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IN recent years, interest in therapeutic use of fibrinogen 
for the control of major bleeding in a variety of settings, 

including trauma and surgery, has increased.1–4 Fibrinogen 
concentrate can be effective for the treatment of dilutional 
coagulopathy5,6; it may reduce transfusion of allogeneic 
blood products and improve clinical outcomes.7 High fibrin 
levels seem to have an antithrombin effect,8,9 and clinical evi-
dence suggests a low risk of thromboembolic complications 
with fibrinogen concentrate.10 Conversely, increased plasma 
fibrinogen is a marker of risk for thrombotic conditions such 
as cardiovascular disease11,12 and there have been calls for 
robust safety data to support therapeutic use of fibrinogen 
concentrate.13–15

A key safety-related question is the extent to which exog-
enous fibrinogen concentrate affects the normal acute-phase 
reaction. Randomized controlled trials have shown no dif-
ference in plasma fibrinogen concentration at 24 h between 
patients treated with fibrinogen concentrate and/or those 
treated with allogeneic blood products, in the context of car-
diovascular surgery16,17 and cystectomy.1

The plasma fibrinogen half-life of human fibrinogen 
concentrate is 2.7 to 3.6 days in patients with congenital 
hypofibrinogenemia.18 This suggests that plasma concentra-
tion may be increased for at least a week after fibrinogen 
concentrate therapy. We hypothesized that the difference 
between this expectation and the observed duration of 
increase in plasma fibrinogen concentration (<24 h) may be 
explained by one or more of the following: down-regulation 
of endogenous fibrinogen synthesis; increased consumption 
or metabolism of fibrinogen in circulation; or a shift to the 

What We Already Know about This Topic

•	 Fibrinogen supplementation with concentrates may reduce 
blood loss in different bleeding models and in human studies

•	 Fibrinogen repletion is an important therapeutic target in 
bleeding patients

What This Article Tells Us That Is New

•	 Administration of human fibrinogen concentrates did not 
down-regulate endogenous porcine fibrinogen biosynthesis in 
this animal model
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ABSTRACT

Background: Fibrinogen concentrate may reduce blood loss after trauma. However, its effect on endogenous fibrinogen syn-
thesis is unknown. The authors investigated the effect of exogenous human fibrinogen on endogenous fibrinogen metabolism 
in a 24-h porcine trauma model.
Methods: Coagulopathy was induced in 20 German Landrace pigs by hemodilution and blunt liver injury. Animals were 
randomized to receive fibrinogen concentrate (100 mg/kg; infusion beginning 20 min postinjury and lasting approximately 
10 min) or saline. Fibrinogen concentration, thromboelastometry, and quantitative reverse transcriptase polymerase chain 
reaction of fibrinogen genes in liver tissue samples were recorded. Internal organs were examined histologically for emboli.
Results: Coagulation parameters were impaired and plasma fibrinogen concentrations were reduced before starting infu-
sion of fibrinogen concentrate/saline. Twenty minutes after starting infusion, exogenous fibrinogen supplementation had 
increased plasma fibrinogen concentration versus controls (171 ± 19 vs. 63 ± 10 mg/dl [mean ± SD for Multifibren U]; 185 ± 30 
vs. 41 ± 4 mg/dl [Thrombin reagent]; P < 0.05 for both comparisons). The between-group difference in plasma fibrinogen 
concentration diminished thereafter, with maximum concentrations in both groups observed at approximately 24 h, that is, 
during the acute-phase reaction after trauma. Fibrinogen supplementation did not down-regulate endogenous fibrinogen syn-
thesis (no between-group differences in fibrinogen messenger RNA). Total postinjury blood loss was significantly lower in the 
fibrinogen group (1,062 ± 216 vs. 1,643 ± 244 ml; P < 0.001). No signs of thromboembolism were observed.
Conclusions: Administration of human fibrinogen concentrate did not down-regulate endogenous porcine fibrinogen syn-
thesis. The effect on plasma fibrinogen concentration was most pronounced at 20 min but nonsignificant at approximately 
24 h. (Anesthesiology 2014; 121:753-64)
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extravascular space. Currently, evidence to show which of 
these processes takes place is lacking.

We performed a novel study to evaluate the impact of 
fibrinogen supplementation on endogenous fibrinogen syn-
thesis in an established 24-h porcine model of blunt liver 
injury.

Materials and Methods
Study Approval
This study was conducted according to the Principles of 
Laboratory Animal Care, as defined by German legislation. 
Official permission was granted by the Landesamt für Natur, 
Umwelt und Verbraucherschutz, Recklinghausen, Germany 
(study number 84-02.04.2011.A254).

Anesthesia
Twenty male German Landrace pigs from a disease-free 
breeding facility (bodyweight 34 to 41 kg) were housed in 
ventilated rooms for at least 5 days before the study to accli-
matize. They were fasted overnight before surgery, with free 
access to water. Initially, 4 mg/kg azaperone (Stresnil, Jans-
sen, Neuss, Germany) and 0.1 mg/kg atropine (Atropinsul-
fate; B. Braun, Melsungen, Germany) were administered 
by intramuscular injection. This was followed by anesthesia 
with 3 mg/kg propofol (Disoprivan; AstraZeneca, Wedel, 
Germany) administered by intravenous injection via an 
18-gauge cannula located in the right ear vein, with oral 
intubation. Animals were ventilated in volume-controlled 
mode at 16 to 18 breaths/min, with a tidal volume of 8 ml/
kg to maintain pCO2 34 to 40 mmHg with an oxygen frac-
tion of 1.0 in a closed circuit (PhysioFlex; Draeger, Lübeck, 
Germany). Anesthesia was maintained with isoflurane 
(Forane; Abbott, Wiesbaden, Germany) at an end-tidal 
concentration of 1.2 to 1.4% and constant infusion of 2 
μg kg−1 h−1 fentanyl (Fentanyl-Rotexmedica; Rotexmedica, 
Trittau, Germany).

Initial fluid therapy comprised 4 ml kg−1 h−1 Ringer’s 
lactate (RL) solution (Fresenius Kabi Deutschland GmbH, 
Bad Homburg, Germany). Arterial, central venous, and 
pulmonary pressures, body temperature, tail pulse oximetry, 
and electrocardiography were constantly monitored using a 
standard anesthesia monitor (AS/3; Datex Ohmeda, Hel-
sinki, Finland).

Surgical Preparation and Hemodilution
Two 8.5-French catheters were inserted percutaneously 
in the right and left femoral veins for volume substitu-
tion, and a pulmonary artery catheter was placed in wedge 
position through a third 8.5-French catheter that was 
implanted surgically in the right jugular vein. Hemody-
namic variables were recorded through an 18-gauge cath-
eter in the right arteria femoralis. After line placement, 
a midline laparotomy with splenectomy and cystostomy 
was performed. After this procedure, a bolus of RL equal 
to three times the weight of the removed spleen was 

administered and the RL administration rate was increased 
to 8 ml kg−1 h−1.

For hemodilution, approximately 60 to 70% of the ani-
mal’s estimated blood volume was withdrawn (100 ml/min) 
and substituted with RL. Volume was substituted based on 
blood pressure measurements: infusion was initiated at a 
mean arterial pressure of less than 50% of the baseline value 
and continued until 80% of baseline mean arterial pressure 
was reached. Collected blood was processed in an autolo-
gous cell saver system (Cell Saver 5; Haemonetics, Braintree, 
MA) for later retransfusion. The use of room temperature 
solutions decreased the animals’ body temperature to 34.6° 
to 35.8°C (baseline 38.5° to 39.0°C). A further decrease in 
temperature was avoided by using a warming blanket.

Liver Injury and Fibrinogen Administration
A standardized grade-III blunt liver injury was inflicted as 
described before using a custom-made instrument.19 In brief, 
the liver was gently retracted to allow adequate exposure. The 
base of the plate was positioned beneath the right middle lobe, 
and a single clamping of the instrument through the paren-
chyma with a force of 291 ± 57 N induced the injury. Five 
minutes after injury, all animals received a bolus of 35 ml/kg 
RL, and at 10 min postinjury, the continuous rate was set to 
40 ml kg−1 h−1 to hemodynamically compensate for hemor-
rhage. In addition, 12 ml/kg washed erythrocytes were retrans-
fused to avoid early death from severe anemia. Animals were 
randomized in a 1:1 ratio using sealed envelopes to receive 
normal saline solution (control) or 100 mg/kg fibrinogen 
(Haemocomplettan® P; CSL Behring, Marburg, Germany) 
20 min after injury at a rate of 20 ml/min. Thus, in a 40-kg 
animal, the fibrinogen dose was 100 mg × 40 kg = 4,000 mg 
or 4 g; the administration volume was 4 g × 50 ml/g = 200 ml; 
and the duration of administration was 200 ml/20 ml/min = 
10 min. A summary of the study is shown in figure 1. Two 
hours after injury, the rate of RL infusion was decreased to 
8 ml kg−1 h−1 until the end of the experiment.

Blood Sampling and Analysis
Blood was collected and arterial blood gas analysis was per-
formed before injury (baseline), at the end of hemodilution, 
immediately before starting infusion of fibrinogen concen-
trate/saline (t = 0), and at 20, 40, 100, 220, 340, 700, and 
1,420 min after the start of infusion. For animals dying before 
the last time point, an assessment was performed immedi-
ately after death. Partial pressure of oxygen, pH, and carbon 
dioxide were measured with a blood gas analyzer (ABL725; 
Radiometer GmbH, Willich, Germany). A standard hema-
tology analyzer (MEK-6108; Nihon Kohden, Tokyo, Japan) 
was used to measure platelet count and hemoglobin con-
centration. Fibrinogen concentration was determined via a 
steel-ball coagulometer (MC 4 plus; Merlin Medical, Lemgo, 
Germany). Measurements of plasma fibrinogen concentra-
tion were made using the Clauss assay with Multifibren U 
and Thrombin reagent from Dade Behring (Dade Behring, 
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Marburg, Germany). Coagulation measurements included 
daily quality checks using control plasma. In addition, 
enzyme-linked immunosorbent assays (ELISAs), specific to 
porcine fibrinogen (Pig Fibrinogen; ICL Inc., Portland, OR) 
and to human fibrinogen (Human Fibrinogen; Abnova, 
Heidelberg, Germany), were performed.

Thromboelastometry
The FIBTEM assay specifically measures fibrin-based clot-
ting by inhibiting platelets with cytochalasin-D, providing 
a sensitive measure of changes in plasma fibrinogen concen-
tration.20 However, it cannot be reliably used with porcine 
blood.21 As an alternative means of measuring fibrin-based 
clot strength without a contribution from platelets, we per-
formed the EXTEM assay with platelet-poor plasma (PPP). 
The EXTEM assay was also performed using whole blood 
to assess overall strength of the clot formed via the extrin-
sic coagulation pathway. A thromboelastometry device 
(ROTEM; Tem International GmbH, Munich, Germany) 
was used to perform these tests. PPP was prepared by two 
centrifugation steps, both performed at room temperature: 
first 2,000g for 10 min and second 10,000g for 10 min.

Quantitative Reverse Transcriptase Polymerase  
Chain Reaction
For quantitative reverse transcriptase polymerase chain reaction 
analysis, liver tissue was obtained with a biopsy punch (Kai 
Standard Biopsy Punch, 4 mm; Kai Europe GmbH, Solingen, 
Germany) at baseline (before injury) and at 100, 340, 700, 
and 1,420 min after the beginning of fibrinogen concentrate/
saline infusion. Samples were snap-frozen in liquid nitrogen 
for later analysis. The resulting liver laceration was closed 
using a 5 × 5 mm thrombin/fibrinogen-coated patch (Tacho-
Sil; Nycomed, Roskilde, Denmark). Total RNA was extracted 
from 30 mg liver biopsy tissue using a commercially available 
RNA/protein extraction kit (NucleoSpin RNA/Protein; Mach-
erey-Nagel, Dueren, Germany). Using a high-capacity reverse 
transcription kit (Applied Biosystems, Carlsbad, CA), 1 μg 
total RNA was reverse transcribed to complementary DNA. 
A polymerase chain reaction reaction was performed using 1 
μl complementary DNA and Sybr Green reagent (IQ Sybr 
Green Supermix; BioRad, Munich, Germany) on a StepOne-
Plus Cycler (Applied Biosystems). Specific primers were used 
for three different genes of fibrinogen synthesis, that is, α, β, 
and γ chains plus glyceraldehyde-3-phosphate dehydrogenase 

Fig. 1. Study overview. Flowchart summarizing the main steps of the study. qRT-PCR = quantitative reverse transcriptase 
polymerase chain reaction.

Table 1.  Primers for Reverse Transcriptase Polymerase Chain Reaction Analysis of Fibrinogen Messenger RNA Synthesis

Primer Forward Reverse NCBI Gene Accession Number

FGA 5′-TCTCCAATGCTAACAACAATGA-3′ 5′-GTCCACCTCCAGCCGTTT-3′ XM_003129130.3
FGB 5′-TCTGGCAAAGAATGTGAGGA-3′ 5′-CTGTCCATCCTCCTCTTTCTG-3′ NM_001244113.1
FGG 5′-TGTGTTTCAGAAGAGGGTGGA-3′ 5′-GCAGTACTGGTTTTGCCACTC-3′ NM_001244524.1
GAPDH 5′-CACGATGGTGAAGGTCGGAG-3′ 5′-TCAGATCCACAACCGACACG-3′ NM_001206359.1

Specific forward and reverse primers for FGA, FGB, and FGG were designed according to the NCBI gene accession number using the NCBI primer design tool.
FGA = fibrinogen α; FGB = fibrinogen β; FGG = fibrinogen γ; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; NCBI = National Center for 
Biotechnology Information.
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as housekeeping gene (table 1). All primers used spanned at 
least one intron (table 1). The gene expression levels of the 
fibrinogen chains were calculated as a relative quantity value 
according to the ΔΔCt method, which reflects the differences 
in threshold for each target gene relative to glyceraldehyde-
3-phosphate dehydrogenase and baseline measurements.22

Pathological Examination
After death, internal organs (heart, lungs, liver, and kidneys) 
were removed immediately and fixed in 10% buffered for-
malin. Injured parts of the liver were cut into 3-mm-thick 
slices and examined macroscopically and microscopically to 
assess the degree of injury by a pathologist blinded to therapy. 
In addition, representative tissue sections of all four organs 
were processed to determine the occurrence of thrombo-
embolic events. All samples were embedded in paraffin and 
stained, both by hematoxylin–eosin and by a standard elas-
tica van Gieson protocol, for histologic examination under 
light microscopy (microscope: Nikon Eclipse 50i; Nikon 
Instruments Europe BV, Amsterdam, The Netherlands). 
Both staining methods were applied to sections from all of 
the tissues. Sections of lung and liver tissue from regions 
with a high likelihood of thrombus formation were immu-
nostained to test for fibrinogen (antibodies and detection kit 
from Dako, Glostrup, Denmark) as described elsewhere.23

Statistical Analysis
GraphPad Prism version 6.0b was used for statistical and 
graphing purposes (GraphPad Software, La Jolla, CA). The 

D’Agostino and Pearson omnibus normality test was applied. 
For parameters measured at all 10 study time points, differ-
ences between groups were analyzed by a two-way ANOVA 
model, with group and time as factors, followed by Sidak 
multiple comparisons test. As an exception, this analysis was 
not done for human ELISA because of zero values at all times 
in the control group. Parameters with fewer time points (e.g., 
blood loss and messenger RNA [mRNA] levels) were ana-
lyzed by separate comparison at each time point using the 
unpaired t test. Normally distributed data are expressed as 
mean with SD. Statistical tests were performed two tailed, 
and P values less than 0.05 were considered as statistically 
significant.

Additional post hoc analyses were performed to exam-
ine correlations between total fibrinogen concentration 
measured by ELISA (sum of human- plus porcine-specific 
ELISA values) and Clauss fibrinogen concentration. In addi-
tion, correlations between EXTEM PPP maximum clot 
firmness (MCF) and Clauss fibrinogen concentration were 
assessed. Spearman rank correlation was used for all of these 
analyses. Each time point was examined separately, increas-
ing the number of analyses such that only P values less than 
0.01 were considered to represent statistical significance.

Results
Baseline Measurements and Impact of Liver Trauma
Baseline parameters were comparable between groups 
(table  2). Baseline fibrinogen concentrations determined 

Table 2.  Laboratory Parameters at Time Points from Baseline to 1,420 min (Approximately 24 h) after Trauma

Time after Starting Infusion of Fibrinogen Concentrate/Saline

Preinjury 
Baseline Hemodilution

Before Infusion of 
Fibrinogen  

Concentrate/Saline 20 min 40 min 100 min 220 min 340 min 700 min 1,420 min

Hemoglobin (g/l)
 � Control 8.6 ± 0.6 4.5 ± 0.4 6.1 ± 0.3 5.4 ± 0.4 5.2 ± 0.5 5.3 ± 0.3 5.2 ± 0.4 5.1 ± 0.5 5.1 ± 0.5 4.6 ± 0.5
 � Fibrinogen 8.7 ± 0.7 4.8 ± 0.4 6.3 ± 0.3 5.8 ± 0.7 5.9 ± 0.6 5.6 ± 0.5 5.6 ± 0.5 5.5 ± 0.5 5.5 ± 0.5 5.2 ± 0.5
Platelet count (103/μl)
 � Control 235 ± 29 140 ± 23 95 ± 14 90 ± 14 90 ± 12 85 ± 11 84 ± 14 82 ± 17 75 ± 16 60 ± 10
 � Fibrinogen 259 ± 33 160 ± 26 107 ± 20 120 ± 22* 113 ± 20 109 ± 11 107 ± 12 102 ± 11 95 ± 14 78 ± 12
Fibrinogen concentration: Multifibren U (mg/dl)
 � Control 300 ± 59 110 ± 20 66 ± 8 63 ± 10 64 ± 13 72 ± 7 80 ± 10 98 ± 12 171 ± 15 460 ± 84
 � Fibrinogen 280 ± 37 115 ± 15 70 ± 11 171 ± 19* 163 ± 15* 147 ± 18* 139 ± 15* 145 ± 17 212 ± 34 459 ± 77
Fibrinogen concentration: Thrombin reagent (mg/dl)
 � Control 147 ± 32 64 ± 11 43 ± 5 41 ± 4 42 ± 7 42 ± 7 51 ± 7 62 ± 9 107 ± 15 189 ± 64
 � Fibrinogen 143 ± 25 68 ± 7 42 ± 4 185 ± 30* 176 ± 23* 155 ± 18* 140 ± 16* 139 ± 9* 165 ± 30* 244 ± 38*
Fibrinogen concentration: porcine ELISA (mg/dl)
 � Control 170 ± 47 61 ± 12 36 ± 6 35 ± 5 39 ± 7 39 ± 7 44 ± 7 54 ± 12 95 ± 40 205 ± 41
 � Fibrinogen 159 ± 39 49 ± 12 40 ± 10 53 ± 14 54 ± 7 54 ± 7 51 ± 9 57 ± 9 90 ± 35 197 ± 71
Fibrinogen concentration: human ELISA (mg/dl)
 � Control 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
 � Fibrinogen 0 ± 0 0 ± 0 0 ± 0 154 ± 10 131 ± 10 116 ± 15 105 ± 16 88 ± 16 77 ± 18 57 ± 11

Data are presented as mean (SD).
*P < 0.05 vs. control.
ELISA = enzyme-linked immunosorbent assay.
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using Multifibren U appeared higher than those obtained by 
porcine ELISA or with Thrombin reagent (table 2). How-
ever, all three methods indicated that fibrinogen concentra-
tions decreased upon hemodilution.

Combined hemodilution and liver injury was associated 
with impaired clot strength in both thromboelastometry 
assays immediately before infusion of fibrinogen concen-
trate/saline as compared with before injury. Platelet count 
decreased from baseline in response to hemodilution, with 
a further decrease after liver trauma. Hemoglobin was also 
decreased after hemodilution; despite subsequent retrans-
fusion of washed erythrocytes, values for these parameters 
remained below baseline immediately before infusion of 
fibrinogen concentrate/saline (table 2).

Study treatment (fibrinogen concentrate or saline) was 
administered over approximately 10 min (range: 8 min, 30 
s to 10 min, 15 s).

Protein Expression after Fibrinogen Supplementation
To elucidate fibrinogen synthesis, mRNA expression levels 
of the α, β, and γ fibrinogen chains were determined in 
liver tissue. In both groups, mRNA expression of the three 
different genes for fibrinogen synthesis (α, β, and γ chains) 
was up-regulated versus preinjury baseline, from 100 min 
to the end of the observation period (fig.  2). mRNA 
expression for all three chains peaked 700 min after start-
ing infusion in the fibrinogen concentrate group; in con-
trols, a peak at this time was apparent for the γ chain, but 
peak expression was poorly defined for the α and β chains. 
Despite these variations, no significant differences were 
found between the two groups for any of the fibrinogen 
chains at any time point.

Fibrinogen Concentration after Fibrinogen 
Supplementation
In control animals, plasma fibrinogen concentration 
remained unchanged from the start of saline infusion 
until an increase observed between 100 and 1,420 min 
later (the latter time point corresponding to almost 24 h). 
Among animals receiving fibrinogen concentrate, the ini-
tial effect was an increase in the total plasma fibrinogen 
concentration. As a result, plasma fibrinogen concentra-
tions were significantly higher in treated versus untreated 
controls, as determined by both Clauss methods at 20, 40, 
100, and 220 min after starting infusion (P < 0.05; table 
2 and fig. 3). Between 20 and 700 min (almost 12 h) after 
starting infusion of fibrinogen concentrate/saline, the dif-
ference between treated and untreated animals was dimin-
ished (table 2 and fig. 3). Plasma fibrinogen concentration 
measured using Multifibren U showed no significant 
between-group differences between 340 and 1,420 min 
after the start of fibrinogen concentrate/saline infusion. 
There was also no significant between-group difference 
at 1,420 min with Thrombin reagent. In both groups 
of animals and with both Clauss reagents, total plasma 

fibrinogen concentration reached a maximum 1,420 min 
after starting infusion, significantly higher than preinjury 
baseline concentrations (P < 0.001).

Porcine-specific ELISA showed no significant differ-
ence in endogenous porcine fibrinogen levels between 
treated and untreated animals at any time point. The same 

Fig. 2. Fibrinogen synthesis after trauma and infusion of  
fibrinogen concentrate or saline (control). Fibrinogen synthe-
sis was evaluated by quantitative reverse transcriptase poly-
merase chain reaction. Messenger RNA levels for the α, β, 
and γ chains in liver tissue were quantified at several time 
points. The bars show the relative gene expression (relative 
quantity [RQ]) in relation to baseline measurements (RQ = 1). 
Data are presented as mean with error bars representing SD.
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continual increase in endogenous fibrinogen was observed 
in both groups of animals from 100 to 1,420 min after 
starting infusion of fibrinogen concentrate/saline, so that 
plasma concentrations above preinjury baseline were reached  

(P < 0.001, 1,420 min vs. baseline, both groups; porcine 
ELISA). Human ELISA measurements were zero in the con-
trol group as expected. In animals treated with fibrinogen 
concentrate, the data showed an increase to a maximum of 
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Fig. 3. Plasma fibrinogen concentrations before and after trauma and infusion of fibrinogen concentrate or saline (control). 
Fibrinogen concentrations in plasma were determined by porcine enzyme-linked immunosorbent assay (ELISA) (A) and human 
ELISA (B), as well as by the Clauss method using Thrombin reagent (C) and Multifibren U (D). Data are presented as mean with 
error bars representing SD; *P < 0.05 versus control.
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154 mg/dl 20 min after the start of infusion, with a continual 
decrease during the remainder of the follow-up period.

The sum of human ELISA measurement and porcine 
ELISA measurement (total ELISA) showed similar plasma 
fibrinogen concentrations to Thrombin reagent (fig. 4), and 
strong positive correlations were observed between these 
parameters at all study time points (P < 0.005; table  3). 
Total ELISA and Thrombin reagent appeared to yield lower 
plasma fibrinogen concentrations than Multifibren U at pre-
injury baseline, immediately before starting infusion, and at 
340, 700, and 1,420 min after the start of infusion. The rela-
tion between total ELISA and Multifibren U showed strong 
positive correlations at the eight time points between hemo-
dilution and 700 min after the start of infusion, but not at 
preinjury baseline or 1,420 min (table 3).

Statistically significant correlation between Clauss fibrin-
ogen concentration, measured by either Thrombin reagent 
or Multifibren U, and fibrin-based clot strength (measured 
by EXTEM MCF with PPP) was observed at hemodilution 
and all time points between 20 and 700 min after start-
ing infusion of fibrinogen concentrate/saline (P < 0.001; 

table 4). With Thrombin reagent, significant correlation was 
also observed at 1,420 min (P = 0.003), whereas the P value 
for correlation at preinjury baseline was on the borderline for 
significance (P = 0.01).

Thromboelastometry
EXTEM clot strength (MCF) with both whole blood and 
PPP increased significantly after therapy with fibrinogen 
(fig.  5). The difference between the study groups in these 
parameters reduced over time. At 1,420 min after beginning 
infusion of fibrinogen concentrate/saline, no significant dif-
ference was detected between the treatment and the control 
group in whole-blood clot strength. At the same time point, 
a significantly higher EXTEM MCF was observed with PPP 
among animals receiving fibrinogen concentrate although 
the difference between these animals and controls appeared 
to have decreased over time.

Blood Loss, Survival, and Histopathological Analysis
With regard to blood loss 10 min after injury, there was no dif-
ference between fibrinogen-treated animals (624 ± 72 ml) and 

B

A

Fig. 4. (A: Control group; B: Fibrinogen group) Plasma fibrinogen concentrations measured by enzyme-linked immunosorbent assay 
(ELISA) or Clauss methods, before and after trauma and infusion of fibrinogen concentrate or saline (control). ELISA results are the 
sum of measurements obtained with human and porcine ELISA tests. Data are presented as mean with error bars representing SD.
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Table 3.  Associations between Fibrinogen Measurements by ELISA and the Clauss Assay

Time Point

Thrombin Reagent Multifibren U

Coefficient of  
Correlation with ELISA  

(95% CI) P Value

Coefficient of  
Correlation with ELISA 

(95% CI) P Value

Baseline 0.67 (0.33–0.86) 0.001 0.17 (−0.30 to 0.57) 0.48
Hemodilution 0.70 (0.38–0.87) <0.001 0.67 (0.32–0.86) 0.001
Time after starting infusion of fibrinogen concentrate/saline, min
 � 0 0.72 (0.41–0.88) <0.001 0.70 (0.36–0.87) <0.001
 � 20 0.82 (0.60–0.93) <0.001 0.84 (0.64–0.94) <0.001
 � 40 0.91 (0.78–0.96) <0.001 0.92 (0.80–0.97) <0.001
 � 100 0.86 (0.67–0.94) <0.001 0.89 (0.74–0.96) <0.001
 � 220 0.92 (0.81–0.97) <0.001 0.88 (0.71–0.95) <0.001
 � 340 0.97 (0.93–0.99) <0.001 0.90 (0.76–0.96) <0.001
 � 700 0.75 (0.46–0.90) <0.001 0.71 (0.39–0.88) <0.001
 � 1,420 0.61 (0.23–0.83) 0.004 0.36 (−0.10 to 0.69) 0.12

ELISA values are the sum of human- plus porcine-specific measurements; associations assessed for the Clauss assay performed using either Thrombin 
reagent or Multifibren U. 
ELISA = enzyme-linked immunosorbent assay.

Table 4.  Associations between Platelet-poor Plasma EXTEM MCF and Fibrinogen Concentration Measured by the Clauss Assay

Time Point

Thrombin Reagent Multifibren U

Coefficient of  
Correlation with EXTEM 

MCF (95% CI) P Value

Coefficient of  
Correlation with EXTEM 

MCF (95% CI) P Value

Baseline 0.56 (0.15–0.80) 0.01 0.19 (−0.28 to 0.58) 0.38
Hemodilution 0.68 (0.35–0.87) <0.001 0.61 (0.22–0.83) 0.005
Time after starting infusion of fibrinogen concentrate/saline, min
 � 0 0.30 (−0.16 to 0.66) 0.19 0.38 (−0.08 to 0.70) 0.10
 � 20 0.85 (0.65–0.94) <0.001 0.83 (0.62–0.93) <0.001
 � 100 0.83 (0.61–0.93) <0.001 0.79 (0.53–0.91) <0.001
 � 240 0.84 (0.64–0.94) <0.001 0.87 (0.70–0.95) <0.001
 � 340 0.86 (0.68–0.95) <0.001 0.86 (0.68–0.95) <0.001
 � 700 0.92 (0.80–0.97) <0.001 0.75 (0.47–0.90) <0.001
 � 1,420 0.63 (0.26–0.84) 0.003 0.45 (0.01–0.75) 0.04

EXTEM performed in platelet-poor plasma to obtain an assessment of fibrin-based clotting, equivalent to the FIBTEM assay; associations assessed for the 
Clauss assay performed using either Thrombin reagent or Multifibren U. 
MCF = maximum clot firmness.
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Fig. 5. Clot strength measured by thromboelastometry before and after trauma and infusion of fibrinogen concentrate or saline 
(control). A ROTEM EXTEM assay was performed to assess maximum clot firmness in whole blood (WB) and platelet-poor 
plasma (PPP). Data are presented as mean with error bars representing SD; *P < 0.05 versus control.
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the control group (565 ± 177 ml; P = 0.741). In contrast, total 
blood loss after injury was significantly lower in the fibrino-
gen group (1,062 ± 216 ml) as compared with control animals 
(1,643 ± 244 ml; P < 0.001). Except for one animal in the control 
group (which died 1,184 min after the start of infusion), all ani-
mals from both groups survived the whole observation period.

Macroscopic and histological evaluation by immunos-
taining of injured liver sections revealed equal tissue damage 
and comparable laceration of venous vessels of a maximum 
of 3 to 4 mm. No evidence of thrombus formation or micro-
thrombi was found in the hematoxylin–eosin and fibrinogen 
stain of kidney, heart, liver, or lung tissues.

Discussion
This experimental animal study is the first to examine the 
effects of fibrinogen concentrate on a long-term (24 h) 
experimental model of injury. Early administration of 
exogenous fibrinogen increased plasma concentrations of 
total fibrinogen and had no impact on concentrations of 
endogenous porcine fibrinogen. Differences between ani-
mals receiving fibrinogen concentrate and controls, in both 
plasma fibrinogen concentration and fibrin-based clotting, 
were highest 20 min after starting infusion of fibrinogen 
concentrate/saline (duration of infusion was approximately 
10 min). The difference in plasma fibrinogen concentration 
between the two groups of animals diminished thereafter, 
becoming nonsignificant within 24 h. Increased fibrinogen 
mRNA expression was apparent postinjury, but there were 
no significant differences between animals that did or did 
not receive fibrinogen.

The short duration of increase in fibrinogen concentra-
tion after administration of fibrinogen concentrate is consis-
tent with previous clinical studies.1,16,17 Our results indicate 
that endogenous synthesis of fibrinogen is increased after 
trauma; this is in accordance with previous data showing 
a 2- to 20-fold increase in the synthesis of fibrinogen after 
trauma or infection.24,25 However, the rate of synthesis was 
unaffected by administration of fibrinogen concentrate. The 
shorter-than-expected duration of increase in plasma fibrino-
gen concentration may be related to increased consumption 
or metabolism of fibrinogen in circulation, or transportation 
of fibrinogen from plasma to the extravascular space. Experi-
mental investigations using labeled fibrinogen may provide 
some insight, and they could also increase our understand-
ing of how fibrinogen contributes to the hemostatic process 
in stopping massive bleeding.

The effect of fibrinogen supplementation on plasma 
fibrinogen concentration decreased continually between 20 
and 1,420 min after the start of infusion. This is consistent 
with previous clinical studies reporting that the effect of 
fibrinogen concentrate therapy on plasma fibrinogen con-
centration disappears within 24 h.1,16,17

The goal of perioperative fibrinogen supplementation is 
immediate correction of coagulopathy and restoration of 
hemostasis. The current study indicates by ELISA analysis 

that approximately two thirds of exogenous fibrinogen is 
metabolized/consumed within 24 h after administration. 
Nevertheless, because of endogenous fibrinogen synthesis, the 
plasma concentration of fibrinogen was higher at 1,420 min 
than either baseline or the concentration observed 20 min 
after the start of infusion. Similarly, Solomon et al.17 reported 
24-h plasma fibrinogen concentrations at least as high as 
baseline in aortic surgery patients treated with fibrinogen 
concentrate. Fibrinogen is an acute-phase protein, and physi-
ological plasma fibrinogen concentrations up to 700 mg/dl 
can be expected in humans after trauma or surgery.26–29 The 
fact that physiological acute-phase concentrations are above 
those observed after administration of fibrinogen concen-
trate may help to explain the low risk of complications with 
fibrinogen concentrate.10,30,31 A recent porcine dilutional 
coagulopathy study reported no signs of hypercoagulabil-
ity or thromboembolism in response to high doses up to 
600 mg/kg (equivalent to a dose of 48 g in an 80-kg patient; 
tissue samples from lungs, heart, kidneys, and liver were dis-
sected and examined macroscopically and microscopically for 
the presence or absence of thrombi).31 Thus, high doses in 
pigs seem to be well tolerated. In the same study, a fibrino-
gen dose of 150 mg/kg was sufficient to restore baseline lev-
els of fibrinogen in pigs, whereas higher doses achieve higher 
levels of fibrinogen and higher EXTEM MCF.31 Such data 
should be considered in the context of previous evidence 
that clot strength increases with increasing concentration of 
fibrinogen, with no “plateau” at levels up to 900 mg/dl.32,33 In 
humans, a dose of 150 mg/kg would be considered as high. 
In a study of aortic replacement surgery, where the dose of 
fibrinogen concentrate was determined by FIBTEM MCF 
(target value 22 mm), median dose of fibrinogen was in the 
region of 100 mg/kg, and this led to a significant reduction 
in the use of allogeneic blood products.34 In trauma, coagula-
tion management based on coagulation factor concentrates 
showed positive results from the administration of a slightly 
lower dose, approximately 75 mg/kg.35 The optimal dosing 
of fibrinogen concentrate in clinical practice, to achieve the 
right balance of safety, efficacy, and cost, is not well defined. A 
large prospective study, appropriately powered to detect low-
frequency adverse events, would be needed to confirm the 
safety of fibrinogen concentrate in humans, and this would 
help inform dosing decisions.

Currently, there is no “definitive standard” method for 
measuring fibrinogen concentration in the perioperative set-
ting. The Clauss assay is often used, but it typically has a long 
turnaround time of 30 to 60 min.36,37 The FIBTEM assay, 
performed in whole blood, is increasingly being used to gauge 
the need for fibrinogen supplementation because the results 
are available more quickly (e.g., clot amplitude at 5 min can 
be used).37–40 We measured MCF of the fibrin-based clot by 
performing the EXTEM assay with PPP. The significant pos-
itive correlations we observed between EXTEM MCF with 
PPP and fibrinogen concentration measured by two Clauss 
methods are consistent with previous reports of statistically 
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significant correlation between EXTEM MCF with human 
PPP and concentration of fibrinogen in plasma.41

Using our model of blunt liver injury, we have shown that 
early supplementation with fibrinogen substantially reduced 
blood loss; this is in line with findings from previous ani-
mal studies.42,43 In addition, numerous clinical studies have 
shown that early supplementation of fibrinogen is effective 
in restoring hemostasis and decreasing blood loss in a peri-
operative setting.34,35,44 The beneficial effects of fibrinogen 
are attributed mainly to improved strength of fibrin-based 
clotting.45

This study has shown important differences between 
methods of measuring fibrinogen concentration. The plasma 
fibrinogen concentrations measured via Multifibren U were 
considerably higher than those from Thrombin reagent or 
total (porcine + human) ELISA at preinjury baseline and at 
700 and 1,420 min after starting infusion of fibrinogen con-
centrate/saline, time points with the highest porcine plasma 
fibrinogen concentrations. A previous study in humans has 
similarly shown higher values for fibrinogen concentration 
with Multifibren U than with other, “conventional” Clauss 
assays, and the magnitude of discrepancy correlated with 
fibrinogen concentration.46 In addition, a high coefficient 
of variation (24%) has been reported with Multifibren U 
measurements.47 Discrepancies between Multifibren U and 
other Clauss assays could be related to a limitation acknowl-
edged in the package insert for Multifibren U, “some analyz-
ers in the KC 4/10/40 series may yield false results.” (The 
MC4 device used in the current study is similar to a KC4 
analyzer.). Different assay constituents could also contribute 
to the differences; for example, fibrin-aggregation retarding 
peptide is used with Multifibren U but not with Throm-
bin reagent. Overall, the accuracy of laboratory-assessed 
fibrinogen concentration measurement may be questioned 
if Multifibren U is used, and the United Kingdom National 
External Quality Assessment Scheme for blood coagulation 
has recommended that Multifibren U results are analyzed 
separately from conventional Clauss assay results.46

Several limitations of our study need to be acknowledged. 
Species differences mean that our study would need to be 
replicated in humans to confirm clinical applicability of 
the findings. In humans, unlike in our porcine study, there 
would be little or no molecular difference between endog-
enous fibrinogen and exogenous fibrinogen concentrate, 
and this could conceivably affect how the protein is cleared. 
Hemodilution had to be induced before the infliction of 
injury to standardize the degree of coagulopathy. Clini-
cally, hemodilution results from blood loss (e.g., caused by 
major trauma) and the subsequent infusion of large volumes; 
hemostatic agents are administered as coagulopathy occurs. 
In addition, physiologic responses to factors such as pain 
and inflammation may have additional effects on hemo-
stasis, and these are not reflected in our model. Our study 
included only one dose of fibrinogen concentrate, and it is 
conceivable that different outcomes would be obtained with 

different doses. Another limitation with this study relates to 
the interpretation of ELISA results: there is a degree of cross-
reactivity of the porcine ELISA assay (approximately 10%) 
with human fibrinogen, meaning that the sum of human 
plus porcine values is liable to be slightly higher than the 
true total fibrinogen concentration. Finally, the study could 
potentially have been improved by assessing fibrin-based 
clotting via the EXTEM assay on platelet-free plasma as 
opposed to PPP. However, in some samples, we compared 
FIBTEM with EXTEM results for PPP and found no dif-
ference, suggesting lack of significant platelet component in 
the PPP coagulation.

Conclusions
Our results from a 24-h porcine trauma model show that 
human fibrinogen concentrate did not lead to down-reg-
ulation of endogenous fibrinogen synthesis. A significant 
reduction in blood loss was observed, attributable to initial 
increases in plasma fibrinogen concentration and fibrin-based 
clot strength. These effects then diminished over time: at 
approximately 24 h, there was no difference between animals 
receiving fibrinogen concentrate or saline in all tests with the 
exception of a small residual effect on strength of the fibrin-
based clot. The mechanisms of metabolism and the clinical 
meaning of our findings warrant further investigation.

Acknowledgments
The authors thank Renate Nadenau and Christian Bleilevens, 
M.Sc. (Department of Anesthesiology, RWTH Aachen Univer-
sity Hospital, Aachen, Germany), for their excellent support.

This research project was supported by funding from 
CSL Behring, Marburg, Germany (to Dr. Grottke). Meridian 
HealthComms (Plumley, Cheshire, United Kingdom) pro-
vided editorial assistance and statistical advice in the final 
stages of article development and this was funded by CSL 
Behring, Marburg, Germany.

Competing Interests
Dr. Grottke has received research funding from CSL Behring 
(Marburg, Germany), Novo Nordisk (Bagsvaerd, Denmark), 
Biotest (Dreieich, Germany), and Nycomed (Roskilde, Den-
mark) and consultancy fees from Boehringer Ingelheim 
(Ingelheim, Germany) and Bayer Healthcare (Leverkusen, 
Germany). Dr. Rossaint has received honoraria for lectures 
and consultancy from CSL Behring (Marburg, Germany) and 
Novo Nordisk (Mainz, Germany). The other authors declare 
no competing interests. The sponsor of this study had no 
influence on the interpretation of the data.

Correspondence
Address correspondence to Dr. Grottke: Department of 
Anesthesiology, RWTH Aachen University Hospital, Pau-
welsstrasse 30, D-52074 Aachen, Germany. ogrottke@
ukaachen.de. Information on purchasing reprints may be 
found at www.anesthesiology.org or on the masthead page 
at the beginning of this issue. Anesthesiology’s articles are 
made freely accessible to all readers, for personal use only, 
6 months from the cover date of the issue.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/121/4/753/266129/20141000_0-00018.pdf by guest on 20 M
arch 2024

mailto:ogrottke@ukaachen.de
mailto:ogrottke@ukaachen.de
http://www.anesthesiology.org


Anesthesiology 2014; 121:753-64	 763	 Zentai et al.

PERIOPERATIVE MEDICINE

References
	 1.	 Fenger-Eriksen C, Jensen TM, Kristensen BS, Jensen KM, 

Tønnesen E, Ingerslev J, Sørensen B: Fibrinogen substitu-
tion improves whole blood clot firmness after dilution with 
hydroxyethyl starch in bleeding patients undergoing radical 
cystectomy: A randomized, placebo-controlled clinical trial. J 
Thromb Haemost 2009; 7:795–802

	 2.	 Schöchl H, Schlimp CJ: Trauma bleeding management: The 
concept of goal-directed primary care. Anesth Analg 2013 
[Epub ahead of print]

	 3.	 Sørensen B, Tang M, Larsen OH, Laursen PN, Fenger-Eriksen 
C, Rea CJ: The role of fibrinogen: A new paradigm in the 
treatment of coagulopathic bleeding. Thromb Res 2011; 
128(suppl 1):S13–6

	 4.	 Solomon C, Rahe-Meyer N, Sørensen B: Fibrin formation 
is more impaired than thrombin generation and platelets 
immediately following cardiac surgery. Thromb Res 2011; 
128:277–82

	 5.	 Kind SL, Spahn-Nett GH, Emmert MY, Eismon J, Seifert B, 
Spahn DR, Theusinger OM: Is dilutional coagulopathy 
induced by different colloids reversible by replacement of 
fibrinogen and factor XIII concentrates? Anesth Analg 2013; 
117:1063–71

	 6.	 Schlimp CJ, Cadamuro J, Solomon C, Redl H, Schöchl H: The 
effect of fibrinogen concentrate and factor XIII on throm-
boelastometry in 33% diluted blood with albumin, gelatine, 
hydroxyethyl starch or saline in vitro. Blood Transfus 2013; 
11:510–7

	 7.	 Spahn DR: Severe bleeding in surgical and trauma patients: 
The role of fibrinogen replacement therapy. Thromb Res 
2012; 130(suppl 2):S15–9

	 8.	 de Bosch NB, Mosesson MW, Ruiz-Sáez A, Echenagucia M, 
Rodriguez-Lemoin A: Inhibition of thrombin generation 
in plasma by fibrin formation (Antithrombin I). Thromb 
Haemost 2002; 88:253–8

	 9.	 Mosesson MW: Antithrombin I. Inhibition of thrombin gener-
ation in plasma by fibrin formation. Thromb Haemost 2003; 
89:9–12

	10.	 Dickneite G, Pragst I, Joch C, Bergman GE: Animal model 
and clinical evidence indicating low thrombogenic poten-
tial of fibrinogen concentrate (Haemocomplettan P). Blood 
Coagul Fibrinolysis 2009; 20:535–40

	11.	 Kannel WB, Wolf PA, Castelli WP, D’Agostino RB: Fibrinogen 
and risk of cardiovascular disease. The Framingham Study. 
JAMA 1987; 258:1183–6

	12.	 Peters SA, Woodward M, Rumley A, Koenig W, Tunstall-Pedoe 
H, Lowe GD: Direct comparisons of three alternative plasma 
fibrinogen assays with the von Clauss assay in prediction of 
cardiovascular disease and all-causes mortality: The Scottish 
Heart Health Extended Cohort. Br J Haematol 2013; 162:392–9

	13.	 Meyer MA, Ostrowski SR, Windeløv NA, Johansson PI: 
Fibrinogen concentrates for bleeding trauma patients: What 
is the evidence? Vox Sang 2011; 101:185–90

	14.	 Ozier Y, Hunt BJ: Against: Fibrinogen concentrate for man-
agement of bleeding: Against indiscriminate use. J Thromb 
Haemost 2011; 9:6–8

	15.	 Stanworth SJ, Hunt BJ: The desperate need for good-qual-
ity clinical trials to evaluate the optimal source and dose of 
fibrinogen in managing bleeding. Crit Care 2011; 15:1006

	16.	 Karlsson M, Ternström L, Hyllner M, Baghaei F, Flinck A, 
Skrtic S, Jeppsson A: Prophylactic fibrinogen infusion 
reduces bleeding after coronary artery bypass surgery. A 
prospective randomised pilot study. Thromb Haemost 2009; 
102:137–44

	17.	 Solomon C, Hagl C, Rahe-Meyer N: Time course of haemo-
static effects of fibrinogen concentrate administration in aor-
tic surgery. Br J Anaesth 2013; 110:947–56

	18.	 Kreuz W, Meili E, Peter-Salonen K, Dobrkovská A, Devay J, 
Haertel S, Krzensk U, Egbring R: Pharmacokinetic properties 

of a pasteurised fibrinogen concentrate. Transfus Apher Sci 
2005; 32:239–46

	19.	 Grottke O, Braunschweig T, Philippen B, Gatzweiler KH, 
Gronloh N, Staat M, Rossaint R, Tolba R: A new model for 
blunt liver injuries in the swine. Eur Surg Res 2010; 44:65–73

	20.	 Schlimp CJ, Solomon C, Hochleitner G, Zipperle J, Redl H, 
Schöchl H: Thromboelastometric maximum clot firmness in 
platelet-free plasma is influenced by the assay used. Anesth 
Analg 2013; 117:23–9

	21.	 Velik-Salchner C, Schnürer C, Fries D, Müssigang PR, Moser 
PL, Streif W, Kolbitsch C, Lorenz IH: Normal values for 
thrombelastography (ROTEM) and selected coagulation 
parameters in porcine blood. Thromb Res 2006; 117:597–602

	22.	 Fink L, Seeger W, Ermert L, Hänze J, Stahl U, Grimminger F, 
Kummer W, Bohle RM: Real-time quantitative RT-PCR after 
laser-assisted cell picking. Nat Med 1998; 4:1329–33

	23.	 Grottke O, Braunschweig T, Spronk HM, Esch S, Rieg AD, van 
Oerle R, ten Cate H, Fitzner C, Tolba R, Rossaint R: Increasing 
concentrations of prothrombin complex concentrate induce 
disseminated intravascular coagulation in a pig model of coag-
ulopathy with blunt liver injury. Blood 2011; 118:1943–51

	24.	 Birch HE, Schreiber G: Transcriptional regulation of plasma 
protein synthesis during inflammation. J Biol Chem 1986; 
261:8077–80

	25.	 Fuller GM, Otto JM, Woloski BM, McGary CT, Adams MA: The 
effects of hepatocyte stimulating factor on fibrinogen biosyn-
thesis in hepatocyte monolayers. J Cell Biol 1985; 101:1481–6

	26.	 Spahn DR, Bouillon B, Cerny V, Coats TJ, Duranteau J, 
Fernández-Mondéjar E, Filipescu D, Hunt BJ, Komadina R, 
Nardi G, Neugebauer E, Ozier Y, Riddez L, Schultz A, Vincent 
JL, Rossaint R: Management of bleeding and coagulopathy 
following major trauma: An updated European guideline. 
Crit Care 2013; 17:R76

	27.	 Thompson GH, Florentino-Pineda I, Armstrong DG, Poe-
Kochert C: Fibrinogen levels following Amicar in surgery for 
idiopathic scoliosis. Spine (Phila Pa 1976) 2007; 32:368–72

	28.	 Wei KL, Lin CJ, Lai KA: Changes in coagulatory profile after 
orthopedic surgery. J Formos Med Assoc 1995; 94:541–7

	29.	 Schreiber MA, Differding J, Thorborg P, Mayberry JC, Mullins 
RJ: Hypercoagulability is most prevalent early after injury 
and in female patients. J Trauma 2005; 58:475–80

	30.	 Martini J, Cabrales P, Fries D, Intaglietta M, Tsai AG: Effects 
of fibrinogen concentrate after shock/resuscitation: A com-
parison between in vivo microvascular clot formation and 
thromboelastometry*. Crit Care Med 2013; 41:e301–8

	31.	 Martini J, Maisch S, Pilshofer L, Streif W, Martini W, Fries D: 
Fibrinogen concentrate in dilutional coagulopathy: A dose 
study in pigs. Transfusion 2014; 54:149–57

	32.	 Bolliger D, Szlam F, Molinaro RJ, Rahe-Meyer N, Levy JH, 
Tanaka KA: Finding the optimal concentration range for 
fibrinogen replacement after severe haemodilution: An in 
vitro model. Br J Anaesth 2009; 102:793–9

	33.	 Dempfle CE, Kälsch T, Elmas E, Suvajac N, Lücke T, Münch E, 
Borggrefe M: Impact of fibrinogen concentration in severely 
ill patients on mechanical properties of whole blood clots. 
Blood Coagul Fibrinolysis 2008; 19:765–70

	34.	 Rahe-Meyer N, Solomon C, Hanke A, Schmidt DS, Knoerzer 
D, Hochleitner G, Sørensen B, Hagl C, Pichlmaier M: Effects 
of fibrinogen concentrate as first-line therapy during major 
aortic replacement surgery: A randomized, placebo-con-
trolled trial. Anesthesiology 2013; 118:40–50

	35.	 Schöchl H, Nienaber U, Hofer G, Voelckel W, Jambor C, 
Scharbert G, Kozek-Langenecker S, Solomon C: Goal-
directed coagulation management of major trauma patients 
using thromboelastometry (ROTEM)-guided administration 
of fibrinogen concentrate and prothrombin complex concen-
trate. Crit Care 2010; 14:R55

	36.	 Solomon C, Cadamuro J, Ziegler B, Schöchl H, Varvenne M, 
Sørensen B, Hochleitner G, Rahe-Meyer N: A comparison of 

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/121/4/753/266129/20141000_0-00018.pdf by guest on 20 M
arch 2024



Anesthesiology 2014; 121:753-64	 764	 Zentai et al.

Fibrinogen Concentrate in a Porcine Model

fibrinogen measurement methods with fibrin clot elasticity 
assessed by thromboelastometry, before and after adminis-
tration of fibrinogen concentrate in cardiac surgery patients. 
Transfusion 2011; 51:1695–706

	37.	 Huissoud C, Carrabin N, Audibert F, Levrat A, Massignon D, 
Berland M, Rudigoz RC: Bedside assessment of fibrinogen 
level in postpartum haemorrhage by thrombelastometry. 
BJOG 2009; 116:1097–102

	38.	 Davenport R, Manson J, De’Ath H, Platton S, Coates A, Allard 
S, Hart D, Pearse R, Pasi KJ, MacCallum P, Stanworth S, Brohi 
K: Functional definition and characterization of acute trau-
matic coagulopathy. Crit Care Med 2011; 39:2652–8

	39.	 Rourke C, Curry N, Khan S, Taylor R, Raza I, Davenport R, 
Stanworth S, Brohi K: Fibrinogen levels during trauma hem-
orrhage, response to replacement therapy, and association 
with patient outcomes. J Thromb Haemost 2012; 10:1342–51

	40.	 Schöchl H, Schlimp CJ, Voelckel W: Potential value of phar-
macological protocols in trauma. Curr Opin Anaesthesiol 
2013; 26:221–9

	41.	 Kalina U, Stöhr HA, Bickhard H, Knaub S, Siboni SM, 
Mannucci PM, Peyvandi F: Rotational thromboelastogra-
phy for monitoring of fibrinogen concentrate therapy in 
fibrinogen deficiency. Blood Coagul Fibrinolysis 2008; 
19:777–83

	42.	 Grottke O, Braunschweig T, Henzler D, Coburn M, Tolba R, 
Rossaint R: Effects of different fibrinogen concentrations on 
blood loss and coagulation parameters in a pig model of 
coagulopathy with blunt liver injury. Crit Care 2010; 14:R62

	43.	 Fries D, Krismer A, Klingler A, Streif W, Klima G, Wenzel V, Haas 
T, Innerhofer P: Effect of fibrinogen on reversal of dilutional 
coagulopathy: A porcine model. Br J Anaesth 2005; 95:172–7

	44.	 Solomon C, Pichlmaier U, Schoechl H, Hagl C, Raymondos 
K, Scheinichen D, Koppert W, Rahe-Meyer N: Recovery of 
fibrinogen after administration of fibrinogen concentrate to 
patients with severe bleeding after cardiopulmonary bypass 
surgery. Br J Anaesth 2010; 104:555–62

	45.	 Tanaka KA, Taketomi T, Szlam F, Calatzis A, Levy JH: Improved 
clot formation by combined administration of activated fac-
tor VII (NovoSeven) and fibrinogen (Haemocomplettan P). 
Anesth Analg 2008; 106:732–8

	46.	 Jennings I, Kitchen DP, Woods T, Kitchen S, Walker ID: 
Differences between multifibrin U and conventional Clauss 
fibrinogen assays: Data from UK National External Quality 
Assessment Scheme surveys. Blood Coagul Fibrinolysis 2009; 
20:388–90

	47.	 Setiabudy R, Silman E: External quality assessment scheme 
for blood coagulation. Southeast Asian J Trop Med Public 
Health 2002; 33(suppl 2):94–8

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/121/4/753/266129/20141000_0-00018.pdf by guest on 20 M
arch 2024


