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Abstract

Background: Fibrinogen concentrate (FC) is frequently used to treat bleeding trauma patients, although the clinical
effects are not well known. In this study we describe demographic and clinical outcome data in a cohort of trauma
patients receiving FC, compared to a matched control group, who did not receive FC.

Methods: This retrospective, single-center, observational study included adult trauma patients admitted to a level
T-trauma center in Sweden between January 2013 and June 2015. The study population consisted of patients to
whom FC was administrated within 24 h (n = 138, “Fib+"). Patients with Injury Severity Score (ISS) > 49 and/or
deceased within 1 h from arrival were excluded (n = 30). Controls (n = 108) were matched for age, gender and ISS
("Fib-"). Primary outcome was mortality (24 h—/30 days—/1 year-), and secondary outcomes were blood transfusions,
thromboembolic events and organ failure.

Results: The Fib+ group, despite having similar ISS as Fib-, had higher prevalence of penetrating trauma and lower
Glasgow Coma Scale (GCS), indicating more severe injuries. Patients receiving FC had a higher mortality after 24 h/
30days/ 1year compared to controls (Fib-). However, in a propensity score matched model, the differences in
mortality between Fib+ and Fib- were no longer significant. Blood transfusions were more common in the Fib+
group, but no difference was observed in thromboembolic events or organ failure. In both groups, low as well as
high P-fibrinogen levels at arrival were associated with increased mortality, with the lowest mortality observed at P-
fiorinogen values of 2-3 g/I.

Conclusions: Despite equal ISS, patients receiving FC had a higher mortality compared to the control group,
presumably associated to the fact that these patients were bleeding and physiologically deranged on arrival. When
applying a propensity score matching approach, the difference in mortality between the groups was no longer
significant. No differences were observed between the groups regarding thromboembolic events or organ failure,
despite higher transfusion volumes in patients receiving FC.
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Background

The fibrinogen protein plays a crucial role in blood co-
agulation and fibrinolysis. During blood loss, fibrinogen
has been reported to decrease more rapidly towards crit-
ically low concentrations compared to other coagulation
factors [1, 2]. In the healthy individual the range of
plasma fibrinogen is 2—4g/l, and at levels below this
range the fibrinogen concentration may be too low to
adequately support the construction of a functional
haemostatic clot [3, 4]. Currently, Fibrinogen concen-
trate (FC) is approved for treatment and prophylaxis of
acquired and congenital fibrinogen deficiency [5], and
European guidelines for massive haemorrhage following
trauma recommend substituting fibrinogen at concentra-
tions below 1.5 to 2.0 g/1. [6]

Trauma-induced coagulopathy (TIC) is an early-onset
syndrome characterized by an endogenously impairment
of haemostasis, associated with a 4-fold higher mortality,
increased transfusion requirements and organ failure [7,
8]. TIC is primarily characterized by a reduction in clot
strength, and studies have highlighted the pathogenic
contributions of shock and tissue injury resulting in sys-
temic anticoagulation, hyperfibrinolysis and fibrinogen
depletion. However, controversy exists over the precise
mechanism of this syndrome, and failure to define the
pathophysiology of TIC has prevented identification of
the optimal therapeutic intervention [9, 10]. Within the
last decade, research focusing on TIC has led to im-
proved resuscitation strategies, mainly through early and
more aggressive use of blood products and coagulation
factors [11].

Several recent studies have indicated that fibrinogen
and other coagulation factors are rapidly consumed after
trauma, and that this phenomenon has a strong associ-
ation to increased mortality [7, 12]. Decreased plasma fi-
brinogen concentration shortly after injury is associated
with higher blood transfusion needs and increased mor-
tality, and patients with coagulation abnormalities are
known to develop organ dysfunction and spend longer
time in the intensive care unit [13, 14]. Early supplemen-
tation with fibrinogen concentrate in severe traumatic
haemorrhage is a theoretically appealing therapeutic op-
tion, but has not yet been shown to significantly improve
clinical outcome in randomized studies [13, 15]. Though
there are randomized trials running [16, 17] the current
evidence on the use of FC in trauma is mostly restricted
to retrospective analyses. Despite the fact that the bene-
ficial effect of treatment with FC is still debated, many
trauma centers around the world have implemented the
administration of FC to bleeding trauma patients in their
transfusion protocols [13, 18].

Elevated levels of P-fibrinogen are associated with in-
creased risks in general, and may even amplify the ef-
fects of other established cardiovascular risk factors,

(2020) 28:5 Page 2 of 11

contributing to a patient’s acute risk of cardiovascular
disease [19]. Therefore, high plasma levels of P-
fibrinogen after trauma could be hypothesized to func-
tion as a predictor for poor clinical outcome.

The aim of this study was to 1) describe the cohort of
trauma patients receiving FC at the Trauma Center of
Karolinska University Hospital (TCK); 2) compare
demographic and outcome data for patients given FC to
a control group matched for age, sex and Injury Severity
Score (ISS); 3) evaluate whether low P-fibrinogen on ar-
rival could be confirmed to predict mortality.

Methods

Study design

This descriptive, retrospective register study of adult
trauma patients treated at the TCK, the Stockholm re-
gion’s level 1 trauma unit and Sweden’s largest trauma
center, was conducted between January 2013 and June
2015. TCK is covering an area with approximately 2.5
million people. More than 1800 trauma cases are treated
per year. The majority of patients (80%) are not severely
injured (ISS < 15).

Patients receiving fibrinogen concentrate (FC) (RiaS-
TAP™, CSL Behring, Germany) were included and com-
pared to a control group, that did not receive FC. The
control group was matched for age, sex and ISS and was
treated at the same hospital during the same time period.
See Fig. 1. The primary outcome of the study was mortal-
ity, and the secondary outcomes were transfusion vol-
umes, thromboembolic events and organ failure.

Study population

Fibrinogen group (Fib+)

During a period of 2.5years (January 1st 2013 to June
30th 2015) 3791 patients admitted to TCK were re-
corded in The Trauma Register of Karolinska (TRK). Pa-
tients > 18 years to whom FC was administrated within
24 h from arrival to hospital, were included in the study
(n=138). Patients with Injury Severity Score (ISS) >49
and/or deceased within 1h were excluded (1 =30) to
avoid survival bias. All excluded patients also received
treatment with FC (see Additional file 1: Table S5).

Control group (Fib-)

A control group (n=108) with matching criteria of age,
sex and ISS was obtained from TRK. An algorithm writ-
ten in the programming language R (version 3.3.3) was
used to identify all matching patients and then randomly
draw one control for each subject. All control patients
were treated at TCK during the same time period as
Fib+. The electronic medical records were retrospect-
ively reviewed for each patient in both groups, and
demographic and clinical data prior to/during the initial
resuscitation were collected. All blood samples were
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The Trauma Register of Karolinska
January 2013 - June 2015
n=3791

«

Inclusion of all patients who received
Fibrinogen Concentrate
n=138

-

Exclusion of patients with Injury
Severity Score > 49 and/or deceased
within 1 hour from arrival to hospital

Y

«

Excluded patients
n=30

Treatment group "Fib+”
n=108

ISS, gener, age

«

Control group "Fib-"
n=108

Fig. 1 Study design. Inclusion/exclusion criteria and matching
criteria of the control group. Patients receiving FC (Fib+), patients
not receiving FC (Fib-)

drawn on arrival to hospital, before administration of
any transfusions or factor concentrates. For a complete
list of collected variables, see Table 1.

The trauma register of Karolinska

The Trauma Register of Karolinska (TRK) is a local
register of trauma patients treated at TCK, where inclu-
sion criteria is assumed traumatic injury of any kind
and/or ISS>9. It covers demography, patient factors,
prehospital details, outcome and quality of hospital care.
Exclusion criteria are isolated fractures of the upper/lower
limb. Additionally, information concerning given blood
products and/or coagulation factors (fibrinogen concen-
trate, prothrombin complex concentrate, factor VIII/von
Willebrand factor, factor VII) is entered in the register.
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Logistics for treatment of massive bleeding at the trauma
Center of Karolinska

At the Trauma Center of Karolinska University Hospital
(TCK), FC is administrated to selected trauma patients,
based on the decision of the attending anaesthesiologist,
who also is responsible for initiating the massive bleed-
ing protocol if appropriate.

The standardized massive bleeding protocol at Karo-
linska University Hospital consists of RBC:Plasma:Plate-
lets, ratio 4:4:1 units (one platelet unit is either from a
pool of four buffy-coats or one apheresis unit), Fibrino-
gen concentrate, 2—4 g (30—40 mg/kg), Tranexamic acid,
2 g and Calcium if ionized Ca < 1,0 mmol/l.

A standardized clinical approach consisting of a pri-
mary survey according to the Advanced Trauma Life
Support (ATLS) concept is performed, and a standard
pack of blood samples including arterial blood gas, blood
count, PK/INR, APTT and P-fibrinogen is collected.

The transfusion register of the transfusion medicine unit
The information of blood transfusions was retrieved
from the blood data system ProSang (CSAM Software
Solutions, Lysaker, Norway), at the department of Trans-
fusion Medicine, Karolinska University Laboratory.

Trauma induced coagulopathy

A subanalysis including patients with hypocoagulability
on admission was performed, where hypocoagulability
was defined as an International Normalized Ratio
(INR) > 1.1 (Triolab AB®, Stockholm, Sweden, reference
value <1.2) and/or Activated Partial Thromboplastin
Time (APTT)>40s (Triolab AB°, Stockholm, Sweden,
reference value 28-40s) and/or P-fibrinogen <2g/l
(Dade Behring/Siemens®, Munich, Germany, reference
value 2-4.2 g/l) and were analyzed with the Sysmex CS
2100i° and Sysmex XE 5000/XT 2000i° system (Kobe,
Japan) in the Department of Clinical Chemistry, Karo-
linska University Hospital Solna.

As there is no clear consensus regarding an approach
to the classification of trauma-associated coagulation im-
pairment [20], our definition of hypocoagulability was
simply based on coagulation laboratory values out of ref-
erence range, as stated above.

Ethical approvement
The study was approved by the regional ethical review
board in Stockholm, Sweden (Dnr 2007/371-31/3).

Statistical analysis

Baseline differences between Fib+ and Fib- were ana-
lysed with the Mann-Whitney test (for continuous vari-
ables) or Fisher’s exact test (for discrete variables). The
average treatment effect on the treated (ATET) of FC
supplementation was analysed using propensity score
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Table 1 Demographics for treatment group and controls on admission

Fib+ Fib- p-value
N 108 108
Age (years) 35 (24, 51) 36 (25, 53) 0.64
Gender, male 83 (76.9%) 83 (76.9%) 1.00
ISS 26 (19, 38) 26 (19.5, 37) 0.79
S-Fibrinogen on arrival (g/I) 1.8(1.4,2.1) 2.2 (1.9, 2.7) <0.001*
APTT (sec) 34 (29, 42) 31 (28, 34) 0.004*
INR 1.1(1,1.2) 1.1(1,1.2) <0.001*
Platelet count (10°/1) 200 (162,238) 216(179,270) 0.035*
Hemoglobin (g/l) 126.5 (106, 138) 135.5(120, 145) <0.001*
Creatinine (umol/l) 96 (76, 120) 82 (71.5, 95) <0.001*
BE -4,55(-11,-1.7) -2.3(-4.3,-.6) 0.052
Tranexamic acid 73 (67.6%) 16 (14.8%) <0.001*
Factor concentrate 11 (10.2%) 3(2.8%) <0.001*
GCS 13 (3, 15) 14 (9, 15) 0.003*
Systolic blood pressure (mmHg) 120 (96, 145) 130(113,140) 0.086
NISS 34.5 (27, 48) 34 (24, 43) 0.20
Head trauma 65 (60.2%) 70 (64.8%) 0.48
Penetrating trauma 25(23.1%) 6 (5.6%) <0.001*
Blunt trauma 83 (76.9%) 102 (94.4%) <0.001*
COMORBIDITY
Diabetes 4(3.7%) 5(4.6%) 0.73
Hypertension 11 (10.2%) 16 (14.8%) 0.30
Cardiovascular disease 12 (11.1%) 14 (13.0%) 0.68
Previous thromboembolic disease 10 (9.3%) 6 (5.6%) 0.30
Ongoing anticoagulant treatment 12 (11.1%) 10 (9.3%) 0.65

Median (IQR), Number (%), * Significant values. Matching criteria age-gender-ISS at the top. Injury Severity Score (ISS), Activated Partial Thromboplastin Time
(APTT), International Normalized Ratio (INR), Platelet count, Base Excess (BE), Glasgow Coma Scale (GCS), New Injury Severity Score (NISS). Continuous variables
were analysed with the Mann-Whitney test and categorical variables with Fisher’s exact test

matching. Outcomes were 24 h-, 30 days- and 1 year-
mortality and RBC-, platelet-, plasma- and total transfu-
sions. The propensity score model included age, sex, ISS,
baseline value of P-fibrinogen, Activated Partial
Thromboplastin Time (APTT), International Normal-
ized Ratio (INR), Platelet count, hemoglobin, creatinine,
Glasgow Coma Scale (GCS) and penetrating trauma. An
additional model also included diabetes, hypertension,
cardiovascular disease, thromboembolism and chronic
obstructive pulmonary disease in the propensity score
model. A subanalysis was performed for patients with
hypocoagulability on arrival. All our p-values come from
two-tailed tests, and our alfa-level was pre-set to 0.05.
No correction for multiple comparisons (Bonferroni cor-
rection) was made.

As a secondary analysis, the ability of each covariate to
predict mortality was investigated. This analysis was per-
formed using univariate logistic regressions, with 24 h-,

30 days- and 1year-mortality as outcomes. Predictive
ability was evaluated using the area under the curve
(AUC), as calculated from 10-fold cross-validation. In
this analysis, all continuous covariates were modelled
using restricted cubic splines. Creatinine was analysed as
the difference from the reference interval, to account for
the fact that reference values of creatinine differ depend-
ing on gender. A similar analysis was performed to pre-
dict transfusion levels (plasma, platelet, RBC and total).
Here predictive ability was evaluated using R*-values.

Results

Demographics and matching criteria

23.1% of included patients were female. The median age
was 35 [IQR 24; 51] (Fib+) vs. 36 [IQR 25; 53] (Fib-).
76.9% were exposed to blunt trauma, 23.1% to penetrat-
ing trauma and 60.2% to head trauma in the Fib+ group.
For further demographic data, laboratory test results and
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comorbidities, see Table 1. For demographic data of
excluded patients (# = 30), see Additional file 1: Table S5.

P-fibrinogen and other laboratory tests on arrival
P-fibrinogen on arrival was lower in Fib+ compared to
controls (1.8 g/l (median) [IQR 1.4; 2.1] vs. 2.2 g/l [1.9;
2.7], (p < 0.001). A median of 2 g of fibrinogen concentrate
(FC) (RiaSTAP™, CSL Behring, Germany) [IQR 2; 3] was
given within the first 24 h after admission to the Fib+
group. Higher Activated Partial Thromboplastin Time
(APTT), higher International Normalized Ratio (INR),
lower platelet count, lower haemoglobin and higher cre-
atinine were observed in Fib+. INR was significantly differ-
ent in Fib+ compared to Fib- (see Table 1), although the
median and IQR were similar. More patients in Fib+ re-
ceived tranexamic acid and factor concentrates (Pro-
thrombin complex concentrate and/or recombinant FVII
(NovoSeven®; Novo Nordisk, Denmark) and/or FVIII+Von
Willebrand factor (Haemate®, CSL Behring, Germany).
For complete details, see Table 1.

ISS in study population

Median ISS was 26 [IQR 19; 38] in Fib+ and 26 [IQR
19.5; 37] in Fib-, (p = 0.79). Penetrating trauma was more
common in the Fib+ group, 23.1% compared to 5.6% in
Fib- (p<0.001). 60.2% in Fib+ were exposed to head
trauma, vs. 64.8% in Fib- (p = 0.48). Patients in Fib+ had
lower Glasgow Coma Scale (GCS) on arrival (12.5 [IQR
3; 15]) compared to controls (14 [IQR 9; 15], p = 0.003).

Outcomes

Mortality

Patients receiving FC had a higher mortality after 24h/ 30
days/ 1year compared to controls (Fib-): 24 h-mortality was
6.5% vs 0.9% (95% CI 0.6-10.5, p = 0.029), 30 days-mortality
21.3% vs 10.2% (95% CI 1.5-20.7, p = 0.023), 1 year-mortality
25.9% vs 14.8% (95% CI 0.5-21.8, p = 0.041), where all confi-
dence intervals represent the differences between the groups.
Survival is further presented in Fig. 2. Patients in Fib+ were
more physiologically deranged, had higher percentage of
penetrating injuries and needed more blood transfusions. In
an attempt to adjust for this imbalance, a propensity score
matching approach was applied. In this analysis the
difference in mortality was no longer significant (see
Additional file 1: Table S7).

Transfusions

More RBC (5units [2 9]' vs. Ounits [0; 2], p<0.001),
plasma (6 units [2; 10]' vs. Ounits [0; 2]', p<0.001)
and platelets (1 unit [0; 2]* vs. Ounits [0; 0]}, p<
0.001) were administrated to Fib+ compared to Fib-
within the first 24 h.

"Median [IQR]
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No significant differences were observed regarding ar-
terial/venous thrombosis, Acute Respiratory Distress
Syndrome (ARDS), Multiple Organ Failure (MOF),
Transfusion-Related Acute Lung Injury (TRALI) or
Acute Kidney Injury (AKI), see Table 2.

Predicting factors for mortality

High creatinine turned out to be the best predictor for
24 h-mortality (Area Under the Curve = AUC 0.79 [95%
CI 0.63; 0.94]), low GCS the best predictor for 30 days-
mortality (AUC 0.73 [95% CI 0.63; 0.83]) and high
APTT the best predictor for 1 year-mortality (AUC 0.71
[95% CI 0.62; 0.79]). Hence, these were all better predic-
tors than other variables such as ISS, penetrating trauma,
INR and hemoglobin. For AUC-values of different predic-
tors of mortality, see Additional file 1: Table S11.

Fibrinogen level on arrival predicting mortality
Mortality vs. P-fibrinogen on arrival is illustrated in
Fig. 3. In both Fib+ and Fib-, low P-fibrinogen levels
were associated with increased mortality, as well as high
P-fibrinogen levels, in a biphasic manner. Lowest mor-
tality was seen at P-fibrinogen values of 2-3 g/l. When
adjusting for confounders (age, ISS, APTT, INR,
hemoglobin, creatinine, GCS) the biphasic shape of the
curve remained (see Additional file 1: Figure S4).
Furthermore, patients were divided into subgroups based
on P-fibrinogen levels on arrival (cases/controls), where low
P-fibrinogen was defined as < 2 g/l, normal levels as 2—3 g/1
and high P-fibrinogen as >3g/l. Patients with low P-
fibrinogen were younger (34.4 years [IQR 23.3; 49.9]), had
low GCS (median 7 [IQR 3; 14]) and 11% had pre-existing
cardiovascular disease. Patients with high P-fibrinogen were
older (69.5 years [IQR 57.0; 80.5]), had high GCS (15 [IQR
15; 15]) and 75% had pre-existing cardiovascular disease.
See Additional file 1: Tables S8 and S9.

Predicting factors for transfusion

Hemoglobin was the best predictor for all transfusions;
RBC transfusion (coefficient of determination (R*) =
0.11), plasma transfusion (R*=0.11), platelet transfusion
(R%>=0.12) and total transfusions (RBC + plasma + plate-
lets, R* = 0.12). R*-values for all predictors of transfusion
are presented in Additional file 1: Table S12.

Trauma induced coagulopathy

One hundred forty-eight patients (90 patients in Fib+
and 58 controls) met the criteria of hypocoagulability on
arrival defined for this study (INR > 1.1 and/or APTT >
40s and/or P-fibrinogen <2 g/l). Patient characteristics
of this subanalysis (patients with coagulopathy) showed
essentially the same patterns as the main analysis (all pa-
tients) in terms of age, sex and ISS. The distribution of
trauma mechanisms (head/penetrating/blunt trauma) in
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Fig. 2 Kaplan-Meier survival estimates, 1 year. Survival among patients receiving FC (Fib+) compared to controls (Fib-)
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the subanalysis vs. the main analysis was also compar-
able, as were the blood transfusion volumes. Mortality
was high in the hypocoagulable cohort. For demographic
data of this subanalysis, see Table 3.

ROTEM analysis

Rotational Thromboelastometry (ROTEM) data was ob-
tained for 33 patients in Fib+ and 32 controls. A signifi-
cant difference in FIBTEM-MCEF on arrival was observed
between Fib+ and Fib- 12 [9; 15] vs. 13.5 [11; 18] (p =
0.045). For the remaining ROTEM parameters, there

was no significant difference observed. ROTEM variables
are listed in Additional file 1: Table Sé6.

Discussion

In this study we have examined the mortality and transfu-
sion volumes among trauma patients receiving FC in com-
parison to matched controls in a retrospective cohort.

We observed that trauma patients to whom FC was ad-
ministrated within 24 h from arrival (Fib+) had a higher
mortality and received more transfusions compared to
controls. Although Injury Severity Score (ISS) was

Table 2 Outcome, treatment group and controls

OUTCOME
Fib+ (N=108), Fib- (N=108)

Fib+ Fib- p-value
Mortality 24 hours 7 (6.5%) 1(0.9%) 0.029*
Mortality 30 days 23 (21.3%) 11 (10.2%) 0.023*
Mortality 1 year 28 (25.9%) 16 (14.8%) 0.041%*
RBC (units) 5(2,9) 0(0, 2) <0.001*
Plasma (units) 6 (2, 10) 0(0, 2) <0.001*
Thrombocytes (units) 1(0,2) 0(0,0) <0.001%*
Arterial thrombosis 7 (6.5%) 8 (7.4%) 0.79
Venous thrombosis 5(4.6%) 3(2.8%) 0.47
ARDS 0 (0%) 0 (0%) -
MOF 1(0.9%) 1(0.9%) 1.00
TRALI 0 (0%) 0 (0%) -
AKI 4 (3.7%) 4 (3.7%) 0.639

Median (IQR), Number (%), * Significant values. Transfusions given within the first 24 h from arrival to hospital. Red Blood Cells (RBC), Acute Respiratory Distress
Syndrome (ARDS), Multiple Organ Failure (MOF), Transfusion-Related Acute Lung Injury (TRALI), Acute Kidney Injury (AKI). Continuous variables were analysed with
the Mann-Whitney test and categorical variables with Fisher’s exact test
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comparable, the Fib+ group presented signs of being more
severely injured already on arrival. Conceivably, the in-
creased mortality and transfusion requirements in Fib+ do
not seem to be because of the FC treatment, but rather
due to a higher incidence of haemorrhagic shock among
these patients. After propensity score matching the differ-
ence in mortality was no longer significant.

We observed no difference in the incidence of Acute
Respiratory Distress Syndrome (ARDS), Multiple Organ
Failure (MOF) or Acute Kidney Injury (AKI) between
the Fib+ and Fib- groups (Table 2). This is surprising,
since an association between high transfusion volumes
and ARDS/MOF has been shown [21].

The lack of difference between the groups regarding
ARDS/MOF incidence could be confounded by survival
bias, as organ failure won’t affect non-survivors in the
same extent as survivors.

Our dataset may illustrate a situation where patients,
although presenting with the same ISS, suffer from dif-
ferent injury panoramas with varying degrees of physio-
logic instability, not captured by the ISS system, such as
bleeding and hypocoagulability. In an attempt to adjust
for this potential selection bias we used a propensity score
weighted model, where we adjusted for factors that hypo-
thetically could capture the imbalance between the groups
(age, sex, ISS, baseline value of P-fibrinogen, APTT,
INR, platelet count, hemoglobin, creatinine, GCS and
penetrating trauma). In this analysis, the Fib+ and

Fib- groups were similar with regards to mortality
outcomes.

Low fibrinogen concentration (<1.5g/l) on admission
has been associated with an increased risk of death in
trauma patients requiring massive transfusion [22]. In our
data, we additionally observed that high P-fibrinogen on
arrival correlated with increased mortality. A possible ex-
planation for high fibrinogen levels in trauma patients,
could be that fibrinogen is considered as an acute phase
reactant [23]. High P-fibrinogen levels have been shown
to increase the risk of cardiovascular events, especially in
patients already suffering from cardiovascular disease [19].

Since FC typically is administrated before lab results
are accessible, some patients receive FC in spite of high
P-fibrinogen levels. How patients with already high levels
of P-fibrinogen on arrival respond to administration of FC
remains unclear. But, as fibrinogen activates key players of
the inflammatory response [24], high levels of P-fibrinogen
at arrival may thus reflect a patient with a high inflamma-
tory profile, who may not benefit from administration of
FC. The association between high levels of P-fibrinogen
and increased mortality may underscore the importance of
individualized haemostatic therapy after trauma.

In an attempt to classify whether specific P-fibrinogen
levels were associated with certain patient characteris-
tics, subgroup analyses were performed where patients
were divided into subgroups based on P-fibrinogen levels
on arrival (cases/controls). In the Fib+ group, low P-
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Table 3 Demographics and outcome, coagulopathic patients, treatment group and controls

Coagulopathy Fib+ Coagulopathy Fib- p-value
N 90 58
Age (years) 35 (24, 56) 31 (24, 51) 0.59
Gender, male 69 (77%) 47 (81%) 0.53
ISS 26 (19, 38) 29 (20, 38) 0.99
S-Fibrinogen on arrival (g/1) 1.6 (1.3, 2) 2(1.7,2.1) <0.001*
APTT (sec) 36 (30, 44) 32 (29, 39) 0.073
INR 1.2(1.1,1.3) 1.2(1,1.2) 0.12
Platelet count (10°/1) 191 (155, 235) 198 (175, 244) 0.31
Hemoglobin (g/) 124 (100, 135) 130.5 (112, 140) 0.022*
Creatinine (umol/I) 96 (77, 120) 82 (71, 102) 0.014%*
BE -4.9 (-12.5, -2) -1.8(-4.3, .6) 0.030*
Tranexamic acid 59 (68%) 11 (19%) <0.001*
Factor concentrate 9 (10%) 3 (5%) <0.001*
GCS 9.5 (3, 14) 14 (12, 15) <0.001*
Systolic blood pressure (mmHg) 120 (95, 144) 120 (100, 140) 0.99
NISS 39.5 (27, 50) 38 (25, 43) 0.22
Head trauma 56 (62%) 38 (66%) 0.68
Penetrating trauma 19 (21%) 5 (9%) 0.044*
Blunt trauma 71 (79%) 53 (91%) 0.031*
COMORBIDITY
Diabetes 2 (2%) 1(2%) 0.83
Hypertension 9 (10%) 9 (16%) 0.32
Cardiovascular disease 11 (12%) 9 (16%) 0.57
Previous thromboembolic disease 10 (11%) 4 (7%) 0.39
Ongoing anticoagulant treatment 11 (12%) 5(9%) 0.49
OUTCOME
Mortality 24 hours 7 (7.8%) 1(1.7%) 0.067
Mortality 30 days 23 (25.6%) 11 (19.0%) 0.013*
Mortality 1 year 28 (31.1%) 16 (27.6%) 0.033*
RBC units 5(2,9) 0(0, 5) <0.001*
Plasma units 5(2, 10) 0 (0, 4) <0.001*
Trc units 1(0, 2) 0(0,0) <0.001*
Arterial thromboses 6 (7%) 5 (9%) 0.66
Venous thromboses 5 (6%) 1(2%) 0.25
ARDS 0 (0%) 0 (0%)
MOF 1(1%) 0 (0%) 0.42
TRALI 0 (0%) 0 (0%)

Patients fulfilling the criteria of coagulopathy on arrival. Criteria of coagulopathy defined for this study: INR > 1.1 and/or APTT > 40 s and/or P-fibrinogen < 2 g/I.
Median (IQR), Number (%), * Significant values. Transfusions given within the first 24 h from arrival to hospital. Matching criteria age-gender-ISS at the top. Injury

Severity Score (ISS), Activated Partial Thromboplastin Time (APTT), International Normalized Ratio (INR), Platelet count, Base Excess (BE), Glasgow Coma Scale
(GCS), New Injury Severity Score (NISS), Red Blood Cells (RBC), Thrombocytes (Trc), Acute Respiratory Distress Syndrome (ARDS), Multiple Organ Failure (MOF),
Transfusion-Related Acute Lung Injury (TRALI). Continuous variables were analysed with the Mann-Whitney test and categorical variables with Fisher’s exact test

fibrinogen levels (< 2 g/l) were associated with young age
and only a few had prior cardiovascular comorbidity.
Furthermore, several in this group suffered from major

haemorrhage. High P-fibrinogen levels (>3 g/l) on the
other hand, were associated with high age and cardiovas-
cular comorbidities. This is in line with previously
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published results, showing that the baseline fibrinogen
level is higher in older patients, increasing by approxi-
mately 0.01 g/L per year of age [25]. This could be inter-
preted as reflecting the fact that high age and co-existing
disease in this group makes it less likely to survive a
trauma. However, the persisting biphasic shape of the
curve in the adjusted material (Additional file 1: Figure
S4) indicates that the association is not that simple.

Predictors

Of the possible predictors for clinical outcome we exam-
ined in our data, creatinine was the best predictor of 24-h
mortality. This may represent sensibility for renal hypoper-
fusion caused by haemorrhagic shock. AKI is an uncom-
mon but serious complication after trauma [26]. In early
literature, AKI is mainly reported secondary to crush injur-
ies and rhabdomyolysis, associated with a significant risk of
morbidity and mortality [27]. It is well known that damage
of skeletal muscle can cause release of myoglobin, initiating
the pathophysiologic process associated with rhabdomyoly-
sis [28]. An early peak in S-creatinine following trauma
may be due to muscular injury or decreased perfusion pres-
sure causing an increase in muscle breakdown [29]. Few pa-
tients in our study met the criteria for AKI.

Glasgow Coma Scale (GCS) was the best predictor for
30-days mortality. Multiple studies have reported the
predictive value of the GCS, alone or in combination
with other clinical factors, in determining the outcome
of patients who have sustained brain injury. Kung et al.
showed the GCS to be predictive for the survival of trau-
matic brain injury (TBI) patients [30].

Activated Partial Thromboplastin Time (APTT) was the
best predictor for 1-year mortality. MacLeod et al. con-
cluded that coagulopathy as defined by an elevated APTT
plays a major role in early trauma-related deaths [31].

Bias
Survival bias is a potential problem in our study. One may
consider, whether a probable delay of administration of
FC might have excluded the most severely injured patients
from the Fib+ group. This circumstance would exaggerate
the benefit of FC treatment, as only “survivors” would get
treatment. Reversely, the “best” patients might have recov-
ered before FC was given, and thus gotten excluded from
Fib+, contributing to better outcomes in Fib- [32].
Stratification of patients according to ISS has been ap-
plied previously in the literature [33], and to reduce the
risk of survival bias in our study, the most severely in-
jured patients with multiple trauma (ISS > 49 and/or de-
ceased within 1h from arrival) were excluded. In our
data, few controls had ISS >49, especially in the older
age categories, making the matching process challenging.
Exclusion criteria were based on studies demonstrating
that patients with ISS>49 have the poorest odds of
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survival, as over 70% die within the first hour after ar-
rival to hospital, and 90% within 6 h [34]. However, in
our material the mortality was lower, which might be
due to a different study population.

Limitations and strengths

This study has limitations: the sample size is relatively
small with few events. The majority of deaths are ob-
served among hypocoagulable patients in the Fib+
group, however, the effects of individual components of
the resuscitation strategy are difficult to interpret, as a
huge number of contributing factors could have an im-
pact on mortality in our patient cohorts.

As the difference in mortality between our two groups no
longer was significant after adjusting for important factors
(e.g. baseline value of S-fibrinogen, APTT, INR, Platelet
count, hemoglobin, creatinine, GCS, penetrating trauma), it
is possible that the association between FC and mortality
would have been made more clear by including additional
coagulopathy-related aspects in the propensity score model.

One strength of the study is the thorough extraction
of data from the patient medical records, completing the
register data.

It has been suggested that the ISS system may be
underestimating the volume of tissue injury sustained in
patients with multiple injuries [14]. In line with this, our
results indicate that the severity of injury was overesti-
mated in the control group, as these patients were less
physiologically deranged on arrival to hospital compared
to the Fib+ group, in spite of similar ISS. This may im-
plicate the need of an injury classification system where
hypocoagulability and bleeding are taken into account.
In future studies, validation of other scoring systems
meeting these requirements would be of great interest.

Conclusions

Patients receiving fibrinogen concentrate had a higher
mortality compared to a matched control group with
equal ISS, presumably caused by the fact that these pa-
tients were bleeding and physiologically more deranged
on arrival. When applying a propensity score matching
approach, the difference in mortality between the groups
was no longer significant. Creatinine, GCS and APTT
did more accurately predict mortality compared to ISS.
Further, in our data, both low and high P-fibrinogen on
admission was associated with increased mortality.
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and adjusted. Table S8. S-fibrinogen intervals, treatment group. Table
S9. S-fibrinogen, intervals, controls. Table S10. Outcome, subanalysis co-
agulopathy. Table S11. AUC-values for different predictors of mortality
(univariate analysis). Table $12. R2-values for different predictors of trans-
fusion (total units of RBC/plasma/thrombocytes/total transfusions). Table
$13. AUC-values for different predictors of mortality (univariate analysis),
coagulopathic patients. Figure S4. 30 days-mortality vs. S-fibrinogen (g/1),
all patients. Data adjusted for confounders (age, Injury Severity Score
(ISS), Activated Partial Thromboplastin Time (APTT), International Normal-
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