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A life-threatening hemorrhage is the leading cause of
preventable death in patients with multisystem traumatic
injuries, obstetric complications, gastrointestinal bleed-
ing, and those experiencing intraoperative and post-
operative complications.1,2 Patients can deteriorate in
the transport setting, prior to arrival at definitive care.
While the goal is rapid transport for damage control
interventions, transport may be delayed or prolonged
due to patient access at the scene, limited therapeutic
options at the sending/community hospital or in trans-
port, and long distances to definitive care. The care pro-
vided during transport is an important factor in patient
outcome, as is the integration with other providers to
create a system of care.
In this issue of CJEM, Krook et al. describe the devel-

opment of a novel program to provide packed red blood
cells (pRBCs) to patients during helicopter transport to
definitive care from either the location of the injury or
from the community hospital. The authors describe
their solution to the operational challenges in making
blood products available to a large region, while balan-
cing increased accessibility with efficient and judicious
use of a scarce resource. They describe a system of
rotor-wing aircraft at six locations in Western Canada.
The transport program uses portable coolers to store
and transport pRBCs, requiring product exchanges at
72–96 hour intervals with their partnering blood
banks. The authors describe the administration of 463
units of pRBCs to 274 patients, representing approxi-
mately 3.6%of the patients transported. This percentage
is comparable with other Canadian air medical transport
programs (R. MacDonald, unpublished data). While all

units were type O, there are no data on what proportion
was Rh-negative; given the chronic short supply of
O-Rh-negative blood, its use should be limited to
patients who are O-negative or patients with unknown
blood group who are female and of child-bearing age.3

Data regarding the number of units dispensed are only
available for one of six bases, with 898 units of pRBCs
dispensed, 131 (14.6%) of which were transfused to 81
patients, 756 (84.2%) returned to the hospital, and 11
(1.2%) wasted – an important figure to track.
The system described here has implemented a

systems-based solution to previous barriers such as
large start-up costs associated with more permanent
installations to stock product at each air base, the out-
dating of unused blood product, and complicated or
cumbersome cooling mechanisms. Negatives include
the ongoing costs of exchanging product every 3–4
days; the need for frequent exchange of a small supply
also risks not having blood product available when the
existing supply is used. This paper is an important illus-
tration of a regionalized and integrated approach to fair
allocation and access to scarce resources, such as blood
products and specialty services. Given the relative scar-
city of blood products, their sporadic and unpredictable
need and the desire to prevent wastage, bundling blood
with a means of rapid transport to definitive care is an
ideal way to meet patient needs while conserving a pre-
cious resource.
Given that the peak incidence of hemorrhagic deaths

is within 3 hours after injury, early resuscitation with
appropriate fluids in combination with strategies to con-
trol blood loss makes intuitive sense and can be life-
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saving.4,5 The use of prehospital crystalloid and colloid
resuscitation strategies has not been shown to improve
survival, with a major prehospital clinical trial stopping
early due to possible harm to patients who did not
receive blood.6 Using blood products to resuscitate
patients in hemorrhagic shock is not new. Prehospital
plasma was used inWorldWar II but proved inadequate
in the absence of other blood components.7 Evidence
for optimum hospital-based transfusion protocols for
hemorrhagic shock and massive transfusions is now
well-established, with minimization of crystalloid
solutions and early transfusion of plasma, platelets, and
red blood cells in balanced ratios.4 This approach leads
to a reduction in early trauma deaths and mortality
related to blood loss.
These early interventions are relevant in the airmedical

evacuation of patients with life-threatening hemorrhage,
where transport times can be prolonged and patients
may be cared for in resource-challenged settings where
access to blood products is limited or non-existent.
Blood products administered in to combat casualties dur-
ing helicopter transport showed a survival benefit, and a
recently published trial demonstrated the benefit of
blood products in civilian patients with severe injuries.8,9

This approach improves outcome in patients who survive
to reach the trauma centre, suggesting that damage con-
trol resuscitation is possible in the transport setting.7

Although the focus is on operational and logistical
aspects, the authors provide only limited patient-centred
data. There are limited or no data on crew composition
or expertise, measures of transfusion safety, measure-
ment of hemoglobin or coagulation status, hospital
interventions, or mortality. As is the case with Krook
et al., patients transported by crews who are specifically
trained and routinely work in the transport setting
have fewer adverse events and better outcomes compared
with similar providers who work predominantly in the
hospital setting.10 Consider also, the transfusion of
pRBCs alone may not result in optimal outcome when
compared with balanced-ratio resuscitation. The
balanced approach has improved outcomes in patients
who survive transport to the trauma centre, strongly sug-
gesting that damage-control resuscitation should be
started during transport.11 It is safe to assume that the
infrastructure described to make pRBCs available in
transport could accommodate plasma or other blood
products, providing more optimal management of
patients with hemorrhagic shock.9 The authors also
indicate the availability of adjuncts for hemorrhage

control, but a description of an all-encompassing pre-
hospital protocol to address massive hemorrhage would
benefit the reader.
This article illustrates the value of an integrated

regional or provincial health system of care. Shortened
time to definitive care improves outcomes, and activation
of a transport service for a patient with hemorrhagic
shock should be a key component to any regional or pro-
vincial massive hemorrhage protocol.11 Challenges of
distance, geography, and local resources including
blood product will persist and must be addressed. Most
effectively, challenges like these will be addressed
through an integrated regional strategy. Regionalization
has been demonstrated to save lives in patients with mul-
tisystem traumatic injuries, STEMI, and stroke; the con-
cept of integration to maximize access and efficiency of
delivery of care is not new.12

The experience of one Canadian air medical service
should motivate air medical transport services, regional
referral centres, and blood supply agencies to partner
and implement programs that extend the reach of dam-
age control resuscitation methods into the prehospital
and transport medicine setting. Although limited, the
authors demonstrate that an air medical service can
enhance their potentially life-saving capabilities, become
better integrated into a regional approach to manage-
ment of massive hemorrhage, and address a gap in
resource-challenged settings.
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