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Summary

The primary aim of this systematic review is to describe the effects of prehospital

transfusion of red blood cells (PHTRBC) on patient outcomes. Damage control resus-

citation attempts to prevent death through haemorrhage in trauma patients. In this

context, transfusion of red blood cells is increasingly used by emergency medical ser-

vices (EMS). However, evidence on the effects on outcomes is scarce. PubMed and

Web of Science were searched through January 2019; 55 articles were included. No

randomised controlled studies were identified. While several observational studies

suggest an increased survival after PHTRBC, consistent evidence for beneficial effects

of PHTRBC on survival was not found. PHTRBC appears to improve haemodynamic

parameters, but there is no evidence that shock on arrival to hospital is averted, nor of

an association with trauma induced coagulopathy or with length of stay in hospitals or

intensive care units. In conclusion, PHTRBC is increasingly used by EMS, but there is

no strong evidence for effects of PHTRBC on mortality. Further research with study

designs that allow causal inferences is required for more conclusive evidence. The

combination of PHTRBC with plasma, as well as the use of individualised transfusion

criteria, may potentially show more benefits and should be thoroughly investigated in

the future. The review was registered at Prospero (CRD42018084658).
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1 | INTRODUCTION

Haemorrhage is a potentially preventable cause of death after major

trauma.1-3 Topical treatment is not always sufficient to control

haemorrhage, since it is often non-compressible.3-5 The lethal triad of

acidosis, hypothermia and coagulopathy is related to haemorrhagic

shock, especially when blood loss is treated with liberal crystalloid

fluid replacement.6 In damage control resuscitation (DCR), blood prod-

ucts are preferred over crystalloids as fluid replacement, while a

degree of hypotension is accepted until haemorrhage control has

been achieved.6-11

Through transfusion of red blood cells (RBC), the infusion of large

volumes of crystalloids may be avoided, as RBC provide a more effec-

tive volume expansion. Haemostasis and thrombosis are promoted12

and oxygen carrying capacity restored.13

In an effort to decrease mortality through haemorrhage after major

trauma, prehospital transfusion of red blood cells (PHTRBC) is increasingly

performed. Military medical teams have been transfusing blood products
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prior to arrival at a surgical unit for years.14,15 This may partially explain

survival differences between civilian casualties who require massive trans-

fusion (60%) and military casualties (93%).16 More recently, civilian emer-

gency medical services (EMS) have also started to carry blood to the

scene and transfuse their patients in the prehospital setting.17,18

In part 1 of this series, we described the availability and frequency of

PHTRBC around the world, and demonstrated that varying transfusion

criteria are being used.19 However, to date, little is known concerning the

effects on patient outcomes. We have therefore conducted a systematic

review with the aim to evaluate the effect of PHTRBC in patients treated

by EMS on multiple outcomes including mortality, haemodynamic param-

eters, and the need for further in-hospital transfusions.

2 | METHODS

The review was registered at Prospero (website: https://www.crd.york.

ac.uk/prospero, identification number: CRD42018084658). This system-

atic review was conducted in accordance with PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.20

2.1 | Information sources, search strategy and
study selection

PubMed and Web of Science were searched through January 2019. The

search strategy and the process of selection of studies were described

previously.19 For the purpose of this systematic review, only the manu-

scripts reporting outcome measures after PHTRBC (data on the hemody-

namic state, coagulopathy, 24 hours RBC transfusion requirement,

length of stay in hospital/intensive care unit [ICU], mortality, or occur-

rence of complications) were included. For a comprehensive overview of

studies reporting outcomes after PHTRBC, controlled studies as well as

observational studies were considered for this systematic review.

2.2 | Data extraction

A standardised data extraction sheet was developed, and after testing

this on the first 20 articles, it was refined. The setting and type of

transport the EMS used (civilian or military, scene or interfacility) and

patient characteristics were extracted. Data regarding the effects of

prehospital transfusion were collected, including haemodynamic data,

coagulopathy, 24 hours RBC transfusion requirement, length of stay in

hospital/ICU, mortality and occurrence of complications. Descriptions

of problems that arose during PHTRBC are summarised in the text.

Bias was assessed using the Newcastle-Ottawa Scale.21

2.3 | Data synthesis

A priori, we had planned a random-effects meta-analysis of the avail-

able evidence. However, no controlled studies were identified, and

the observational studies carry a risk of residual confounding even if

matching or regression-based techniques were used to control for con-

founding. Moreover, a high heterogeneity among the studies precluded

meaningful pooling of data: Civilian and military studies are not compara-

ble due to fundamental differences in patients, mechanisms of injury and

medical facilities. Also within these two groups, differences between

patient populations and patient selection, differences between

healthcare systems and EMS systems (eg, logistics, staff, equipment,

treatment options, response and transport times to definitive care), dif-

ferences in the type of blood products used (RBC only or a combination

of blood products), differences in transfusion criteria, as well as differ-

ences in outcome measures are too great to allow a meaningful com-

bined analysis. A meta-analysis was therefore not performed.

3 | RESULTS

3.1 | Selection of articles

The search in PubMed and Web of Science yielded 2172 hits after

removal of duplicates. In our scoping review, 71 articles were

included.19 In total, 55 of these studies reported one or more out-

come measure, and were included in this review (Figure 1).

Forty-one of these studies discussed PHTRBC in civilian medical

services, 14 of which allowed comparisons of PHTRBC with a control

population. Notably, four articles primarily dealt with a different study

topic, but were included as they additionally provided valuable infor-

mation regarding PHTRBC22-25 (Table 1).

WHAT IS KNOWN ABOUT THE TOPIC

• Prehospital transfusion of red blood cells is increasingly

used in the setting of damage control resuscitation, and

transfusion criteria vary widely.

• Transfusion of red blood cells is common practice in hos-

pitals to save exsanguinating patients. In this setting, red

blood cells are often transfused along with other blood

products such as plasma.

WHAT IS NEW

• Literature does not show consistent evidence for benefi-

cial effects of PHTRBC on mortality, shock on arrival to

hospital, trauma induced coagulopathy, length of stay in

hospitals or intensive care units.

WHAT ARE THE FUTURE KEY QUESTIONS FOR FUTURE

WORK ON THE TOPIC

• Can individualised transfusion criteria provide additional

benefit?

• Can the combination of PHTRBC with other blood prod-

ucts, such as plasma, reduce mortality in severely bleed-

ing patients in the prehospital setting?
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We included 14 articles discussing PHTRBC in military medical

services, of which four studies had a control population. Four articles

reported prehospital transfusion as an additional topic, while primarily

discussing another aspect of their study70,71,74,76 (Table 1).

No randomised trials were identified; all studies were observational.

The potential overlap of patients in different manuscripts was substantial

(Tables 2 and 3). The bias assessment of the studies is shown in Table 4.

3.2 | Patient characteristics

In total, 47 civilian studies reported on trauma patients. Blunt injury

was most prevalent in the included studies, ranging from 55% to

100% of trauma patients.18,22,24-31,33,35,36,38,41-43,49,52-55,57,58,61 The

mean or median injury severity score (ISS) varied from 18 to

43 (Table 1).18,22-31,33,35,37,41-44,49,53,54,57 The most frequent

mechanisms of injury were motor vehicle collisions (42%-88%)
30,33,35,38,41-44,49,54,61 and falls from a height (3.4%-13%).30,33,35,38,49,54,61

In military services, penetrating injuries were reported by 68% to

100% of studies 62,64,66,68,72,74-76 and the mean or median ISS varied

from 15 to 45 (Table 1).62,64,65,68,70-72 The most frequently reported

mechanisms of injury were explosions (1%-87%)62,64,65,67-69,71-74,76

and gunshot wounds (13%-100%).64-69,71-73,76

Data on non-trauma patients were reported in 16 civilian studies

and made up 3% to 100% of these study cohorts.32,40,43-51,54-56,59,61

Suspected gastro-intestinal bleeding or ruptured aortic aneurysm

were the most often reported non-traumatic diagnoses in transfused

patients. Only one article reported on non-trauma patients attended

to by military services; the two patients were transferred between

facilities and suffered from obstetric haemorrhage or respiratory dis-

ease, they accounted for 2% of transfused patients.69

3.3 | Outcome—Mortality

3.3.1 | Civilian

Unadjusted data from one study suggested that less PHTRBC patients

died compared with non-receivers,37 while another unadjusted study

found no difference.32

In propensity score-matched trauma patients, Brown et al28,29

found a significant advantage of PHTRBC on either 24 hours or

F IGURE 1 PRISMA flow diagram
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30 day mortality in two different studies, with 50 and 240 transfused

patients, respectively. Rehn et al36 found a lower prehospital mortality

in trauma patients transported from the scene. After adjustment,

Holcomb et al18 found lower odds of mortality in critical trauma

patients who received PHTRBC and/or plasma at 6 hours.

However, in six other studies reporting matched or adjusted data, no

significant effect on mortality was found, either at 3 hours,27 6 hours,26,30

24 hours,26,27,31,33 28 days30 or 30 days post-infusion,27,33 for in-hospital

mortality26,31 or overall mortality34 (Table 5). Conversely, Kim et al22

found significantly lower mortality at 24 hours and a lower mortality

overall for patients transfused with both PHT-plasma and PHTRBC com-

pared with patients receiving PHTRBC only. These studies varied in

patient and injury characteristics, type of transport (from scene/ inter-

facility/ both), type of blood products used (RBC only or a combination of

blood products), transfusion criteria as well as outcome measures, and

therefore, data could not be meaningfully combined in a meta-analysis.

3.3.2 | Military

In military services, almost all studies included patients who

possibly received other prehospital blood products besides RBC.

Two retrospective studies compared trauma PHT recipients to

non-receivers, and found significantly lower mortality in PHT patients

(either overall, 24 hours or 30-day mortality) (Table 5).65,72 One of these

studies subsequently focused on those patients who survived the first

24 hours; the beneficial effect on 30-day mortality was no longer pre-

sent.65 This concurs with a large retrospective study (with a partially over-

lapping study population), where the odds for “killed in action” (KIA)

mortality (death before arrival at treatment facility) was 83% lower for

casualties who needed and received prehospital transfusion, compared

with patients who needed but did not receive a prehospital transfusion.63

3.4 | Outcome—Shock after transfusion

3.4.1 | Civilian

Six observational studies compared vital parameters or POCT results

before and after transfusion.32,42,44,45,49,53 Five of these noted signifi-

cant beneficial effects of PHTRBC (decrease in heart rate [HR] and

shock index [SI],44 rise in systolic,44,49 diastolic49 or mean arterial blood

pressures,45,49 less hypotensive episodes (ie, SBP < 90 mmHg)45 or less

“haemodynamic instability”32) (Table 5).

Studies comparing vital parameters in PHTRBC patients vs non-

receivers report conflicting results: significantly lower occurrence of

hypotension,28 a higher DBP,34 and a higher BE and pH18 have been

reported in PHTRBC patients, but in contrast, significantly lower

SBP,26,29,31 a higher HR,34 a lower pH26,37 and a lower bicarbonate

level37 have also been found. Other studies found no significant differ-

ences in either SBP,18,34 DBP,26 HR,18,26,31 BE,26,28,33 lactate,33 change in

mean BP or in HR37 or occurrence of “shock on admission.”33 Kim et al22

compared PHTRBC with PHTRBC + PHT-plasma and found no significantT
A
B
L
E
1

(C
o
nt
in
ue

d)

Fi
rs
t
au

th
o
r
(y
)

R
eg

io
n

St
ud

y
pe

ri
o
d

P
ri
m
ar
y
go

al
St
ud

y
gr
o
up

C
o
nt
ro
lg

ro
up

C
o
nt
ro
lf
o
r

co
nf
o
un

di
ng

pa
ti
en

ts
tr
an

sf
us
ed

(n
)a

T
yp

e
o
f

tr
an

sp
o
rt
(%

tr
au

m
a)

M
ec

h
an

is
m

o
f
in
ju
ry

IS
S

C
as
e
re
po

rt
s

W
es
t
B
C

(2
0
0
4
)7
5

U
S
A
rm

y
A
fg
ha

ni
st
an

2
0
0
4

C
as
e
re
po

rt
n/
a

1
P
O
It
o
F
ST

P
en

et
ra
ti
n
g:

1
0
0
%

(n
=
1
)

n
/d

N
ot
e:
M
ed

ia
n
(IQ

R
)u

nl
es
s
o
th
er
w
is
e
sp
ec
if
ie
d.

A
bb

re
vi
at
io
ns
:A

M
R
,a
dv

an
ce
d
m
ed

ic
al
re
tr
ie
va
l;
C
C
,c
lin

ic
al
ly

ev
id
en

t
co

ag
ul
o
pa

th
ic
bl
ee

di
ng

;C
M
R
,c
o
nv

en
ti
o
na

lm
ili
ta
ry

re
tr
ie
va
l;
C
SH

,C
o
m
b
at

Su
p
p
o
rt
H
o
sp
it
al
;F

F
P
,F

re
sh

fr
o
ze
n
p
la
sm

a;
F
ST

,F
o
rw

ar
d

Su
rg
ic
al
T
ea

m
;F

W
B
,f
re
sh

w
ho

le
bl
o
o
d;

G
I,
ga
st
ro
-i
nt
es
ti
na

l;
H
E
M
S,

H
el
ic
o
pt
er

E
m
er
ge

nc
y
M
ed

ic
al
Se

rv
ic
e;

IS
S,

In
ju
ry

Se
ve

ri
ty

Sc
o
re
;K

IA
,K

ill
ed

in
ac
ti
o
n
;M

A
ST

,M
ed

ic
al
an

ti
sh
o
ck

tr
o
u
se
rs
;M

E
R
T
(−
E
),

M
ed

ic
al
E
m
er
ge

nc
y
R
es
po

ns
e
T
ea

m
(−
E
nh

an
ce
d)
;M

V
C
,m

o
to
r
ve

h
ic
le

co
lli
si
o
n;

n/
a,
no

t
ap

pl
ic
ab

le
;n

/d
,n

o
t
de

sc
ri
be

d;
n/
s,
no

t
sp
ec
if
ie
d
fo
r
P
H
T
R
B
C
;(
N
)IS

S,
(N

ew
)I
n
ju
ry

Se
ve

ri
ty

Sc
o
re

P
H
T
,p

re
h
o
sp
it
al

tr
an

sf
us
io
n;

P
H
T
R
B
C
,p

re
ho

sp
it
al
tr
an

sf
us
io
n
o
f
re
d
bl
o
o
d
ce
lls
;P

H
T
-p
la
sm

a,
pr
eh

o
sp
it
al
tr
an

sf
us
io
n
o
f
pl
as
m
a;

P
O
I,
po

in
t
o
f
in
ju
ry
;R

B
C
,r
ed

bl
o
o
d
ce
lls
;R

C
T
,r
an

d
o
m
is
ed

cl
in
ic
al
tr
ia
l;
R
T
S,

R
ev

is
ed

tr
au

m
a

sc
o
re
;S

D
,S

D
;T

IC
,t
ra
um

a
in
du

ce
d
co

ag
ul
o
pa

th
y;

U
,U

ni
ts
;U

K
,U

ni
te
d
K
in
gd

o
m
;U

SA
,U

ni
te
d
St
at
es

o
f
A
m
er
ic
a.

a
P
H
T
R
B
C
un

le
ss

o
th
er
w
is
e
sp
ec
if
ie
d;

m
at
ch

ed
nu

m
be

r
o
f
pa

ti
en

ts
if
ap

pl
ic
ab

le
.

b
P
H
T
R
B
C
an

d/
o
r
o
th
er

pr
eh

o
sp
it
al
bl
o
o
d
co

m
po

ne
nt

pr
o
du

ct
s.

c b
lo
o
d
pr
o
du

ct
s
no

t
sp
ec
if
ie
d.

114 VAN TURENHOUT ET AL.



T
A
B
L
E
2

In
cl
ud

ed
ci
vi
lia
n
st
ud

ie
s
by

re
gi
o
n
an

d
m
ed

ic
al
se
rv
ic
e,
m
ak
in
g
po

te
nt
ia
lo

ve
rl
ap

pi
ng

st
ud

y
po

pu
la
ti
o
ns

vi
si
bl
e

C
o
un

tr
y

R
eg

io
n

Fi
rs
t
au

th
o
r
(y
)

C
o
m
m
en

ts
8
5

8
6

8
7

8
8

8
9

9
0

9
1

9
2

9
3

9
4

9
5

9
6

9
7

9
8

9
9

0
0

0
1

0
2

0
3

0
4

0
5

0
6

0
7

0
8

0
9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

A
us
tr
al
ia

(G
re
at
er
)

B
ri
sb
an

e

B
o
dn

ar
D
-b

(2
0
1
4
)4
1

La
w
to
n
LD

(2
0
1
2
)5
8

C
as
e
re
po

rt

(G
re
at
er
)

Sy
dn

ey

G
ar
ne

r
A
A
(1
9
9
9
)5
7

C
as
e
re
po

rt

Sh
er
re
n
P
B
(2
0
1
3
)3
8

E
xa
ct

pe
ri
o
d
no

t

sp
ec
if
ie
d

V
ic
to
ri
a

H
es
ch

lS
(2
0
1
8
)4
4

C
an

ad
a

B
r.
C
o
lu
m
bi
a

M
ac
na

b
A
J
(1
9
9
6
)5
9

C
as
e
re
po

rt

W
.C

an
ad

a
K
ro
o
k
C
(2
0
1
8
)4
7

Sh
o
ck

T
ra
um

a
A
ir

R
es
cu

e
So

ci
et
y

(S
T
A
R
S)

N
L

N
ijm

eg
en

,

R
'd
am

P
et
er
s
J
(2
0
1
7
)3
3

N
o
rw

ay
B
er
ge

n
Su

nd
e
G
A
(2
0
1
5
)5
5

U
K

K
en

t,
Su

rr
ey

&

Su
ss
ex

G
ri
gg

s
JE

(2
0
1
8
)3
0

Ly
o
n
R
(2
0
1
7
)4
9

Lo
nd

o
n

R
eh

n
M

(2
0
1
8
)3
5

R
eh

n
M

(2
0
1
9
)3
6

W
ea

ve
r
A
E
(2
0
1
2
)3
9

Sc
o
tl
an

d
R
ee

d
M

(2
0
1
7
)2
4

So
ut
h
W

es
t

H
o
o
pe

r
N

(2
0
1
7
)4
6

T
ha

m
es

V
al
le
y

R
ai
tt
JE

(2
0
1
8
)5
4

U
SA

A
la
ba

m
a

C
ha

ng
R
(2
0
1
8
)2
5

9
tr
au

m
a
ce
nt
er
s

H
o
lc
o
m
b
J
(2
0
1
7
)2
7

9
tr
au

m
a
ce
nt
er
s

A
ri
zo

na
C
ha

ng
R
(2
0
1
8
)2
5

9
tr
au

m
a
ce
nt
er
s

H
o
lc
o
m
b
J
(2
0
1
7
)2
7

9
tr
au

m
a
ce
nt
er
s

B
ro
w
n
JB

-a
(2
0
1
5
)2
8

9
in
st
it
ut
io
ns

C
al
if
o
rn
ia

C
ha

ng
R
(2
0
1
8
)2
5

9
tr
au

m
a
ce
nt
er
s

H
o
lc
o
m
b
J
(2
0
1
7
)2
7

9
tr
au

m
a
ce
nt
er
s

C
o
nn

ec
ti
cu

t
Su

m
id
a
M
P
(2
0
0
0
)3
7

Ill
in
o
is

B
ro
w
n
JB

-a
(2
0
1
5
)2
8

9
in
st
it
ut
io
ns

C
ha

ng
R
(2
0
1
8
)2
5

M
ar
yl
an

d
H
o
lc
o
m
b
J
(2
0
1
7
)2
7

9
tr
au

m
a
ce
nt
er
s

M
en

a-
M
un

o
z
J
(2
0
1
6
)5
1

B
er
ns

K
S
(1
9
9
8
)4
0

M
ay
o
H
E
M
S

B
ro
w
n
JB

-a
(2
0
1
5
)2
8

9
in
st
it
ut
io
ns
;

T
ra
um

a
o
nl
y

C
ha

ng
R
(2
0
1
8
)2
5

9
tr
au

m
a
ce
nt
er
s

(C
o
nt
in
u
es
)

VAN TURENHOUT ET AL. 115



T
A
B
L
E
2

(C
o
nt
in
ue

d)

C
o
un

tr
y

R
eg

io
n

Fi
rs
t
au

th
o
r
(y
)

C
o
m
m
en

ts
8
5

8
6

8
7

8
8

8
9

9
0

9
1

9
2

9
3

9
4

9
5

9
6

9
7

9
8

9
9

0
0

0
1

0
2

0
3

0
4

0
5

0
6

0
7

0
8

0
9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

F
ah

y
A
S
(2
0
1
7
)4
3

M
ay
o
O
ne

,M
ay
o

P
ed

ia
tr
ic
/

N
eo

na
ta
l

T
ra
ns
po

rt
;

P
ed

ia
tr
ic
pa

ti
en

ts

o
nl
y

H
o
lc
o
m
b
J
(2
0
1
7
)2
7

9
tr
au

m
a
ce
nt
er
s

M
in
ne

so
ta

K
im

B
D

(2
0
1
2
)2
2

M
ay
o
H
E
M
S;

T
ra
um

a
o
nl
y

M
ix
F
M

(2
0
1
8
)5
2

M
ay
o
H
E
M
S
an

d

gr
o
un

d
E
M
S;

T
ra
um

a
o
nl
y

P
ar
ke

r
M
E
(2
0
1
7
)3
2

M
ay
o
H
E
M
S;

G
I

bl
ee

d
o
nl
y

P
o
tt
er

D
(2
0
1
5
)5
3

M
ay
o
H
E
M
S;

P
ed

ia
tr
ic
pa

ti
en

ts

o
nl
y

T
hi
el
s
C
A
(2
0
1
6
)5
6

M
ay
o
H
E
M
S

T
re
m
bl
ey

A
L
(2
0
1
6
)6
0

N
o
rt
h
M
em

o
ri
al
A
ir

C
ar
e;

D
es
cr
ip
ti
o
n

o
f
pr
o
to
co

l

N
ew

E
ng

la
nd

B
ro
w
n
JB

-a
(2
0
1
5
)2
8
a

9
in
st
it
ut
io
ns

H
ig
gi
ns

G
L
(2
0
1
2
)4
5
b

W
he

el
er

R
(2
0
1
3
)2
3
c

C
ha

ng
R
(2
0
1
8
)2
5

9
tr
au

m
a
ce
nt
er
s

H
o
lc
o
m
b
J
(2
0
1
7
)2
7

9
tr
au

m
a
ce
nt
er
s

O
hi
o

K
ru
gh

D
(1
9
9
4
)4
8

M
en

a-
M
un

o
z
J
(2
0
1
6
)5
1

O
re
go

n
C
ha

ng
R
(2
0
1
8
)2
5

9
tr
au

m
a
ce
nt
er
s

D
al
to
n
A
M

(1
9
9
3
)4
2

H
o
lc
o
m
b
J
(2
0
1
7
)2
7

9
tr
au

m
a
ce
nt
er
s

P
ri
ce

D
D

(1
9
9
9
)3
4

P
en

ns
yl
va
ni
a

B
ro
w
n
JB

-a
(2
0
1
5
)2
8

9
in
st
it
ut
io
ns

B
ro
w
n
JB

-b
(2
0
1
5
)2
9

ST
A
T
M
ed

E
va
c

M
en

a-
M
un

o
z
J
(2
0
1
6
)5
1

T
en

ne
ss
ee

M
ill
er

B
(2
0
1
6
)3
1

Su
m
id
a
M
P
(2
0
0
0
)3
7

B
ro
w
n
JB

-a
(2
0
1
5
)2
8

9
in
st
it
ut
io
ns

C
ha

ng
R
(2
0
1
8
)2
5

9
tr
au

m
a
ce
nt
er
s

(C
o
nt
in
u
es
)

116 VAN TURENHOUT ET AL.



differences in SBP, HR, lactate, BE or pH. Brown et al29 measured base

deficit and lactate levels on arrival to hospital, and used these to calculate

the odds of shock. They found that in PHTRBC patients, these odds were

significantly lower than in matched control patients (Table 5).

3.4.2 | Military

In military EMS, three observational studies analysed the change in vital

parameters after transfusion, all showing improvements (significant rise in

SBP and improvement in SI73; a fall in HR69,73; or a SBP closer to physio-

logically normal values as the prehospital transfused volume increased70).

Only one study comparing PHTRBC patients to controls found a

significant difference reporting a lower HR.72 No significant differ-

ences were found for SBP, pH, BE, or “shock on arrival”65,72 (Table 5).

3.5 | Outcome—24-hour RBC Requirement

3.5.1 | Civilian

In the first 24 hours after admission to hospital, civilian patients

received a median of 0 to 14 U of RBC,22,26,28-31,33,36,39,41,54 and pae-

diatric patients received a mean of 3.6 U.53

Five analyses found the RBC requirement in-hospital or in the

first 24 hours to be significantly higher for PHTRBC

patients,26,28,31,34,43 whereas five others found it to be significantly

lower.18,29,30,33,35 One of these studies noted that taking the prehospital

transfused volume into account, the cumulative 24 hours RBC require-

ment was not significantly different.33 Two other studies found no signif-

icant difference in in-hospital or 24 hours RBC requirement in either

PHT vs control or in PHTRBC vs PHTRBC+PHT plasma22,32 (Table 5).

3.5.2 | Military

Median RBC requirement in the first 24 hours after arrival to hospital

was 5 to 10 units,67,68,73 one study reporting a median of 15 units of

RBC/fresh whole blood in 24 hours.65 One study focusing on double

amputees showed that an increased volume of prehospital transfused

blood was significantly associated with a decreased transfusion

requirement in the emergency department.70 However, three compar-

ative studies observed (an almost) significantly higher 24 hours or in-

hospital transfusion requirement in PHTRBC patients.62,65,72

3.6 | Outcome—Signs of trauma-induced
coagulopathy (TIC) on arrival to hospital

Three civilian studies compared the international normalised ratio

(INR) of patients who received PHTRBC vs patients who did not. One

study reported that PHTRBC patients had significantly lower odds of

TIC 28 on arrival to hospital, while two other studies did not find anT
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association between PHTRBC and INR.29,33 One study reported that

coagulopathic patients had received significantly more units of

PHTRBC than non-coagulopathic patients.24 All the other studies

reporting on coagulation state are biased by the use of prehospital

plasma besides the PHTRBC18,22,25,26,32,43,56,65 (Table 5).

3.7 | Outcome—Length of stay in ICU/in hospital

Three civilian studies compared length of stay (LOS) in ICU and LOS

in hospitals for PHTRBC patients and their matched controls. No sig-

nificant differences were found.22,32,34

Only one military study describes LOS, finding a median hospital

LOS of 30 days for both PHTRBC patients and controls.65

3.8 | Outcome—Safety/adverse events

Most studies on civilian EMS (11) reported no transfusion reactions

occurring.30,35,38,40,43-45,47,49,55,60 A lung injury associated with a

transfusion was reported,32 and there was one possible adverse reaction

in a trauma patient who developed shortness of breath, which was inter-

preted as secondary to volume overload.42 A case report has described

two “near miss” incidents where haemolysis of donor cells occurred dur-

ing transport, when the units had not been packed correctly.59

Patients transfused before arrival to hospital were more likely to be

hypothermic23 and have lower calcium levels,49 but there was no significant

difference in the occurrence of acute respiratory distress syndrome (ARDS)

in PHTRBC, non-PHTRBC and PHTRBC+PHT-plasma patients.22,29

As in civilian services, seven military studies have reported no

adverse reactions to PHTRBC.62,64,66,67,69,74,75 One possible transfusion

reaction is described, in which a patient developed a fine rash on their

trunk after one unit of RBC.68 Seven incidents were reported where the

blood products were found to have an out-of-standard temperature.66

4 | DISCUSSION

This systematic review summarises the literature regarding the effects

of PHTRBC on several outcome measures.

Overall, evidence of an effect of PHTRBC on outcomes is of lim-

ited quality. Notably, no controlled studies were identified, and all

studies were observational. Therefore, all reported treatment effects

must be interpreted with care. Confounding is likely—and residual

confounding cannot be excluded in those studies that attempted to

control for confounding—such that causal inferences on the effect of

PHTRBC on outcomes are essentially not possible.77 Nonetheless, in

the absence of controlled trials, these studies represent the best avail-

able evidence and may at least provide some insight about possible

associations between PHTRBC and outcomes.

The high heterogeneity of the studies was a second factor, which

impedes the interpretation of the reported data. As we had expected,

patients transported by civilian and military services differed consider-

ably with respect to injury type, injury severity and mortality rates.

However, also within these groups, heterogeneity in injury type, injury

severity, type of transport, transfusion criteria and type of interven-

tion prevented meaningful meta-analysis. Differences between study

outcomes might at least in part be explained by these factors.

4.1 | Mortality

Results on overall mortality are conflicting, and we found no consistent

evidence for any effects of PHTRBC on survival. Recently, Rijnhout

et al78 published a meta-analysis on the effects of prehospital transfusion

on mortality. In line with our results, these authors did not observe an

effect of PHTRBC (without simultaneous transfusion of plasma) on mor-

tality. For the 24 hours mortality, an odds ratio of 0.92 was reported,

with a broad 95% confidence interval (0.46-1.85) that does not exclude

clinically important effects of PHTRBC in either direction, which indi-

cates an inconclusive result.79 Importantly, heterogeneity was high (I2

80%), similar to the heterogeneity that we observed in explorative ana-

lyses. While quantitative heterogeneity was lower for long-term survival,

qualitative heterogeneity, along with limited quality and a substantial

potential for residual confounding in the observational studies, prompted

us to question whether it was appropriate to report a pooled effect

TABLE 4 Risk of bias assessment, Newcastle-Ottawa Scale

First author (y) Selection Comparability Outcome

Civilian services

Prospective comparative studies

Henriksen H (2016)26 ★★ ★★

Holcomb J (2017)27 ★★★ ★★ ★★

Retrospective comparative studies

Brown JB-a (2015)28 ★★★ ★★ ★★

Brown JB-b (2015)29 ★★★★ ★★ ★★

Griggs JE (2018)30 ★★★★ ★★ ★★★

Holcomb JB-b (2015)18 ★★★ ★★ ★★

Kim BD (2012)22 ★★★ ★★

Miller B (2016)31 ★★ ★★ ★★

Parker ME (2017)32 ★★★ ★★

Peters J (2017)33 ★★★ ★★

Price DD (1999)34 ★★ ★ ★★

Rehn M (2018)35 ★★★★ ★ ★★

Rehn M (2019)36 ★★★ ★ ★★★

Sumida MP (2000)37 ★★★ ★

Military services

Prospective comparative studies

Vitalis V (2017)62 ★★★★ ★★★

Retrospective comparative studies

Howard, JT (2017)63 ★★★ ★ ★★

O'Reilly DJ-b (2014)64 ★★★ ★ ★★

Shackelford S (2017)65 ★★ ★★ ★★★
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estimate. Nonetheless, despite these limitations, the data by Rijnhout

et al can be considered hypothesis generating and do suggest that the

combination of PHTRBC and plasma may potentially be beneficial for

long-term survival, warranting further investigation. Similarly, a recent

systematic review by Shand et al reported high heterogeneity and the

authors could not draw conclusions about the effect of prehospital trans-

fusion of any blood component on outcome.80 Previous systematic

reviews have summarised the evidence up to 201581 and 2016,82 how-

ever, numerous studies have been published thereafter such that a more

up to date systematic review is warranted.

4.2 | Haemodynamics, coagulopathy, 24-hours
RBC requirement and LOH/ICU stay

Observational studies in both civilian and military services found that after

PHTRBC, SBP recovers, HR decreases and SI improves. However, these

improvements could be due to the administration of analgesia or fluids in

general or merely be time-dependent effects. Outcomes of comparative

studies in both military and civilian services reporting on haemodynamics,

coagulopathy or 24-hour RBC requirement are conflicting and could not

confirm an effect of PHTRBC on any of these variables.

A large majority of patients in both civilian and military observational

studies required transfusion after arrival to hospital, which may be seen

as confirmation of the appropriateness of prehospital transfusions. Some

studies reported a higher 24 hours RBC requirement in PHTRBC

patients, while others reported this to be lower. A higher 24 hours RBC

requirement may suggest that the patients who were bleeding most

severely had been identified correctly in the prehospital setting as requir-

ing PHTRBC. These patients, in turn, also have a higher demand for

blood products when at the hospital. An explanation of a lower 24 hours

RBC requirement in PHTRBC patients could be that these patients bled

less through prevention of coagulopathy and thus required less transfu-

sion. However, there is thus far no evidence that PHTRBC generally

reduces the occurrence of TIC. In some cases, the PHTRBC patients may

merely have received the blood they needed earlier, resulting in a lower

24 hours in-hospital RBC requirement. There is currently no evidence

that PHTRBC has influence on LOS in hospital and LOS in ICU.

4.3 | Adverse events

There have been few instances of transfusion reactions being

reported after PHTRBC. Fortunately, transfusion reactions in the gen-

eral population are rare, with urticaria occurring in 1% to 3% of

patients, febrile non-haemolytic transfusion reaction and cardiac over-

load in <1%, and all other transfusion reactions in <0.1%.83

4.4 | Strength and limitations

We performed a thorough search with broad inclusion criteria. The

eligibility of studies was assessed independently by two authors. It isT
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therefore unlikely that we have overlooked data that would signifi-

cantly alter our conclusions. Additionally, despite a different patient

population, mechanism of injury and medical facilities, we did not

exclude military services but decided to report on them separately,

thereby including an important source of data on PHTRBC.

No controlled trials were identified, most observational studies

were retrospective, and high heterogeneity also precluded meaningful

data pooling. While this at first glance seems a limitation of this sys-

tematic review, it is rather a limitation of previous research and in fact

an important outcome of this study; this finding highlights the lack of

high-quality outcome studies, and suggests that randomised trials are

needed for more conclusive evidence on the causal relationship

between PHTRBC and patient outcomes.

5 | CONCLUSION

This systematic review revealed that despite increasing use of

PHTRBC by civilian EMS, high-quality evidence for beneficial effects

is still lacking. In the absence of high-quality data, it seems reasonable

to assume that massively bleeding patients may benefit from

PHTRBC. This assumption is supported by several observational stud-

ies that do suggest possible beneficial effects on mortality. This may

especially be true when PHTRBC is combined with plasma administra-

tion. PHTRBC also appears to improve haemodynamic parameters,

but there is no evidence that shock on arrival to hospital is averted,

nor of an association with TIC or LOS in either hospitals or ICUs. Few

adverse events have been reported. Given that prevention is generally

better than treatment, prevention of haemorrhagic shock through

compression of external bleeding, stabilisation of pelvic fractures, pre-

vention of hypothermia and the administration of tranexamic acid

should still remain a priority in trauma patients, even when PHTRBC

is available.
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