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A B S T R A C T

Introduction: In the early phase of trauma, fibrinogen (Fbg) plays an important role in clot formation.
However, to the best of our knowledge, few studies have analysed methods of predicting the need for
massive transfusion (MT) based on Fbg levels using multiple logistic regression. Therefore, the present
study aimed to evaluate whether Fbg levels on admission can be used to predict the need for MT in
patients with trauma.
Methods: We conducted a retrospective multicentre observational study. Patients with blunt trauma with
ISS �16 who were admitted to 15 tertiary emergency and critical care centres in Japan participating in the
J-OCTET were enrolled in the present study. MT was defined as the transfusion of packed red blood cells
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(PRBC) �10 units or death caused by bleeding within 24 h after admission. Patients were divided into
non-MT and MT groups. Multiple logistic-regression analysis was used to assess the predictive value of
the variables age, sex, vital signs, Glasgow Coma Scale (GCS) score, and Fbg levels for MT. We also
evaluated the discrimination threshold of MT prediction via receiver operating characteristic curve (ROC)
analysis for each variable.
Results: Higher heart rate (HR; per 10 beats per minutes [bpm]), systolic blood pressure (SBP; per 10 mm
Hg), GCS, and Fbg levels (per 10 mg/dL) were independent predictors of MT (odds ratio [OR] 1.480, 95%
confidence interval [CI] 1.326–1.668; OR 0.851, 95% CI 0.789–0.914; OR 0.907, 95% CI 0.855–0.962; and OR
0.931, 95% CI 0.898–0.963, respectively). The optimal cut-off values for HR, SBP, GCS, and Fbg levels were
�100 bpm (sensitivity 62.4%, specificity 79.8%), �120 mm Hg (sensitivity 61.5%, specificity 70.5%), �12
points (sensitivity 63.3%, specificity 63.6%), and �190 mg/dL (sensitivity 55.1%, specificity 78.6%),
respectively.
Conclusions: Our findings suggest that vital signs, GCS, and decreased Fbg levels can be regarded as
predictors of MT. Therefore, future studies should consider Fbg levels when devising models for the
prediction of MT.

© 2017 Elsevier Ltd. All rights reserved.
Introduction

Despite substantial improvements in acute trauma care, uncon-
trolled haemorrhage is still responsible for >50% of all trauma-
related deaths in both civilian and military settings [1]. Massive
transfusion (MT) is used in approximately 5–12% of civilian trauma
patients [2,3]. Patients experiencing severe trauma are at risk for
coagulopathy [4]. Moreover, when patients with trauma experience
an uncontrolled haemorrhage, delay of blood transfusion will also
cause life-threatening coagulopathy [4]. Therefore, early identifica-
tion of patients at risk for MT is likely to minimize the risk of death
from bleeding in such patients. Several scoring systems, such as the
Assessment of Blood Consumption, the Trauma Associated Severe
Hemorrhage Score, and the Traumatic Bleeding Severity Score have
been developed to predict the need for MT in patients with severe
trauma [5–7]. These scoring systems require several specialized and/
or time-consuming diagnostic procedures (e.g., focused assessment
with sonography for trauma [FAST], radiographic testing to check for
unstable pelvic or complicated femur fractures) and are often
associated with time-consuming mathematical calculations (X-rays
and FAST) [5–7].

In the early phase of trauma, fibrinogen (Fbg) plays an
important role in clot formation [8,9]. It is a key coagulation
factor linked to both platelet activation and formation of a fibrin
network [10]. Moreover, Fbg is the coagulation factor that
decreases most rapidly in patients with major blood loss [11].
Measuring Fbg to assess coagulopathy is a key treatment point for
patients with severe trauma. Patients with severe blunt trauma are
at risk for both dilution- and trauma-induced coagulopathy [4,12].
These patients may develop coagulopathy more easily than
patients with penetrating trauma because blunt trauma stimulates
the production of tissue factor and factor VII, which can activate
excessive coagulation [4].

It has been suggested that Fbg levels can be evaluated within
minutes using specialized Point of Care Testing [13]. However, to
the best of our knowledge, only one study has evaluated the use of
MT prediction based on Fbg levels using multiple logistic
regression [14]. Therefore, we aimed to evaluate whether Fbg
levels can be used to predict the need for MT in patients with
severe blunt trauma and to identify an optimal Fbg cut-off value for
MT prediction.

Methods

J-OCTET database

The Japanese Observational Study for Coagulation and Throm-
bolysis in Early Trauma (J-OCTET) was conducted at 15 tertiary
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emergency and critical care centres in Japan that investigated
coagulation and thrombolysis disorders in patients with severe
trauma. Each hospital’s institutional review board approved the J-
OCTET study. Written informed consent can be waived in
retrospective studies of anonymized patient data in Japan under
the Ethical Guidelines for Medical and Health Research Involving
Human Subjects [15]. For the J-OCTET, consecutive patients with
trauma with ISS �16 who were admitted to the study hospitals
from January to December 2012 were included; patients were
excluded if they were <18 years old or if their injuries were
complicated by cardiac arrest, burns, a cervical spine injury not
caused by a high-energy accident, pregnancy, or liver cirrhosis. A
total of 796 patients with severe trauma were enrolled in the J-
OCTET.

Patient selection and massive transfusion definition

We excluded patients with penetrating trauma or missing
values for Fbg levels, body temperature (BT), and respiratory rate
(RR; Fig. 1).

We divided all patients into two groups: non-MT and MT. MT
criteria were defined as follows: transfusion of �10 units of packed
red blood cells (PRBCs), as reported in previous Japanese studies,
and/or death caused by bleeding within 24 h of admission [7,14,16].
The reason that death due to bleeding within 24 h of admission was
used to define MT is that these patients may have received MT if
they had survived >24 h.

Data collection and analysis

The J-OCTET database includes 117 clinical parameters, 24 of
which were retrieved for the present study: age, sex, treatment
with pre-hospital fluid resuscitation, treatment with anticoagu-
lant/antiplatelet, Abbreviated Injury Scale (AIS) score, ISS score,
Revised Trauma Score, probability of survival (Ps) based on Trauma
Injury Severity Score, time from injury to blood sampling
(minutes), systolic blood pressure (SBP; mm Hg), heart rate (HR;
beats per minute [bpm]), RR (bpm), BT (�C), Glasgow Coma scale
score (GCS) (evaluated on arrival), and Fbg (mg/dL) levels [17,18].
Blood samples were collected upon admission to the emergency
department and before resuscitation. We did not retrieve
parameters that were not measured on admission or for patients
who had missing values for >10% of laboratory data.

Furthermore, we evaluated the rates of patients who received
transcatheter arterial embolization (TAE) and surgical treatment,
blood transfusions (PRBCs, fresh frozen plasma [FFP], platelet
concentrate [PC]), tranexamic acid (TXA) within three hours of
injury, factor VII, or Fbg as intervention variables. In addition,
n admission is a predictor for massive transfusion in patients with
al study, Injury (2017), http://dx.doi.org/10.1016/j.injury.2017.01.031ockholms Lans Landsting February 13, 2017.
. Copyright ©2017. Elsevier Inc. All rights reserved.
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Fig. 1. Study design.
We excluded patients with missing data and those who had sustained penetration
injuries. Massive transfusion (MT) was defined as the transfusion of �10 units of
packed red blood cells or death caused by bleeding within 24 h of admission. We
divided the patients into two groups: non-MT and MT.
J-OCTET, Japanese Observational Study for Coagulation and Thrombolysis in Early
Trauma; MT, massive transfusion.
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patient outcomes were evaluated based on 24-h and 28-day
survival rates (%).

All variables are expressed as medians and interquartile ranges
(i.e., 1st to 3rd quartile) or numbers (%). Intergroup comparisons
were made using the Mann-Whitney U test for continuous
variables and the x2 test for categorical variables. Multiple logistic
regression was used to analyse the independent predictors for MT.
We evaluated age, sex, HR, SBP, RR, BT, GCS, and Fbg levels as MT
predictors. These variables can be assessed quickly without specific
devices and have been previously used as parameters in some MT
scoring systems [5–7]. We calculated the variance inflation factor
(VIF) to assess multicollinearity, and variables with a VIF �5 were
excluded. Receiver operating characteristic (ROC) curves of
variables with statistical significance in the logistic regression
analysis were constructed to predict MT. Cut-off values were
defined based on the Youden Index. JMP1 version 12 (SAS Institute
Inc., Cary, NC, USA) was used for all analyses. A post hoc power
calculation based on the logistic regression was performed to
detect the statistical significance of Fbg levels. The power
procedure with logistic statement in SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA) was used for power calculation. The level of
significance was set at P < 0.05.

Results

Patient characteristics

A total of 146, 21, and 10 patients were missing values for Fbg
level, BT, and RR, respectively. Six patients had penetrating trauma.
We analysed 516 and 109 patients in the non-MT and MT groups,
respectively.

Patient characteristics, interventions, and outcomes are shown
in Table 1. Patients of the MT group had significantly higher chest,
abdomen, and extremity/pelvic AIS and ISS scores, HR, and RR on
admission relative to those of the non-MT group. In contrast, the
MT group had significantly lower head/neck AIS score, RTS, Ps, SBP,
BT, GCS, and Fbg level. Moreover, patients of the MT group
exhibited a significantly shorter time from injury to blood
sampling when compared to those of the non-MT group. A
significantly higher number of patients in the MT group underwent
Please cite this article in press as: Y. Nakamura, et al., Fibrinogen level o
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surgical treatment and received TAE, blood transfusions (PRBCs,
FFP, and/or PC), or Fbg within 24 h and/or TXA within 3 h of
admission. Patients of the MT group had significantly lower 24-h
and 28-day survival rates than those in the non-MT group.

Multiple logistic-regression analysis

Higher HR (per 10 bpm), SBP (per 10 mm Hg), GCS, and Fbg
levels (per 10 mg/dL) were independent predictors for MT (odds
ratio [OR] 1.480, 95% confidence interval [CI] 1.326–1.662; OR
0.851, 95% CI 0.789–0.914; OR 0.907, 95% CI 0.855–0.962, and OR
0.931, 95% CI 0.898–0.963, respectively; Table 2).

Receiver operating curve analysis

Fig. 2 shows the ROC curves for the prediction of MT by HR, SBP,
GCS, and Fbg levels. The results of the area under the curve (AUC)
and optimal cut-off values are shown in Table 3. The optimal cut-
off values for HR (per 10 bpm), SBP (per 10 mm Hg), GCS, and Fbg
levels (per 10 mg/dL) were �100 bpm (sensitivity 62.4%, specificity
79.8%), �120 mm Hg (sensitivity 61.5%, specificity 70.5%), �12
points (sensitivity 63.3%, specificity 63.6%) and �190 mg/dL
(sensitivity 55.1%, specificity 78.6%), respectively.

Post hoc power calculation

A post hoc power calculation was performed to detect Fbg in the
logistic model. The OR of Fbg (per 10 mg/dL) in the multiple logistic
regression analysis was 0.929. The MT occurrence rate was
estimated as 0.174 = 109/625. Distributions of Fbg for MT and
non-MT were assumed to be normal (18.2, 9) and normal (23.9, 9),
respectively. Normal (a, b) denotes normal distribution with mean
a and standard deviation b. A significance level of 5% was used.
These estimates and assumptions resulted in sufficient power to
detect Fbg (99%).

Discussion

In the present study, low Fbg levels and GCS as well as high SBP
and high HR on admission were identified as independent
predictors for MT in patients with severe blunt trauma. Generally,
although many trauma centres have implemented MT protocols,
most do not have a standardized initiation policy [5]. Furthermore,
the activation of such protocols is provider dependent, and great
variability exists even among trauma centres [5]. This study did not
record how many patients were placed on an MT protocol versus
those who had only received 10 total units of PRBCs within 24 h.
However, 75 of 109 patients with MT (68.8%) received �10 units of
PRBCs within 6 h of ED admission. These patients may be suitable
for MT, though criteria for initiation of MT should be clarified and
standardized. Scoring systems developed for determining whether
to initiate MT rely on a combination of vital signs, laboratory
findings, ISS scores, and demographic triggers identified on the
initial ED evaluation for patients with trauma [19]. However, these
scoring systems are somewhat less than ideal for use as MT
indicators, as the combination of several factors does not allow for
immediate prediction. Thus, a simple, easy, and quick evaluation
system using laboratory findings may be more useful for predicting
MT.

Recently, Hayakawa et al. reported that Fbg levels reached a
critical level (150 mg/dL) earlier than other routine coagulation
parameters (such as platelet count, prothrombin time, and
activated partial thromboplastin time) in patients with severe
trauma [20]. Sawamura et al. reported that the optimal Fbg cut-off
value to predict massive bleeding and death was 190 mg/dL [21].
Moreover, Umemura et al. reported that Fbg was an independent
n admission is a predictor for massive transfusion in patients with
al study, Injury (2017), http://dx.doi.org/10.1016/j.injury.2017.01.031holms Lans Landsting February 13, 2017.
opyright ©2017. Elsevier Inc. All rights reserved.
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Table 1
Patient demographics and clinical characteristics.

Variables non-MT (n = 516) MT (n = 109) p value

Patients’ clinical characteristics on admission
Age 60 (40, 72) 51 (33, 69) 0.052
Sex (female) 24.0 (124) 34.9 (38) 0.019
Prehospital infusion 12.4 (64) 14.7 (16) 0.518
Anti-coagulant/platelets 7.2 (37) 5.5 (6) 1.000
AIS

Head and neck 4 (2, 5) 3 (0, 4) 0.004
Face 0 (0, 0) 0 (0, 0) 0.175
Chest 0 (0, 3) 2 (0, 4) <0.001
Abdomen 0 (0, 0) 2 (0, 3) <0.001
Extremity/pelvic 0 (0, 2) 3 (0, 4) <0.001
External 0 (0, 1) 0 (0, 1) 0.423

ISS 22 (17, 26) 32 (25, 41) <0.001
RTS 7.84 (6.38, 7.84) 5.97 (4.09, 7.55) <0.001
Ps 0.92 (0.79, 0.97) 0.67 (0.30, 0.91) <0.001
Time from injury to blood sampling

�60 min 73.4 (381) 83.5 (91) 0.033
>60 min 24.0 (124) 15.6 (17) 0.056
unknown 2.1 (11) 0.9 (1) 0.401

SBP, mm Hg 137 (114, 160) 109 (81, 136) <0.001
HR, bpm 84 (72, 95) 108 (89, 122) <0.001
RR, bpm 20 (17, 24) 23 (18, 30) <0.001
BT, �C 36.3 (35.8, 36.8) 36.0 (35.4, 36.7) <0.001
GCS 14 (9, 15) 11 (4, 14) <0.001
Fbg, mg/dL 239 (196, 288) 182 (138, 239) <0.001
Interventions
Surgical treatment within 24 h 7.0 (36) 39.5 (43) <0.001
TAE within 24 h 7.4 (38) 51.4 (56) <0.001
PRBCs within 24 h, U 0 (0, 0) 18 (12, 27) <0.001
FFP within 24 h, U 0 (0, 0) 18 (10, 26) <0.001
PC within 24 h, U 0 (0, 0) 10 (0, 20) <0.001
TXA administration within 3 h 33.1 (171) 45.9 (50) 0.012
Factor VIIa administration within 24 h 0.2 (1) 0 (0) 1.000
Fbg administration within 24 h 0.4 (2) 4.6 (5) 0.002
Patient outcome
Survival at 24 h after admission 94.6 (488) 71.6 (78) <0.001
Survival at 28 days after admission 90.7 (468) 60.6 (66) <0.001

AIS, Abbreviated Injury Scale; BT, body temperature; Fbg, fibrinogen; FFP, fresh frozen plasma; GCS, Glasgow Coma Scale; HR, heart rate; MT, massive transfusion; PC, platelet
concentrate; PRBCs, packed red blood cells; Ps, probability of survival; RR, respiratory rate; RTS, Revised Trauma Score; SBP, systolic blood pressure; TAE, transcatheter arterial
embolization;,TXA, tranexamic acid. Data are shown as median (1st to 3rd quartile) or% (n).
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predictor for MT in patients with severe trauma (with an optimal
cut-off value of 211 mg/dL) [14]. Our multicentre retrospective
study also revealed that Fbg was a useful predictor for MT; we
show an optimal cut-off value of 190 mg/dL. This cut-off value is
similar to those reported in previous studies [14,21]. Inaba et al.
reported that Fbg levels were positively correlated with survival
rates in trauma patients who required MT [22]. They also
concluded that an Fbg level <100 mg/dL was a strong independent
risk factor for death [22]. Thus, it is important to maintain Fbg
levels >100 mg/dL during resuscitation to prevent death from
trauma. It has also been shown that, in patients with severe
trauma, coagulopathy at admission is strongly associated with an
Table 2
Results of multiple logistic regression analysis for predicting MT.

Variables p value Coefficient OR 95% CI

HR, bpm <0.001 0.392 1.480a 1.326–1.662
SBP, mmHg <0.001 �0.162 0.851b 0.789–0.914
GCS 0.001 �0.098 0.907 0.855–0.962
Fbg, mg/dL <0.001 �0.072 0.931c 0.898–0.963

MT: massive transfusion, OR: odds ratio, CI: confidence interval, HR: heart rate, SBP:
systolic blood pressure, GCS: Glasgow Coma Scale, Fbg: fibrinogen. Independent
variable was MT (yes or no). Dependent variables were age, sex, HR, SBP, body
temperature, respiratory rate, GCS, and Fbg.

a OR per 10 HR bpm increase is presented.
b OR per 10 SBP mmHg increase is presented.
c OR per 10 Fbg mg/dL increase is presented.
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Fbg deficit [23]. From these results, we conclude that Fbg not only
predicts a poor prognosis and coagulopathy but is also a useful
predictor for MT.
Fig. 2. Receiver operating characteristic curves for predicting massive transfusion
based on heart rate, systolic blood pressure, Glasgow Coma Scale, and fibrinogen.
Heart rate (HR) exhibited the highest area under the curve value, followed by
fibrinogen (Fbg) levels, systolic blood pressure (SBP), and the Glasgow Coma Scale
(GCS).
The solid grey line indicates HR, the black line Fbg levels, the dotted grey line SBP,
and the dotted black line GCS.

n admission is a predictor for massive transfusion in patients with
al study, Injury (2017), http://dx.doi.org/10.1016/j.injury.2017.01.031ockholms Lans Landsting February 13, 2017.
. Copyright ©2017. Elsevier Inc. All rights reserved.
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Table 3
Receiver operating characteristic curve analysis.

Variable AUC 95% CI Optimal cut-off value Sensitivity Specificity

HR, bpm 0.741 0.677–0.796 �100 62.4 79.8
SBP, mmHg 0.699 0.639–0.753 �120 61.5 70.5
GCS 0.661 0.602–0.715 �12 63.3 63.6
Fbg, mg/dL 0.700 0.639–0.754 �190 55.1 78.6

AUC: area under the curve, CI: confidence interval, HR: heart rate, SBP: systolic blood pressure, GCS: Glasgow Coma Scale, Fbg: fibrinogen. CI was calculated by Delong method.
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Risk factors for low Fbg levels were low base excess (BE),
increasing time of measurement from injury, young age, male sex,
and increasing ISS in patients with trauma [24]. This study
included patients of relatively advanced age, as older adults (�65
years old) accounted for over 25% of the total population in 2013 in
Japan; in fact, Japan has become the world’s first “super-aging”
society [25]. Therefore, the population ages of patients with severe
trauma in Japan may differ from those of other developing
countries. Moreover, we investigated the interaction between Fbg
levels, sex, and age (�65 or <65 years old). For Fbg and sex, a
significant interaction was observed for MT prediction (data not
shown). This result suggests that future studies should further
evaluate MT prediction based on sex.

Until recently, measurement of Fbg levels required at least 30–
60 min [26]. For this reason, Fbg was unsuitable for Point of Care
Testing. However, Fbg levels can now be measured from whole
blood within minutes using a portable Fbg analyser (CG02N, A & T
Corp., Kanagawa, Japan) in clinical settings [13]. The cost of a single
Fbg test using CG02N is approximately $4.80 (¥ 480, s 7.20). In
addition, recent European guideline on the management of major
bleeding and coagulopathy following trauma recommend moni-
toring Fbg levels (Grade 1A) [27]. Furthermore, this guideline
recommend treatment with Fbg concentrate or cryoprecipitate if
significant bleeding is accompanied by viscoelastic signs of a
functional Fbg deficit or a plasma Fbg level <150–200 mg/dL [27].
When a portable Fbg analyser is used, coagulopathy can be
detected in the field or at the ED, improving the availability of real-
time data to guide patient management. However, this Point of
Care Test is not routinely used in Japanese EDs. We aim to evaluate
the usefulness of MT prediction using the CG02N analyser in the
near future.

In various studies, HR, SBP, and GCS were reported as predictors
in MT scoring systems, supporting the data presented herein [3,5–
7,28–32]. Whereas vital signs can be identified easily and
continuously, HR and SBP are highly variable. Moreover, HR is
affected by beta-blockers, and the use of beta-blockers in older
adults with cardiovascular disease has been increasing globally
[33]. Real-time monitoring of GCS is difficult. In the present study,
AUC, sensitivity, and specificity for MT prediction were highest for
HR. Fbg levels might not have adequate sensitivity and specificity
to predict MT as a single parameter. However, Fbg level was
identified as an independent predictor of MT need in our multiple
logistic analysis, indicating that future studies should consider
incorporating Fbg levels when devising models for MT prediction.

The present multicentre study has several limitations. First, as
this was a retrospective study, we were unable to validate our
findings in a controlled trial. Second, although 796 patients with
severe trauma were included in this study, some patients had
missing data for Fbg levels, as their levels were not measured on
arrival at the ED. Therefore, 146 patients were excluded from the
present study. Moreover, some studies have reported FAST and
radiography findings as useful predictors for MT [6,7]; however,
because the J-OCTET study was conducted as a pilot study for the
evaluation of the pathophysiology of traumatic coagulopathy in
Japanese trauma centres, these findings were not included in the
Please cite this article in press as: Y. Nakamura, et al., Fibrinogen level o
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original database. Third, in the present study, we defined MT as a
transfusion of PRBC �10 units within 24 h of admission. However,
in Japan, blood volume is measured differently than in the U.S. (one
unit of PRBCs contains about 120 mL). Therefore, the findings of our
study may not be applicable for patients in other developing
countries. Furthermore, the volume of blood transfusion may be
affected by the resuscitation procedure (TAE, surgery, fluids, TXA,
Fbg, and factor VII). Fourth, high doses of fluids are associated with
traumatic coagulopathy [27]; however, we could not evaluate the
type and volume of pre-hospital infusion because due to the
retrospective design of our study. Further studies are therefore
required to address these limitations.

Conclusions

In conclusion, we demonstrated that both vital signs and
decreased Fbg levels can be independent predictors of MT in
patients with severe blunt trauma. The optimal cut-off value of Fbg
for MT prediction in this study was 190 mg/dL, based on the
Youden Index. Our findings indicate that Fbg levels should be
considered when devising future models of MT prediction.
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