Sunde et al. Scandinavian Journal of Trauma,

Scand J Trauma Resusc Emerg Med (2022) 30:65 Resuscitation and Emergency Medicine
https://doi.org/10.1186/513049-022-01051-z

ORIGINAL RESEARCH Open Access

: . ®
Implementation of a low-titre whole blood =

transfusion program in a civilian helicopter
emergency medical service

Geir Arne Sunde'?'®, Christopher Bjerkvig"°, Marit Bekkevold*, Einar K. Kristoffersen®’, Geir Strandenes’,
@yvind Bruserud', Torunn Oveland Apelseth®’® and Jon-Kenneth Heltne'*?

Abstract

Background: Early balanced transfusion is associated with improved outcome in haemorrhagic shock patients. This
study describes the implementation and evaluates the safety of a whole blood transfusion program in a civilian heli-
copter emergency medical service (HEMS).

Methods: This prospective observational study was performed over a 5-year period at HEMS-Bergen, Norway.
Patients in haemorrhagic shock receiving out of hospital transfusion of low-titre Group O whole blood (LTOWB) or
other blood components were included. Two LTOWB units were produced weekly and rotated to the HEMS for for-
ward storage. The primary endpoints were the number of patients transfused, mechanisms of injury/illness, adverse
events and survival rates. Informed consent covered patient pathway from time of emergency interventions to last
endpoint and subsequent data handling/storage.

Results: The HEMS responded to 5124 patients. Seventy-two (1.4%) patients received transfusions. Twenty patients
(28%) were excluded due to lack of consent (16) or not meeting the inclusion criteria (4). Of the 52 (100%) patients,
48 (92%) received LTOWB, nine (17%) received packed red blood cells (PRBC), and nine (17%) received freeze-dried
plasma. Of the forty-six (88%) patients admitted alive to hospital, 35 (76%) received additional blood transfusions dur-
ing the first 24 h. Categories were blunt trauma 30 (58%), penetrating trauma 7 (13%), and nontrauma 15 (29%). The
majority (79%) were male, with a median age of 49 (IQR 27-70) years. No transfusion reactions, serious complications
or logistical challenges were reported. Overall, 36 (69%) patients survived 24 h, and 28 (54%) survived 30 days.

Conclusions: Implementing a whole blood transfusion program in civilian HEMS is feasible and safe and the logistics
around out of hospital whole blood transfusions are manageable.

Trial registration The study is registered in the ClinicalTrials.gov registry (NCT02784951).

Keywords: Out of hospital, Blood transfusion, Haemorrhagic shock, Helicopter Emergency Medical Services, Low-
titre group O whole blood

Introduction

Haemorrhage is a leading cause of early death in trauma
patients worldwide, but the optimal haemorrhagic shock
resuscitation strategy is still under discussion [1, 2].
Development in military and civilian trauma care over
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oxygen delivery, suggesting that an early blood-based
resuscitation strategy can be superior for treating major
haemorrhage in the out of hospital setting [3, 4]. Military
use of blood products is a key element in remote dam-
age control resuscitation (RDCR), as it reduces the time
to transfusion and improves survival in combat causali-
ties [5].

Recently, some civilian emergency medical services
have established systems for whole blood, packed red
blood cells (PRBC) and plasma administration [6, 7].
Whole blood shows logistical advantages over a bal-
anced transfusion strategy using PRBC and plasma, is
less haemodiluted and contains platelets that improve
clotting [8, 9]. Whole blood transfusions may improve
shock severity and coagulopathy compared to traditional
resuscitation with crystalloid fluids or blood components
[10]. Improved survival in civilian trauma patients receiv-
ing whole blood in the emergency department has been
shown [9].

However, evidence describing out of hospital whole
blood use in civilian haemorrhagic shock patients is
scarce. In 2015, our helicopter emergency medical ser-
vice (HEMS) was one of the first civilian physician-staffed
services to implement an out of hospital whole blood
transfusion program. This study aimed to describe and
evaluate the implementation and safety of this transfu-
sion program, with primary endpoints being the number
and category of patients transfused, transfusion-related
adverse events and 24-h/30-day survival rates.

Methods

Ethical approval

The Regional Committee for Medical and Health
Research Ethics in Norway (REK-Vest-2016/304)
approved the study. Informed consent covered patient
pathway from time of emergency interventions to last
endpoint and subsequent data handling/storage. Written
informed consent was obtained from surviving subjects
and waived for deceased participants. The study is reg-
istered in the ClinicalTrials.gov registry (NCT02784951).

Patients

Patients in haemorrhagic shock and receiving out of
hospital transfusion of low-titre Group O whole blood
(LTOWB) or PRBC were included. Transfusions were
done in compliance with HEMS standard operating
procedures describing the use of blood products and
the accompanying bundle of care (e.g., tranexamic acid,
calcium or pelvic binders). Transfusion was initiated at
the physician’s discretion in patients with a mechanism
of injury or illness compatible with active bleeding and
in haemorrhagic shock (e.g., penetrating trauma to the
torso), absent or elevated radial pulse (above 100 beats
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per minute), decreased systolic blood pressure (SBP)
below 90 mmHg, or altered mental status (reduced Glas-
gow Coma Scale (GCS)) in the absence of head injury
or known intoxication. Exclusion criteria were previous
allergic reactions to blood transfusions or refusal of blood
products on religious grounds (e.g., Jehovah’s Witness).

Conduct of the study

This prospective observational study was performed at
HEMS-Bergen over a 5-year period from December 2015
to December 2020. The HEMS is located at the regional
trauma centre for the western part of Norway at Hauke-
land University Hospital in Bergen and is staffed by a
physician, flight paramedic, and pilot. All physicians are
specialists in anaesthesiology, with a median HEMS expe-
rience of 16.5 (IQR 6-19.5) years. The pilots have exten-
sive military or civilian flight experience prior to starting
HEMS service, with all-weather/instrument flight/night-
vision-goggles capabilities. The flight paramedics are
paramedics or nurses, and fulfil national standards for
HEMS flight paramedics issued by the Ministry of Justice
and Public Security (e.g., education, rescue and medical
competence). The HEMS covers a population of approxi-
mately 550,000 people across 15,500 km?, including
urban and rural areas, a coastline, several fjords, and high
mountains. It operates 24/7/365 and responds by heli-
copter or rapid response car to medical and trauma cases
(ratio 60:40). Data were obtained from patient records.
Out of hospital injury severity was classified using the
National Advisory Committee on Aeronautics’ (NACA)
severity score [11]. The study complied with Strengthen-
ing the Reporting of Observational studies in Epidemiol-
ogy (STROBE) reporting guidelines [12].

Endpoints

Primary endpoints were the number and category of
patients transfused, transfusion-related adverse events
and 24-h/30-day survival rates. Secondary endpoints
were key vital signs, HEMS response times and emer-
gency interventions.

Blood products and logistics

LTOWSB units are produced weekly at the Department of
Immunology and Transfusion Medicine (Haukeland Uni-
versity Hospital, Bergen) and rotated to the HEMS for
forward storage at the base [13]. If unused, the units are
rotated back and used for a total storage period of up to
21 days. If transfused, they are immediately replaced with
LTOWSB or freshly produced PRBC (0 Rh (D) negative)
units. The LTOWB units are donated by regular blood
donors and tested for infectious agents and blood type
antibodies in accordance with Norwegian and European
legal regulations [14]. The LTOWB is leukocyte reduced
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with a platelet-sparing filter (IMUFLEX, WB-SP Blood
Bag System, TERUMOBCT, Lakewood, CO, USA). Con-
tinuous quality monitoring of used blood products is
performed at the Department of Immunology of Trans-
fusion Medicine in accordance with the European rec-
ommendations [14]. If needed, additional transfusion
with freeze-dried plasma (FDP) (LyoPlas N-w (Deutsches
Rotes Kreuz—Blutspendedienst West, Hagen, Germany)
may be given. The FDP used is a quarantined single
donor plasma. We currently use group AB or A plasma.
LyoPlas powder dissolves in 200 ml of sterile water and is
ready for injection within 5-10 min depending on water
temperature and can be administered intravenously or
intraosseously.

The HEMS is deployed with two units of LTOWB and
one unit of FDP. The HEMS crew, including flight para-
medics and pilots, are trained in administering transfu-
sions of LTOWB, FDP or PRBC on the physician’s orders.
The LTOWB units are stored in a portable thermal
“golden hour box” (Pelican Biothermal, Plymouth, MN,
USA). Crédo Duracube, Series 4 2L HD, 2-8 °C, 272),
and the temperature is monitored with a temperature
logger. The box is stored in a refrigerator at the HEMS
base at 4 °C between missions. We have validated the box
to maintain temperature at 4 °C under these conditions
for more than a week [7].

Statistics

Continuous variables are expressed as medians with
interquartile ranges (IQRs) or means (standard devia-
tions), and categorical variables are expressed as numbers
with percentages of the total. The Wilcoxon matched-
pairs signed rank test was used when comparing out of
hospital and in-hospital vital signs. P values less than
0.05 were considered statistically significant. The statisti-
cal package for IBM SPSS statistics (SPSS, version 26.0,
IBM Corporation, New York, USA) was used for statisti-
cal analysis.

Results

Patients

In the 5-year study period, the HEMS responded to 5124
patients. Seventy-two patients received out of hospi-
tal LTOWB, FDP or PRBC transfusions from December
2015 to December 2020. Sixteen patients were excluded
due to lack of consent, and four patients did not meet
the inclusion criteria. We analysed data from the remain-
ing 52 (100%) patients with written consent (Fig. 1:
flowchart). The mean NACA score was 5.63 (SD 0.864)
(Additional file 1). Patient characteristics are summarized
in Table 1, and biochemistry analyses are summarized
in Table 2. The main mechanisms of injury in trauma
patients were motor vehicle accidents (26.9%) and falls
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from heights (15.4%). In nontrauma patients, gastrointes-
tinal bleeding (15.4%) and ruptured aortae (9.6%) domi-
nated (Table 3). The overall transfusion rate was 1.4%.

Survival

Overall, 36 (69%) patients survived the first 24 h, and 28
(54%) patients survived 30 days. Of the 24 (46%) deaths
in total, six (12%) died within 1 h, an additional seven
(13%) within 6 h and three (6%) within 24 h. The remain-
ing eight (15%) died within 30 days. Ten (19%) patients
presented with cardiac arrest (CA) on-scene: seven (70%)
with blunt trauma, two (20%) with penetrating trauma
and one (10%) with nontrauma. Four (40%) patients with
initial CA on-scene were admitted with signs of life.
However, no patients presenting with CA on-scene sur-
vived beyond 24 h.

Transfusion-related adverse events and waste

No clinical transfusion reactions were reported out of
hospital or after admission. Furthermore, there were no
other serious complications or adverse events related to
the transfusion procedure. Each blood unit in the blood
bank inventory is electronically supervised from donor
to patient by a single blood bank laboratory informa-
tion system, including those at the HEMS base. No waste
of prepared plasma or blood units was recorded at the
HEMS due to rotation of the unused units to the in-hos-
pital use at the Department of Immunology and Trans-
fusion Medicine. In 47 (90%) patients, the physicians
reported no technical problems with the transfusions. In
two (4%) cases, a sternal intraosseous device failed, and
transfusion was delayed. In three (6%) other cases, the
team experienced missing transfusion sets, difficulties
in establishing intravenous access or pain during initial
transfusion.

Out of hospital and in-hospital transfusions

Of 52 (100%) patients, 48 (92%) received LTOWB, nine
(17%) received PRBC, and nine (17%) received FDP.
Twenty-eight (54%) patients were transfused with one
unit of LTOWB, and 20 (39%) patients were transfused
with two units. Four (8%) interhospital transfers with
ruptured aortic aneurysms (3) or intraabdominal bleed-
ing and pelvic fracture (1) received 4-7 units of PRBC
and 2-6 units of FDP in addition to two LTOWB units
during transfer to the regional trauma centre.

Of the forty-six (88%) patients who were admitted
alive to the hospital, 35 (76%) received additional trans-
fusions of whole blood or blood components during the
first 24 h; 15 (33%) received LTOWB, 31 (67%) received
PRBC, 28 (61%) received thawed fresh frozen plasma
(FFP), and 14 (30%) received platelet concentrates. Eleven
(24%) patients were not transfused with additional blood
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Fig. 1 The flowchart shows the total number of HEMS dispatches and the number of responses by category in the period from December 2015
to December 2020. In total, 72 patients were transfused. *Sixteen patients were excluded due to lack of informed consent, and 4 patients were
excluded since they did not meet the inclusion criteria.

products after admission. Out of hospital and in-hospital
fluid resuscitation is shown in Table 4. Thirty-three (63%)
patients received 1 g of tranexamic acid out of hospital.
In the last two years of the study period, calcium chlo-
ride was added to the inventory, and four (8%) patients
received 5 mmol out of hospital.

Key vital signs
Of the 42 non-CA patients, 24 (57%) had documented
blood pressure prior to the start of transfusion. In the

non-measured group, three (7%) presented with a pal-
pable peripheral pulse, and ten (24%) presented with
a palpable carotid pulse. There were no documented
assessment of blood pressure or pulse in five (12%)
patients. There were missing data for out of hospi-
tal SBP, respiratory rate, and pulse oximetry (SpO,)
in 42%, 10%, and 43% of patients, respectively. Out
of hospital and in-hospital vital signs are described
(Fig. 2), and significant differences were found for sys-
tolic blood pressure, heart rate, and SpO,.
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Table 1 Basic characteristics Table 1 (continued)
Variable All cases Trauma Nontrauma Variable All cases Trauma Nontrauma
No. of patients 52 (100) 37 (100) 15 (100) Emergency interven- 41(79) 29 (78) 12 (80)
Male 41 (79) 28 (76) 13(87) tions <24 h
Age,y 4907700 41Q1-62) 66 (54-74)  urvival
Mission category Survival 24 h 36 (69) 25 (68) 1(73)
Primary 43 (83) 33 (39) 10 (67) Survival 30 days 28 (54) 18 (49) 10 (67)
Secondary 9(17) 4(11) 5(33) Data are presented as the number of patients (percentage) or median
(interquartile range) per patient category
Transport mode
NACA score, National Advisory Committee for Aeronautics score
Ground ambulance 27 (55) 17 (46) 10 (67)
Helicopter 20 (41) 15(41) 5(33)
Not transported 2(4) 2(5) 0(0) . . . .
NACA score 6(5-6) 6(5-6) 6(5-6) Table 2 First biochemistry analyses in-hospital (N=52)
Timeline Patients transfused Number of Values
Response time, min 21(13-40)  21(12-37) 25 (14-40) patients (%)
On-scene time, min 10 (4-20) 11(4-22) 8 (4-10) Haemoglobin (g/dl) 42 (80) 129(115-14.1)
On-scene to hospital arrival, 20 (13-30)  19(13-27)  20(13-36) Haematocrit 4(7) 0.30 (0.3-04)
min N INR 25 (48) 1(1.1-1.2)
Type of injury APTT 24 (46) 335(31-39)
Trauma 3701 370100 00 Fibrinogen (g/L) 23 (44) 4(18-3.)
Nontrauma 15 (29) 0(0) 15 (100) oH 39.(75) 3(72-7.4)
gggﬂgi’['ﬂ/ dssessment Lactate (mmol/L) 39(75) (20 10.1)
Not measured 5(10) 4(11) 1(7) Base excess 39(75) =57(=157-(=1.1)
Central palpable pulse 9(17) 6(16) 4(27) pao, 39.(75) 227 (108 366)
Peripheral palpable pulse 3(6) 3(8) 0(0) paCO; 39(75) 4(4.3-64)
Measured blood pressure 24 (46) 15(41) 9 (60) lonized calcium 38(73) 110(1.0-1.2)
Cardiac arrest 10 (19) 9 (24) 1(7) Data are presented as the number of patients (percentage) or median
. (interquartile range)
Airway management
X X APTT, activated partial thromboplastin time; INR, international normalized ratio
Endotracheal intubation 15 (29) 13 (35) 2(13)
Supraglottic device 3(6) 3(8) 0(0)
Mask-bag ventilation 4 (8) 4(11) 0(0)
Supplementary oxygen 17 (33) 12 (32) 5(33) ) . )
No airway intervention 13 (25) 5(14) 8(53) Table 3 Mechanisms of injury or iliness
Out of hospital Mechanisms of injury or iliness Number of %
Systolic blood pressure, 80(0-100)  75(0-98) 97 (50-100) patients
mmHg Avalanche 1 19
Heart rate, beats/min 80 (0-100) 65 (0-90) 120 (94-125) Cardiac tamponade . 19
E;sii]pwatory rate, breaths/ 13 (0-20) 10 (0-17) 16 (12-28) Chainsaw injury 1 19
Pulse oximetry, % 905(0-99)  84(0-99)  94(gs-100)  XUremityinjury 1 19
Glasgow coma scale score 9.5(3-15) 8 (3-15) 12(3-15) Epistaxis 1 19
In-hospital Fall from heights- multitrauma 8 154
Emergency department Gastrointestinal bleeding 8 154
Systolic blood pressure, 110(65-130) 110(76-130) 116(60-126)  CUnshotwounds- multitrauma 2 38
mmHg Motor vehicle accident- multitrauma 14 269
Heart rate, beats/min 94 (70-108) 84 (64-106) 100 (82-113) Ruptured aorta 5 9.6
Respiratory rate, breaths/ 20 (12-24) 15 (12-24) 22 (16-27) Stab injuries- multitrauma 4 7.7
min Surgical complications 1 19
Pulse oximetry, % 97 (92-100) 98(88-100) 97 (93-100)  Traumatic brain injury 1 19
Glasgow coma scale score 12 (3-15) 7 (3-15) 15 (10-15) Vehicle versus pedestrian accident 2 38
Interventions Wind-thrown tree 2 38
Total 52 100.0
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Table 4 Out of hospital and in-hospital volume replacement

(2022) 30:65

Variable Number of Volume replacement
patients (%)

Out of hospital

Clear fluids, ml 9(17) 716 (606)

Red blood cells, units 9(17) 3.33(2.35)

Plasma, units 9(17) 1.78 (1.64)

Whole blood, units 48 (92) 142 (0.51)

In-hospital, < 24 h

Clear fluids, ml 37 (90) 2007 (1345)

Red blood cells, units 28 (67) 7.39(11.99)

Plasma, units 25 (60) 8.36 (14.60)

Platelets, units 13(32) 3.36 (5.05)

Whole blood, units 14 (34) 7.60 (7.89)

Data are presented as the number of patients (percentage) or mean (standard
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Airway management

All 10 (19%) patients presenting with CA received
advanced airway management. Of these, six (60%)
received endotracheal intubation (ETI), three (30%)
received a supraglottic airway device, and one (10%)
received bag-mask-ventilation. Excluding CA patients,
nine (21%) received rapid sequence induction and ETI,
three (7%) received bag-mask ventilation, 17 (40%)
received supplemental oxygen on a nonrebreather mask,
and 13 (31%) received no advanced airway interventions.

Response and transport times

The response, on-scene and transport times are pre-
sented in Table 1. The median response time was 20 min
(IQR 12-35) on primary missions, 37 min (IQR 20-43)
on secondary missions, and 21 min on cardiac arrest

deviation) missions (IQR 10-43). The median “on-scene-time” was
7.5 min (IQR 4-19), 15 min (IQR 9-24), and 14 min
Systolic blood pressure (mmHg) Heart rate/min
250 200 -
* *
| I
200~ —_— —_
150 .
2 150
£ 100 4
£
(8 B
50
50 —_— 1
0 L) L) 0 I ]
Sys BP prehospital Sys BP in hospital HR prehospital HR in hospital
Sp02 Respiratory rate/min
110 60
*
I 1 _
100 E ﬁ
40
90
N
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20
70
60 0

L) L)
Sp02 prehospital Sp02 in hospital

T T
RR prehospital RR in hospital

Fig. 2 The box-and-whisker plots give out of hospital and early in-hospital key vital signs. Out of hospital and in-hospital (emergency department)
values were compared using the Wilcoxon matched-pairs signed rank test, and significant p values were found for systolic blood pressure (SBP)
(p=0.0169), heart rate (p=0.0169), and SpO, (p=0.0242). Patients with cardiac arrest were excluded from the analysis
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(IQR 3-28), respectively. The median transport time was
19 min for primary missions (IQR 12-26), 35 min for
secondary missions (IQR 20—41), and 20 min for cardiac
arrest missions (IQR 12-38).

Implementation process

Prior to implementation of the LTOWB transfusion pro-
gram, over 30 units were subjected to extensive in vitro
quality control analysis. As LTOWB is not an ordinary
blood product in Norway, we applied to the appropri-
ate regulatory body and were granted permission to use
LTOWSB in out of hospital emergencies. For the first two
years of the program, the returned LTOWB units were
subjected to internal quality controls (e.g., haemolysis
at the end of storage) and then discarded. In December
2017, usage of LTOWB was implemented for in-hospital
massive transfusion protocols. Subsequently, all returned
LTOWB units were incorporated into the blood bank
inventory for in-hospital use or stored for 21 days.

Emergency interventions

In 41 of 46 admitted patients, emergency surgery (e.g.,
thoracotomy, laparotomy, or craniotomy) or other hae-
mostatic interventions (e.g., sutures of skin or soft tis-
sue lacerations, radiological interventions, bone fracture
repairs and gastroscopies) were performed within the
first 24 h (Table 1).

Discussion

To our knowledge, this is the first study describing an
out of hospital transfusion program with whole blood
to patients in haemorrhagic shock by civilian physician-
staffed HEMS in Europe. We found that the major-
ity of exsanguination deaths occurred early and within
6 h. Overall, one in three patients receiving transfusion
died within 24 h, and only one in two patients survived
beyond 30 days, emphasizing the life-threatening nature
of their injury or illness and the need to improve out of
hospital treatment of civilian patients suffering noncom-
pressible haemorrhage. Our results indicate a restric-
tive transfusion practice with an overall transfusion rate
of 1.4%, comparable to transfusion rates in other air
ambulance services (UK) that show approximately 3% in
trauma patients receiving PRBC [15]. We found no seri-
ous complications or adverse events with whole blood
during transfusion or transit. Although logistics around
forward storage and transfusion of blood products in the
out of hospital setting may be challenging, no adverse or
logistical issues were reported. The demographics in our
study are comparable with other studies describing out of
hospital use of blood products in civilian trauma services,
with middle-aged male patients and blunt trauma mecha-
nisms dominating; however, our results cannot compare
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directly with those from studies describing military use
of blood products in younger patients with combat inju-
ries [2, 16].

The main priorities in haemostatic resuscitation are,
nonetheless, to stop compressible bleeding, maintain
vital organ perfusion and support haemostasis [17].
Although overall trauma mortality has decreased over
the last decades due to improved trauma services and
hospital infrastructure, most early deaths due to haem-
orrhage still occur in the pre-surgical phase [18, 19].
The use of out of hospital blood products has evolved to
improve the survival of haemorrhaging patients in the
field, both civilian and military [10].

Military use of whole blood has become a key element
in RDCR, due to simpler logistics, reduced time to trans-
fusion, and improved survival in combat causalities [5,
20]. Whole blood may have better global haemostasis
effects, a reduced incidence of transfusion hypocalcaemia
and haemodilution, and a reduction in overall blood use
compared to components with higher citrate and addi-
tives contents [4, 21]. A growing body of evidence sup-
ports the use of whole blood for civilian out of hospital
patients with noncompressible bleeding [9, 22]. Learn-
ing from military experiences, some civilian ambulance
services (USA) have recently implemented whole blood
programs with success, while the majority still deploy
traditional PRBC, FDP or crystalloids [23, 24]. A recent
review of air ambulance services (UK) showed that less
than half of the services deployed with blood products
(PRBC or FEP) [15].

For haemorrhaging patients in extremis to survive,
they should have access to modern haemorrhage con-
trol treatments available in trauma hospitals as well as
balanced blood transfusions [10, 25]. Tailored treatment
offering out of hospital whole blood to patients with life-
threatening noncompressible haemorrhage may offer
a more targeted approach than traditional transfusion
protocols [9, 26]. The decision to initiate transfusion in a
patient with suspected haemorrhagic shock is both com-
plex and time-critical and is based on a variety of symp-
toms, clinical presentations and mechanisms of injury. In
patients presenting with unstable physiology or clinical
signs on scene, a certain degree of overtransfusion may
be inevitable [27]. Although increased survival to hospi-
tal in trauma patients receiving out of hospital transfu-
sion of PRBC has been shown, this does not necessarily
translate into increased long-term survival [28].

Out of hospital resuscitative interventions are often
initiated before the cause of hypotension or hypoxia is
clearly identified [29]. In our study, SBP was not con-
sistently documented prior to resuscitation, as only
approximately half of the patients had a blood pressure
reading prior to transfusion. Hence, SBP was not used



Sunde et al. Scand J Trauma Resusc Emerg Med (2022) 30:65

as a transfusion trigger in the majority of the patients.
In exsanguinating patients, establishing vascular access
by intraosseous or intravenous routes to enable transfu-
sion is just one of many timely interventions that must
be provided [30]. Therefore, having to prioritize resus-
citative efforts before measurements may indicate the
degree of haemodynamic instability in these patients and
the haste involved in correcting circulatory failure [31].
As the pathophysiology behind hypotension is diverse,
it is important that vital signs are interpreted along with
clinical symptoms and mechanism of injury or illness
by competent providers’ on-scene [32]. Having experi-
enced physicians in the HEMS teams may ensure that
life-saving interventions can be performed to the same
standards as in-hospital emergency treatment without
compromising on-scene times [33].

Drug-assisted rapid sequence induction and intubation
is the definitive method of securing the airway in trauma
patients [34]. The decision whether to intubate patients
in haemorrhagic shock may be challenging. The timing
of intubation is crucial, and despite current European
guidelines, ETI on-scene is not always done [35]. ETI
should be restricted to those showing signs of increasing
airway compromise or deteriorating level of conscious-
ness [25]. Detrimental effects of advanced airway man-
agement strategies in exsanguinating patients have been
reported [36]. The physiological effects of ETI and sub-
sequent positive pressure ventilation on venous return
may mimic the physiology of tension pneumothorax in
hypovolemic patients, leading to a further decrease in
cardiac output [37, 38]. Therefore, in patients with non-
compressible haemorrhage, reducing on-scene times and
postponing ETI until haemorrhage control is achieved
may increase survival [25]. Knowledge of whether, when
and how to intubate these patients is important [39].

An out of hospital balanced transfusion approach with
components is challenging due to different storage con-
ditions for PRBCs, plasma and platelets. Whole blood
represents an alternative that is logistically superior and
easier to handle in time-critical emergencies with short
on-scene and flight times compared to blood compo-
nents [20]. The production of a leukocyte-reduced,
platelet-containing LTOWB unit in our blood bank also
requires fewer logistical steps compared to a unit of
PRBC concentrate. This whole blood fulfils all quality
control parameters detailed in national requirements as
well as the European Guidelines concerning testing for
infectious agents, haemolysis, and leukocyte depletion
[14]. Our system, where unused units are returned and
incorporated into the blood bank inventory for further
in-hospital use, minimizes potential waste.

The strength of our study is the prospective design
involving experienced physicians in charge of patient
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treatment and data registration and the inclusion of 52
patients in haemorrhagic shock receiving out of hospital
blood transfusions over a 5-year study period. The limita-
tions are the small number of patients reflecting the low
frequency of haemorrhagic shock in our area of opera-
tions and the selection bias represented by the excluded
patients. Our patient cohort was also a heterogene-
ous mix of trauma and nontrauma patients, with differ-
ent mechanisms of injuries/illnesses and high mortality
rates. The ethical committee required written informed
consent from all surviving participants. Unfortunately,
this was not possible to achieve in sixteen patients. The
excluded patients did not differ significantly from the
included patients regarding demographics or mecha-
nisms of injury/illness, and we found the study patients
to be representative of the target population. Therefore,
this selection bias may be of less importance in regard to
interpreting our results.

Patients in extremis who require immediate out of hos-
pital blood transfusions are rare, but prospective obser-
vational trials can contribute to the overall evidence in
this field [40]. More studies are needed to clarify the role
of whole blood in civilian out of hospital haemostatic
resuscitation and whether early transfusions reduce the
overall use of blood products in these patients, as well as
aid in developing more objective transfusion protocols.
The experience and research gained from the implemen-
tation of advanced interventions, such as whole blood
transfusion programs in HEMS, may provide guidance
on future resuscitation strategies for these patients [25].

Conclusions

Our results indicate that implementing a whole blood
transfusion program in civilian HEMS is feasible and safe
and that the logistics around out of hospital whole blood
transfusions are manageable.
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