources 

Articles recommended by CRG members were considered for inclusion wherever inclusion 
and exclusion criteria were met. 

2.3.4 Background questions  

Background questions are shown in Box 2.2. Material relevant to these questions was 
gathered by fellows or registrars under the supervision of CRG members. These questions 
were not researched by applying systematic review processes. Registrars were advised to use 
sources ranging from medical textbooks, grey literature, published scientific and review 
articles (identified through PubMed, EMBASE or Cochrane databases), series yearbooks and 
other relevant medical literature. Because the intention was to identify relevant information 
that could inform best practice, background research was not limited to evidence or general 
information only applicable to Australia and New Zealand.  
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Box 2.2 Background research questions 

• Background question 1 – What is critical bleeding? 

• Background question 2 – What is the definition of massive transfusion? What is an 
agreed (suitable) definition of massive transfusion? 

• Background question 3 – In the management of critical bleeding, are (a) permissive 
hypotension, also called minimal volume hypotensive resuscitation, and (b) damage 
control surgery associated with improved patient outcomes? 

• Background question 4 – Does the use of fresh (stored unrefrigerated for < 48 hours) or 
ultra-fresh (stored for < 4 hours) whole blood influence patients’ morbidity and 
mortality? 

• Background question 5 – What effect does the age of RBCs used in transfusions have on 
patients’ morbidity and mortality? 

2.4 Inclusion and exclusion criteria 

Inclusion criteria were determined from the PICO, PPO or PRO criteria that formed the basis 
of the systematically reviewed research questions. Studies that did not meet one or more of 
these criteria were excluded. Additional reasons for excluding studies were that studies 
were: 

• non-human  

• non-English  

• non-systematic reviews, editorials, opinion pieces and letters 

• research or systematic review protocols. 

Titles and abstracts of every record retrieved by searching the primary and secondary 
databases were reviewed, and full articles were retrieved for further assessment where 
considered to meet the inclusion criteria. Articles that could not be included or excluded on 
the basis of information in the title or abstract were retrieved as full text before a final 
decision was made on inclusion or exclusion.  

Articles reporting on the basis of the following study designs were considered for inclusion 
when PICO, PPO or PRO criteria were met: 

• systematic review of randomised controlled trials (RCTs)and/or cohort studies 

• RCTs or pseudorandomised controlled trials 

• cohort studies 

• case-control studies 

• case series, pre-post or post studies 

• socioeconomic studies, economic evaluations, cost-effectiveness analysis and so forth. 

The document Patient blood management guidelines: Module 1 – Critical bleeding/massive 
transfusion is concerned with the management of critically bleeding patients who require 
massive transfusion. For the purpose of the systematic review, critical bleeding was defined 
as major haemorrhage that is life-threatening and likely to result in the need for massive 
transfusion. In adults, massive transfusion was defined as a transfusion of half of one blood 
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volume in 3 hours,1 or more than one blood volume in 24 hours (adult blood volume is 
approximately 70 mL/kg). In children, massive transfusion was defined as a transfusion of 
more than 40 mL blood/kg (blood volume of children older than neonates is approximately 
80 mL/kg). Studies that did not meet these definitions of critical bleeding and massive 
transfusion were excluded. 

Studies that initially met inclusion criteria but were later excluded are documented, with 
reasons for their exclusion, in Appendix B (Volume 2). Examples of reasons for exclusion in 
this circumstance include different systematic reviews reporting the same primary studies, 
and inadequate data reporting. 

2.5 Classification and assessment of evidence 

Studies identified from the literature search for inclusion were classified according to the 
NHMRC levels of evidence hierarchy (Table 2.1). To ensure that guidelines were based on the 
best available evidence, studies of higher levels of evidence (i.e. Level I or II) were included in 
preference to those presenting lower levels (III or IV) of evidence. This was done to minimise 
the potential for bias in the evidence base for each systematically reviewed question. 
However, lower level studies were reviewed where evidence was not available in higher level 
studies for any of the primary outcomes.  

Studies identified from the systematic literature review were assessed according to the 
NHMRC dimensions of evidence (Table 2.2).3 There are three main domains: strength of the 
evidence, size of the effect and relevance of the evidence. The first domain was derived 
directly from the literature identified for a particular intervention, aetiology or prognostic 
study. The other two domains were determined in consultation with the CRG as part of the 
study assessment process during the review of the evidence considered for guideline 
development. One aspect of the strength of the evidence domain is the level of evidence of 
the study, which was determined using the NHMRC levels of evidence outlined in Table 2.1. 

                                                           

11
 Note that in the guidelines document, this has now been amended to 4 hours, based on local registry data 
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Table 2.1 NHMRC evidence hierarchy: designations of levels of evidence according to type of 
research question 

Level Interventiona Prognosis Aetiologyb 

Ic A systematic review of Level II studies A systematic review of Level II 
studies 

A systematic review of Level II 
studies 

II A randomised controlled trial A prospective cohort studyd A prospective cohort study 

III-1 A pseudorandomised controlled trial 
(i.e. alternate allocation or some other 
method) 

All or nonee All or nonee 

III-2 A comparative study with concurrent 
controls: 

• non-randomised, experimental trialf 

• cohort study 

• case-control study 

• interrupted time series with a control 
group 

Analysis of prognostic factors 
amongst persons in a single arm 
of a randomised controlled trial 

A retrospective cohort study 

III-3 A comparative study without concurrent 
controls: 

• historical control study 

• two or more single arm studyg 

• interrupted time series without a 
parallel control group 

A retrospective cohort study A case–control study 

IV Case series with either post-test or pre-
test/post-test outcomes 

Case series, or cohort study of 
persons at different stages of 
disease 

A cross-sectional study or case 
series 

Source: NHMRC (2009)3 
a Definitions of these study designs are provided on pages 7–8 of How to use the evidence: assessment and application of 
scientific evidence4 
b If it is possible andr ethical to determine a causal relationship using experimental evidence, then the ‘intervention’ hierarchy of 
evidence should be used. If it is only possible or ethical to determine a causal relationship using observational evidence (e.g. 
cannot allocate groups to a potential harmful exposure, such as nuclear radiation), then the ‘aetiology’ hierarchy of evidence 
should be used. 
c A systematic review will only be assigned a level of evidence as high as the studies it contains, excepting where those studies 
are of Level II evidence. Systematic reviews of Level II evidence provide more data than the individual studies and any meta-
analyses will increase the precision of the overall results, reducing the likelihood that the results are affected by chance. 
Systematic reviews of lower level evidence present results of likely poor internal validity and thus are rated on the likelihood that 
the results have been affected by bias, rather than whether the systematic review itself is of good quality. Systematic review 
quality should be assessed separately. A systematic review should consist of at least two studies. In systematic reviews that 
include different study designs, the overall level of evidence should relate to each individual outcome or result, as different 
studies (and study designs) may contribute to each different outcome. 
d At study inception, the cohort is either non-diseased or all at the same stage of the disease. A randomised controlled trial with 
persons either non-diseased or at the same stage of the disease in both arms of the trial would also meet the criterion for this 
level of evidence.  
e All or none of the people with the risk factor(s) experience the outcome; and the data arise from an unselected or 
representative case series that provides an unbiased representation of the prognostic effect. For example, no smallpox 
develops in the absence of the specific virus; and clear proof of the causal link has come from the disappearance of small pox 
after large-scale vaccination. 
f This also includes controlled before-and-after (pre-test/post-test) studies, as well as indirect comparisons (i.e. use A vs. B and 
B vs. C, to determine A vs. C). 
g Comparing single arm studies (i.e. case series from two studies). This would also include unadjusted indirect comparisons 
(i.e. use A vs. B and B vs. C, to determine A vs. C but where there is no statistical adjustment for B). 
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Table 2.2 NHMRC dimensions of evidence 

Dimension Definition 

Strength of 
evidence 

 

 Level Each included study is assessed according to its place in the research hierarchy. This illustrates the 
potential of each included study to adequately answer a particular research question and indicates the 
degree to which design has minimised the impact of bias on the resultsa 

 Quality Included studies are critically appraised for methodological quality. Each study is assessed according to the 
potential that bias, confounding and/or chance has influenced the results 

 Statistical 
precision 

Primary outcomes of included studies are assessed to establish whether the effect is real, rather than 
because of chance. Using a level of significance such as a P-value and/or confidence interval the precision 
of the estimate of the effect is evaluated. This considers the degree of certainty regarding the existence of a 
true effect 

Size of effect The clinical importance of the findings of each study is assessed. This concept refers to the measure of 
effect or point estimate reported in the results of each study (e.g. mean difference, relative risk). For meta-
analysis pooled measures of effect are assessed. Size of effect refers to the distance of the point estimate 
from its null value and also the values included in the corresponding 95% confidence interval. Size of effect 
indicates the clinical impact a particular factor or intervention will have on a patient and is considered in the 
context of patient relevant clinical differences 

Relevance of 
evidence 

The translation of research evidence to clinical practice is addressed by this dimension. It is regarded as 
potentially the most subjective of the evidence assessments. There are two questions concerning the 
appropriateness of outcomes and relevance of study questions: 

• Are the outcomes measured in the study relevant to patients? 

• How closely do the elements of the study research question match with those of the clinical question 
being considered? 

Source: NHMRC (2009)3 
a See page 6–10 of How to use the evidence: assessment and application of scientific evidence4 

2.5.1 Quality appraisal 

The methodological quality of the included studies was assessed using the criteria presented 
in Appendix 2 (Volume 1).4 Quality assessment criteria varied according to whether included 
studies were systematic reviews, RCTs or cohort studies. No weighting of quality criteria was 
applied, but studies that met all criteria, or all but one, were considered to be of good quality 
with a low risk of bias. Because all included studies for question 1were case reports, it was 
not possible to appraise the quality of studies included. Quality assessments of included 
studies for all systematically reviewed questions are presented in Appendix E (Volume 2). 

2.5.2 Data extraction 

Data and information, according to the inclusion criteria (PICO, PRO or PPO), were extracted 
into evidence summary tables, which were based on NHMRC requirements for externally 
developed guidelines.5 Extracted data and information included general study details 
(citation, study design, evidence level, country and setting), characteristics of study 
participants, details of interventions and comparators, details pertaining to internal (e.g. 
allocation and blinding) and external (applicability and generalisibility) study validity, and 
results for outcomes specified in the inclusion criteria. Where relevant studies were 
identified, extracted data and information were used to construct study characteristics and 
results tables of included evidence for each systematically reviewed question. Evidence 
summary tables for all included studies are presented in Appendix F (Volume 2). 
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2.6 Assessment of the body of evidence and formulation of 
recommendations  

The body of evidence for each guideline recommendation was graded in accordance with the 
NHMRC framework for developing evidence-based recommendations.3 The body of evidence 
considers the evidence dimensions (see Table 2.2) of studies relevant to that 
recommendation. The NHMRC developed an evidence statement form to be used with each 
clinical research question considered in guideline development (Appendix 3, Volume 1). 
Before completing the evidence statement form, included studies were critically appraised 
and relevant data summarised, as described. This information was required to formulate 
each recommendation and determine the overall grade of the body of evidence supporting 
each recommendation.  

The key findings from included studies were summarised as evidence statements for each 
systematically reviewed question. Where required, separate evidence statements were 
developed for different patient populations or outcomes. Input from the CRG helped to 
ensure that the size of effects and relevance of evidence were considered when developing 
evidence statements. Where no evidence, or insufficient relevant evidence was identified, 
this was explained in the evidence statement.  

Completed evidence statement forms for each research question are presented in 
Appendix D (Volume 2). 

2.6.1 Use of the NHMRC evidence statement form 

The NHMRC evidence statement form was applied in five steps, outlined below. 

Step 1 Rating each of the five components 

To inform grading of recommendations, the body of evidence underpinning each evidence 
statement was assessed. Five key components were rated for each evidence statement 
(Table 2.3). The first two components were derived directly from the literature identified for 
each question. During review of identified evidence, CRG guidance was also required to 
assess the clinical impact, generalisibility and applicability of included studies.  

Table 2.3 Components of the evidence statement 

Component Definition 

Evidence base  

 Quantity Reflects the number of studies included as the evidence base. Also takes into account the number of 
patients in relation to frequency of the outcomes measures (i.e. study statistical power). Meta-analysis can 
be used to combine results of studies to increase the power and statistical precision of effect estimates. 

 Level Reflects the best study type for the specific type of research question (intervention, prognosis) (Table 2.1). 
Level I evidence would be the best evidence to answer each question. 

 Quality Reflects how well studies were designed and conducted in order to eliminate bias. 

Consistency Assesses whether findings are consistent across included studies, including a range of study populations 
and study designs. Meta-analysis of randomised studies should present statistical analysis of 
heterogeneity that demonstrates little statistical difference between studies. Presentation of an I2 statistic 
illustrates the extent of heterogeneity between studies. Clinical heterogeneity between studies should also 
be explored. 
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Component Definition 

Clinical impact Measures the potential benefit from application of the guideline to a population. Several factors need to be 
considered when estimating clinical impact, including: relevance of the evidence to the clinical question; 
statistical precision and size of the effect; relevance of the effect to patients compared with other 
management options or none. Other relevant factors are the duration of therapy required to achieve the 
effect; and the balance of risks and benefits (taking into account the size of the patient population). 

Generalisability Addresses how well the subjects and settings of included studies match those of the recommendation. 
Population issues that could affect recommendations include gender, age or ethnicity, baseline risk or 
level of care (e.g. community or hospital setting). This is an important consideration when evidence comes 
from RCTs, where setting and entry requirements are generally narrow and, therefore, may not be 
representative of all patients to whom the recommendation may be applied in practice. In this 
circumstance, broader-based population studies may be useful for confirmation of evidence from RCTs. 

Applicability Addresses whether the evidence base is relevant to the Australian health care setting in general or to 
more local settings for specific recommendations (e.g. rural areas or cities). Factors that will affect the 
applicability of study findings include organisational factors (e.g. availability of trained staff, specialised 
equipment and resources), and cultural factors (e.g. attitudes to health issues, including those that may 
affect compliance with guideline recommendations). 

Source: NHMRC (2009)3 

For each evidence statement the five components presented in Table 2.3 were rated 
according to the matrix shown in Table 2.4. This grading system was designed to 
accommodate variation in the body of evidence. For example, a large number of studies with 
minimal bias may be included, but have limited applicability to the Australian health-care 
context. Alternatively, a body of evidence may consist of a small number of trials with a 
moderate risk of bias, but have a significant clinical impact and high applicability to the 
Australian health-care context. Body of evidence rating results were entered into an NHMRC 
evidence statement form, together with any additional explanatory information relevant to 
each component. The results section for each research question includes the body of 
evidence matrix rating assessment for each evidence statement. 

Table 2.4 Body of evidence matrix 

Component A B C D 

 Excellent Good Satisfactory Poor 

Evidence base Several Level I or II 
studies with low risk of 
bias 

One or two Level II 
studies with low risk of 
bias or a systematic 
review/multiple Level 
III studies with low risk 
of bias 

Level III studies with 
low risk of bias, or 
Level I or II studies 
with moderate risk of 
bias 

Level IV studies, or 
Level I to III studies 
with high risk of bias 

Consistency All studies consistent Most studies 
consistent and 
inconsistency can be 
explained 

Some inconsistency 
reflecting genuine 
uncertainty around 
clinical question 

Evidence is 
inconsistent 

Clinical impact Very large Substantial Moderate Slight or restricted 
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Component A B C D 

 Excellent Good Satisfactory Poor 

Generalisability Population/s studies 
in body of evidence 
are the same as the 
target population for 
the guideline 

Population/s studied 
in the body of 
evidence are similar to 
the target population 
for the guideline 

Population/s studied 
in the body of 
evidence is different 
from the target 
population, but it is 
clinically sensible to 
apply this evidence to 
the target population 
for the guideline 

Population/s studied 
in the body of 
evidence is different 
from the target 
population and hard to 
judge whether it is 
sensible to generalise 
to the target 
population for the 
guideline 

Applicability Directly applicable to 
the Australian health-
care context 

Applicable to 
Australian health-care 
context with a few 
caveats 

Probably applicable to 
Australian health-care 
context with some 
caveats 

Not applicable to 
Australian health-care 
context 

Source: NHMRC (2009)3 

Step 2 Preparation of an evidence statement matrix 

An evidence statement matrix was completed to summarise the synthesis of the evidence 
relating to the evidence statement(s) for each research question. This summary presented 
ratings for the five components of the body of evidence matrix (Table 2.4) assessed for each 
evidence statement. Other relevant issues and dissenting opinions could be recorded if 
required.  

In practice, steps 1 and 2 of completion of the NHMRC evidence statement forms were 
conducted concurrently for each evidence statement. A working grade for each evidence 
statement was noted to facilitate the grading of any subsequent recommendation. 

Step 3 Formulation of a recommendation based on the body of evidence 

Step 3 involved formulating the wording of the recommendation. The wording was intended 
to reflect the strength of the body evidence; that is, where the evidence base was regarded 
as poor or unreliable, words such as ‘must’ or ‘should’ were not used. Recommendation 
wording was developed in conjunction with the CRG during meetings to review the evidence 
base for research questions.  

Step 4 Determination of the grade for the recommendation 

The overall grades of the recommendations were determined from a summary of the rating 
for each component of the body of evidence outlined in Table 2.4. For transparency, grading 
was conducted for the evidence statement(s) that were intended to underpin each 
recommendation. Hence, the overall grades of the recommendations indicate the strength of 
the body of evidence for the evidence statement(s) underpinning the recommendations. 
Definitions of the NHMRC grades of recommendations are presented in Table 2.5. In 
accordance with the NHMRC framework, recommendations were not graded A or B unless 
the evidence base and the consistency of evidence were both rated A or B. The grading of 
recommendations was determined in conjunction with the CRG. 

Developed recommendations were entered into the NMHRC evidence statement forms to 
accompany the corresponding evidence statement matrix as well the overall grade 
determined in this step (Appendix D, Volume 2). 
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Table 2.5 Definitions of NHMRC grades for recommendations 

Grade Definition 

A Body of evidence can be trusted to guide practice 

B Body of evidence can be trusted to guide practice in most situations 

C Body of evidence provides some support for recommendation(s) but care should be taken in its application 

D Body of evidence is weak and recommendations must be applied with caution 

Source: NHMRC (2009)3 

Step 5 Implementation of guideline recommendations 

The NHMRC framework directs that guideline implementation should be considered at the 
same time as recommendations are formulated. The NHMRC evidence statement form 
contains questions related to the implementation of each guideline (Appendix 3, Volume 1). 
These are: 

• Will this recommendation result in changes in usual care? 

• Are there any resource implications associated with implementing this 
recommendation? 

• Will the implementation of this recommendation require changes in the way care is 
currently organised? 

• Are the guideline development group aware of any barriers to the implementation of this 
recommendation? 

This section of the NHMRC evidence statement form was completed in consultation with the 
CRG when each recommendation was formulated and graded. Implementation issues are 
recorded in the NHMRC evidence statement forms presented in Appendix D, Volume 2. 

2.6.2 Practice points 

Where evidence-based recommendations were graded D because of a weak body of 
evidence, recommendations can be applied only with caution in practice. Furthermore, 
where no evidence was identified, evidence-based recommendations could not be 
developed. In these circumstances, practice points were developed by the CRG through a 
consensus-based process. These practice points are intended to guide clinical practice in the 
absence of evidence-based recommendations. Practice points were also developed where 
the CRG developed recommendations (graded C and above) but considered that additional 
information was required to guide clinical practice. Practice points were developed through a 
consensus-based process, which is outlined in Appendix 4 (Volume 1). 
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3 Findings of  systematic review  

This chapter provides the findings of the systematic review, based on the eight questions 
summarised in Box 2.1 (Chapter 2).  

3.1 Physiological parameters 

Question 1 (Prognostic) 

In patients with critical bleeding requiring massive transfusion, what is the effect of variation 
of physiologic, biochemical and metabolic (including temperature) parameters on morbidity, 
mortality and transfusion rate?  

 

Evidence statement 

Hypothermia, metabolic acidosis, thrombocytopenia and coagulopathy may be 
independently associated with increased mortality (Grade C).6-13  

Practice points 

PP1 In patients with critical bleeding requiring massive transfusion, the following 
parameters should be measured early and frequently:  

• temperature 

• acid–base status 

• ionised calcium 

• haemoglobin 

• platelet count 

• PT/INR 

• APTT 

• fibrinogen level. 

With successful treatment, values should trend towards normal. 

PP2 Values indicative of critical physiologic derangement include:  

• temperature < 35C 

• pH < 7.2, base excess > –6, lactate > 4 mmol/L 

• ionised calcium < 1.1 mmol/L 

• platelet count < 50 × 109/L  

• PT > 1.5 × normal 

• INR > 1.5  

• APTT > 1.5 × normal 

• fibrinogen level < 1.0 g/L. 
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3.1.1 Summary of evidence 

Methods 

There were 12 studies identified from the systematic review and hand searching process (see 
Appendix C, Volume 2).6-17 

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

Level I evidence 

The literature search identified no systematic reviews examining the variation of physiologic, 
biochemical and metabolic parameters on morbidity, mortality and transfusion rate. 

Level II evidence 

The literature search identified no Level II studies examining the variation of physiologic, 
biochemical and metabolic parameters on morbidity, mortality and transfusion rate. 

Level III evidence 

The literature search identified no Level III studies examining the variation of physiologic, 
biochemical and metabolic parameters on morbidity, mortality and transfusion rate. 

Level IV evidence 

The literature search identified 12 Level IV studies.6-17 The studies’ main characteristics are 
summarised in Table 3.1. No quality of life data was presented in these studies. 

Table 3.1 Characteristics and quality of Level IV evidence 

Level IV evidence 

Author Study type 
Study quality 

Population Outcomes 

Borgman et al 
(2007)6  

Case series  

Poor 

Retrospective chart review of trauma patients admitted 
to a combat support hospital who received massive 

blood transfusion (  10 U RBC within 24 hours of 
admission) during a 22-month period (November 
2003–September 2005) 

N = 246 

Mortality 

Chiara et al 
(2006)14  

Case series  

Poor 

Retrospective review of all major trauma patients who 
were haemodynamically unstable (SBP < 90 mmHg 
with massive infusions or vasopressors) during a 35 
month 4.1period (October 2002–September 2005) 

N = 942 

Mortality 

Cosgriff et al 
(1997)15  

Case series  

Poor 

Retrospective chart review of injured patients 
> 15 years of age and received a massive transfusion 

(  10 U RBC within 24 hours of admission) during a 
24-month period (1993–1995) 

N = 57 

Coagulopathy 

Ferrara et al 
(1990)7  

Case series 
Poor 

Retrospective record review of all patients with major 

trauma requiring massive transfusion (  12 U RBC in 
the first 24 hours of admission) over a y year period 
(January 1981–August 1988) 

Mortality 



Findings of systematic review 

Technical report on patient blood management in critical bleeding/massive transfusion 17 

Level IV evidence 

Author Study type 
Study quality 

Population Outcomes 

N = 45 

Gonzalez et al 
(2007)8  

Case series  

Poor 

Retrospective data review from trauma research 
database of shock resuscitation patients who received 

massive transfusion (  10 U RBC within 24 hours of 
admission) during a 51-month period ending January 
2003 

N = 97 

Mortality 

Mitra et al (2007)9  Case series 
Poor 

Retrospective record review of all trauma patients 
admitted to The Alfred Hospital who received blood 

transfusion (  5 U RBC within 4 hours of 
presentation) during a 26-month period (July 2002–
September 2004) 

N = 119 

Mortality, 
thrombocytopenia, 
acidosis 

Moore et al 
(2008)10  

Case series 
Poor 

Prospective, multicentre, observational  
non-randomised analysis from a database of patients 
presenting with haemorrhagic shock during a 16-month 
period ending February 2006 

N = 114 

Mortality 

Phillips et al 
(1987)16  

Case series  

Poor 

Retrospective record review of all patients receiving 

  21 U blood within 24 hours of admission during a 
3 year period (1980–1983) 

N = 56 

Mortality, coagulopathy 

Stinger et al 
(2008)11  

Case series  
Poor 

Retrospective chart review of combat trauma patients 
at a United States Army combat support hospital who 

received massive transfusion (  10 U RBC within 
24 hours of admission) during a 22-month period 
(January 2004–October 2005) 

N = 252 

Mortality 

Vaslef et al 
(2002)12  

Case series 
Poor 

Retrospective chart and registry data review of trauma 
patients who received a massive transfusion (> 50 U 
blood products within 24 hours of admission) during a 
5 year period (July 1995–June 2000) 

N = 44 

Mortality 

Vivien et al 
(2005)17  

Case series  
Poor 

Prospective review of consecutive trauma patients 
(ISS = 34) resuscitated in the pre-hospital phase with 
fluid loading, during a 1 year period (2002) 

N = 212 

Hypocalcaemia 

Wilson et al 
(1992)13  

Case series 

Poor 

Retrospective record review of patients receiving 

  10 U blood within 24 hours of admission during an 
11 year period (1980–1991) 

N = 471  

Mortality 

ISS, injury severity score; RBC, red blood cells; SBP, systolic blood pressure; U, unit 

The 12 studies were further analysed.6-17 Of these, one study was subsequently excluded 
because there were insufficient data for further analysis;14 another was excluded because 
the patient population was perioperative16. Therefore, 10 studies are presented;6-12,15 all 
were case series, and of these, eight were retrospective6-9,11-13,15-16 and two prospective10,17 
analyses of medical records or charts. 
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Table 3.2 Results for Level IV evidence 

Level IV evidence 

Author Outcome Predictor Risk measure Statistical 
significance 

Borgman 
et al 
(2007)6  

Mortality 

Temperature 
(n = 195) 

Survivors 
N = NR (range) 

Non-survivors 
N = NR (range) 

p-value 

96.1 (94.4–97.7) 94.9 (93.2–97.3) p = 0.049 

BD (n = 201) 7 (3–12) 13 (8–18) p < 0.001 

INR (n = 212) 1.5 (1.2–1.8)  2.1 (1.6–3.4) p < 0.001 

Platelet count 
(x103) (n = 174) 

222 (152–278) 175 (118–234) p = 0.015 

BD 

OR, mortality 95%CI p-value 

0.89  (0.84, 0.95) p < 0.001 

Cosgriff  
et al 
(1997)15  

Coagulopathy 

pH 

No coagulopathy 
N = 31 

Coagulopathy 
N = 27 

p-value 

7.15   0.02 7.02   0.03 p = 0.0004 

% patients 
acidosis, pH < 7.1 

32 78 p = 0.0014 

Temperature 34.6   0.2  33.8   0.3 p = 0.05 

% patients 
hypothermia, 
temperature 
< 34°C 

23 59 p = 0.01 

Acidosis, pH < 7.1 

OR coagulopathy 95%CI p-value 

12.3 (2.4, 64.0) p = 0.0003 

Hypothermia, 
temperature 
< 34°C 

8.7 (1.8, 41.8) p = 0.007 

Ferrara 
et al 
(1990)7  

Mortality 

Minimum pH 

Survivors  
N = 30 

Non-survivors 
N = 15 

p-value 

7.18   0.02 7.04   0.04 p < 0.05 

Minimum 
temperature (°C)  

34   0.5 31   1 p < 0.05 

Minimum platelet 
count (x103) 

59   6 58   7 NS 

Maximum PT 
(sec) 

21   5 31   9 p < 0.05 

Maximum APTT 
(sec) 

47   5 58   11 NS 

Coagulopathy (%) 24 74 NR 

Hypothermia (%) 36 80 NR 

Hypothermia, 
acidosis and 
coagulopathy (%) 

23 90 NR 
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Level IV evidence 

Author Outcome Predictor Risk measure Statistical 
significance 

Gonzalez 
et al 
(2007)8  

Mortality 

ED INR 

Survivors 
N = 68 

Non-survivors 
N = 29 

p-value 

1.9   0.2 1.5   0.1 NS 

ED BD (mEq/L) 10   1 11   1 NS 

ICU* admit INR 1.5   0.1 1.7   0.1 p < 0.05 

ICU* admit BD 
(mEq/L) 

6   1 8   0.2 NS 

ICU* admit 
temperature (°C) 

35.4   0.2 35.3   0.2 NS 

ED INR  

OR, mortality 95%CI p-value 

0.74 NR p = 0.38 

ED BD (mEq/L) 1.07 NR p = 0.18 

ICU* admit INR 9.25 NR p = 0.02 

ICU* admit BD 
(mEq/L) 

1.14 NR p = 0.04 

Patient baseline characteristics OR of mortality 
(95%CI) 

p-value 

Mitra et al 
(2007)9  

Mortality pH 7.2   0.1  0.01(0, 0.29) p = 0.01 

Temperature (°C)  34.4   1.4 0.72 (0.56, 0.92)  p = 0.01 

Mean platelet 
count (k/mm3) 

211.5   70.6 0.99(0.98, 1) p < 0.01 

Maximum APTT 
(sec) 

79.5   58.4 1.01 (1.01, 1.02)  p < 0.01 

INR 2.2   1.1 1.62 (1.18, 2.24) p < 0.01 

Base excess  8.7   4.4 NR NR 

Bicarbonate  18.8   3.3 0.86 (0.77, 0.96) p = 0.01 

Fibrinogen 1.5   0.6 0.52(0.28, 0.99) p = 0.05 

Acidosis 

pH < 7.2 

No acidosis N (%) Acidosis N (%) p-value 

79 (66.4) 40 (33.6) NR 

No thrombocytopenia N (%) Thrombocytopenia 
N (%) 

p-value 

Thrombocytopenia Platelet count 
< 100 x 109 

107 (89.9) 12 (10.1) NR 

INR > 2.5 94 (79) 25 (21) NR 

APTT > 60 sec 83 (69.8) 36 (30.2) NR 

Moore  
et al 
(2008)10  

Mortality 1 hour post 
admission model  

Survivors 
(Good outcome) 
N = 56 

Non-survivors 
(Poor outcomes) 
N = 57 

p-value 

Minimum pH 7.1   0.1 7.1   0.2 p = 0.0094 

Minimum 
temperature (°C) 

35.3   1.6 34.9   2.2 p = 0.5224 
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Level IV evidence 

Author Outcome Predictor Risk measure Statistical 
significance 

Minimum platelet 
count (k/mm3) 

217   106 193   89 p = 0.2702 

Maximum BD 11.1   5.7 12.7   6.4 p = 0.2113 

Maximum INR 1.4   0.4 1.9   1.9 p = 0.1915 

3 hour post 
admission model 

Survivors 
(Good outcome) 
N = 56 

Non-survivors 
(Poor outcomes) 
N = 57 

p-value 

Minimum pH 7.2   0.1 7.1   0.2 p = 0.0003 

Minimum 
temperature (°C)  

34.9   1.6 34.5   1.9 p = 0.3823 

Minimum platelet 
count (x103) 

178   117 141   96 p = 0.1308 

Maximum BD 12.1   5.6 13.7   7.2 p = 0.1096 

Maximum INR 1.6   0.6 2.9   2.7 p = 0.0016 

Stinger  
et al 
(2008)11  

Mortality OR mortality 95%CI p-value 

BD 1.075 1.02, 1.129 0.003 

Vaslef  
et al 
(2002)12  

Mortality Survivors 
N = NR 

Non-survivors 
N = NR 

p-value 

Arterial pH  7.14   0.13 7.02   0.15 p = 0.01 

% patients 
acidosis, pH < 7.1  

31.6 68 p = 0.017 

BD (mmol/L)  12.7   5 17   5 p = 0.008 

% patients  
BD (mmol/L) > 12  

42.1 80 p = 0.01 

Vivien 
et al 
(2005)17 

Hypocalcaemia  Normocalcaemia 
N = 56 

Severe 
hypocalcaemia 
N = 21 

p-value 

Arterial pH 7.37   0.05 7.05   0.18 p < 0.05 

pH < 7.2, n (%)  0 (0) 17 (81) p < 0.05 

Total calcium 2.16   0.16 1.55   0.23 NS 

Hb 12.7   1.9 7.6   2.9 p < 0.05 

Platelet count 
(G/L) 

224   62 119   69 p < 0.05 

Fibrinogen 2.7   0.9 0.7   0.6 p < 0.05 

Maximum PT (% 
of control) 

79   16 24   14 p < 0.05 

Maximum APTT 
(sec) 

35   10 116   59 p < 0.05 

Bicarbonates 
(mmol/L) 

25.8   3.3 14   3.9 p < 0.05 

Lactates (mmol/L) 1.5   0.7 9.4   5.2 p < 0.05 
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Level IV evidence 

Author Outcome Predictor Risk measure Statistical 
significance 

Wilson  
et al 
(1992)13  

Mortality Survivors 
N = 180 

Non-survivors 
N = 159 

p-value 

pH 7.21   0.15 7.08   0.15 p < 0.001 

Magnesium 
(mmHg) 

1.9   0.5 2.3   0.7 NS 

APTT, partial thromboplastin time; BD, base deficit; CI, confidence interval; ED, emergency department; INR, international 
normalised ratio; ICU, intensive care unit; NR, not reported; NS, not significant; OR, odds ratio; PT, prothrombin time 

*ICU admission 6.8   0.3 hours post ED 

Ferrara and colleagues investigated mortality among trauma patients (n = 45) receiving 
massive transfusion (  12 units of blood within 24 hours of admission).7 Among these 
patients, hypothermia – defined as core body temperature below 34°C – occurred in 80% of 
non-survivors and 36% of survivors. Non-survivors’ reported lowest temperature was 31 ±1°C 
compared with survivors, who reported core body temperatures of 34 ±0.7°C (p < 0.05).7 
Coagulopathy, defined as continuous oozing from small vessels in areola and fatty tissue, 
occurred in 74% of non-survivors and 24% of survivors. The recorded pH was significantly 
lower in non-survivors (pH 7.04 ±0.06) than in survivors (7.18 ±0.02, p < 0.05). Prothrombin 
time (seconds) – the conversion of prothrombin to thrombin – was significantly longer in 
non-survivors than in survivors (31.5 ±9 seconds versus 21.6 ±5 seconds, respectively, 
p < 0.05). The concurrence of acidosis and hypothermia with coagulopathy had the highest 
observed mortality (90%).7 A retrospective review of a similar patient population (analysis of 
246 chart records) reported that mortality was significantly associated with a lower core 
temperature (94.9°F, p = 0.049), higher base deficit (13 mmol/L, p < 0.001), higher INR (2.1, 
p < 0.01) and lower platelet count (175, p = 0.015).6 A review of patients in shock (n = 97) 
found no statistical difference in mortality among trauma patients receiving massive 
transfusion with respect to either base deficit or core body temperature.8 However, the 
severity of coagulopathy at the time of admission to intensive care (expressed as INR) was 
found to be greater among patients who died than in those who survived (p < 0.05).8 One 
study investigated mortality in patients transfused with > 50 units of blood products (within 
24 hours of admission) and found that mortality was significantly associated with a base 
deficit > 12 (survivors 42.1% vs non-survivors 80%, p = 0.01).12 Arterial pH was lower in non-
survivors (7.02 ±0.15, p = 0.01) than in survivors (7.14 ±0.13,) and the proportion of patients 
who had pH levels of < 7.1 and did not survive (68%) was higher those who survived (31.6%, 
p = 0.017). Other physiological characteristics analysed, such as lactate levels and 
haemoglobin, were not significantly associated with mortality.12 A similar study of 
471 trauma patients showed that arterial blood pH following a massive transfusion of 
  10 units of blood within 24 hours of admission was significantly lower in non-survivors 
(7.08 ±0.15) than in survivors (7.21 ± 0.15, p < 0.001).13  

Five studies were identified that calculated the odds of predicting mortality (or survival) 
among patients with critical bleeds and massive transfusion.6,8-11 

Mitra and colleagues modelled factors associated with a significantly higher mortality 
following blood transfusion (  5 units within 24 hours of admission) and noted that 
independent predictors of mortality were patient temperature (odds ratio [OR] = 0.72; 0.56, 
0.92; p = 0.01), coagulopathy (defined as reduced platelet count) (OR = 0.99; p < 0.01), 
increased INR values (OR = 1.62; p < 0.01), longer partial thromboplastin time (OR = 1.01; 
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p < 0.01), reduced fibrinogen level (OR = 0.52, p = 0.05), acidosis (reduced pH (OR = 0.01; 
p = 0.01) and reduced bicarbonate levels (OR = 0.86; p = 0.01).9 When massive transfusion 
was considered (  10 units of RBC within 24 hours of admission), temperature was not a 
significant predictor of a poor outcome, which was defined as multiple organ dysfunction 
syndrome (MODS) or death.10 From the variable selected in this analysis, a reduced pH was a 
significant predictor of a poor outcome at one hour after arrival at a trauma centre 
compared with a good outcome (7.1 ±0.2 vs 7.2 ±0.2 respectively, p = 0.0094). Within three 
hours of arrival at the trauma centre, a poor outcome remained strongly associated with a 
reduced pH (pH7.1 ±0.2) and was also associated with an increased INR (2.9 ±2.7).10 Three 
studies found that patients with critical bleeding who experience base deficit had 
significantly reduced odds of survival compared with those who did not experience base 
deficit.6,8,11 One study showed that patients admitted to ICU were 9.25 times more likely to 
experience severe coagulopathy – as evidenced by an increased INR (> 2) – than patients 
with normal ranges of INR.8 

Cosgriff et al investigated coagulopathy as an outcome of a massive transfusion.15 This study 
showed that 47% of patients with major trauma injury develop severe coagulopathy, defined 
as a prothrombin and thromboplastin time more than twice normal.15 Patients who 
experience coagulopathy had significantly lower core body temperature (33.8°C ±0.3) than 
those who did not develop coagulopathy (34.6°C ±0.2, p = 0.05). A predictive model showed 
that the odds of experiencing severe coagulopathy was 12.3 times more likely if pH < 7.1, and 
8.7 times more likely if body temperature was below 34°C.15 

A study of acidosis and thrombocytopenia as an outcome measure of patients with massive 
transfusion found that, within four hours of presentation to the trauma unit, 10.1% of 
patients had thrombocytopenia (platelet count < 100 × 109), 33.6% had acidemia (pH < 7.2), 
21% had high INR (> 2.5), and 30.2% had partial thromboplastin times above 60 seconds.9 

One study investigated hypocalcaemia as an outcome of severely injured patients as a result 
of haemodilution by colloids and other fluid loading.17 There was a significant association 
between the levels of ionised calcium and several variables including arterial pH (RR = 0.76; 
p < 0.001), which appears to be an important causative factor for hypocalcaemia.17 However, 
this study was subsequently excluded because hypocalcaemia was the outcome rather than 
the predictor for outcomes. 

Mortality 

Evidence statement CB1.1 

Hypothermia, metabolic acidosis, thrombocytopenia and coagulopathy may be 
independently associated with increased mortality (Grade C).6-13 Box 3.1 outlines this 
evidence statement. 
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Box 3.1 CB1.1 Evidence statement for whether temperature, metabolic acidosis, 
thrombocytopaenia and coagulopathy are independent risk factors for mortality 

Evidence base Poor (D): Eight Level IV studies with high risk of bias6-13 

Consistency Satisfactory (C): Some inconsistency reflecting genuine uncertainty around clinical question. Studies 
investigating: 

Hypothermia: Consistency in definition of outcome. Similar direction of effect (i.e. hypothermia 
associated with poor survival), although some inconsistency in statistical significance, with three 
studies showing similar results and two studies in which temperature was not a significant predictor of 
mortality. 

pH: All five studies were consistent with regard to low pH/acidosis being significantly associated with 
poorer survival. The definition of the outcome and the threshold parameters for pH values were also 
consistent. 

Base deficit: Consistency in outcome definition. There was some inconsistency in direction of effect – 
three studies indicated an association between increased base deficit and poor survival, and two 
indicated that base deficit was not a significant predictor of mortality. 

INR: All four studies were consistent with regard to a higher international normalised ratio (INR) being 
associated with poor survival. The definition of the outcome and the threshold parameters for INR 
values were also consistent. 

Prothrombin time: One study included for this outcome. 

Partial thromboplastin time: Two studies identified were inconsistent with regard to the association 
between PTT and mortality. 

Platelet count: Three studies were inconsistent with regard to the association between low platelet 
count and mortality, primarily because different definitions were used.  

Clinical impact Satisfactory (C): Moderate clinical impact. Studies investigating: 

Hypothermia: Sample size was sufficiently large (ranged from n = 45 to n = 246). Three studies 
showed that reduced core body temperature was associated with increased mortality in patients who 
had critical bleeding and those who were transfused. Gonzalez et al (2007) and Moore et al (2008) 
showed that reduced body temperature was not significantly associated with mortality in patients who 
experienced shock resuscitation or haemorrhagic shock. 

pH: All five studies showed that reduced pH was associated with increased mortality in patients with 
critical bleeding and those who were transfused. 

Base deficit: Sample size was sufficiently large (ranged from n = 45 to n = 252). Three studies 
showed that an increase in base deficit was associated with an increased mortality in critically 
bleeding and transfused patients. Two studies showed base deficit was not significantly associated 
with mortality in patients who experience shock resuscitation or have haemorrhagic shock. 

INR: Sample size was sufficiently large (ranged from n = 97 to n = 247). All studies showed that an 
increase in INR was associated with ncreased mortality in critically bleeding and transfused 
patients.6,8-10 Gonzalez and colleagues stratified analysis by admission to emergency department and 
admission to ICU.8 

Prothrombin time: Small sample size (n = 45). 

Partial thromboplastin time: Two studies included are of limited clinical impact, each demonstrating 
different APTT parameters and statistical significance. Sample size is sufficient (n = 45 to n = 119) 

Platelet count: Three studies included; the largest study reporting on this outcome found that non-
survivors had lower platelet counts. Sample size is sufficient with the included studies (n = 45 to 
n = 174). 

In all studies, consideration of adverse events was not applicable to this recommendation as the 
outcome is mortality. 
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Generalisability Good (B): Studies investigating: 

Hypothermia: All participants in three studies were trauma patients and one study analysed shock 
resuscitation patients. All patients were critically bleeding. 

pH: Participants in four studies were trauma patients; one study analysed patients with haemorrhagic 
shock. 

Base deficit: Participants in three studies were trauma patients,6,11-12 one study was on haemorrhagic 
shock10 patients and one study on shock resuscitation patients.8 All patients were critically bleeding. 

INR: Participants in two studies were trauma patients,6,9 one haemorrhagic shock10 and one study 
shock resuscitation patients.8 

Prothrombin time: One study included. 

Partial thromboplastin time: Small sample size and contradictory results for the two studies included. 

Platelet count: Contradictory results for all three studies included. 

There were no study design restrictions as all studies were case series; hence, patients were in 
natural environments when the outcome was measured. 

Applicability Good (B): Studies investigating: 

Hypothermia: Three United States based studies and one Australian based study.  

pH: Four United States based studies and one Australian based study.  

Base deficit: Five United States based studies. 

INR: Three United States based studies and one Australian based study.  

Prothrombin time: One United States based study. 

Partial thromboplastin time: One United States based and one Australian based study. 

Platelet count: Two United States based studies and one Australian based study. 

This evidence base is applicable to the Australian setting and there are no organisational or cultural 
barriers. 

3.2 Massive transfusion protocols; component therapy  

Question 2 (interventional) 

In patients with critical bleeding requiring massive transfusion, does the dose, timing and 
ratio (algorithm) of red blood cells (RBCs) to blood component therapy (fresh frozen plasma 
[FFP], platelets, cryoprecipitate or fibrinogen concentrate) influence morbidity, mortality 
and transfusion rate?  

 

Evidence statements 

In trauma patients with critical bleeding requiring massive transfusion, the use of a protocol 
that includes the dose, timing and ratio of blood component therapy is associated with 
reduced mortality (Grade C).18-19 

In trauma patients with critical bleeding requiring massive transfusion, a ratio of ≤ 2:1:1 of 
red blood cells:fresh frozen plasma:platelets is associated with reduced mortality (Grade 
C).19-21 

In trauma patients with critical bleeding requiring massive transfusion, early transfusion of 
fresh frozen plasma (Grade C) and platelets (Grade D) is associated with reduced mortality 
and subsequent red blood cell requirements.22-23 
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Recommendation 
   

R1 It is recommended that institutions develop an MTP that includes the dose, timing 
and ratio of blood component therapy for use in trauma patients with, or at risk of, 
critical bleeding requiring massive transfusion (Grade C).18-19  

Practice points 
  

PP3 In critically bleeding patients requiring or anticipated to require massive 
transfusion, an MTPa should be used. A template MTP is provided within this 
module.b 

a
 The use of the word ‘protocol’ in ‘massive transfusion protocol’ throughout this report is not strictly 

prescriptive.  
b
 The template MTP is intended for local adaptation. 

PP4 In patients with critical bleeding requiring massive transfusion, insufficient 
evidence was identified to support or refute the use of specific ratios of RBCs to 
blood components. 

 

3.2.1 Summary of evidence 

Methods 

There were 28 studies identified through the systematic review process (see Appendix C, 
Volume 2).  

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

The literature search identified no published cost-effectiveness analysis on the use of 
massive transfusion protocols relevant to research question. 

Level I evidence 

The literature search identified no systematic reviews examining the optimal dose, timing 
and ratio of blood component therapy to RBC to reduce mortality, morbidity and transfusion 
rate. 

Level II evidence 

The literature search identified no Level II studies examining the optimal dose, timing and 
ratio of blood component therapy to RBC to reduce mortality, morbidity and transfusion 
rate. 

Level III evidence 

The literature search identified six Level III studies examining the optimal dose, timing and 
ratio of blood component therapy to RBC to reduce mortality, morbidity and transfusion 
rate. The main characteristics of these are summarised in Table 3.3. Further details are 
provided in Appendix E and Appendix F (Volume 2). 
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Table 3.3 Characteristics and quality of Level III evidence 

Level III evidence 

Author 

(Year) 

Study type 
Study quality 

Population Outcomes 

Cinat et al 

(1999)20 

Historically 
controlled study 
Poor 

Data were obtained prospectively from blood bank 
records, trauma registry, patient medical records and 
hospital purchasing records. All patients who 
underwent trauma and who received > 50 units of RBC 
or whole blood in the 48 hours following admission to 
the ER were enrolled in the study. Patients were 
divided into two groups for comparison (early [1998–
1992] and late [1993–1997] periods) (n = 45) 

Morbidity/mortality, 
dose/type of 
transfusion 

Cotton et al 
(2009)18  

Historically 
controlled study 

Poor 

All patients undergoing a trauma exsanguination 
protocol (TEP, n = 125) between February 2006 and 
January 2008 were compared with a cohort  
(pre-TEP, n = 141) of all patients from February 2004 
to January 2006 who:  

• went immediately to the operating room and 

• received a massive transfusion (≥ 10 units RBC in 
the first 24 hours of admission 

Morbidity/mortality 

Dente et al 
(2009)19  

Cohort study 

Fair 

Demographic, transfusion and patient outcome data 
were prospectively gathered during the first year of 
implementing a massive transfusion protocol (MTP, 
n = 73) and compared to a similar cohort of patients 
(pre-MTP, n = 84) receiving ≥ 10 RBC units in the first 
24 hours of hospitalisation before instituting the MTP 

Morbidity/mortality, 
dose/type of 
transfusion, transfusion 
frequency 

Gunter et al 
(2008)21 

Historically 
controlled study 

Poor 

A retrospective evaluation was performed on all trauma 
exsanguination protocol (TEP, n = 118) activations 
from February 2006 to July 2007. A comparison cohort 
(pre-TEP, n = 140) was selected from all trauma 
admissions between August 2004 and January 2006 
who:  

• underwent immediate surgery by the trauma team 
and  

• received > 10 units of RBC in the first 24 hours 

Morbidity/mortality 

McLaughlin et al  

(2008)24 

Cohort study 

Poor 

A retrospective cohort study was conducted at a single 
combat hospital to identify risk factors for MT in 
patients with traumatic injuries from September 2003 to 
December 2004. A cohort receiving massive 
transfusion (n = 80) was compared to a larger cohort 
who did not receive a massive transfusion (n = 122) 

Morbidity/mortality, 
dose/type of 
transfusion 

Schreiber et al 
(2007)25 

Cohort study 

Poor 

A retrospective cohort analysis was performed in two 
combat support hospitals in Iraq. Patients who required 
MT were compared with those who did not. Eight 
potentially predictive variables were subjected to 
univariate analysis. Variables associated with need for 
MT were then subjected to stepwise logistic 
regression. 247 patients requiring MT were identified 
along with 311 patients who did not. 

Morbidity/mortality, 
dose/type of 
transfusion 

ER, emergency room; MT, massive transfusion; MTP, massive transfusion protocol; RBC, red blood cells; TEP, trauma 
exsanguination protocol 

Six Level III studies were identified.18-21,24-25 Of these, three investigated the effect of MTPs on 
the dose timing and ratio of blood component therapy on mortality, morbidity and 
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transfusion rate. The other three studies compared outcomes among patients with and 
without massive transfusions. All six were cohort studies of poor quality that varied in design, 
comprising either prospective or retrospective analyses, or a combination of both. None of 
the studies employed randomisation techniques. 

All six Level III studies were further analysed. Only one study examined the effect of massive 
transfusion and the use of an MTP on morbidity.18 Three of the studies used an MTP 18-19,21 
and the remaining three investigated the effect of massive transfusion on mortality and 
blood component use.20,24-25 The results of the analysis of the three studies where MTPs were 
used are shown in Table 3.4.18-19,21 The results have been presented under the following 
headings:  

• Effect of dose/timing of blood component therapy on morbidity, mortality and total 
products transfused. 

• Effect of the ratio of RBC:component therapy on morbidity, mortality and total blood 
products transfused. 

• Effect of an MTP on morbidity, mortality and ratio of or total blood products transfused. 

Wherever possible, data have been classified according to individual component therapy or 
outcome. 

Results of the studies investigating the effect of massive transfusion versus no massive 
transfusion on morbidity, mortality and blood component use are presented in Table 3.4. 

Table 3.4 Results for Level III evidence: MTP versus no MTP 

Level III evidence 

1. Effect of dose/timing of blood component therapy on morbidity, mortality and total products transfused 

Author Measure Ratio, mean  SEM Statistical 
significance 

Survivors (N = 13) Non-survivors (N = 32) 

Cinat et at 
(1999)20 

FFP:RBC 1:1.8±0.3 1:2.5±0.9 p = 0.06 

PLT:RBC 1:7.7±1.9 1:11.9±4.9 p = 0.03 

2. Effect of the ratio of RBC:component therapy on morbidity, mortality and total blood products transfused 

Mortality by ratio of blood product to RBC 

Mortality at 24 hours 

Author Measure Ratio Statistical 
significance 

1:1–2:1 (N) 2:1–3:1 (N)  > 3:1 (N) 

Dente et al 
(2009)19  

RBC:FFP, % of 
patients 

14 (50) 19 (16) 57 (7) p < 0.001 

RBC:PLT, % of 
patients 

10 (50) 18 (11) 50 (12) p < 0.001 

Hospital mortality 

Author Measure Ratio Statistical 
significance 

1:1–2:1 (N) 2:1–3:1 (N)  > 3:1 (N) 

Dente et al 
(2009)19  

RBC:FFP, % of 
patients 

31 (50) 36 (16) 57 (7) p < 0.001 
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RBC:PLT, % of 
patients 

36 (50) 27 (11) 50 (12) NS 

30 day mortality (FFP:RBC) 

Author Ratio Statistical 
significance 

FFP:RBC < 1:1, % of 
patients (N) 

FFP:RBC 
≥ 1:1, % of 
patients (N) 

FFP:RBC < 2:3, % 
of patients (N) 

FFP:RBC 
≥ 2:3, % of 
patients (N) 

Gunter et al 
(2008)21 

NR NR 62 (195) 41 (64) p = 0.008 

57 (214) 49 (45) NR NR p = 0.32 

Ratio of FFP:RBC as an independent predictor of mortality 

Author Measure Ratio Mortality, % of patients Statistical 
significance 

Gunter et al 
(2008)21 

Ratio of FFP:RBC with the 
lowest mortality at 30 days 

1:1.5–1:1.01 36  p < 0.001 

Independent predictor of 
mortality at 30 days 

NA NA OR = 1.78 
(95%CI [1.01, 
3.14]) 

30 day mortality (PLT:RBC) 

Author PLT:RBC < 1:5, % of patients (N) PLT:RBC ≥ 1:5, % of patients (N) Statistical 
significance 

Gunter et al 
(2008)21 

61 (196)  38 (63) p = 0.001 

Component:RBC ratio, survivors versus non-survivors 

Author Measure  Ratio  SEM Statistical 
significance 

Survivors (N = 13) Non-survivors (N = 32) 

Cinat et at 
(1999)20 

FFP:RBC 1:1.8±0.3 1:2.5±0.9 p = 0.06 

PLT:RBC 1:7.7±1.9 1:11.9±4.9 p = 0.03 

3. Effect of an MTP on morbidity, mortality and ratio of or total blood products transfused 

Morbidity 

Author Measure MTP (n = 125) No MTP (n = 141) Statistical 
significance 

Cotton et al 
(2009)18  

Hospital LOS, d±SD 12.0 ±12.1 16.4±20.1 0.049 

ICU LOS, d±SD 5.0±8.3 6.6±9.4 0.239 

Ventilator days, d±SD 5.7±7.2 8.2±9. 0.017 

Severe sepsis/septic 
shock (%) 

10.0 19.8 0.019 

SIRS (%) 52.8 55.3 0.682 

Ventilator-dependent 
respiratory failure (%) 

60.8 62.4 0.787 

VAP (%) 27.2 39.0 0.041 

Cotton et al 
(2009)18  

Abdominal compartment 
syndrome (%) 

9.9 0.0  < 0.001 

Need for renal 
replacement therapy (%) 

3.2 2.8 0.826 
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MOF (%) 15.6 37.2  < 0.001 

Cardiac failure (%) 12.8 39.0  < 0.001 

Hepatic failure (%) 3.2 9.2 0.045 

Simple logistic regression Odds ratio 95%CI p-value 

Cotton et al 
(2009)18  

Severe sepsis or septic 
shock 

0.428 (0.207, 0.884) 0.022 

VAP 0.491 (0.299, 0.807) 0.005 

Cardiac failure 0.197 (0.102, 0.378)  < 0.001 

MOF 0.189 (0.105, 0.392)  < 0.001 

Multivariate analysis Odds ratio 95%CI p-value 

Cotton et al 
(2009)18  

MOF 0.203 (0.105, 0.392)  < 0.001 

Mortality 

Author Measure MTP No MTP Statistical 
significance 

Dente et al 
(2009)19  

Overall mortality, at 
24 hours, % of patients 
(N) 

17 (72) 36 (84) p = 0.008 

Cotton et al 
(2009)18  

Overall mortality, at 
24 hours, % of patients 
(N) 

31 (125) 39 (141) p = 0.185 (NS) 

Dente et al 
(2009)19  

Mortality at 30 days, % of 
patients (N) 

34 (72) 55 (84) p = 0.04 

Cotton et al 
(2009)18 

Mortality at 30 days, % of 
patients (N) 

43.2 (125) 62.4 (141) p = 0.001 

Dente et al 
(2009)19  

Mortality from blunt 
trauma prior to 
discharge, % of patients 
(N) 

34 (72) 55 (84) p = 0.042 

Units of blood components transfused 

Author Measure MTP No MTP Statistical 
significance 

Dente et al 
(2009)19  

RBC, mean units (N) 23.7 (72) 22.8 (84) p = 0.67 (NS) 

FFP, mean units (N) 15.6 (72) 7.6 (84) p < 0.001 

Crystalloid, mean L (N) 6.9 (72) 9.4 (84) p = 0.006 

Cotton et al 
(2009)18  

Crystalloid, mean L given 
intra-operatively (N) 

4.8 (125) 7.0 (141) p < 0.001 

Total average units transfused up to 6 hours 

Dente et al 
(2009)19 

RBC, mean units up to 
6 hours (N) 

22 (72) 19.4 (84) NS 

Cotton et al 
(2008){Cotton, 
2009 #131} 

RBC, mean units intra-
operatively (N) 

14.7 (125) 11.0 (141) p = 0.001 

Dente et al 
(2009)19 

FFP, mean units up to 
6 hours (N) 

13.7 (72) 5.5 (84) p < 0.05 



 

30 Technical report on patient blood management in critical bleeding/massive transfusion 

PLT, mean units up to 
6 hours (N) 

14.1 (72) 9.2 (84) p < 0.05 

Cryoprecipitate, mean 
units up to 6 hours (N) 

11.6 (72) 7.6 (84) p < 0.05 

Total average units transfused postoperatively 

Cotton et al 
(2009)18 

RBC, mean units 
postoperatively at 
24 hours (N) 

31.2 (125) 38.7 (141) p = 0.05 

Dente et al 
(2009)19 

RBC, mean additional 
units (N) 

1.7 (72) 3.4 (84) NS 

Blood component ratios 

Author Measure MTP No MTP Statistical 
significance 

Gunter et al 
(2008)21 

PLT:RBC, intra-operative, 
median (IQR) 

0.12 (0.03–0.25) 0.0 (0–0.11) p < 0.01 

PLT:RBC, 24 h, median 
(IQR) 

0.14 (0.06–0.25) 0.25 (0.04–0.50) p < 0.01 

% reaching PLT:RBC ratio 
of 1:5 intra-operatively (N) 

63 (119) 42 (140) p < 0.01 

% reaching PLT:RBC ratio 
of ≥ 1:5 at 24 h (N) 

58 (119) 37 (140) p < 0.01 

Dente et al 
(2009)19 

RBC:FFP ratio, mean (N) 1.9:1 (72) NR NR 

Dente et al 
(2009)19 

RBC:PLT ratio, mean (N) 1.48:1 (72) NR NR 

FFP, fresh frozen plasma; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; MOF, multiple organ failure; 
MTP, massive transfusion protocol; NR, not reported; PLT, platelets; RBC, red blood cells; SD, standard deviation; SIRS, 
systemic inflammatory response syndrome; VAP, ventilator-associated pneumonia 

Table 3.5 Results for Level III evidence: massive transfusion versus no massive transfusion 

Level III evidence – dose/type of transfusion 

Author Measure MT No MT Statistical 
significance 

Mean RBC units transfused 

Cinat et al (1999)20 Mean RBC units, 

48 hours  SEM (N) 

63.1±13.4 (45) NR NR 

Schreiber et al 
(2007)25 

Mean RBC units (N) 17.9 (247) 1.1 (311) p < 0.001 

Mortality  

McLaughlin et al 
(2008)24 

Mortality in-hospital, % 
of patients (N) 

29 (80) 7 (222) p < 0.001 

Schreiber et al 
(2007)25 

Survival to discharge, % 
(N) 

61 (247) 99 p = 0.001 

Average units of blood components transfused 

Schreiber et al 
(2007)25 

RBC (units), % of 
patients (N) 

17.9 (247) 1.1 (311) p < 0.001 

Blood component ratios 
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Schreiber et al 
(2007)25 

RBC:FFP (N) 3:2 (247) NR NR 

RBC:PLT (N) 6:1 (247) NR NR 

RBC:Cryo (N) 2:1 (247) NR NR 

FFP, fresh frozen plasma; MT, massive transfusion; NR, not reported; PLT, platelets; RBC, red blood cells; SEM, standard error 
of mean 

Of the six studies identified and included, two report results from a military population.24-25 

Results from military populations should be interpreted with caution because of baseline 
differences that are common between military and civilian populations (such as higher 
incidence of severe, penetrating trauma). These differences may reduce the applicability and 
generalisability to the target civilian population, of the results gained in each trial. 

Of the six included studies, five18-19,21,24-25 defined massive transfusion as transfusion of 
  10 units of RBC in   24 hours. Cinat et al20 defined massive transfusion as   50 units of 
RBC or whole blood in 48 hours. Based on this definition, the study20 was considered to meet 
the definition of massive transfusion stipulated in the guideline and was consistent with the 
other references. 

Effect of dose/timing of blood component therapy on morbidity, mortality and total 
products transfused 

There were no studies identified that investigated the timing of blood component therapy on 
the outcomes of interest. One study20 investigated the effects of the dose of blood 
component therapy on mortality. This study demonstrated that survivors were given a 

significantly lower ratio of platelets to RBCs than non-survivors (1:7.7  1.9 versus 1:11.9  
4.9, respectively; p = 0.03). The study found a trend towards a higher ratio of FFP to RBCs 

among survivors than in non-survivors (1:1.8  0.3 versus 1:2.5  0.9, respectively), but this 
did not reach statistical significance (p = 0.06). These results indicate that the dose of blood 
components may influence mortality rates among patients given massive transfusions. In 
particular, the ratio of platelets to RBCs given during massive transfusion may affect survival; 
more aggressive transfusion with platelets and RBCs, and a lower ratio of platelets to RBCs 
was associated with an increased survival rate. However, these results should be interpreted 
carefully, because of the potential for survival bias (i.e. patients who die early are more likely 
to have received a higher RBC:component ratio). 

Effect of blood component ratios on morbidity, mortality and total blood products 
transfused 

Three studies19-21 examined the effect of the ratio of different blood components during 
massive transfusion on mortality rates. Dente et al19 found that a high ratio of RBC to FFP 
resulted in a significantly greater rate of mortality at 24 hours post-transfusion (p < 0.001) 
and hospital mortality (p < 0.001) than a low ratio. Further, this study demonstrated that a 
low ratio of RBC to platelets also resulted in a significantly higher 24 hour mortality rate than 
a high ratio (p < 0.001), but not a higher hospital mortality rate (p = NS). 

It was reported that a ratio of FFP to RBC of < 2:3 resulted in a significantly higher rate of 
30 day mortality than a ratio of ≥ 2:3 (p = 0.008), and that the ratio of FFP to RBC was an 
independent predictor of mortality at 30 days (OR, 1.78; 95%CI [1.01, 3.14])21. Moreover, the 
30 day mortality rate was significantly higher among patients undergoing massive transfusion 
with a ratio of platelets to RBC of < 1:5 than those given a ratio of ≥ 1:5 (p = 0.001). 
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Investigation of the effect of the ratio of both FFP and platelets to RBCs on the survival rate 
of patients undergoing massive transfusion has been undertaken20. The study found that a 
higher ratio of platelets to RBCs was significantly correlated with survival rates (p = 0.03), and 
the correlation between ratio of FFP to RBCs given during massive transfusions and mortality 
rates trended towards, (p = 0.06) but did not attain statistical significance. 

Component ratios may have a significant impact on the rate of survival among patients 
undergoing massive transfusion at various time points post-transfusion. However, these 
results should be interpreted with caution, not only because of the risk of survivor bias, but 
also because they were derived from Level II studies with inherent biases related to study 
design. 

Effect of an MTP on morbidity, mortality and ratio of or total blood products transfused 

Cotton18 assessed the effect of implementing an MTP on morbidity. The overall length of 
hospital stay was lower in patients who received the MTP (12 days vs. 16 days, p = 0.049) and 
this group also had fewer ventilator days (5.7 days vs 8.2 days, p = 0.017). There was no 
difference in the development of systemic inflammatory response syndrome (SIRS), 
ventilator-dependent respiratory failure, or the need for renal replacement therapy. 
However, severe sepsis or septic shock and ventilator-associated pneumonia were both 
lower in those receiving treatment according to an MTP. Simple logistic regression found that 
MTP was associated with a 58% odds reduction in severe sepsis and septic shock; and a 51% 
odds reduction in ventilator-associated pneumonia.  

Univariate analysis demonstrated no difference between groups in respiratory or renal 
failure rates. However, both cardiac and hepatic failure rates were significantly lower among 
patients who received care under an MTP. Simple logistic regression found an almost 80% 
reduction in the odds of cardiac failure in patients who received MTP-guided treatment. 
Patients who underwent MTP-guided therapy were also significantly less likely to develop 
multiple organ failure by both univariate analysis and simple logistic regression. This result 
was further confirmed by multivariate analysis, where MTP was found to be a predictor of 
reduction in the risk of multiple organ failure. 

When blood component therapies are delivered according to MTP, the risk of multiple organ 
failure and other complications appears to be reduced. The use of an MTP in this study was 
associated with an 80% reduction in the odds of developing multiple organ failure and 
infectious complications, and a reduction in overall blood component transfusion. 18  

There were three studies18-19,21 identified that investigated the effect of implementing a 
massive transfusion protocol (MTP) on rates of mortality, the average number of units of 
blood transfused, or the mean blood component ratio used. 

Of these three studies, two18-19 investigated the effect of MTP on overall mortality rates at 
24 hours and 30 days. Dente19 reported that an MTP significantly reduced the mortality rate 
at both 24 hours (p = 0.008) and 30 days (p = 0.04). Cotton18 did not find a significant 
difference in mortality rates at 24 hours (p = 0.185), but the difference in deaths at 30 days 
reached significance (p = 0.001). Dente19 found that instituting a protocol for massive 
transfusions significantly reduced the rate of mortality associated with blunt trauma 
(p = 0.042) compared with circumstances where no protocol was used. Although the 
literature in this area provides some conflicting results, the evidence overall appears to 
support the use of MTPs to reduce patient mortality rates. 
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The literature review identified evidence18-19,25 that investigated the effect of MTPs on the 
mean number of units of blood components transfused. The results of these studies provide 
conflicting evidence relating to the effect of MTPs on the use of blood components. No 
significant difference in the number of units of RBC transfused (p = 0.67) was reported,19 but 
it was also reported that MTP significantly decreased the quantity of crystalloid administered 
(p = 0.006 and p < 0.001, respectively).18-19 It was also demonstrated that adhering to an MTP 
more than doubled the number of units of FFP used (p < 0.001)19. 

The effect of MTPs on the number of units of blood components transfused at different time 
points was investigated and reported.19 The researchers found that MTPs did not affect the 
numbers of units of RBC administered during the first six hours or the first 24 hours. 
However, following a protocol significantly increased the numbers of units of FFP (p < 0.05), 
platelets (p < 0.05) and cryoprecipitate (p < 0.05) used at six hours compared with 
circumstances where no protocol was followed. Similarly, it was found that following an MTP 
resulted in a significant increase in the number of intra-operative RBC units given (p = 0.001), 
but there was a significant reduction in the number of units of RBC units given up to 24 hours 
postoperatively.18 

MTPs affect the pattern of blood component use, but it is not clear whether such protocols 
alter the use of blood components overall. MTPs may also affect timing of the use of RBCs, 
leading to an increase in RBC use intra-operatively and in the period immediately following 
surgery, but a reduction in RBC use postoperatively. These results are based on Level III 
studies and should thus be interpreted with caution. 

Two studies19,21 were identified that investigated the effect of MTPs on the ratio of blood 
products used. Gunter et al21 found that implementing a protocol decreased the ratio of 
platelets to RBCs used intra-operatively (p < 0.01), and increased the ratio of these blood 
components used at 24 hours (p < 0.01). Furthermore, following a protocol significantly 
decreased the proportion of patients reaching a ratio of platelets to RBCs of 1:5 both intra-
operatively (p < 0.01) and at 24 hours (p < 0.01).21 These results suggest that MTPs can 
significantly affect the use of blood products during massive transfusions. The effect of 
massive transfusions on the ratio of blood components was investigated by Dente et al;19 it 
was found that introduction of an MTP resulted in lower mean ratios of RBCs to FFP, and of 
RBCs to platelets. This study did not report control group results for this outcome measure, 
so it is not possible to draw conclusions about the effect of massive transfusions on the ratio 
of blood components used.19 

Level IV evidence 

There were 22 Level IV studies identified. The main characteristics of these are summarised 
in Table 3.6. For further details see Appendix E and Appendix F (Volume 2). No quality of life 
data was presented in these studies. 

Table 3.6 Characteristics and quality of Level IV evidence 

Level IV evidence 

Author Study type 
Study quality 

Population Outcomes 

Borgman et al 
(2007)6 

Case series 
Poor 

A retrospective chart review of 246 patients performed 
at a United States Army combat support hospital. Each 
patient underwent MT (≥ 10 units RBC in 24 hours). 
Three patient groups were created depending on the 
plasma to RBC ratio transfused during MT 

Morbidity/mortality 
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Level IV evidence 

Author Study type 
Study quality 

Population Outcomes 

Cosgriff et al 
(1997)15 

Case series  
Poor 

Patients > 15 years of age who underwent MT 
(> 10 units RBC in 24 hours) were prospectively 
analysed and entered into an electronic registry over a 
2 year time period, ending November 2005 (n = 58) 

Morbidity/mortality, 
dose/type of 
transfusion 

Dann et al 
(2008)26 

Case series 
Poor 

Study describes 33 days of warfare at a level 1 trauma 
centre in Lebanon. 295 soldiers and 209 civilians were 
admitted to ED. 48 wounded soldiers and 12 civilians 
had transfusions; 20 soldiers and 1 civilian underwent 
MT 

Dose/type of 
transfusion 

Duchesne et al 
(2008)27 

Case series 
Poor 

Four year retrospective study of all trauma patients 
who underwent emergency surgery in an urban level 1 
trauma centre. Patients divided into two groups; those 
who received ≥ 10 U (n = 135) or < 10 U (n = 250) of 
RBC during and after initial surgical intervention. Only 
patients who underwent transfusion of both FFP and 
RBC were included in the analysis 

Morbidity/mortality 

Gonzalez et al 
(2007)8 

Case series 
Poor 

Data maintained in a trauma research database were 
reviewed during the 51 months ending January 2003. 
Patients were admitted to the shock trauma ICU and 
who met specific criteria underwent a 24 hour 
standardised shock resuscitation process directed by 
computerised decision support. Data were collected 
prospectively. 200 shock resuscitation protocol patients 
of whom 97 underwent MT, defined as ≥ 10 U RBC in 
the first 24 hours 

Morbidity/mortality, 
dose/type of 
transfusion, transfusion 
frequency 

Holcomb et al 
(2008)28 

Case series 
Poor 

Records of 467 MT trauma patients transported from 
the scene to 16 level 1 trauma centres between July 
2005 and June 2006 were retrospectively reviewed. 
Based on high and low plasma and platelet to RBC 
ratios, 4 groups were analysed 

Morbidity/mortality, 
dose/type of 
transfusion 

Kashuk et al 
(2008)29 

Case series 
Poor 

A level 1 trauma centre prospective registry was 
queried from 2001 to 2006 for patients undergoing MT 
(defined as > 10 U RBC in 6 hours). 133 patients were 
stratified into four groups by the FFP:RBC ratio 
received and compared 

Morbidity/mortality, 
dose/type of 
transfusion, transfusion 
frequency 

Maegele et al 
(2008)30 

Case series 
Poor 

Retrospective analysis using the TR-DGU database 
(Trauma Registry of the Deutsche Gesellschaft fur 
Unfallchirurgie 2002–2006) on primary admissions with 
substantial injury (ISS > 16) and MT (> 10 U RBC). 713 
patients were divided into three groups according to 
the RBC:FFP ratio transfused, that is, 

• RBC:FFP > 1.1 

• FFP 0.9–1.1 (1:1) 

•  RBC:FFP < 0.9 

Mortality rates were compared 

Morbidity/mortality 
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Level IV evidence 

Author Study type 
Study quality 

Population Outcomes 

Perkins et al 
(2009)31 

Case series 
Poor 

In-patient records for more than 8618 trauma 
casualties treated at a military hospital over 3 year 
period from January 2004 to December 2006 were 
reviewed retrospectively to identify patients who 
received ≥ 10 U blood in 24 hours. Patients who 
underwent MT, but no FWB were divided into study 
groups as follows:  

• patients receiving a low ratio of platelets (< 1:16 
aPLT:RBC, n = 214) 

•  patients receiving a medium ratio of aPLT:RBC 
(1:16– < 1:8, n = 154)  

• patients receiving a high ratio of aPLT:RBC, 
(n = 96) 

Morbidity/mortality, 
dose/type of 
transfusion 

Phillips et al 
(1987)16 

Case series 
Poor 

Records for all patients receiving > 21 U blood in 
24 hours at the Detroit Receiving Hospital over 3 year 
period from 1980 to 1983 were retrospectively 
reviewed (n = 56) 

Morbidity/mortality, 
dose/type of 
transfusion 

Rose et al 
(2009)32 

Case series 
Poor 

Patients requiring MT were retrospectively 
electronically derived from a list of all blood component 
transfusions in 2006. Data from ICU and patient 
administration databases established hospital 
outcome. Factors independently predictive of survival 
were identified by logistic regression 

Morbidity/mortality, 
dose/type of 
transfusion 

Scalea et al 
(2008)33 

Case series 
Poor 

Prospective data were collected on 806 consecutive 
patients admitted to ICU over 2 years. Patients were 
stratified by RBC:FFP transfusion ratio over the first 
24 hours 

Morbidity/mortality 

Schwab et al 
(1986)34 

Case series 
Poor 

A 30 month prospective study was undertaken to 
collect data from all patients arriving at a single trauma 
unit 

Morbidity/mortality 

Snyder et al 
(2009)35 

Case series 
Poor 

Patients requiring MT (> 10 U RBC within 24 hours of 
admission) between 2005 and 2007 were 
retrospectively identified (n = 134). In-hospital mortality 
was compared among patients receiving high (> 1:2) 
FFP:RBC ratios with a regression model, using the 
FFP:RBC ratio as a fixed value at 24 hours (method 1) 
and as a time-varying covariate 

Morbidity/mortality 

Sperry et al 
(2008)23 

Case series 
Poor 

Data were obtained retrospectively from a multicentre 
prospective cohort study evaluating clinical outcomes 
in 1036 patient with blunt injuries and haemorrhagic 
shock. Those patients requiring ≥ 8 U blood within the 
first 12 hours post-injury were analysed (n = 415) 

Morbidity/mortality, 
dose/type of 
transfusion, transfusion 
frequency 

Spinella et al 
(2008)36 

Case series 
Poor 

A database of combat casualty patients with severe 
trauma (ISS > 15) and MT (≥ 10 U RBC in 24 hours) 
admitted to one combat hospital in Iraq, between 
December 2003 and October 2005 was retrospectively 
reviewed 

Dose/type of 
transfusion 

Stinger et al 
(2008)11 

Case series 
Poor 

A retrospective chart review of 252 patients in a United 
States Army combat support hospital who received 
≥ 10 U blood in 24 hours was performed. The typical 
amount of fibrinogen within each blood product was 

Morbidity/mortality, 
dose/type of 
transfusion 
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Level IV evidence 

Author Study type 
Study quality 

Population Outcomes 

used to calculate the fibrinogen:RBC ratio transfused 

Teixeira et al 
(2009)37 

Case series 
Poor 

A 6 year retrospective trauma registry and blood bank 
database study in a level 1 trauma centre. All MT 
patients (≥ 10 RBC during 24 hours) were analysed. 
Patients were classified into four groups based on 
FFP:RBC ratio received: Low ratio (< 1:8), medium 
ratio (> 1:8 and ≤ 1:3), high ratio (> 1:3 and ≤ 1:2) and 
highest ratio (> 1:2) 

Morbidity/mortality 

Vaslef et al 
(2002)12 

Case series 
Poor 

The Duke Hospital database was accessed 
retrospectively to identify all patients who had received 
> 50 U blood between 1995 and 2000 during a single 
hospital admission. The resulting dataset was linked to 
the trauma registry to identify patients admitted to 
SICU who received > 50 U during the total stay 
(n = 44) 

Dose/type of 
transfusion 

Velmahos et al 
(1998)38 

Case series 
Poor 

141 consecutive patients underwent MT   20 U blood 
during pre-operative and intra-operative resuscitation 
(highest 68 U) 

Morbidity/mortality, 
dose/type of 
transfusion 

Wudel et al 
(1991)39 

Case series 
Poor 

Over a 54-month period, 6142 patients were 
consecutively admitted to a level 1 trauma centre. 92 
patients were identified who required MT of ≥ 20 units 
RBC 

Morbidity/mortality, 
dose/type of 
transfusion 

Zink et al 
(2009)22 

Case series 
Poor 

Records of 466 MT trauma patients (> 10 U RBC in 
24 hours) at 16 level 1 trauma centres were reviewed. 
Transfusion ratios in the first 6 hours were correlated 
with outcome 

Morbidity/mortality, 
transfusion frequency 

aPLT, apheresis platelets; ED, emergency department; FFP, fresh frozen plasma; FWB, fresh whole blood; ICU, intensive care 
unit; ISS, injury severity score; MT, massive transfusion; RBC, red blood cells; SICU, surgical intensive care unit; U, unit 

All 22 studies were further analysed. The results of the analysis are shown in Table 3.7.  

The results have been categorised into the following sections:  

• effect of dose/timing of blood component therapy on morbidity, mortality and total 
products transfused 

• effect of the ratio of RBC:component therapy on morbidity, mortality and total blood 
products transfused 

• effect of an MTP on morbidity, mortality and ratio of or total blood products transfused. 

Wherever possible, data have been classified according to individual component therapy or 
outcome. 

Table 3.7 Results for Level IV evidence 

Effect of dose/timing of transfusion on morbidity, mortality and total blood products transfused 

Volume of product transfused over 48 hours (mean±SD) 

Author Blood component Survivors 
(n = 33) 

Non-
survivors 
(n = 25) 

Total (n = ) p-value 
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Cosgriff et al (1997)15 PLT 18.8±12.9 12.6 
±2.6 

NR NR 

RBC 22.8 ±1.8 26.0 
±2.9 

NR NR 

Author Blood component Survivors 
(n = 68) 

Non-
survivors 
(n = 29) 

Total (n = 97) p-value 

Gonzalez et al 
(2007)8 

FFP 6±1 4±0.4 5±0.4 NR 

Crystalloids 8±1 11±3 9 ±1 NR 

RBC 11±1 13±2 12±1 NR 

Median total blood component usage at 24 hours, median (range) 

Author Blood component Survivors (n = 71) Non-survivors (n = 19) p-value 

Spinella et al36 Crystalloids (L) 11.6 (8.3–14) 9.8(7.6–12.1) NS 

RBC (U) 16 (12–21) 14 (11–20) NS 

FFP (U) 10 (7–13) 8 (5–11) NS 

aPLT (U) 0 (0–1) 0 (0–1) NS 

Crystalloids (U) 9 (0–17) 9 (0–10) NS 

Median blood components used per massive transfusion 

Author Blood component Survivors (n = 134) Non-survivors (n = 70) p-value 

Rose et al (2009)32 RBC units (median, IQR, 
range) 

10, 8–13, 8–42  12, 10–20, 8–61 NR 

FFP units (median, IQR, 
range) 

7, 4–11, 0–36 8, 6–12, 0–40 NR 

PLT units (median, IQR, 
range) 

1, 0–2, 0–8 2, 1–4, 0–12 NR 

Cryoprecipitate units 
(median, IQR, range) 

0, 0–5, 0–30 0, 0–10, 0–40 NR 

Author Blood component Survivors (n = 67) Non-survivors (n = 67) p-value 

Snyder et al (2009)35 RBC (median) 15.0 18.5 NR 

FFP (median) 10.0 7.5 NR 

PLT (median) 2 2 NR 

Received cryoprecipitate 
(%) 

56 33 NR 

Mean total blood and component transfusion requirements in massive transfusion survivors and non-survivors 
(Mean±SD) 

Author Blood components Survivors 
(n = 19) 

Non-
survivors 
(n = 25) 

Total (n = 44) p-value 

Vaslef et al (2002)12 Total blood products (U) 71±17 79±26 75±22 p = 0.263 

% transfused > 75 U 31.6 40.0 36.4 p = 0.565 

RBC (U) 26±9 38±16 33±14 p = 0.005 

% transfused > 25 U RBC 47.4 76.0 63.6 p = 0.051 

FFP (U) 10±6 9±5 9±5 p = 0.469 

Cryoprecipitate (U) 26±10 24±14 25±12 p = 0.615 
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PLT(U) 8±5 7±6 8±6 p = 0.554 

Author Blood components Survivors 
(n = NR) 

Non-
survivors 
(n) 

Total (n) p-value 

Velmahos et al 
(1998)38 

RBC (units) 31±11 32±10 NR p = 0.52 

Total blood and component therapy stratified by the number of transfusions received in the first day (Mean±SD) 

Author Blood component Total blood products transfused in 24 hours p-value 

 > 100 U 
(n = 6) 

76–100 
U 
(n = 10) 

51–75 U (n = 28) 

Vaslef et al (2002)12 Total blood products 120±14 88±7 61±8 NR 

RBC (U) 53±13 40±10 26±10 NR 

FFP (U) 15±7 12±5 8±4 NR 

Cryoprecipitate (U) 38±4 27±13 22±11 NR 

PLT(U) 14±6 9±5 6±5 NR 

Mean transfusion volume, first 24 hours (mean±SD) 

Author Blood component Units  p-value 

Cosgriff et al (1997)15 RBC 24.2±1.6 NR 

FFP 14.0±1.2 NR 

PLT 16.1±2.0 NR 

Cryoprecipitate 11.4±1.2 NR 

Odds ratio associated with volume of RBC transfused at 6 hours 

Author Blood component 6 hours Odds ratio p-value 

Kashuk et al (2008)29 RBC  1.038–1.505 1.248 NR 

Median ratio for survival, median (UQ-LQ) 

Author Blood component ratio Survivors (n = NR) Non-survivors (n = NR p-value 

Kashuk et al (2008)29 FFP:RBC 1:2 (1:2–1:3) 1:4 (1:2–1:5) NR 

Survival based on numbers of RBC units transfused (%) 

Author Total number of RBC units transfused p-value 

20–29 U 
(n = 70) 

30–39 U 
(n = 45) 

40–49 U 
(n = 15) 

50–68 U 
(n = 11) 

Total (n = 141) 

Velmahos et al 
(1998)38 

33 29 27 27 30 0.94 

Mortality rate associated with RBC transfusion 

Author Time period Units (mean) Mortality (%) p-value 

Cosgriff et al (1997)15 24 hours 24  43 NR 

Velmahos et al 
(1998)38 

NR 32 69.5 NR 

Wudel et al (1991)39 Hospitalisation 33 48 NR 

Phillips et al (1987)16 Hospitalisation 33 61 NR 

Transfusion frequency 

Author Blood component First 12 hours Second 12 hours p-value 
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Gonzalez et al 
(2007)8 

PLT (volume) 3± 0.4 (6 pk) 
(n/N = 48/50) 

3±1 (6 pk) (n/N = 29/30) NR 

Cryoprecipitate (volume) 2±0.4 (10 pk) 
(n/N = 19/20) 

2±1 (10 pk) (n/N = 4/4) NR 

FFP (volume) 8±1 unit 
(n/N = 78/80) 

5±1 unit (n/N = 43/44) NR 

% of units of RBC given at different time periods 

Author First 6 hours First 
12 hours 

First 
24 hours 

Next 24 hours  > 48 hours 

Kashuk et al (2008)29  > 80% NR NR NR NR 

Snyder et al (2009)35 68% 92% NR NR NR 

Wudel et al (1991)39 NR NR 82% 5.5% 12.5% 

Time to transfusion of first blood component (median minutes, range) 

Author Blood component Time median (range) p-value 

Snyder et al (2009)35 RBC 18 (1–348) NR 

FFP 93 (24–350) NR 

Median and mean units of blood components administered at different time points 

Author Blood component ratio Total First 6 hours First 12 hours First 24 hours 

Kashuk et al (2008)29 RBC median (range) 
(n = 133) 

NR 18 (14–25) NR 21 (15–30) 

FFP median (range) 
(n = 133) 

NR 6 (4–10) NR 8 (4–14) 

PLT median (range) 
(n = 133) 

NR 1 (0–2) NR 1 (1–3) 

Crystalloids median (range) 
(n = 133) 

NR NR NR 14,000  
(7000–19,500) 

FFP:RBC ratio (n = 133) NR 3 (2–5) NR 14 (2–21) 

Dann et al (2008)26 Crystalloids (median) 3000 mL NR NR NR 

RBC, units (mean±SD) 14 (13±7) NR NR NR 

FFP, units (mean±SD) 10 (11.1±8.9) NR NR NR 

Cryoprecipitate (mean±SD) 10 U 
(11.2±10.5) 

NR NR NR 

PLT, units (mean±SD) 6 U (8.6±6.5) NR NR NR 

RBC (median units) NR NR 14 NR 

Univariate regression of variables associated with mortality at 24 hours 

Author Component Odds ratio 95%CI p-value 

Perkins et al (2009)31 Stored RBC 1.04 (1.02, 1.07) p < 0.001 

Cryoprecipitate  0.96 (0.93, 0.99) p = 0.01 

Multivariate regression of variables associated with mortality at 24 hours 

Author Blood component  Hazard ratio 95%CI p-value 

Perkins et al (2009)31 Cryoprecipitate 0.93 (0.87, 0.997) p = 0.04 

Stored RBC 1.08 (1.004, 1.16) p = 0.04 
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Univariate regression of variables associated with mortality at 30 days 

Author Blood component Odds ratio 95%CI p-value 

Perkins et al (2009)31 Stored RBC 1.02 (1.01, 1.04) p = 0.001 

Cryoprecipitate  0.97 (0.95, 0.996) p = 0.02 

Multivariate regression of variables associated with mortality at 30 days 

Author Component or ratio Hazard ratio 95%CI p-value 

Perkins et al (2009)31 Cryoprecipitate (U) 0.97 (0.94, 1.003) p = 0.07 

Stored RBC (U) 1.03 (0.996, 1.07) p = 0.08 

Effect of blood component ratios on morbidity, mortality and total blood products transfused 

Morbidity 

Infection and sepsis 

Author Morbidity type Ratio of FFP:RBC p-value 

High: > 1.1 
(n = 484) 

Medium: 0.9–1.1 
(n = 114) 

Low: < 0.9 
(n = 115) 

Maegele et al 
(2008)30  

Sepsis (n,%) 74 (19.5) 34 (33.3) 21 (19.6) NS 

Author Morbidity type FFP:RBC ratio p-value 

High ratio: 

  1:1.5 (n = 102) 

Low ratio: < 1:1.5 (n = 313) 

Sperry et al (2008)23 Nosocomial 
infection (%) 

58.4 43.2 0.008 

Multiple organ failure 

Author Morbidity type FFP:RBC ratio p-value 

High ratio: 

  1:1.5 (n = 102) 

Low ratio: < 1:1.5 (n = 313) 

Sperry et al (2008)23 MOF (%) 63.7 54.0 0.085 

Author Morbidity type Ratio of FFP:RBC p-value 

High: 
> 1.1(n = 484) 

Medium: 0.9–1.1 
(n = 114) 

Low: < 0.9 
(n = 115) 

Maegele et al 
(2008)30 

Single organ 
failure (n,%) 

292 (76.8) 86 (83.5) 79 (73.8)  < 0.05 

Maegele et al 
(2008)30 

MOF (n, %) 220 (57.9) 69 (67) 64 (59.8)  < 0.05 

Respiratory complications 

Airway breathing 

Acute respiratory distress syndrome 

Author Morbidity type FFP:RBC ratio p-value 

High ratio: 

  1:1.5 (n = 102) 

Low ratio: < 1:1.5 (n = 313) 

Sperry et al (2008)23 ARDS (%) 47.1 24.0 0.001 

Ventilator-free days 

Author Morbidity type Ratio of FFP:RBC received at 6 hours p-value 

High: 
≥ 1:1(n = 51) 

Medium: 1:4–1:1 
(n = 299) 

Low: < 1:4 
(n = 102) 
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Zink et al (2009)22 Number of MT 
patients who 
survived 
> 30 days (n) 

6.3 7.9 9 0.35 

Author Ratio of FFP:RBC p-value 

High: > 1.1 
(n = 484) 

Medium: 0.9–1.1 
(n = 114) 

Low: < 0.9 
(n = 115) 

Maegele et al 
(2008)30 

(n, %) 11.3 (16.3) 14.2 (14.4) 17.8 (23.5)  < 0.005 

Author FFP and PLT: RBC ratio (days±SD) p-value 

1. High FFP: 

  1:2 and high 
PLT: 

  1:2(n = 151) 

2. High FFP: 

  1:2 and low: 
< 1:2 PLT 
(n = 101) 

3. Low FFP: 
< 1:2 and high 

PLT:   1:2 
(n = 83) 

4. Low FFP: 
< 1:2 and low 
PLT: < 1:2 
(n = 131) 

Holcomb et al 
(2008)28 

6±8 2±5  7±8 4±7  < 0.001 

Author Morbidity type Ratio of PLT:RBC received at 6 hours p-value 

High: ≥ 1:1 
(n = 51) 

Medium: 1:4–1:1 
(n = 299) 

Low: < 1:4 
(n = 102) 

Zink et al (2009)22 Numbers of MT 
patients who 
survived 
> 30 days 

6.0 9.9 9.1  < 0.004 (high ratio 
significantly  
different from the other 
two ratios) 

Central nervous system 

Length of stay 

Author Morbidity type Ratio of FFP:RBC p-value 

High: > 1.1 
(n = 484) 

Medium: 0.9–1.1 
(n = 114) 

Low: < 0.9 
(n = 115) 

Maegele et al 
(2008)30 

ICU LOS (day, 
mean±SD) 

14.9 (19) 19 (18) 22.5 (24.3)  < 0.005 

In-hospital LOS 
(day, mean±SD) 

30.6 (38.4) 35.7 (34.1) 49.3 (53.4)  < 0.005 

Author Morbidity type FFP and PLT: RBC ratio p-value 

1. High FFP: 

  1:2 and 
high PLT: 

  1:2 
(n = 151) 

2. High 

FFP:   1:2 
and low: 
< 1:2 PLT 
(n = 101) 

3. Low 
FFP: < 1:2 
and high 
PLT: 

  1:2 
(n = 83) 

4. Low 
FFP: < 1:2 
and low 
PLT: < 1:2 
(n = 131) 

Holcomb et al 
(2008)28 

Hospital-free days 
(days±SD) 

6±8 3±6 5±8 3±7  < 0.001 

ICU-free days 
(days±SD) 

5±7 3±6 6±7 4±7  < 0.001 

Mortality 

Overall mortality stratified by FFP:RBC ratio (%) 

Author Ratio of blood 
products 

FFP:RBC ratio p-value 

High ratio: 1:1.4 
(n = 162) 

Medium ratio: 
1:2.5 (n = 53) 

Low ratio: 1:8 
(n = 31) 
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Borgman et al (2007)6 FFP:RBC 19 34 65 P < 0.001 

Excluding rFVIIa treatment (%) 

Author Product ratio FFP:RBC ratio p-value 

High ratio: 1:1.4 
(n = 162) 

Medium ratio: 
1:2.5 (n = 53) 

Low ratio: 1:8 
(n = 31) 

Borgman et al (2007)6 FFP:RBC 15 38 69 P < 0.05 

Excluding whole blood (%) 

Author Product ratio FFP:RBC ratio p-value 

High ratio: 1:1.4 
(n = 162) 

Medium ratio: 
1:2.5 (n = 53) 

Low ratio: 1:8 
(n = 31) 

Borgman et al (2007)6 FFP:RBC 19 27 66 P < 0.05 

Excluding thoracic trauma (%) 

Author Product ratio FFP:RBC ratio p-value 

High ratio: 1:1.4 
(n = 162) 

Medium ratio: 
1:2.5 (n = 53) 

Low ratio: 1:8 
(n = 31) 

Borgman et al (2007)6 FFP:RBC 19 29 57 P < 0.05 

Excluding neurotrauma (%) 

Author Product ratio FFP:RBC ratio p-value 

High ratio: 1:1.4 
(n = 162) 

Medium ratio: 
1:2.5 (n = 53) 

Low ratio: 1:8 
(n = 31) 

Borgman et al (2007)6 FFP:RBC 15 36 62 P < 0.05 

Author FFP:RBC ratio p-value 

High ratio: ≥ 1:2 (n = 60) Low ratio: < 1:2 (n = 74) 

Snyder et al (2009)35 24 hour cumulative 40 58 P < 0.001 

Author FFP:RBC ratio p-value 

Highest ratio: > 1:2 
(n = 115) 

High ratio: > 1:3 
and ≤ 1:2 
(n = 111) 

Medium ratio 
> 1:8 and ≤ 1:3 
(n = 95) 

Low ratio ≤ 1:8 
(n = 62) 

Teixeira et al (2009)37 26 25 49 90 p < 0.01 (low vs. 
medium vs. 
high) 

Author Ratio of blood 
products 

FFP : RBC ratio p-value 

High ratio: 
1:1(n = 19) 

Low ratio: 1:4 (n = 56) 

Duchesne et al 
(2008)27 

FFP:RBC 26 87.5 P = 0.001 

Overall mortality stratified by FFP and PLT:RBC ratio (%) 

Author FFP and PLT: RBC ratio p-value 

1. High FFP:  1:2 
and high PLT: 

 1:2 (n = 151) 

2. High FFP: 

 1:2 and low: 
< 1:2 PLT 
(n = 101) 

3. Low FFP: < 1:2 
and high PLT: 

  1:2 (n = 83) 

4. Low FFP: 
< 1:2 and low 
PLT: < 1:2 
(n = 131) 

Holcomb et al 
(2008)28 

29 48 38 59 P < 0.001 
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Overall mortality stratified by fibrinogen:RBC ratio (%) 

Author Fibrinogen:RBC ratio p-value 

High ratio: ≥ 0.2 g/unit (n = 200) Low ratio: < 0.2 g/unit (n = 48) 

Stinger et al (2008)11 24 52 P < 0.001 

Overall survival associated with FFP:RBC ratio 

Author Odds ratio 95%CI p-value 

Borgman et al6 8.6 (2.1, 35) P = 0.003 

Mortality at 6 hours 

Mortality at 6 hours stratified by FFP:RBC ratio (%) 

Author FFP:RBC ratio p-value 

1. High FFP:  1:2 
and high PLT: 

 1:2 (n = 151) 

2. High FFP: 

 1:2 and low: 
< 1:2 PLT 
(n = 101) 

3. Low FFP: < 1:2 
and high PLT: 

 1:2 (n = 83) 

4. Low FFP: 
< 1:2 and low 
PLT: < 1:2 
(n = 131) 

Holcomb  
et al (2008)28 

2 14 17 42 P < 0.001 

Author High ratio: > 1:1 
(n = 484) 

Medium ratio: 
0.9–1.1 
(n = 114) 

Low ratio: < 0.9 (n = 115) p-value 

Maegele et al 
(2008)30 

24.6 9.6 3.5 P < 0.0001 

Author High 
(≥ 1:1)(n = 51) 

Medium (1:4–
1:1) (n = 299) 

Low (< 1:4) (n = 102) p-value 

Zink et al (2009)22 2.0 15.2 37.3 P < 0.001 

Mortality at 6 hours stratified by PLT:RBC ratio (%) 

Author Blood product ratio High 
(≥ 1:1)(n = 51) 

Medium (1:4–1:1) 
(n = 299) 

Low 
(< 1:4)(n = 102) 

p-value 

Zink et al (2009)22 PLT:RBC 3.2 19 22.8 p < 0.002 

Mortality at 24 hours 

Mortality at 24 hours stratified by FFP:RBC ratio (%) 

Author 1. High FFP:  1:2 
and high PLT: 

 1:2 (n = 151) 

2. High FFP: 

 1:2 and low: 
< 1:2 PLT 
(n = 101) 

3. Low FFP: < 1:2 
and high PLT: 

 1:2 (n = 83) 

4. Low FFP: 
< 1:2 and low 
PLT: < 1:2 
(n = 131) 

p-value 

Holcomb et al 
(2008)28 

13 25 23 50 P < 0.001 

Author High ratio: > 1:1 
(n = 484) 

Medium ratio: 
0.9–1.1 
(n = 114) 

Low ratio: < 0.9 (n = 115) p-value 

Maegele et al 
(2008)30 

32.6 16.7 11.3 P < 0.005 

Author High ratio  1:1.5 (n = 102) Low ratio < 1:1.5 (n = 313) p-value 

Sperry et al (2008)23 3.9 12.8 P = 0.0012 

Mortality At 24 hours stratified by aPLT:RBC ratio (%) 

Author High ratio: ≥ 1:8 
(n = 96) 

Medium ratio: 
1:16- < 1:8 
(n = 154) 

Low ratio: < 1:16 (n = 214) p-value 
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Perkins et al (2009)31 5 13 36 p = 0.04 (medium vs. high) 
and p < 0.001 (low vs. 
medium vs. high) 

Univariate regression of variables associated with survival at 24 hours 

Author Component Odds ratio 95%CI p-value 

Perkins et al (2009)31 FFP:RBC 0.95 (0.94, 0.96) p < 0.001 

aPLT:RBC (%) 0.88 (0.84, 0.92) p < 0.001 

Multivariate regression – mortality at 24 hours 

Author Component or ratio Odds ratio 95%CI p-value 

Perkins et al (2009)31 PLT:RBC (%) 0.94 (0.91, 0.96) p < 0.001 

aPLT:RBC (%) 0.82 (0.72, 0.93) p = 0.002 

In-hospital mortality 

In-hospital mortality stratified by FFP:RBC ratio (%) 

Author High ratio: > 1:1 
(n = 484) 

Medium ratio: 0.9–
1.1 (n = 114) 

Low ratio: < 0.9 
(n = 115) 

p-value 

Maegele  
et al (2008)30 

45.9 36 30.4 P < 0.005 

Author High (≥ 1:1)(n = 51) Medium (1:4-1:1) 
(n = 299) 

Low (< 1:4)(n = 102) p-value 

Zink et al (2009)22 25.5 41.4 54.9 P < 0.04 

In-hospital mortality stratified by PLT:RBC ratio (%) 

Author High (≥ 1:1) (n = 51) Medium (1:4–1:1) 
(n = 299) 

Low (< 1:4) (n = 102) p-value 

Zink et al (2009)22 27.4 46.8 43.7 P < 0.04 

Factors associated with in-hospital survival 

Author Component or ratio Odds ratio 95%CI p-value 

Rose et al (2009)32 FFP:RBC ratio > 1.1 7.22 (1.95, 26.68) P = 0.0031 

Scalea et al33 FFP:RBC–1:1 
(continuous variable) 

1.49 (0.63, 3.53) NS 

FFP:RBC–1:1  
(binary variable) 

0.60 (0.21, 1.75) NS 

Factors associated with in-hospital mortality 

Author Component or ratio Odds ratio 95%CI p-value 

Rose et al (2009)32 PLT (U) 0.69 (0.57, 0.83) P = 0.0001 

Mortality at 30 days 

Mortality at 30 days stratified by PLT:RBC ratio (%) 

Author PLT:RBC ratio p-value 

Holcomb et al 
(2008)28 

High: ≥ 1:2 (n = 234) Low: < 1:2 (n = 232)   

59.9 40.1  P < 0.01 

Mortality at 30 days stratified by FFP and PLT: RBC ratio (%) 

Author FFP and PLT: RBC ratio p-value 
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Holcomb et al 
(2008)28 

1. High FFP: 

 1:2 and high 

PLT:  1:2 
(n = 151) 

2. High FFP: 

 1:2 and low: 
< 1:2 PLT 
(n = 101) 

3. Low FFP: 
< 1:2 and high 

PLT:  1:2 
(n = 83) 

4. Low FFP: < 1:2 
and low PLT: < 1:2 
(n = 131) 

 

27 46 33 57 P < 0.001 

Mortality at 30 days stratified by FFP: RBC ratio (%) 

Author Product ratio RBC:FFP ratio p-value 

High ratio: 
> 1:1 
(n = 484) 

Medium ratio: 
0.9–1.1 
(n = 114) 

Low ratio: < 0.9 
(n = 115) 

Maegele et al 
(2008)30 

RBC:FFP 45.5 35.1 24.3 P < 0.005 

Mortality at 30 days stratified by aPLT: RBC ratio (%) 

Author High: ≥ 1:8 (n = 96) Medium: 1:16– < 1:8 
(n = 154) 

Low: < 1:16 
(n = 214) 

p-value 

Perkins et al 
(2009)31 

22 40 57 p < 0.001 (medium vs. 
high) and p < 0.001 
(low vs. medium vs. 
high) 

Univariate regression of variables associated with mortality at 30 days 

Author Component Odds ratio 95%CI p-value 

Perkins et al 
(2009)31 

FFP:RBC (%) 0.97 (0.97, 0.98) P < 0.001 

aPLT:RBC (%) 1.01 (0.98, 1.03) P < 0.001 

Multivariate regression of variables associated with mortality at 30 days 

Author Component or ratio Hazard ratio 95%CI p-value 

Perkins et al 
(2009)31 

FFP:RBC (%) 0.98 (0.97, 0.99) P = 0.01 

aPLT:RBC (%) 0.91 (0.86, 0.95) P < 0.001 

Cause of death: haemorrhage stratified by ratio of aPLT to RBC (%) 

Author Ratio of aPLT: RBC  p-value 

High ratio:  1:8 (n = 96) Medium ratio: 
1:16– < 1:8 
(n = 154) 

Low ratio: < 1:16 
(n = 214) 

Perkins et al 
(2009)31 

2.1 8.6 28.6 p = 0.04 (medium vs. 
high) and p < 0.001 
(low vs. medium vs. 
high) 

Mortality associated with haemorrhage stratified by ratio of FFP to RBC (%) 

Author Ratio of FFP: RBC p-value 

High ratio: 1:1.4 (n = 162) Medium ratio: 
1:2.5 (n = 53) 

Low ratio: 1:8 
(n = 31) 

Borgman et al 
(2007)6 

37 78 92.5 p < 0.001 (high vs. low) 

p < 0.05 (high vs. 
medium) 

Author Ratio of FFP: RBC p-value 

High ratio: 1:1 (n = 19 ) Low ratio: 1:4 (n = 56)  
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Duchesne et al 
(2008)27 

15.7 19.6 NR 

Mortality associated with haemorrhage stratified by ratio of FFP and PLT to RBC (%) 

Author Ratio of FFP and PLT: RBC p-value 

1. High FFP:  1:2 

and high PLT:  1:2 
(n = 151) 

2. High FFP: 

 1:2 and 
low: < 1:2 PLT 
(n = 101) 

3. Low FFP: 
< 1:2 and high 

PLT:  1:2 
(n = 83) 

4. Low FFP: 
< 1:2 and low 
PLT: < 1:2 
(n = 131) 

 

Holcomb  
et al (2008)28 

10 25 22 44 p < 0.001 

Mortality associated with haemorrhage stratified by fibrinogen:RBC ratio (%) 

Author Ratio of fibrinogen:RBC p-value 

High ratio: ≥ 0.2 g/unit (n = 48) Low ratio: < 0.2 g/unit (n = 27) 

Stinger et al 
(2008)11 

44 85 p < 0.001 

Median time to death stratified by product component ratio (h) 

Author Ratio p-value 

High ratio: 1:1.4 (n = 162) Medium ratio: 
1:2.5 (n = 53) 

Low ratio: 1:8 
(n = 31) 

 

Borgman et al 
(2007)6 

FFP:RBC 38 4 2 NR 

Author FFP and PLT: RBC ratio p-value 

1. High FFP:  1:2 

and high PLT:  1:2 
(n = 151) 

2. High FFP: 

 1:2 and 
low: < 1:2 PLT 
(n = 101) 

3. Low FFP: 
< 1:2 and high 

PLT:  1:2 
(n = 83) 

4. Low FFP: 
< 1:2 and low 
PLT: < 1:2 
(n = 131) 

Holcomb  
et al (2008)28 

35 18 6 4 p < 0.001 

Author Blood component ratio aPLT:RBC ratio p-value 

High: ≥ 1:8 
(n = 96) 

Medium: 1:16–
 < 1:8 (n = 154) 

Low: < 1:16 
(n = 214) 

 

Perkins et al 
(2009)31 

aPLT:RBC 80.2 7.6 2.3 p < 0.001  

Relative risk of mortality associated with a high versus low FFP:RBC ratio 

Author Ratio definition (n) RR 95%CI p-value 

Duchesne  
et al (2008)27 

High ratio: 1:4 (n = 19) vs. low ratio: 1:1 
(n = 56) 

18.88 (6.32, 56.36) p = 0.001 

Snyder et al 
(2009)35 

High ratio: ≥ 1:2 (n = NR) vs. low ratio: 
< 1:2 (n = NR) 

0.84 (0.47, 1.50) NR 

Teixeira et al 
(2009)37 

High ratio: > 1:3 and  1:2 (n = 111) vs. 
highest ratio: > 1:2 (n = 115) 

0.97 NR NS 

Medium ratio: > 1:8 (n = 95) and  1:2 
vs. highest ratio: > 1:2 (n = 115) 

1.90 NR p < 0.01 

Low ratio: < 1:8 (n = 62) vs. highest 
ratio: > 1:2 (n = 115) 

3.46 NR p < 0.01 
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Odds ratio of mortality associated with a high versus low fibrinogen:RBC ratio 

Author Ratio definition (n) OR 95%CI p-value 

Stinger et al 
(2008)11 

High ratio: ≥ 0.2 g/unit (n = 48) vs. low 
ratio: < 0.2 g/unit (n = 27)  

0.37 (0.171, 
0.812) 

p = 0.013 

Ratios of blood components used per massive transfusion 

Author Survivors 
(n = 134) 

Non-
survivors 
(n = 70) 

p-value 

Rose et al (2009)32 FFP:RBC units (median, IQR, range) 0.54, 0.40–
0.89, 0.00–1.80 

0.62, 0.44–
0.87, 0.00–
1.78 

NR 

PLT:RBC units (median, IQR, range) 0.41, 0.00–
0.80, 0.00–2.66 

0.53, 0.35–
0.99, 0.00–
2.40 

NR 

Cryoprecipitate:RBC units (median, 
IQR, range) 

0.00, 0.00–
0.48, 0.00–2.31 

0.00, 0.00–
0.56, 0.00–
2.05 

NR 

Average ratio of blood components transfused over 48 hours 

Author Blood component ratio Survivors 
(n = NR) 

Non-
survivors 
(n = NR) 

p-value 

Borgman et al 
(2007)6 

FFP:RBC (n = 246) 1:1.6 (1:1.3–
1:1.2) 

1:2.3 (1:1.4–
1:5.1 

NR 

Author Blood component ratio Survivors 
(n = 33) 

Non-
survivors 
(n = 25) 

p-value 

Cosgriff et al 
(1997)15 

PLT:RBC 0.79±0.09 0.48±0.09 p = 0.001 

Mean FFP:RBC ratio – survivors versus non-survivors 

Author Blood component ratio Survivors 
(n = 218) 

Non-
survivors 
(n = 165) 

p-value 

Teixeira et al 
(2009)37 

FFP:RBC ratio 1:2.1 1:3.7 p < 0.001 

Dose/timing of blood components 

Median FFP:RBC ratio at 6 hours affect on median blood product requirements at 24 hours 

Author Blood component ratio Ratio at 6 hours p-value 

High ratio: ≥ 
1:1 (n = 62) 

Low ratio: 
< 1:1(n = 390
) 

Median RBC units at 24 hours 

Zink et al (2009)22 FFP : RBC  13 18 p < 0.001 

PLT: RBC  13 17.5 p = 0.008 
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Transfusion requirement based on ratio of FFP : RBC and timing – 12 hours 

Author Blood component 
(units) 

Ratio of FFP:RBC p-value 

High ratio  1:1.5 
(n = 102) 

Low ratio < 1:1.5 
(n = 313) 

Sperry et al 
(2008)23 

RBC 14.3±7 20.5 ±15 p = 0.001 

FFP 14.0±7 6.8±7 p = 0.001 

Cryoprecipitate 3.2±4 2.0±4 p = 0.006 

Transfusion requirement based on ratio of FFP: RBC and timing – 24 hours 

Author Blood component 
(units) 

Ratio of FFP:RBC p-value 

High ratio  1:1.5 
(n = 102) 

Low ratio < 1:1.5 
(n = 313) 

Sperry et al 
(2008)23 

RBC 16.0±9 22.0±17 p = 0.001 

FFP 15.2±9 7.6±9 p = 0.001 

Cryoprecipitate 3.3±4 2.3±4 p = 0.030 

Author Blood component ratio High ratio: N = 60 Low ratio: N = 74 p-value 

Snyder et al 
(2009)35 

FFP:RBC (mean 
ratio±SD) 

0.76 (1:1.3)±0.28 0.27 (1:3.7) ± 0.76 NR 

Transfusion requirements by plasma and platelet ratios (mean units±SD) 

Author FFP and PLT : RBC ratio p-value 

 1. High FFP:   
1:2 and high 

PLT:   1:2 
(n = 151) 

2. High FFP:   
1:2 and low: 
< 1:2 PLT 
(n = 101) 

3. Low FFP: < 1:2 

and high PLT:   
1:2 (n = 83) 

4. Low FFP: 
< 1:2 and low 
PLT: < 1:2 
(n = 131) 

 

Fresh frozen plasma 

Holcomb et al 
(2008)28 

17±12 16±10 7±5 6±6 p < 0.001 

Platelets 

Holcomb et al 
(2008)28 

20±16 5±6 18±10 4±6 p < 0.001 

RBCs 

Holcomb et al 
(2008)28 

22±17 21±12 21±11 21±12 NS 

Crystalloid 

Holcomb et al 
(2008)28 

14±10 13 ±7 17±12 11±10 p < 0.001 

FFP:RBC ratio 

Holcomb et al 
(2008)28 

0.8±0.3 0.8±0.3 0.3±0.1 0.2±0.1 p < 0.001 

PLT:RBC ratio 

Holcomb et al 
(2008)28 

0.9±0.4 0.2 ±0.2 0.9±0.4 0.1±0.2 p < 0.001 

Crystalloid: RBC ratio 

Holcomb et al 
(2008)28 

0.8±0.5 0.8 ±0.6 0.9±0.6 0.6±0.5 p < 0.001 
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Transfusion requirements by RBC and FFP ratios  

Author Blood 
component 

Ratio RBC:FFP p-value 

High ratio: > 1:1 
(n = 484) 

Medium ratio: 
0.9–1.1 (n = 114) 

Low ratio: 
< 0.9 (n = 115) 

Maegele et al 
(2008)30 

RBC (mean 
units [SD]) 

20.3 (11.8) 17.9 (10.9) 17.3 (10.7) p < 0.05 

FFP 
(units)(mean 
units [SD]) 

10.7 (8.3) 17.7 (10.4) 26 (14.9) p < 0.005 

Author Blood product Ratio of aPLT:RBC p-value 

High ratio: ≥ 1:8 
(n = 96) 

Medium ratio: 
1:16– < 1:8 
(n = 154) 

Low ratio: 
< 1:16 
(n = 214) 

Perkins et al 
(2009)31 

RBC (median 
units [range]) 

20 (10–54) 17 (10–58) 14 (10–56) p < 0.001 

aPLT (median 
units [range]) 

3 (2–9) 2 (1–6) 0 (0–3) p < 0.001 

FFP (median 
units [range]) 

14 (4–42) 12 (4–32) 7 (0–37) p < 0.001 

Cryoprecipitate 
(median units 
[range]) 

10 (0–50) 10 (0–52) 0 (0–38) p < 0.001 

Plasma ratio 
(%±SD) 

74 (±22) 71±24 49±32 p < 0.001 

Transfusion requirement by fibrinogen:RBC ratio 

Author Blood 
component 

Ratio of fibrinogen:RBC p-value 

High ratio: > 0.2 g/unit 
(n = 200) 

Low ratio: < 0.2 g/unit 
(n = 52) 

Stinger et al 
(2008)11 

fibrinogen:RBC 
ratio transfused 
(mean±SD) 

0.48 g/unit±0.2 0.1 g/unit±0.06 p < 0.001 

FFP units 
(mean±SD) 

11.2 ±7.4 3.5 ±2.9 p < 0.001 

PLT units 
(mean±SD) 

0.72±1.4 0.0±0.0 p < 0.001 

Cryoprecipitate 
units 
(mean±SD) 

9.33±10.9 0.77 ±2.6 p < 0.001 

Units transfused by ratio of FFP:RBC at different times (median) 

Author Ratio of FFP:RBC 

1:1 (n = 11) 1:2 (n = 48) 1:3 (n = 27) 1:4 (n = 12)  > 1:5 (n = 35) 

RBC units transfused to 6 hours (median) 

Kashuk et al 
(2008)29 

18 17 20 23.5 18 

RBC units transfused between 7 and 24 hours (median) 

Kashuk et al 
(2008)29 

5 0 0 0 0 
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RBC units transfused to 24 hours (median) 

Kashuk et al 
(2008)29 

23 21.5 20 24 18 

FFP units transfused to 6 hours (median) 

Kashuk et al 
(2008)29 

15 8 6 6 2 

FFP units transfused between 7 and 24 hours (median) 

Kashuk et al 
(2008)29 

7 0 0 0 0 

FFP units transfused to 24 hours (median) 

Kashuk et al 
(2008)29 

22 12 8 6 2 

PLT units transferred to 6 hours (median) 

Kashuk et al 
(2008)29 

2 1.6 1 1 0 

PLT units transfused between 7and 24 hours (median) 

Kashuk et al 
(2008)29 

1 0 0 0 0 

Crystalloid units transfused to 24 hours (median) 

Kashuk et al 
(2008)29 

14250 16000 16750 12000 8000 

Survival at 24 hours (%) 

Kashuk et al 
(2008)29 

72 6.9 10 1.5 1.8 

aPLT, apheresis platelets; ARDS, acute respiratory distress syndrome; CI, confidence interval; FFP, fresh frozen plasma; ICU, 
intensive care unit; IQR, interquartile range; LOS, length of stay; MT, massive transfusion; NR, not reported; NS, not significant; 
PLT, platelets; RBC, red blood cells; RR, relative risk; OR, odds ratio; SD, standard deviation; U, unit; UQ-LQ, upper quartile, 
lower quartile 

A total of 22 Level IV studies were identified that investigated the effect of the dose, timing 
and ratio of blood component therapy during massive transfusion on mortality, morbidity 
and transfusion rate. No Level IV studies were identified that examined the use of an MTP on 
the effect of dose, timing and ratio of blood component therapy, and consequently, the 
effect on mortality, morbidity and transfusion rate. All 22 were case series studies. 
Overwhelmingly, the studies were retrospective in design;6,8,16,18-21,23-36 only one15 was a 
prospective study. 

Of the 22 identified studies, five included report results from military populations.6,11,26,31,36 
Results from military populations should be interpreted with caution because of the inherent 
baseline differences that are common between military and civilian populations (such as 
higher incidence of severe, penetrating trauma in military populations).  

Of the 22 included studies, 15 defined massive transfusion as transfusion of   10 units of 
RBC in   24 hours. The remaining seven studies12,16,23,29,32,38-39 provided definitions of 
massive transfusion:  

•   10 units in 6 hours29 

•   21 units of RBC in 24 hours16 
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•   8 RBC units in 12 hours23 

•   20 units RBC in 24 hours.38 

Each of these studies, based on their definitions, still met the   10 units of RBC in   24 hour 
massive transfusion definition of the majority of the included references. Exceptions 
included: Rose et al32 who defined massive transfusion a > 8 units of RBC in 24 hours; Vaslef 
and colleagues12 who defined massive transfusion as   50 units transfused throughout the 
hospital stay; and Wudel et al39 who defined massive transfusion as   20 units transfused 
during admission.  

Effect of dose/timing of blood component therapy on morbidity, mortality and total 
products transfused 

Blood component units administered in massive transfusion – effect on survival 

There were seven studies identified that examined differences in the number of units of 
blood products administered to patients during massive transfusion who survived versus 
non-survivors.8,12,15,32,35-36,38 

Most studies reported similar numbers of transfused units of platelets, apheresis platelets 
(aPLT), crystalloids, RBC, FFP and cryoprecipitate among survivors and non-survivors. There 
were exceptions. These included increased levels of platelets and decreased levels of RBC 
units for survivors (significance not reported);15 lower transfused units of RBC in survivors 
and higher numbers of units of FFP and cryoprecipitate (significance not reported);35 and 
significantly fewer RBC units transfused to survivors (p = 0.005), correlating to the finding 
that significantly fewer survivors received massive transfusions of > 25 units (p = 0.051).12 
Interestingly, the percentage of survivors and non-survivors who received a massive 
transfusion of more than 75 units of RBC was similar. 

Mean transfusion volume in the first 24 hours 

One study15 reported that in the first 24 hours, patients undergoing massive transfusion 
received more RBC, and platelets than FFP and cryoprecipitate. The significance of this 
finding was not reported. However, the study did report that mortality at 24 hours after 
transfusion of 24 units RBC was 43%.  

Total blood component therapy stratified by transfusions received in the first 24 hours 

Vaslef et al12 reported the mean units of blood components transfused in patients stratified 
by the number of units of RBC received during the first 24 hours after injury. As the level of 
units of RBC transfused increases, the amount of FFP, cryoprecipitate and platelet units 
transfused were also found to increase. The increase was not, however, necessarily 
proportional to the volume of red cells transfused. Given the small patient population for 
whom the analysis was done, and the high levels of RBC transfused (all patients received 
> 50 units of RBC in the first 24 hours), these results should be interpreted with caution. 

Survival and the number of RBC units transfused 

There were four studies that reported rate of survival stratified by the total number of RBC 
units transfused.15-16,38-39 Velmahos et al38 reported that the percentage of patients surviving 
massive transfusion was similar and not significantly different from non-survivors.38 A 
mortality rate of 33% was reported for patients receiving 20–29 units of RBC compared with 
29% for 30–39 units, 27% for 40–49 units and 27% for 50–68 units.38 



 

52 Technical report on patient blood management in critical bleeding/massive transfusion 

Cosgriff et al15 reported a mortality rate of 43% associated with 24 units of RBC transfused in 
24 hours. Velmahos et al38 reported a 69.5% mortality rate with 32 units of RBC transfused 
and Phillips et al16 reported a 61% mortality rate associated with transfusion of 33 units of 
RBC. This suggests that dose related mortality could be associated with RBC transfusion. 
However, Wudel et al39 reported a mortality rate of 48% associated with transfusion of 
33 units was also reported. The overall effect of the volume of RBC units transfused remains 
unclear due to the interrelationship between injury severity and transfusion volume. 

Transfusion timing and frequency 

Four studies examined transfusion timing and frequency.8,29,35,39 Gonzalez et al8 reported that 
when a higher volume of FFP was given during the first 12 hours, the requirement for FFP in 
the next 12 hours was decreased (8 units – first 12 hours versus 5 units – next 12 hours). The 
levels of platelets and cryoprecipitate were not significantly different between the time 
periods. 

It was widely reported29,35,39 that most blood products were delivered in the first 24 hours 
after injury (range 80 to 92% of total RBC requirement). Kashuk et al29 reported that most 
blood products for massive transfusion were administered in the first 6 hours after injury 
(> 80%) prompting the suggestion that the definition of massive transfusion be changed 
from  10 units transfused in 24 hours, to  10 units transfused in 6 hours. These findings29 
were supported by outcomes reported by Snyder et al35 whose study found that 68% of all 
units were transfused in the first 6 hours, and 92% of all units were transfused in the first 
12 hours after injury. All studies were at risk of survivor bias. 

Snyder et al35 reported the average time to transfusion of RBC to be a median of 18 minutes 
(range 1–348 minutes). At 93 minutes, the time to first FFP transfusion was significantly 
longer (range 24–350 minutes). 

The mean and median units of blood components transfused at different times (6, 12 and 
24 hours) shows no significant results that would affect either the timing or frequency of 
blood transfusion.29 

Blood components independently associated with mortality or survival 

Perkins et al31 performed univariate and multivariate regression analyses to identify blood 
component products independently associated with increasing or decreasing mortality and 
found that, cryoprecipitate was independently associated with an improvement in 24 hour 
mortality (OR 0.96, p = 0.01), and units of stored RBC transfused was shown to be 
independently associated with an inferior 24 hour mortality rate (OR 1.04, p < 0.001). The 
same trend was observed with mortality at 30 days. Units of cryoprecipitate transfused were 
independently associated with an OR of 0.97 (p = 0.02) and units of stored RBC transfused 
was independently associated with poorer 30 day mortality (OR = 1.02; p = 0.001). 

The multivariate regression indicated that cryoprecipitate was independently associated with 
improved mortality at 24 hours and 30 days (hazard ratio [HR] 0.93 and 0.97 respectively). 
Similarly, units of stored RBC transfused were independently associated with poorer 24 hour 
and 30 day mortality (HR 1.08 and 1.03 respectively). 

Summary 

There is conflicting data about the effect of RBC transfusion on mortality in patients with 
critical bleeding requiring massive transfusion. Although some studies found an association 
between RBC transfusion and mortality, others failed to demonstrate this association. 
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Results suggest that a higher volume of FFP transfused in the first 12 hours reduced blood 
component usage in the next 12 hours. This would directly affect the FFP:RBC ratio achieved 
early during hospitalisation. Units of transfused cryoprecipitate were independently 
associated with decreased mortality at 24 hours and 30 days. However, all of these studies 
were subject to survival bias.  

Effect of blood component ratios on morbidity, mortality and total blood products 
transfused 

Morbidity and blood component ratios 

Infection and sepsis 

The literature review identified one study30 that examined the percentage of patients who 
developed sepsis after massive transfusion. The study found an association between high 
versus low FFP:RBC ratio, but no significant difference in the incidence of sepsis attributable 
to patients being transfused with high or low FFP:RBC ratios. Sperry et al23 reported a 
significantly increased incidence of nosocomial infection among patients who had received 
high ratios of FFP:RBC compared with low FFP:RBC ratio (p = 0.008). 

Single or multiple organ failure 

Two studies were identified that evaluated the association between the ratio of FFP:RBC 
transfused and development of multi-organ failure.23,30 Sperry et al23 reported that an 
increased number of patients in the high ratio group developed multiple organ failure 
compared with those in the low ratio group; however, this difference was not reported to be 
significant (p = 0.085). Maegele et al30 further demonstrated that significantly more patients 
who received higher FFP:RBC ratios, compared with lower ratios of FFP:RBC, developed 
single and multiple organ failure (p > 0.05 for both). There is poor evidence to indicate that 
the risk of developing multiple organ failure may be increased by transfusing a high ratio of 
FFP:RBC. This result should be considered with caution because of the potential for survival 
bias. 

Respiratory complications and ventilator-free days 

One study was identified that investigated the relationship between the ratio of FFP:RBC 
received and development of respiratory complications, including deaths from airway 
breathing and the development of acute respiratory distress syndrome (ARDS).23 Sperry et al 

demonstrated that a significantly higher incidence of ARDS occurred among patients who 
underwent high FFP:RBC ratio transfusions.23 To further determine the risks associated with 
the proportion of FFP to RBC patients receive, a Cox proportional hazard regression analysis 
was conducted.23 This analysis found that high FFP:RBC ratio was not significantly associated 
with an increased risk of multiple organ failure or nosocomial infection (results not 
reported); but was associated with a two-fold increase in the risk of ARDS after controlling 
for important cofounders.23 When ARDS was used as a dependent variable, the HR for a high 
FFP:RBC transfusion ratio was reported to be 1.93 (95%CI: [1.23, 3.02]), p = 0.004. The same 
regression model also found that the increased risk of ARDS was independent of the quantity 
of crystalloid required ay 24 hours (HR:1.03 [1.01, 1.06], p = 0.003) and APACHE II score (HR 
ratio 1.08 [1.03, 1.13], p = 0.001).  

Three studies28,30,39 reported that ventilator-free days occurred with greater frequency in 
high ratio groups compared with low ratio groups. Maegele et al30 reported that patients in 
the low ratio group (< 0.9 FFP:RBC) experienced significantly more ventilator-free days 
compared with patients in the high FFP:RBC ratio group (p < 0.005). Holcomb et al28 
demonstrated that patients who received high rates of FFP and platelets as well as low FFP 
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and high platelets experienced more ventilator-free days than two groups who received 
lower levels of platelets. These results suggest that transfusing higher ratios of platelets may 
be an important factor to help avoid respiratory conditions. Findings reported by Zink et al22 
further support the importance of administering platelets to avoid long ventilator-dependent 
periods, demonstrated by the survival of significantly more patients in the high PLT:RBC 
group than in the two lower ratio groups (p < 0.004).22 There was no difference found in 
respiratory outcomes among patients transfused with high versus low ratios of FFP:RBC.22 

Length of stay 

Significantly fewer days were spent in either ICU or as admitted patients by those undergoing 
high FFP:RBC ratio therapy compared with low ratio therapy. Maegele et al30 reported that 
recipients of high FFP:RBC ratio transfusions spent significantly less time in ICU or hospital 
compared with medium and high ratio recipients (p < 0.005 for both). Holcomb et al28 

demonstrated that patients receiving high PLT:RBC ratios (and either a high or low FFP:RBC 
ratio) experienced more hospital-free days and ICU-free days compared with low PLT:RBC 
recipients (p < 0.001 for both).  

Conclusion 

A higher risk of developing ARDS was independently associated with the increased number of 
units of blood products transfused to patients undergoing high FFP:RBC ratios in the first four 
days post-injury.23 However, despite transfusion with a higher ratio of FFP:RBC being found 
to be associated with an increased incidence of nosocomial infection,23 and a trend toward a 
higher rate of multiple organ failure23 being demonstrated, a multivariate analysis 
established that there was no greater risk of multiple organ failure or nosocomial infection 
attributable to high FFP:RBC ratio.23 Transfusion with high PLT:RBC ratio was associated with 
significantly improved respiratory outcomes for all patients receiving massive transfusion.22,28 

Overall mortality and blood component ratios 

Four studies examined the impact of different ratios of FFP:RBC on overall mortality.6,27,35,37 
Borgman6 conducted a study in a military setting demonstrating that as the ratio of plasma to 
RBC increased, mortality significantly decreased. This study reported that a ratio of FFP:RBC 
of 1:1.4 significantly (p < 0.001) reduced mortality compared with a ratio of 1:8.6 The 
significant decrease in mortality associated with FFP:RBC ratio of 1:1.4 was shown to be 
sustained even after exclusion of: rFVIIa treatment, whole blood, thoracic trauma and 
neurotrauma (p < 0.05 for all analyses comparing ratio of 1:1.4 vs. 1:8). These findings6 were 
supported by other studies.27,35,37 Snyder et al35 reported a significant decrease in overall 
mortality associated with FFP:RBC ratio of ≥ 1:2 (p < 0.001), but this association was no 
longer statistically significant when the timing of component therapy was taken into account; 
a significant reduction in mortality for a > 1:2 FFP:RBC ratio compared with a ratio of 1:8 and 
≤ 1:3 (p < 0.01) was described by Teixeira et al,37 and a significant decrease in mortality, with 
a 1:1 FFP:RBC ratio compared with a ratio of 1:4 (p = 0.0001), was documented by Duchesne 
et al.27 Borgman et al6 reported that an FFP:RBC ratio of 1:1.4 was associated with an odds 
ratio of 8.6 (95%CI: [2.1, 35]) of survival among patients undergoing massive transfusion. 

The findings of these studies suggest that there is a survival benefit for patients who require 
massive transfusion when the FFP:RBC ratio is > 1:3 and the benefit is further increased 
where the ratio is closer to 1:1.4 or 1:1. 

In relation to other blood component ratios, a significant survival advantage was found by 
Holcomb28 to be conferred to patients who received both high FFP and PLT ratio (p < 0.001) 
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compared with low FFP and low PLT ratio. Fibrinogen:RBC ratios of ≥ 0.2 g/unit were also 
reported to significantly reduce mortality compared with a lower ratio of < 0.2 g/unit 
(p < 0.001).11 

Overall, these findings suggest that a ratio of FFP:RBC of between 1:1 and 1:2 decreases 
mortality among patients undergoing massive transfusion and that similar ratios of PLT:RBC 
and fibrinogen:RBC also confer survival advantage.  

Six hour mortality and blood component ratios 

The survival advantage conferred by using a FFP:RBC ratio of between 1:1 and < 1:3 in overall 
survival was reflected in mortality at 6 hours; four studies were found that explored this 
relationship.22,28-30 A significant survival advantage for patients undergoing massive 
transfusion who receive both high FFP and platelet (PLT) ratio to RBC (p < 0.001) was 
reported by Holcomb.28 A significant decrease in mortality associated with a FFP:RBC ratio of 
≥ 1:1 when compared with a ratio of < 1:4 was reported by Zink and colleagues.22 

In contrast to these findings, a significantly lower mortality rate in the low ratio group 
compared with the high ratio group was reported by Maegele.30 Patients in the low ratio 
group (< 0.9) experienced a low (3.5%) mortality rate compared with those in the high ratio 
group (> 1.1), p < 0.0001. However, the mortality rate at a ratio of 0.9:1.1 RBC:FFP was also 
quite low (9.6%). 

Similar to FFP:RBC, the trend of decreasing mortality with increased platelets was also seen 
at 6 hours for PLT:RBC. A ratio of ≥ 1:1 PLT:RBC was found to be associated with a significant 
decrease in mortality compared with a low ratio (1:4, p < 0.002).22 A U-shaped relationship, 
with death as an endpoint, was reported by Kashuk et al29 for an FFP:RBC ratio between 1:2 
and 1:3 at 6 hours (p < 0.027)(data not reported in the table). The U-shaped relationship was 
strengthened when patients who died from exsanguinating penetrating wounds during 
surgery were excluded. When ratios of 1:1 and 1:2 were combined, the U-shaped 
relationship was lost. This suggests that a ratio of between 1:2 and 1:3 may significantly 
increase survival.  

24 hour mortality and blood component ratios 

Four studies examined the effect of different blood component ratios of 24 hour 
mortality.23,28,30-31 Of these, Holcomb,28 Sperry23 and their respective colleagues reported 
significant decreases in mortality with high FFP:RBC ratios compared with low FFP:RBC ratios. 
FFP:RBC ratios of > 1:228 and ≥ 1:523 were associated with significant reductions in mortality 
(p < 0.00128 and p = 0.001223). Maegele et al30 reported that higher mortality rates were 
associated with a high FFP:RBC ratio > 1:1 (32.6%) compared with a lower FFP:RBC ratio of 
< 0.9 (11.3%). The difference in mortality rates between FFP:RBC ratios was associated with a 
P-value of < 0.005 in favour of a FFP:RBC ratio of < 0.9. 

For a PLT:RBC ratio and mortality at 24 hours, Perkins et al reported a significant decrease 
(p = 0.04) in mortality associated with a high ratio (≥ 1:8) compared with a medium ratio 
(1:16– < 1:8).31 A decrease in mortality was also demonstrated when medium and low ratios 
(< 1:16) were compared (p < 0.001).31 

Perkins et al performed a univariate regression of variables associated with survival at 
24 hours.31 The analysis showed that both the FFP:RBC ratio (%) and the apheresis platelet 
ratio (%) were independently associated with decreased mortality at 24 hours (OR 0.95 
p < 0.001 and 0.88 p < 0.001 respectively). Variables influencing survival in the univariate 
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analysis with p < 0.1 were used for a multivariate analysis at 24 hours. Variables 
independently associated with decreased mortality at 24 hours included the plasma ratio (OR 
0.94, p < 0.001) and the apheresis platelet ratio (OR 0.82; p = 0.002). 

In-hospital mortality and blood component ratios 

A high ratio of FFP:RBC of 1:1 was reported by Zink to be associated with decreased mortality 
in-hospital. In-hospital mortality was reported to decrease significantly with the 
administration of FFP:RBC in a ratio of 1:1.22 A mortality rate of 54.9% recorded for the 
< 1:4 ratio compared with 25.5% in the ≥ 1:1 group (p < 0.04).22 Lowest mortality, with a ratio 
of < 0.9 in comparison with > 1:1 (30.4% versus 45.9%, p < 0.005) was reported by Maegele 
and colleagues.30 However, the mortality rate recorded for the medium ratio group (0.9–1.1) 
was very similar to the < 0.9 group (36 versus 30.4), showing that a ratio of between 0.9 and 
1:1 may still significantly reduce mortality. 

Similar results were reported for PLT:RBC, with a ≥ 1:1 ratio significantly reducing mortality 
compared with < 1:1 ratio (p < 0.04). 

Rose et al reported that a ratio of FFP:RBC of >1:1 was associated with increased in-hospital 
survival (OR 7.22 ; 95%CI: [1.95, 26.68], p = 0.0031).32 In contrast, Scalea et al reported no 
significant effect on mortality or survival for either the FFP:RBC ratio as a continuous or 
binary variable.33 

One factor – the number of adult packs of platelets transfused – was reported to be 
independently predictive of in-hospital death (OR 0.69; 95%CI: [0.57, 0.83]; p = 0.0001).32 

Mortality at 30 days and blood component ratios 

The mortality at 30 days dependent on FFP:RBC ratio was examined by Holcomb,28and 
Maegele.30 As for overall 6 hour and 24 hour mortality, a ratio of FFP:RBC of 1:1 was 
associated with a significant decrease in mortality rate. A significant decrease in mortality 
from 57% in the low ratio group to 27% in the high ratio group (p < 0.001) was determined.6 
A significant reduction in mortality at 30 days, but with a ratio between < 0.9 and 1:1 – the 
medium and low ratios – was also reported.30 FFP:RBC ratio was associated with a mortality 
rate of 45.5%, significantly higher than the mortality rate observed for the < 0.9 ratio group 
(low group) at 24.3% (p < 0.005).30 A ratio of ≥ 1:8 units of aPLT:RBC was reported to 
significantly reduce 30 day mortality when compared with a ratio of < 1:16 units (p < 0.001 
for comparisons among the high and medium ratios, and the high, medium and low ratios). 

Univariate regression of variables associated with mortality at 30 days showed that both 
plasma and apheresis platelet ratios were independently associated with decreased 
mortality at 30 days (OR 0.97 and 0.93 respectively, p < 0.001 for both variables). 
Multivariate regression also identified plasma and apheresis ratios as independently 
associated with decreased mortality at 30 days (HR 0.98, p < 0.01 and 0.91, p < 0.001 
respectively).31 

Haemorrhage or exsanguination as a cause of death and blood component ratios 

The review identified five studies that examined the effect of different product ratios on 
haemorrhage as a cause of death:6,11,27-28,31 one examined the effect of different ratios of 
aPLT:RBC;31 two examined the effect of different ratios of FFP:RBC;6,31 one studied the 
combined effect of FFP and PLT:RBC ratio;28 and another examined the effect of different 
fibrinogen:RBC ratios.11 
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Perkins et al investigated the effects of low, medium and high ratios of aPLT:RBC on the 
occurrence of exsanguination associated death and found that exsanguination represented 
28.6%, 8.6% and 2.1% of deaths in the low, medium and high ratio aPLT:RBC groups 
respectively.31 Exsanguination as a cause of death was significantly reduced in the high ratio 
group when compared with both the medium and low ratio groups (p < 0.001), and to the 
medium group alone (p < 0.04).31  

Higher aPLT:RBC, a higher ratio of FFP:RBC was also found by Borgman et al to be associated 
with a decreased incidence of haemorrhage related death.6 Borgman demonstrated that a 
high FFP:RBC ratio of 1:1.4, compared with a medium ratio of 1:2.5 or a low ratio of 1:8, was 
associated with a significantly lower incidence of death from haemorrhage.6 The percentage 
of deaths from haemorrhage reported was significantly lower in the high ratio group 
compared with the low ratio group (37% versus 92.5%, p < 0.001) and the medium ratio 
group (p < 0.05).6 The reduction in haemorrhage related deaths between the high and low 
ratio groups represented an absolute reduction of 55% and a relative reduction of 60%.  

In a study reporting on different ratios of both FFP and PLT:RBC ratios, a significant 
(p < 0.001) reduction in haemorrhage related death for patients receiving high FFP and PLT 
ratio (≥ 1:2) compared with a low FFP and PLT ratio a 1:2) was reported by Holcomb.28 A 
reduction in haemorrhage related deaths was also observed for patients receiving high FFP 
but low PLT ratio and low FFP but high PLT ratio when compared with the low FFP and low 
PLT groups, the significance of which was not reported. A significant reduction in 
haemorrhage related deaths was also reported by Stinger et al from a study that compared 
high versus low fibrinogen:RBC ratios (p < 0.001).11 

In contrast, Duchesne reported no difference in haemorrhage-related death incidence 
between groups receiving a high ratio (1:1 FFP:RBC) and a low ratio (1:4 FFP:RBC).27 

Many of the reductions in mortality observed for 6 hours, 24 hours, overall, in-hospital and 
30 day mortality have been attributed to the marked reduction in haemorrhage. 

Median time to death stratified by product component ratio 

The median time to death of patients who received different ratios of FFP:RBC and aPLT:RBC 
was reported.6,28,31 Reported survival times increased as the ratio of blood component to the 
amount of RBC administered increased, regardless of whether the blood component was 
FFP, PLT or both.6,28,31 Borgmanreported that patients in the high ratio group survived for a 
median of 38 hours, but survival was much lower in the low (2 hours) and medium ratio 
(4 hours) groups.6 Similar findings were reported by Holcomb.28 High ratios of both FFP and 
PLT were found to be associated with a significant (p < 0.001) increase in the median hours 
survived, from 4 hours in the low FFP and PLT ratio group to 35 hours in the high FFP and PLT 
group.28 A significant increase in median survival time was also reported by Perkins – 
aPLT:RBC ratios ≥ 1:8, from 2 hours in the low ratio group to 80.2 hours in the high ratio 
group (p < 0.001).31 

Although the increase in total hours of survival reported in these studies was significant, the 
apparent benefit offered by high ratios of blood components to RBC must be interpreted 
cautiously, as reported by Snyder.35 

Snyder suggested that the survival advantage observed among patients who received higher 
ratios of FFP:RBC or PLT:RBC may simply reflect that the patient lived long enough to receive 
the higher ratio of products.35 
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Snyderalso found that during early time intervals, most deaths occurred in the low ratio 
group for that interval, whereas during the later time intervals, more deaths occurred in 
patients receiving a high ratio of blood products.35 Of the 43 deaths in the low ratio group, 33 
(77%) occurred during the first 6 hours and 6 (14%) occurred after 24 hours. Of the 24 deaths 
in the high ratio group, only 3 (13%) occurred within the first 6 hours, whereas 13 (54%) 
occurred after 24 hours. All deaths in both groups during the first 6 hours were attributed to 
exsanguinating haemorrhage. The causes of death after 24 hours in the low ratio group were 
multiple organ failure (three patients), traumatic brain injury (two patients) and 
exsanguination (one patient). In the high ratio group, causes of death after 24 hours were 
traumatic brain injury (seven patients), multiple organ failure (four patients), respiratory 
events that occurred after a do not resuscitate order was established (two patients) and 
exsanguination (one patient). This pattern of mortality demonstrated the potential for 
survival bias in the high ratio group compared with the low ratio group.35 

Relative risk of mortality associated with a high versus low ratio of blood components 

The RR of mortality attributable to receiving high versus low ratios of FFP:RBC was 
investigated.27,35,37 All reported a lower RR associated with high ratios of FFP:RBC; however, 
these results should be interpreted with caution.27,35,37 

Outcomes from a multivariate analysis conducted by Duchesne identified a significantly 
increased risk of mortality associated with a FFP:RBC ratio of 1:4 in patients receiving 
> 10 units of RBC (RR 18.88; 95%CI: [6.32, 56.36]; p = 0.001).27 Teixeira et al conducted a 
study that used the highest ratio group as a reference, and reported the RR of death to be 
0.97 (p = 0.97) for the high ratio group, 1.90 (p < 0.01) for the medium ratio group, and 3.46 
(p < 0.01) for the low ratio group.37 

These results indicate that there is an increased likelihood of death when the FFP:RBC ratio is 
1:4 or less.27,37 

Snyder et al reported that patients in the high ratio group had a significantly lower risk of 
death compared with the low ratio group (RR = 0.37, p < 37).35 However, to adjust for 
potential survival bias (as described above), a further Cox regression modelling analysis 
treating the FFP:RBC ratio as a time dependent covariate was performed. The results of this 
analysis method showed that the apparent survival advantage associated with the high ratio 
group was no longer evident (RR = 0.84; 95%CI: [0.47, 1.50]). Additional adjustment for 
platelet and cryoprecipitate did not change the substance of the result.35 Thus, it could be 
concluded that non-survivors do not necessarily die because they receive a lower FFP:RBC 
ratio, but that they received a lower FFP:RBC ratio because they died.  

Logistic regression indicated that high fibrinogen:RBC ratio was independently associated 
with mortality (OR = 0.37, p = 0.013).11 

Ratio of blood products used in massive transfusion and survival 

Rose et al found that survivors of massive transfusion received a higher ratio of FFP:RBC and 
PLT:RBC compared with non-survivors.32 The average ratio of blood components transfused 
during massive transfusion was also found to be higher in survivors than non-survivors.6,15 
These findings should be interpreted with caution because of the potential for patient 
survival bias to affect the cumulative ratios as previously discussed. 
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Effect of blood component ratio on dose and timing of blood components 

Zink et al demonstrated that a high ratio of FFP:RBC and PLT:RBC delivered at 6 hours result 
in a lower requirement for blood component transfusions at 24 hours when compared with 
low FFP:RBC and PLT:RBC ratios.22 In both cases, reductions in 24 hour blood component 
requirements were significant. Patients receiving ratios of ≥ 1:1 FFP:RBC required a median 
of 13 units at 24 hours, compared with 18 units for those receiving a ratio < 1:1 (p < 0.001). 
Likewise, the high ratio PLT:RBC group patients required a median of 13 units of RBC at 
24 hours compared with the low ratio group who required a median of 17.5 units (p = 0.008). 
This suggests that early treatment with a high ratio of FFP:RBC and PLT:RBC results in a 
significantly reduced requirement for further blood product transfusions. 

The number of blood component units required at 12 and 24 hours depending on high or low 
ratios of FFP:RBC were examined and reported by Sperry.23 At 12 hours, patients receiving 
high FFP:RBC ratios required significantly less RBC than the low ratio group (p = 0.001); 
significantly higher units of FFP (p = 0.001). This demand was anticipated because of the 
higher FFP:RBC ratio and significantly more cryoprecipitate units (p = 0.006) required. This 
trend was continued at 24 hours. Levels of platelets and crystalloids were similar between 
the high and low ratio groups at both periods. Also apparent from this analysis was that most 
transfusion products and crystalloid were given within the first 12 hours after injury; average 
requirements increased only slightly at 24 hours after injury. Thus, it may be proposed that 
patients who receive high FFP:RBC ratios early have significantly reduced requirements for 
blood transfusion at both 12 and 24 hours post-injury. 

Transfusion requirements by platelet, plasma and fibrinogen:RBC ratios 

By study design, there were differences observed in the mean units of blood products 
transfused to patients receiving different ratios of FFP:RBC and PLT:RBC. Holcomb reported 
that patients in the high ratio of FFP:RBC and PLT:RBC group received significantly higher 
amounts of both FFP and PLT compared with patients in the low ratio group.28 Levels of RBC 
transfused were similar between the high and low ratio groups, but the level of crystalloid 
transfused was also significantly higher in the high ratio group compared with the low ratio 
group. The mean ratio of FFP was also higher for patients in the high FFP ratio groups; the 
same result was observed in the high PLT:RBC ratio group. Perkins et al reported similar 
results for aPLT; the high and medium ratio groups received significantly more aPLT units 
than the low ratio group.31 

A significantly higher mean ratio of fibrinogen:RBC in the high fibrinogen:RBC group 
compared with the low ratio group (p < 0.001) was reported by Stinger.11 Significantly 
increased levels of FFP, PLT and cryoprecipitate units were also recorded in the high ratio 
group compared with the low ratio group (all results p < 0.001). 

A significant reduction in the number of units of RBC transfused across groups (p < 0.05) was 
reported by Maegele.30 This study also reported that the number of units of FFP received by 
patients was significantly higher in the low ratio group (< 0.9) at 26 units than the high ratio 
group (> 1:1) at 10.7 units (p < 0.005).30 

The effect of different FFP:RBC ratios on blood component requirements at various time 
points was examined, and variations in groups’ blood product requirements reported by 
Kashuk.29 The high ratio group was associated with higher RBC requirement at 7–24, 
increased levels of FFP and platelets were required at all time periods. Overall survival was 
significantly increased in the high ratio group (72% compared with 1.8–10% among the other 
four groups). Units of RBC transfused were similar among groups at 6 and 24 hours, and 
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levels of crystalloid transfused were increased in the higher ratio groups compared with the 
lower ratio groups. Given the small patient populations examined in the different ratio 
groups, these results should be interpreted with caution. 

Summary 

Decreasing the ratio of RBC:FFP:platelets (PLT) may be associated with a survival advantage. 
However, because of survival bias, this should be interpreted carefully. The FFP:RBC ratios of 
0.9–1:2, fibrinogen ≥ 0.2 g/unit, PLT:RBC 1:2–1:1 and aPLT:RBC ≥ 1:8 were associated with 
significant survival advantage at 6 hours, 12 hours, 30 days and in total. The decrease in 
mortality associated with administering high versus low blood component ratios was 
associated with a significant decrease in deaths from exsanguination. More deaths were 
reported in patients receiving low ratios of blood components to RBC than in those receiving 
high ratios.  

Higher volumes of FFP relative to RBC delivered at 6 hours were demonstrated to result in a 
decreased requirement for RBC and other blood component transfusions at 12 and 24 hours. 
Patients with higher ratios received increased levels of blood component (according to ratio, 
e.g. FFP and PLT), but the same levels of RBC as the low ratio groups. Univariate and 
multivariate regression analyses identified both FFP and aPLT ratios as being independently 
associated with decreased mortality at 24 hours and 30 days. 

3.2.2 Evidence statements 

Use of massive transfusion protocols 

Evidence statement CB2.1 

In trauma patients with critical bleeding requiring massive transfusion, the use of a protocol 
that includes the dose, timing and ratio of blood component therapy is associated with 
reduced mortality (Grade C).18-19 Box 3.2 outlines this evidence statement. 
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Box 3.2 CB2.1 Evidence statement for the use of MTPs in the treatment of critically bleeding 
patients requiring massive transfusion 

Evidence base Poor (D). One Level III study with a high risk of bias;18 one Level III 
study with a moderate risk of bias19 

Consistency Good (B). The studies were mostly consistent in their findings and 
inconsistency may be explained 

Clinical impact Good (B). Substantial clinical impact. Studies included 
predominantly small sample sizes for an assessment of mortality 
differences, but the clinical impact was significant with an absolute 
difference in mortality of approximately 10% 

Generalisability Good (B). Both studies included patients with critical bleeding 
requiring massive transfusion 

Applicability Satisfactory (C). Both studies were conducted in United States 
health-care settings 

 

Timing of transfusion and blood component ratios 

Evidence statement CB2.2 

In trauma patients with critical bleeding requiring massive transfusion early transfusion of 
FFP (Grade D)22-23 and platelets (Grade D)22 is associated with reduced mortality and 
subsequent RBC requirements. Box 3.3 outlines this evidence statement.  

Box 3.3 CB2.2 evidence statement for early FFP and platelet transfusion in critically 
bleeding patients requiring massive transfusion 

Evidence base Poor (D). Two Level IV studies with a high risk of bias22-23 

Consistency Excellent (A). The studies were consistent in their findings 

Clinical impact Satisfactory (C). More than 400 patients were reviewed in each 
study  

Generalisability Good (B). Both studies included patients with critical bleeding 
requiring massive transfusion and the populations were civilian 

Applicability Satisfactory (C). Both studies were conducted in United States 
health-care setting 

 

Effect of an MTP on morbidity, mortality and ratio of or total blood products transfused 

The effect of an MTP on morbidity, mortality and ratio of, or total blood products transfused 
was not examined in the 22 Level IV studies included for this analysis. 
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Evidence statement CB2.3 

In trauma patients with critical bleeding requiring massive transfusion a ratio of ≤ 2:1:1 of 
RBC:FFP:PLT is associated with reduced mortality (Grade C).19-21 However, due to the 
possibility of survivor bias, it is not possible to recommend a target ratio of 
RBC:FFP:platelets. Box 3.4 outlines this evidence statement. 

Box 3.4 CB2.3 evidence statement for the implementation of a high RBC:FFP and high 
RBC:PLT ratio for the treatment of critically bleeding patients requiring massive 
transfusion 

Evidence base Poor (D). Two Level III studies with a high risk of bias;20-21 one Level 
III study with a moderate risk of bias.19 Survivor bias is likely to 
have affected results 

Consistency Excellent (A). All studies were consistent in their findings 

Clinical impact Satisfactory(C). Moderate clinical impact. Studies included 
predominantly small sample sizes 

Generalisability Satisfactory(C). All studies included patients with critical bleeding 
requiring massive transfusion; however, the definition of massive 
transfusion in Cinat et al (1999)20 was ≥ 50 units of RBC or whole 
blood in 48 hours. 

Applicability Satisfactory (C). All studies were conducted in United States 
health-care settings 

 

3.3 Anaemia as an independent risk factor 

Question 3 (aetiological) 

In patients with critical bleeding requiring massive transfusion, is anaemia an independent 
risk factor for adverse outcomes?  

 

Evidence statement 

No studies were identified that assessed the association of anaemia with adverse outcomes 
that confined their analysis to patients with critical bleeding requiring massive transfusion 

Practice point 
  

PP5 In patients with critical bleeding requiring massive transfusion, haemoglobin 
concentration should be interpreted in the context of haemodynamic status, 
organ perfusion and tissue oxygenation. 

 



Findings of systematic review 

Technical report on patient blood management in critical bleeding/massive transfusion 63 

Summary of evidence 

Methods 

Exclusion criteria are presented in Appendix C (Volume 2). Note that the definition of 
anaemia differed among studies. Although many studies used the World Health Organization 
(WHO) definition of anaemia (haemoglobin [Hb] ≤ 13 g/dL for men and Hb ≤ 12 g/dL women) 
to classify patients, the remainder generally used a similar definition. Studies defining 
anaemia by haematocrit (Hct) rather than Hb levels appeared to have greater definitional 
discrepancies. However, all definitions of anaemia used cut-offs below 40%. Despite some 
differences among definitions applied by the studies, most investigated outcomes associated 
with decreasing levels of Hb or Hct. 

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

Level I evidence 

The literature search identified no systematic reviews that examined the impact of anaemia 
as an independent risk factor for adverse outcomes. 

Level II evidence 

The literature search identified no Level II studies that examined the impact of anaemia as an 
independent risk factor for adverse outcomes.  

Level III evidence 

The literature search identified no Level III studies that examined the impact of anaemia as 
an independent risk factor for adverse outcomes.  

Level IV evidence 

The literature search identified no Level IV studies that examined the impact of anaemia as 
an independent risk factor for adverse outcomes. 

Evidence statements 

Morbidity 

No evidence was found to assess the impact of anaemia on morbidity in a critically bleeding 
population. 

Mortality 

No evidence was found to assess the impact of anaemia on mortality in a critically bleeding 
population. 

Quality of life 

No evidence was found to link anaemia to quality of life of patients who experience critical 
bleeding leading to massive transfusion.  

Transfusion frequency and dose/type of transfusion 

No evidence was found to link anaemia to the frequency and dose or type of transfusion in 
patients who experience critical bleeding leading to massive transfusion.  
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Cost 

No evidence was found to link anaemia to specific costs associated with patients who 
experience critical bleeding requiring massive transfusion.  

Hospital readmission 

No evidence was found to link anaemia to hospital readmission rates associated with 
patients who experience critical bleeding requiring massive transfusion.  

3.4 Effect of red cell transfusion on outcomes 

Question 4 (interventional) 

In patients with critical bleeding requiring massive transfusion, what is the effect of RBC 
transfusion on patient outcomes? 

 

Evidence statements 

In trauma patients with critical bleeding requiring massive transfusion, an increased volume 
of transfused red cells may be independently associated with increased mortality (Grade 
C).40-41 

In trauma patients with critical bleeding requiring massive transfusion, an increased volume 
of transfused red cells is independently associated with acute respiratory distress syndrome 
(ARDS) (Grade C).40-41 

Practice points 
  

PP6 In patients with critical bleeding requiring massive transfusion, the use of RBC and 
other blood components may be life saving. However, transfusion of increased 
volumes of RBC and other blood components may be independently associated 
with increased mortality and ARDS. 

PP7 In patients with critical bleeding requiring massive transfusion, the use of an MTP 
to facilitate timely and appropriate use of RBC and other blood components may 
reduce the risk of mortality and ARDS. 

 

Effect of RBC transfusion on patient outcomes in a critical bleeding population 

Summary of evidence 

Methods 

The systematic review process identified two studies (see Appendix C, Volume 2). The 
evidence statements are presented below. 

Exclusion criteria are presented in Appendix C (Volume 2). Publications that focused on 
comparing transfusion effects of older versus new blood, or leukocyte-depleted with 
leukocyte non-depleted blood, were also excluded from the body of evidence (wrong 
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intervention). Studies were excluded when patients underwent autologous RBC transfusion 
(wrong intervention).  

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

Level I evidence 

The literature search identified no Level I evidence.  

Level II evidence 

Original studies were identified to determine the effect of blood transfusion in critical 
bleeding populations. Therefore, original studies published since 1962 that investigated the 
effect of RBC transfusion on outcomes among patients with critical bleeding were sought. 
Because it is unethical to withhold transfusion from patients who require RBC therapy, no 
Level II placebo controlled trials were identified. 

Level III evidence 

The main characteristics of Level III studies identified in the literature search are summarised 
in Table 3.8. Further details are presented in Appendix E and Appendix F (Volume 2). It 
should be noted that because studies could not control who did and did not receive RBC 
transfusion, the highest grading the studies could receive was ‘fair’. 

The results are summarised in Table 3.9. There were two studies identified, both of which 
were prospective cohort studies.40-41  

Table 3.8 Characteristics and quality of Level III evidence 

Level III evidence 

Study Study type 
Study quality 

Population 
N 

Intervention 
N 

Comparator 
N 

Outcomes 

Chaiwat 
et al 
(2009)41 

Prospective cohort 
study 
Fair 

Patients aged 18–84 
years with at least one 

injury, AIS score   3 
N = 14,070 

RBC transfusion 
within the first 
24 hours 
N = 2934 

No RBC transfusion 
N = 11,136 

Development 
of ARDS,  
in-hospital 
mortality 

Silverboard 
et al 
(2005)40 

Prospective cohort 
study 
Fair 

Patients with severe 
trauma defined as an 
ISS ≥ 16 and who also 
required endotracheal 
intubation 
N = 102 

RBC transfusion 
within the first 
24 hours  
6–10 units N = 32 
 > 10 units N = 28 

RBC transfusion 
within the first 
24 hours 
0–5 units n = 42 

Development 
of ARDS, 
mortality 

AIS, Abbreviated Injury Scale; ARDS, acute respiratory distress syndrome; ISS, injury severity score; N, number; RBC, red 
blood cell 

Table 3.9 Results of Level III evidence for RBC transfusion 

Level III evidence 

Study Outcome Units RBC 
transfused 

Transfusion No 
transfusion 

OR (95%CI) Statistical 
significance 

Chaiwat 
et al 
(2009)41 

ARDS 1–5 units 
6–10 units 
 > 10 units 

139/1,899 (7.3) 
75/534 (14.1) 
116/501 (23.3) 

189/11,136 
(1.7) 

1.88 (0.77, 4.62) 
2.48 (1.17, 5.26) 
2.62 (1.08, 6.37) 

NS 
S 
S 
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Level III evidence 

Study Outcome Units RBC 
transfused 

Transfusion No 
transfusion 

OR (95%CI) Statistical 
significance 

In-hospital 
mortality 

1–5 units 
6–10 units 
 > 10 units 

139/1,899 (7.3) 
62/534 (11.6) 
76/501 (15.1) 

423/11,136 
(3.8) 

1.13 (0.64, 2.02) 
1.52 ( 0.82, 2.83) 
0.93 (0.27, 3.17) 

NS 
NS 
NS 

Silverboard 
et al 
(2005)40 

ARDS 0–5 units 
6–10 units 
 > 10 units 

9/42 (21) 
10/32 (31) 
16/28 (57) 

– 1.04 
(for each additional 
unit transfused in 
first 24hrs) 

p = 0.012 

In-hospital 
mortality 

0–5 units 
6–10 units 
 > 10 units 

6/42 (14) 
5/32 (16) 
11/28 (40) 

– 1.04 
(for each additional 
unit transfused in 
first 24hrs) 

p = 0.011 

ARDS, acute respiratory distress syndrome; CI, confidence interval; NS, not significant; OR, odds ratio; RBC, red blood cells; S, 
significant 

Other level studies 

Four Level IV (and lower level) studies were identified.42-45 Because higher level evidence was 
available, data were not extracted. No quality of life outcomes (not reported in the Level III 
studies) were reported in these lower level studies. 

Mortality 

Both included studies investigated the impact of RBC transfusion on in-hospital mortality.40-41 
Chaiwat et al found that there was no difference in risk of in-hospital mortality based on the 
number of units transfused compared with patients receiving no transfusion; Silverboard 
et al found a higher risk of in-hospital mortality in patients transfused with greater than 
10 units when compared with those transfused with 0–5 units as the reference point. The 
statistical difference in the comparators and reference points make comparison difficult. 
Because the studies could not control who did or did not receive transfusion, it cannot be 
determined whether the risk of death associated with RBC transfusion is a result of the 
transfusion itself, or transfusion occurred more often among severely injured patients whose 
risk of death was consequently higher. However, multivariate logistic regression analysis, to 
adjust for potential confounders (age, gender, injury type and severity), demonstrated a 4% 
increased risk of in-hospital mortality per unit of blood transfused in the first 24 hours 
(Table 3.9).40 

Morbidity 

Both studies examined the effect of RBC transfusion on the morbidity outcome ARDS among 
patients with critical bleeding who required massive transfusion.40-41 Chaiwat et al found a 
statistically significant increase in the risk associated with developing ARDS in the patient 
group receiving more than 10 units RBC when compared with those receiving no transfusion. 
Silverboard et al found a statistically significant increase in risk among patient groups 
receiving > 10 units RBC when compared with those receiving 0–5 units. However, 
multivariate logistic regression analysis, to adjust for potential confounders (age, gender, 
injury type and severity), demonstrated a 4% increased risk of ARDS per unit of blood 
transfused in the first 24 hours (Table 3.9). 



Findings of systematic review 

Technical report on patient blood management in critical bleeding/massive transfusion 67 

Evidence statements 

The evidence matrixes associated with the following evidence statements are presented at 
Appendix D (Volume 2). 

Mortality 

Evidence statement GN2.1 

In trauma patients with critical bleeding requiring massive transfusion, an increased volume 
of transfused red cells may be independently associated with increased mortality (Grade 
C).40-41 Box 3.5 outlines this evidence statement. 

Box 3.5 GN2.1 Evidence statement for the impact of RBC transfusion on mortality 

Evidence base Satisfactory (C): Two Level III studies with a moderate risk of bias40-

41 

Consistency Good (B): Results of the two studies were consistent, although the 
different reference group in the studies make comparisons not 
completely clear 

Clinical impact Poor (D): The studies are underpowered, with confidence interval 
values that cross 1.0 (odds ratio); thus, the likely clinical impact is 
unclear 

Generalisability Satisfactory (C): Some generalisability to the target population 

Applicability Satisfactory (C): Both studies were completed in the United States 

 

Morbidity 

Evidence statement GN2.2 

In trauma patients with critical bleeding requiring massive transfusion, an increased volume 
of transfused red cells is independently associated with ARDS (Grade C).40-41 Box 3.6 outlines 
this draft evidence statement. 

Box 3.6 GN2.2 Evidence statement for the impact of RBC transfusion on ARDS 

Evidence base Satisfactory (C): Two Level III studies with a moderate risk of bias40-

41 

Consistency Good (B): Results of the two studies were consistent, although the 
different reference group in the studies make comparisons not 
completely clear 

Clinical impact Satisfactory (C): The studies report a moderate clinical impact 

Generalisability Satisfactory (C): Some generalisability to the target population 

Applicability Satisfactory (C): Both studies were completed in the United States  
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Effect of liberal versus restrictive RBC transfusion protocols on patient 
outcomes in a critical bleeding population 

Systematic reviews 

There were two systematic reviews of RCTs that investigated the effect of liberal versus 
restrictive RBC transfusion protocols identified.46-47 The trials selected for review included 
trauma, surgery, and critical care patients. Because transfusion protocols also varied among 
studies, and the review was dominated by one large study in critical care patients, the results 
of this study were not generalisable to the critical bleeding population requiring massive 
transfusion.48 Consequently, the individual studies in this review were examined for 
relevance; however, no studies were found that met inclusion criteria.  

Original studies 

No additional evidence was found.  

3.5 Effect of non-transfusion interventions to increase haemoglobin 
concentration 

Question 5 (interventional) 

In patients with critical bleeding requiring massive transfusion, what is the effect of non-
transfusion interventions to increase haemoglobin concentration on morbidity, mortality 
and need for RBC blood transfusion? 

 

Evidence statement 

In critically bleeding patients requiring massive transfusion, no evidence could be found 
regarding non-transfusion interventions to increase haemoglobin concentration. 

 

Summary of evidence 

Methods 

Studies were excluded based on criteria presented in Appendix C (Volume 2). Additionally, 
critically ill patients were excluded as representing a wrong population. 

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

Level I evidence 

The literature review identified no systematic reviews that examined the effects of 
interventions to increase haemoglobin concentration on morbidity, mortality and need for 
RBC transfusion in patients with critical bleeding leading to massive transfusion. 

Level II evidence 

The literature review identified no Level II studies that examined the effects of interventions 
to increase haemoglobin concentration on morbidity, mortality and need for RBC transfusion 
in patients with critical bleeding leading to massive transfusion. 
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Level III evidence 

The literature review identified no Level III studies that examined the effects of interventions 
to increase haemoglobin concentration on morbidity, mortality and need for RBC transfusion 
in patients with critical bleeding leading to massive transfusion. 

Level IV evidence 

The literature review identified no Level IV studies that examined the effects of interventions 
to increase haemoglobin concentration on morbidity, mortality and need for RBC transfusion 
in patients with critical bleeding leading to massive transfusion. 

3.6 Effect of rFVIIa 

Question 6 (interventional) 

In patients with critical bleeding requiring massive transfusion, what is the effect of rFVIIa 
(prophylaxis or treatment) on morbidity, mortality and transfusion rate? 

 

Evidence statements 

In trauma patients with critical bleeding requiring massive transfusion administration of 
rFVIIa has no effect on 48-hour or 30-day mortality (Grade B).49 

In patients with critical bleeding requiring massive transfusion, there is insufficient evidence 
to determine any association between rFVIIa and thromboembolism (Grade C). 49  
 
In patients with blunt trauma and critical bleeding requiring massive transfusion, 
administration of rFVIIa is associated with reduced RBC transfusion requirements and 
incidence of ARDS.49 In patients with penetrating trauma and critical bleeding requiring 
massive transfusion, administration of rFVIIa has no effect on morbidity (Grade C). 49  

Recommendation 
   

R2 The routine use of rFVIIa in trauma patients with critical bleeding requiring 
massive transfusion is not recommended because of its lack of effect on mortality 
(Grade B)49 and variable effect on morbidity (Grade C).49 

Practice points 
  

PP8 An MTP should include advice on the administration of rFVIIa when conventional 
measures – including surgical haemostasis and component therapy – have failed 
to control critical bleeding. 

PP9 When rFVIIa is administered to patients with critical bleeding requiring massive 
transfusion, an initial dose of 90 µg/kg is reasonable. 
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Summary of evidence 

Methods 

The literature review identified nine systematic reviews; however, when analysed, only four 
were found to include a critical bleeding population in the review, and all included the same 
study. Only one review used information regarding a critical bleeding population that was 
independent of the non-critical bleeding studies.50 The design of this review is reported in 
Table 3.10. However, given that only one study is included in the review, results from the 
included study and the study design of the RCT are reported in the Level II evidence section.  

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

Level I evidence 

The main characteristics of the Level I study are summarised in Table 3.10. 

Table 3.10 Level I evidence study design 

Level I evidence 

Study Study type 
(number of 
included 
studies)  
Study quality 

Population Intervention Comparator Outcomes 

Nishijima 
et al 
(2009)50 

Systematic 
review of RCTs 

(1) 

Good 

A total of 1 RCT on 
the effect of rFVIIa in 
patients with severe 
trauma 

rFVIIa 200 µg/kg iv 
immediately after the 
8th unit of RBC, then 
100 µg/kg iv repeated 
at 1 and 3 hours 

3x iv 
injections of 
placebo 

Mortality, units of 
RBCs transfused in 
first 48 hours, ICU 
days, MOF, ARDS 

ARDS, acute respiratory distress syndrome; ICU, intensive care unit; iv, intravenous; kg, kilogram; MOF, multiple organ failure; 
RBC, red blood cell; RCT, randomised controlled trial; rFVIIa, recombinant factor VIIa 

Level II evidence 

No further Level II evidence was published since the latest systematic review by Nishijima 
et al.50 Moreover, because only one study (Boffard et al49 which presented results from two 
RCTs) was presented by Nishijima et al50 the data were extracted from this Level II study49 

specifically. 

Table 3.11 Level II evidence study design 

Level II evidence 

Author Study type 
Study quality 

Population 
N  

Intervention 
N 

Comparator  
N 

Outcomes 

Boffard et al 
(2005)49 

2 concurrent 
parallel RCTs 
that used the 
same protocol 
for both arms 

Good 

277 patients in 
32 international 
trauma centres, mean 
age = 34 years, with 
severe trauma (143 
blunt, 
134 penetrating) who 
required > 6 units 
RBC within 4 hours of 
admission 

rFVIIa 200 µg/kg iv 
immediately after the 
8th unit of RBC, then 
100 µg/kg iv repeated 
at 1 and 3 hours 

(n = 139) 

3 × iv 
injections of 
placebo 

(n = 138) 

Primary: 48 hour and 
30 day mortality 
Secondary: Units 
RBC transfused in 
first 48 hours; use of 
other transfusion 
products; ventilator 
and ICU days; MOF; 
ARDS 
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ARDS, acute respiratory distress syndrome; ICU, intensive care unit; iv, intravenous; kg, kilogram; MOF, multiple organ failure; 
RBC, red blood cell; RCT, randomised controlled trial; rFVIIa, recombinant factor VIIa 

Results for the study are presented in Tables 3.12 and 3.13. No statistically significant 
differences were found in 48 hour or 30 day mortality in either the blunt or penetrating 
trauma patient groups between patients receiving rFVIIa compared with those receiving 
placebo. The number of thromboembolic events was too small to determine any significant 
difference between the treatment and placebo groups. In the patients with blunt trauma, 
there was a significant reduction in the volume of RBC transfusion and the incidence of 
massive transfusion and ARDs. 

Table 3.12 Level II evidence results: outcomes from blunt and penetrating mechanism of injury  

Study: 
Boffard 
et al49 

Blunt trauma Penetrating trauma 

Outcome rFVIIa n 
(%) 

Placebo n 
(%) 

RR 
(95%CI) 

Statistical 
significance 

rFVIIa n 
(%) 

Placebo 
n (%) 

RR 
(95%CI) 

Statistical 
significance 

48 hour 
mortality 

13 (19) 13 (18) 1.07 
(0.54, 
2.14) 

p = 1.00 12 (17) 10 (16) 1.10 
(0.51, 
2.36) 

p = 1.00 

30 day 
mortality 

17 (25) 22 (30) 0.83 
(0.48, 
1.42) 

p = 0.58 17 (24) 18 (28) 0.86 
(0.49, 
1.53) 

p = 0.69 

Patients 
with 
adverse 
events 
(thromboe
mbolism) 

2 (3) 3 (4) 0.72 
(0.12, 
4.15) 

NR 4 (6) 3 (4) 1.22 
(0.28, 
5.24) 

NR 

CI, confidence interval; NR, not reported; rFVIIa, recombinant activated factor seven; NR, not reported; RR relative risk 

Table 3.13 Level II evidence results: adverse events from severe trauma – combined blunt and 
penetrating trauma 

Study 
(from 
Nishijima 
et al50) 

Outcome  rFVIIa n (%) 

(n = 139) 

Placebo n (%) 

(n = 138) 

RR (95%CI) 

Boffard et al 
(2005)49 

48 hour mortality 25 (18) 23 (17) 1.09 (0.59, 2.0) 

30 day mortality 34 (24) 40 (29) 0.84 (0.57, 1.25) 

Patients with adverse 
events 
(thromboembolism) 

6 (4) 6 (4) 0.99 (0.33, 3.0) 

Massive transfusiona 15 (11) 36 (26) 0.41 (0.24, 0.93) 

ARDS within 30 days 7 (5) 17 (12) 0.41 (0.18, 0.95) 

MOF within 30 days 7 (5) 16 (12) 0.43 (0.18, 1.02) 

Composite outcome of 
ARDS, MOF or death 
within 30 days 

40 (29) 53 (38) 0.75 (0.54, 1.05) 
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ARDS acute respiratory distress syndrome; CI, confidence interval; MOF, multiple organ failure; rFVIIa, recombinant activated 
factor seven; RR relative risk 
aMassive transfusion was defined post hoc as patients alive after 48 hours who received > 12 units RBC within 48 hours of the 
first dose, which equals > 20 units RBC, inclusive of the 8 predose units 

Level III and IV evidence 

Because of the high level of evidence identified for this question, Level III and IV evidence 
was not included; no quality of life data was presented in these studies.51-54 

Evidence statements 

Mortality 

Evidence statement GN4.1 

In trauma patients with critical bleeding requiring massive transfusion administration of 
rFVIIa has no effect on 48 hour or 30 day mortality (Grade B).49 Box 3.7 outlines this evidence 
statement.  

Box 3.7 GN4.1 evidence statement for whether rFVIIa reduces mortality in patients with 
critical bleeding requiring massive transfusion 

Evidence base Good (B): One good quality Level II study49 

Consistency Not applicable (NA): Only one study 

Clinical impact Poor (D): There is no clinical impact from rFVIIa 

Generalisability Satisfactory (C): The studies seem to be generalisable to critical 
bleeding patients resulting from blunt or penetrating trauma; 
however, the additional exclusion criteria need to be taken in to 
consideration before considering the results generalisable to all 
critically bleeding patients 

Applicability Good (B): Study samples from 32 hospitals throughout Australia, 
Canada, France, Germany, Israel, Singapore, South Africa and the 
UK. Although only one hospital was in Australia the Canadian and 
UK settings are comparable to Australia 

 

Adverse event: thromboembolism 

Evidence statement GN4.2 

In patients with critical bleeding requiring massive transfusion there is insufficient evidence 
to determine any association between rFVIIa and thromboembolism (Grade C).49 Box 3.8 
outlines this evidence statement.  

Box 3.8 GN4.2 evidence statement for whether rFVIIa reduces occurrence of 
thromboembolism in patients with critical bleeding requiring massive transfusion 

Evidence base Good (B): One good quality Level II study49 

Consistency NA: Only one study 
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Clinical impact Poor (D): The low incidence of the thromboembolic events and 
consequent lack of statistical power mean that the data are 
insufficient to draw any conclusions 

Generalisability Satisfactory (C): The studies seem to be generalisable to a critically 
bleeding population resulting from blunt or penetrating trauma; 
however, the additional exclusion criteria need to be taken into 
account before considering the results generalisable to all critically 
bleeding patients 

Applicability Good (B): Study samples from 32 hospitals throughout Australia, 
Canada, France, Germany, Israel, Singapore, South Africa and the 
UK. Although only one hospital was in Australia the Canadian and 
UK settings are comparable to Australia 

 

Adverse outcomes 

Evidence statement GN4.3 

In patients with blunt trauma and critical bleeding requiring massive transfusion 
administration of rFVIIa is associated with reduced RBC transfusion requirements and the 
incidence of ARDS (Grade C).49 In patients with penetrating trauma and critical bleeding 
requiring massive transfusion administration of rFVIIa has no effect on morbidity (Grade C).49 
Box 3.9 outlines this evidence statement. 

Box 3.9 GN4.3 evidence statement for whether rFVIIa reduces occurrence of adverse 
outcomes in patients with critical bleeding requiring massive transfusion 

Evidence base Good (B): One good quality Level II study49 

Consistency NA: Only one study 

Clinical impact Satisfactory (C): Moderate clinical impact. In blunt trauma patients 
administration of rFVIIa is associated with reduced RBC 
transfusion requirements and the incidence of ARDS. In patients 
with penetrating trauma administration of rFVIIa has no effect on 
morbidity 

Generalisability Satisfactory (C): The studies seem to be generalisable to a critical 
bleeding population resulting from blunt or penetrating trauma; 
however, the additional exclusion criteria need to be taken in to 
consideration before considering the results generalisable to all 
critically bleeding patients 

Applicability Good (B): Study samples from 32 hospitals throughout Australia, 
Canada, France, Germany, Israel, Singapore, South Africa and the 
UK. Although only one hospital was in Australia the Canadian and 
UK settings are comparable to Australia 
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3.7 Effect of blood components on patient outcomes 

Question 7 (interventional) 

In patients with critical bleeding requiring massive transfusion, what is the effect of FFP, 
cryoprecipitate, fibrinogen concentrate, and/or platelet transfusion on patient outcomes? 
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Evidence statements 

In trauma patients with critical bleeding requiring massive transfusion, a RBC:FFP ratio ≤ 2:1 
is associated with reduced mortality (Grade C).6,27 

 

 

No recommendations or practice points were developed for this question – the 
recommendation and practice points developed for Question 2 were considered to provide 
clinical practice guidance that was also applicable to this question. 

Summary of evidence 

Methods 

A systematic literature review identified four comparative observational studies6,19,27,55 
(Levels III-2 and III-3). No Level I or Level II evidence was available because of ethical 
constraints relating to performing experimental studies on critically bleeding patient 
populations. 

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

Level I evidence 

The literature search identified no systematic reviews that examined the effect of FFP, 
cryoprecipitate, fibrinogen concentrate, and/or platelet transfusion on patient outcomes. 

Level II evidence 

The literature search identified no Level II studies that examined the effect of FFP, 
cryoprecipitate, fibrinogen concentrate, and/or platelet transfusion on patient outcomes. 

Level III evidence 

The literature search identified four reports6,19,27,55 evaluated as providing Level III evidence 
examining the effect of FFP, cryoprecipitate, fibrinogen concentrate, and/or platelet 
transfusion on patient outcomes. The studies’ main characteristics are summarised in 
Table 3.14. No quality of life data was reported in the studies presented in Table 3.14. 

Level IV evidence 

The literature search identified no relevant Level IV studies that examined the effect of FFP, 
cryoprecipitate, fibrinogen concentrate, and/or platelet transfusion on patient outcomes. 

Table 3.14 Summary of identified studies 

Study Study type  Population Intervention and 
comparator  

Outcomes 

Bochicchio 
et al 
(2008)55 

Prospective 
observational 
study 

Consecutive trauma 
patients admitted to ICU 
for longer than 48 hours 
at a trauma centre over 
a 2 year period 

Blood transfusion (RBC, FFP, 
and platelets) vs. no blood 
transfusion 

Mortality, infection rate, ICU 
and hospital LOS 
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Study Study type  Population Intervention and 
comparator  

Outcomes 

N = 1172 

Borgman 
et al 
(2007)6 

Retrospective 
analysis of 
trauma registry 
data 

Massively transfused 
patients who received 
> 10 units RBC within 
24 hours of admission to 
a United States Army 
combat support hospital 
in Iraq between 
November 2003 and 
September 2005 
N = 246 

FFP and RBC 

High plasma:RBC 
ratio = 1:1.4 (range = 1:2 to 
1:0.6) vs. medium 
plasma:RBC ratio = 1:2.5 
(range = 1:3.9–1:2.1) and low 
plasma:RBC ratio = 1:8 
(range 0:22–1:4) 

Mortality 

Dente et al 
(2009)19 

Prospective 
observational 
study comparing 
MTP use with a 
historical control 
group before 
MTP initiation 

Intervention group: 
Prospective trauma 
patients requiring 
massive transfusion 
(> 10 units RBC within 
any 24 hour period 
during hospitalisation) 
who were transfused 
using the MTP ratio of 
blood products 

N = 73 

Comparator group: 
A matched cohort of 
historical trauma patients 
who required massive 
transfusion (> 10 units 
RBC within any 24 hour 
period during 
hospitalisation)  

N = 84 

RBC, FFP and PLT 
MTP use. Blood products 
were transfused in a 
RBC:FFP:PLT ratio of 1:1:1 
compared with outcomes of 
blood transfusion before MTP 
implementation 

Mortality, coagulation 
parameters, transfusion of 
blood products 

Duchesne 
et al 
(2008)27 

Retrospective 
analysis of 
patients records 

Trauma patients who 
underwent emergency 
surgery and underwent 
transfusion with 
> 10 units FFRBC within 
24 hours of admission to 
ED (during and after 
initial surgical 
intervention)  

N = 135 

FFP and RBC 
Ratio of FFP:RBC of 1:1 vs. a 
ratio of 1:4 

Mortality 

ED, emergency department; FFP, fresh frozen plasma; FFRBC, fresh frozen red blood cells; ICU, intensive care unit; LOS, 
length of stay; MTP, massive transfusion protocol; PLT, platelets; RBC, red blood cell/s 

Table 3.15 Results from identified studies 

Author Outcome Measure Value Statistical significance 

Bochicchio 
et al 

(2008)55 

Mortality (FFP) Adjusted OR (95%CI) Adjusted OR = 1.03 (1.02, 
1.05) 

p < 0.001 

Mortality (PLT) Adjusted OR (95%CI) Adjusted OR = 1.03 (1.02, 
1.04) 

NR 
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Author Outcome Measure Value Statistical significance 

Blood transfusion Proportion of patients 
(%) 

786/1172 (67%) NR 

Type of 
transfusion 

Proportion of patients Combination (RBC, FFP, 
PLT) = 480/1172 (61%) 
RBC alone = 246/1172 
(31.3%) 
FFP alone = 56/1172 (7.1%) 
PLT alone = 4/1172 (0.5%) 

 

Infection rate 
(transfusion vs. 
no transfusion) 

Percentage of patients 34% vs. 9.4%  p < 0.001 

Infection rate 
(FFP) 

Adjusted OR (95%CI) Adjusted OR = 1.02 (1.01, 
1.04) 

p < 0.001 

Infection rate 
(PLT) 

Adjusted OR (95%CI) Adjusted OR = 0.94 (0.96, 
1.0) 

NR 

ICU LOS 
(transfusion vs. 
no transfusion) 

Mean days±SD 13.7±11 vs. 7.4±5 days p < 0.001 

ICU LOS (FFP) Adjusted OR (95%CI) Adjusted OR = 1.25  
(1.2, 1.31) 

p < 0.001 

ICU LOS (PLT) Adjusted OR (95%CI) Adjusted OR =  
–0.08 (–0.14, 0.01) 

p < 0.001 

Hospital LOS Mean days 18.6±14 vs. 9 ±7 days  p < 0.001 

Hospital LOS 
(FFP) 

Adjusted OR (95%CI) Adjusted OR = 1.3 1.3,1.41) p < 0.001 

Hospital LOS 
(PLT) 

Adjusted OR (95%CI) Adjusted OR =  
–0.15 (–0.023, 0.07) 

p < 0.001 

Borgman 
et al 
(2007)6 

Mortality (all 
cause) 

Proportion of patients  High = 19% 
Medium = 34% 
Low = 65% 

p < 0.001 (high vs. medium 
and high vs. low) 

Mortality 
(haemorrhage)  

Proportion of patients High = 11.5/31 (37%) 
Medium = 14/18 (77.8%) 
Low = 18/20 (92.5%) 

High vs. low p < 0.001 
High vs. medium p < 0.05 

Mortality 
(haemorrhage) 

Absolute reduction and 
relative reduction 

High vs. low group:  
Absolute reduction = 55% 
Relative reduction = 60% 

NR 

Dente et al 
(2009)19 

Mortality 
(24 hours) 

Proportion of patients 
(%) 

MTP = 17% 
Pre-MTP = 36% 

p = 0.008 

Mortality 
(30 days) 

Proportion of patients 
(%) 

MTP = 34% 
Pre-MTP = 55% 

p = 0.04 

Survival at 
discharge (blunt 
trauma) 

Proportion of patients 
(%) 

MTP = 66% 
Pre-MTP = 45% 

p = 0.042 

Survival at 
discharge 
(penetrating 
trauma) 

Proportion of patients 
(%) 

MTP = 24% 
Pre-MTP = 34% 

p = 0.38 



 

78 Technical report on patient blood management in critical bleeding/massive transfusion 

Author Outcome Measure Value Statistical significance 

Early deaths from 
coagulopathic 
bleeding  

Proportion of patients 
(%) 

MTP = 4/13 (31%) 
Pre-MTP = 21/31 (68%)  

p = 0.023 

Mean RBC use Mean units MTP = 23.7 units 
Pre-MTP = 22.8 units 

p = 0.67 

Mean FFP use Mean units MTP = 15.6 units 
Pre-MTP = 7.6 units 

p < 0.001 

Mean early 
crystalloid use 

Mean amount (L) MTP = 6.9 L 
Pre-MTP = 7.6 L 

p = 0.006 

PT on arrival at 
ICU 

 –  MTP = 15.1±0.26 
Pre-MTP = 17.5±1.1 

p = 0.04 

INR on arrival at 
ICU 

 –  MTP = 1.31±0.29 
Pre-MTP = 1.72±0.17 

p = 0.04 

Fibrinogen 
values on arrival 
at ICU 

 –  MTP = 324±19 
Pre-MTP = 225±19 

p = 0.01 

Partial 
thromplastin time 
on arrival at ICU 

 –  MTP = 32.2 + 1.3 
Pre-MTP = 48.8 + 7.7 

p = 0.04 

Duchesne 
et al 
(2008)27 

Mortality 
(proportions) 

Proportion of patients 
(%) 

Intervention = 19/71 (26%) 
Comparator = 56/64 (87.5%) 

p = 0.0001 

Mortality  RR (95%CI) RR = 18.88 
(6.32, 56.36) 

Transfusion in 1:4 ratio was 
associated with increased 
risk of mortality compared to 
1:1 ratio (p = 0.001) 

CI, confidence interval; FFP, fresh frozen plasma; ICU, intensive care unit; INR, international normalised ratio; L, litre; LOS, 
length of stay; MTP, massive transfusion protocol; NR, not reported; OR, odds ratio; PLT, platelets; PT, prothrombin time; RR 
relative risk; RBC, red blood cell; SD, standard deviation 

The effect of using a defined MTP by assigning an RBC, FFP and platelet (PLT) transfusion 
ratio of 1:1:1 with a matched historical cohort before MTP implementation was compared.19 
This analysis showed that significantly more FFP and PLT were used for patients within the 
first 6 hours of requiring massive transfusions.19 This study reported improved 24 hour and 
30 day survival among patients who received transfusions according to MTP; this effect was 
most apparent among those who had experienced blunt trauma. There were also 
significantly fewer indications of early coagulopathy (from haematological parameters), and 
fewer early coagulopathic deaths among patients who received transfusions as per the MTP 
(death p = 0.023).  

A retrospective analysis of trauma patients who required emergency surgery, and were 
transfused with both RBC and FFP, was identified and analysed.27 The authors stratified 
patients who received more than 10 units RBC within 24 hours of admission by the ratio of 
FFP and RBC transfused (1:1 and 1:4), to compare incidences of mortality.27 The report 
indicates that there was a significant difference in mortality between the groups; 26% 
(19/71) of patients who received a 1:1 ratio of FFP and RBC did not survive, compared with 
87.5% (56/64) of patients who received a 1:4 ratio of FFP and RBC (p = 0.0001).  
Multiple logistic regression further revealed that patients who received transfusions at a 
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1:4 ratio had a significantly increased risk of mortality compared with those transfused at a 
1:1 ratio (RR = 18.88; 95%CI: [6.32, 56.36]; p = 0.001).  

Bochicchio prospectively investigated the risk of mortality, infections, hospital and ICU LOS 
among trauma patients admitted to the ICU for periods of longer than 48 hours and who 
underwent blood transfusions, compared with those who were not transfused.55 The risk 
analysis adjusting for age, injury severity score and Glasgow Coma Index Score, 
demonstrated that patients transfused with FFP required longer ICU and hospital stays 
compared with non-transfused patients. Transfusion of platelets was not associated with 
need for longer ICU or hospital stays. The adjusted odds ratios (OR) also indicated that FFP 
and platelet transfusions had no impact on patients’ mortality. Although results showed a 
greater incidence of infection among transfused patients (34% vs. 9.4%; p < 0.001), the 
adjusted odds ratio derived by the authors suggests that transfusions (both FFP and 
platelets) had little or no affect on the risk of infection in patients (FFP OR = 1.02; platelet 
OR = 0.94).55  

The study by Borgman was based on a retrospective review of 246 massively transfused 
patients who received more than 10 units of RBC within 24 hours of admission at a United 
States Army combat support hospital in Iraq between November 2003 and September 2005.6 
Patient records were divided into three groups, based on the ratio of plasma to RBC units 
transfused, to compare mortality rates and primary causes of deaths among the groups. 
Results from this study indicate that the rate of mortality decreased as the ratio of plasma to 
RBC transfused increased. The proportions of patients who died were 65%, 34% and 19% in 
the low, medium and high ratio groups, respectively (p < 0.001). The authors reported that 
plasma to RBC ratios were independently associated with overall survival (OR = 8.6; 95%CI: 
[2.1, 35.2]).6 

Patient populations and settings 

The included studies involved trauma patients who required massive transfusion (> 10 units 
RBC) within a 24 or 48 hour period of hospitalisation. Of these, three studies19,27,55 were 
conducted in urban hospitals in the United States, and one study6 was conducted in an army 
combat support hospital in Iraq.  

Most demographic characteristics reported by Bochicchio were similar between the 
transfused and non-transfused groups of patients; however, there were more men than 
women in the overall study population.55 There was also a significant difference in injury 
severity scores between transfused and non-transfused patients (p < 0.001). These 
differences were controlled appropriately in the risk analysis. The studies by Dente19 and 
Duchesne27 were both conducted in urban settings, with similar demographic characteristics 
between the intervention and comparator groups.  

Borgman addressed injuries in a very specific patient population – casualties of war – who 
sustained a very high proportion of penetrating injuries.6 This aspect of injury is likely to be 
distinct from the urban civilian trauma population and presentations. Additionally, this study 
included only two female patients in a cohort of 246. 

Interventions and comparators 

Bochicchio investigated the effects of blood transfusion (RBC, FFP and platelets) compared 
with no transfusion among trauma patients.55 Dente compared the use of an MTP, which 
required transfusion of RBC, FFP and platelets to a 1:1:1 ratio, to a historical cohort of 
patients before implementation of the MTP.19 
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Borgman analysed the impact of transfusion of various ratios of plasma and RBC (1:1.4, 1:2.5, 
1:8) among trauma patients who required massive transfusion.6 Similarly, Duchesne 
compared two different ratios of plasma and RBC transfusion (1:1 and 1:4).27 

None of the retrieved studies investigated the use of fibrinogen or cryoprecipitate as an 
intervention in the study populations. 

Outcomes 

Authors of all four studies investigated mortality as an outcome. Bochicchio also analysed 
how the use of blood products for patients influenced ICU and hospital length of stay, as well 
as prevalence of infection.55 Dente analysed the impact of the use of blood products in their 
patient population in several haematological parameters.19 None of these included studies 
presented quality-of-life data. 

Morbidity 

Infection 

Rates of infection in patients were reported by Bochicchio.55 A comparison of proportions 
show that more transfused patients developed infections than non-transfused patients (34% 
vs. 9.4%; p < 0.001). However, an adjusted risk analysis showed that transfusion had little or 
no effect on the risk of infection (FFP OR = 1.02; platelet OR = 0.94).  

Coagulopathy 

Dente reported that there were significantly fewer early deaths from coagulopathic bleeding 
among patients who received blood transfusion according to the MTP using similar amounts 
of RBC, platelets and FFP (p = 0.023).19 

Mortality 

Fresh frozen plasma 

Borgman and Duchesne both reported that increased use of FFP with RBC in blood 
transfusion significantly decreased the risk of mortality.6,27 Results presented by Borgman 
suggest that there is a significant reduction in deaths from haemorrhage in patients who 
receive higher ratios of FFP to RBC compared with those who received lower ratios 
(p < 0.05).6 

Duchesne reported that there was a significant difference in mortality between the groups 
they investigated.27 In the first group 26% (19/71) of patients died when given a 1:1 ratio of 
FFP and RBC. In the second group, 87.5% (56/64) of patients died when given a 1:4 ratio of 
FFP and RBC (p = 0.0001). Multiple logistic regression confirmed that patients who received 
transfusions at a 1:4 ratio were at a significantly increased risk of mortality compared with 
those transfused at a 1:1 ratio (RR = 18.88; 95%CI: [6.32, 56.36]; p = 0.001). These results 
showed that patients in the study who received a 1:4 ratio of FFP and RBC were 18 times less 
likely to survive their injuries compared with those who received FFP and RBC at a 1:1 ratio. 
Moreover, the results suggest that in the larger population, this risk can be as low as six 
times or as high as 56 times. 

Platelet and fresh frozen plasma 

Bochicchio presented adjusted odds ratios (controlled for age, injury severity score and 
Glasgow Coma Index Score) indicating that there is minimal or no impact mortality 
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associated with the use of FFP and platelets in the study (OR = 1.03 for both interventions; 
p < 0.001 for FFP; p-value not reported for platelets).55 

Results reported by Dente showed that more aggressive use of platelets and FFP in the 
implementation of the MTP in their study increased the proportion of patients who survived 
24 hours and 30 days after admission (p = 0.008 and 0.04 respectively).19 The authors 
reported a significant increase in survival for patients with blunt trauma (p = 0.042) and a 
non-significant increase in patients with penetrating trauma (p = 0.38). Dente also claimed 
that there were significantly fewer early deaths from coagulopathic bleeding in patients who 
received blood transfusion according to the MTP (p = 0.023). 

Hospital and ICU length of stay 

Only Bochicchio investigated hospital and ICU lengths of stay as outcomes.55 Bochicchio 
reported that there was a significant difference in hospital and ICU lengths of stay between 
patients who were transfused with any type of blood product and those who did not receive 
any type of transfusion. Transfused patients experienced longer hospital and ICU stays 
(p < 0.001). 

Evidence statements 

Evidence statement GN5.1  

In trauma patients with critical bleeding requiring massive transfusion, a RBC:FFP ratio ≤ 2:1 
is associated with reduced mortality (Grade C).6,27 Box 3.10 outlines this evidence statement.  

Box 3.10 GN5.1 Evidence for the effect of FFP, cryoprecipitate, fibrinogen concentrate, 
and/or platelet transfusion on mortality 

Evidence base Poor (D). Two Level III studies with a high risk of bias.6,27 

Consistency Good (B). Both studies looked at several different outcomes. 
Where similar outcomes were reported findings were generally 
consistent. 

Clinical impact Satisfactory (C). Moderate clinical impact. One study had n = 246,6 
the other had n = 135.27 A RBC:FFP ratio of ≤ 2:1 was reported to 
be associated with reduced mortality, but there is uncertainty 
about whether this is related to survivor bias or the effect of the 
intervention. 

Generalisability Satisfactory (C). Both studies included patients with critical 
bleeding who required massive transfusion. One study was 
conducted in a military war zone setting which is not directly 
generalisable to a civilian setting. 6  

Applicability Satisfactory (C). One study was in a United States military hospital 
and the other27 was in the United States health-care setting.6 
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3.8 Triggers for blood component transfusion 

Question 8 (prognostic) 

In patients with critical bleeding requiring massive transfusion, at what INR (or PT/APTT) for 
fresh frozen plasma, fibrinogen level for cryoprecipitate, platelet count for platelets 
concentrates should patients be transfused to avoid risks of significant adverse events? 

 

Evidence statements 

In critically bleeding patients requiring a massive transfusion, there was insufficient evidence 
to identify an international normalised ratio (INR) (or prothrombin time [PT]/partial 
thromboplastin time [APTT]), fibrinogen level, or platelet count to trigger a blood 
component transfusion. 

Practice point 
  

PP10 In patients with critical bleeding requiring massive transfusion, suggested doses of 
blood components are:a 

– FFP: 15 mL/kg  

– platelets: 1 adult therapeutic dose  

– cryoprecipitate: 3–4 g. 

a Or as directed by the haematologist/transfusion specialist in specific clinical 
situations, such as obstetrics. 

 

Summary of evidence 

Methods 

No evidence was found that demonstrated the INR (or PT/partial thromboplastin time 
[APTT]) for FFP, fibrinogen level for cryoprecipitate, or platelet count for platelet 
concentrates at which trauma patients with critical bleeding requiring massive transfusion 
should be transfused to avoid risks of significant adverse events.  

The literature search identified no socioeconomic literature pertaining to Australia’s 
Indigenous population relevant to this research question. 

Level I evidence 

The literature search identified no systematic reviews that examined the INR (or PT/APTT) for 
FFP, fibrinogen level for cryoprecipitate or platelet count for platelet concentrates which 
patients with critical bleeding requiring massive transfusion should be transfused with to 
avoid risks of significant adverse events. 

Level II evidence 

The literature search identified no Level II studies that examined the INR (or PT/APTT) for 
FFP, fibrinogen level for cryoprecipitate or platelet count for platelet concentrates which 
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patients with critical bleeding requiring massive transfusion should be transfused with to 
avoid risks of significant adverse events.  

Level III evidence 

The literature search identified no Level III studies that examined the INR (or PT/APTT) for 
FFP, fibrinogen level for cryoprecipitate or platelet count for platelet concentrates which 
patients with critical bleeding requiring massive transfusion should be transfused with to 
avoid risks of significant adverse events.  

Level IV evidence 

The literature search identified no Level IV studies that examined the INR (or PT/APTT) for 
FFP, fibrinogen level for cryoprecipitate or platelet count for platelet concentrates which 
patients with critical bleeding requiring massive transfusion should be transfused with to 
avoid risks of significant adverse events.
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Appendix 1 Structure of  systematic 
review quest ions 

The structure of the critical bleeding/massive transfusion research questions is presented in 
Table A1.1 Note that the morbidity outcome for all research questions included any adverse 
effects associated with the risk factor, intervention/comparator or predictor, for example 
infection, thromboembolism. 

Table A1.1 Research question structure: patient blood management in critical bleeding/massive 
transfusion 

Foreground questions 

1. In patients with critical bleeding requring massive transfusion, what is the effect of variation of physiologic, 
biochemical and metabolic (including temperature) parameters on morbidity, mortality and transfusion rate? 
(Prognostic question) 

 Population Predictor Comparison Outcome 

Critical 
bleeding 

All patients with 
critical bleeding 
and/or massive 
transfusion 

Variation of 
physiologic, 
biochemical and 
metabolic (including 
temperature/mild, 
moderate, severe 
hypothermia) 
parameters 

No comparator 
needed 

• morbidity and mortality  

• quality of life  

• transfusion frequency and 
dose/type of transfusion 

2. In patients with critical bleeding requiring massive transfusion, does the dose, timing and ratio (algorithm) of 
RBCs to blood component therapy (FFP, platelets, cryoprecipitate or fibrinogen concentrate) influence morbidity, 
mortality and transfusion rate? (Interventional question) 

 Population Intervention Comparison Outcome 

Critical 
bleeding 

Patients with 
massive transfusion 
and/or critical 
bleeding 

Subgroups 

• Trauma 

• Obstetrics  

• Surgical bleeding 

• Liver 
transplantation  

• Other settings 

Algorithms for the 
use (dose, timing 
and ratio) of blood 
component therapy 
(FFP, platelets, 
cryoprecipitate, 
fibrinogen 
concentrate) 

Standard blood 
component 
therapy/treatment 
not guided by 
algorithms/usual 
care 

• morbidity and mortality 

• quality of life  

• transfusion frequency and 
dose/type of transfusion 
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3. In patients with critical bleeding requiring massive transfusion, is anaemia an independent risk factor for adverse 
outcomes? (Aetiological question) 

 Population Risk factor Comparison Outcome 

Generic 
question  

All patients: 

Subgroups 

• perioperative 

• trauma 

• shock 

• massive 
transfusion 

• cardiothoracic 

• surgical 

Stratify by: 

• aetiology of 
anaemia where 
present (iron 
deficiency vs. 
other) 

• demographics 
(age/gender)  

Anaemia by Hb level No anaemia Primary:  

• morbidity and mortality 

• quality of life 

• transfusion frequency and 
dose/type of transfusion 

Secondary:  

• cost 

• hospital LOS 

• ICU admission and LOS 

• hospital readmission  

4. In patients with critical bleeding requiring massive transfusion, what is the effect of RBC transfusion on patient 
outcomes? (Intervention foreground question). Intervention versus comparator = (1) vs. (1), (2) vs. (2) 

 Population Intervention Comparison Outcome 

Generic 
question 

All patients with or 
without defined 
anaemia (however 
defined) 

Subgroups 

• perioperative 

• trauma 

• shock 

• massive 
transfusion 

• cardiothoracic 

• surgical 

Stratify by: 

• anaemia status 
according to Hb 
level 

• RBC transfusion 

• restrictive 
transfusion  

(however defined) 

• no transfusion 

• liberal 
transfusion  

(however defined) 

Primary:  

• morbidity and mortality 

• quality of life 

• transfusion frequency and 
dose/type of transfusion 

Secondary:  

• change in Hb (pre-operative, post-
operative, discharge and 28 day 
Hb levels) 

• cost 

• hospital LOS 

• ICU admission and LOS 

• reoperation for bleeding 

• hospital readmission 

• discharge  

• correction/prevention of DIC  
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5. In patients with critical bleeding requiring massive transfusion, what is the effect of non-transfusion 
interventions to increase haemoglobin concentration on morbidity, mortality and need for RBC blood transfusion? 
(Interventional question) 

*All interventions (1) to (5) compared to (1) to (5) in any combination: stratify results by type of iron therapy and preparation 
+ Intervention vs. Comparator = (1) vs. (1 & 2), (2) vs. (2 &3), and (3) vs. (1 & 2)  

**Note that for the critical bleeding/massive transfusion guideline, only non-transfusion interventions were considered for this 
generic question. However, pre-operative transfusion was a relevant intervention for the perioperative guidelines 

 Population Intervention Comparison Outcome 

Generic 
question 

All patients with 
anaemia 

Subgroups 

• perioperative 

• trauma 

• shock 

• massive 
transfusion 

• cardiothoracic 

• surgical 

ESAs including: 

• EPO 

• oral and/or 
parenteral iron 
therapy 

• other haematinics 
(folate, B12, 
ascorbic acid) 

• combination 
(1,2,3) 

• pre-operative 
RBC 
transfusion 

No intervention or 
any combination of 
1 to 5 

Primary:  

• morbidity and mortality 

• quality of life 

• transfusion frequency and 
dose/type of transfusion 

Secondary:  

• change in Hb (pre-operative, post-
operative, discharge and 28 day 
Hb levels)  

• cost 

• hospital  

• LOS 

• ICU admission and LOS 

• hospital readmission 

6. In patients with critical bleeding requiring massive transfusion, what is the effect of rFVIIa (prophylaxis or 
treatment) on morbidity, mortality and transfusion rate? (Interventional question)  

 Population Intervention Comparison Outcome 

Generic 
question 

All patients with and 
without anaemia 

Subgroups 

• perioperative 

• trauma 

• shock 

• massive 
transfusion 

• cardiothoracic 

• surgical 

• rFVIIa as 
prophylaxis or 
treatment + 
usual care 

• stratify by dose 

No rFVIIa + usual 
care 

Primary: 

• morbidity and mortality 

• quality of life 

• transfusion frequency and 
dose/type of transfusion 

Secondary:  

• change in Hb (pre-operative, post-
operative, discharge and 28 day 
Hb levels) 

• reoperation for bleeding 

• correction/prevention of DIC and 
coagulopathy 

• cost 

• hospital LOS 

• ICU admission  

• LOS  

• hospital readmission 

Note: Exclude patients who received 
rFVIIa for Rx of spontaneous 
intracranial haemorrhage, and for 
approved use i.e. haemophilia, 
patients with inhibitors, Glanzmann’s 
thrombasthenia patients 
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7. In patients with critical bleeding requiring massive transfusion, what is the effect of FFP, cryoprecipitate, 
fibrinogen concentrate, and/or platelet transfusion on patient outcomes? (Interventional question) 

 Population Intervention Comparison Outcome 

Generic 
question 

All patients, with and 
without anaemia 

Subgroups  

• perioperative 

• trauma 

• shock 

• massive 
transfusion 

• cardiothoracic 

• surgical 

• FFP 

• cryoprecipitate 

• platelet 
transfusion 

• fibrinogen 
concentrate 

No administration 
or varying dose of: 

• FFP 

• cryoprecipitate 

• platelet 
transfusion 

• fibrinogen 
concentrate 

Primary:  

• morbidity and mortality 

• quality of life 

• transfusion frequency and 
dose/type of transfusion 

Secondary:  

• change in Hb (pre-operative, post-
operative, discharge and 28 day 
Hb levels)  

• reoperation for bleeding 

• correction/prevention of DIC and 
coagulopathy 

• cost  

• hospital LOS 

• ICU admission and LOS 

• hospital readmission 

8. – In patients with critical bleeding requiring massive transfusion, what INR (PT/ APTT) for FFP, fibrinogen level 
for cryoprecipitate, platelet count for platelets concentrates should patients be transfused to avoid risks of 
significant adverse events? (Prognostic question) 

 Population Predictor Comparison Outcome 

Generic 
question 

All adult (medical, 
surgical or obstetric), 
neonatal and 
paediatric patients 
eligible for 
transfusion, with and 
without anaemia 

Subgroups 

• perioperative 

• trauma 

• shock 

• massive 
transfusion 

• cardiothoracic 

• surgical 

• non-surgical 
invasive 
procedures and 
minimally 
invasive 
surgical 
procedures  

Note: This 
subpopulation was 
only considered in 
the generic 
question 6 literature 
search for the 
Perioperative 
guidelines 

• INR threshold  

• fibrinogen level 

• platelets level 

No comparator 
needed 

• Morbidity and mortality 

• Quality of life 

• Transfusion frequency and 
dose/type of transfusion 
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APTT, partial thromboplastin time; DIC, disseminated intravascular coagulation; EPO, Erythropoietin; ESA, erythropoiesis-
stimulating agents; FFP, fresh frozen plasma; Hb, haemoglobin; INR, international normalised ratio; ICU, intensive care unit; 
LOS, length of stay; PT, prothrombin time; RBC, red blood cell; rFVIIa, recombinant factor VII activated; Rx, treatment.  
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Appendix 2 Qual i ty assessment 

The quality criteria shown in Table A2.1 were used to assess each included study.  

Table A2.1 Use of quality criteria to assess quality and risk of bias 

Assessment  Quality Risk of bias 

Met all or all but one criterion Good Low risk 

Did not meet two or three criteria Fair Medium 

Did not meet four or more criteria Poor High 

Table A2.2 Systematic reviews 

Citation Article citation 

 A. Was a clinical question clearly defined? 

 B. Was an adequate search strategy used? 

 C. Were the inclusion criteria appropriate and applied in an unbiased way? 

 D. Was a quality assessment of included studies undertaken? 

 E. Were the characteristics and results of the individual studies appropriately 
summarised? 

 F. Were the methods for pooling the data appropriate? 

 G. Were the sources of heterogeneity explored? 

Comments  

Overall assessment  

Source of quality criteria: NHMRC (2000). How to use the evidence: assessment and application of scientific evidence. National 
Health and Medical Research Council, Canberra ACT. Available at: www.nhmrc.gov.au 

Table A2.3 Randomised controlled trials 

Citation Article citation 

 A. Was the allocation to treatment groups concealed from those responsible for recruiting 
subjects? 

 B. Was the study double-blinded? 

 C. Were patient characteristics and demographics similar between treatment arms at baseline? 

 D. Were all randomised patients included in the analysis? 

 E. Were the statistical methods appropriate? 

 F. Were any subgroup analyses carried out? 

Comments  

Overall 
assessment 

 

Source of quality criteria: NHMRC (2000). How to use the evidence: assessment and application of scientific evidence. National 
Health and Medical Research Council, Canberra ACT. Available at: www.nhmrc.gov.au 
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Table A2.4 Cohort studies 

Citation Article citation 

 A. How were subjects selected for the ‘new’ intervention? 

 B. How were subjects selected for the comparison or control group? 

 C. Does the study adequately control for demographic characteristics, clinical features and other 
potential confounding variables in the study design or analysis? 

 D. Was the measurement of outcomes unbiased (i.e. blinded to treatment group and comparable 
across groups?) 

 E. Was follow-up long enough for outcomes to occur? 

 F. Was follow-up complete and were there exclusions from analysis? 

Comments  

Overall 
assessment 

 

Source of quality criteria: NHMRC (2000). How to use the evidence: assessment and application of scientific evidence. National 
Health and Medical Research Council, Canberra ACT. Available at: www.nhmrc.gov.au 

Table A2.5 Case-control studies 

Citation Article citation 

 A. How were the cases defined and selected? 

 B. How were the controls defined and selected? 

 C. Does the study adequately control for demographic characteristics, clinical features and other 
potential confounding variables in the study design or analysis? 

 D. Was the measurement of exposure to the factor of interest (e.g., the new intervention) 
adequate and kept blinded to case/control status? 

 E. Were all selected subjects included in the analysis? 

Comments  

Overall 
assessment 

 

Source of quality criteria: NHMRC (2000). How to use the evidence: assessment and application of scientific evidence. National 
Health and Medical Research Council, Canberra ACT. Available at: www.nhmrc.gov.au 
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Appendix 3 NHMRC evidence statement 
form 

Key question(s): Evidence table ref: 

1. Evidence base (number of studies, level of evidence and risk of bias in the included studies) 

 A One or more level I studies with a low risk of bias or several level II studies with a low risk of bias 

B One or two Level II studies with a low risk of bias or SR/several Level III studies with a low risk of bias 

C One or two Level III studies with a low risk of bias or Level I or II studies with a moderate risk of bias 

D Level IV studies or Level I to III studies/SRs with a high risk of bias 

2. Consistency (if only one study was available, rank this component as ‘not applicable’) 

 A All studies consistent 

B Most studies consistent and inconsistency can be explained 

C Some inconsistency, reflecting genuine uncertainty around question 

D Evidence is inconsistent 

 NA Not applicable (one study only)  

3. Clinical impact (Indicate in the space below if the study results varied according to some unknown factor (not simply study quality or 

sample size) and thus the clinical impact of the intervention could not be determined) 

 A Very large 

B Substantial 

C Moderate 

D Slight/Restricted 

4. Generalisability (How well does the body of evidence match the population and clinical settings being targeted by the Guideline?) 

 A Evidence directly generalisable to target population 

B Evidence directly generalisable to target population with some caveats 

C Evidence not directly generalisable to the target population but could be sensibly applied 

D Evidence not directly generalisable to target population and hard to judge whether it is sensible to apply 

5. Applicability (Is the body of evidence relevant to the Australian health-care context in terms of health services/delivery of care and 

cultural factors?) 

 A Evidence directly applicable to Australian health-care context 

B Evidence applicable to Australian health-care context with few caveats 

C Evidence probably applicable to Australian health-care context with some caveats 

D Evidence not applicable to Australian health-care context 

 

Other factors (Indicate here any other factors that you took into account when assessing the evidence base (for example, 

issues that might cause the group to downgrade or upgrade the recommendation) 

Evidence statement matrix 

Please summarise the development group’s synthesis of the evidence relating to the key question, taking all the 

above factors into account.  

Component Rating Description 

Evidence base   

Consistency   

Clinical impact   

Generalisability   

Applicability   
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Indicate any dissenting opinions 

Recommendation 

What recommendation(s) does the guideline 

development group draw from this evidence? Use 

action statements where possible. 

Grade of 

recommendation 

 

 

 

 

IMPLEMENTATION OF RECOMMENDATION 

Please indicate yes or no to the following questions. Where the answer is yes please provide explanatory 

information about this. This information will be used to develop the implementation plan for the guidelines 

Will this recommendation result in changes in usual care? YES NO 

Are there any resource implications associated with implementing this 

recommendation? 
YES NO 

Will the implementation of this recommendation require changes in the 

way care is currently organised? 
YES NO 

Are the guideline development group aware of any barriers to the 

implementation of this recommendation? 
YES NO 



 

Technical report on patient blood management in critical bleeding/massive transfusion 95 

Appendix 4 Consensus process for the 
development of  practice 
points 

A4.1 Background 

Often, there is insufficient high-quality data in the contemporary clinical literature to 
produce clinical guidelines with an evidence-based recommendation. Thus, there remains a 
role for expert opinion and consensus in guideline development. The use of expert opinion as 
a form of ‘evidence’ requires a formal consensus development process among the guideline 
developers, with rigorous rules that will lead to the same attributes of validity, reliability and 
applicability demanded for more rigorous evidence-based practice methodology. 

A4.2 The role of the Clinical/Consumer Reference Group 

The CRG provided expert opinion for the development of practice points relevant to the 
recommendation being considered under the consensus process.  

The consensus process only occurred for recommendations where: 

• the systematic review found no level I to IV evidence to address the relevant clinical 
question, or where recommendations developed by the systematic review process were 
ranked with a Grade D (poor) quality evidence base  

• the CRG determined that additional clinical practice guidance is required for 
recommendations developed by the systematic review process that are graded above D. 

Applying the consensus process to recommendations with Grade D (poor) evidence could 
result in: 

• the rejection of the recommendation 

• the confirmation of the recommendation 

• the development of a ‘practice point’ to supplement the recommendation, or 

• rejection of the recommendation and the development of a practice point on its own. 

A4.3 The Chair of CRG meetings 

The Chair of CRG meetings facilitated and guided the process of reaching a consensus 
decision on practice points. Specifically, the Chair’s role was to: 

• assist the CRG to define decisions that need to be made 

• help the CRG through the stages of reaching an agreement 

• keep the meeting moving 

• focus discussion to the point at hand 

• ensure that everyone has the opportunity to participate 

• test whether consensus has been reached. 



 

96 Technical report on patient blood management in critical bleeding/massive transfusion 

The Chair helped to direct the consensus process, not its content; and did not make decisions 
for the CRG. 

A4.4 The pre-meeting process 

Before CRG meetings, the systematic reviewer/technical writer distributed draft versions of 
the results of the systematic review. Where evidence was not found or the body of evidence 
was graded D, this was indicated in the draft report to highlight the need for the consensus 
process to develop practice points. In addition: 

• a consensus response template and a list of numbered Grade D evidence statements for 
clinical questions for which no evidence could be found was developed by the systematic 
reviewer/technical writer, and distributed to the CRG/NBA members and the GAR expert 
two weeks in advance of the meeting in which a decision was required using the 
evidence statement format proposed in the research protocol for Phase I 

• the CRG/NBA members and the GAR expert were asked to consider and rate proposals, 
taking into account the research literature, clinical opinion/expertise and the realities of 
the relevant health care settings 

• the completed consensus templates were sent to the systematic reviewer/technical 
writer a few days before the CRG meeting date for consolidation 

• the systematic reviewer/technical writer collated all responses and distributed the 
results two days prior to the meeting; these were then reviewed and deliberated on at 
the face-to-face consensus meeting.  

A4.4 Development of practice points – overview of consensus decision-
making process  

The following process was used to develop practice points through consensus. 

Stage 1 – Introduction 

• Describe the process. The Chair described the consensus process, participants’ roles and 
responsibilities, ground rules and guiding principles.  

• State where there was a need for practice point development. The Chair described 
where evidence was not found or was considered inadequate to develop 
recommendations above Grade D, or where a practice point may be required to 
supplement recommendations. 

Stage 2 – Open discussion 

• Clarify the practice point. The Chair opened the floor to a general discussion and 
suggestions for practice point content. This time was not used for raising objections or 
concerns, but to suggest content for the practice point. Suggestions were recorded in the 
relevant section of the draft results report.  

• State concerns. Once the CRG was satisfied that the practice point was complete, the 
Chair provided an opportunity for concerns or issues to be raised. 

Stage 3 – Resolve concerns 

• Review concerns. The CRG reviewed any concerns raised. Wherever the concerns were 
many and the time was short, the discussion on practice point development was carried 
over to a later meeting.  
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• Resolve concerns. The Chair had the first option to resolve the listed concerns by: 

1. clarifying the wording of the practice point 

– changing the wording of the practice point or adding a practice point to supplement 
the recommendation 

– explaining why the recommendation as stated was not in conflict with the CRG’s 
values  

– seeing whether those with concerns would stand aside (i.e. had concerns, but could 
live with them). 

Stage 4 – First call for consensus 

• When all concerns had been resolved, the Chair called for consensus. 

Stage 5 – Consideration of CRG principles and values and second call for 
consensus  

• When concerns had been adequately discussed but remained unresolved, the CRG 
assessed how the unresolved concerns related to CRG principles and values. 

• After considering these principles, the Chair supported one of the following conclusions:  

– the member withdrew the concern, consensus was reached and a practice point 
could be made (or a Grade D evidence-based recommendation confirmed) 

–  the member stood aside so that a practice point could be made (or Grade D 
evidence-based recommendation confirmed), and the differing schools of thought 
documented 

– the member was not willing to withdraw the concern or stand aside and the CRG 
declared itself blocked – the recommendation or practice point was not accepted. 

Guiding principles and values 

These principles and values were used through the development of consensus-based 
practice points: 

• Consensus is reached where all members of the CRG strongly agree, or agree with the 
practice point. Consensus is not achieved on the basis of a ‘majority’. 

• The opinions of all members of the CRG are equally valid/important, notwithstanding 
that some members may have discipline-specific expert opinion. 

• Where consensus is not reached (one or more members disagree or strongly disagree 
with the practice point), the dissenting members are allowed to present their case. This 
may be done immediately in the current meeting, or be carried over to the subsequent 
meeting to allow the members to succinctly formulate their concerns or provide other 
documentation/research.  

• Issues of semantics, language or content, while recognised as important, should 
preferably not absorb discussion time within the CRG meetings.  

• CRG members are respectfully asked to reflect upon their own values and conflicts of 
interests, and be mindful of the extent to which these may influence their opinions.  
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Ground rules 

• Members agree to take turns speaking and not interrupt each other.  

• Members agree to call each other by their first names, not ‘he’ or ‘she’.  

• Members agree to not blame, attack, or engage in put-downs and will ask questions of 
each other for the purposes of gaining clarity and understanding.  

• Members agree to stay away from establishing hard positions and express themselves in 
terms of personal needs and interests and the outcomes that they wish to realise.  

• Members agree to listen respectfully and sincerely try to understand the other person’s 
needs and interests.  

• Members recognise that, even when they do not agree, each of them is entitled to their 
own perspective.  

• Members will not dwell on things that did not work in the past, but instead will focus on 
the future they would like to create.  

• Members agree to make a conscious, sincere effort to refrain from unproductive arguing, 
venting, or narration, and agree to use their time during the meeting to work toward 
what they perceive to be their fairest and most constructive agreement possible.  

• Members will speak up when something is not working for them during the consensus 
process.  

• Members will request a break when they need to. 

• Members will point out when they feel the Chair is not being impartial as to person and 
neutral as to result.  

• CRG members not present at the meeting have the opportunity to provide feedback via 
e-mail when developed practice points are circulated to the entire CRG after the 
meeting. 

Post-meeting process 

Subsequent to the CRG meeting, the systematic reviewers/technical writers consolidated the 
outcomes from the meeting and circulated the results of the consensus process (all resultant 
practice points) to all members of the CRG, NBA and the GAR expert (including members who 
were not present at the meeting) together with a consensus response template.  

All the CRG/NBA members and the GAR expert were asked to consider all resultant practice 
points and to provide any additional concerns or suggestions for amendments to these. 

The completed consensus templates and all responses were sent to IMS Health for 
consolidation.  

The systematic reviewers/technical writers collated all responses and distributed the results 
two days prior to the following CRG, NBA consensus meeting. These were then reviewed, 
amended as appropriate and consensus for each of the practice points ratified at the face-to-
face consensus meeting. 
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Appendix 5  Tranexamic acid  

The systematic review did not assess the effect of antifibrinolytic therapy in critically bleeding 
patients requiring massive transfusion. However, a recently published RCT has demonstrated 
improved survival in trauma patients who received tranexamic acid.56 The study population was 
beyond the scope of this module (i.e. it was not restricted to those with critical bleeding requiring 
massive transfusion), and the study was published after the deadline for this review. Nevertheless, 
the CRG considers the results to be noteworthy and suggests that tranexamic acid should be 
considered in trauma patients with, or at risk of, significant haemorrhage. Tranexamic acid should be 
considered as an adjunct in these patients, not as a ‘magic bullet’. It should be administered as part 
of a locally adapted MTP in the setting of overall patient management, including strict attention to 
the control of bleeding, physiological and metabolic parameters, coagulation status and temperature 
maintenance.  

This annex provides a data extraction form and a quality assessment for the study, and the practice 
point developed on this topic by the CRG. 

A5.1 Data extraction form 

Table A5.1 Results for study on tranexamic acid 

Study details 

Citation 

CRASH-2 trial collaborators (2010) Effects of tranexamic acid on death, vascular occlusive events, and blood transfusion in 
trauma patients with significant haemorrhage (CRASH-2): a randomised, placebo-controlled trial. Lancet 376:23–32.  

Affiliation/Source of funds 

CRASH-2 trial collaborators were from 40 countries.  

Correspondence to Clinical Trials Unit, London School of Hygiene and Tropical Medicine, London. The writing Committee 
had full access to all study data. Members of the Writing Committee declared that they have no conflicts of interest. 

Funding from UK NIHR Health Technology Assessment programme, Pfizer, BUPA Foundation, and JP Moulton Charitable 
Foundation. Funders had no role in study design, data collection, data analysis, data interpretation, or writing the report. 

Study design Level of evidence Location/setting 

Double-blind, placebo-controlled, multicentre, parallel-
design RCT 

N = 20,211 

II 274 hospitals in 40 countries 

Intervention Comparator 

Tranexamic acid: a loading dose of 1 g infused over 10 
min, followed by IV infusion of 1 g over 8 hra 

N = 10,096 

Placebo (0.9% saline): regimen as per the intervention arm 

N = 10,115 

Population characteristics 

Adult trauma patients with significant haemorrhage (SBP <90 mmHg or heart rate >110 beats per min, or both), or who were 
considered to be at risk of significant haemorrhage (eg, patients with compensated haemorrhage and stable vital signs, or 
those in whom bleeding might have stopped but who might recommence bleeding following volume resuscitation), and who 
were within 8 hr of injury. Patients were included if the responsible doctor was substantially uncertain about whether or not to 
treat with tranexamic acid (patients for whom the responsible doctor considered that there was a clear indication or a clear 
contraindication for tranexamic acid were not randomised).  

Mean age 34 yrs; female 16%; SBP ≥90 mmHg 68%, heart rate >107 BPM 48%, mean time since injury 2.9 hr, blunt injury 
68%, penetrating injury 32%, any protocol violation 0.4%.  
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Length of follow-up Outcomes measured 

Hospital discharge or day 28 after randomisation if still in 
hospital  

Primary outcome: death in hospital within 4 weeks of injury 

Secondary outcomes: vascular occlusive events (MI, stroke, 
PE, DVT), surgical intervention (neurosurgery, thoracic, 
abdominal, and pelvic surgery), receipt of blood transfusion, 
units of blood products received 

Other outcomes: dependency at hospital discharge (5-point 
Modified Oxford Handicap Scale), use of rFVIIa, GI bleeding, 
serious AEs, unexpected AEs, AEs suspected to be related to 
the study treatment 

Internal validity 

Allocation Results Blinding analysis Treatment/ 
measurement bias 

Follow-up (ITT)  

Randomisation 
generated with a 
computer random 
number generator. A 
centralised telephone 
randomisation service 
was used in centres 
with reliable telephone 
access (N = 20,116); 
other centres used a 
local pack system that 
selected the lowest 
numbered treatment 
pack from a box 
containing eight 
numbered packs 
(N = 95).  

Baseline prognostic 
factors were well 
balanced between 
study arms. 

Primary endpoint 
was objective (all-
cause mortality). 
15.3% of subjects 
died, of whom 
35.3% died on the 
day of 
randomisation. Of 
1063 deaths due to 
bleeding, 59.9% 
were on the day of 
randomisation.  

 

Double-blind. 
Neither patient nor 
study staff (site 
investigators and 
trial coordinating 
centre staff) were 
aware of treatment 
assignment.  

Staff blinded to 
treatment allocation 
so unlikely to be 
treatment or 
measurement bias.  

Publication states that ITT 
analysis was undertaken.  

3 subjects in the 
tranexamic arm and 1 
patient in the placebo arm 
withdrew consent before 
collection of baseline 
data. 33 subjects in the 
tranexamic arm and 47 
subjects in the placebo 
arm were lost to follow-up 
and excluded from the 
analysis.  

Primary outcome data 
were available for 99.6% 
of all randomised patients 
(99.6% randomised to 
tranexamic acid and 
99.5% randomised to 
placebo), of whom 99.1% 
were known to have 
completed the loading 
dose and 94.2% 
completed the 8 hr 
maintenance dose. 

Overall quality assessment (descriptive) 

Good. Although the analyses did not include all randomised patients, only a small number of patients were lost to follow-up 
and excluded from the analysis (0.4% in the tranexamic acid arm and 0.5% in the placebo arm).  

Results 

Outcome Tranexamic acid Placebo Statistical significance 

N = 10,096 N = 10,115 

Death by cause 

 n/N (%) n/N (%) RR (95% CI) P value 

Any cause of death 1463/10060 (14.5) 1613/10067 (16.0) 0.91 (0.85, 0.97) 0.0035 

Death due to bleeding 489/10060 (4.9) 574/10067 (5.7) 0.85 (0.76, 0.96) 0.0077 

Death due to bleeding on day of 
randomisation 

282/10060 (2.8) 355/10067 (3.5) 0.80 (0.68, 0.93) 0.0036 

Death due to vascular 
occlusionb 

33/10060 (0.3) 48/10067 (0.5) 0.69 (0.44, 1.07) 0.096 

Death due to MI 7/10060 (0.07) 22/10067 (0.22) NR NR 

Death due to stroke 8/10060 (0.08) 5/10067 (0.05) NR NR 

Death due to PE 18/10060 (0.18) 21/10067 (0.21) NR NR 
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Death due to multiorgan failure 209/10060 (2.1) 233/10067 (2.3) 0.90 (0.75, 1.08) 0.25 

Death due to head injury 603/10060 (6.0) 621/10067 (6.2) 0.97 (0.87, 1.08) 0.60 

Death due to other causes 129/10060 (1.3) 137/10067 (1.4) 0.94 (0.74, 1.20) 0.63 

Vascular occlusive events 

 n/N (%) n/N (%) RR (95% CI) P value 

Any vascular occlusive event 
(fatal or non-fatal)c 

168/10060 (1.7) 201/10067 (2.0) 0.84 (0.68, 1.02) 0.084 

≥1 MI 35/10060 (0.3) 55/10067 (0.5) 0.64 (0.42, 0.97) 0.035 

≥1 Stroke 57/10060 (0.6) 66/10067 (0.7) 0.86 (0.61, 1.23) 0.42 

≥1 PE 72/10060 (0.7) 71/10067 (0.7) 1.01 (0.73, 1.41) 0.93  

≥1 DVT 40/10060 (0.4) 41/10067 (0.4) 0.98 (0.63, 1.51) 0.91 

Need for surgery and transfusion 

 n/N (%) n/N (%) RR (95% CI) P value 

Any surgery 4814/10060 (47.9) 4836/10067 (48.0) 1.00 (0.97, 1.03) 0.79 

Neurosurgery 1040/10060 (10.3) 1059/10067 (10.5) 0.98 (0.91, 1.07) 0.67 

Chest surgery 1518/10060 (15.1) 1525/10067 (15.1) 1.00 (0.93, 1.06) 0.91 

Abdominal surgery 2487/10060 (24.7) 2555/10067 (25.4) 0.97 (0.93, 1.02) 0.28 

Pelvic surgery 683/10060 (6.8) 648/10067 (6.4) 1.05 (0.95, 1.17) 0.31 

Blood product transfused 5067/10060 (50.4) 5160/10067 (51.3) 0.98 (0.96, 1.01) 0.21 

 Median (IQR) Median (IQR) - P value 

Units of blood product 
transfusedd 

3 (2-6) 3 (2-6) - 0.59e 

 Mean (SD) Mean (SD) - P value 

Units of blood product 
transfused 

6.06 (9.98) 6.29 (10.31) NR NR 

Other outcomes 

 n/N (%) n/N (%) RR (95% CI) P value 

Receipt of rFVIIa 13/10060 (12.9) 4/10067 (0.04) NR NR 

GI bleeding (as a complication) 132/10060 (1.3) 132/10067 (1.3) NR 0.99 

AEs (serious, unexpected, or 
suspected to be related to study 
treatment)  

0 0 - - 

Dependencyf 

 n/N (%) n/N (%) RR (95% CI) P value 

No symptoms 1483/10060 (14.7) 1334/10067 (13.3) 1.11 (1.04, 1.19) 0.0023 

Minor symptoms 3054/10060 (30.4) 3061/10067 (30.4) 1.00 (0.96, 1.04) 0.94 

Some restriction in lifestyle but 
independent 

2016/10060 (20.0) 2069/10067 (20.6) 0.97 (0.92, 1.03) 0.36 

Dependent but not requiring 
constant attention 

1294/10060 (12.9) 1273/10067 (12.6) 1.02 (0.95, 1.09) 0.63 

Fully dependent requiring 
attention day and night 

696/10060 (6.9) 676/10067 (6.7) 1.03 (0.93, 1.14) 0.57 

Alive (disability status not 
known) 

54/10060 (0.5) 41/10067 (0.4) NR NR 

Dead 1463/10060 (14.5) 1613/10067 (16.0) 0.91 (0.85,0.97) 0.0035 

Dead or dependent 3453/10060 (34.3) 3562/10067 (35.4) 0.97 (0.93, 1.00) 0.12 

In hospital at 28 days 958/10060 (9.5) 888/10067 (8.8) NR NR 
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Clinical importance Clinical relevance 

Death (by cause) Any cause 

2: The point estimate of effect is clinically 
important BUT the confidence interval 
includes clinically unimportant effects 
(p=0.0035) 

Death due to bleeding 

2: The point estimate of effect is clinically 
important BUT the confidence interval 
includes clinically unimportant effects 
(p=0.0077) 

Death due to vascular occlusion 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.096) 

Death due to multiorgan failure 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.25) 

Death due to head injury 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.60) 

Death due to other causes 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.63) 

1: Patient-relevant clinical outcome. 

Vascular occlusive events Any vascular occlusive event (fatal or non-
fatal) 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.084) 

1: Patient-relevant clinical outcome. 

Need for surgery Any surgery 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.79) 

1: Patient-relevant clinical outcome. 

Need for transfusion Blood product transfused 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.21) 

Units of blood product transfused 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.59) 

1: Patient-relevant clinical outcome. 

rFVIIa Receipt of rFVIIa  

Unclear. No formal statistical comparison 
made.  

2: Surrogate outcome predictive of patient-
relevant outcomes 

Bleeding Gastrointestinal (as a complication) 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.99) 

1: Patient-relevant clinical outcome. 

AEs  Serious, unexpected, or suspected to be 
related to study treatment  

No events in either group 

1: Patient-relevant clinical outcome. 
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Dependency No symptoms  

2: The point estimate of effect is clinically 
important BUT the confidence interval 
includes clinically unimportant effects 
(p=0.0023) 

Dead or dependent 

4: Range of estimates includes clinically 
important point estimate but also 
compatible with no effect (p=0.12) 

1: Patient-relevant clinical outcome. 

External validity 

Generalisability 

The large number of patients studied in a range of different health-care settings helps the results to be generalisable to the 
patient population studied.  

 However, the patient population in the CRASH-2 trial is not consistent with the patient population in the Critical 
bleeding/massive transfusion module (ie, patients with critical bleeding requiring massive transfusion). This study would not 
strictly have fulfilled eligibility criteria for inclusion in this module. 

Applicability 

Study conducted in 274 hospitals in 40 countries. There were 17 subjects randomised at 3 sites in Australia. 

Comments 

The authors noted that although they found no increased risk of non-fatal vascular occlusive events with tranexamic acid, the 
precision of the estimates was low and they cannot exclude the possibility of some increase in risk. High specificity in the 
diagnosis of non-fatal vascular occlusive events was sought by stipulation that occlusive events should only be recorded 
when there was clear clinical evidence. As a result, the frequency of these events may be under-reported.  

The authors did not find any substantial reduction in the receipt of a blood transfusion or the amount of blood transfused. 
They acknowledge that this finding could be an indication of the difficulty of accurate estimation of blood loss in trauma 
patients when assessing the need for blood transfusion, or that decisions about transfusion are made soon after admission 
whereas tranexamic acid was infused in the study over 8 hr after the loading dose. Furthermore, fewer deaths occurred in 
patients allocated to tranexamic acid than to placebo, and the patients who survived as a result of tranexamic acid 
administration would have had a greater opportunity to receive a blood transfusion. 

 

A5.2 Quality assessment 

Table A5.2 Quality assessment 

Citation CRASH-2 trial (2010) Lancet 376:23–32. 56 

 A. Was the allocation to treatment groups concealed from those responsible for recruiting subjects? 

 B. Was the study double-blinded? 

 C. Were patient characteristics and demographics similar between treatment arms at baseline? 

 D. Were all randomised patients included in the analysis? 

 E. Were the statistical methods appropriate? 

 F. Were any subgroup analyses carried out? 

Comments Concealed allocation; double-blind; large, multicentre trial. Although the analyses did not include all 
randomised patients, only a small number of patients were lost to follow-up and excluded from the 
analysis (0.4% in the tranexamic acid arm and 0.5% in the placebo arm).      

Overall 
assessment 

Good quality 
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A5.3 Practice point 

PP11 In trauma patients with, or at risk of, significant haemorrhage, tranexamic acid 
(loading dose 1 g over 10 minutes, followed by infusion of 1 g over 8 hours) should 
be considered. 
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