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Can guidelines direct our strategy?
When presented with bleeding trauma
patients, our management strategy may be
directed by guidelines, e.g. the European
trauma guideline (Rossaint et al. 2016).
This recommends treatment with fibrinogen
concentrate or cryoprecipitate if significant
bleeding is accompanied by viscoelastic signs
of a functional fibrinogen deficit or a plasma
fibrinogen level of less than 1.5–2.0 g/L. An
initial fibrinogen supplementation of 3–4 g is
suggested, and repeat doses must be guided
by viscoelastic monitoring and laboratory
assessment (Rossaint et al. 2016).
Guidelines are developed on a scientific
empirical basis, but in clinical practice it can
be hard to define which patient will bleed in
the next 30 minutes with a clinically substantial
bleed. The U.S. guidelines recommend 1:1:1
massive transfusion packages (American Society
of Anesthesiologists Task Force on Perioperative Blood Management 2015), which have
the advantage of additional volume effect,
but the disadvantages of side effects of fresh
frozen plasma (FFP), time delay, prophylactic
transfusion and lower efficacy. The European
guideline recommends individualised targeted
controlled coagulation management and
transfusion, which requires point-of-care
monitoring and administration of colloids/
crystalloids to give additional volume. The
advantages are that no prophylactic transfusion is required, there are fewer side effects
of transfusion-related complications and it
is efficacious.

Massive transfusion protocols: fixed
ratios (1:1:1)
The evidence for a 1:1:1 (platelets:FFP:red
blood cells [RBC]) ratio in transfusion is that it
is not beneficial. Abdel-Wahab and colleagues

showed in an audit of patients transfused FFP
for mild coagulation values that prothrombin
time (PT) was partially normalised in a minority
of patients and did not correct the PT in 99
percent of patients, regardless of the number
of units of FFP transfused (Abdel-Wahab et
al. 2006). Concentration is not increased by
transfusing FFP, which has a low concentration of coagulation factor.
Studies on 1:1:1 transfusions have a clear
survivor/publication bias, as most studies
in support came from war situations, when
RBCs were available in 20 minutes and plasma
within 90 minutes. The result was not that
FFP saved the patient, but that the patients
who survived at least the first 60-90 minutes
were able to receive the plasma. For example,
Snyder and colleagues (2009) found an
association between higher FFP:packed red
blood cells [PRBC] ratios at 24 hours and
improved survival, which after adjustment
for survival bias was no longer statistically
significant. Manotti and colleagues (2011)
analysed outcomes for trauma patients who
received massive blood transfusion. Patients
who received a higher plasma ratio during
the first 24 hours had an improved survival
rate, but were in less shock. The authors
note: “The proposed survival advantage of
a high-ratio may be because of selection of
those not likely to die in the first place; that
is, patients die with a low-ratio not because
of a low-ratio.”
A prospective cohort study of 517 trauma
patients in whom FFP and RBCs were administered in fixed ratios found that fibrinogen was
always low at admission, and they needed to
administer cryoprecipitate to increase fibrinogen levels (Rourke et al. 2012). In patients
with low fibrinogen at admission mortality
was increased, while patients who received
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cryoprecipitate had improved survival.
Frith and colleagues (2015) analysed
thrombin generation parameters in 440
trauma patients following FFP transfusion
in a RBC:FFP:platelets ratio of 1:1:5. Both
patients with and without acute traumatic
coagulopathy had low thrombin generation
after receiving four units. Both groups had a
further 25% decline in thrombin generation
during the next four units, so conventional
haemostatic resuscitation failed to support the
thrombin generation required for fibrinogen
conversion.
Khan and colleagues, in an international
prospective cohort study, drew a blood sample
when trauma patients arrived at the hospital,
and after 4, 8 and 12 PRBC transfusions in
160 patients. The percentage of coagulopathic
patients went up the more transfusions were
received (58% after 4 PRBC, 81% after 8)
(Khan et al. 2015).
Nascimento and colleagues compared
the effect of a fixed-ratio (1:1:1) transfusion protocol vs laboratory-results-guided
transfusion in 78 patients with severe trauma
(Nascimento et al. 2013). They concluded that
the 1:1:1 protocol could be exposing patients
not only to unnecessary blood transfusion
but also to increased risk of acute respiratory
distress syndrome, sepsis and multiple organ
dysfunction.
The Prospective, Observational, Multicenter,
Major Trauma Transfusion (PROMMTT) Study
compared the effectiveness of early transfusion
of plasma and/or platelets to time-varying
plasma:RBC and platelet:RBC ratios, with the
primary outcome of in-hospital mortality.
Higher plasma and platelet ratios early in
resuscitation were associated with decreased
mortality in patients who received at least
three units of blood products over the first
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24 hours after admission. In patients who
survived 24 hours, the subsequent risk of
death by day 30 was not associated with
plasma or platelet ratios, however (Holcomb
et al. 2013).
The Pragmatic, Randomized Optimal
Platelet and Plasma Ratios (PROPPR) trial
compared transfusion of plasma, platelets
and red blood cells in a 1:1:1 vs 1:1:2 ratio
and found no difference in mortality at 24
hours or at 30 days (Holcomb et al. 2015).
More patients in the 1:1:1 group achieved
haemostasis and fewer experienced death due
to exsanguination by 24 hours.
Formula-driven protocols are not effective
to reverse coagulopathy, and result in high
complications. FFP transfusion increases the
risk of hospital-acquired infection by three
(Sarani et al. 2008). Dara and colleagues
(2005) found no difference in new bleeding
episodes, but new-onset acute lung injury
was more frequent in the transfused group
(18% vs 4%, p = 0.21). The more plasma
used, the more complications. Watson and
colleagues (2009) showed that each unit of
FFP transfused was associated with a 2.1%
higher risk of multi-organ failure (MOF) and
2.5% higher risk of ARDS.

Massive transfusion protocols: plasma
first followed by factor concentrates
The alternative to 1:1:1 transfusion is to give
plasma first in hypovolaemic situations and
then on top factor concentrates. Innerhofer
and colleagues investigated exclusive use of
CFCs in 144 trauma patients with similar ISS
(37-38). One group received coagulation
factor (CF) only and the other group was
treated with CF+FFP in the emergency room
(ER). The primary outcome was the response
profile for coagulation parameters and secondary transfusion rates and outcome. Table 1
shows the transfusion requirements in the
first 24 hours. Table 2 shows the outcomes.
Outcome was worse in the group that
received FFP additionally, and there was more
ARDS, more MOF, more sepsis, and by day
30 increased mortality. The use of CF alone
effectively corrected coagulopathy in patients
with severe blunt trauma.
In the RETIC single-centre open label
parallel-group crossover study (Innerhofer et
al. 2017), patients who were coagulopathic in

Table 1. Transfusion and coagulation factor requirements during the first 24 h in trauma patients treated with CF
or CF+FFP

CF
n=66

CF + FFP
n=78

p value

RBC (U)

2 (0, 4)

9 (5, 12)

< 0.001

FFP (U)

0 (0, 0)

10 (5, 13)

< 0.009

PC (U)

0 (0, 0)

1 (0, 2)

< 0.001

Fibrinogen concentrate (g)
Patients treated (n)

4 (2, 4)
66 (100)

4 (2, 7)
70 (89.7)

0.0007
0.1252

PCC (IE)
Patients treated (n)

0 (0, 1000)
23 (34.8)

750 (0, 1800)
40 (51.3)

0.0006
0.064

RBC red blood cell concentrate FFP fresh frozen plasma PC aphaeresis platelet concentrate PCC prothrombin complex concentrate (factors II, VII; IX, X) NT not tested.
Source: Innerhofer et al. 2013

Table 2. Outcome parameters of the full unmatched trauma population

CF Group
(n = 66)

FFP Group
(n = 78)

p-Value

paO2/FiO2 24 h

317 (250, 377)

241 (201, 325)

0.002

Ventilator-free days

18 (8, 25)

16 (4, 23)

0.139

Sepsis (n)

11 (16.9)

28 (35.9)

0.014

MOF (n)

12 (18.2)

29 (37.2)

0.015

ICU stay (days)

12 (6, 24)

14 (7, 30)

0.217

LOS (days)

24 (12, 35)

29 (16, 50)

0.074

30-day mortality (n)

5 (7.6)

6 (7.7)

0.979

Thromboembolism (n)

6 (10.0)

6 (7.7)

0.772

Data are given as median (interquartile range) or numbers (%).
ICU intensive care unit LOS length of hospital stay MOF multi-organ failure
Source: Innerhofer et al. 2013

the ER were randomised to receive FFP or CFC
and were monitored for incidence of MOF.
Patients who received initially coagulation
factors had 50% less massive transfusions.
Bleeding was increased in coagulation factortreated patients, especially those patients who
received some kind of rescue therapy. The
group treated with plasma and then with
coagulation factor had a higher MOF score.
Therefore a 1:1:1 transfusion protocol is
ineffective, but FFP initially and then coagulation factor concentrates also result in higher
mortality and higher numbers of massively
transfused patients.

Goal-directed treatment of
trauma-induced coagulopathy
Gonzalez and colleagues (2016) found that

using a goal-directed, thromboelastographyguided massive transfusion protocol (MTP) to
resuscitate severely injured patients improved
survival and used less plasma and platelet
transfusions during the early phase of resuscitation, compared with an MTP guided by
conventional coagulation assays. Kaserer and
colleagues (2018) compared two different
coagulation algorithms (a target haematocrit
range vs a lower haematocrit limit only and
goal-directed coagulation algorithm vs blind
coagulation package) and effect on use of allogenic blood products and coagulation factors
in a retrospective multicentre observational
study of severely injured trauma patients
(Kaserer et al. 2018). Factor XIII substitution was considered early. They found that a
goal-directed coagulation algorithm led to
ICU Management & Practice 3 - 2018
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Figure 1
Source: Fries et al. 2017

less transfusion of RBC.
Stein and colleagues evaluated the results
of changing the transfusion algorithm from
2007 when they introduced a coagulation
trauma algorithm. They reduced ventilator
days, mortality, FFP and RBC transfusion
(Stein et al. 2017).
Figure 1 summarises the evidence for
goal-directed therapy’s effect on 28- or 30-day
mortality.
The white spheres are larger as the number
of patients included was larger, and mortality
was higher (Fries et al. 2017).
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Conclusion/ Key points

Abbreviations

ARDS acute respiratory distress syndrome
ER emergency room
FFP fresh frozen plasma
ISS injury severity score
MOF multi-organ failure
PRBC packed red blood cells
PT prothrombin time
RBC red blood cells

• Trauma is never standardised, patients
are never standardised so a standard
regime is not possible
• Do not start with massive transfusion
algorithms for bleeding trauma patients
• Goal-directed therapy of coagulopathy is
recommended for trauma patients
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