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For the comparison of RBC transfusion with no transfusion or with a different RBC dose, 1 systematic 
review10 and 24 observational (Level III) studies were identified.11-34 

Overall, the effect of RBC transfusion on mortality in critically ill patients remains uncertain. A systematic 
review10 identified four studies that all showed RBC transfusion to be associated with an increase 
in mortality.15,17,23,31 Since that review, an additional six studies have been identified, and the results 
are mixed. One study demonstrated an increased risk of mortality when adjusting for admission 
characteristics only; however, this association was lost when additional variables reflecting the extent 
of organ dysfunction were included in the analysis.27 The three studies that observed an association 
between RBC transfusion and mortality did not adjust for all of these variables.26,28,34 The remaining 
two studies showed that RBC transfusion was associated with decreased mortality.18,32 These studies 
included adjustment for organ failure and acute physiology and chronic health evaluation (APACHE) II 
score, plus various other organ dysfunction variables. 

The effect of RBC transfusion on organ failure is also uncertain. The literature search identified only 
one prospective cohort study (Level III-2) reporting the effect of RBC transfusion on organ failure or 
dysfunction.13 This study demonstrated that RBC transfusion was associated with an increased risk of 
organ failure; however, it was a single-centre study with at least a moderate level of bias. 

There is evidence to suggest that RBC transfusion may be associated with a range of 
transfusion-related adverse events. The transfusion-related adverse events reported in the eligible 
studies included pneumonia, infection and acute respiratory distress syndrome (ARDS) or acute 
lung injury (ALI). One prospective cohort study (Level III-2) demonstrated that RBC transfusion was 
significantly associated with an increased risk of ventilator-associated pneumonia and late-onset 
ventilator-associated pneumonia.29 One systematic review10 and six cohort studies11,12,14,16,25,26 found 
a significant association between infection and RBC transfusion, with four studies demonstrating a 
dose-dependent relationship.11,12,16,25 A pooled analysis10 and two observational studies19,33 reported 
an increased risk of ARDS or ALI following RBC transfusion. One small, single-centre study21 did 
not demonstrate an increased risk; however, this study may have been underpowered to detect a 
significant association. 

For the comparison of restrictive versus liberal transfusion strategies, the evidence was drawn from 
five publications derived from two RCTs (Level II).35-39

Neither RCT demonstrated a statistically significant difference in mortality between restrictive and 
liberal transfusion at any of the follow-up time periods; however, the larger Transfusion Requirements in 
Critical Care (TRICC) trial reported a reduction in favour of restrictive transfusion for in-hospital mortality 
(22.2% vs 28.1%; risk difference [RD] 5.8%; 95% confidence interval [CI] –11.7%, 0.3%).35





RECOMMENDATION 

R2 ESAs should not be routinely used in critically ill anaemic patients.d

ESA, erythropoiesis-stimulating agent; R, recommendation

For ESAs, the evidence was obtained from two systematic reviews (Level I)40,41 and two RCTs (Level II)42,43 
that were published subsequently. Further evidence was obtained from a publication44 that provided 
a subgroup analysis of the trauma patients from the two largest RCTs45,46 included in the review by 
Zarychanski et al (2007)41 assessing ESAs in critically ill patients. This meta-analysis demonstrated no 
survival benefit (odds ratio [OR] 0.86; 95% CI 0.71, 1.05) in critically ill patients.41 Neither of the subsequent 
RCTs was able to demonstrate an improvement in mortality. The subgroup analysis by Napolitano et al 
(2008) found that, in trauma patients specifically, mortality was lower in patients treated with ESAs 
compared with no ESA treatment (three trials; 4% vs 8%; relative risk [RR] 0.51; 95% CI 0.33, 0.80).44

Zarychanski et al (2007) also evaluated the effect of ESAs on transfusion requirement in critically ill 
patients.41 The review found no significant difference in RBC transfusion incidence when restrictive 
(Hb ≤80 g/L) transfusion practice was used (three trials; 44% vs 50%; RR 0.68; 95% CI 0.43, 1.07); although 
there was significant heterogeneity due to differences in setting and treatment.41 In studies with less 
restrictive (Hb >80 g/L) transfusion practices; however, ESAs significantly reduced RBC transfusion 
incidence compared with the control (three trials; 50% vs 60%; RR 0.83; 95% CI 0.76, 0.91).41

The two studies published after Zarychanski et al (2007)41







The literature search identified one poor-quality retrospective cohort study (Level II) in 2438 critically ill, 
non-trauma, surgical patients.52 This study found that FFP transfusion was significantly associated with 
the incidence of infectious complications. Two retrospective cohort studies (Level II) assessed the effects 
of FFP transfusion in critically ill elderly patients.21,53 The first study, which was in 115 coagulopathic 
medical ICU patients, found no increase in mortality but a greater incidence of ALI.53 The second study, 
which was in 298 post-surgical ICU patients, found that FFP transfusion was associated with increased 
incidence of ALI or ARDS.21

While interpreting the above data, several limitations need to be considered, including whether the 
studies adjusted adequately for risk factors, whether the studies were appropriately powered, and 
whether the results were applicable to Australian trauma patients and standard of care. 

3.3.2 Fibrinogen concentrate and cryoprecipitate
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ES3.6 In patients with trauma, the effect of 

cryoprecipitate on mortality is uncertain.
X NA NA

ES3.7 In patients with trauma, the effect of 

cryoprecipitate on transfusion-related serious 

adverse events is uncertain.











RECOMMENDATIONS 

R3 In acutely bleeding critically ill trauma patients, TXA should be administered within 

3 hours of injury.

R4 In critically ill patients with upper GI bleeding, consider the use of TXA.

PRACTICE POINTS 

PP14 TXA should be given as early as possible, preferably within 3 hours of injury. The late 

administration of TXA is less effective and may be harmful.

PP15 The suggested dose of TXA administered is a 1 g bolus followed by a 1 g infusion over 

8 hours. This is the dose administered in the large multicentre RCT CRASH-2. 

CRASH, Clinical Randomisation of an Antifibrinolytic in Significant Haemorrhage; GI, gastrointestinal; PP, practice point; 

R, recommendation; RCT, randomised controlled trial; TXA, tranexamic acid 

Tissue plasminogen activator is a major enzyme responsible for conversion of plasminogen into active 
plasmin, which in turn is responsible for fibrinolysis or the breakdown of thrombus. Tranexamic acid (TXA) 
is an antifibrinolytic that inhibits both plasminogen activation and plasmin activity, thereby preventing 
thrombus lysis. 

At the time this Module was submitted to NHMRC, intravenous TXA was registered by the TGA and listed 
on the PBS in: 

• adults (for the reduction of peri and post-operative blood loss and the need for blood transfusion in 
patients undergoing cardiac surgery or total knee arthroplasty or total hip arthroplasty) and 

• children (for the reduction of peri and post-operative blood loss and the need for blood transfusion in 
patients undergoing cardiac surgery).

The systematic review evaluated the effect of TXA infusion in both trauma and non-trauma populations. 
The potential benefit of TXA infusion on mortality, transfusion incidence and volume was determined. 
A recent systematic review,63 which included a large RCT with more than 20,000 patients,64 has provided 
the evidence for those recommendations pertaining to trauma patients.

In the acutely bleeding trauma patient, the infusion of 1 g of TXA over 10 minutes, followed by a 
subsequent 1 g infusion over 8 hours (if commenced within 3 hours of injury) has been associated with 
a statistically significant reduction in mortality.63,64 However, this strategy did not have an effect on 
RBC allogeneic transfusion incidence or volume.63 This work has also provided the evidence that the 
use of TXA in trauma is safe and does not result in an increase in either venous or arterial thrombotic 
complications. Therefore, it is reasonable to recommend that in the acutely bleeding trauma patient TXA 
should be should be administered, and within 3 hours of injury.

The evidence for the use of TXA in upper gastrointestinal (GI) bleeding is less convincing. A systematic 
review of seven RCTs suggests that TXA may reduce the risk of mortality, but it does not appear to affect 
the incidence of allogeneic red blood cell transfusion.65 The risk of thromboembolic events in this setting 
remains uncertain. Therefore, it is reasonable for the clinician caring for the critically ill patient with an 
upper GI haemorrhage to consider the use of TXA. The dosing, safety and efficacy of TXA administration in 
GI bleeding needs to be established through well-designed RCTs. 
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The results of the evaluation will be used to inform future review of the guidelines. Economic issues were 
considered when formulating the evidence-based recommendations. The recommendations have the 
potential to reduce product associated expenditure and the burden on health services through reduced 
complications and reduced length of stay.  All recommendations within this Module constrain the use of 
expensive products (such as blood and blood products and erythropoietin stimulating agents). 

Patient blood management however, requires effective coordination of care. The cost of introducing 
a coordinated patient blood management approach is anticipated to be offset by savings in reduced 
product consumption. The NBA, together with the Jurisdictional Blood Committee (JBC) and key 













http://www.nhmrc.gov.au/guidelines/publications/cp133-and-cp133a






A4 Conflict of interest

All members of the Steering Committee, CRG, EWG and systematic review team declared any interests 
before starting work on the guidelines. Interests were also reviewed at intervals, and were required to be 
declared at the start of each meeting. The NBA keeps a register of all declared interests. If an interest is 
declared, the CRG decides by consensus whether it affects the proceedings. If the interest is considered 
to be competing or in conflict, the Chair can prevent the member from participating in discussions and 
decisions pertaining to the declared interest. 

Three members declared interests during the guideline development process: 

• Mr Shannon Farmer declared the following patient advocacy roles: the Society for the Advancement 
of Blood Management, the Medical Society for Blood Management and the Network for 
Advancement of Transfusion Alternatives. Mr Farmer also declared travel grants and honoraria 
from Johnson & Johnson ETHICON Biosurgery for lectures at Cardiothoracic Surgery PBM 
Workshop Singapore in 2011, Annual Australian Training Meeting Melbourne 2011, Pan European 
Anaesthesia Summit on Patient Blood Management Barcelona Spain 2010, Asia Pacific Patient 
Blood Management Surgical Workshop, Tokyo, Japan 2010, Global Webcast on Surgical Patient 
Blood Management, Somerville New Jersey USA 2010. He also received a travel grant and lecture 
honorarium from the Queensland Department of Health for a lecture on patient advocacy at the 
Transfusion Forum Brisbane Queensland 2011. He also received a lecture travel grant from the 
Haematology Society of Australia and New Zealand South Australia Branch Annual Blood Club 
Meeting, Victor Harbour, South Australia, 2010. A lecture travel grant and honorarium from Medtel 
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D1 Development process

A review by the NBA of the 2001 Clinical Practice Guidelines on the Use of Blood Components1 led 
to a decision by the NHMRC, ANZSBT and NBA to develop a series of six guidelines on patient blood 
management, of which this document is the fourth. The guidelines development process was initiated by 
a Steering Committee chaired by the NBA. In 2008, an EWG was formed to oversee development of the 
series of guidelines.

A CRG, with membership including a patient blood management advocate and representation from 
relevant colleges and societies, was established to develop this critical care module, with assistance from 
systematic reviewers and a technical writer, and advice and mentoring from an independent systematic 
review expert. Further details of the governance framework are provided in Section 1.2 and Appendix A.

D2 Research phase

Relevant clinical research questions were developed, prioritised, combined and refined by the EWG and 
the CRG for this guideline, and further refined through consultation among the systematic reviewer, CRG, 
NBA and independent systematic review expert. 

D3 Methodology

Methods are outlined in Chapter 2, with greater detail given in the technical reports. Briefly, the 
clinical research questions for systematic review were structured according to three criteria: PICO 
(‘population, intervention, comparator and outcome’) for intervention questions, PPO (‘population, 
predictor and outcome’) for prognostic questions, or PRO (‘population, risk factor and outcome’) for 
aetiology questions. Three main strategies were used to identify potentially relevant literature: electronic 
database searching, manual searching and use of literature recommended by expert members of the 
CRG. The primary databases searched were EMBASE, Medline, the Cochrane Library Database and 
PreMedline. Additional searches were conducted of the Cumulative Index to Nursing and Allied Health 
Literature and Australasian Medical Index. The electronic searches included articles published between 
1966 and July 2010 (Question 1), September 2010 (Questions 2 and 3) and March 2011 (Question 4). 
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