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Abstract 

Introduction The occurrence of massive haemorrhages in various emergency situations increases the need for 
blood transfusions and increases the risk of mortality. Fibrinogen concentrate (FC) use may increase plasma fibrino-
gen levels more rapidly than fresh-frozen product or cryoprecipitate use. Previous several systematic reviews and 
meta-analyses have not effectively demonstrated FC efficacy in significantly improving the risk of mortality and reduc-
ing transfusion requirements. In this study, we investigated the use of FC for haemorrhages in emergency situations.

Methods and analysis In this systematic review and meta-analysis, we included controlled trials, but excluded rand-
omized controlled trials (RCTs) in elective surgeries. The study population consisted of patients with haemorrhages in 
emergency situations, and the intervention was emergency supplementation of FC. The control group was admin-
istered with ordinal transfusion or placebo. The primary and secondary outcomes were in-hospital mortality and the 
amount of transfusion and thrombotic events, respectively. The electronic databases searched included MEDLINE 
(PubMed), Web of Science, and the Cochrane Central Register of Controlled Trials.

Results Nine RCTs in the qualitative synthesis with a total of 701 patients were included. Results showed a slight 
increase in in-hospital mortality with FC treatment (RR 1.24, 95% CI 0.64–2.39, p = 0.52) with very low certainty of the 
evidence. There was no reduction in the use of red blood cells (RBC) transfusion in the first 24 h after admission with 
FC treatment (mean difference [MD] 0.0 Unit in the FC group, 95% CI − 0.99–0.98, p = 0.99) with very low certainty of 
the evidence. However, the use of fresh-frozen plasma (FFP) transfusion significantly increased in the first 24 h after 
admission with FC treatment (MD 2.61 Unit higher in the FC group, 95% CI 0.07–5.16, p = 0.04). The occurrence of 
thrombotic events did not significantly differ with FC treatment.

Conclusions The present study indicates that the use of FC may result in a slight increase in in-hospital mortality. 
While FC did not appear to reduce the use of RBC transfusion, it likely increased the use of FFP transfusion and may 
result in a large increase in platelet concentrate transfusion. However, the results should be interpreted cautiously due 
to the unbalanced severity in the patient population, high heterogeneity, and risk of bias.
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Background
The occurrence of massive haemorrhages in various 
emergency situations, such as severe trauma, major sur-
geries, and postpartum, increases the need for blood 
transfusions and the risk of mortality [1–3]. Fibrinogen 
levels tend to deteriorate faster than other coagulation 
factors in conditions such as severe trauma, surgical 
bleeding, and postpartum [4–7], highlighting the impor-
tance of aggressively supplementing fibrinogen hae-
mostasis [8, 9]. Fibrinogen can be supplemented with 
fresh-frozen plasma (FFP), cryoprecipitate, or fibrinogen 
concentrate (FC). FC has several advantages over these 
alternatives, including the fact that it does not require 
a thawing process or ABO compatibility confirmation 
[10]. Furthermore, FC may increase plasma fibrinogen 
levels more rapidly than FFP or cryoprecipitate [11] and 
reduce transfusion volume and the risk of immunogenic 
or infectious complications [12]. These features make FC 
a promising option for the management of haemorrhage.

Several systematic reviews and meta-analyses of ran-
domized controlled trials (RCTs) examining the use of 
major surgery have been published [13–16]. However, 
these reviews primarily focused on elective surgeries and 
did not consider emergency settings. The use of FC has 
been shown to rapidly supplement fibrinogen levels [17], 
making it a potential option in emergency situations. In 
2017, Innerhofer et al. [18] conducted an RCT that dem-
onstrated the superiority of FC supplementation with 
other coagulation factor concentrates, compared to FFP 
in reducing the need for massive transfusion. However, a 
meta-analysis by Stabler et al. in 2020 found that FC did 
not significantly improve mortality rates or reduce trans-
fusion requirements in trauma-related RCTs [19]. This 
meta-analysis should be interpreted with caution due to 
the small sample sizes and low quality of the included 
evidence.

There is a lack of comprehensive research on the effi-
cacy of FC administration in emergency situations, 
including trauma and massive haemorrhage. In order to 
address this gap in knowledge, we conducted a systematic 
review and meta-analysis of studies examining the safety 
and effectiveness of FC administration in emergency set-
tings, compared to traditional transfusion strategies. Our 
aim was to assess the early supplementation of fibrinogen 
in emergent massive haemorrhage using FC.

Methods
Protocol registration
This study protocol has been published [20] and reg-
istered in the UMIN (UMIN registration number: 
UMIN0000415989, URL https:// upload. umin. ac. jp/ cgi- 
open- bin/ ctr_e/ ctr_ view. cgi? recpt no= R0000 47487). 
This systematic review and meta-analysis was reported 

according to The Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Protocols guidelines 
[21].

Database search
To retrieve relevant articles, we performed a literature 
search in the following major electronic bibliographic 
databases: MEDLINE (PubMed), Web of Science, and 
the Cochrane Central Register of Controlled Trials. The 
details of the search strategy are available in the protocol 
of this systematic review and meta-analysis [20].

Types of studies
In this systematic review and meta-analysis, we included 
controlled trials (including ongoing RCTs and other 
controlled trials) published until October 17, 2020. 
Studies were excluded if they did not clearly report the 
population, treatment, or outcomes of interest. We also 
excluded RCTs on elective surgeries and animal studies. 
No language restrictions were be applied. For non-Eng-
lish language publications, we utilized appropriate trans-
lation services. Our focus was on evaluating the effect of 
FC on uncontrolled bleeding in emergency situations.

Study population
This study included patients admitted to the hospital with 
emergency haemorrhage. The aetiologies of the haemor-
rhages included trauma, postpartum bleeding, cardiovas-
cular diseases, and emergency surgery. Elective surgery 
patients were excluded from analysis. No geographical 
restrictions were placed on the study sample.

Intervention and control
The focus of this study was the use of emergency fibrino-
gen supplementation as an intervention for haemostasis. 
The control groups were administered standard trans-
fusion treatments (i.e. FFP) or placebo. No restrictions 
were placed on the type, amount, or timing of FC admin-
istration in the review.

Outcomes
The primary outcome measure was all-cause in-hospital 
mortality. Secondary outcome measures included the 
volume of transfused blood within the first 24  h, blood 
loss within the first 24  h, thrombotic events (i.e. deep 
venous thromboses, pulmonary embolization, myocar-
dial infarctions, strokes), multiple organ failure, length of 
intensive care unit (ICU) stay, and length of hospital stay.

Selection of studies
Citations were stored and duplicates were removed using 
EndNote X9.3.3 (Thomson Reuters, Toronto, Ontario, 
Canada). The systematic review process was conducted 

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000047487
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000047487
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using Rayyan software [22]. Two reviewers (YI and 
YT) independently screened the titles and abstracts of 
retrieved studies using the search strategy to identify 
those that potentially met the inclusion criteria. The full 
texts of these potentially eligible studies were retrieved 
and independently assessed by the two reviewers (YI and 
YT). Any disagreement regarding study eligibility was 
resolved through consultation with a third reviewer (KY).

Data extraction
A standardized, pre-piloted form was used to extract 
data from the included studies in order to assess the 
quality of the studies and the methods of data synthesis. 
The extracted information included the following vari-
ables: study setting, study population, baseline character-
istics of the participants, details of the interventions and 
control conditions, study methodology, outcomes, and 
assessments of risks bias. Two independent reviewers 
(YI and YT) extracted the data independently, and any 
discrepancies were resolved through discussion with the 
third author (KY).

Assessment of risk of bias in individual studies
The two independent reviewers (YI and YT) assessed the 
risk of bias and methodological quality of the articles, 
and any disagreements were resolved by discussion with 
a third reviewer (KY). The risk of bias in individual stud-
ies was evaluated using uniform criteria based on the tool 
for assessing the risk of bias in randomized trials (RoB2) 
[23]. This included assessment of (1) random sequence 
generation, (2) allocation concealment, (3) blinding of 
participants and personnel, (4) blinding of outcome 
assessment, (5) incomplete outcome data, (6) selective 
reporting, and (7) other bias for each study.

Data summary
A meta-analysis was performed when data were avail-
able in one or more trials, following the guidelines of the 
“Cochrane Handbook for Systematic Reviews of Inter-
ventions [24].” For binary variables, risk ratios or odds 
ratios were expressed as point estimates with 95% con-
fidence intervals (CIs). Continuous variables, such as 
length of ICU stay, were expressed as mean differences 
with 95% CIs and p values. Mean and standard deviation 
were estimated from sample size, median, and interquar-
tile range using appropriate methods [25, 26].

Data synthesis
Findings from the included studies were estimated using 
a random-effects model. This model considers statistical 
heterogeneity and provides a more conservative estimate 
of the pooled effect size than a fixed-effects model. No 

multiple imputations were performed for missing data, 
data synthesis, or analysis of randomized trials.

All statistical analyses, including assessment of risk 
of bias within and across studies were conducted using 
Review Manager, Version 5.4. (RevMan; The Cochrane 
Collaboration 2019, The Nordic Cochrane Centre, 
Copenhagen, Denmark) [27]. A p value of < 0.05 was con-
sidered statistically significant.

Assessment of heterogeneity
Statistical heterogeneity was assessed using the Mantel–
Haenszel χ2 test and the I2 statistic (with I2 values > 50% 
indicating significant heterogeneity) [28]. The presence of 
clinical heterogeneity was considered in the decision to 
conduct a quantitative synthesis of data or perform sen-
sitivity analyses.

Sensitivity analysis
We examined the robustness of this meta-analysis by 
conducting sensitivity analysis according to the different 
components of the Cochrane risk of bias tool. We also 
conducted an analysis in which studies with a high over-
all risk of bias judgement were excluded.

Subgroup analysis
Subgroup analyses were performed according to the type 
of haemorrhage experienced by the patient.

Rating the strength of evidence using the GRADE approach
The two authors (YI and YT) assessed the strength of 
evidence independently, using the Grading of Recom-
mendations Assessment, Development and Evalua-
tion (GRADE) approach [29]. The quality of evidence 
was assessed for each outcome and categorized as high, 
moderate, low, or very low according to the GRADE 
approach.

Patient and public involvement 
Patients and the general public were not involved in the 
design of this systematic review and meta-analysis.

Results
Search results and characteristics of included trials
After removing duplicates, 2265 records were identified 
during the search conducted in November 2020. Twenty-
eight full-text articles were identified and assessed for 
their eligibility, and nine RCTs with a total of 701 patients 
were included in the qualitative synthesis (see Fig. 1. For 
PRISMA flowchart). Table  1 summarizes the published 
studies included in the synthesis. Data from seven tri-
als were analysed and are shown in Fig.  2 and Addi-
tional file  1: Figs.  S1–S4. The risk of bias assessment is 
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summarized in Additional file 1: Figs. S5. The summary 
of findings is shown in Table 2.

Primary outcomes
In‑hospital mortality
Data from five trials indicated that FC as a treatment for 
emergency haemorrhagic events may result in a slight 
increase in in-hospital mortality (RR 1.21, 95% CI 0.49–
3.00, p = 0.68). However, due to the moderate weight of 
high risk of bias and low number of events, the certainty 
of this evidence is very low. Statistical heterogeneity was 
also observed  (Tau2 = 0.68; I2 = 54%). In order to address 
this heterogeneity in in-hospital mortality, a sensitivity 
analysis was conducted (Additional file 1: Fig. S2a). When 
considering the high risk of bias, the risk ratio for in-
hospital mortality was 1.21 (95% CI 0.49–3.00, p = 0.68). 
Further details on risk of bias can be found in Additional 
file 1: Fig. S5.

Secondary outcomes
RBC Transfusion in the first 24 h
The results from six clinical trials suggest that FC does 
not significantly reduce the need for RBC transfusion 
within the first 24 h after admission (MD 0.00 units lower 
in the FC group, 95% CI − 0.99–0.98, p = 0.99). However, 
the certainty of this evidence is very low due to moder-
ate weight of high risk of bias, low number of events, 
and high levels of heterogeneity  (Tau2 = 1.02; I2 = 77%). 
A sensitivity analysis was conducted with the removal of 

the high risk of bias study, resulting in a MD of 0.03 units 
for RBC transfusion in the first 24 h (95% CI − 0.55–0.62, 
p = 0.001) (Additional file  1: Fig.  S2b). Subgroup analy-
ses were also performed for each type of haemorrhage. 
Further details on risk of bias can be found in Additional 
file 1: Fig. S5.

FFP Transfusion in the first 24 h
The results from five clinical trials suggest that FC may 
increase the need for FFP transfusion in the first 24  h 
after admission (MD 2.61 units higher in the FC group, 
95% CI 0.07–5.16, p = 0.04). The certainty of this evi-
dence is low due to the low number of events. Statistical 
heterogeneity was also observed  (Tau2 = 3.43; I2 = 71%) 
(see Fig.  2c). A sensitivity analysis was conducted with 
the removal of the high risk of bias study, resulting in a 
mean difference of 1.21 units for FFP transfusion (95% 
CI 0.76–1.67, p < 0.01) (see Additional file  1: Fig.  S2c). 
Subgroup analyses were also performed for each type of 
haemorrhage.

PC transfusion in the first 24 h
The results of the study suggest that FC may result in a 
large increase in PC transfusion within the first 24 h after 
admission (MD 0.46 units higher in the FC group, 95% 
CI 0.17–0.76, p = 0.002). The certainty of this evidence is 
moderate due to the moderate number of events. No sta-
tistical heterogeneity was observed  (Tau2 = 0.00; I2 = 0%) 

Electronic databases  (n=3,105 records)

CENTRAL (n=654) 

MEDLINE via pubmed (n=720)

Web of Science (n=1,731)

Title and abstract review (n=79) 

Full-text articles assessed for 
eligibility  (n=27; 28 records)

Studies included in qualitative 
synthesis identified                            
[n=10 (11 records)]

Records Excluded (n=2,186) 

Included studies [n=9 (10 records; 701 patients)

Full text [Wrong population  (n=43)]
[Wrong intervention or control (n=8)] 

records excluded  (n=51) 

Studies excluded  (n=8)
[Ongoing studies (8 records)]

Studies excluded (n=1)
[No data of outcome interest (n=1)]

Records after duplicates removed 
(n=2,265) 

Fig. 1 PRISMA flowchart
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(Fig. 2d). Further details on risk of bias can be found in 
Additional file 1: Fig. S5.

Blood loss within first 24 h after admission
The results of a clinical trial suggest that FC may result 
in little to no difference in blood loss within the first 

24  h. The mean blood loss within the first 24  h was 
392.88  mL (MD 171  mL lower in the FC group, 95% 
CI − 400.35–58.35, p = 0.14). The risk of bias was low 
due to the low number of events. Heterogeneity was 
not applicable (see Additional file 1: Fig.  S1a). Further 
details on risk of bias can be found in Additional file 1: 
Fig. S5.

Fig. 2 Forest plots for primary and secondary outcomes
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Thrombotic events
The results from five clinical trials suggest that FC may 
result in little to no difference in thrombotic events. 
The risk ratio was 0.71 (95% CI 0.32–1.58, p = 0.4) with 
very low level of certainty due to the moderate weight 
of high risk of bias and low number of events. No statis-
tical heterogeneity was observed  (Tau2 = 0.00; I2 = 0%) 
(see Additional file 1: Fig. S1b). Further details on Risk 
of bias can be found in Additional file 1: Fig. S5.

Multiple organ failure
The results from two clinical trials suggest that FC 
may result in a slight reduction in the risk of multiple 
organ failure. The risk ratio was 0.54 (95% CI 0.18–1.56, 
p = 0.25) with a low risk of bias due to the moderate 
weight of high risk of bias and low number of events. 
Statistical heterogeneity was observed  (Tau2 = 0.40; 
I2 = 57%) (see Additional file  1: Fig.  S1c). Further 
details on the risk of bias can be found in Additional 
file  1: Fig.  S5. The outcome of MOF was reported by 
Innerhofer et al. [18] and Akbari et al. [30]. In the RCT 
by Innerhofer, the Sequential Organ Failure Assess-
ment (SOFA) score was reported daily in the ICU, 
with a score of 3 or more for at least two organ sys-
tems defined as multiple organ failure. Although they 
reported the rate of MOF, the specific SOFA points for 
the organ systems were not reported in their manu-
script or supplementary materials. In the quasi-RCT 
by Akbari et al., the specific criteria for MOF were not 
defined.

Length of ICU stay
The results from one clinical trial suggest that FC may 
result in little to no difference in the length of ICU stay. 
The mean length of ICU stay was lower in the FC group 
(MD, − 2.22  days lower, 95% CI − 4.96–0.52, p = 0.11) 
with a very low risk of bias due to the moderate weight 
of high risk of bias and low number of events. Statistical 
heterogeneity was not applicable (see Additional file  1: 
Fig. S1d). Further details on risk of bias can be found in 
Additional file 1: Fig. S5.

Length of hospital stay
The results of two clinical trials suggest that FC may 
result in a slight reduction in the length of hospital day. 
The mean length of hospital stay was lower in the FC 
group (MD, − 1.08  days lower, 95% CI − 3.35–1.19, 
p = 0.35) with a very low risk of bias due to the moder-
ate weight of high risk of bias and low number of events. 
Statistical heterogeneity was not observed  (Tau2 = 3.11; 

I2 = 50%) (see Additional file 1: Fig. S1e). Further details 
on risk of bias can be found in Additional file 1: Fig. S5.

Subgroup analysis: Trauma setting
The results of the study indicate that the risk ratio for in-
hospital mortality was 1.08 (95% CI 0.64–1.84, p = 0.77). 
The MD in RBC transfusion was – 0.35 units (95% CI 
− 0.76–0.05, p = 0.02). The MD in FFP transfusion was 
1.24 units (95% CI 0.79–1.69, p < 0.01). The mean differ-
ence of PC transfusion in the first 24  h was 0.46 units 
(95% CI 0.17–0.76, p = 0.002). The RR for the thrombotic 
events was 0.67 (95% CI 0.30–1.51, p = 0.33) (Additional 
file 1: Fig. S3a–e).

Subgroup analysis: obstetrics setting
We found only two RCTs [17, 31].  In-hospital mortal-
ity was not analysed as the included RCTs reported no 
death. The MD of RBC transfusion was—0.09 (95% CI 
− 0.87 to − 0.69, p = 0.82). The MD of the FFP transfu-
sion was not estimable due to no demand of FFP in the 
included trial. The risk ratio of the thrombotic events was 
0.96 (95% CI 0.06–16.21, p = 0.98) (see Additional file 1: 
Fig. S4a, b).

Discussion
In this systematic review and meta-analysis, a system-
atic search for RCTs in the emergency bleeding setting 
resulted in studies conducted in trauma and postpartum 
settings. FC did not significantly decrease in-hospital 
mortality or the amount of transfusion. However, FC may 
result in little to no difference in thrombotic events and 
a slight reduction in the risk multiple organ failure. It is 
important to note that due to the unbalanced severity of 
the patient population, high levels of heterogeneity, and 
risk of bias, these results should be interpreted cautiously.

In the present study, FC had no significant effect on 
reducing in-hospital mortality or RBC transfusion within 
the first 24 h after admission, though the evidence for this 
finding is very low. In the subgroup analysis for trauma 
patients, FC administration was associated with a slight 
decrease in the amount of RBC transfusion, but no sig-
nificant difference in in-hospital mortality was observed. 
It is important to note that due to the high levels of het-
erogeneity among the studies and the short duration 
of treatment for the patients, the results may not be 
generalizable.

The demand of FFP and PC were controversial despite 
of FC administration. This may be in part due to the het-
erogeneity of the included studies. In the trauma set-
ting, patients in the FC group had higher ISS scores 
[11, 18, 32, 33] and more severe haematological condi-
tions than patients in the control group [11], which may 
have affected the amounts of FFP and PC transfusion. 
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Additionally, the majority of the studies included in the 
meta-analysis were open-label RCTs, which may have 
resulted in more aggressive transfusion of these blood 
products in the FC group compared to the Control group 
[18, 30, 34, 35]. The RETIC trial by Innerhofer et  al., 
found a significant reduction in FFP transfusion in the FC 
group compared to the control group [18] with a median 
5 units in the FC group (IQR 5 to 5), versus 14 units in 
the control group (IQR 10 to 14) (p = 0.023). However, 
due to the similarity of the first and third quartiles of FFP 
administration, this trial could not be included in the 
meta-analysis. The lack of availability of this data may 
have impaired the quality of the meta-analysis.

The results of studies conducted in the trauma settings 
suggest that FC may slightly reduce the risk of multiple 
organ failure and the length of ICU and hospital stays. 
Despite the higher amount of transfusion in the FC 
group, these results may be due to the stabilizing effect 
of FC on the vital signs and organ damage of severely 
injured patients. However, as the amounts of crystalloids 
and measure of haemostasis were not obtained from the 
included studies. Pre-intervention platelet transfusion 
was not performed and the timing of PC transfusion in 
the first 24 h was not reported in the included studies [11, 
18, 33]. Thus, more information is needed to fully under-
stand the mechanisms underlying these effects. Further 
investigation is warranted.

This study has several limitations. The types of bleeding 
included in the analysis were limited, and the obstetrics 
subgroup had a lower number of events, resulting in no 
significant differences. The number of eligible patients 
and the amount of high-quality randomized controlled 
data were insufficient [4, 11, 32]. Furthermore, the spe-
cific haemostasis procedures used in the trauma set-
ting RCTs were not described, and the supplementation 
of tranexamic acid or other coagulation factors was not 
precisely investigated in this meta-analysis. The studies 
included in the meta-analyses varied in terms of risk of 
bias, and particularly in the emergency setting, it is dif-
ficult to include a sufficient number of patients and con-
trol for patient characteristics in RCTs. While some of 
the studies were conducted in a double-blinded setting, 
the overall certainty of the evidence was reduced due to 
the weight of high risk of bias, low number of events, and 
high levels of heterogeneity.

Conclusion
The present study indicates that FC administration 
in emergency settings may lead to a slight increase 
in in-hospital mortality. While there is low certainty 
of evidence to suggest that FC administration may 
reduce the need for RBC transfusions, it is proba-
ble that FC administration results in increased use of 

FFP transfusions, and is likely to result in a significant 
increase in PC transfusions with moderate certainty 
of the evidence. However, caution should be exercised 
in interpreting these findings due to the presence of 
imbalanced patient severity, high heterogeneity, and 
potential biases.
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