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Abstract

Aim: FibCare® is a novel point-of-care testing device enabling prompt evaluation of
fibrinogen levels. This study aimed to investigate the accuracy of FibCare® at a ter-
tiary emergency department.

Methods: Blood specimens obtained at a tertiary emergency medical center between
October 1, 2021, and April 30, 2023, were evaluated. The correlation between the fi-
brinogen levels assessed via FibCare® and those via the Clauss method was evaluated
using the Spearman's test. The discrepancy between the two measurement methods
was assessed according to fibrinogen level and diagnosis.

Results: A total of 177 specimens from 147 patients were eligible for the analysis. The
median age of the patients was 49 years, and 109 (61.6%) were men. The two meas-
urements had statistically significant but moderate correlation (p<0.001, p=0.76).
FibCare® missed 14 out of 35 cases from patients with hypofibrinogenemia (fibrino-
gen <150 mg/dL assessed by the Clauss method). The discrepancy between the two
measurements was significantly greater in specimens with lower fibrinogen levels
and those obtained from patients following trauma.

Conclusions: FibCare®, a novel point-of-care testing device, can be compatible with
the Clauss method. However, clinicians should be aware of the risk that FibCare®
may underestimate fibrinogen reduction, especially in severe cases and trauma cases.
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INTRODUCTION

Fibrinogen is a soluble plasma glycoprotein that circulates
within the bloodstream. During the coagulation cascade, fi-
brinogen transforms into fibrin, which forms the structural
framework of blood clots. This process depletes fibrinogen
levels, resulting in low fibrinogen concentrations. Vigilant
monitoring and prompt intervention for fibrinogen deple-
tion are essential to ensure adequate hemostasis.
Conventional plasma fibrinogen assays commonly use
the Clauss method, which requires 30-60min for evalua-
tion." Given the time-sensitive nature of massive hemorrhage
management, clinicians face challenges in making timely

blood coagulation, diagnosis, emergency room, fibrinogen, trauma

and well-informed decisions using laboratory tests with pro-
longed turnaround times. To ensure optimal patient care,
rapid diagnostic tools and point-of-care tests are preferred.
In 2019, a novel point-of-care testing device, FibCare® (Atom
Medical), was developed. This device assesses blood fibrin-
ogen levels within 2min, allowing clinicians to promptly
identify low fibrinogen levels and potentially improve the
patient outcomes after hemorrhagic events.

Previous studies reported favorable agreement between
FibCare® and the Clauss method measurements, while
the correlation was diminished in the range of fibrinogen
<150 mg/dL.>> However, these studies were limited by small
sample sizes. Furthermore, they focused only on obstetric
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or cardiac surgery patients, thereby limiting the generaliz-
ability of their findings. Given the impact of the accuracy
of rapid diagnostic tests on clinical practice, further study
evaluating the usefulness of FibCare® is needed.

In this study, we aimed to examine the usefulness of
FibCare® in patients who were treated at a tertiary emergency
department.

MATERIALS AND METHODS

This cross-sectional study was conducted using labora-
tory test results at a tertiary emergency hospital. The study
was approved by the Ethics Committee of the Bokutoh
Metropolitan Hospital (approval number: 05-037). The re-
quirement for obtaining informed consent from patients
was waived as the study analyzed existing data that were an-
onymized before analysis.

Study population and data collection

We reviewed fibrinogen levels of consecutive patients who
were treated at the emergency room of a tertiary emergency
medical center and underwent fibrinogen level analysis
using both FibCare® and Clauss methods for the same speci-
men between October 1, 2021, and April 30, 2023. Patients
with fibrinogen values outside the upper or lower limits of
the measurement range (<80 or>300mg/dL for FibCare®
and <20mg/dL for the Clauss method) were excluded be-
cause concordance between the two measurements could
not be evaluated. Collected data included age, sex, diagnosis,
fibrinogen levels, the amount of fresh frozen plasma (FFP)
or cryoprecipitate transfusion, and the timing of the fibrino-
gen test (on arrival or after blood transfusion). The diagnosis
was classified as trauma, postpartum hemorrhage, gastroin-
testinal hemorrhage, cerebral hemorrhage, or others.

Fibrinogen tests

Fibrinogen measurement using FibCare® was performed by
health-care professionals in the emergency department in
accordance with the following operating procedures: (i) cit-
rate whole blood (no need for dilution procedure) was em-
ployed, (ii) after inversion and thorough mixing, the sample
was deposited into the designated sample wells, and (iii)
input the hematocrit value for measurement calibration. The
hematocrit value was typically acquired from concomitant
blood gas analysis, whereas it was set at 30% in the absence
of such information. The measurement principle of FibCare®
is a type of viscoelastic test. The coagulation reaction is initi-
ated by bringing the sample into contact with the lyophilized
reagent packed in the reaction cell on the card. The viscos-
ity increase in the reaction cell is monitored in terms of the
amount of change in scattered light, which is then analyzed
to determine the coagulation time.

Fibrinogen measurement using the Clauss method was
performed by a clinical laboratory technician. The Clauss
method is the standard fibrinogen concentration test. Briefly,
plasma obtained from the blood specimen was mixed with
an excess of thrombin, and the time taken for clot forma-
tion was determined and converted into a measurement of
the functional fibrinogen concentration using calibration
standards.*

Analysis

First, fibrinogen values measured using FibCare® were plot-
ted over those measured using the Clauss method. The cor-
relation between the two measurements was assessed using
the Spearman's rank correlation coefficient and a linear re-
gression analysis. Second, we visually explored the disper-
sion of the discrepancy between fibrinogen values measured
by FibCare® and those measured by the Clauss method over
fibrinogen levels using a scatter plot. Subsequently, a gener-
alized additive model was applied to explore the association
between the measurement error and fibrinogen levels. The
mean and standard deviations (SDs) of the aforementioned
discrepancy were calculated across four categories based on
fibrinogen levels (<150, 151-200, 201-250, and >251-300 mg/
dL), diagnosis (trauma, postpartum hemorrhage, gastroin-
testinal bleeding, and cerebral hemorrhage), and the timing
of specimen collection (on arrival or after clotting factor
transfusion). Third, we analyzed the characteristics of pa-
tients in whom hypofibrinogenemia (fibrinogen <150 mg/dL
measured using the Clauss method) was missed by FibCare®.
Variables included age, sex, disease category, and timing of
specimen collection.

RESULTS

A total of 217 pairs of fibrinogen measurements from 182 pa-
tients were identified during the study period. After exclud-
ing 40 pairs of measurements with fibrinogen levels outside
the upper or lower limits of measurement, 177 pairs of tests
from 147 patients were eligible for the analysis. The hemato-
crit value was missing in 11 (6.2%) pairs of samples. Of the
147 patients, 83 had clotting factor transfusion within 24h.
Table 1 summarizes the characteristics of the blood speci-
men. The median age of the patients was 49 (interquartile
range: 33-61) years, and 109 (62%) were men. The diagno-
sis was trauma, postpartum hemorrhage, gastrointestinal
hemorrhage, cerebral hemorrhage, and others for 109 (62%),
18 (10%), 22 (12%), 8 (5%), and 20 (11%) tests, respectively.
Further, 112 patients (63%) needed subsequent FFP or cryo-
precipitate transfusion in 24 h.

Figure 1 shows a scatterplot of fibrinogen measurements
via FibCare® and the Clauss method. The two measure-
ments had statistically significant but moderate correlation
(p<0.001, p=0.76). Out of 35 specimens assessed via the
Clauss method (fibrinogen level <150 mg/dL), fibrinogen level
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TABLE 1 Characteristics of blood specimen.

Diagnosis category
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Postpartum Gastrointestinal Cerebral
Variables Total Trauma hemorrhage hemorrhage hemorrhage Others
n (%) 177 109 (62) 18 (10) 22(12) 8(5) 20 (11)
Age, year, median 49 (33-61) 39 (23-58) 39 (36-41) 55 (50-60) 63 (58-83) 72 (53-78)
(IQR)
Men, n (%) 109 (62) 72 (66) 0(0) 19 (86) 3(38) 15 (75)
Fibrinogen®, mg/dL, 205 (172-235) 200 (168-226) 193 (172-250) 164 (113-223) 184 (182-218) 197 (160-225)
median (IQR)
Subsequent FFP or 112 (63) 72 (66) 10 (56) 13 (60) 3 (38) 14 (70)
cryoprecipitate
transfusion in
24h, n (%)
Abbreviation: IQR, interquartile range.
“Fibrinogen level assessed via the Clauss method.
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FIGURE 1

Scatterplot of fibrinogen measurements via FibCare® and the Clauss method. Each circle represents one specimen. The solid green

line depicts the linear regression least-squares fit for the relationship between fibrinogen measured via FibCare® and the Clauss method. Shaded bands
represent the 95% confidence interval. The 14 test pairs in which hypofibrinogenemia (fibrinogen <150 mg/dL measured using the Clauss method) was

missed by FibCare® are shown in red circles.

via FibCare® was >2150mg/dL in 14 measurements. The dis-
crepancy between the two measurements was significantly
greater in specimens with lower fibrinogen levels (Figure 2).
In patients with fibrinogen levels assessed using the
Clauss method (<150, 151-200, 201-250, and >251-300 mg/
dL), the mean of the discrepancy between the two measure-
ments was 24.6mg/dL (SD, 33.4mg/dL), 24.7mg/dL (SD,
30.1mg/dL), 2.0mg/dL (SD, 29.9mg/dL), and-6.7 mg/dL
(SD, 20.2mg/dL), respectively. When patients were catego-
rized based on diagnoses as trauma, postpartum hemor-
rhage, gastrointestinal bleeding, and cerebral hemorrhage,
the mean of the discrepancy between the two measurements

was 17.2mg/dL (SD, 33.7mg/dL), 8.9mg/dL (SD, 25.5mg/
dL), -1.2mg/dL (SD, 24.2mg/dL), and 10.9mg/dL (SD,
30.8 mg/dL), respectively. The mean of the discrepancy be-
tween the two measurements was 11.3 mg/dL (SD, 32.0 mg/
dL) and 14.1 mg/dL (SD, 33.6 mg/dL) for specimens obtained
on hospital arrival and those obtained after clotting factor
transfusion, respectively.

We further analyzed the characteristics of 14 patients in
whom hypofibrinogenemia (fibrinogen <150mg/dL mea-
sured using the Clauss method) was missed by FibCare®. The
mean age of these patients was 44 years and eight (57%) were
men. The diagnosis was trauma in 11 (78%) patients. The
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FIGURE 2  Scatterplot of the discrepancy between fibrinogen values measured by FibCare® and the Clauss method over fibrinogen levels. The solid

line depicts the generalized additive model curve to assess the degree of discrepancy between fibrinogen values measured by FibCare® and the Clauss
method based on the values of fibrinogen levels. Shaded bands represent the 95% confidence intervals for the estimated points.

specimen was obtained after clotting factor transfusion for
eight (57%) patients. The discrepancy between the two mea-
surements was <50 mg/dL in 10 (71%) patients.

DISCUSSION

In this study, we aimed to examine the usefulness of FibCare®
in patients who were treated at a tertiary emergency depart-
ment. Our analysis revealed that fibrinogen measurements
using FibCare® correlated with the Clauss method, whereas
FibCare® tended to overestimate the fibrinogen level in pa-
tients with hypofibrinogenemia. To the best of our knowl-
edge, this was the largest study to investigate FibCare® and
focused on the patients treated at an emergency department
of a tertiary emergency medical center.

Our findings of a large variance of the difference between
FibCare® measurement and the Clauss method were consis-
tent with those of previous studies that evaluated other types
of point-of-care fibrinogen tests, such as thromboelastogra-
phy, viscoelastic test, and rotational thermoelectrometry.’

We found that FibCare® values were more likely to deviate to
higher values in patients with hypofibrinogenemia. Previous
studies that evaluated the accuracy of ROTEM® also reported
that the accuracy was reduced in cases with fibrinogen levels
<100 mg/dL.°

We cannot definitively conclude the underlying mechanism
of these findings. However, our results suggested several poten-
tial explanations. First, the deviations between the FibCare® value
and the Clauss method were larger in patients who had FFP/
cryoprecipitate transfusion, suggesting that transfusing coagula-
tion factors may affect the test accuracy.” There are subclasses of
fibrinogen, with high molecular weight fibrinogen (Fib-420) ac-
counting for 1%-3% and low molecular weight fibrinogen (Fib-
340) for 97%-99%. Fib-420 has a higher maximum amplitude
than Fib-340.® Variations in the Fib-420 subclass proportions
between exogenous and endogenous fibrinogen may underlie
disparities in both the dynamic and static assessments of fibrin-
ogen subsequent to transfusion.” Second, the deviations between
FibCare® and the Clauss method were larger in patients with
severe trauma. Severe trauma leads to inflammation, thrombo-
genesis, and fibrinolysis,"” where the aEc domain of Fib-420 acts
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as a chaperon."" Fib-420 may increase in such conditions by es-
caping degeneration; thus, affecting the dynamic measurement
of fibrinogen.

Considering the much shorter time to obtain fibrinogen
level, it is reasonable that point-of-care fibrinogen test, such
as FibCare®, acquires popularity among clinicians caring for
critical patients as rapid measure is mandatory to address fi-
brinogen deficiency. However, our results show that clinicians
should be aware that the test overestimates the fibrinogen
concentration with respect to the Clauss method. Current
guidelines recommend treatment with fibrinogen concen-
trate or cryoprecipitate if major bleeding is accompanied by
hypofibrinogenemia which is defined as plasma Clauss fibrin-
ogen level <150mg/dL."* As our result highlighted the even
larger difference in the measurements between FibCare® and
the Clauss method, clinicians need to search for conversion
methods between FibCare® and the Clauss method. FibCare®
tended to overestimate the fibrinogen levels, especially in pa-
tients with hypofibrinogenemia, although the discrepancy
between the two methods was mostly <50 mg/dL; therefore,
it is advisable that clinicians who care for patients with major
bleeding set a relatively higher threshold to determine hypofi-
brinogenemia when FibCare® is used.

Limitations

This study has some limitations. First, this was an observa-
tional study. Our results showed a statistically significant but
moderate correlation between FibCare® and the Clauss method
measurements. However, the clinical benefit of FibCare® in
a tertiary emergency department cannot be determined.
Second, we could not address the underlying mechanisms of
our findings. Although we considered some hypotheses based
on collateral evidence, further research is needed to elucidate
them. Third, the Clauss method was used as the golden stand-
ard for the reference value of fibrinogen levels; however, the
Clauss method is not a perfect measurement as it can be influ-
enced by heparin use and the calibration process.”

CONCLUSIONS

We examined the usefulness of FibCare® in a tertiary emer-
gency department. FibCare® can be compatible with the
Clauss method; however, it may underestimate fibrinogen
reduction, especially in severe cases and trauma cases.
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