Open access Original research

Raising the bar on fibrinogen: a retrospective assessment
of critical hypofibrinogenemia in severely injured trauma

Trauma Surgery
& Acute Care Open

'Department of Anesthesiology,
University of Maryland School of
Medicine, Baltimore, Maryland,
USA

“R Adams Cowley Shock Trauma
Center, Baltimore, Maryland,
USA

3Department of Anesthesiology
and Critical Care Medicine,
University of Cincinnati College
of Medicine, Cincinnati, Ohio,
USA

“Department of Anesthesiology
and Critical Care Medicine, The
George Washington University
School of Medicine and Health
Sciences, Washington, DC, USA
>Department of Surgery,
University of Maryland School of
Medicine, Baltimore, Maryland,
USA

Correspondence to
Dr Justin Richards; justin.
richards@som.umaryland.edu

Received 6 April 2022
Accepted 4 July 2022

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BM.

To cite: Richards J,

Fedeles BT, Chow JH, et al.
Trauma Surg Acute Care Open
2023;8:000937.

patients

Justin Richards
Rosemary Kozar @ 2°

ABSTRACT

Objectives Fibrinogen depletion may occur at higher
levels than historically referenced. We evaluated
hypofibrinogenemia and associated mortality and
multiple organ failure (MOF) after severe injury.
Methods Retrospective investigation including

417 adult patients with Injury Severity Score (ISS)

>15. Demographics and injury characteristics were
collected. Fibrinogen within 30 minutes of admission
was described: <150 mg/dL, 150 mg/dL to 200 mg/dL
and >200 mg/dL. Primary outcome: 28-day mortality.
Secondary outcomes: 28-day MOF and blood product
transfusion. Multivariable logistic regression model
evaluated association of fibrinogen categories on risk of
death, after controlling for confounding variables. Results
presented as OR and 95% Cls.

Results Fibrinogen <150 mg/dL: 4.8%, 150 mg/dL

to 200mg/dL: 18.2%, >200mg/dL: 77.0%. 28-day
mortality: 15.6%. Patients with <150 mg/dL fibrinogen
had over fourfold increased 28-day mortality risk (OR:
4.9,95% Cl 1.53 to 15.7) after adjusting for age, ISS
and admission Glasgow Coma Scale. Patients with lower
fibrinogen were more likely to develop MOF (p=0.04)
and receive larger red blood cell transfusion volumes at
3hours and 24 hours (p<0.01).

Conclusions Fibrinogen <150 mg/dL is significantly
associated with increased 28-day mortality. Patients with
fibrinogen <150 mg/dL were more likely to develop MOF
and required increased administration of blood products.
The optimal threshold for critically low fibrinogen,

the association with MOF and subsequent fibrinogen
replacement requires further investigation.

Level of evidence Levellll

INTRODUCTION

Approximately one-quarter of severely injured
trauma patients demonstrate an acute traumatic
coagulopathy (ATC) at hospital admission.! This
coagulopathy is associated with significantly greater
resource utilization, including blood product
administration, and an increased risk of mortality.
Historically, ATC was identified by specific conven-
tional coagulation tests (CCTs), such as partial
thromboplastin time, and international normal-
ized ratio (INR), with specific focus on coagula-
tion factor depletion as the underlying etiology of
post-traumatic coagulopathy.!? As the mechanisms
and complexity involved in ATC further evolved,
a cell-based model of coagulation was developed
and incorporated multiple pathways that control

,"2 Benjamin T Fedeles,? Jonathan H Chow,* Thomas Scalea,**

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Low fibrinogen (ie, <100 mg/dL) is associated
with mortality and increased blood product
transfusion in severely injured trauma patients;
however, critical fibrinogen depletion that is
associated with poor outcomes may occur at
higher levels.

WHAT THIS STUDY ADDS

= Admission fibrinogen <150 mg/dL was
independently associated with more than twice
the odds of death, after adjusting for age,
injury severity and Glasgow Coma Scale score.
Fibrinogen <150 mg/dL was also associated
with an increased rate of multiple organ failure
(MOF) and greater volumes of blood product
transfusion.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Future studies are needed to determine if
fibrinogen replacement to levels >150 mg/dL is
associated with decreased mortality, MOF and
blood product transfusion.

post-traumatic hemostasis and that may ultimately
contribute to early disorders in coagulation, serve
as markers of clinical outcome and provide targets
for potential areas of therapeutic intervention.?

Fibrinogen is a serum protein that on activa-
tion by thrombin is converted to fibrin to form a
mesh-work, which binds platelets and contrib-
utes to a hemostatic clot.” Fibrinogen levels were
traditionally not included as part of the CCTs that
defined ATC. Interestingly, fibrinogen is depleted
earliest and most rapidly among the coagulation
factors after hemorrhage.®” Within the last decade,
multiple investigations describe that admission
fibrinogen levels are associated with increased
mortality in severely injured trauma patients.”!!
Inaba et al’ reported that critically low fibrinogen
(ie, <100 mg/dL) was the most significant predictor
of in-hospital death. Similarly, Rourke et al'' noted
that decreased fibrinogen levels were an indepen-
dent predictor of 24-hour and 28-day mortality.
Low admission fibrinogen is also associated with
worse injury severity, increasing depth of clinical
shock and volume of prehospital crystalloid resusci-
tation.®!! Lastly, there are reports linking the need
for massive transfusion to admission fibrinogen
levels.!?
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Perhaps most striking is the level at which admission serum
fibrinogen is considered clinically relevant and associated with
adverse outcomes in severely injured patients. Historically,
fibrinogen was not considered critically low until levels were
<100mg/dL.c 13 Although hypofibrinogenemia is well recog-
nized to correlate with mortality, less is known about the crit-
ical level at which it does so. More recent investigations suggest
that critical fibrinogen levels occur at greater thresholds than
previously thought, perhaps even as high as 229 mg/dL."* Addi-
tionally, the association with hypofibrinogenemia and multiple
organ failure (MOF) has not been well established. Therefore,
the purpose of the present investigation was to evaluate the asso-
ciation of admission fibrinogen levels on MOF and mortality in
a severely injured cohort.

METHODS

This is a retrospective investigation from a single academic
trauma center. Following approval by the Institutional Review
Board (University of Maryland, Baltimore: HP-00078011), we
searched the institution’s trauma database over a 2-year period
from October 1, 2015 to October 31, 2017. Due to the retro-
spective nature of the study, a waiver of informed consent
was granted and therefore individual patient consent was not
obtained. This study fulfilled Strengthening the Reporting of
Observational studies in Epidemiology guidelines. Inclusion
criteria were patients 18-89 years of age, Injury Severity Score
(ISS) >15and transferred from the scene of injury. In addition,
included patients were also required to have a plasma fibrinogen
level obtained within 30 minutes of admission. Patients who
were transferred from an outside facility, sustained a cardiac
arrest prior to arrival or who did not have a plasma fibrinogen
level obtained within 30 minutes of presentation to the trauma
center were excluded.

We collected patient demographics, injury characteristics,
admission physiology data, admission Glasgow Coma Scale
(GCS) score and CCTs. The admission Shock Index (SI) was
calculated as the quotient of the admission heart rate over the
admission systolic blood pressure (SBP) for each patient prior
to blood transfusion. This value is a well-described marker
for injury severity that is associated with increased transfusion
requirements and mortality.’ Volume of transfused packed red
blood cells (PRBCs) was collected, and the total amount of each
product was calculated at 1hour, 3hours and 24 hours after
admission. The Critical Administration Threshold (CAT) was also
calculated, indicating transfusion of =3 units PRBCs in 1hour,
which represents an early marker for massive transfusion.'® At the
time of data collection, our statewide trauma system did not use
prehospital blood products. In addition, the time of each CCT
was determined, and all CCT were obtained within 5 minutes
of each other. These CCT laboratory values included platelet
count, INR and plasma fibrinogen levels. Plasma fibrinogen was
measured using the STA-Fibrinogen 5 assay (Diagnostica Stago,
Parsippany, NJ, USA) and an STA Evolution device (Diagnostica
Stago). Measurement was based on the Clauss method, where
diluted plasma is treated with concentrated thrombin, and the
clotting time is referenced against a calibrated curve to deter-
mine fibrinogen level.

The primary outcome was 28-day mortality. Secondary
outcomes were 28-day MOF, CAT + within 1 hour of admission,
total PRBCs transfusion during the first 3 hours of admission
and total 24-hour PRBCs transfused. MOF was defined by the
Denver organ failure score.!” This score is well validated in the
trauma literature and consists of an evaluation of four organ

systems (cardiac, pulmonary, hepatic and renal) on each day of
intensive care unit (ICU) stay. The organ failure score for each
system is calculated daily on a scale of 0 to 3, with the summa-
tion of scores for the four organ systems comprising the total
organ failure score. MOF was considered present if the total
daily sum of the worst scores from each organ system was >3,
with the first event of MOF occurring at least 48 hours after
admission to the ICU. Time from hospital admission until the
first day on which MOF occurred was documented.

Statistical analysis

Descriptive statistics were used to evaluate the entire study
population. Linear data were assessed for distribution. Symmet-
rically distributed data were described as the mean and SD,
whereas asymmetrically distributed data were described by the
median and IQR. Categorical data were described as frequency
(n), percent (%). Univariate analysis was performed on the entire
study population with 28-day mortality as the dependent vari-
able. Categorical variables were assessed by the x? test. Symmet-
rically distributed data were evaluated with the one-way analysis
of variance test, and asymmetrically distributed variables were
tested by the Kruskal-Wallis test.

The primary aim of this investigation was to evaluate the
association of fibrinogen levels on 28-day mortality. Therefore,
considering prior studies, admission plasma fibrinogen was cate-
gorized as <150 mg/dL, 150 mg/dL to 200 mg/dL and >200 mg/
dL. Variables that demonstrated a p value <0.1 were selected
for insertion into a multivariable logistic regression model in a
forward stepwise method. The final multivariable model reports
the OR and 95% CI for each predictor variable with 28-day
mortality as the outcome event. Collinearity was assessed by the
variance inflation factor. Model calibration was tested with the
Pearson x> goodness-of-fit test, and model discrimination was
evaluated with the area under the receiver operator character-
istic (AUROC) curve. Statistical analysis was performed with
Stata software V.12.1 (Stata Corp), and significance was consid-
ered for a p value <0.05.

For the secondary outcomes, admission fibrinogen was
considered by values <150 mg/dL, 150 mg/dL to 200 mg/dL and
>200mg/dL. Analysis was performed in a univariate manner
with fibrinogen strata as the independent variable and 28-day
MOF, CAT+ within 1hour of admission, total PRBCs trans-
fused during the first 3 hours of admission and total 24-hour
PRBCs transfused as the dependent variables, respectively. Sepa-
rate multivariable logistic regression analyses were performed
for 28-day MOF and CAT+ within 1hour. Based on prior
literature,'® the first model was adjusted for age and ISS, with
fibrinogen strata as the independent variable and 28-day MOF
as the dependent variable. The second model was adjusted for
the following variables, based on prior data'’: ISS, AIS head and
admission SBR, with fibrinogen strata as the dependent variable
and CAT+ within 1 hour as the dependent variable. There adjust-
ment for multiple comparisons with the secondary outcomes;
therefore, these results should be interpreted as exploratory.

RESULTS

Four hundred and seventeen patients fulfilled inclusion and
exclusion criteria. The median age was 37 years (IQR: 26-54),
median ISS was 26 (IQR: 21-33), median GCS score on arrival
to the trauma center was 14 (IQR: 6-15) and the mean admis-
sion ST was 0.79 (SD: 0.41). The majority of patients were male
(354 of 417, 84.9%), sustained a blunt mechanism of injury (298
of 417, 71.5%) and were transported to the trauma center by
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Table 1 Demographic and injury characteristics by admission fibrinogen levels

Fibrinogen <150mg/dL (n=20)  Fibrinogen 150 mg/dL to 200 mg/dL (n=76) Fibrinogen >200mg/dL (n=321) P value
Age, md (IQR) 25 (21.5-32.5) 30 (24.0-40.5) 43 (27-55) <0.001
Blunt mechanism of injury, n (%) 5 (25) 45 (54.2) 238 (74.1) 0.03
Land transport, n (%) 8 (40) 46.0 (60.5) 189.0 (58.9) 0.23
Admission SI, mn (SD) 1.2 (1.03) 0.94 (0.46) 0.73 (0.29) <0.001
Admission GCS, md (IQR) 3(2-7) 14 (4-15) 14 (7-15) <0.001
ISS, md (IQR) 34 (25-41) 27.0 (21.0-34.5) 26 (19-30) 0.001
Lactate (mmol/L), md (IQR) 6.1 (4.8-11.5) 5.2 (3.6-8.6) 3.5(2.6-4.9) <0.001
Platelets (x1000/pL), mn (SD) 178.6 (54.3) 223.2 (81.7) 240.4 (68.2) 0.003
INR, md (IQR) 1.8 (1.6-2.0) 1.2 (1.1-1.4) 1.1(1.0-1.2) 0.001

Demographics and injury characteristics by admission fibrinogen <150, 150-200, and >200.
GCS, Glasgow Coma Scale; INR, international normalized ratio; ISS, Injury Severity Score; md, median; mn, mean; n (%), frequency, percent; SI, Shock Index.

ground (243 of 417, 58.3%). The mean admission fibrinogen
was 262.3mg/dL (SD: 87.6). The time from admission until
the first fibrinogen value was obtained occurred at a mean of
12.0 minutes (SD: 6.0). Admission fibrinogen values were
distributed among <150 mg/dL: 20 of 417 (4.8%), 150 mg/dL
to 200mg/dL: 76 of 417 (18.2%), and >200mg/dL: 321 of 417
(77.0%). Patients in the lower admission fibrinogen strata (ie,
<150mg/dL and 150 mg/dL to 200 mg/dL) were significantly
younger, had a greater admission SI, lower GCS, higher ISS,
greater lactate and worse coagulation status, compared with
patients with fibrinogen >200 mg/dL (table 1).

Primary outcome

Mortality occurred in 65 of 417 (15.6%) patients, and the cause
of death was traumatic brain injury in 47 of 65 (72.3%), hemor-
rhage in 7 of 65 (10.8%), MOF in 6 of 65 (9.2%), respiratory
failure in 1 of 65 (1.5%) and cardiogenic shock in 1 of 65 (1.5%).
There were no differences in mechanism of injury, admission SI
or admission lactate among patients who died (table 2). Results
of an analysis from the patients that died due to traumatic brain
injury (TBI) compared with other causes of death are presented
in table 3.

Lower admission fibrinogen was associated with 28-day
mortality (<150mg/dL: 9 of 20, 45.0% vs 150 mg/dL to
200 mg/dL: 13 of 76, 17.1% vs >200mg/dL: 44 of 321, 13.7%;
p=0.001). Patients that died were also significantly older (53.5,
IQR 31-72 vs 35, IQR 26-51; p=0.001), had a lower admis-
sion GCS score (4.5, IQR 3-9 vs 14, IQR 9-15; p=0.001) and

Table 2 Study population by 28-day mortality

Died (n=65) Alive (n=352) P value

Age, md (IQR) 53.5(31.0-72.0)  35(26-51) <0.01
Male, n (%) 61(93.8) 293 (83.2) 0.03
Land transport, n (%) 32(49.2) 142 (40.3) 0.18
Blunt mechanism of injury, n (%) 52 (80.0) 246 (69.9) 0.1
Admission SI, mn (SD) 0.87(0.7) 0.79 (0.4) 0.22
GCS, md (IQR) 4(3-8) 14 (9-15) <0.01
ISS, md (IQR) 30 (25-35) 26 (19-30) <0.01
Lactate (mmol/dL), md (IQR) 3.5(2.2-7.0) 3.9(2.8-5.7) 0.55
Fibrinogen <0.01

<150mg/dL, n (%) 9(13.8) 11(3.1)

150 mg/dL to 200 mg/dL, n (%) 13 (20.0) 63 (17.9)

>200mg/dL, n (%) 43 (66.2) 278 (79.0)

GCS, Glasgow Coma Scale; ISS, Injury Severity Score; md, median; mn, mean; MOF, multiple
organ failure; n (%), frequency, percent; SI, Shock Index.

greater ISS (30, IQR 25-35 vs 25, IQR 19-30; p=0.001). A
multivariable logistic regression model demonstrated that admis-
sion fibrinogen <150mg/dL, compared with 150 mg/dL to
200mg/dL and >200 mg/dL, was an independent risk factor for
28-day mortality (OR: 4.9, 95% CI 1.53 to 15.7), after adjusting
for age, ISS and admission GCS (table 4). There was no multi-
collinearity among variables, and the model did not demonstrate
a lack of fit (p value >0.05). The AUROC for the multivariable
model was 0.88.

Secondary outcomes

MOF occurred in 28 of 417 (6.7%) patients, and the median
time to organ failure was 5.5days (IQR 3.0-7.5). As previ-
ously described, MOF was the cause of death in 6 of 65 (9.2%)
patients. Admission fibrinogen was significantly associated with
28-day MOF (<150mg/dL: 4 of 20, 20.0% vs 150 mg/dL to
200mg/dL: 6 of 76, 7.9% vs >200mg/dL: 18 of 321, 5.6%;
p=0.04). In a multivariable logistic regression model, only fibrin-
ogen <150 mg/dL was significantly associated with 28-day MOF
(OR: 4.02, 95% CI 1.09 to 14.88), after adjusting for age (OR:
1.02, 95%CI 1.00 to 1.04) and ISS (OR: 1.04, 95%CI 1.01 to
1.07). There was no evidence of collinearity in the model, and
the AUROC was 0.71. There was a significant difference among
admission fibrinogen strata in the frequency of patients that

Table 3 Demographic, injury and coagulation data by death due to
TBI

Death due to  Non-TBI related

TBI (n=48) death (n=17) P value
Age, md (IQR) 55.5 (36.0-73.0) 35.0 (27.0-55.0)  0.09
Male, n (%) 2(4.2) 2(11.8) 0.27
Blunt Mechanism of Injury, n (%) 40 (83.3) 12 (70.6) 0.26
Land Transport, n (%) 22 (52.1) 7(41.2) 0.44

Admission SI, md (IQR)
1SS, md (IQR)

0.53(0.4-0.95) 1.04 (0.82-1.16)  0.01
29.0 (25.0-33.5) 35.0(30.0-50.0) 0.02

Lactate (mmol/dL), md (IQR) 3.3 (2.0-5.5) 8.4 (3.1-11.8) 0.01
Platelets (x1000/pL), mn (SD) 213.3(75.4) 194.6 (83.1) 0.4
INR, md (IQR) 1.2(1.1-1.6) 1.2(1.1-1.6) 0.88
Fibrinogen, n (%) 0.15

<150 mg/dL 34 (70.8) 9(52.9)

150-200 mg/dL 9(18.8) 4(23.5)

>200 mg/dL 5(10.4) 4(23.5)

INR, international normalized ratio; ISS, Injury Severity Score; md, median; mn,
mean; n (%), frequency, percent; SI, Shock Index; TBI, traumatic brain injury.
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Table 4 Multivariable logistic regression assessing risk of 28-day
mortality

OR 95%Cl P value

Age 1.06 1.04t0 1.08 <0.001
ISS 1.04 1.01 to 1.07 0.001
GCS 0.80 0.75 10 0.86 <0.001
Fibrinogen

>200 mg/dL Reference

150 mg/dL to 200mg/dL  1.80 0.77 t0 4.24 0.32

<150 mg/dL 4.91 1.53t0 15.7 0.02

Multivariable logistic regression model for risk of 28-day mortality.
GCS, Glasgow Coma Scale; ISS, Injury Severity Score.

achieved CAT+ status within the first hour of hospital admis-
sion (<150 mg/dL: 12 of 20, 60.0% vs 150 mg/dL to 200 mg/dL:
28 of 76, 36.8% vs >200mg/dL: 37 of 321, 11.5%; p<0.01).
In a separate multivariable model, after controlling for admis-
sion SBP (OR: 0.97, 95% CI 0.96 to 0.98), head AIS (OR: 0.82,
959 CI 0.69 to 0.97) and ISS (OR: 1.03, 95% CI 1.01 to 1.06),
both fibrinogen <200 mg/dL (OR 2.89, 95% CI 1.5 to 5.53) and
fibrinogen <150 mg/dL (OR: 7.14, 95%CI 2.21 to 23.05) were
significantly associated with CAT+ within 1hour of admission.
There was also no evidence of collinearity and the AUROC was
0.84. Patients with lower admission fibrinogen also received
significantly more PRBCs within the first 3 hours and 24 hours
after admission (table 5).

DISCUSSION

In the current study, we described the phenotype of hypofibrin-
ogenemia as younger, more severely injured patients, presenting
with a higher lactate and who were more coagulopathic. Admis-
sion fibrinogen <150 mg/dL was associated with a greater risk
of 28-day mortality, compared with 150 mg/dL to 200 mg/dL or
>200mg/dL. Patients with an admission fibrinogen <150 mg/
dL and 150 mg/dL to 200mg/dL, compared with >200mg/
dL, were more likely to receive greater amounts of PRBCs in
the first few hours after hospital admission and achieve CAT+
status within 1hour, which reflect a valuable marker to identify
patients that receive a massive resuscitation, are at greater risk
of death and require intense resource utilization. These patients
represent an important population that may benefit from early,
and potentially prehospital, blood product transfusion.?*>> An
interesting observation was that admission fibrinogen was asso-
ciated with an increased incidence of MOF. This is particularly
relevant given recent discussion regarding hypofibrinogenemia
and endothelial glycocalyx damage after severe injury.?> There
is documented evidence that endothelial glycocalyx degradation
is associated with increased MOE.* Although our observation
is strictly hypothesis generating, this should encourage future
investigations to study the implications of admission fibrinogen
on subsequent post-traumatic MOF.

3

Fibrinogen exists in plasma as a serum protein that is cleaved
by thrombin and subsequently polymerized to form strands of
fibrin.* ¢2* These fibrin strands serve as the framework on which
platelets attach and are activated via glycoprotein IIb/Illa recep-
tors, further contributing to platelet activity, thrombin gener-
ation and clot amplification.® ¢ Therefore, fibrinogen is crucial
to functional hemostasis after injury. The reported physiologic
range of fibrinogen is between 1.5 and 4.0g/L (eg, 150 mg/dL
to 400 mg/dL)*~%; however, the serum concentration decreases
rapidly during active bleeding and reaches critically low levels
more quickly than other clotting factors, despite the fact it is an
acute phase reactant protein. Additional processes involved with
traumatic coagulopathy, such as endothelial glycocalyx degrada-
tion, autoheparinization, protein C activation and hyperfibrino-
lysis contribute to impaired and pathologic fibrinogen utilization
after severe injury.®® latrogenic causes are also responsible for
rapid depletion of fibrinogen during hemorrhage such as exces-
sive crystalloid resuscitation that dilutes serum coagulation
factor concentrations and further exacerbates trauma- induced
coagulopathy.® ¢ ' Similarly, blood product resuscitation may
also contribute to further decreases in fibrinogen levels, as red
cells, plasma and platelets are typically not sufficient to replace
hypofibrinogenemia.® %

Hypofibrinogenemia is an established marker of adverse
outcomes; however, the precise threshold and quantitative
fibrinogen level associated with clinical outcomes has not been
clearly defined. Rourke et al'* described that for every 1 mg/dL
increase in fibrinogen, the risk of 28-day mortality decreased by
22%. The American Society of Anesthesiologists (ASA) Practice
Guidelines for Perioperative Blood Management suggest that
clinically relevant thresholds of hypofibrinogenemia exist at 80
mg/dL to 100mg/dL and recommend that fibrinogen replace-
ment rarely is indicated at levels <150 mg/dL."* Recent Euro-
pean guidelines suggest critical levels of fibrinogen are less than
150 mg/dL in bleeding patients; however, data to support this
threshold are based on limited evidence.?* The results of the
current study demonstrate that admission fibrinogen <150 mg/
dL is associated with a significantly increased risk of 28-day
mortality, after adjusting for age, injury severity and admission
GCS. It is important to acknowledge that our study population
size may not have been large enough to detect differences in
mortality at other fibrinogen thresholds, such as 150 mg/dL
to 200mg/dL. Hagemo et al observed in a multicenter study
of 1133 trauma patients that a threshold for admission fibrin-
ogen of 229 mg/dL was associated with a significant increase in
mortality, suggesting that the critical value for low fibrinogen
be reassessed.'* Future studies would benefit from larger, multi-
center populations to potentially identify an optimal cut-off at
which fibrinogen is associated with worse clinical outcomes in
trauma patients. Nonetheless, the results of our investigation
provide further evidence that warrants reassessment of the pres-
ently suggested thresholds for critical levels of hypofibrinogen-
emia that are recommended by the ASA' and American College

Table 5 Admission fibrinogen levels and secondary outcomes

Fibrinogen <150 mg/dL (n=20) Fibrinogen 150 mg/dL to 200 mg/dL (n=76)  Fibrinogen >200mg/dL (n=321) P value
MOF, n (%) 4(20) 6(7.9) 18 (5.6) 0.04
CAT+ in first hour, n (%) 12 (60.0) 28 (36.8) 37 (11.5) <0.01
Total PRBCs in first 3hours, md (IQR) ~ 11.5 (4.5-16.5) 3.0 (0.0-8.0) 0.0 (0.0-3.0) <0.01
Total 24-hour PRBCs, md (IQR) 14.5 (5.0-29.5) 5.0 (0.0-9.5) 0.0 (0.0-3.0) <0.01
CAT, critical administration threshold; md, median; mn, mean; MOF, multiple organ failure; n (%), frequency, percent; PRBCs, packed red blood cells.
4 Richards J, et al. Trauma Surg Acute Care Open 2023;8:¢000937. doi:10.1136/tsaco-2022-000937
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of Surgeons Committee on Trauma in severely injured trauma
patients.”’

Perhaps more interesting from the present study is that fibrin-
ogen levels were associated with MOEF. A potential explanation
for this finding may in part be associated with the endothelial
dysfunction that occurs after traumatic injury and coagulopathy.??
Endothelial glycocalyx damage is associated with the release of
tissue plasminogen activator, dissolution of fibrin strands and
subsequent hypofibrinogenemia.?® In addition, destruction of
the glycocalyx is also associated with increased levels of systemic
syndecan-1, which correlates with organ dysfunction.?’ It has
been observed in vitro that fibrinogen stabilizes syndecan-1 on
the endothelial cell membrane to restore endothelial cell barrier
integrity.*® Additionally, in a mouse model of hemorrhagic shock,
fibrinogen decreased microRNA-19b, a pathologic microRNA
that contributes to endothelial cell dysfunction.’ Barry et al*?
demonstrated in a similar mouse model of hemorrhagic shock
that resuscitation with cryoprecipitate preserved endothelial cell
function and reduced vascular permeability. There is also human
data suggesting that fibrinogen may mitigate the development
of MOF. The Reversal of Trauma-Induced Coagulopathy using
First Line Coagulation Factor Concentrates or Fresh Frozen
Plasma trial randomized severely injured patients to early fibrin-
ogen or factor concentrate compared with fresh frozen plasma
resuscitation and found that patients receiving fibrinogen had
a significantly lower odds of developing MOF.?° Due to the
smaller sample size of our population, we are unable to comment
on the effect of fibrinogen replacement via cryoprecipitate
or to perform an adjusted analysis with MOF as an outcome.
We selected the Denver MOF score because this is a validated
scoring system in trauma patients with greater specificity for
identifying prolonged mechanical ventilation, ICU length of
stay and mortality.!” 3 * However, other scoring systems, such
as the Sequential Organ Failure Assessment and Multiple Organ
Dysfunction Score, are also described in the tr

There are a number of additional limitations to this investi-
gation. Due to the retrospective nature, we are unable to deter-
mine if low admission fibrinogen is the cause of the observed
increased mortality. We also evaluate quantitative fibrinogen
levels and were unable to investigate qualitative studies, such
as functional fibrinogen. Furthermore, although we adjusted
for clinically relevant confounding variables, there may be
factors associated with death that we may have not captured
in our analysis. For example, our trauma registry was not able
to provide data on prehospital crystalloid content or volume.
Clinical practice in our statewide trauma system is limited to
prehospital crystalloid, and there is no administration of colloid;
however, the precise effect of prehospital resuscitation volume
in our cohort is unknown. We were also unable to obtain consis-
tent temperature and serum pH values on admission for each
patient. Hypothermia and acidemia are variables that may affect
fibrin polymerization and function in bleeding patients.® Serum
ionized calcium levels were not immediately obtained in every
patient. Hypocalcemia affects hemostatic clot function and is
associated with increased mortality.® The cause of death in a
majority of patients in our cohort was due to TBI. Although TBI
is associated with an inherent coagulopathy,® the results from
this investigation may not be applicable to all trauma patients.
It is possible that low fibrinogen is simply a specific marker of
injury severity in patients with severe TBI that is not captured by
other traditional measures of coagulopathy, such as INR.%”

We were also unable to determine from the present study if
fibrinogen supplementation in patients with hypofibrinogen-
emia results in decreased 28-day mortality. In the USA and UK,

cryoprecipitate is used to treat acquired hypofibrinogenemia,
with pooled units providing approximately 2g to 3 g of fibrin-
ogen, whereas fibrinogen concentrate is primarily used and
approved for trauma patients in Europe.® A previous retro-
spective study observed that fibrinogen supplementation with
higher ratios of cryoprecipitate: PRBCs in patients receiving a
massive resuscitation was associated with decreased mortality in
a combat support hospital?'; however, there is limited prospec-
tive data on fibrinogen replacement and mortality in trauma
patients. Results of the Early Cryoprecipitate for Major Hemor-
rhage in Trauma (CRYOSTAT-2) trial should be available in the
near future, which compares early (within 90 minutes of arrival)
high-dose cryoprecipitate to standard of care massive transfu-
sion and the effect on mortality.?? There is also current devel-
opment of cryoprecipitate with a longer shelf-life that would
allow for more readily available product in emergency settings.
Our data collection also occurred prior to implementation of
whole blood administration at our institution, and we are unable
to draw conclusions on the association of whole blood trans-
fusion in patients with low fibrinogen. We did not administer
prehospital blood products in our statewide trauma system, and
it is conceivable that earlier transfusion of fibrinogen containing
blood products may impact the severity of hypofibrinogenemia
at hospital arrival.?*#! Although the current study does not
address fibrinogen repletion, it does highlight the gap in current
knowledge as to whether low fibrinogen is a biomarker of severe
injury or a target for intervention.

In conclusion, we observed that traditional thresholds of
hypofibrinogenemia are inadequate to define critical levels of
fibrinogen in severely injured patients. The current data suggest
that the association with hypofibrinogenemia and mortality
may occur at <150mg/dL. We have also shown an important
association between hypofibrinogenemia and MOF. This may
suggest that the effect of low fibrinogen levels extends beyond
its effect on bleeding. Early identification of patients with hypo-
fibrinogenemia may represent an important clinical target for
specific early and targeted blood product transfusion, such as
cryoprecipitate, fibrinogen concentrate or whole blood. Larger
clinical studies that evaluate the full spectrum of trauma care
and patient outcomes are necessary to identify the true impact of
hypofibrinogenemia in the severely injured trauma population,
which is necessary to guide replacement strategies and improve
outcomes.
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