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Abstract

Objective: To identify the incidence
of acute traumatic coagulopathy
(ATC) in trauma patients presenting
to the Royal Adelaide Hospital,
analyse prehospital contributors,
including red blood cell transfusion
and assess the clinical significance
of ATC.
Methods: A retrospective database
review was undertaken using con-
ventional coagulation assays and vis-
coelastic testing (ROTEM) for
diagnosis of ATC.
Results: Baseline ATC incidence is
10% in trauma patients, increasing
to over 80% among those where the
prehospital team has attended and
given a transfusion of red cells. ATC
was significantly associated with
higher severity of trauma (odds ratio
[OR] 1.11, P < 0.0001), prehospital
(OR 11.8, P < 0.0001) and in-
hospital blood transfusions
(OR 17.9, P < 0.0001), and massive
transfusions (P < 0.001).
Conclusions: Prehospital blood
transfusions are given to the most
severely injured trauma patients and
the incidence of ATC in this group is
more than 80%. There is an associa-
tion with prehospital blood

transfusion and increased ATC in
part related to patient selection and
severity of trauma, with the contribu-
tion of red cell transfusions to ATC
unclear. This association should allow
earlier identification of patients at
increased risk of ATC to ensure rapid
correction of coagulopathy to decrease
the morbidity and mortality of trauma.

Key words: coagulopathy, transfu-
sion, trauma.

Introduction
Acute traumatic coagulopathy
(ATC) begins from the time of
trauma1 and is perpetuated by fac-
tors such as shock, fibrinolysis and
resuscitation efforts.2 The incidence
of ATC is reported at between
25 and 40% of major trauma and
increases mortality fourfold,3 and
uncontrolled haemorrhage remains
the largest cause of potentially pre-
ventable trauma deaths.2 The identi-
fication and treatment for ATC
should begin as soon as possible in
the prehospital phase of care and
continue throughout the trauma
resuscitation until coagulation has
been restored. This will allow

optimal treatment of injuries and
minimise the morbidity and mortal-
ity of trauma.
Prehospital systems vary across

state and international lines. The
model of care in South Australia
(SA) allows for the activation of a
physician-led prehospital and retrieval
team (MedSTAR) to complex and
severe trauma. The MedSTAR
response consists of a three-person
combination of retrieval physician,
retrieval nurse and special opera-
tions team intensive care paramedic.
A team can be activated for a pri-
mary trauma response from the ini-
tial ambulance call depending on
specific automated activation
criteria via the Medical Priority Dis-
patch System,4 on request from the
first ambulance crews on scene or as
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Key findings
• ATC is common and associ-

ated with increased severity of
trauma, blood transfusions and
massive transfusions.

• Prehospital blood transfusions
are given to the most severely
injured trauma patients and the
incidence of ATC in this group
is more than 80%.

• There is an association with
prehospital blood transfusion
and increased ATC in part
related to patient selection and
severity of trauma, with the
contribution of red cell transfu-
sions to ATC unclear.
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an interfacility transfer from a coun-
try hospital.
MedSTAR teams will give blood

transfusions to trauma patients if
they consider the patient to be in
haemorrhagic shock. The standard
quantity carried is 2 units of red
cells for a primary response, with
the ability to take up to 8 units, if
time and prehospital information
permits. The use of prehospital
blood has been the subject of multi-
ple systematic reviews5–8 without
conclusive evidence of a decrease in
mortality while observational stud-
ies have shown an improvement
in haemodynamic markers such as
blood pressure and heart rate.7 The
effects on coagulopathy and 24-h
red cell transfusion requirements
were unable to reliably be quanti-
fied in these studies.
The Royal Adelaide Hospital

(RAH) is a Major Trauma Centre
(MTC) receiving trauma patients
from across South Australia and from
parts of regional New South Wales,
Victoria and Northern Territory. The
RAH sees about 410 major trauma
patients per annum (as defined by an
Injury Severity Score >12).
Definition of ATC has evolved

over time. ATC was first described
by Brohi et al. in 20033 and used
conventional coagulation assays
(CCAs). Initial diagnostic standards
of PTr/INR >1.5 for diagnosis were
found to miss a significant percent-
age of patients suffering from ATC
and the threshold was lowered to
PTr/INR >1.2.9,10 Viscoelastic test-
ing (VET) criteria for ATC are based
on correlation with CCAs and
thresholds for identifying those who
require massive transfusion.11–13

Earlier studies involving VET in
trauma suggested a reduction in
mortality14–16 and a decrease in use
of blood products;17–19 however, the
landmark randomised controlled
trial ITACTIC20 found no difference
in overall outcomes between stan-
dard treatment and VET, when stan-
dard treatment was balanced
haemostatic therapy with intensive
CCAs. While VET is the sole test
able to demonstrate fibrinolysis, it is
only validated for severe fibrinoly-
sis.20 Current literature and expert
opinions state tranexamic acid

should not be withheld based on vis-
coelastic values.2,21

The primary aim of the present
study was to identify the incidence of
ATC in trauma patients arriving at
the RAH and to determine any fac-
tors which could help identify those
patients at high risk for ATC. Sec-
ondary aims were to determine the
clinical significance of ATC in this
cohort by examining its association
with in-hospital blood transfusion or
massive transfusion requirements in the
first 24 h, and in-hospital mortality.

Methods
Retrospective RAH Trauma Registry
database review of all patients meeting
Level 1 statewide trauma team activa-
tion (Appendix S1) at the RAH ED
between 1 July 2018 and 30 June
2019. Data collected included arrival
method, prehospital blood transfu-
sion, first available coagulation tests
including first available ROTEM
results, blood transfusions in the first
24 h, Injury Severity Score (ISS) and
mortality. Massive transfusion defini-
tion was greater than or equal to
10 units of red cells transfused in the
first 24 h.9 Records of prehospital
blood transfusion were collected from
MedSTAR blood audit data.
Trauma team response at the

RAH is determined by the SA Adult
Trauma Team Activation criteria
and is a combination of patient
physiological variables, injuries
sustained and trauma mechanism
(Appendix S1). It is a 2-tier system,
and a Level 1 callout mandates a
multi-disciplinary hospital-wide team
response. This initial Level 1 trauma
reception at the RAH includes the
use of VET with thromboelastometry
(ROTEM), using a point-of-care
ROTEM Sigma® (Werfen, Barce-
lona, Spain) located in the resuscita-
tion area of the ED. Trained medical
officers complete the ROTEM testing
in the ED, with the resulting
Temogram immediately available on
screens in the patient’s trauma bay
which can then be acted upon using
treatment algorithms (Appendix S2).
First available coagulation tests

and blood transfusions in the first
24 h were collected from electronic

medical records (Sunrise EMR,
Allscripts Healthcare v5963.9030)
and initial ROTEM results were col-
lected from the ROTEM machine
located in the ED.
ATC was defined as either of

INR >1.2 or ROTEM results FibTEM
A5 <10 or ExTEM A5 ≤40.10–13 No
ATC was defined as those not meeting
ATC definition and included those for
whom coagulation testing was deemed
not required by the trauma team
leader. Patients with abnormal coagu-
lation tests that were in keeping with
pre-existing medication use, coagula-
tion deficiencies or liver dysfunction,
and had no evidence of ATC were
classified as ‘No ATC’. Three patients
died in ED before coagulation testing
could be collected and were excluded
from analysis.
Patient and presentation character-

istics were summarised using means
and standard deviations, or medians
and interquartile ranges for continu-
ous variables, and frequencies and
percentages for categorical variables.
Multivariable binary logistic regres-
sion was used to explore factors
associated with ATC, including
mode of arrival (SA Ambulance Ser-
vice, MedSTAR, other) and pre-
hospital transfusion (for MedSTAR
patients), adjusting for patient age and
ISS. Adjusted predicted probabilities
for selected outcomes were estimated
post-hoc. Due to the small number of
patients receiving massive transfusion,
assessment of this outcome is limited to
univariable tests of association using
Fisher’s exact test. All analyses were
conducted using Stata (Version
15; StataCorp, College Station, TX,
USA). The level of statistical signifi-
cance was set at 0.05.
Ethics permission was sought and

obtained from the Central Adelaide
Local Health Network Human
Research Ethics Review Committee
(reference number 12191).

Results
There were 294 patients with an
ISS >12 in this cohort of trauma
patients. This cohort of patients with
major trauma had a median ISS of
22, with a range 13–75. The inci-
dence of ATC in this group was
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25% (73 patients) and the mortality
was 16% (47 patients).
The observed incidence of ATC in the

RAH ED was 9.6% of all Level
1 trauma team activations (85 patients
with ATC from 885 total patients).
Patient and presentation characteristics
and selected clinical outcomes are
summarised by ATC-status in Table 1.
Median ISS for the ATC patient group
was 25 compared with median ISS of
5 for the group without ATC. A multi-
variate analysis using transport mode,
ISS and age, showed a statistically signif-
icant relationship between increasing ISS
and increased likelihood of developing
ATC. For each 1-point increase in ISS,
the odds ratio (OR) of developing ATC
was 1.11 (OR 1.11, 95% confidence
interval [CI] 1.09–1.14, P < 0.0001).
The incidence of ATC rises from

9.6% among all level 1 trauma
patients, to 29.1% of patients
brought in by a MedSTAR retrieval

team (203 retrievals, 59 with ATC),
and up to 81.8% among patients
deemed by the MedSTAR team as
requiring a prehospital blood trans-
fusion (33 given blood, 27 with
ATC) (Fig. 1). Controlling for age
and ISS, the odds of ATC in a
retrieval patient are 4.2 (95% CI
2.34–7.54; P < 0.0001) times higher
than that for a patient brought in by
the ambulance service.
Among MedSTAR retrieval patients,

odds of ATC among those who
received a prehospital blood transfu-
sion were 11.8 (95% CI 4.06–34.0;
P < 0.0001) times greater relative to
those were not transfused, adjusting for
ISS and age. With age and ISS variables
fixed at their mean values, the predicted
probability of ATC in the transfused
group was 70% (95%CI 50.1–90.6).
After controlling for transport, ISS

and age, the odds of death were on
average 69% (adjusted OR 1.69,

95% CI 0.63–4.56; P = 0.296)
higher in the ATC group (Table 2).
When ISS, age and ATC were taken
into account, there was no signifi-
cant effect of arrival mode on mor-
tality (P = 0.905). Among MedSTAR
retrieval patients, no association was
found between mortality and ATC
(adjusted OR 2.63, 95% CI 0.80–
8.70; P = 0.113) or mortality and
prehospital blood transfusion
(adjusted OR 0.41, 95% CI 0.11–
1.55; P = 0.189).
Odds of in-hospital blood transfu-

sion requirement in confirmed ATC
was 17.9 times higher than those
without ATC (adjusted OR 17.9,
95% CI 9.08–35.3; P < 0.0001).
Massive transfusion was strongly
associated with ATC (Fisher’s exact
P < 0.0001), those receiving blood
prehospital (Fisher’s exact
P < 0.0001) and increased mortality
(Fisher’s exact P < 0.001).

TABLE 1. Acute traumatic coagulopathy (ATC): demographics, mode of arrival and blood transfusions

All No ATC ATC

OR (95% CI), PFreq (%) Freq (%) Freq (%)

All level 1 traumas 885 800 (90.4) 85 (9.6)

Age in years (mean � SD) 43.0 � 19.4 43.3 � 19.6 39.8 � 17.3 0.98† (0.97, 0.996), 0.012

Injury Severity Score, median (IQR) 6 (2, 16) 5 (1, 13) 25 (17, 34)

Mortality 48 (5.4) 31 (3.9) 17 (20.0) 1.69‡ (0.63, 4.56), 0.296

Mode of arrival

SAAS 627 (70.8) 604 (96.3) 23 (3.7)

MedSTAR retrieval team 203 (22.9) 144 (70.9) 59 (29.1) 4.20† (2.34, 7.54), <0.0001

Other§ 55 (6.2) 52 (94.5) 3 (5.5)

Retrieval team 203 144 (70.9) 59 (29.1)

Prehospital blood 33 (16.3) 6 (18.2) 27 (81.8) 11.8† (4.06, 34), <0.0001

No prehospital blood 170 (83.7) 138 (81.2) 32 (18.8)

Blood Transfusion in first 24 h

Blood transfusion 88 (9.9) 31 (35.2) 57 (64.8) 17.9¶ (9.08, 35.3), <0.0001

No blood transfusion 797 (90.1) 769 (96.5) 28 (3.5)

Massive transfusion in first 24 h

Massive transfusion 15 (1.7) 1 (6.7) 14 (93.3) <0.0001††

No massive transfusion 870 (98.3) 799 (91.8) 71 (8.2)

†Adjusted OR for ATC. ‡Adjusted OR for mortality for confirmed ATC. §Other modes of arrival – self-presentation,
country Interhospital Transfer with non-doctor lead retrieval team, SA police. ¶Adjusted OR for in-hospital blood transfu-
sion for confirmed ATC. ††Massive transfusion was significantly associated with ATC (Fisher’s exact test). CI, confidence
interval; IQR, interquartile range; OR, odds ratio; SAAS, South Australian Ambulance Service; SD, standard deviation.
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Age showed no effect on blood
products or massive transfusion
requirements. Increasing age did
have a weak statistically significant

association with increased mortality
(adjusted OR 1.06, 95% CI
1.04–1.08; P < 0.001) but increasing
age had a weak protective effect

against ATC, with each 5 year
increase in age having an adjusted
OR 0.91 of developing ATC (95%
CI 0.84–0.98; P = 0.012).
The majority of patients diagnosed

with ATC were done so with
ROTEM testing (71 patients,
83.5%) (Table 3). The diagnostic
criteria met most often was FibTEM
A5 <10 (66 patients, 77.6%). Four-
teen patients (16.5%) were diag-
nosed with ATC on the basis of
INR >1.2. Of the patients diagnosed
on INR alone, five had no evidence
of ATC on ROTEM, and the
remaining nine patients did not
undergo ROTEM testing. No
ROTEM testing in some patients is
likely an inability to get sufficient
blood for testing or at the trauma
team leaders’ discretion.

Discussion
This review indicates that ATC is
common among trauma patients
seen in an Australian MTC.

Figure 1. Trauma at Royal Adelaide Hospital: acute traumatic coagulopathy (ATC),
Injury Severity Score (ISS) and mortality. ( ), ATC; ( ), mortality; ( ), median ISS.

TABLE 2. Mortality

Survived to hospital discharge Died

Adjusted OR (95% CI), PFreq (%) Freq (%)

Mode of arrival 0.905†

SAAS 605 (96.5) 22 (3.5)

MedSTAR retrieval team 178 (87.7) 25 (12.3)

Other‡ 54 (97.1) 1 (2.9)

Coagulation

ATC 68 (80.0) 17 (20.0) 1.69 (0.63, 4.56), 0.296

No ATC 769 (96.1) 31 (3.9)

Retrieval team

ATC 44 (74.6) 15 (25.4) 2.63 (0.80, 8.70), 0.113

No ATC 134 (93.1) 10 (6.9)

Given blood prehospital 28 (84.8) 5 (15.2) 0.41 (0.11, 1.55), 0.189

No blood 150 (88.2) 20 (11.8)

Massive transfusion in first 24 h

Massive transfusion received 10 (66.7) 5 (33.3) 0.001§

Massive transfusion not received 827 (95.1) 43 (4.9)

†Global P-value from Wald test assessing overall significance of categorical predictor. ‡Other modes of arrival – self-pre-
sentation, country Interhospital Transfer with non-doctor lead retrieval team, SA police. §P-value from Fisher’s exact test.
ATC, acute traumatic coagulopathy; CI, confidence interval; IQR, interquartile range; OR, odds ratio; SAAS, South
Australian Ambulance Service.
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Specialised retrieval teams sent to the
most severely injured patients, with
the resources to give prehospital
blood transfusions to those in
haemorrhagic shock, in this review,
identified a group of patients at high
risk of developing ATC, and possibly
contributed to the ATC with red cell
transfusions. The most severely
injured patients arriving at the MTC
had the highest incidence of ATC
and those patients given red cells by
the prehospital team had an ATC
incidence of 82%.
Our finding of ATC in 25% of

those with an ISS >12 is consistent
with the literature.3 The adjusted
OR for ATC with respect to mortal-
ity suggested odds of death were
increased with confirmed ATC.
The effect was not statistically signif-
icant, which may be attributed to the
relatively small sample size and
low event rate. In keeping with pre-
vious reports, ATC is associated
with increased blood product and
massive transfusion requirements,
and higher ISS.
The finding of higher odds of ATC

among retrieval patients given pre-
hospital blood was predictable
(OR 11.8). Blood transfusions are
given to those in haemorrhagic
shock, which in turn are often the
most severely injured patients. The
contribution of red cell transfusion
itself to the development of ATC
cannot be ascertained from the
available data, because of the
interdependence of severity of
trauma, haemorrhagic shock and
ATC, and the observational nature

of the review. There is however
likely to be an element of resuscita-
tion induced coagulopathy as a
result of the red cell transfusions
from effects such as dilution and
worsening acidaemia. A concern
with dilution coagulopathy follow-
ing resuscitation fluids has led to
minimal crystalloid use in trauma
but dilution also occurs with red cell
transfusions. Red cell transfusions
contribute oxygen carrying capacity
but do not provide platelets or
clotting factors; in particular red
cells provide no fibrinogen. The
trend towards a decrease in mortal-
ity in the group given prehospital
blood suggests blood transfusion
may confer a beneficial effect but
given low numbers in the mortality
cohort, no definitive conclusions can
be made.
The finding of significantly higher

odds of ATC in patients for whom
increased prehospital resources had
been allocated suggests further oppor-
tunities for early identification and
treatment of ATC in specialist pre-
hospital trauma care settings. Pre-
hospital scoring systems for potential
ATC22 have been shown to be moder-
ately sensitive to identification but
have not been externally validated to
correlate with patient outcomes.23 The
prehospital treatment of ATC cur-
rently involves avoiding hypothermia,
omitting excessive crystalloid infusions
to prevent dilution, and minimising
prehospital scene times. Some centres
have added judicious red cell transfu-
sions and early tranexamic acid to the
prehospital treatment package. The

recent COMBAT24 and PAMPer25,26

randomised trials have shown mixed
results with prehospital fresh frozen
plasma. A meta-analysis27 showed
reduced 24-h mortality in the plasma
arm but no difference in mortality at
1 month or multi-organ failure, while
a post-hoc analysis28 of combined
data showed a significant reduction in
mortality at 24-h and 28 days, more
so in the group with transport times
greater than 20 min.
In-hospital trauma studies

have shown an early fibrinogen
load to potentially have a positive
effect on morbidity and mortal-
ity14,15,17,18,25,26 and the results of
ongoing trials such as CRYOSTAT-
229 are expected to further inform
this debate. An early fibrinogen load
could be delivered in the prehospital
phase with products such as fibrino-
gen concentrate30 and may aid in
treating ATC.
Damage control resuscitation princi-

ples31 are fundamental in modern
trauma centres. An awareness of the
increased incidence of ATC among
patients allocated the highest level of
prehospital trauma care and the obser-
vation that as many as four out of five
patients given prehospital blood have
ATC allows the trauma centre to ade-
quately prepare to receive these criti-
cally injured patients.

Limitations

The limitations of the present study
include the retrospective nature of
database reviews. This data can
show the association, but not causa-
tion, between ATC and prehospital
blood transfusions. Our study had
incomplete data, most marked when
looking at prehospital intra-venous
non-transfusion fluid use and trans-
port times to the MTC. The rela-
tively small number of in-hospital
deaths limited the statistical power
of mortality calculations. Not all
trauma patients seen in the ED
underwent coagulation studies, with
only those meeting the highest level
of trauma team activation reviewed.

Conclusions
ATC is common and associated with
increased severity of trauma, blood

TABLE 3. Acute traumatic coagulopathy (ATC) diagnostic criteria

ATC diagnostic criteria met

Freq (%)

All ATC 85 (100)

FibTEM A5 <10† 66 (77.6)

ExTEM A5 ≤40 5 (5.9)

INR >1.2‡ 14 (16.5)

†Of those meeting criteria for FibTEM A5 <10, 40 patients also met criteria
for ExTEM A5 ≤40. ‡For those with INR >1.2, nine had no ROTEM testing
and five had ROTEM testing.
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transfusions and massive transfu-
sions. Prehospital blood transfusions
are given to the most severely injured
trauma patients and the incidence of
ATC in this group is more than
80%. There is an association with
prehospital blood transfusion and
increased ATC in part related to
patient selection and severity of
trauma, with the contribution of red
cell transfusions to ATC unclear.
This association should allow earlier
identification of patients at increased
risk of ATC to ensure rapid correc-
tion of coagulopathy to decrease the
morbidity and mortality of trauma.

Acknowledgements
The authors wish to thank Dr Jack
Webb (data collection) and Stephanie
O’Connor (project design).

Author contributions

DH and DM involved in data collec-
tion. JB and DH in statistical analy-
sis. All authors contributed to
manuscript writing and revisions.

Competing interests

None declared.

Data availability statement

Data available on request from the
authors.

References

1. Floccard B, Rugeri L, Faure A et al.
Early coagulopathy in trauma
patients: an on-scene and hospital
admission study. Injury 2012; 43:
26–32.

2. Spahn DR, Bouillon B, Cerny V
et al. The European guideline on
management of major bleeding and
coagulopathy following trauma: fifth
edition. Crit. Care 2019; 23: 98.

3. Brohi K, Singh J, Heron M,
Coats T. Acute traumatic
coagulopathy. J. Trauma 2003; 54:
1127–30.

4. Bohm K, Kurland L. The accuracy
of medical dispatch – a systematic
review. Scand. J. Trauma Resusc.
Emerg. Med. 2018; 26: 94.

5. van Turenhout EC, Bossers SM,
Loer SA et al. Pre-hospital transfu-
sion of red blood cells. Part 1: a
scoping review of current practice
and transfusion triggers. Transfus.
Med. 2020; 30: 86–105.

6. van Turenhout EC, Bossers SM,
Loer SA et al. Pre-hospital transfu-
sion of red blood cells. Part 2: a
systematic review of treatment
effects on outcomes. Transfus.
Med. 2020; 30: 106–33.

7. Rijnhout T, Wever K, Marinus R
et al. Is prehospital blood transfu-
sion effective and safe in
haemorrhagic trauma patients? A
systematic review and meta-analy-
sis. Injury 2019; 50: 1017–27.

8. Shand S, Curtis K, Dinh M et al.
What is the impact of prehospital
blood product administration for
patients with catastrophic
haemorrhage: an integrative review.
Injury 2019; 50: 226–34.

9. Frith D, Goslings J, Gaarder C
et al. Definition and drivers of acute
traumatic coagulopathy: clinical
and experimental investigations.
J. Thromb. Haemost. 2010; 8:
1919–25.

10. Davenport. Pathogensis of acute
traumatic coagulopathy. Transfu-
sion. 2013; 53: 23S–7S.

11. Baksaas-Aasen K, Van Dieren S,
Balvers K et al. Data-driven devel-
opment of ROTEM and TEG algo-
rithms for the management of
trauma hemorrhage: a prospective
observational multicenter study.
Ann. Surg. 2019; 270: 1178–85.

12. Davenport R, Manson J, De’Ath H
et al. Functional definition and
characterization of acute traumatic
coagulopathy. Crit. Care Med.
2011; 39: 2652–8.

13. Hagemo J, Christiaans S,
Stanworth S et al. Detection of acute
traumatic coagulopathy and massive
transfusion requirements by means
of rotational thromboelastometry:
an international prospective valida-
tion study. Crit. Care 2015; 19: 97.

14. Gonzalez E, Moore EE, Moore HB
et al. Goal-directed hemostatic
resuscitation of trauma-induced
coagulopathy: a pragmatic random-
ized clinical trial comparing a visco-
elastic assay to conventional
coagulation assays. Ann. Surg.
2016; 263: 1051–9.

15. Innerhofer P, Fries D, Mittermayr M
et al. Reversal of trauma-induced
coagulopathy using first-line coagula-
tion factor concentrates or fresh fro-
zen plasma (RETIC): a single-centre,
parallel-group, open-label, randomised
trial. Lancet Haematol. 2017; 4:
e258–71.

16. Tapia NM, Chang A, Norman M
et al. TEG-guided resuscitation is
superior to standardized MTP
resuscitation in massively trans-
fused penetrating trauma patients.
J. Trauma Acute Care Surg. 2013;
74: 378–86.

17. Nardi G, Agostini V, Rondinelli B
et al. Trauma-induced coagulopathy:
impact of the early coagulation sup-
port protocol on blood product con-
sumption, mortality and costs. Crit.
Care 2015; 19: 83.

18. Schochl H, Nienaber U, Maegele M
et al. Transfusion in trauma:
thromboelastometry-guided coagu-
lation factor concentrate-based
therapy versus standard fresh fro-
zen plasma-based therapy. Crit.
Care 2011; 15: R83.

19. Unruh M, Reyes J, Helmer SD,
Haan JM. An evaluation of blood
product utilization rates with mas-
sive transfusion protocol: before
and after thromboelastography
(TEG) use in trauma. Am. J. Surg.
2019; 218: 1175–80.

20. Baksaas-Aasen K, Gall L, Stensballe J
et al. Viscoelastic haemostatic assay
augmented protocols for major
trauma haemorrhage (ITACTIC): a
randomised, controlled trial. Intensive
Care Med. 2020; 47: 49–59.

21. Raza I, Davenport R, Rourke C
et al. The incidence and magnitude
of fibrinolytic activation in trauma
patients. J. Thromb. Haemost.
2013; 11: 307–14.

22. Mitra B, Cameron P, Mori A et al.
Early prediction of acute traumatic
coagulopathy. Resuscitation 2011;
82: 1208–13.

23. Thorn S, Güting H, Maegele M et al.
Early identification of acute trau-
matic coagulopathy using clinical
prediction tools: a systematic review.
Medicina (Kaunas) 2019; 55: E653.

24. Moore HB, Moore EE,
Chapman MP et al. Plasma-first
resuscitation to treat haemorrhagic
shock during emergency ground
transportation in an urban area: a

© 2021 Australasian College for Emergency Medicine

6 D HARRIS ET AL.



randomised trial. Lancet 2018;
392: 283–91.

25. Sperry JL, Guyette FX, Brown JB
et al. Prehospital plasma during air
medical transport in trauma patients
at risk for hemorrhagic shock.
N. Engl. J. Med. 2018; 379: 315–26.

26. Yamamoto K, Yamaguchi A,
Sawano M et al. Pre-emptive
administration of fibrinogen con-
centrate contributes to improved
prognosis in patients with severe
trauma. Trauma Surg. Acute Care
Open 2016; 1: e000037.

27. Coccolini F, Pizzilli G, Corbella D
et al. Pre-hospital plasma in
haemorrhagic shock management:
current opinion and meta-analysis

of randomized trials. World
J. Emerg. Surg. 2019; 14: 6.

28. Pusateri AE, Moore EE, Moore HB
et al. Association of prehospital plasma
transfusion with survival in trauma
patients with hemorrhagic shock when
transport times are longer than
20 minutes: a post hoc analysis of the
PAMPer and COMBAT clinical trials.
JAMA Surg. 2020; 155: e195085.

29. CRYOSTAT-2. [Cited 25 Sep
2020.] Available from URL: https://
cryostat2.co.uk

30. Solomon C, Gröner A, Ye J, Pendrak
I. Safety of fibrinogen concentrate:
analysis of more than 27 years of
pharmacovigilance data. Thromb.
Haemost. 2015; 113: 759–71.

31. Holcomb JB, Jenkins D, Rhee P
et al. Damage control resuscitation:
directly addressing the early
coagulopathy of trauma. J. Trauma
2007; 62: 307–10.

Supporting information
Additional supporting informa-
tion may be found in the online ver-
sion of this article at the publisher’s
web site:

Appendix S1. Statewide trauma team
call-out criteria.
Appendix S2. RAH ROTEM trans-
fusion algorithm for adults trauma.

© 2021 Australasian College for Emergency Medicine

PREHOSPITAL TRANSFUSIONS AND TRAUMA COAGULOPATHY 7

https://cryostat2.co.uk
https://cryostat2.co.uk

	 Acute traumatic coagulopathy and the relationship to prehospital care and on-scene red blood cell transfusion
	Introduction
	Methods
	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgements
	Author contributions
	Competing interests
	Data availability statement

	References


