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CLINICIAN’S CAPSULE

What is known about the topic?

Early blood product administration to patients with hem-

orrhagic shock has a positive impact on morbidity and

mortality.

What did this study ask?

What is the need for blood products in patients undergo-

ing time-sensitive air medical transport?

What did this study find?

This study found that 2.5% of patients undergoing time-

sensitive air medical transport have indications for

blood product administration.

Why does this study matter to clinicians?

Air medical services can enhance access to potentially

lifesaving therapy in patients with hemorrhagic shock by

carrying blood products.

ABSTRACT

Objectives: Early administration of blood products to patients

with hemorrhagic shock has a positive impact on morbidity

and mortality. Smaller hospitals may have limited supply of

blood, and air medical systems may not carry blood. The pri-

mary outcome is to quantify the number of patients meeting

established physiologic criteria for blood product administra-

tion and to identify which patients receive and which ones

do not receive it due to lack of availability locally.

Methods: Electronic patient care records were used to identify

a retrospective cohort of patients undergoing emergent air

medical transport in Ontario, Canada, who are likely to require

blood. Presenting problems for blood product administration

were identified. Physiologic data were extracted with criteria

for transfusion used to identify patients where blood product

administration is indicated.

Results: Therewere 11,520 emergent patient transports during

the study period, with 842 (7.3%) where blood product admin-

istration was considered. Of these, 290 met established

physiologic criteria for blood products, with 167 receiving

blood, of which 57 received it at a hospital with a limited supply.

The mean number of units administered per patient was 3.5.

The remaining 123 patients meeting criteria did not receive

product because none was unavailable.

Conclusion: Indications for blood product administration are

present in 2.5% of patients undergoing time-sensitive air med-

ical transport. Air medical services can enhance access to

potentially lifesaving therapy in patients with hemorrhagic

shock by carrying blood products, as blood may be unavail-

able or in limited supply locally in the majority of patients

where it is indicated.

RÉSUMÉ

Contexte: L’administration précoce de produits sanguins aux

patients en état de choc hémorragique a une incidence favor-

able sur la morbidité et la mortalité. Toutefois, les réserves

de sang peuvent être modestes dans les petits hôpitaux et

les ambulances aériennes peuvent ne pas transporter de

sang. Le principal critère d’évaluation visait donc à quantifier

le nombre de patients respectant les critères physiologiques

d’administration de produits sanguins et à distinguer ceux

qui en avaient reçu et ceux qui n’en avaient pas reçu faute de

disponibilité locale.

Méthode: Il s’agit d’une étude de cohortes, rétrospective, réa-

lisée à l’aide des dossiers médicaux électroniques de patients

transportés de toute urgence en ambulance aérienne en

Ontario, dont l’état nécessitait selon toute vraisemblance

une transfusion de sang. Les problèmes initiaux justifiant l’ad-

ministration de produits sanguins ont été établis. L’extraction

des données physiologiques à l’aide des critères de transfu-

sion a permis le repérage des patients chez qui l’administration

de produits sanguins était indiquée.

Résultats: Il y a eu 11 520 transports très urgents de patients

durant la période à l’étude, et l’administration de produits san-

guins a été envisagée dans 842 cas (7,3%). Dans 290 d’entre

eux, les critères physiologiques d’administration de produits

sanguins étaient respectés; 167 patients ont reçu du sang,
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dont 57 dans un hôpital disposant de petites réserves. Le nom-

bre moyen de poches de produits sanguins administrés par

patient était de 3,5. Les 123 autres patients dont l’état respec-

tait les critères n’ont pas reçu de produit sanguin, faute de

disponibilité.

Conclusion: L’administration de produits sanguins est indi-

quée chez 2,5% des patients transportés de toute urgence en

ambulance aérienne. Les services médicaux aériens pourrai-

ent donc améliorer l’offre de traitements potentiellement

salvateurs aux patients en état de choc hémorragique en trans-

portant des produits sanguins, compte tenu du fait que, dans

la majorité des patients chez qui une transfusion est indiquée,

les hôpitaux locaux peuvent manquer de sang ou encore ne

disposer que de réserves modestes.

Keywords: Air medical, blood, hemorrhagic shock, prehospi-

tal emergency care

INTRODUCTION AND BACKGROUND

Patients suffering from hemorrhagic shock are at high
risk of morbidity and mortality.1 Resuscitation with
blood products have significant benefits over crystalloid
alone, because crystalloids are associated with pulmon-
ary edema, clot dislodgement, abdominal compartment
syndrome, acidosis, cerebral edema, and coagulopa-
thy.2,3 Populations that may benefit from blood transfu-
sions include patients with acute gastrointestinal
bleeding (GIB), abdominal aortic aneurysm (AAA) rup-
ture, trauma, coagulopathy, and pregnancy-related
complications.4

Currently, in Ontario, blood products are routinely
available in medium to large hospitals. Smaller hospitals
may have only a limited supply of blood products, and
nursing stations do not stock or have prompt access to
blood products. In addition, land-based emergency
medical services (EMS) or paramedic services do not
routinely stock or carry blood products.
Support for prehospital blood product transfusion is

growing.5–8 Studies of patients with multisystem trau-
matic injuries show a 95% reduction in odds of
24-hour mortality rate with air prehospital blood admin-
istration and a greater than 40% reduction at 30 days.9

While some studies have demonstrated questionable
benefit in trauma, they were conducted before the
balanced transfusion era. Newer studies using a balanced
resuscitation approach suggest a similar mortality benefit
with this balanced approach in the prehospital environ-
ment.10–12 It is essential that blood product administra-
tion be clinically indicated, because patients with
traumatic brain injury who received a blood transfusion
during transport who had no clinical evidence of shock
had worse outcomes.13 Further research is needed
regarding the optimal patient population and adminis-
tration of blood products during transport.

In Ontario, healthcare is highly regionalized with spe-
cialized centres in larger metropolitan areas providing
the vast majority of tertiary and quaternary care services.
This regionalized system requires an air and land critical
care transport program capable of transporting poten-
tially unstable patients to definitive care. In order to
meet the needs of the patients that it transports, a review
of unmet need for blood products is necessary to
improve access in areas where access is either limited
or nonexistent. The primary outcome of this study is
to quantify the number of patients meeting established
physiologic criteria for blood product administration
and to identify which patients receive and which ones
do not receive blood products due to a lack of availability
locally.

METHODS

Study design

We conducted a retrospective review of all patients
undergoing air or land critical care transport to identify
those in whom administration of blood products may
have been beneficial during the 2017 calendar year.

Setting

Ontario is a large Canadian province (approximately 1.1
million km2 or 424,600 miles2) with a mix of urban, sub-
urban, rural, and remote areas. The healthcare system is
publicly funded and serves a population of approximately
13.5 million people. Ornge Transport Medicine is the
publicly funded air medical and land critical care trans-
port system providing all air medical patient transfers
in Ontario. Ornge is Canada’s single largest air medical
transport provider, carrying out approximately 20,000
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patient transports annually, of which approximately half
are emergent, time-sensitive transports.
Ornge aircraft operate as either advanced or basic life

support aircraft, with flight paramedics as the sole provi-
ders during transport. The scope of practice for
advanced and critical care flight paramedics includes
the administration of blood products,14 where such
administration is done in consultation with dedicated
physicians providing direct medical control and in keep-
ing with medical directives and standing orders devel-
oped by the Ornge Medical Advisory Committee. All
blood products administered by Ornge paramedics ori-
ginate from sending facilities. The three most common
indications for blood transfusion are hemorrhagic
shock due to multisystem traumatic injuries, GIB, and
postpartum hemorrhage (PPH), historically accounting
for more than 90% of blood product administration at
Ornge.15 These three patient cohorts were selected for
this study because of established criteria for blood prod-
uct use.16–20

For the purposes of this study, a hospital with a limited
supply of blood products was defined as having a small
number of uncrossmatched units of blood (typically 2
to 4 units of O-negative and/or O-positive), no blood
banking facilities, and no ability to crossmatch blood
products.

Study population

The study screened all patient records for patients
undergoing transport by Ornge flight paramedic crews
during the 2017 calendar year. Patients were included,
if upon review, the patient underwent emergent trans-
port, had a presenting complaint of multisystem trauma,
GIB, or PPH. Patients were excluded if the reason for
interfacility transport was nonurgent repatriation, if
transfer was cancelled by the sending facility, the patient
was transported by another ambulance or service, or was
pronounced dead prior to Ornge personnel making
patient contact. Appendix 1 outlines the inclusion cri-
teria, Appendix 2 outlines the criteria for blood product
administration, and Figure 1 outlines derivation of the
cohort.
Established measures of shock used in identifying

patients in need of blood product administration include
the shock index (SI)16 and change in shock index (ΔSI).17

The shock index is defined as the heart rate (beats per
minute) divided by systolic blood pressure (mm Hg). In
trauma patients, an SI > 0.9 is associated with increased

risk of mortality.16 In patients with an SI of > 1.2, massive
transfusion protocol (MTP) utilization is indicated.18–20

As such, trauma patients with an SI > 1.2 at any point
during transport were identified as benefitting from
blood products administration. In patients with an
upper GIB, an SI > 1.0 at any point during transport
was used to identify patients as benefitting from blood
products. In patients with pregnancy-related complica-
tions, an SI > 1.7 at any point during transport was
used to identify patients as benefitting from blood
products.
In addition, patients with a hemoglobin level of 70 g/L

or less, identified either at the sending facility or by the
Ornge transport team, were included based on principles
and clinical practice guidelines developed by Choosing
Wisely Canada.21 Patients requiring administration of
vasopressor medications in the setting of a profound
hemorrhage were also identified and included.

Data abstraction

Patient demographics (age, sex), sending hospital, and
Ornge patient ID were abstracted from Ornge’s elec-
tronic patient care record (ePCR). The reviewers used
the ePCR to determine whether administration of
blood products was indicated (see Appendix 2). The
reviewers also identified whether any blood products
were administered, how many, and of which type of
product(s) was used, based on a specific procedure
code documented by the paramedics on the ePCR.

Figure 1. Study cohort.
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Statistics

Two reviewers reviewed patient records independently.
Data were collected on patient demographics, physio-
logic parameters, interventions during transport (i.e.,
intubation, tourniquet use), sending facility location,
and whether or not blood products were administered.
Descriptive data were reported as means and standard

deviations for parametric data or medians and interquar-
tile ranges for nonparametric data. Any discrepancies
between reviewers were resolved with a third reviewer
blinded to the results of the initial review.

RESULTS

There were 11,520 emergent patient transports during
the study period. Multisystem traumatic injuries, GIB,

and PPH accounted for 95% of the total blood product
administration during the study interval. Of 11,520
patients, 842 (7.3% of total) had one of the three pre-
senting problems eligible for inclusion in this study. Of
these, 290 (2.5% of total) met established physiologic
criteria for blood product administration. The two inves-
tigators independently identified the same patients
meeting inclusion criteria and were in agreement on
which patients met established physiologic criteria for
blood product administration.
A total of 167 of the 290 patients received blood prod-

uct by Ornge flight paramedic crews prior to arrival at
definitive care, with 57 of the 167 receiving products at
a hospital with limited blood supply. The mean number
of units administered per patient was 3.5. Table 1 sum-
marizes the patient demographics and call types.
Table 2 summarizes the time intervals for patients who
met physiologic criteria for blood products
administration.
The remaining 123 patients (42.4%) meeting criteria

did not receive product because none was unavailable.Table 1. Patient demographics and call types

Potentially
eligible
(n = 842)

Met physiologic
criteria for blood
products
(n = 290)

Received
blood
products
(n = 167)

Age (± SD;
years)

47.1 ± 0.7 50.2 ± 1.3 54.3 ± 1.6*

Gender
(% male)

68.4% 61.0%* 62.9%*

Call type
Interfacility
transport

62.0% 65.2% 74.3%*

Modified
scene**

24.7% 26.5% 25.3%

Scene 13.3% 8.3% 0.6%*
Blood products
received

Units pRBCs
transfused

Mean: 0.9 Mean: 2.0* Mean: 3.5*
Min: 0 Min: 0 Min: 0
Mode: 3 Mode: 3 Mode: 3
Max: 17 Max: 17 Max: 17

Units fresh
frozen plasma
transfused

Mean: 0.1 Mean: 0.3 Mean: 0.6
Min: 0 Min: 0 Min: 0
Mode: 0 Mode: 0 Mode: 0
Max: 8 Max: 8 Max: 8

Units platelets
transfused

Mean: 0.02 Mean: 0.04 Mean: 0.07
Mode: 0 Mode: 0 Mode: 0
Min: 0 Min: 0 Min: 0
Max: 3 Max: 3 Max: 3

*Significant difference ( p< 0.05) compared with a potentially eligible cohort.
**Modified scene call: rotor-wing aircraft initially dispatched to the scene, but re-routed in
flight to meet local land EMS crew at the closest hospital, where patient contact is made.

Table 2. Time intervals (all times in minutes; mean ± standard

deviation)

Response
time1

Scene
time2

Transport
time3

Total
time4

Interfacility
transport
Fixed wing
aircraft

89 + 39 38 + 35 119 + 42 251 + 74

Rotor wing
aircraft

66 + 35 34 + 26 82 + 40 187 + 74

Land
vehicle

47 + 25 32 + 15 69 + 30 153 + 54

Modified
scene
Fixed wing
aircraft

88 + 43 12 + 12 101 + 51 198 + 81

Rotor wing
aircraft

51 + 45 96 + 39 87 + 20 176 + 20

Land
vehicle

57 + 17 41 + 23 64 + 38 159 + 56

Scene*
Rotor wing
aircraft

36 + 22 10 + 10 35 + 12 82 + 33

1Interval from call received to crew arrival at patient side.
2Interval from crew arrival at patient side to depart scene.
3Interval from depart scene to transfer of care at receiving facility.
4Interval from call received to transfer of care at receiving facility.
*All scene calls carried out by rotor wing aircraft.
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The majority were scene responses, where blood pro-
ducts were not available on the aircraft.

DISCUSSION

Our findings suggest that a significant proportion of
patients experiencing hemorrhagic shock in the transport
setting also meet established criteria for blood product
administration. We find that the need for blood is not
adequately met due to limited availability, particularly
for scene responses. In all, 180 (62.1%) out of 290 patients
meeting physiologic criteria for blood product adminis-
tration either did not receive it or received it at a facility
with limited blood supply. Making blood products avail-
able to air medical crews would address that unmet need.
Early fluid resuscitation and strategies to control hem-

orrhage can be lifesaving,22,23 but prehospital crystalloid
and colloid alone do not improve survival.24 Evidence for
optimal hospital-based transfusion protocols for hemor-
rhagic shock and massive transfusions is now well estab-
lished.25 The emphasis on early transfusion of plasma,
platelets, and packed red blood cells (pRBCs) in
balanced ratios leads to improved survival in the setting
of hemorrhagic shock.
In order to identify a cohort of patients who would

benefit from blood product administration, we opted to
use previously published thresholds for shock indi-
ces.16–20 The thresholds differed based on the presenting
problems but were based on the available published evi-
dence. This approach was conservative in nature and
would likely underestimate the true number of patients
benefitting from blood product administration. Indeed,
93 patients identified in this study did not meet the
physiologic criteria used in the study, yet these patients
received blood products. This would support that the
supposition that the thresholds used in the study was
conservative, and the study’s results underestimate the
true need for blood products.
Early intervention with blood products is relevant in

air medical transport where times to definitive care
may be prolonged, and blood products are either not
available or only in limited supply. Blood products
administration during helicopter transport shows sur-
vival benefit in military and civilian settings for patients
with severe injuries.26,27 These findings suggest that
damage-control resuscitation can be started during
transport and can improve outcomes for patients des-
tined for a trauma centre.28

Blood product wastage is a concern, but wastage in the
prehospital setting is minimal. In one example where
blood was stored at land ambulance bases, paramedics
administered 130 units of pRBCs over an 18-month per-
iod, with 97.8% of pRBC units not used being returned
to the hospital-based blood banking system and, there-
fore, not wasted.8 Of 898 units of pRBCs dispensed to
an air medical program, 131 (14.6%) were transfused
to 81 patients, with 756 (84.2%) returned to the blood
bank, and 11 (1.2%) wasted.29

Ideally, patients with massive hemorrhage should
receive pRBCs, fresh frozen plasma, and platelets in a
ratio of 1:1:1. The results of this study indicate that
this is not the current practice in this setting. In all,
none of the 167 patients receiving pRBCs received
fresh frozen plasma, and only 10 received platelets.
This is likely due to the lack of availability of these two
latter blood products at sending hospitals and the time
it takes to thaw frozen plasma and make it available at
the sending hospital before transport occurs. The avail-
ability of plasmamay improve, particularly in the prehos-
pital and transport setting,30 when freeze-dried plasma
becomes available.
In addition to blood product availability, the crew’s

ability to safely function in the transport setting and
deliver uncrossmatched blood product is essential to
mitigate risk. The administration of blood products
and management of potential complications are within
the scope of practice for paramedics in Canada,14 and
patients transported by crews specifically trained to
work in the transport setting result in better patient out-
comes and have fewer adverse events compared with
ad-hoc hospital-based personnel.31–33

Shortened time to definitive care improves outcomes,
and activation of a transport service for the patient with
hemorrhagic shock is a key component to any regional
or provincialmassive hemorrhage protocol.34 Shortening
the time to definitive care to improve outcomes in patients
with multisystem traumatic injuries,35,36 STEMI,37 and
stroke38,39 is well established, and regionalization to
improve efficiency and outcomes is not new.35

Equipping air medical transport services with blood
products is of value in the regionalized delivery of
healthcare. It can shorten time to definitive care, over-
coming some of the challenges related to challenges in
distance and geography that preclude readily available
blood products at hospitals and healthcare facilities
where utilization may be rare and wasting a precious
resource is a concern.
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Limitations

While this summary is the experience of Canada’s largest
air and land critical care transport provider, its findings
are not necessarily applicable to other programs, patient
populations, or geographic settings. Ontario is unique
geographically, with distinct differences in resources,
including the availability of blood products.
Given the strict physiologic criteria used in this study

to retrospectively assess for indications for blood product
administration, it is not possible to accurately determine
the true need for blood product in this patient popula-
tion. As a result, the findings of this study likely under-
estimate the true need for blood product
administration in this setting.
Finally, approximately 5% of the blood product admi-

nistered during the study period went to patients with
other diagnoses. Catastrophic hemorrhage due to large
vessels rupturing, such as an AAA, accounted for the
remaining patients. These patients were not included
in the study because the cohort was small, there are no
clearly defined criteria for the administration of blood
products, and potential controversy exists regarding
fluid resuscitation.40

CONCLUSION

Indications for blood product administration are present
in 2.5% of patients undergoing time-sensitive air med-
ical transport. Air medical services can enhance access
to potentially lifesaving therapy in patients with hemor-
rhagic shock by carrying blood products, as blood may
be unavailable or in limited supply locally in the majority
of patients where it is indicated.

Supplemental material: The supplemental material for this
article can be found at https://doi.org/10.1017/cem.2020.2.
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