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ARTICLE INFO ABSTRACT

Article history: Background: Life-threatening haemorrhage accounts for 40% mortality in trauma patients worldwide.

Accepted 20 March 2019 After bleeding control is achieved, circulating volume must be restored. Early in-hospital transfusion of
blood components is already proven effective, but the scientific proof for the effectiveness of prehospital

Keywords: blood-component transfusion (PHBT) in trauma patients is still unclear.

Transfusion Objective: To systematically review the evidence for effectiveness and safety of PHBT to haemorrhagic

Blood components

trauma patients.

Methods: CINAHL, Cochrane, EMBASE, and Pubmed were searched in the period from 1988 until August 1,
2018. Meta-analysis was performed for matched trauma patients receiving PHBT with the primary
outcomes 24-hour mortality and long-term mortality. Secondary outcome measure was adverse events
as a result of PHBT.

Results: Trauma patients who received PHBT with simultaneous use of packed red blood cells (pRBCs) and
plasma showed a statistically significant reduction in long-term mortality (OR=0.51; 95% (I, 0.36-0.71;
P < 0.0001) but no difference in 24-hour mortality (OR=0.47, 95% CI, 0.17-1.34; P = 0.16). PHBT with
individual use of pRBCs showed no difference in long-term mortality (OR=1.18; 95% CI, 0.93-1.49; P=
0.17) or 24-hour mortality (OR=0.92; 95% CI, 0.46-1.85; P= 0.82). In a total of 1341 patients who received
PHBT, 14 adverse events were reported 1.04%, 95% CI 0.57-1.75%.

Conclusions: PHBT with simultaneous use of both pRBCs and plasma resulted in a significant reduction in
the odds for long-term mortality. However, based on mainly poor quality evidence no hard conclusion
can be drawn about a possible survival benefit for haemorrhagic trauma patients receiving PHBT. Overall,
PHBT is safe but results of currently ongoing randomised controlled trials have to be awaited to
demonstrate a survival benefit.

Study type: Systematic review and meta-analysis

Trauma
Prehospital
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Introduction is difficult because most HEMS only carry pRBCs. This is in

Worldwide, 5.1 million people die every year as a result of
traumatic injuries, of which 1 million are in Europe [1]. These
traumatic injuries often result in death by major haemorrhage
that could have been prevented in an estimated 29% of the civilian
and 24% of the military casualties [2,3]. The introduction of
prehospital blood-component transfusion (PHBT) with packed
red blood cells (pRBCs), fresh frozen plasma (FFP), freeze dried
plasma (FDP), or platelets in addition to the individual use of
crystalloids - has improved remote damage control and made
haemostatic volume replacement possible early after trauma. It
has already been shown that PHBT with only pRBCs resulted in
lower prehospital mortality but did not affect in hospital
mortality [4]. PHBT reduces the total consumption of blood
products during hospital stay and has a positive effect on
coagulopathy [5,6].

Decades ago, only fresh whole blood (FWB) was available for
transfusion and usage resulted in lower mortality in austere
environments such as the battlefield [7]. In the early 1970s, FWB
was replaced by blood components because these can be stored
for a longer period [8]. The ability to transport oxygen, the
haemostatic functions and the retained function of platelets
make blood components more suitable for use in civil circum-
stances or austere environments [7]. However, there only few
Helicopter Emergency Medical Services (HEMS) that carry cold
stored whole blood, while the United States army uses warm
fresh whole blood in combat hospitals by using a walking blood
bank [9-11].

The acute traumatic coagulopathy (ATC) is a major threat for
each trauma patient and often occurs even before volume
resuscitation is initiated, even in the prehospital phase [12]. This
coagulopathy in combination with hypothermia and acidosis are
referred to as the ‘lethal triad’ in trauma care [13]. Although the
mechanisms of the underlying pathophysiology is only partially
clear, its relation to poor survival is evident. Early haemostatic
resuscitation addresses ATC and therefore has the potential to
improve patient outcome [14].

Despite complex logistics such as storage and preparation,
blood or blood components are nowadays generally available
in many HEMS as well as a few Ground Emergency Medical
Services (GEMS). However, equal administration of components

contrast with in-hospital transfusion where the combined use of
PRBCs, plasma and platelets in equal ratios is common practice
and is effective in achieving haemostasis [8]. Prehospital
transfusion guidelines are not uniform, which results in the
initiation of PHBT widespread parameters and clinical experi-
ence of the physician. Due to mainly poor quality evidence, there
is still no scientific evidence regarding the effectiveness of PHBT
on 24-hour and long-term mortality. A systematic review
published in 2016 regarding PHBT could not draw conclusions
about effectiveness of PHBT and stated that randomised
controlled trials (RCTs) had to be awaited [15]. In the past
two years, several studies (including two RCTs) have been
published. This review gives an overview of the published
literature and in addition, for studies with matched cohorts
meta-analysis was conducted.

Methods

This systematic review was reported according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines (see Appendix S1 for the PRISMA checklist).
No protocol was registered for this review. The review is based on a
systematic search and predefined inclusion and exclusion criteria.
The meta-analysis was performed according to a predefined
analysis plan and all methodology was based on guidelines by
Cochrane [16].

Comprehensive search

Articles were retrieved from four databases: CINAHL, Cochrane,
EMBASE, and PubMed. These sources were systematically searched
(by TR) for publications published between 1988 and August 1%,
2018. The search was not restricted by language or publication
status. The comprehensive search strategies were created using a
step-by-step guide [17] and PRESS [18] as guidance. The search
strategy included the following Mesh terms: ‘Shock, Hemorrhagic’,
‘Wounds and Injuries’, ‘Blood Transfusion’, ‘plasma’, ‘Ambulance’,
and ‘Emergency Medical Services’. Corresponding terms were used
in the other databases: CINAHL databases (CINAHL-headings),
Cochrane (Mesh), and EMBASE (EMTREE terms). A full list of search
terms is shown in Appendix S2.
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Study selection

All retrieved references were imported into Endnote (X8.0.1,
PDF Tron™ Systems Inc. 2001-2014, Canada), and duplicates were
removed. The remaining unique references were imported into
EROS (Early Review Organizing Software, version 3.0, IECS
(Institute of Clinical Effectiveness and Health Policy, Buenos Aires,
Argentina) and screened in duplicate for eligibility on title and
abstract by at least two of the six independent reviewers (TR, KW,
RM, NH, LG, ET). Full texts of eligible references were screened in
duplicate for final inclusion by two of the six independent
reviewers (TR, KW, RM, NH, LG, ET). In both phases, discrepancies
were resolved through discussion. In both screening phases, we
used the following predefined exclusion criteria: no blood or blood
products administered, no prehospital setting, not a study in
humans, no original data available. Studies were selected for meta-
analysis when they contained cohorts with matched patients. The
study data was retained from the manuscripts only; no authors
were contacted to obtain individual patient data. Studies contain-
ing inter-facility transports were excluded from all analyses.

Data extraction

One reviewer (TR) extracted the data from the included studies
according to a predefined template. The main characteristics of the
studies — type of study, author, total number of patients, blood
components used, average amount of blood components carried,
method of transport, indication for transfusion, injury severity
score (ISS) or new injury severity score (NISS), and adverse events —
were summarised and attached in appendix S3-S6. For the primary
outcomes (24-hour mortality and long-term mortality), meta-
analysis was conducted. Twenty-four-hour mortality was defined
as patients who died within 24 h after injury, including patients
who died in the prehospital setting on scene or during transport.
Long-term mortality was defined as 30-day or in-hospital
mortality. Our secondary outcome was adverse events resulting
from PHBT.

Risk of bias assessment

Risk of bias assessment was performed for all studies included
in the meta-analysis. The Cochrane risk of bias tool version 5.1.0
was used to access the risk of bias in RCTs [16]. The tool consists of
seven signalling questions with which the risk of selection,
performance, detection, attrition, reporting and other biases can be
assessed using a three-grade scale: (low, high, or unclear risk of
bias (see Appendix S8) The risk of bias in retrospective cohort
studies was evaluated using the ROBINS-I (Risk Of Bias In Non-
randomised Studies of Interventions; [19]. ROBINS-I covers the
following domains: confounding, selection of participants, classi-
fication of interventions, deviations from intended interventions,
missing data, measurements of outcomes, selection of the reported
result, and overall bias. Using this tool, retrospective cohort studies
were classified using a five-grade scale: low, moderate, serious or
critical risk of bias, or no information (see Appendix S7). All
assessments were performed in duplo by two independent
authors, who resolved discrepancies through discussion.

Data synthesis and analysis

We used Revman 5.3.5 (The Cochrane Collaboration, Oxford,
United Kingdom) to perform meta-analysis. Studies with matched
cohorts reporting 24-hour mortality, long-term mortality, or both
were included for meta-analysis. The studies contained a ‘standard
care’ group (infusion with crystalloids, no transfusion, unknown or
combination with blood components) and an intervention group

(transfusion with blood or blood components). We performed
separate analyses for patients receiving only prehospital pRBCs,
patients receiving both prehospital pRBCs and plasma and patients
receiving plasma only, versus standard care. The Mantel-Haenszel
random effects model was used for all the studies with matched
cohorts, and effect sizes were calculated as odds ratio (OR) and
corresponding 95% confidence intervals (95% CI). Heterogeneity
was assessed using the 2 statistic.

Results
Literature search and study selection

The search identified 3475 references from four databases
(Fig. 1). After removing 471 duplicates, 3004 references were
screened based on their title and abstract, of which 263 were
eligible for inclusion and underwent subsequent full-text screen-
ing. Based on full-text assessment, 49 studies were included of
which 9 were included for meta-analysis.

Study characteristics and quality assessment

Baseline characteristics of the 49 included studies are summa-
rized in appendix S3 (case reports), S4 (case series), S5 (cohort
studies) and S6 (RCTs). Most studies were retrospective, including
five case reports [20-24] case series [25-48] and 18 case-control or
matched cohort studies [4-6,49-63]. Two studies were RCTs
[64,65]. Studies were performed in the United States (n=25),
Afghanistan (n=6), Israel (n=4), United Kingdom (n=4), Australia
(n=3), the Netherlands (n=2), Austria (n=2), or Iraq, Norway or
France (each n=1). Severity of injury was reported in 31 studies
(63%). In total, 5159 patients received PHBT. In studies reporting
the gender of the patients, the majority were male (median 73%
range 19%-100%; n =54 study groups). The individual use of pRBCs
was reported in 24 studies, followed by the individual use of FDP in
five studies. Sixteen studies reported a combined usage of pRBCs
and FFP, and two studies reported the combined usage of pRBCs
and FDP. Two studies transfused only FFP. Patients were trans-
ported by HEMS in 33 studies and by ground ambulances in four
studies. In nine studies, there was a combination of air and ground
transport. HEMS crews had an average of two to four bags of O-
Negative pRBCs (250-300 mL) on board. For plasma, this standard
was up to 4 units of FFP. The long-term mortality rate varied
between 6% and 62.3%.

32 studies described the indications used for initiating blood or
blood-component transfusion [51,52,58,54,49,56,55,6,60,62,27-
33,42,41,44,46,47,36,39,37,22,23,48,34,43,64,65].

In most of the larger studies (> 100 patients), the systolic blood
pressure and heart rate were used as part of the indication to start
PHBT. However, the threshold for transfusion of the systolic blood
pressure varied between the studies (80-90 mmHg). Parameters
such as prehospital lactate > 5, Hb < 7g/dl, penetrating
mechanism, estimated blood loss > 500 mL, capillary refill > 2,
and clinical gestalt were less used.

Risk of bias was assessed for the nine studies included in the
meta-analysis (seven cohort studies and two RCTs; see appendix S7
and S8). For the two RCTs, we judged the risk of bias in each domain
to be the same for all outcomes in the study, and therefore present
only one score per domain, except for detection bias where we
judged the risk of bias to differ between the primary and secondary
outcomes. Both studies were at high risk of performance bias,
because (full) blinding of personnel and patients could not be
performed. One study appeared to be at risk of reporting bias, since
data for two secondary outcomes mentioned in the study protocol
were not reported. One study was at unclear risk of selection bias
and reporting bias because of missing information regarding
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Fig. 1. Prisma study flowchart of included studies.

random sequence generation and the a priori definition of primary
and secondary outcomes. The studies were judged to be at low risk
of bias for all other bias domains.

Regarding the cohort studies, the overall risk of bias was critical
in six studies and serious in one study. For most studies, this critical
risk of bias was the result of confounding and selection bias (e.g. in
many studies the intervention was administered to patients whose
ISS was substantially higher than of the control group, which
influenced the outcome), or missing data.

Meta-analyses of primary outcomes

A brief overview of the characteristics of the studies included
for quantitative (meta-analyses) are summarized in Table 1. Nine
studies were included with a total of 3078 patients, of which 1214
(39.4%) were in the intervention group [64,65,4,51-53,49,6,61].
Five studies were performed in the United States, two in the United
Kingdom, one in the Netherlands and one in Afghanistan. Median
age was ranged 24-49 in the intervention group compared to 23-
49 in the standard care group. Eight studies reported on 24-hour
mortality that ranged from 6% to 30% in the intervention group and
10%-42% in the standard care group. Long-term mortality was
reported in all studies and ranged from 8.2%-59.8% in the
intervention group and 10%-62.3% in the standard care group.
Only one study reported transfusion with only plasma [65]. The
rate of severe injury was reported using ISS in nine studies (range
17-35) or NISS in two studies (range 21-27). One study did not
describe injury severity [4]. It is challenging to compare the

demographics, and haemodynamic instability because individual
patient data was lacking. The following outcome measures were
analysed by meta-analysis: 1) effect of pRBCs only on 24-hour
mortality, 2) effect of pRBCs only on long-term mortality, 3) effect
of pRBCs and plasma on 24-hour mortality and 4) effect of pRBCs
and plasma on long-term mortality. The effect of prehospital
transfusion with plasma on 24-hour mortality and long-term
mortality was analysed by narrative synthesis.

Effectiveness of pRBCs on 24-hour mortality

Three studies with matched civilian trauma patients reported
24-hour mortality [49,51,4]. A total of 484 civilian trauma patients
received pRBCs, which were compared to 545 patients receiving
only standard care. The total number of events in the pRBCs group
was 124, compared to 173 in the control group. Pooled data showed
no difference in 24-hour mortality (OR=0.92; 95% (I, 0.46-1.85;
P= 0.82; Fig. 2a). Study heterogeneity was high (I> 80%).

Effectiveness of pRBCs on long-term mortality

A total of four studies reported long-term mortality in patients
who received PHBT with pRBCs only [6,51,49,4]. In total, 723
patients were transfused compared with 1025 patients receiving
only standard care. All studies were performed in a civilian setting.
The total number of events in the pRBCs group was 298, compared
to 370 in the standard care group. Heterogeneity was low (1> 18%).
Pooled data showed no difference in long-term mortality between
the standard care and PHBT groups (OR=1.18; 95% CI, 0.93-1.49;
P= 0.17; Fig. 2b).



Table 1

Characteristics for studies included in meta-analysis.

Reference Group Study Setting Type of  Patients (% Age Cause of Injury Indications for PHBT Prehospital 24-hour  Long- Adverse events by
Design (mechanism) transport male) (range) injury burden intervention mortality term transfusion
(Period) (1ss/ n (%) mortality
NISS) n (%)

Moore et al. Plasma RCT Civilian GEMS 65 33 (25- Blunt 46% NISS 27.0 SBP < 70 mmHg or SBP 71-90 mmHg 4 units of 8 (12%) 10 (15%)  No differences
(65) (04-2014-  Trauma (80) 51) (10.0- + HR > 108 bpm plasma during in adverse
(United 03-2017) 41.0)** transport (37%) events
States) 3 units of

plasma during
transport (31%)
Saline 150 (0-
300)
Standard care Civilian GEMS 60 325 Blunt 53% NISS 27.0 See above Saline 250 6(10%) 6 (10%) No differences
Trauma (85) (255 - (11.5- (100-500) in adverse
42.0) 36.0)** events

Sperry et al. PRBCs +plasma RCT Civilian HEMS 230 44 (31- Blunt 81.3% ISS 22 RBC transfusion should be 2 units of 32(13.9%) 62 6 /230 (2.6%)
(64) (05-2014 - Trauma (71.3) 59) Penetrating (14-33)** administered after 1L of crystalloid plasma (89.1%) (26.9%)

(United 10-2017) 20 % total has been received by an injured 1 unit of plasma
States) patient and any one of the following (9.1%)
are present: no plasma
Hypotension with SBP <90mmHg (1.7%)
Changes in mental status PRBCs 42.1%
Changes in skin color (pallor, Saline 500 (0-
mottling or cyanosis) 1250)
Tachycardia with HR > 120 beats per
minute
CR >2 seconds
Urine output 0.9 9. RBC transfusion
initiated at a referring facility (inter-
facility transports)
Lactate level >4 mmol/L
Shock index (HR/SBP) >0.9
RBC transfusion initiated at a
referring facility (inter-facility
transports)
In cases of penetrating wounds or
clinical evidence of active bleeding,
RBC may be initiated earlier through
consultation with a medical
command physician.
Standard care Civilian HEMS 271 46 (28- Blunt 83.4% ISS 21 See above PRBCs 42.1% 60(22.1%) 99 4 [ 271 (1.5%)
Trauma (73.8) 60) Penetrating (12-29)** Saline 900 (0- (36.5%)
18.1% 1500)
Subgroup PRBCs+plasma RCT Civilian HEMS 170 Unknown Unknown Unknown See above Not specified unknown 40 Unknown
Sperry et al. (05-2014 - Trauma Scene (unknown) (23,5%)
[64] 10-2017) patients
(United
States)
Standard care Civilian HEMS 203 Unknown Unknown Unknown See above Not specified Unknown 76 (37.4%) Unknown
Trauma (unknown)
Rehn et al. (4) Post-pRBCs RMC Civilian HEMS 239 (77) 32 Blunt 57.7% Unknown Unknown Median 2 units 66 (27.6%) 143 Unknown
(United (01-2009 - Trauma 100% Scene: Range of pRBCs (59.8%)
Kingdom) 02-2012) 100% [24-45]
Pre- pRBCs RMC Civilian HEMS 300 (80) 31 Range Blunt 62.1% Unknown Unknown Only 126 (42%) 187 Unknown
(04-2012 - Trauma 100% Scene: [23-50] crystalloids (62.3%)
02-2015) 100%
PRBCs 50 (90) 19 (30%) 22 (45%)

2201-2101 (610Z) 0§ painfuf a.p) *[ “Juj ‘Kunfuy /o 32 Inoyufly ‘HML
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Table 1 (Continued)

Reference Group Study Setting Type of  Patients (% Age Cause of Injury Indications for PHBT Prehospital 24-hour  Long- Adverse events by
Design (mechanism) transport male) (range) injury burden intervention mortality term transfusion
(Period) (1ss/ n (%) mortality
NISS) n (%)

Peters et al. RMC Civilian HEMS 33 MVA 35 ISS 34 HEMS physician based on clinical PRBCs 750 ml 1 mild reaction
(51) (01-2007 - Trauma 100% Scene (18-70) (70%) (9-75)**  parameters in combination with (250-5000) possible the
(Netherlands) 11-2015) 100% Penetrating n=45 trauma mechanism Crystalloids result of

7 (12%) 1500 mL (0- administration
Fall from 9250) of in hospital
height 5 FFP
(10%)
Other 3 (6%)
Standard Care 50 (90) 33 MVA 34 ISS 35 See above Crystalloids 16 (32%) 20 (40%)
(18-63) (68%) (18-75)** 1750 mL (250-
Penetrating n=40 5000)
3 (6%)
Fall from
height 6
(12%)
Other 7
(14%)

Shackelford PHBT RMC Military MEDIVAC 55 26 GSW: 9 ISS 29 At least 1 established criterion for 38 patients 3 (6%) 6 (11%) Unknown
et al. (52) (04-2012 - Trauma 100% Scene (unknown) [23-29]** (16%) (17-36)** prehospital transfusion for severe PRBCs
(Afghanistan) 09-2015) 100% Explosives trauma: 7 plasma only

46 (84%) >1 traumatic limb amputation with 10 pRBCs and
at least 1 located above the knee or plasma
Standard care MEDIVAC 345 25 GSW: 101 ISS 28.6  elbow 67 76 (22.9%)
Scene (unknown) [22-29]** (29%) (24.0- SBP <90 mm Hg or a HR > 120 beats (20.2%)
100% Explosives  33.2)** per minute) documented on initial
244 (71%) transport from point of injury.
Holcomb et al PHBT RMC Civilian HEMS 43 (67,4) Median Any ISS 24 Unknown Plasma only 5(11.6%) 8 (18.6%) Unknown
(53) (01-2015-  Trauma 100% Scene: (48 penetrating  (10-34)* (24%)
(United 11-2015) 100% (27,62)*  injury PRBCs only (7%)
States) 9 (20,9%) Plasma + pRBCs
(69%)
Standard care 66 (72,7) Median Any ISS 22 Unknown 10 (15.2%) 14 (21.2%) Unknown
39 penetrating (10-34)*

(26,56)* injury
18 (27,3%)

Miller et al. PRBCs RMC Civilian HEMS 195 (70) 35.6 Penetrating 1SS 22.0  Bloodloss >500 mL Up to 2u O- 39 (20%) 59 Unknown
(49) (2007- Trauma 100% Scene: (25.0- 39 (20%) (34.0- PRBCs (30.2%)

(United 2013) 100% 54.2) Other 156  42.5)**
States) (18%)
Standard care HEMS 195 (65) 383 Penetrating ISS 22.0 None 31(15.8%) 48
(25.8- 36 (82%) (34.0- (24.6%)
56.9) Other 159 43.0)**
(82%)

Brown et al (6) PHBT RMC Civilian HEMS 240 (69) 49 (28- Blunt 191 ISS 18 After infusion of 1 to 21 crystalloids: pRBC 300 mL 54 74 (30.8%) No reported
(United (2007- Trauma 100% 71.5) (80%) (10-29)**  SBP <90 mmHg (200-500) (22.5%) complications
States) 2012) Penetrating Changes in mental status crystalloids

49 (20%) Changes in skin color 500 mL (100-
CR > 2s 1000)
Standard care Civilian HEMS 480 (67) 49 (31- Blunt 395 ISS 17 (9- Lactate > 4 mmol/L Crystalloids unknown 115 No reported
Trauma 100% 68) (82%) 27)** Urine output <30 ml/h for > 4h 400 ml (100- (23.9%) complications
Penetrating SI >0.9 1000)
85 (18%) Penetrating wounds or active

bleeding RBC can administered
earlier.
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No serious

PRBCs 1 median unknown 8 (8.2%)

[1,2] range [0-4]
FFP 2 median

Blunt 1 (1%) NISS 22 Unknown

MERT-E 97 (97.9) 24 (20-
28)

Military

RMC

PHBT
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Legend: RCT, randomized controlled trial; RMC, retrospective matched cohort; NISS, new injury severity score; ISS, injury severity score; PHBT, pre-hospital blood transfusion; GEMS, ground emergency medical Service; HEMS,
helicopter emergency medical service; SBP, systolic blood pressure; HR, heart rate; MVA, motor vehicle accident; GSW, gunshot wound; MERT-E, medical emergency response team enhanced; FFP, fresh frozen plasma; INR,

international normalized ratio; CR, capillary refill; MEDEVAC, medical evacuation; Hb, haemoglobin * (P25,P75) ** (IQR, interquartile range).
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Effectiveness of pRBCs and plasma on 24-hour mortality

Two retrospective studies with matched cohorts were included.
One was performed in civilian [53] and one in military setting [52].
A total of 97 trauma patients received the combination of pRBCs
and plasma compared with 398 matched control patients who only
received standard care. The total number of events in the pRBCs
and plasma group was 8, compared to 77 in the standard care
group. Pooled data showed no difference in the odds for 24-hour
mortality (OR=0.47, 95% CI, 0.17-134; P = 0.16; Fig. 3a).
Heterogeneity was defined as moderate (I? 48%).

Effectiveness of pRBCs and plasma on long-term mortality

Three retrospective studies and one RCT reported long-term
mortality in patients who received combined transfusion with
pRBCs and plasma [52,53,61,64]. Two studies were conducted in a
civilian setting [53,64] and two studies in a military setting [52,61].
In total 364 patients received PHBT compared to 698 patients
receiving only standard care. The total number of events in the
intervention group was 62, compared to 185 in the standard care
group. Heterogeneity was defined as low (I 0%). Pooled data
showed a 49% reduction in the odds for long-term mortality in the
intervention group (OR=0.51; 95% CI, 0.36-0.71; P<0.0001)
(Fig. 3b).

Narrative synthesis of primary outcomes

Effectiveness of plasma on 24-hour and long-term mortality

One RCT reported the outcome after prehospital administration
of plasma in trauma patients [65]. The study contained only
civilian trauma patients who were transported by GEMS. A total of
65 patients received prehospital thawed plasma compared with 60
patients receiving standard care. The total number of events in the
plasma group was 8 compared with 6 in the control group who
only received standard care. Data showed no difference in the odds
for 24-hour mortality (OR=1.26, 95% CI, 0.41-3.88; P = 0.68) and
long-term mortality (OR=1.64, 95% (I, 0.56-4.82; P = 0.37).

Narrative synthesis of secondary outcomes

Adverse events

The absence or presence of adverse events of PHBT in trauma
patients was reported in 14 studies [24,23,28,29,51,6,32,34,38,
61,37,44,47,64]. In the studies reporting adverse events, a total of
1341 trauma patients were transfused, and 14 of them developed a
complication which was possibly related to the transfusion (1.04%,
95% C10.57-1.75%). Complications were directly after admission an
allergic reaction with rash (n=5), a possible breathing depression
(n=1), anaphylaxis (n=1), hypotension (n=1) and urticaria (n=1).
In 4 patients the authors could not conclude whether the
complication was a direct result of the transfusion. During the
administration of FDP, there was one complication after infusion.
One patient developed chills and shivering, what was not evidently
the result of the transfusion, but rather from the sepsis she
developed [29].

Discussion

The objective of this systematic review was to determine the
effectiveness and safety of PHBT for haemorrhagic trauma
patients. Although there was a significant reduction in the odds
for long-term mortality when receiving both pRBCs and plasma
simultaneously, no hard conclusions can be drawn regarding
effectiveness. This is a result of the fact that the majority of
literature provided mainly poor quality evidence and was
retrospective. Two recently published RCTs provide high quality
evidence regarding the use of plasma in haemorrhagic shock.
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Fig. 2. (a) Comparison of prehospital transfusion with packed red cells only vs. standard care on 24-hour mortality.
The studies are shown by name with point estimates of the odds ratios and 95% confidence intervals.

(b) Comparison of prehospital transfusion with packed red cells only vs. standard care on long-term mortality.

The studies are shown by name with point estimates of the odds ratios and 95% confidence intervals.

However, one of the two RCTs contained inter-facility transports
and was therefore excluded from 24-hour mortality meta-
analysis [64]. The other RCT showed no survival benefit, which
could be explained by the low number of included patients which
resulted in early termination of the study [65]. Regarding safety,
only 14 adverse events of PHBT (1.04%) were reported, which
confirms the safety of PHBT. However, not all included studies
reported adverse events, which means that this number may be
an underestimation of the actual number.

There are several other factors that could have influenced the
results found in this meta-analysis and which make the
extrapolation of the findings to clinical practice challenging.
First of all, among included studies there is a lack of uniform
guidelines for initiating PHBT. Although it is best practice to use
uniform guidelines or cut-off points, in practice, the clinical
condition of the patient will often determine as the most
important factor in treatment. Overall, the criteria for initiating
PHBT were evident blood loss (all studies) and clinical signs of
shock (systolic blood pressure < 90 mmHg in combination with
heart rate > 120 beats per minute). Secondly, the liberal use of
crystalloids in both intervention and standard care groups makes
it difficult to determine the individual effect of PHBT. Although
infusion of crystalloids is still common practice in prehospital
care, the use of crystalloids should be limited to a maximum of 1.5
litres per adult patient due to the harmful effects when
administered in larger quantities [66]. Thirdly, it is hard to
compare military patients versus civilian patients just soldiers
often have a lower age than the civilian population in general, are
generally at excellent baseline health and are also better trained
in the treatment of severe blood loss through ‘self-help’
(tourniquet use). Tourniquets use enables them to be capable
of acting quickly and effectively at arresting haemorrhage, which
could result in a higher chance of survival [67]. In addition, there
is a difference between the studies as to whether they reported
ISS or NISS, which makes comparisons unreliable. in ISS or NISS,
which makes it unreliable to compare the studies. Also, the whole

trauma system needs to be considered (the ‘Chain of Survival’). A
recently published study showed that PHBT only resulted in lower
prehospital mortality but did not affect in-hospital mortality [4].
It is therefore necessary to also optimize in-hospital care to treat
this type of patient, who may previously have deceased at the
scene or on route to hospital.

Finally, transfusion strategies are different among studies. The
current in-hospital guideline is that massive transfusion should be
performed early, with components (pRBCs/plasma/platelets) in
equal ratio (1:1:1), supplemented with medication (tranexamic
acid, fibrinogen) to treat induced coagulopathy [8]. However,
plasma and platelets are not always available in prehospital
setting, and if it is, in insufficient quantities. (60)

In addition to availability, storage and transportation of blood
components is challenging. It requires a refrigerator, with
continuous temperature monitoring and an active cooler box
on-board. The use of a fluid warmer to warm the blood is advised
because administration of cold fluids or blood components will
worsen hypothermia and increases the total amount of the in-
hospital transfused blood products and the risk of complications
such as pneumonia, renal failure, cardiac arrest, and ATC [68]. The
use of FDP offers solutions to these logistic problems. FDP can be
stored at room temperature, is available in less than 10 min has
comparable haemostatic functions to FFP, and its anticoagulant
function is ensured [34]. In contrast, FFP has a thawing time of
20 min [69]. FDP has already been used in prehospital settings by
both military and civilian agencies, such as the French (French
FLYP), the United Kingdom, Norwegians, the Germans (LyoPlas N-
w), the South Africans and the Israeli Defence Force [69,29]. In the
US, FDP is recently approved by the Food and Drug Administration
(FDA) as a transfusion product.

Limitations

In this review, studies were included that date from 1988 to
August 1, 2018. The risk of bias between these studies is large
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Fig. 3. (a) Comparison of prehospital transfusion with combined use of both packed red cells and plasma vs. standard care on 24-hour mortality.
The studies are shown by name with point estimates of the odds ratios and 95% confidence intervals.

(b) Comparison of prehospital transfusion with combined use of packed red cells

and plasma vs. standard care on long-term mortality.

The studies are shown by name with point estimates of the odds ratios and 95% confidence intervals.

considering the 30-year time span of the literature. Studies are
hardly comparable because there is no standard indication for
transfusion; some protocols are even outdated. The majority of
studies consisted of low patient numbers. Other lifesaving
interventions - such as emergency thoracotomy, clamshell
thoracotomy, advanced airway management, or the administration
of crystalloids before PHBT- can distort the data. The lack of a
uniform guideline could influence our conclusion because over- or
under-transfusion could lead to a poorer chance of survival. The
high heterogeneity observed in our meta-analysis of the effect of
PRBCs versus standard care on 24-hour mortality is likely a result
of these variations in study design and quality. The study by Rehn
et al 2018 shows a positive effect of treatment which was not
observed in the other two studies, but we could not readily explain
this difference based on a difference in the studies’ characteristics
[4]. Unfortunately, some of the key study characteristics were not
reported, e.g. the ISS, which may have influenced the outcome. The
study of Sperry et al included both scene and inter-facility
transports. In this meta-analysis only the scene transports were
included [64]. Until additional evidence becomes available, the
outcome of this meta-analysis should be interpreted with care.
The current literature provides mostly low-quality evidence
from retrospective studies. Two RCTs were published recently

[64,65]. In a large, ongoing, RCT, ‘Resuscitation with Pre-
Hospital Blood Products’ (RePHILL), trauma patients are
randomly exposed to crystalloids, packed red cells, and plasma;
it is currently ongoing and recruiting will finish at the end of
2020 [70]. Other studies currently including patients are Pre-
hospital Administration of Lyophilized Plasma for Post-trau-
matic Coagulopathy Treatment (PREHO-PLYO) ClinicalTrials.
gov Identifier: NCT02736812, Rapid Administration of Blood by
HEMS in Trauma (RABBIT) ClinicalTrials.gov Identifier:
NCT03522636 and Prehospital Pragmatic Group O Whole Blood
Early Resuscitation Trial (PPOWER) ClinicalTrials.gov Identifier:
NCT03477006. 1t is assumed that these trials provide high-quality
evidence according to the efficacy and safety of use of prehospital
blood products [70,15].

Conclusions

Carrying and administering blood components by (H)EMS is
feasible and safe. PHBT with simultaneous use of both pRBCs and
plasma resulted in a reduction in the odds for long-term mortality.
However, no hard conclusion could be drawn as most studies
contained only low quality evidence. Future results of currently
ongoing RCTs have to be awaited.
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