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INTRODUCTION

Recent decades have seen increasing awareness of the risks of transfusion, along with recognition of the 
need for a sustainable approach to managing finite blood products.1,2 These concepts, combined with an 
increasing body of work addressing strategies that optimise and conserve patients’ own blood, have led to 
the emergence of the patient blood management (PBM) paradigm.3 The concept of PBM is to support the 
health of an individual’s blood and the physiological integration and impact on all other body systems which, 
as a corollary, often reduces the risk of requiring allogeneic blood transfusion.4,5 Specifically, this paradigm 
seeks to decrease avoidable blood loss and support prompt cessation of bleeding with the aim to reduce 
transfusion-related morbidity and mortality.6,7 

The World Health Organization has mandated the evidence-based, ethical, and economic argument to 
implement PBM globally; a sentiment that has been echoed by our Australian National Blood Authority 
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(NBA).8,9 The mandate to improve blood health and apply PBM strategies will become more important over 
time as the balance of demand and supply for blood products shifts.8,9 Adding to the change in the supply/
demand balance is a population that is living longer, where more complex surgeries are being offered to 
older patients with increased comorbidities and an increased likelihood of requiring perioperative blood 
transfusion.10-14 Furthermore, emerging evidence about the carbon footprint of transfusion-related products 
supports the need to improve the sustainability of healthcare practices.15 Perioperative clinicians are well-
placed to have an impact on blood product demand through goal-directed bleeding management (GDBM).

GDBM is an important and effective strategy to address PBM.6 Appropriate management of perioperative 
blood loss, bleeding and acquired coagulopathy improves patient outcomes.6,16 A “one size fits all” approach 
to critical bleeding management may lead to unnecessary morbidity and mortality. For example, only a 
quarter of patients with massive bleeding in severe trauma or obstetric haemorrhage experience significant 
coagulopathy.6 Viscoelastic haemostatic assays (VHAs) as part of the PBM paradigm support the rapid 
identification of patients with coagulopathy at the point of care.6 Moving away from ratio-based product 
transfusion to targeted individualised treatment during critical bleeding rationalises blood product use 
which, as a sequela, reduces the risk of transfusion-related morbidity and mortality. This is important as 
short-term risks of transfusion include product-related risks, volume-related risks and iatrogenic injury.

VHAs provide clinicians with an evidence-based tool to better approach GDBM in critical care and 
perioperative settings. The assays provide real-time diagnostic data on the presence or absence of 
coagulopathy, the likely causes, as well as the effectiveness of interventions. By empowering clinicians to 
use evidence-based methods to guide bleeding management and transfusion, anaesthetists can improve 
patient outcomes and support a more sustainable health system.17 Despite the known benefits of PBM and 
particularly the use of VHAs, the greatest challenge is the translation from evidence-based research to 
clinical anaesthetic practice.18

While managing intraoperative bleeding is complex, there is a growing body of evidence and numerous 
guidelines providing clarity for anaesthetists on VHAs and treatment.19-26 Timely and effective treatment 
requires a critical care physician to lead multidisciplinary collaboratives.27,28 These episodes can occur 
with varying degrees of complexity and urgency. Given the potential for poor to catastrophic outcomes, 
therapeutic inertia is not an option.

The challenges of implementing change initiatives vary widely, as unique cohorts and contexts require 
specific implementation activities to achieve success. This article aims to assist local implementation 
initiatives of GDBM with VHAs by defining clear, translatable strategies. We have included clinical examples 
where relevant but have chosen not to name any specific site. All examples are from Australia.

EVIDENCE FOR VHA TESTING IN GDBM

In 2023, the Australian NBA recommended that all hospitals establish a major haemorrhage protocol to 
manage critical bleeding effectively, shifting away from a massive transfusion protocol, highlighting the 
importance of individualised response to the type of bleeding and identifying specific haemostatic defects.9 
This name change emphasises the evolution away from transfusing large volumes of blood products, 
towards early intervention with goal-directed therapies to reduce reliance on transfusion. VHA-guided 
GDBM is an effective strategy to address blind large volume transfusion and to avoid complications and 
poorer outcomes associated with the additive negative effect of bleeding and transfusion.6 Together, 
transfusion associated circulatory overload (TACO), transfusion-related acute lung injury (TRALI), and 
the immune-modulating effects of transfusion account for more than two-thirds of transfusion-related 
mortality, with the main culprits being plasma-rich products.6,29 In non-cardiac and cardiac surgery, there 
is considerable variation in intraoperative blood transfusion practice, both among clinicians and across 
healthcare organisations. These differences cannot be explained by patient preference, patient cohort, or 
disease severity.30 Intraoperative red blood cell transfusion in coronary surgery is associated with increased 
mortality.31 A growing number of randomised controlled trials show reduced morbidity and mortality with 
GDBM, particularly in cardiothoracic surgery where transfusion is common (Figure 1). Ensuring that patients 
only receive necessary blood product transfusion minimises these risks.

Figure 1. Effect of VHA on mortality in severe trauma and cardiovascular/lung transplant/ECMO surgery – 
meta-analysis 

A. Trauma

B. Cardiac
Randomised controlled trials across trauma (Figure 1a) and cardiac surgery (Figure 1b) demonstrating the 
reduction in mortality risk ratios when GDBM with VHA is applied. Information sourced from Görlinger et al. 
(2024),32 Görlinger et al. (2024),33 Görlinger et al. (2025)34
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Clinicians who have access to VHAs as part of their practice describe working without this guidance as 
“managing a major haemorrhage with a blindfold” (personal communication from a senior anaesthetist, 7 
March 2018). Taking the blindfold off allows the perioperative clinician to identify which deficit(s) may be 
contributing to coagulopathic bleeding, such as residual heparin, hypofibrinogenemia, platelet dysfunction, 
decreased contribution of extrinsic or intrinsic coagulation factors, or hyperfibrinolysis. 

Using algorithmic tools with VHAs provides a decision support matrix (Figure 3). The first question to be 
answered is: Does the patient have clinically significant bleeding? If yes, the next step is to identify early 
hyperfibrinolysis (EXTEM A5/CRT A10) and fibrinogen (FIBTEM A5/CFF A10). Once this has been corrected, 
the next step is to consider and correct platelet (EXTEM A5/CRT A10) contribution to clot quality, and 
finally, coagulation factor deficits. Addressing fibrinogen early in a decision support matrix is supported 
by a 2024 study which concluded fibrinogen replacement can reduce the EXTEM CT independent of 
coagulation factor repletion (fresh frozen plasma (FFP) and/or prothrombin complex concentrate (PCC)).35 
This vertical algorithm uses a sequential approach and requires the clinician to check the treatment effect 
before considering additional blood product transfusion where appropriate. The stepwise strategy of factor 
correction can significantly reduce patient exposure to unnecessary blood products, namely FFP and PCC, 
and may reduce thrombotic risk and optimise resource utilisation.35,36,37

Fibrinogen can be replaced with either fibrinogen concentrate (FC) or cryoprecipitate. In Australia, 
cryoprecipitate is commonly used as a first-line agent for fibrinogen replacement and importantly it 
contains additional factors other than fibrinogen, such as Factor VIII, Factor XIII, von Willebrand factor and 
fibronectin. However, off-label prescription of FC is increasing in Australia due to its ease of use. This is 
especially where fibrinogen levels are subtherapeutic and associated with bleeding, where the delay awaiting 
cryoprecipitate is considered unsafe. It is essential to understand the key role of fibrinogen in critical 
bleeding, as it is the most abundant coagulation factor and the first to fall during a major haemorrhage. 
Additionally, addressing fibrinolysis early in a decision support bleeding management algorithm enables 
effective fibrinogen replacement.

The potential cost benefits for local health systems that implement PBM as their standard of care have 
been demonstrated. A Western Australian study of four hospitals showed $18.5 million in savings on blood 
product acquisition and an additional $80-100 million in activity-based cost savings over a five-year 
period.38 Additionally, a Queensland hospital implemented a tailored bleeding management protocol based 
on VHA testing, which resulted in a decrease in the acquisition cost of blood products by more than  
$1 million in 15 months, alongside reductions in reoperations for bleeding, superficial chest and leg wound 
infections, as well as a 12 per cent reduction in postoperative length of stay.39 These results are supported 
by a more recent prospective cohort study that demonstrated bleeding patients had 1.76 (CI, 1.64–1.90) 
times higher costs associated with their cardiac surgery than those without a bleeding event.39,40 

A recent life-cycle analysis from Great Britain addressing transfusion-related environmental impact 
found that the majority of total CO2 emissions from packed red blood cell transfusions were related to 
transportation costs.15 Given the significant geographical challenges in Australia and New Zealand, these 
emissions costs are anticipated to be amplified.15 Moving towards net-zero and more sustainable healthcare 
models, GDBM offers a key point-of-care strategy for clinicians to reduce healthcare-related emissions. 

GUIDELINES SUPPORTING GOAL-DIRECTED BLEEDING MANAGEMENT 

There are numerous clinical practice guidelines (CPGs) available for critical care clinicians to help support 
decision-making around appropriate therapies and strategies to manage bleeding (Table 1). In 2021, the 
Society of Thoracic Surgeons (STS), Society of Cardiovascular Anaesthesiologists (SCA), American Society 
of ExtraCorporeal Technology (AmSECT) and Society for the Advancement of Patient Blood Management 
(SABM) came together to recommend that, “Goal-directed transfusion algorithms that incorporate point-
of-care testing, such as with [VHAs], are recommended to reduce peri-procedural bleeding and transfusion 
in cardiac surgical patients (class I, level B-R)”.24 In 2023, the European Society of Anaesthesiology and 
Intensive Care recommended “the use of intervention algorithms incorporating predefined triggers and 
targets based on coagulation monitoring to guide individualised haemostatic intervention in the case 
of perioperative bleeding”.41 That year, the European Society of Cardiologists also recommended the 

use of “point-of-care diagnostics for guidance of blood component therapy, when available” as a class 
I recommendation.23 In 2019, guidance for obstetric management was published in a global consensus 
statement by the Network for the Advancement of Patient Blood Management, Haemostasis and 
Thrombosis (NATA), which recommended the use of “viscoelastic haemostatic tests to guide appropriate, 
goal-directed use of haemostatic blood components and pro-haemostatic agents (1B)”.42 

These and other recommendations are highlighted in Table 1. 

Table 1. Recent GDBM guidelines

Year Guideline

2025 AAGBI Association of Anaesthetists guidelines: The use of blood components and their 
alternatives.19

2025 Cardiac surgical bleeding, transfusion, and quality metrics: Joint consensus statement by the 
Enhanced Recovery After Surgery Cardiac Society and Society for the Advancement of Patient 
Blood Management.43

2024 EACTS/EACTA/EBCP Guidelines on cardiopulmonary bypass in adult cardiac surgery.21

(Incorporates bleeding management strategies.)

2024 Patient blood management guideline for adults with critical bleeding. Medical Journal of Australia 
(MJA).44

2023 The European guideline on management of major bleeding and coagulopathy following trauma: 
sixth edition.45

2022 Management of severe perioperative bleeding: Guidelines from the European Society of 
Anaesthesiology and Intensive Care. Second update 2022.22

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-
cardiac surgery: Developed by the task force for cardiovascular assessment and management of 
patients undergoing non-cardiac surgery of the European Society of Cardiology (ESC). Endorsed 
by the European Society of Anaesthesiology and Intensive Care (ESAIC).23 

2022 International Federation of Gynaecology and Obstetrics (FIGO) recommendations on the 
management of postpartum haemorrhage.46

2021 STS/SCA/AmSECT/SABM: Update to the clinical practice guidelines on patient blood 
management.24

2020 Guidelines for the management of adult acute and acute-on-chronic liver failure in the ICU: 
cardiovascular, endocrine, haematologic, pulmonary, and renal considerations.47

2019 Patient blood management in obstetrics: prevention and treatment of postpartum haemorrhage. 
A NATA consensus statement.42

2018 The use of viscoelastic haemostatic assays in the management of major bleeding: A British 
Society for Haematology guideline.48

Journals:

European Association for Cardio-Thoracic Surgery (EACTS), European Association of Cardiothoracic 
Anaesthesiology (EACTA), European Board of Cardiovascular Perfusion (EBCP), National Health Service 
(NHS), European Society of Anaesthesiology (ESA), Medical Journal of Australia (MJA).
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TRANSLATING GUIDELINES INTO CLINICAL SUCCESS

While guidelines provide a useful foundation to support clinician decision-making, the process of changing 
practices and attitudes towards GDBM is complex and must be delivered with both empathy and rigorous 
logic.27,49-51 Senior clinicians must first “unlearn” strategies they were taught as students. During the period 
of change they may temporarily experience a feeling loss of competence, clarity and control. Transition 
through this process can be facilitated by the solutions we propose here. 

These include learning VHAs as a single concept, independent of the testing platform, and recognising and 
understanding the key role of correcting fibrinogen deficits early. By combining the two common VHAs 
(thromboelastography (TEG) and rotational thromboelastometry (ROTEM)) into a single learning concept, 
clinicians can feel confident using both VHA technologies across different units. Uptake of VHA-guided 
GDBM requires recognition that the two distinct viscoelastic haemostatic measuring instruments (ROTEM 
and TEG) are common across Australian sites. Some hospitals currently have both technologies in different 
subspecialties – for example, obstetric departments may favour technology with highly accurate dual 
inhibited fibrinogen assessment, while cardiac departments may prioritise assessment of platelet function. 
Therefore, VHA must be taught as an all-encompassing subject. 

We propose a shift in the way VHA-guided GDBM is taught, and how algorithm graphics are depicted and 
used. This new paradigm requires: 

1.	 Teaching knowledge and skills around VHA interpretation as a “general concept”.

2.	 Applying an understanding of the “general concept” of VHAs to appreciate the strengths and 
weaknesses of each test.

3.	 Understanding the key role of addressing fibrinogen deficiency early.36

The structure of the algorithm is very important to simplify bleeding management into a stepwise approach 
following a physiologic process.35,53 These algorithms are devised for clinical use and as teaching tools to 
support ease of comprehension and simulation training. They are also being developed into tools, such as 
mobile applications (for example, the TEGRotem app). 

Figure 2. General surgical and obstetric ROTEM and TEG goal-directed bleeding management algorithm – 
product details simplified 
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Figure 3. Cardiac and vascular ROTEM and TEG goal-directed bleeding management algorithm – product 
details simplified 
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These tools form an important strategy to support clinician decision-making, as managing intraoperative 
bleeding is technically and contextually complex.30 However, there is a significant body of evidence 
and numerous guidelines providing clarity for critical care physicians on diagnostic assays and 
treatment.16,19,25,43,45,53 

GDBM during major haemorrhage requires critical care physicians to make timely, effective treatment 
decisions and to lead a multidisciplinary collaborative effort.27,28,54-57 These episodes can occur with varying 
degrees of complexity and urgency at one or many timepoints during the critical bleed. However, critical 
care physicians may either lack confidence in their skills to lead multidisciplinary teams, or not be aware of 
the latest evidence-based recommendations. They may not have access to the most appropriate diagnostic 
assays, have the knowledge or skills to interpret assays, or have access to the most appropriate blood 
products.27,58-60

By considering hurdles clinicians face in the implementation of evidence in GDBM and VHA, strategies to 
overcome these barriers emerge. 

THE SCIENCE OF CHANGE MANAGEMENT 

Variable compliance with evidence-based recommendations and guidelines is of great concern to the clinical 
community.51 Implementation science is focused on the promotion of methods to recognise, understand, 
and develop processes that can support practice improvement, and ultimately patient outcomes.18 The 
abundance of research on the management of bleeding demonstrates the necessity of uncovering new 
evidence and improved treatment strategies.18 Clinicians are, however, less efficient at translating the 
evidence into practice. This continued challenge in efficiently translating knowledge into action can result 
in frustration, ineffective care, or potentially harmful care, along with individual and organisational health 
inequity.61 It is important to recognise that “unassisted” translation of knowledge into practice is not 
efficient, effective, economically viable, or sustainable.61 Implementation strategies or activities to support 
the translation of knowledge into practice are rarely discussed during medical training or in guidelines by 
societies or colleges.

To introduce new practices, a clinician or group of clinicians must:

1.	 Decide if the evidence is compelling and relevant enough to integrate it into their practice.

2.	 Convince peers and administrators that supporting this initiative is worth it as it will improve patient 
outcomes, and that the associated costs can be met.

3.	 Implement activities to make change, with no guarantee that their peers will accept it.62

These are significant challenges and may in fact become overwhelming barriers for clinicians, departments 
and healthcare organisations attempting to implement evidence-based change initiatives.

Analysing behaviour – a moment of self-reflection

Clinical practice is a form of behaviour. Therefore, understanding the influences on existing behaviours, in 
the context in which they occur, is necessary to “change practice”. Clinical practice as a behaviour in the 
perioperative environment is part of a social process with complex relationships, where the dyad relationship 
between surgeon and anaesthetist is of particular importance.57 Clinical practice behaviours can be 
described, categorised, and understood with theories, frameworks, and models.63 Understanding behaviours 
in the relevant context supports the selection of activities or interventions that are likely to be effective in 
each situation, consequently increasing the probability of translating knowledge into practice.57 This is of 
particular importance for perioperative clinicians, where patient cohorts, consultant groups, and healthcare 
contexts are diverse, yet unique, requiring targeted implementation activities to achieve successful practice 
improvements.

Frameworks, models, and theories

Frameworks, models, and theories can be categorised into those that focus on psychological barriers and 
facilitators of change, and those that focus on change itself (Figure 4). These will be explored in more detail 
throughout the article with clinical examples.
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Figure 4. Frameworks

                  

Determinants of behaviour 

The theoretical domains framework (TDF) helps to identify and define cognitive, affective, social, and 
environmental influences on clinicians’ behaviour in relation to implementation of evidence-based 
recommendations. This first step identifies and categorises given barriers and/or facilitators to behaviour.

Determinants of behavioural change 

The capability, opportunity, motivation, behaviour model (COM-B) describes how capability, opportunity, and 
motivation interact to positively, or negatively, influence behaviour. Capability determines the psychological 
and physical capacity to adopt or change a particular behaviour. Opportunity identifies external factors that 
make a behaviour possible. Motivation covers the thought processes that direct changes in behaviour. Both 
capability and opportunity can influence motivation. While motivation determines whether clinicians will or 
won’t adopt a particular behaviour, capability and opportunity determine whether a clinician can or can’t 
adopt it.27,64

Provide planned action to guide change

The knowledge to action (KTA) framework provides planned guidance for implementing change (Table 2).62

Table 2. Knowledge to action framework

Action phases Examples

Correlating evidence to address identified 
clinical concerns

Audit of current practice

Literature reviews

Understanding barriers to and facilitators of 
change implementation

TDF and COM-B, surveys, interviews, working groups

Developing and introducing evidence-based 
strategies and/or technology

VHAs algorithms, quality assurance protocols, live 
streaming of VHA results 

Developing intervention activities to support 
behaviour change and the uptake of evidence 

Education sessions

Simulation training procedures, training packages

Monitoring use of the intervention Number of VHAs performed

Compliance with algorithm, surveys, interviews

Real-time changes with VHA parameters against 
treatment 

Evaluating clinical outcomes Auditing of blood product utilisation, blood loss, length 
of stay (ICU/hospital), leg/chest wound infection,  
reoperation rates for bleeding

Ensuring sustainability of the intervention Development of long-term interest groups within 
departments for continual improvement 

Embedding VHA monitoring as standard agenda items 
within PBM committee meetings

The guidance developed from these models and frameworks, supports clinicians in controlling variables that 
increase the likelihood of positive change. 

FACILITATORS AND BARRIERS TO BLEEDING MANAGEMENT PRACTICE 
IMPROVEMENT 

There is an emerging body of literature addressing adherence to evidence-based bleeding management 
strategies, variability of transfusion practice, and the role of clinician behaviours in the perioperative 
environment.27,28,54-57,59,60 This literature demonstrates clinicians may not always have the capability and 
opportunity to provide evidence-based bleeding management, even when they perceive patients would 
benefit from such interventions.58-60 

Complexity

In critical bleeding scenarios, clinicians can find themselves overwhelmed with multiple competing priorities. 
The cognitive load of calling upon a plethora of existing and emerging evidence can be difficult even among 
experienced clinicians. One solution is the use of contextually relevant algorithms for bleeding management 
with a step-by-step matrix.65

Standardised practice using decision support tools (such as algorithms, guidelines and procedures) 
supports clinicians’ ability to manage bleeding and is an accepted philosophy for the provision of high-
quality, consistent, and safe healthcare delivery. Initially, evidence must be contextualised into tools that 
provide behaviour regulation through standardisation, prompts, reinforcement, and enhancement of 
appropriate routines.27,66-69 Flexibility in decision-making must be woven into standardised tools, as rigid 
application of guidelines is not always appropriate for every patient or context.27,70

Standardised algorithms (see Figures 2 and 3) assist clinicians in focusing on stepwise methods to 
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correcting coagulopathy.22 Such algorithms should be made available at key points of care – for example, in 
emergency and cardiac theatres – as well as online for staff members to easily access in remote settings. 
In one tertiary centre, such algorithms are made accessible via QR codes on staff ID badges to assist in 
emergency scenarios. Translating evidence into contextually relevant decision support tools, guidelines, and 
procedures is time-consuming. The burden of creating these is often left to innovators who possess the 
“capability” and “motivation”, and who extend themselves to create “opportunities”. Standardisation should 
be supported at individual, departmental, organisational, and national levels, with existing algorithms from 
centres running successful GDBM programs shared widely for adoption by clinicians at new sites. 

Strengths and weaknesses of individual VHAs also need to be understood. One weakness is that the TEG 
6 global haemostasis cartridge does not have a pure tissue factor activated test for the extrinsic pathway 
as this test also contains kaolin and it can also be affected by heparin.71 Consequently, due to limitations of 
the available information, clinicians may unnecessarily give PCC products without specific evidence that 
patients are devoid of extrinsic clotting factors – this is not GDBM. Similarly, neither the global haemostasis 
cartridge of TEG 6s nor ROTEM Sigma system gives a comprehensive picture of platelet function. Therefore, 
their use in conjunction with a specific platelet test, such as the TEG platelet ADP test or the Multiplate 
ADP, TRAP and AA (aspirin) test, is useful in the presence of platelet inhibitors. The complexity of these 
tests is substantial; however, understanding VHA holistically is essential if we are to progress GDBM.53,71,72

Human factors can confound even the best clinical trials. Despite the known benefits and demonstrated 
accuracy of results, such as the FIBTEM correlation with Clauss fibrinogen,73 randomised controlled trials 
may be confounded by human factors and other barriers discussed in this article.74

Challenges in teaching cross-disciplinary evidence-based medicine

Clinicians and other healthcare workers across a myriad of disciplines may be involved in major 
haemorrhage situations. While each craft group brings specific skills or expertise to such scenarios, cross-
discipline education ensures these teams work effectively with a shared mental model. Human factors 
in healthcare can have both profoundly advantageous or disastrous influences on teams. Dysfunctional 
relationships and human error causes up to 50 per cent of adverse events in a healthcare context.75-78 
Cross-discipline training programs involving key perioperative clinicians help capture the complexities of 
bleeding management scenarios, supporting multiple disciplines to “speak the same language”.27,79

Long-term change includes early learning at key stages of development as a clinician. By embedding the 
concept of PBM beginning in medical school and then expanding into VHA testing and advanced GDBM in 
specialist training programs, we can capture clinicians at key stages of their learning experience. A shared 
mental model of GDBM (and the role of VHA in achieving this) needs to be multidisciplinary. Figure 5 
highlights key stakeholder groups that need to share this mental model in an Australian context, but is by no 
means exhaustive.

Figure 5. Key group stakeholders 

CICM: College of Intensive Care Medicine, RACS: 
Royal Australasian College of Surgeons, RANZ-
COG: Royal Australian and New Zealand College of 
Obstetricians and Gynaecologists, ACEM: Austral-
asian College for Emergency Medicine, RACP: Royal 
Australasian College of Physicians, ACORN: Austra-
lian College of Perioperative Nurses, ACM: Australian 
College of Midwives, ANZCP: Australian and New 
Zealand College of Perfusionists, ACNP: Australian 
College of Nurse Practitioners, ACCCN: Australian 
College of Critical Care Nurses, MDANZ: Medical 
Deans Australia and New Zealand, CPMC: Council of 
Presidents of Medical Colleges, ANZSBT: Australian 
and New Zealand Society of Blood Transfusion, RCPA: 
Royal College of Pathologists Australia.

By incorporating these concepts into the curriculum of these institutions and colleges, we can help instil 
evidence-based blood management practice in the next generation of clinical leaders. However, the group of 
key stakeholders is large and heterogeneous, which presents challenges in reaching different craft groups. 
This highlights the need for flexible and innovative ways of delivering education tailored to the needs of 
individual groups or practitioners. 

Within anaesthesia itself, a recent study in the United States showed there was a significant gap in 
transfusion medicine knowledge.80 Teaching evidence-based medicine (EBM) is challenging; however, 
including key concepts from pre-clinical stages of student learning can lead to long-term behavioural 
change in students.81-83 Systematic reviews have shown there is a gap between EBM and clinical practice, 
while also highlighting that a variety of teaching strategies are required to embed concepts in developing 
clinicians.81 There is insufficient evidence to support one teaching style over another, but what is known is 
that teaching and assessment of key concepts needs to be interactive and multifaceted to achieve better 
clinical implementation of EBM.81 

Discipline-specific training provides the addition of context to address patterns of coagulopathy that 
are unique to specific cohorts.66,67,69 Multidisciplinary and multidimensional training supports the team, 
develops a common language and shared mental model, and removes dependence on the attributes 
of individuals.66,70,84-86 This layered training exposes clinicians to unpredictable variations of practice, 
miscommunications, and misunderstandings.66,70,85-87

Multidisciplinary clinicians working together are considered to be a “team of experts”.87 Unfortunately, this 
does not necessarily translate to multidisciplinary clinicians being “experts at teams”. Often, there may be 
unacknowledged tension amongst team members with other social motives existing that involve personal 
working relationships (e.g. anaesthetists relying on surgeons for private work), where familiarity can be 
perceived as shared trust but may actually involve dysfunctionality.57

To provide another example, within the cardiac surgical context there is no stable centre of authority; the 
leadership role is determined by the clinical priority at any given time. Different specialties are motivated 
by varied objectives, all of which are valid and appropriate. Drawing all the threads from each team member 
together to make informed decisions cannot be learned from a book or didactic lecture. 

Communication – variability in non-technical skills

Anaesthetists are highly qualified and accomplished clinicians who possess “hard skills”, or technical skills, 
that require significant cognitive intelligence, extensive medical knowledge, and skills learned through 
training and education.88 Considerably less attention and formal training is given to the development of “soft 
skills”, or non-technical skills.57,79,89-91 Soft skills are often inherent, perceptive, and social personal resources 
that support effective communication and collaboration.92 Literature suggests clinicians understand the 
implications of non-technical skills, but not necessarily how to improve them in real-world practice.57,79,89-91

Individuals learn in different ways, but everyone can still learn a variety of skills and concepts through 
various learning styles. Traditional teaching methods, such as didactic teaching, are being increasingly 
superseded by more interactive methods, for example, problem-based learning and simulation-based 
medical education (SBME).81,93,94 However, traditional methods still play a role, especially in teaching basic 
sciences. Evidence shows that reinforcing didactic teaching with a variety of alternate training methods 
leads to better practice of EBM, and both technical and non-technical skills.81,82,94

Through immersive roleplay, SBME provides a transformative method of upskilling clinicians in both 
technical and non-technical management of crises.93 SBME has been shown to increase proficiency in 
the management of time-critical, low-frequency, and high-morbidity conditions. However, SBME can be 
resource- and time-intensive to implement, particularly with increasing levels of fidelity to clinical practice. 
While high-fidelity simulations are ideal, even low-fidelity SBME can improve a learner’s skills and facilitate 
the development of non-technical skills.

Psychosocial barriers and social influences

Change can be daunting, and clinicians looking to implement new practices can face an uphill battle in 
changing departmental culture. Established clinicians must first “unlearn” what they were taught and still 
believe about bleeding management. Clinicians may have reasonable reservations regarding new evidence 
or technologies. Their views should be acknowledged, and robust discussion within departments should be 
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supported as part of any change process. However, some reservations may be based on outdated evidence 
or may not withstand scrutiny. While these reservations can be challenging to address, forming groups 
of interested clinicians can help encourage change. Once a critical mass of clinicians has adopted a new 
approach, improved patient outcomes can become apparent and widespread change becomes possible. 
Clinical sites with experience implementing VHA provide an invaluable resource for other individuals or small 
groups of clinicians. Mentoring as an aide in the implementation of evidence-based practices has been used 
in other disciplines.95 Learned experience, particularly regarding unforeseen and unexpected barriers, can 
help streamline the incorporation of VHA and GDBM at new sites. The authors of this article have mentored 
many new hospitals as they initiate GDBM programs. 

Clinical setting, environment and cost

Governance and resourcing inconsistencies between regional and metropolitan or between public and 
private hospitals may influence the ability to implement VHA as a standard of care. 

Unfortunately, the mere existence of standardised decision support tools and necessary technology 
is not sufficient for change. Clinical environments need to foster ease of access to resources for 
healthcare workers to use in crises. When implementing GDBM protocols, clinicians need to be mindful 
of physical barriers or challenges – for example, the physical distance from the bedside to where VHA 
testing technology is located. The location of equipment is important to consider when introducing 
VHAs, as learned by one Australian hospital where they initially installed the machines in the laboratory, 
geographically distanced from the bedside, before realising this created undue burden. That site has 
recently moved the VHA device to the point of care. However, this may not be a barrier at other sites 
where workflows may allow VHA instruments to reside in the laboratory and be managed by laboratory 
staff. The use of technology, such as livestreaming results of VHA tests to individual theatres or to bedside 
devices, can help address these resourcing issues but requires support from hospital administrators and 
digital technology teams. Additionally, confidentiality around patient information must be considered and 
addressed.

Other aspects of the clinical environment are easier to manage. For example, standardised algorithms 
should be conveniently available to clinicians at points of care, either physically or electronically. As pre-
viously described, training teams using SBME can help ensure clinicians know where and how to access 
decision support tools in a crisis. 

Varied cost models exist and need to be negotiated based on context. In some jurisdictions, the Local Health 
Networks (LHN) may have a VHA service provided by contracts delivered through their pathology providers. 
The cost of VHA in other jurisdictions may be absorbed by the LHN, including the costs to purchase 
machines, consumables and quality assurance programs. Unlike pathology providers, LHNs in most areas 
cannot access financial rebates through the Medicare benefits schedule for VHA testing. Furthermore, 
complicating the financial barrier, direct savings through reduced blood product use may not be from the 
LHN budget. Additionally, a VHA service driven by clinicians places additional workload on doctors, nurses 
and perfusionists at the point of care to manage the device, consumables and quality control programs, all 
with a cost and no direct local financial incentive.

Governance

In Australia, the NBA manages and co-ordinates the supply of blood products and services. The Australian 
Health Commission provides the National Safety and Quality Health Service (NSQHS) standards which 
ensure organisations provide a consistent quality of care – defined in Standard 7 (Blood Management 
Standard).91 The Australian Red Cross Lifeblood is the sole provider of domestic blood and blood products 
within Australia (see Figure 5). Disparate funding systems exist across Australian public and private 
healthcare. Under the National Blood Agreement, blood products are funded 63% by the Commonwealth 
and 37% by the states and territories. Queensland and New South Wales have passed on the 37% cost to 
individual public (but not private) healthcare services, while other states and territories may not pass on the 
cost. In New Zealand, the New Zealand Blood Service is responsible for the governance and performance 
of functions in relation to blood and controlled human substances, and hospital and healthcare services 
are responsible for 100% of the cost of blood products. Passing on the partial or full cost of blood products 
to the hospital and healthcare services will be an additional driver as a financial incentive to implement 
evidenced-based strategies.

Historically, blood product governance and oversight at local levels have been guided by haematologists 
predominantly working within laboratory settings. This structure may present barriers to the implementation 
of VHAs into routine practice, as haematologists may have varied experience and interest in the use of 
VHAs in managing critical bleeding. Concerns from haematologists may stem from loss of oversight of 
the testing modalities used in GDBM as they often reside outside laboratories. Encouragingly, VHA testing 
platforms are increasingly integrated into laboratories with automated streaming to pathology systems, 
enrolment in Royal College of Pathologists of Australasia quality assurance programs, and better oversight 
for batch/lot consumables.

Local governance involves multidisciplinary clinicians with an interest and involvement in both PBM and 
the judicious use of blood and blood products participating in local PBM committee meetings and quality 
initiatives (Figure 6). These committees provide organisation-wide oversight for the implementation of 
quality improvement systems. This includes ensuring best practice procedures for managing patients’ own 
blood, appropriate clinical use of blood products, managing the availability and safety of blood products, 
and minimising wastage. This is achieved through ongoing quality activities to monitor and address outlying 
practice, updating procedures, algorithms, training manuals, documentation of education strategies and 
presentation of audit results. During the implementation of VHA into standard of care, governance should be 
provided by the local PBM committee to ensure practice change is safe, appropriate, efficient, and effective.

Figure 6. Systems map for the critically bleeding patient
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In Australia, NSQHS Standard 7 (Blood Management) requires that facilities provide evidence-based care 
and implement strategies that improve blood management, including haemovigilance to monitor and 
evaluate the safety of blood transfusion and blood product wastage.96 This must be facilitated through 
governance groups, such as PBM committees, which bring together team members from the laboratory, 
specialist haematologists, critical care physicians, and nursing staff to collaborate and address gaps or 
outliers in practice and benchmarking outcomes. This is particularly important in larger facilities that have 
laboratories and blood banks on site. These national standards further stipulate that clinicians should 
determine clinical need for products and minimise the inappropriate use of products, which can be achieved 
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by integrating VHAs. 

Organisational support

There is little uniformity in navigating the delivery of care, both within and between public and private 
systems and organisations.27,50,97 Unfortunately, these systems are growing more complicated, measures 
of success are increasingly vague and often without an apparent relationship to patient outcomes, and 
all within an atmosphere of healthcare crisis. Healthcare organisations need to stay within budget, where 
rationing, rationalising, cost-effectiveness, and “creating efficiencies” are buzzwords. This places clinicians 
in the challenging position of advancing evidence-based practice while simultaneously understanding and 
navigating competing organisational priorities and external agencies to achieve their goal. The practicalities, 
or simply the ability to “find a way”, often appear to be the most difficult; a strong motivation for practice 
improvement can still drive clinicians forward, even when they are limited by a lack of managerial support or 
resources.

A good understanding of site-specific restrictions and considerations is vital for the successful 
implementation of VHA and GDBM protocols. There are likely to be nuances related to how certain blood 
products are accessed across blood banks as well as variations in institutional practices. For example, some 
sites may require haematology specialist approval for certain blood products (i.e. fibrinogen concentrate), 
some products may only be approved for specific indications, and some facilities may not have timely 
access to all blood products. 

In recent years, a regional teaching hospital in Australia attempted to implement VHA and standardised 
algorithms for GDBM. However, the anaesthetist involved had no prior experience in implementing a major 
project and was facing challenges, from organisational through to departmental levels. This was overcome 
through mentorship from a clinician from another metropolitan hospital that had successfully implemented 
the same intervention. The mentor was able to guide the project lead through logistical steps and pre-
emptively identify and address barriers, while the project lead could provide the contextual knowledge and 
on-site expertise of key considerations specific to their facility. Such mentorship is currently ad hoc and 
relies on the mentor’s good will and motivation.

Networks of clinicians who have been successful in implementing improvements are also useful. Sharing 
knowledge of barriers, and helping clinicians feel empowered to approach management and administrators, 
can simplify a process foreign to most healthcare practitioners. With GDBM and VHA, this may involve the 
formation of special interest groups within professional bodies such as ANZCA. These groups would function 
as a support mechanism, formalise mentorship, and provide an avenue to share knowledge and develop 
resources for use by individual sites or clinicians wishing to implement changes at their sites. 

Continuing motivation and improvement

Despite initial enthusiasm, without continued motivation from healthcare providers, implementation of EBM 
can face ongoing barriers. Unless continued improvement in patient outcomes or other key performance 
indices (such as ICU or hospital length of stay) can be demonstrated, clinicians may become apathetic 
towards a particular innovation before it becomes standard practice. 

Continued audit and feedback cycles are necessary processes to address these issues and at multiple 
organisational levels:

1. Convincing clinicians by demonstrating improved patient outcomes.

2. Convincing managers with appropriate resource utilisation.

3. Convincing administrators with cost savings.27

To be effective, audits need buy-in from perioperative teams.98 Audit and feedback can be particularly 
relevant for anaesthetists and surgeons as they are often a highly driven and competitive group of clinicians. 
For example, a recent sustainability quality improvement project used site-specific and live data to motivate 
clinicians at a major American paediatric centre to reduce their greenhouse gas emissions, helping to 
reduce emissions by 87 per cent over a five-year period.99

Furthermore, audits provide an opportunity for working parties or PBM committees to regularly review 
their algorithms and decision support tools and update them as new evidence becomes available. Audit 
cycles can also identify new challenges faced by clinicians. For example, at one site with established VHA, 

algorithms were made available online, but hospital internet reception was poor and clinicians struggled to 
use electronic versions of decision support tools. This highlighted the need for easily accessible physical 
copies until digital infrastructure and connectivity were improved.

Audits should not be tokenistic. They should be meaningful and aimed at providing evidence of clinical 
benefit or highlighting areas of improvement. Reasons for non-compliance with a standardised algorithm 
may be valid – for example, clinicians may have deviated due to advice from haematology or a lack of timely 
access to certain products. Auditors should use these events as an opportunity to reflect on the utility of the 
algorithm objectively. By doing so, clinicians can be reassured that there is no threat to clinical autonomy.98 
Similarly, if audits show poorer patient outcomes or significant non-compliance with protocols, feedback 
should be received as an opportunity for improvement. Audits can also provide an avenue for junior 
doctors and nursing staff to engage in quality assurance within departments, offering valuable professional 
development opportunities. 

Technological advances

Rapid technological advancements in the biomedical field provide ongoing challenges as well as 
opportunities in the implementation of EBM. Current technology is now laying the foundation of 
understanding for how PBM will evolve in the future as new VHAs are developed. Clinician feedback 
can assist developers in evolving and meeting complex challenges faced by clinicians. For example, 
incorporating point-of-care platelet function testing into existing VHAs, or the development of assays better 
able to assess the impact of newer anticoagulants, will help clinicians in providing better care.

Support from, and partnership with, industry is vital for the clinical implementation of new technologies. 
From early user training to ongoing maintenance and troubleshooting support, clinicians and industry can 
collaboratively improve patient outcomes. Furthermore, industry can learn from clinicians about new and 
emerging requirements as patient care evolves. For example, advances in mechanical circulatory support, 
as well as research into correlation coefficients in real clinical scenarios and outcomes, helped determine 
earlier detectable time points on VHA, with results available after five instead of 10 minutes.100 This has 
assisted clinicians in treating coagulation issues earlier in a rapidly evolving bleeding scenario. In addition, 
industry can support logistical concerns, for example by providing secure web-based software so that the 
results of VHA testing can be accessed in real time by clinicians in theatres or resuscitation scenarios. 

IDEAL IMPLEMENTATION TIMELINE

Figure 7 provides a theoretical timeline outlining actions involved in implementing GDBM, from the initial 
idea to implement VHAs to the successful use of GDBM. The timeline includes ongoing review after VHAs 
have been installed, with input from key stakeholders, including laboratory, senior clinicians, administration 
and users. Ongoing external quality control is also necessary for long-term quality assurance. 
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Figure 7. Implementation timeline: theoretical example CONCLUSION
The use of GDBM to manage perioperative blood loss, bleeding and acquired coagulopathy is an important 
and effective strategy to improve patient outcomes. VHAs provide rapid identification of both the 
presence and cause of coagulopathy, and real-time feedback regarding the effectiveness of treatment. 
Critical care clinicians must lead multidisciplinary collaboratives to provide timely and effective treatment 
in dynamic situations. However, despite the known benefits of PBM and VHAs, the implementation of 
bleeding management treatment algorithms remains challenging. We propose that the best way to enable 
widespread holistic understanding is through cross-disciplinary education with stepwise, evidence-based 
decision support algorithms, treating fibrinogen first, and teaching available technologies (such as ROTEM 
and TEG) side by side. The challenges in implementing change initiatives vary widely, where unique cohorts 
and contexts require specific implementation activities to achieve success. Empowering clinicians to use 
evidence-based methods to guide bleeding management and transfusion can improve patient outcomes 
and support a more sustainable health system. 

Appendices and further resources are available here: downs.com.au/rotemteg-project  
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