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Abstract

Introduction: The appropriate strategy for trauma-induced coagulopathy management is under debate. We report
the treatment of major trauma using mainly coagulation factor concentrates.

Methods: This retrospective analysis included trauma patients who received > 5 units of red blood cell concentrate
within 24 hours. Coagulation management was guided by thromboelastometry (ROTEM®). Fibrinogen concentrate was
given as first-line haemostatic therapy when maximum clot firmness (MCF) measured by FIbTEM (fibrin-based test) was
<10 mm. Prothrombin complex concentrate (PCC) was given in case of recent coumarin intake or clotting time
measured by extrinsic activation test (EXTEM) >1.5 times normal. Lack of improvement in EXTEM MCF after fibrinogen
concentrate administration was an indication for platelet concentrate. The observed mortality was compared with the
mortality predicted by the trauma injury severity score (TRISS) and by the revised injury severity classification (RISC)
score.

Results: Of 131 patients included, 128 received fibrinogen concentrate as first-line therapy, 98 additionally received
PCC, while 3 patients with recent coumarin intake received only PCC. Twelve patients received FFP and 29 received
platelet concentrate. The observed mortality was 24.4%, lower than the TRISS mortality of 33.7% (P = 0.032) and the
RISC mortality of 28.7% (P> 0.05). After excluding 17 patients with traumatic brain injury, the difference in mortality was
14% observed versus 27.8% predicted by TRISS (P=0.0018) and 24.3% predicted by RISC (P=0.014).

Conclusions: ROTEM®*-guided haemostatic therapy, with fibrinogen concentrate as first-line haemostatic therapy and
additional PCC, was goal-directed and fast. A favourable survival rate was observed. Prospective, randomized trials to

investigate this therapeutic alternative further appear warranted.

Introduction

Coagulopathy has been shown to be present in approxi-
mately 25 to 35% of all trauma patients on admission to
the emergency room (ER) [1,2]. This represents a serious
problem for major trauma patients and accounts for 40%
of all trauma-related deaths [3]. Coagulopathy forces a
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strategy of early and rapid haemostatic treatment to pre-
vent exsanguination. Fresh frozen plasma (FFP) is part of
the massive transfusion protocols in most trauma centres
[3-5], although its efficacy is uncertain. Massive transfu-
sion protocols that favour a red blood cell (RBC):FFP
ratio of 1:1 have shown conflicting results [6-14]. In addi-
tion, there are well-recognised risks associated with FFP
administration in the trauma setting, such as acute lung
injury, volume overload, and nosocomial infection
[12,15-17]. According to the Serious Hazards of Transfu-
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sion (SHOT) report, the risk of transfusion-related acute
lung injury (TRALI) following FFP transfusion is approx-
imately 1:5000. The accumulation of 162 reports of
TRALI to SHOT over eight years, and its implication in
36 deaths and 93 cases of major morbidity, has led to the
recognition that TRALI is the most important cause of
transfusion-associated mortality and morbidity [18].

It has been shown that the amount of fibrinogen
administered to trauma patients correlates with survival
[19]. Fibrinogen concentrate [20,21] and prothrombin
complex concentrate (PCC) [22,23] have each previously
been administered to trauma and surgical patients with
success, albeit not in studies conducted exclusively in the
trauma setting. However, there have not been any studies
on the combined use of fibrinogen concentrate and PCC
for prompt haemostatic therapy in trauma patients. The
administration of coagulation factor concentrates may
facilitate early and aggressive correction of coagulopathy
by eliminating the time delay associated with cross-
matching and thawing of FFP. Goal-directed haemostatic
therapy with coagulation factor concentrates may also
reduce transfusion of allogeneic blood products, which is
desirable given their negative impact on the patient out-
comes.

In recent years, viscoelastic methods that assess the
speed of clotting and quality of the clot, such as throm-
boelastometry (ROTEM', Tem International GmbH,
Munich, Germany), have been successfully used to guide
haemostatic therapy. Their application in the periopera-
tive setting has been shown to decrease transfusion of
allogeneic blood products and the costs associated with
haemostatic management [24-26].

We investigated administration of fibrinogen concen-
trate as first-line haemostatic therapy in trauma patients
with severe bleeding; additional PCC therapy was admin-
istered as required. These treatments were guided by
thromboelastometry. Our hypothesis was that prompt,
goal-directed coagulation treatment with coagulation
factor concentrates may prove beneficial for patient out-
comes. Observed mortality was compared with the mor-
tality predicted by the trauma injury severity score
(TRISS) and by the revised injury severity classification
(RISC) score.

Materials and methods

We studied patients who received five units or more of
RBC within the first 24 hours after arrival at our trauma
centre. Since 2001, ROTEM analysis has been part of our
coagulation monitoring protocol for all trauma cases
requiring the full trauma team in the ER. We use the
ROTEM results to guide coagulation therapy, which
mainly comprises coagulation factor concentrates.
Approval from the local ethics committee was obtained
for the retrospective collection of the data. As the coagu-
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lation analyses and the haemostatic therapy were part of
the clinic's standard, the ethics committee waived the
necessity to obtained informed written consent from the
patients included in the analyses.

The coagulation management was guided by throm-
boelastometry performed on the ROTEM device (Tem
International GmbH, Munich, Germany). The method
measures the viscoelastic properties of the clot and pro-
vides information on the speed of coagulation initiation,
kinetics of clot growth, clot strength and breakdown [27].
The analyses are performed by pipetting 300 pl citrated
whole blood and 20 pl 0.2 M calcium chloride with spe-
cific activators into a plastic cup. Measurement of coagu-
lation in ROTEM is performed after the vertical
immersion of a plastic pin into the blood sample. The pin
rotates slowly backwards and forwards through an angle
of 4.75°. Following generation of the first fibrin filaments
between the pin and the wall of the test cup, the rota-
tional range of the pin is reduced. The increasing restric-
tion of the pin's movement is transferred to a graphical
display, a plot that shows changes in the viscoelastic
properties of the clot over time. The following parame-
ters were recorded for the ROTEM tests: clotting time
(CT (seconds); time from the start of the test until a clot
firmness of 2 mm is detected), amplitude 10 (mm), the
clot amplitude 10 minutes after the beginning of clotting)
and the maximum clot firmness (MCF (mm)). We per-
formed extrinsically activated thromboelastometric test
(EXTEM), a test that uses rabbit brain thromboplastin as
an activator, and fibrin-based thromboelastometric test
(FIbTEM), a test that assesses the fibrin-based clot using
both extrinsic activation and addition of cytochalasin D
to inhibit platelets' contribution to the formation of the
clot (Figure 1). Reference ranges for the tests' parameters
have been previously determined in a multi-centre inves-
tigation [27].

The standard protocol for ER management in our insti-
tution was followed. Blood for both ROTEM and routine
laboratory testing was drawn immediately after place-
ment of a central venous line on admission to the ER.
Blood samples for ROTEM analysis were collected in a
standard coagulation tube containing a 0.106 M citrate
solution, resulting in a blood to citrate ratio of 9:1.
ROTEM tests were performed according to the manufac-
turer's recommendations, and the analyses were started
within five minutes of blood sampling. For prompt
assessment of the patient's coagulation status, prelimi-
nary test results were obtained as early as five minutes
after starting the analysis; the full results followed 10 to
20 minutes after starting the analysis. The ROTEM analy-
ses were performed on admission to the ER and at the
end of the operation (arrival at the ICU).

In parallel, laboratory analyses were performed as fol-
lows: fibrinogen concentration on the STA-R" Analyzer
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Figure 1 The ROTEM® analyses: EXTEM® test (extrinsically activated test) and FibTEM® test (fibrin clot obtained by platelet inhibition with
cytochalasin D). The clotting time (CT (seconds)) represents the time from the start of the test until a clot firmness of 2 mm is detected; maximum

(Stago Diagnostica, Asnieres, France); prothrombin time
(PT) and activated partial thromboplastin time (aPTT)
determined on Sysmex XE-2100 (Roche Diagnostics,
Mannheim, Germany); haemoglobin, haematocrit and
platelet count determined on Sysmex SF-3000 (Sysmex
Corporation, Kobe, Japan); base excess determined on
Roche OMNI' S Blood Gas Analyzer (Roche Diagnostics,
Mannheim, Germany). Standard laboratory analyses
were performed on admission to the ER, on arrival at the
ICU and 24 hours after admission to the ER.

At the beginning of our experience with ROTEM analy-
sis, we observed that most of the major trauma patients
showed a reduced MCF in the FibTEM test performed on
admission to the ER. Low FibTEM MCEF reflects reduced
fibrinogen concentration or disturbed fibrin polymeriza-
tion. To increase MCEF, 2 to 4 g of fibrinogen concentrate
(Haemocomplettan' P, CSL Behring, Marburg, Germany)
were administered as first-line therapy. A FibTEM MCF
of 10 to 12 mm was chosen as the target value. Platelet
concentrate was only transfused in patients not respond-
ing sufficiently to fibrinogen concentrate (i.e. absence of
an adequate increase in MCF in the EXTEM test after the
administration of fibrinogen concentrate).

Patients with recent intake of coumarins, as well as
patients showing prolonged EXTEM CT (>1.5 times nor-
mal) received an additional 1000 to 1500 U PCC to aug-
ment thrombin generation. The following PCC products
were used from 2005 to 2009: Beriplex (CSL Behring,
Marburg, Germany), Octaplex (Octapharma, Vienna,
Austria) and Prothromplex (Baxter, Vienna, Austria).

The target haemoglobin concentration during the oper-
ative procedure was 10 g/dL. In the postoperative phase,
lower haemoglobin levels were tolerated.

Subjects' age and gender were noted, together with
coagulation results, blood pressure, heart rate, tempera-
ture, Injury Severity Score (ISS), Revised Trauma Score
and Glasgow Coma Scale (GCS) on admission. Predicted
mortality for each patient was estimated using the TRISS
methodology modified for intubated patients [28] and the
RISC score [29]. Actual mortality until discharge from the
hospital was also documented.

Statistical analysis

For all parameters, normality of the data distribution was
tested using the Kolmogorov-Smirnov test. Normally dis-
tributed results were expressed as mean * standard devi-
ation, and those distributed otherwise were expressed as
median (25t percentile, 75% percentile). Depending on
the underlying distribution, the Student's t-test or Mann-
Whitney U Test was used to test for differences between
survivors and non-survivors. Mortality rates (actual vs.
TRISS or vs. RISC) were compared using the chi-squared
test. The level of significance was set at P < 0.05.

Results

From January 2005 until April 2009, 149 patients received
five or more RBC units within the first 24 hours of ICU
admission. Fifteen patients who died in the first hour
after admission, most of whom arrived under cardio-pul-
monary resuscitation, were excluded from the study,
together with three patients who received no haemostatic
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therapy within the first 24 hours. Therefore, 131 patients
were included in the analysis.

Patients' characteristics are listed in Table 1. There
were 96 males and 35 females, with a mean age of 46 + 18
years. The mean ISS was 38 + 15. All but three patients
received immediate emergency operative care. Statisti-
cally significant differences between survivors and non-
survivors were observed: survivors were younger, had
higher GCS scores, lower ISS and higher TRISS and RISC
scores (i.e. higher predicted survival). The mean systolic
blood pressure on admission to the ER was 88 + 28
mmHg, with values of 100 mmHg or less in 106 patients.
The mean base excess was -6.2 £ 3.5 mmol/l, with values
of -10 mmol/1 or less in 27 patients and -5 mmol/l or less
in 79 patients. Thirty-three patients had operations for
the control of abdominal, thoracic or vascular bleeding
and 74 received immediate orthopaedic fracture fixation.
Another 20 patients had combined orthopaedic and neu-
rosurgical interventions. Three patients received no
immediate emergency procedure.

The observed mortality was 24.4%, lower than the
TRISS mortality of 33.7% (P = 0.032) and the RISC mor-
tality of 28.7% (P > 0.05; Figure 2). After excluding 17
patients with traumatic brain injury, the difference in
mortality was 14% observed versus 27.8% predicted by
TRISS (P = 0.0018) and 24.3% predicted by RISC (P =
0.014).

The ROTEM test results on admission to the ER and on
arrival at the ICU are presented in Table 2. On admission
to the ER, the mean MCF in EXTEM was 50 mm (normal
range 53 to 72 mm). In the FIbTEM test, the median MCF
was 6 mm, lower than the normal range (9 to 25 mm).
The median CT of EXTEM was within the normal range
(78 seconds, normal range 35 to 80 seconds). On admis-

Table 1: Demographic and clinical data
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sion to the ICU, thromboelastometric parameters were
comparable with the preoperative parameters.

The standard laboratory values are presented in Table
3. Mean plasma fibrinogen was 126 mg/dL on admission
to the ER and 150 mg/dL on arrival at the ICU. The mean
fibrinogen level only reached low-normal values 24 hours
after admission to the ER (228 mg/dL, normal range 200
to 450 mg/dL; Figure 3).

In patients treated with fibrinogen concentrate, a
median dose of 6 g was administered intraoperatively; the
median cumulative dose during the first 24 hours was 7 g
(Table 4). Patients who received haemostatic therapy in
the ER due to the severity of bleeding received a median
of 4 g as an initial dose. The maximum dose administered
in the ER was 14 g. Further doses of 3 to 4 g were admin-
istered during the surgery and in the ICU. Only three of
131 patients did not receive fibrinogen concentrate. A
median of six RBC units were transfused intraoperatively
and a median of 10 RBC units were transfused during the
first 24 hours. The median ratio of fibrinogen concentrate
to RBC over the first 24 hours was 0.8 g per one unit.
Despite the administration of high doses of fibrinogen
concentrate, the mean postoperative fibrinogen plasma
level was 150 mg/dL, which is below the normal range. In
patients with prolonged CT in EXTEM, a median dose of
1800 U of PCC was administered during the operation
and a median dose of 2400 U was administered during
the first 24 hours (Table 4). A total of 30 patients received
no PCC. Three patients with previous coumarin intake
received only PCC for haemostatic therapy (between
2400 and 5400 U in 24 hours) and no fibrinogen concen-
trate.

The timing of the administration of coagulation factor
concentrates is described in Table 5. Fifty-two percent of

All patients Survivors Non-survivors

N 131 99 (76%) 32 (24%)
Age (years) 46+ 18 44 +£17 52 +20*
Male (n [%]) 96 (73%) 72 (73%) 24 (75%)
Weight (kg) 7914 7915 78+ 11

BMI (kg/m?2) 26+6 26+6 27+6

GCS 114 114 8 + 4%

ISS 38+15 3615 44 +15*
RTS 62+15 65+13 5.1 +1.5%
TRISS 66 + 31 74 £ 27 46 £31*
RISC 71 +£27 79+22 47 £ 29*

Data are presented as mean * standard deviation, or as absolute and relative frequency. * P < 0.05, significant difference between survivors
and non-survivors. BMI, body mass index; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; n, number of patients; RISC, Revised Injury
Severity Classification Score; RTS, Revised Trauma Score; TRISS, Trauma Injury Severity Score.
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Table 2: Thromboelastometric (ROTEM) parameters
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Admission at ER

Admission at ICU

EXTEM
A10 (normal range 43 to 65 mm)
MCF (normal range 53 to 72 mm)
CT (normal range 35 to 80 seconds)
FibTEM
A10 (normal range 7 to 23 mm)

MCF (normal range 9 to 25 mm)

40+10 359
50+8 46+8
78 (63,113) 71 (54,105)
5(4,7) 7(5,10)
6(4,8) 9(6,11)

Data are presented as mean + standard deviation or as median (25th percentile, 75th percentile). A10, clot amplitude at 10 minutes after the
beginning of clot formation; CT, clotting time; ER, emergency room; EXTEM, extrinsically activated thromboelastography test; FIbTEM, fibrin-

based thromboelastometric test; MCF, maximum clot firmness.

patients received these products within one hour of
admission to the ER, and in most of these cases adminis-
tration was within 30 minutes.
FFP was transfused in 12 patients, but always together
with coagulation factor concentrates. Six of the 12
patients received FFP only postoperatively, in the ICU.
Platelet concentrate was administered to 29 patients, 7 of
whom received this treatment only in the ICU. Eight
patients received recombinant activated factor VII and
another seven received tranexamic acid/aprotinin.

Discussion

In our retrospective analysis of 131 massively traumatised
and bleeding patients, ROTEM-guided haemostatic ther-
apy with fibrinogen concentrate as first-line haemostatic

All patients (n=131) Patients without
brain injury (n=114)
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Figure 2 Comparison of the observed mortality with the mortali-
ty predicted by the trauma injury severity score (TRISS) and by
the revised injury severity classification (RISC) score. A sub-analy-
sis that excluded patients who died of untreatable brain oedema
caused by severe brain injury was also performed.

therapy and additional PCC was goal directed and fast. A
favourable survival rate was observed.

The benefits of fibrinogen concentrate have been dem-
onstrated in a variety of settings including trauma [19-
21,30-33]. In massive bleeding, fibrinogen is the first fac-
tor that reaches critically low values [34,35]. Plotkin and
colleagues showed in their study that reduced clot firm-
ness was predictive for transfusion requirements [36].
Bolliger and colleagues investigated the minimum fibrin-
ogen concentration above which clot formation norma-
lises, and found that fibrinogen concentrations above 200
mg/dL are required [37]. In severe trauma, low fibrinogen
levels are reached very early because of the dilutional
effect of pre-hospital resuscitation. The mean preopera-
tive fibrinogen plasma concentration in our patients was
126 mg/dL (shown by a FibTEM median MCF of 6 mm).
Over the 24-hour period, a cumulative median dose of 7 g
fibrinogen concentrate was applied. Despite this high
dose, the median postoperative plasma fibrinogen level
was 150 mg/dL, which is below the normal range of labo-
ratory values.

A second argument that may support the safety of
fibrinogen supplementation is that fibrin (known as anti-
thrombin I, and formed from fibrinogen) acts by seques-
tering thrombin in the incipient clot, localising the
further processes of clot formation [38,39]. Evidence of a
remarkably low thrombogenic potential of fibrinogen
concentrate has been recently presented by Dickneite and
colleagues [40]. This study included experimental data
from an animal model, and data from a 22-year pharma-
covigilance program involving administration of more
than 1,000,000 g of fibrinogen (Haemocomplettan P, CSL
Behring, Marburg, Germany), equalling over 250,000
doses of 4 g. The reported incidence of thrombotic events
possibly related to fibrinogen concentrate was 3.5 per
100,000 treatment episodes.

Fibrinogen concentrate therapy may also correct or
compensate other haemostatic defects associated with
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Table 3: Standard laboratory parameters
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Admission to the ER

Arrival at the ICU 24 hours after admission to

the ER
Haemoglobin (13.5to 17 g/dL) 9.6+28 9.6 +2.1 9.2+1.5
Haematocrit (40 to 50%) 28+8 28+6 27 +4
Platelet count (150 to 350 166 + 64 90 + 49 79 +37
*¥1000/pL)
PT (11 to 13.5 seconds) 20.3+8.3 226+99 18.8+3.2
aPTT (26 to 35 seconds) 53+48 69 + 47 49 + 21
Fibrinogen (200 to 450 mg/dL) 126 £ 65 150+ 50 228 +71

aPTT, activated partial thromboplastin time; ER, emergency room; PT, prothrombin time. Data are presented as mean * standard deviation;

normal range is indicated in parentheses.

haemodilution, such as decreases in platelet count or
quality of fibrin polymerisation. /n vitro and in vivo retro-
spective clinical investigations have shown that a high-
normal fibrinogen level ensures satisfactory clot firmness
at low platelet counts [41,42]. In the present study,
although the median platelet count on arrival at the ER
was within the normal range, subsequent haemodilution
and consumption resulted in abnormally low values
within the following 24 hours, despite administration of
platelet concentrate. A strategy to reduce allogeneic
blood product administration may be developed based on
the possible compensatory effect of fibrinogen concen-
tration in the presence of low platelet counts [41,42], but
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Figure 3 Perioperative changes in plasma fibrinogen concentra-
tion. Measurements were performed on admission to the emergency
room (ER), on arrival at the intensive care unit (ICU), 24 hours after ad-
mission to the ER, on the third and the seventh postoperative days. The
hatched area shows the normal physiological range of plasma fibrino-
gen concentration. The boxes represent the interquartile range, the
lines represent the mean, and the whiskers extend to 95% confidence
interval for the mean. The circles represent outside values, larger that
the upper quartile plus 1.5 times the interquartile range, and the
squares represent far out values, larger that the upper quartile plus
three times the interquartile range.

further clinical investigations are required to support this
theory.

Volume replacement with crystalloids and colloids has
a significant deleterious effect on clot properties, because
fibrin polymerisation is impaired. This disturbance may
be corrected by fibrinogen concentrate. For example, a
study by Fenger-Eriksen and colleagues identified
acquired fibrinogen deficiency as the main determinant
of the dilutional coagulopathy induced by hydroxyethyl
starches in patients undergoing total cystectomy [43]. As
volume replacement in our trauma patients was also per-
formed with such colloids, it is possible that fibrinogen
concentrate therapy provided additional benefit by
improving fibrin polymerisation.

PCC is recommended for emergency reversal of antico-
agulation therapy [37], and its potential haemostatic
value in bleeding patients without pre-existing coagulop-
athy has already been shown [22,23]. In our trauma
patients, PCC was administered for the correction of the
coagulopathy associated with the prolongation of the
clotting time in the EXTEM test. PCC administration
represented the second step of haemostatic therapy, and
followed the administration of fibrinogen concentrate,
which was aimed at correcting the decreased clot firm-
ness. Combined administration of fibrinogen concentrate
and PCC for correction of coagulopathy has already been
investigated in a porcine trauma model [30], but until
now this therapeutic approach has only been described in
a single case report [44].

FFP is advocated for haemostatic therapy in patients
with prolonged PT or aPTT [3]. However, there is a lack
of evidence demonstrating that FFP controls blood loss
[5,21]. Chowdhury and colleagues showed that 12 mL per
kg bodyweight did not sufficiently increase the concen-
tration of the coagulation factors [45]. Moreover, there
are risks associated with FFP, such as transfusion-related
acute lung injury, transfusion-related immunosuppres-
sion and pathogen transmission. Transfusion has been
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Table 4: Haemostatic therapy and RBC transfusion
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Total administered until arrival at ICU

Total administered during 24 hours after
admission to the ER

Number of patients Dose Number of patients Dose
treated treated

Fibrinogen 123 6(4,9) 128 7(5,11)
concentrate (g)
PCC (V) 83 1800 (1650, 3100) 101 2400 (1800, 3600)
FFP (U) 6 10(7,10) 12 10(9.75,11.25)
PC (V) 22 2(1,2) 29 2(2,3)
RBC (V) 125 6(4,10) 131 10 (6,13)

Data are presented as median (25th percentile, 75th percentile). Total number of patients = 131. ER, emergency room; FFP, fresh frozen
plasma; PC, platelet concentrate; PCC, prothrombin complex concentrate; RBC, red blood cell concentrate.

associated with increased morbidity and mortality [15-
17,46-48] and these risks provide a rationale for minimis-
ing allogeneic transfusion. Furthermore, early and aggres-
sive treatment of coagulopathy is essential in trauma
patients, and it is questionable whether FFP treatment is
compatible with this need. A study by Snyder and col-
leagues showed that the first FFP was given at a median of
93 minutes after arrival of the patient in the ER [49]. In
contrast, 52% of the patients in our study received the
first dose of fibrinogen concentrate within the first hour,
most of them within 30 minutes. In addition, fibrinogen
concentrate provides more effective increases in plasma
fibrinogen concentrations within a short time interval.
Within a few minutes 6 g of fibrinogen can be adminis-
tered, and in our clinic coagulation factor concentrates
are stored in the ER making them readily available. In
contrast, the transfusion of FFP is time-consuming as
delivery from the blood service and thawing are required,
and there is a high volume load. Faster treatment with
coagulation factor concentrates may be one reason for
the favourable survival rate that we observed. It is also
possible that the avoidance of the side effects of FFP con-
tributed to this finding. Unlike FFP, coagulation factor
concentrates undergo viral inactivation steps such as pas-

Table 5: Timing of the administration of coagulation factor
concentrates

Time of administration Number of patients

<1 hour after arrival in ER 68
1-2 hours after arrival in ER 34
2-6 hours after arrival in ER 24
6-24 hours after arrival in ER 5

ER, emergency room.

teurisation during their manufacture, minimising the risk
of pathogen transmission.

It has been shown in the literature that 'blind' coagula-
tion management (without point-of-care guidance)
underestimates the real demand for coagulation factors in
situations of severe bleeding [50]. Goal-directed coagula-
tion treatment of severely bleeding patients necessitates
quick and reliable coagulation monitoring, and a targeted
therapeutic approach according to the test results [50].
Commonly used standard coagulation tests (PT and
aPTT) are time-consuming and offer poor insight into
the complex coagulopathy associated with high blood
loss, factor consumption and haemodilution [51,52]. This
makes them unsuited to guide therapeutic decisions in
emergency settings. In contrast, ROTEM and thrombe-
lastography support an accurate and timely assessment of
not only the clotting initiation process, but also clot qual-
ity [24-26,53,54]. In animal models as well as in human
studies, thrombelastography has been shown to be a reli-
able monitoring tool that detects clinically relevant clot-
ting abnormalities associated with bleeding [55,56]. In a
study that included 69 trauma patients, Kaufman and col-
leagues showed that only the ISS and the thrombelastog-
raphy results were predictive of early transfusion
requirements [25]. Furthermore, this methodology pro-
vides immediate results and consequently allows for the
treatment to be tailored to patients' changing needs. The
number of publications reporting or encouraging the use
of ROTEM and thrombelastography for the guidance of
haemostatic therapy is increasing continuously, including
results in the trauma setting [31,44,57-61]. ROTEM tests
have even been used to establish the dosage of haemo-
static products [33,62] and to support the licensing pro-
cedure of fibrinogen concentrates [63]. Yet, although
treatment algorithms based on ROTEM test results have
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been published, randomised controlled trials adopting
such algorithms are not available at the moment [58,61].

Another advantage of the application of ROTEM- or
thrombelastography-based algorithms is their potential
to reduce transfusion and associated costs and their posi-
tive impact on patient outcome. The recently published
11th Health Technology Assessment reports on the clini-
cal and cost-effectiveness of thrombelastography and
thromboelastometry analysers compared with standard
laboratory tests. This assessment recommends the use of
these viscoelastic analyzers not only because of cost-
effectiveness, but also because it can reduce the need for
inappropriate transfusions and decrease blood product
requirements. Overall, the report concludes that throm-
belastography and thromboelastometry appear to have a
positive impact on patient's health by reducing the num-
ber of deaths, complications and infections [64].

In the present study, observed mortality was signifi-
cantly lower than the mortality predicted by TRISS
(24.4% vs 33.7%). The difference may be the result of mul-
tiple factors related to the management of trauma
patients in our clinic, and therapy with coagulation factor
concentrates could be one of these factors. The observa-
tion that the differences in mortality were even higher
after exclusion of the patients with traumatic brain injury
supports this assumption, because this group of patients
was at risk because of uncontrollable brain oedema and
not hypocoagulability. However, with the present study
design, the impact of the haemostatic therapy algorithm
on survival rate cannot be assessed separately. Further-
more, the clinical relevance of the lower observed mortal-
ity compared with the TRISS-predicted mortality must
be weighed in view of the limitations of the TRISS score
[65]. Although this score is used as a benchmark for mor-
tality in the trauma setting, some trauma centres have
reported observed mortality rates below those predicted
by TRISS [65-67]. The greatest reduction in observed
mortality versus the mortality predicted by TRISS (22% vs
29%) was reported by Hirschmann and colleagues in a
Swiss study of 172 university hospital patients with ISS of
more than 15 [66]. The differences between the observed
and predicted mortality may be influenced by inaccura-
cies of the TRISS score, the level of specialisation of the
trauma care institution and by improvements in trauma
care other than coagulation management. To circumvent
these limitations, observed mortality was also compared
with the mortality predicted by the recently developed
RISC score that combines age, New Injury Severity Score,
head injury, severe pelvic injury, GCS, PTT, base excess,
cardiac arrest, and indirect signs of bleeding (shock, mass
transfusion and low haemoglobin) [29]. In development
and validation patient samples, the RISC score reached
significantly higher values for receiver operating charac-
teristic curves compared with TRISS [29]. When applied
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to the patients included in the present study, this score
revealed mortality rates lower than TRISS-predicted
mortality, in agreement with initial reports [29]. More
importantly, RISC-predicted mortality was still higher
than the observed mortality, and the difference reached
statistical significance for the analysis that excluded
patients with traumatic brain injury. Although this find-
ing does not prove an association of the treatment algo-
rithm with improved survival, it supports the assumption
that trauma care incorporating ROTEM-based haemo-
static therapy with coagulation factor concentrates is not
detrimental to patients.

A number of factors may have contributed to the
favourable survival rate: the promptness of the coagula-
tion assessment (ROTEM results available in 10 to 15
minutes), the fast application of haemostatic therapy (half
of the patients received goal-directed haemostatic ther-
apy within less than one hour after arrival in the ER) and
the high fibrinogen to RBC ratio (0.8 g: 1 unit over the
first 24 hours). Regarding the latter factor, there have
already been reports on the positive impact on survival
that a high fibrinogen to RBC ratio may have. The retro-
spective analysis performed by Stinger and colleagues,
which included 252 patients who received a massive
transfusion (>10 units of RBCs in 24 hours), showed a
lower incidence of death from haemorrhage in the group
of patients receiving more than 0.2 g fibrinogen per RBC
unit (mean amount of fibrinogen administered: 0.48 g
fibrinogen per RBC unit) [19]. The amount of fibrinogen
administered was calculated retrospectively as the total
content of fibrinogen in the different types of blood prod-
ucts administered (i.e. FFP, platelet concentrates, cryo-
precipitate, fresh whole blood and RBC). In our patients,
the ratio fibrinogen to RBC was 0.8, nearly twice the ratio
reported by Stinger and colleagues, but improvement of
the fibrinogen level represented a central part of the ther-
apeutic approach.

The main limitation of the present study is represented
by its retrospective, uncontrolled nature that does not
support an adequate estimation of the impact that ther-
apy with coagulation factor concentrates may have had
on mortality. A retrospective analysis of data before the
introduction of thromboelastometry did not appear rea-
sonable, because a variety of treatment protocols
changed. The study did not assess outcome parameters
apart from mortality, nor did it include comparison with
non-ROTEM-guided haemostatic therapy. The present
study was conducted over a fairly long time period (2005
to 2009), during which our experience with ROTEM-
based coagulation therapy has increased and important
changes in the clinic's standard transfusion protocols
occurred. This is reflected by the fact that half of the 12
patients with FFP transfusion belong to the period 2005
to 2006. A clear reduction in intraoperative FFP transfu-
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sion occurred from 2006 and, in the following years, FFP
has been mainly administered in isolated cases in the ICU
at the intensivist's discretion. The same pattern was fol-
lowed by therapy with recombinant activated factor VII:
our records show no administration of this product in
severe trauma patients after the middle of 2007.

Conclusions

ROTEM-guided haemostatic therapy with fibrinogen
concentrate as first-line haemostatic therapy and addi-
tional use of PCC was goal directed, efficacious, and
quick to administer. Thromboelastometry allowed rapid
and reliable diagnosis of the underlying coagulopathy.
Given the favourable survival rate observed, the present
data encourage prospective randomized studies based on
this treatment strategy.

Key messages
» The present study describes goal-directed haemo-
static therapy of haemorrhage in severe trauma
patients, in whom the administration of coagulation
factor concentrates was tailored to correct the hae-
mostatic defects identified by thromboelastometric
analyses.
+ The results show that coagulation factor concen-
trates (fibrinogen concentrate as first-line haemo-
static therapy and additional PCC) can be used
successfully in trauma patients with severe bleeding.
+ Thromboelastometry (ROTEM) allowed rapid and
reliable diagnosis of the underlying coagulopathy and
guided the haemostatic therapy.
» Observed mortality appeared lower than the mor-
tality predicted by the TRISS and by the RISC score.
« This treatment strategy may reduce allogeneic blood
product transfusion, and prospective, randomized
studies appear warranted.
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