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BACKGROUND

The approach to transfusion in emergent situations varies dramatically depending on the clinical scenario. The
clinician’s assessment of the rapidity of bleeding, the severity of hemorrhage or amount of blood lost, and the
clinical stability of the patient will determine the transfusion strategy.

Hemodynamically stable patients with slow to moderate bleeding, chronic bleeding, or contained blood loss can
usually be managed conservatively with crystalloid to maintain intravascular volume, when necessary. In these
patients, transfusion decisions should be guided by the clinical status of the patient. Numerous studies have
established that a restrictive (70 to 80 g/L) red blood cell transfusion strategy is superior or equivalent to a liberal
strategy (90 to 100 g/L) in critically ill adult

1

 and pediatric
2

 medical patients, gastrointestinal (GI) bleeding
3

,
traumatic brain injury

4

, septic shock
5

, elderly orthopedic
6

 and cardiac surgery patients.
7-9

 Hemodynamically stable,
non-bleeding patients exhibiting symptoms of inadequate oxygen delivery should be transfused one red blood
cell unit at a time and reassessed.

Hemodynamically unstable patients with rapid bleeding require a completely different approach. Management of
massive hemorrhage, as seen with severely injured trauma or obstetrical patients, has changed dramatically over
the past 10 years. The recognition that trauma patients are often profoundly coagulopathic at the time of
presentation has refocused energy and clinical research into redefining how these patients are managed. Using
the severely injured trauma patient as a case study, this chapter will discuss the principles of massive
hemorrhage and resuscitation, with the inclusion of special situations such as obstetrical hemorrhage, where data
are available. Extension of practices from the trauma literature to other bleeding critically ill patients is not always
appropriate

10 11

; however, most clinical studies and experience have come from trauma patients, and many general
principles of emergency transfusion and bleeding management apply.

, 
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Successful management of massive hemorrhage requires a coordinated, pre-planned effort that involves the
entire care team. It is ideally guided by an institution-specific protocol that incorporates all of the basic principles
for the management of rapidly bleeding patients.

ESTABLISHING AN INSTITUTIONAL PROTOCOL FOR
MANAGEMENT OF MASSIVE HEMORRHAGE: THE MASSIVE
HEMORRHAGE PROTOCOL (MHP)

Massive hemorrhage protocols (MHPs) are tools designed to expedite the provision of blood components based
on best practices for the management of massively bleeding patients. These best practices include: early
identification of the massively bleeding patient, rapid provision of blood components (red blood cells, platelets,
plasma) or blood products (plasma protein and related products), or both, to the bedside, and a coordinated
human resource response aimed at rapid identification and control of bleeding.

The terms “massive hemorrhage protocol” and “massive transfusion protocol” (MTP) are both used in the
literature. MHP is used in this chapter as it better reflects goals that extend beyond transfusion of blood products
to also include hemorrhage control and other important non-transfusion interventions.

12

The implementation of an MHP for trauma is associated with improved patient outcomes, less overall blood
utilization, and cost savings.

13-17

  In trauma, each 1-minute delay in the provision of blood components and
products to the bedside is associated with a 5% increase in mortality.

18

 It is generally accepted that
implementation of an MHP improves the care of patients with other forms of severe hemorrhage, including post-
partum hemorrhage, but this remains to be definitively shown in the literature.

Development of an MHP is ideally a multidisciplinary process that accounts for local practice, local inventory,
logistics, human resource availability, and system limitations. Bedside clinicians (e.g., anesthesiologists, trauma
surgeons, emergency physicians, obstetricians, nurses), transfusion medicine specialists (e.g., hematologists,
pathologists, hematopathologists), blood bank and laboratory representatives, and allied care staff (e.g., porters,
communications specialists) should all be included in the MHP development process to ensure that the MHP is
appropriate for, and executable at, that team’s institution. A specific protocol, in turn, may not be generalizable to
all sites. An effective MHP engages everyone on the clinical team, encourages communication with standardized
language both between and within the clinical and laboratory teams, and standardizes transfusion best practices.
The establishment of clear protocols for blood management, bedside testing, and transfusion decision-making
decreases cognitive load and allows practitioners to focus on other aspects of patient care.

All hospitals with emergency departments, operating rooms, or an obstetrical service should have an MHP.
Processes for initiating and terminating the MHP need to be in place. In the context of a limited blood supply
and/or a code orange scenario, hospitals should communicate early with the blood centre. Tertiary and
quaternary care centres within a health authority/province often have established MHPs that can be modified and
adopted for smaller centres. Up-to-date and highly practical Canadian-specific guidance and tools for MHP
development can be accessed on the Ontario Regional Blood Coordinating Network (ORBCoN) website. Finally,
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care teams are encouraged to debrief all MHP activations as an opportunity to improve MHP delivery, and the
MHP itself should be reviewed regularly to ensure that it continues to incorporate best practices.

IDENTIFICATION OF MASSIVE HEMORRHAGE

Early recognition and identification of the patient who will require a massive transfusion is critical to successful
resuscitation. Many definitions of massive transfusion exist, such as the replacement of one blood volume (or
more) in 24 hours, 10 or more units of red blood cells in 24 hours, or replacement of more than 50% blood volume
in four hours.

19

 Unfortunately, these definitions are retrospective and not helpful when faced with a bleeding
patient. Other definitions may be more clinically useful, such as the “critical administration threshold,” defined as a
requirement for ≥3 red blood cell units in one hour.

20

In addition, objective patient assessment using a validated risk assessment tool is helpful, as clinical judgement
alone has both poor sensitivity and specificity (~65%).

21

 Many tools are available, using a combination of clinical
assessment, laboratory values, and bedside ultrasonography [Focused Assessment with Sonography for Trauma
(FAST)].

22

 Though scores using all three elements are most predictive, the complexity of these tools and the
potential delay from laboratory result turnaround time limit their practical use. The shock index (SI), calculated by
dividing heart rate (HR) by systolic blood pressure (SBP), is recommended to assess degree of hypovolemic
shock.

23

 Additional considerations, such as mechanism of injury and ultrasound assessment, increase the
sensitivity for predicting an MHP requirement. Examples of validated tools to trigger an MHP are illustrated in
Figure 1.

 

† Shock Index (SI) > 1 after ≥1 L of fluid is 48% sensitive and 91% specific for prediction of MHP requirement.
22

‡ Assessment of Blood Consumption (ABC) score ≥2 is 75% sensitive and 86% specific for prediction of MHP
requirement.

23

* Revised Assessment of Bleeding and Transfusion (RABT) score ≥2  is 78% sensitive and 91% specific for
prediction of MHP requirement.

24 
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Figure 1: Validated, objective measures for triggering an MHP

TRAUMA-INDUCED COAGULOPATHY (TIC)

In severely injured trauma patients, exsanguinating hemorrhage is the most common cause of death in the first
hour, and accounts for 50% of deaths in the first 24 hours.

24

 Historically, it was assumed that trauma patients
became coagulopathic during the course of their resuscitation due to dilution, depletion, and dysfunction of
procoagulant factors as they received progressively more crystalloid and became increasingly cold and acidemic.
It has now been well established that a significant proportion (25–40%) of severely injured trauma patients are
already coagulopathic at the time of presentation to hospital, and that this coagulopathy is associated with an
increased risk of mortality.

25

 Trauma-induced coagulopathy (TIC) is characterized by endothelial dysfunction,
dysfibrinogenemia, platelet dysfunction and an imbalance of procoagulant and anticoagulant factors with
systemic anticoagulation. This process is exacerbated by hypothermia, acidemia, resuscitation with
hypocoagulable fluids, hypoperfusion, and ongoing bleeding with further consumption of coagulation factors.

26

The recognition that TIC presents very early has dramatically changed the approach to the severely injured
trauma patient and, by extension, the management of massive bleeding in other populations. Attempts to
ameliorate the coagulopathy of acute trauma have led to the development and proliferation of MHPs, a focus on
damage control resuscitation, and ratio-driven resuscitation with an emphasis on early provision of plasma,
platelets and procoagulant factors. The appropriateness of whether trauma resuscitation principles should extend
to non-trauma populations will be revisited later in the chapter.

DAMAGE CONTROL RESUSCITATION (DCR)

Damage control resuscitation (DCR) comprises a set of resuscitation principles with the goal of arresting or
limiting TIC and the physiologic consequences associated with resuscitation.

27 28

 It applies only to the most
seriously injured trauma patients that are approaching physiologic exhaustion. DCR is defined by the employment
of four simultaneous strategies:

, 

1.   Early hemorrhage control in the form of damage control surgery or interventional radiology. When the risk of
ongoing shock and TIC is high, limit surgical intervention and delay definitive management in order to restore
metabolic homeostasis and reverse coagulopathy.

2.   Avoidance or strict limitation of crystalloid use. Traditional trauma resuscitation was initiated with large
volumes of crystalloid followed by 6 to 10 units of red blood cells, prior to consideration of other blood products.
Large volume crystalloid resuscitation is no longer recommended because it exacerbates coagulopathy and is
associated with several deleterious side effects, including tissue edema, acidosis, reperfusion injury and
multiorgan failure.

29 30

 Recognizing this, best practice recommended in the current Advanced Trauma Life Support
(ATLS ) guidelines suggest limiting crystalloid use to 1 litre prior to switching to blood products.

31

, ®

®

3.   Limit hemorrhage. The concept of “permissive hypotension,” allowing a patient’s blood pressure to remain
below normal (mean arterial pressure of 50–60 mmHg), is a prehospital strategy that is used to limit ongoing
hemorrhage in the absence of suspected brain injury. In hospital, it makes sense to target normal blood pressure
to ensure adequate perfusion of critical organs such as the brain, heart and kidneys. This is particularly important
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in the brain or spinal cord injured patient, where higher mean arterial pressure (≥80 mmHg) is recommended.
32

4.   Massive hemorrhage protocol. Employment of an MHP that provides rapid delivery of predetermined, fixed
ratio blood components and products to the bedside. Modern MHPs aim to provide blood component therapy in a
ratio that approximates whole blood (i.e., one unit of plasma: one unit of platelets: one unit of red blood cells).
Early military studies demonstrated a significant survival benefit to soldiers with severe traumatic injury receiving
plasma and platelets in addition to red blood cells during the early phase of resuscitation.

33

  The Pragmatic
Randomized Optimized Platelet and Plasma Ratios (PROPPR) trial is the most recent multicentre, prospective
randomized trial aimed to definitively answer this question in civilian trauma patients. There was no overall
survival benefit demonstrated with provision of a 1:1:1 blood component strategy as compared to a 1:1:2 strategy
of one unit of plasma: one unit of platelets: two units of red blood cells. A secondary outcome showed a reduction
in bleeding and exsanguination in the first 24 hours.

28

At the moment, the optimal ratio of components and products is unknown. We know that early, aggressive
resuscitation with blood components, rather than crystalloid, and early introduction of non-red blood cell
components in a relatively balanced approach can limit the extent of TIC and its associated mortality. These
principles are also used to guide the resuscitation of less severely injured trauma patients and often massively
bleeding non-trauma patients. However, caution must be exercised when extending what is learned from
resuscitating the trauma patient to the non-trauma patient, as they are likely to have different mechanisms of
injury, and thus different pathophysiology of tissue injury and coagulopathy. The few studies available suggest
that the aggressive 1:1:1 (or near 1:1:1) transfusion approach is not necessary in non-traumatic bleeding such as
that seen in gastrointestinal (GI) bleeds or perioperative bleeding.

34 35

 In these populations, an aggressive 1:1:1
resuscitation strategy is likely not necessary, and in some studies has been associated with harm.

34 35

 For each of
these scenarios, the ideal transfusion strategy is not known.

, 

, 

For resuscitation of the unstable bleeding non-trauma, non-obstetrical patient, it is reasonable to start with red
blood cell transfusion. Consideration of plasma, platelets and/or fibrinogen supplementation will depend more on
early and frequent assessment of coagulation parameters, including fibrinogen concentration and platelet count.
The frequency of measurement will depend on the rapidity of bleeding and availability of resources. Once hourly
is a reasonable starting point for most bleeding patients. A careful medication history is also required, to account
for the presence of platelet inhibiting medications or other anticoagulants.

Resuscitation of the massively bleeding patient is not easy. There are many factors that contribute to the
confusion and complexity: patient factors, human resources, practitioner availability and bias, hospital and blood
bank resources, and system factors. The development and successful implementation of a protocol to manage
bleeding patients is likely one of the most meaningful ways to have an effective impact on patient outcomes.

REQUIRED ADJUNCTS FOR MANAGEMENT OF THE BLEEDING
PATIENT

TRANEXAMIC ACID (TXA)
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Early provision of tranexamic acid (TXA) to the traumatically injured patient improves outcomes. The largest study
of TXA in trauma patients (CRASH-2) revealed that TXA administration improved both all-cause mortality and
mortality related to bleeding. Benefit was also seen in patients at risk for bleeding, in whom subsequent “massive
transfusion” was not required. Follow-up analyses of the CRASH-2 study have demonstrated that the benefit
occurred when TXA was administered within three hours of injury. Based on these findings, most jurisdictions
have included TXA administration in their prehospital algorithm or early in their MHP for all trauma patients
deemed at risk for bleeding.

36 37, 

TXA has also been shown to decrease death due to bleeding in postpartum hemorrhage,
38

 and reduce bleeding in
cardiac surgery,

39

 orthopedic surgery,
40

 spine surgery
41

 and improve outcomes in mild to moderate traumatic brain
injury.

42

FIBRINOGEN SUPPLEMENTATION

Fibrinogen is critically important for hemostasis. In the massively bleeding trauma patient, fibrinogen levels fall to
critically low levels early after injury.

43

 Multiple studies have demonstrated increased bleeding risk and poorer
outcomes in patients with low fibrinogen levels in trauma,

44

 cardiac surgery
45

 and postpartum hemorrhage.
46

 Contemporary appreciation of the importance of adequate fibrinogen replacement in bleeding patients is
reflected by recent changes to many guidelines recommending a fibrinogen level of at least 1.5–2.0 g/L in the
context of bleeding,

47 48

 with higher, as yet undefined targets in the context of postpartum hemorrhage.
49

 Evidence
that early fibrinogen replacement improves survival in trauma patients exists,

50 51

 and ongoing randomized
controlled trials (RCTs) will help to define the importance of early fibrinogen supplementation in trauma.

52-55

 In
Canada, fibrinogen replacement should occur with fibrinogen concentrate or cryoprecipitate. A 2019 multicentre
RCT in cardiac surgery demonstrated the equivalent efficacy and safety of fibrinogen concentrate and
cryoprecipitate.

56

 This study resulted in the Health Canada approval of fibrinogen concentrate for the
management of hypofibrinogenemia in bleeding patients.

, 

, 

Although either cryoprecipitate or fibrinogen concentrate can be utilized for fibrinogen replacement therapy, the
concentrate has the advantage of being pathogen-reduced and available in a freeze-dried, powdered form, which
makes it easier to reconstitute and administer than cryoprecipitate, which must remain frozen until use. For these
reasons, fibrinogen concentrate is increasingly used in Canada for treatment of acquired hypofibrinogenemia (see
Chapter 2, Blood Components).

Of utmost importance is to remember to test fibrinogen levels and replace it early in massively bleeding patients.

LABORATORY TESTING CAPABILITY

Ideally, baseline laboratory tests are drawn at presentation (CBC, INR, PTT, fibrinogen, arterial or venous blood
gas, lactate, electrolytes, and ionized calcium), and at a minimum of one hour intervals

12

, to guide transfusion
decisions, and to monitor for, and correct metabolic abnormalities. Testing capability and turn around time will
vary by site.
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APPROPRIATE SELECTION OF COMPONENTS FOR EMERGENCY
TRANSFUSION

Clinical assessment of the urgency for red blood cell transfusion will determine whether the patient receives
uncrossmatched emergency type O red blood cells, group-specific red blood cells, or a fully crossmatched red
blood cell unit. In all cases, a pre-transfusion sample of appropriately identified and labelled blood should be
obtained from the patient and sent to the blood bank for typing and initiation of compatibility testing (see Chapter
8, Pre-transfusion Testing). Risks of potentially fatal ABO transfusion errors are high in urgent clinical situations
involving trauma patients. Particular care and attention must accompany patient identification procedures in this
setting.

Type O uncrossmatched red blood cells should be used if the patient's blood group is unknown and transfusion is
immediately required. In this scenario, type O Rh-positive red blood cells can be transfused to males who have no
prior history of transfusion with Rh-positive blood. Type O Rh-negative red blood cells should be reserved for
females of childbearing age,

57

 children, and others suspected or known to be alloimmunized to the D antigen.
58

Type-specific uncrossmatched blood can usually be provided within 15 minutes; however, completion of an
antibody screen and crossmatch often takes 30–60 minutes. In the setting of an emergency transfusion that is
initiated with emergency supply type O blood, a switch to group-specific product should happen as soon as the
patient’s blood type is known and ABO verification is complete (via a second determintation of the recipient’s
blood group, see CSA standard CAN/CSA-Z902:20, Blood and blood components 10.6.1.3)

59

 regardless of the
number of type O units the patient has received. Transfusing physicians should familiarize themselves with the
policies and procedures of their local hospital blood bank in providing blood for emergency use.

RISKS AND COMPLICATIONS ASSOCIATED WITH LARGE
VOLUME RESUSCITATION WITH BLOOD COMPONENTS AND
PRODUCTS

1.         HYPOTHERMIA

Massive transfusion can easily result in clinically significant hypothermia (body temperature below 35°C).
Hypothermia dramatically worsens platelet and coagulation function, decreases citrate metabolism, increases
hemoglobin-oxygen affinity (decreasing oxygen release to the tissues), and decreases myocardial function.
Aggressive temperature management is imperative to successful treatment during massive transfusion. This can
be accomplished by warming of the resuscitation bay or operating room, infusion of all products through an
approved blood warming device, and employment of external warming devices. The patient’s temperature should
be actively monitored (continuously, or at a minimum of hourly). Precautions for avoidance of air embolism must
be considered with the use of pressurized infusion systems.

2.         IMPAIRED HEMOSTASIS
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Patients who present with trauma or tissue injury can have significant coagulation defects at presentation. This
coagulopathy is exacerbated by resuscitation with both crystalloid and starches (e.g., hydroxyethyl starch). Large
volume resuscitation with blood components is more favourable but dilution of platelets and clotting factors,
particularly fibrinogen, can still occur. In the early phases of resuscitation when bleeding is rapid, transfusion
should be guided by the institution’s MHP, with replacement of blood components (red blood cell, plasma, and
platelets) in a predetermined ratio, with early consideration for the addition of fibrinogen replacement (fibrinogen
concentrate or cryoprecipitate). As time permits, transfusion can then be guided by either standard laboratory
tests and/or viscoelastic tests of whole blood clotting (ROTEM  or TEG ).

® ®

3.         HYPOCALCEMIA AND CITRATE TOXICITY

Blood components are anticoagulated with sodium citrate. Transfused citrate binds calcium and magnesium, and
suboptimal citrate metabolism in the context of massive transfusion may lead to citrate toxicity and hypocalcemia.
Hypocalcemia can lead to hypotension, impaired coagulation, reduced ventricular function and increased
neuromuscular excitability. Calcium monitoring and replacement are essential and must be included in the MHP.

4.         HYPERKALEMIA

Potassium leaks from red blood cells during storage and can reach levels of up to 80 mmol/L in a red blood cell
unit. In rare cases, hyperkalemia can result in cardiac arrhythmias, myocardial depression, or cardiac arrest.

5.         VOLUME OVERLOAD/OVER TRANSFUSION

Massively transfused patients, particularly those with ongoing hemorrhage, are vulnerable to extremes of
intravascular volume (hypovolemia to hypervolemia) and myocardial depression. Physical examination may be
inadequate to guide management of these patients; invasive monitoring methods (central venous pressure,
pulmonary artery catheter, transesophageal echocardiography) may be required.

6.         ALLOIMMUNIZATION AND DELAYED HEMOLYTIC TRANSFUSION REACTION

Especially in cases where uncrossmatched blood is used, there is a risk of alloimmunization. Development of red
blood cell antibodies to foreign antigens (alloimmunization) puts female patients at risk for future hemolytic
disease of the fetus or newborn, renders a patient more difficult to crossmatch in the future, increases the risk of
transfusion reactions, and complicates matching for solid organ transplantation. The seroconversion rate for RhD-
trauma patients of childbearing age receiving O+ emergency supply blood can be as high as 50%.

60 61

 While the
clinical consequence of seroconversion in males and females past child-bearing age is low, this underscores the
need for provision of O- emergency supply blood to females 45 years and younger. Similarly, Kell negative blood
is now used in Canada for transfusion to women of childbearing age, and should be maintained in trauma
situations.

2

, 

The risk of delayed hemolytic transfusion reaction (DHTR) exists in the context of transfusing uncrossmatched
blood to a patient with unidentified RBC alloantibodies. The prevalence of alloantibodies in patients that present
to hospital is 1–3%, and the presence of clinically significant antibodies is approximately 1%. Antibody incidence is
higher in multiparous females and increases with age.

63

 However, the risk of a clinically significant delayed
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hemolytic transfusion reaction in a series of transfused trauma patients is very low, in the order of 0.02%.
64 65, 

EMERGING PRACTICES AND PRODUCTS

Inconsistency in massive hemorrhage protocol-based resuscitation persists, as evidence-based best practice is
difficult to conclusively study. Lack of consensus reflects the tension between requiring aggressive therapy in
critically ill patients, ensuring that therapy minimizes harm, and balancing the logistics of blood supply and human
resources. A number of practices are beginning to gain prominence, though they do not necessary reflect
standard of care across Canada and other jurisdictions.

PREHOSPITAL TRANSFUSION

With the notion that even minutes of delay lead to increased mortality in MHPs,
18

 resuscitation with blood
components and plasma protein and related products have emerged in the prehospital space, usually during air
transport. It is a significant challenge to create programs that ensure transfusion medicine safety and
accreditation standards are met, that minimize unnecessary wastage, and are able to maintain competencies of
staff. Though the vast majority of prehospital transfusion programs utilize red blood cells

66

 and tranexamic acid,
the only RCTs in prehospital transfusion have been done using plasma transfusion.

67 68

 Though evidence is
conflicting, factors that may produce favourable patient outcomes with prehospital transfusion include longer
injury-to-arrival times,

69

 co-administration of red blood cells and plasma,
70

 and patients with blunt injury.
71

 Above
all, prompt transportation to a centre that can provide definitive care is paramount.

, 

ALTERNATIVES TO AB PLASMA

Group AB plasma transfusion has been increasing as a proportion of overall plasma use, given its popularity for
emergency release in MHPs. Unfortunately, group AB plasma donors represent only 4% of total blood donors.
Two emerging practices that address alternatives to group AB plasma include: (1) clotting factor concentrates
such as a combination of prothrombin complex concentrate (PCC, 2000 IU) and fibrinogen concentrate (FC 4
grams) is suggested in lieu of plasma availability and can be feasibly implemented in remote settings

12 51

; and (2)
group A plasma for emergency transfusion when the patient’s blood group is unknown. Use of group A plasma is
standard of care in many trauma centres in the U.S., with two large retrospective studies supporting its safety.

72 73

,

, 

WHOLE BLOOD AND OTHER COMPONENT ALTERNATIVES

Blood components and products that were used in the early days of transfusion practice, including freeze dried
plasma, cold-stored platelets, and cold-stored low-titre group O whole blood (LTOWB), are increasingly being
used again in bleeding patients. The use of LTOWB may have advantages over conventional components in
having less non-physiologic fluid, improved logistics, and putative improvements in treating coagulopathy.
LTOWB processing and implementation in resuscitation lacks standardization, and at the time of this writing, is
not licensed or available in Canada.High quality evidence is emerging

74

 and retrospective evidence is promising.

ADDITIONAL RESOURCES
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TREAT THE BLEED

Developed by Canada’s leading experts in transfusion medicine, Treat the Bleed is a website that supports clinical
decision making in the management of bleeding.

PODCAST: THE 7 TS OF MASSIVE HEMORRHAGE PROTOCOLS

Helman, A. Callum, J. Haas, B. Petrosoniak, A. The 7 Ts of Massive Hemorrhage Protocols. Emergency Medicine
Cases. February, 2021. https://emergencymedicinecases.com/7-ts-massive-hemorrhage-protocols/ Accessed 17
August 2021.

CONTINUING PROFESSIONAL DEVELOPMENT CREDITS 

Fellows and health-care professionals who participate in the Canadian Royal College's Maintenance of
Certification (MOC) program can claim the reading of the Clinical Guide to Transfusion as a continuing professional
development (CPD) activity under Section 2: Self-learning credit. The reading of one chapter is equivalent to two
credits.

Medical laboratory technologists who participate in the Canadian Society for Medical Laboratory Science’s 
Professional Enhancement Program (PEP) can claim the reading of the Clinical Guide to Transfusion as a non-verified
activity. 
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