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ABSTRACT

Central laboratory measurements are time consuming, while rapid fibrinogen level measurements
within the operating room improve transfusion strategies. We aimed to clarify the correlation between
fibrinogen concentrations (measured using Fibcare® and the Clauss fibrinogen assay in a central laboratory)
during cardiovascular surgery with cardiopulmonary bypass. Data of patients whose Fibcare, traditional
laboratory-based testing, and thromboelastographic results were measured using the same blood sample
during cardiopulmonary bypass from February 2021 to January 2022 were retrospectively examined. We
analyzed correlation in categories of body temperature during cardiopulmonary bypass: total cases, mild
hypothermia (28-34°C), and moderate or severe hypothermia (<28°C). The Clauss fibrinogen assay was
performed in 123 cases, Fibcare in 107, and thromboelastography in 91. For mild hypothermia, moderate
or severe hypothermia, and overall, the root mean squared error and R-square in Fibcare were 16.1
and 0.86, 13.1 and 0.87, and 14.9 and 0.87, respectively, and for thromboelastography, they were 3.26
and 0.74, 2.70 and 0.79, and 3.08 and 0.75, respectively. A significant relationship was noted between
Fibcare and Claus fibrinogen analysis regardless of body temperature during cardiopulmonary bypass. The
measurement of fibrinogen levels using Fibcare allows for faster transfusion preparation than that of the
traditional Clauss fibrinogen assay.
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INTRODUCTION

Cardiovascular surgery with cardiopulmonary bypass (CPB) changes coagulation function
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by several mechanisms, such as hypothermia, acidosis, and induction of the inflammatory
cascade."* In addition, the decrease in coagulation factor activity during CPB is strongly related
to hemostasis after CPB cessation. Coagulopathy associated with massive bleeding has been
implicated particularly in the reduction of plasma fibrinogen levels.’ Maintenance of high levels
of coagulation factors, especially fibrinogen, is necessary for hemostasis during cardiovascular
surgery.®” Determination of fibrinogen concentration is important for hemostasis management,?
and it is a general standard to keep the fibrinogen concentration above 150-200 mg/dL.

Devices such as thromboelastography (TEG6s®, Haemonetics Japan GK, Japan) have been
recommended to guide transfusion during cardiovascular surgery.®!' Measuring coagulation
function with these devices has been shown to improve transfusion outcomes in cardiovascular
surgery.'?> These point-of-care tests have the advantage of bedside availability and immediate
results compared to conventional laboratory blood tests. It often takes at least 30—40 min to obtain
results of central laboratory measurements of plasma fibrinogen concentration,' and delayed
measurement leads directly to delayed hemostasis management. Therefore, rapid monitoring of
hemostatic coagulability is necessary. We previously reported a study of rapid estimation of
fibrinogen concentrations using TEG6s during CPB."* However, the measurement cartridge of
TEG®6s, Platelet Mapping, is expensive and is not suitable for multiple measurements due to
its cost.

Fibcare® (Atom Medical Co, Tokyo, Japan) is a monitor that can measure plasma fibrinogen
levels in approximately 2 min, and Okahara et al and Imai et al reported a correlation between
Fibcare and blood collection'> and within the obstetric field,'® respectively. However, there have
been no reports evaluating Fibcare and central laboratory results in relation to body temperature
in patients undergoing extracardiac cardiopulmonary bypass and receiving heparin. If Fibcare
can accurately determine the fibrinogen concentration during CPB, including in heparinized and
hypothermic patients, it would help in the effective management of post-CPB coagulopathy and
bleeding. The purpose of this study was to clarify the correlation between fibrinogen concentra-
tion as measured by Fibcare and the Clauss fibrinogen assay in a central laboratory during
cardiovascular surgery with CPB in our institution.

METHODS

Study design and data collection

This study adhered to the Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines. Additionally, this single-center retrospective observational study
conforms to the standards of the Declaration of Helsinki and was approved by the ethics com-
mittee of Nagoya University Hospital (approval number: 2021-0456; application for a change of
period has been filed for a change of the target period). Individual informed consent was obtained
from the patients using an opt-out method of enrollment via the hospital’s website. Patients who
were scheduled for cardiac or aortic surgery with CPB from February 2021 to January 2022, and
with the Clauss fibrinogen assay in the central laboratory and Fibcare or maximum amplitude of
activator f (ActF-MA) by TEG6s measurements on blood samples taken simultaneously during
CPB, were enrolled. In short, the patients had only one Clauss measurement and only one
Fibcare or ActF-MA measurement or both, and multiple blood samples were not collected from
the same patient. The primary analysis item was the correlation between fibrinogen concentration
as measured by Fibcare and the Clauss fibrinogen assay. We reexamined the correlation between
ActF-MA, a previously reported rapid diagnostic method,"* and the Clauss method for comparison
with the primary endpoint. In addition, the height, weight, age, sex, and body temperature were
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extracted during CPB.

Standard monitoring for cardiovascular surgery patients (non-invasive arterial blood pressure
measurements, electrocardiography, pulse oximetry, bispectral index monitoring, radial artery
cannulation, and pulmonary artery catheterization) was performed in all patients. Fentanyl and
midazolam were administered intravenously to induce general anesthesia. Remifentanil and
rocuronium were additionally used to facilitate tracheal intubation, and general anesthesia was
maintained with air, oxygen, remifentanil, and volatile anesthetics. Porcine heparin (300 U/kg) was
administered before starting cannulation for CPB, and additional heparin boluses (50 U/kg) were
administered to maintain an activated clotting time of at least 400 s. Ventilation was re-started
before separating from CPB, and CPB was terminated with inotropic drug support. Protamine
(3 mg/kg) was administered to antagonize the heparin effect, and the patient was intubated and
admitted to the intensive care unit. Red blood cell concentrates were transfused to maintain a
hemoglobin level of >8 mg/dL. during CPB. Coagulation function was monitored using a standard
TEG6s assay, and fresh frozen plasma and platelet concentrate were administered appropriately.

Blood sampling and measurement protocols
Blood samples of 6.4 mL were collected via a radial artery cannula system with a closed
circuit for blood sampling during CPB and were collected to obtain results at the same time

Surgical Surgical . -
intervention CPB start intervention HOT shot Taking off Adm||11§ter
. CPB protamine
start finished
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6.4 mL of blood sampling

[ 4 |

2.7 mL for Fibcare

¥

2.7 mL for the Clauss method 1 mL for ActF-MA

Fig. 1 Blood sampling
The sampling point was between the end of surgical procedure and HOT shot of cardio-plegia. In each patient,
6.4 mL blood sample was collected once, 2.7 mL was used for the Clauss method, 2.7 mL for Fibcare, and 1
mL for ActF-MA measurement. Traditional laboratory-based testing was used to measure fibrinogen concentration;
specimens were submitted to our hospital’s central laboratory and measured by the laboratory technician using
Clauss fibrinogen assay. Fibcare was used to measure fibrinogen concentration, and ActF-MA was used to predict
the fibrinogen concentration in the operating room.
CPB: cardiopulmonary bypass
HOT: warm blood cardioplegia
ActF-MA: maximum amplitude of activator f
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points for fibrinogen concentration measurements for Fibcare, fibrinogen concentration mea-
surements for our hospital’s central laboratory, and ActF-MA. Fibcare was used to measure
fibrinogen concentration, and ActF-MA was used to predict the fibrinogen concentration in the
operating room. Traditional laboratory-based testing was used to measure fibrinogen concentration;
specimens were submitted to our hospital’s central laboratory and measured by the laboratory
technician using Clauss fibrinogen assay (Analyzer: CN-6000; measuring reagent: Thrombocheck
Fib [L], Sysmex Corporation, Kobe, Japan). Fibcare has a lower and upper limit of 80 and 300,
respectively. If the result was <80, a value of 40 was imputed, while if the result exceeded the
upper limit, the result was excluded from the analysis. ActF-MA by TEG6s has a lower limit
of 2.0. If the result was <2.0, a value of 1.0 was imputed.

Statistical analyses

We evaluated the correlation between fibrinogen concentration via traditional laboratory-based
testing by Clauss fibrinogen assay and Fibcare using Deming regression analysis. The correlation
was analyzed in three categories of body temperature evaluated during CPB: mild hypothermia
(28-34°C), moderate or severe hypothermia (below 28°C), and total patients.'” We also examined
the correlation between Clauss fibrinogen assay and TEG6s under the same temperature condi-
tions. Robust regression detected outliers (Cook’s distance >1), and Deming regression determined
the slope and intercept of the linear prediction equation. Root mean squared error was obtained
from Deming regression and R-square was obtained from ordinary least square. We performed
1000 bootstrap resampling to obtain the confidence intervals for root mean squared error and R-
square. All analyses were performed using Stata 17 MP (Stata Corp, College Station, TX, USA).

RESULTS

Between February 2021 and January 2022, 123 patients were enrolled in the study. Patient
information and surgical characteristics are shown in Table 1. Blood samples were collected once

Table 1 Demographic and surgical characteristics

Total (n = 123) Mild* (n = 76) Moderate or severe* (n = 47)
Age (years) 65.33 = 13.89 64.09 + 14.36 67.32 = 12.86
Height (cm) 161.66 + 8.83 160.99 + 8.45 162.74 + 9.31
Body weight (kg) 62.16 = 12.72 58.28 + 11.24 60.11 = 13.80
Body mass index (kg/m?) 23.86 = 3.83 22.09 + 3.01 22.48 + 3.57
Males:females 86:37 52:24 34:13
Surgical characteristics
Anesthesia time 409.09 + 134.54 393.70 + 127.38 43398 + 141.87
Surgical time 326.05 + 124.67 31297 + 118.10 347.19 + 131.91
CPB time 167.62 + 67.61 160.77 + 61.44 178.60 = 75.18
Minimum nasal temperature during CPB 28.62 + 5.55 32.62 + 1.86 22.57 + 3.36
Minimum vesical temperature during CPB 31.83 + 4.24 33.50 + 1.50 29.13 + 5.62
Minimum skin temperature during CPB 2593 + 3.23 25.61 + 3.17 26.45 + 3.26

Data are presented as mean + standard deviation or as number (of patients), as appropriate.

“The correlation was analyzed in three categories of body temperature evaluated during CPB with: mild hypothermia
(28-34°C); moderate or severe hypothermia (<28°C); and total patients.

CPB: cardiopulmonary bypass
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Fig. 2 Relationship between Fibcare and the Claus fibrinogen assay

Fibcare was measured in 107 cases with 66 of mild hypothermia and 41 of moderate or severe hypothermia.

The correlation between fibrinogen concentration via Fibcare and the Clauss fibrinogen assay was evaluated using

Deming regression analysis.

Fig. 2a: Relationship between Fibcare and the Claus fibrinogen assay in total cases (n=107). Fibrinogen Predic-
tion Equation, RMSE, and R-square are 1.02xFibcare -4.47, 14.9 [12.7-17.1], and 0.87 [0.83-0.91],
respectively.

Fig. 2b: Relationship between Fibcare and the Claus fibrinogen assay in mild hypothermia cases (n=660).
Fibrinogen Prediction Equation, RMSE, and R-square are 1.02xFibcare -3.18, 16.1 [13.1-19.0], and
0.86 [0.80-0.92], respectively.

Fig. 2c: Relationship between Fibcare and the Claus fibrinogen assay in moderate or severe hypothermia cases
(n=41). Fibrinogen Prediction Equation, RMSE, and R-square are 1.04xFibcare -7.11, 13.1 [10.0-16.2],
and 0.87 [0.80-0.95], respectively.

RMSE: root mean squared error

at the same time point from each patient for measuring the Clauss fibrinogen assay and Fibcare
and/or TEG6s. The Clauss fibrinogen assay was measured in all cases. Fibcare was measured in
107 cases with 66 of mild hypothermia and 41 of moderate or severe hypothermia. ActF-MA was
measured in 91 cases with 55 of mild hypothermia and 36 of moderate or severe hypothermia.

Values measured with the Clauss fibrinogen assay and those measured with Fibcare are
demonstrated in Figure 2a (total), Figure 2b (mild hypothermia), and Figure 2c¢ (moderate or
severe hypothermia). Values measured with the Clauss fibrinogen assay and those measured with
ActF-MA are demonstrated in Figure 3a (total), Figure 3b (mild hypothermia), and Figure 3c
(moderate or severe hypothermia). No case was excluded in the Robust regression, ie, there was
no outliers in both assays.
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Fig. 3 Relationship between ActF-MA and the Claus fibrinogen assay

ActF-MA was measured in 91 cases with 55 of mild hypothermia and 36 of moderate or severe hypothermia.

The correlation between fibrinogen concentration via Fibcare and the Clauss fibrinogen assay was evaluated using

Deming regression analysis.

Fig. 3a: Relationship between ActF-MA and the Claus fibrinogen assay in total cases (n=91). Fibrinogen Predic-
tion Equation, RMSE, and R-square are 11.7xActF-MA +83.5, 3.08 [2.64-3.52], and 0.75 [0.68-0.82],
respectively.

Fig. 3b: Relationship between ActF-MA and the Claus fibrinogen assay in mild hypothermia cases (n=55).
Fibrinogen Prediction Equation, RMSE, and R-square are 12.5xActF-MA +78.9, 3.26 [2.67-3.85], and
0.74 [0.65-0.82], respectively.

Fig. 3c: Relationship between ActF-MA and the Claus fibrinogen assay in moderate or severe hypothermia
cases(n=36). Fibrinogen Prediction Equation, RMSE, and R-square are 9.84xActF-MA +93.4, 2.70
[2.19-3.21], and 0.79 [0.69-0.90], respectively.

ActF-MA: maximum amplitude of activator f

RMSE: root mean squared error

The values of root mean squared error and R-square are shown in Table 2. The results of
Fibcare were 14.9 [12.7-17.1] and 0.87 [0.83-0.91] in total, 16.1 [13.1-19.0] and 0.86 [0.80-0.92]
in mild hypothermia cases, and 13.1 [10.0-16.2] and 0.87 [0.80-0.95] in moderate or severe
hypothermia cases. The results of ActF-MA were 3.08 [2.64-3.52] and 0.75 [0.68-0.82] in total,
3.26 [2.67-3.85] and 0.74 [0.65-0.82] in mild hypothermia cases, and 2.70 [2.19-3.21] and 0.79
[0.69-0.90] in moderate or severe hypothermia cases.
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Table 2 Root mean squared error and R-square

Measurement Fibrinogen Prediction Equation RMSE R-square

Fibcare

Total 1.02xFibcare — 4.47 14.9 [12.7-17.1] 0.87 [0.83-0.91]

Mild 1.02xFibcare — 3.18 16.1 [13.1-19.0] 0.86 [0.80-0.92]

Moderate or severe 1.04xFibcare — 7.11 13.1 [10.0-16.2] 0.87 [0.80-0.95]
ActF-MA

Total 11.7xActF-MA + 83.5 3.08 [2.64-3.52] 0.75 [0.68-0.82]

Mild 12.5xActF-MA + 78.9 3.26 [2.67-3.85] 0.74 [0.65-0.82]

Moderate or severe 9.84xActF-MA + 93.4 2.70 [2.19-3.21] 0.79 [0.69-0.90]

Data are presented as mean + standard deviation or as number (of patients), as appropriate.

The correlation was analyzed in three categories of body temperature evaluated during CPB with: mild hypothermia
(28-34°C); moderate or severe hypothermia (<28°C); and total patients.

CPB: cardiopulmonary bypass

ActF-MA: maximum amplitude of activator f

RMSE: root mean squared error

DISCUSSION

This study analyzed the correlation between fibrinogen concentration via traditional laboratory-
based testing by Clauss fibrinogen assay and Fibcare. The results of this study revealed that
Fibcare results strongly predict fibrinogen concentration during CPB, whether during hypothermia
or not. In addition, the results of this study showed that more accurate blood concentration predic-
tion was possible than with the rapid diagnosis method (ActF-MA) that we proposed until now.

Fibrinogen replacement therapy for hemostasis can be managed by transfusion of fresh frozen
plasma, cryoprecipitate, and fibrinogen concentrate. Some guidelines have suggested the use of
transfusion to maintain a target fibrinogen concentration above 150 mg/dL."®2' Therefore, for
hemostatic coagulation management, it is important to know the fibrinogen concentration after
discontinuing CPB. However, it can take 40-60 min for traditional fibrinogen concentration
measurement assays to report test results. Therefore, if fibrinogen concentration during CPB
can be quickly determined using Fibcare, which provides results in approximately 2 min, rapid
coagulation management is possible. Our results clearly indicate that measurement of fibrinogen
levels using Fibcare allows for faster transfusion preparation than the traditional Clauss fibrinogen
assay.

We previously reported a significant relationship between ActF-MA and the Clauss fibrinogen
assay." In ActF-MA, fibrinogen reaction occurs through reptilase, an enzyme found in the
venom of snakes such as the Fer de lance; fibrinogen is converted to fibrin, and stabilization of
the fibrin is facilitated by activated factor XIII and composes what has been called activator f.
Thus, ActF-MA does not directly measure fibrinogen levels because it activates fibrin formation
using a thrombin-free pathway. Fibcare and the CGO2N coagulation analyzer (A&T, Kanagawa,
Japan) are based on the same principle: an improved device based on CGO2N using the dry
hematology system by measuring whole blood. CGO2N requires diluting blood samples with a
solution manually, and there is a risk of error during the measurement process. For this reason,
rapid measurement is difficult during cardiovascular surgery with CPB. In contrast, Fibcare does
not require diluting blood samples, and thus concentrations can be measured rapidly. Reports
examining the accuracy of CGO2N in cardiovascular surgery have shown that plasma fibrinogen
levels can be accurately measured even in CPB cases, and that the dry hematology method is
not affected by dilution or heparin administration.?
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Fibcare is also attractive because of the lower cartridge cost per measurement of ActF-MA:
approximately USD 10 per Fibcare cartridge in comparison to USD 100 per TEG6s cartridge.
TEG6s was not originally designed to directly measure fibrinogen concentration. These devices
are used to measure comprehensive coagulation functions, including coagulation factors, platelets,
and fibrinogen; to determine the need for transfusions such as fresh frozen plasma and platelet
concentrate; and/or to conduct post-transfusion assessment of coagulation functions.”!" For this
reason, it would be advantageous to utilize the inexpensive Fibcare in order to quickly determine
the fibrinogen value only.

This study has substantial limitations that should be addressed. First, as can be determined
from measured values, the prediction equation is not absolute, and variations exist. Even the
Clauss fibrinogen assay can have different results at different institutions. However, variations
in Fibcare results and correlations may be considered acceptable in clinical practice and do not
create a problem for the rapid determination of fibrinogen concentrations in the range >200
mg/dL, 150-200 mg/dL, or <150 mg/dL. Second, fibrinogen concentration is most commonly
measured using the Clauss fibrinogen assay. However, instruments such as coagulation analyzers
and thrombin reagents are not well standardized between hospitals. A previous study showed that
fibrinogen concentration measured by the Clauss fibrinogen assay varies considerably between
hospitals.?® For this reason, our findings may differ in another hospital. Further multicenter studies
are needed to evaluate our findings in order to eliminate bias at each center and to evaluate the
association with the Clauss fibrinogen assay.

In summary, our results show a significant relationship between Fibcare and the Clauss
fibrinogen assay. Low fibrinogen concentration can be estimated more quickly by Fibcare than
by traditional methods, and Fibcare allows fast prediction of fibrinogen concentration and rapid
transfusion preparation in cardiac surgery.

ACKNOWLEDGMENTS

We thank all the anesthesiology medical staff members and extra-corporeal technology staff
members of Nagoya University Hospital.

DISCLOSURE STATEMENT

None of the authors has any conflicts of interest to declare in relation to this work.

REFERENCES

1 Westaby S. Anti-fibrinolytic therapy in thoracic aortic surgery. Ann Thorac Surg. 1999;67(6):1983-1985;
discussion 1997-1998. doi:10.1016/50003-4975(99)00354-9.

2 Nomura F, Tamura K, Yoshitatsu M, Katayama A, Katayama K, Ihara K. Changes in coagulation
condition, cytokine, adhesion molecule after repair of type A aortic dissection. Eur J Cardiothorac Surg.
2004;26(2):348-350. doi:10.1016/j.ejcts.2004.05.001.

3 DeAndrade D, Waters JH, Triulzi DJ, et al. Very low rate of patient-related adverse events associated with
the use of intraoperative cell salvage. Transfusion. 2016;56(11):2768-2772. doi:10.1111/trf.13791.

4 Mazzeffi MA, Chriss E, Davis K, et al. Optimal plasma transfusion in patients undergoing cardiac operations
with massive transfusion. Ann Thorac Surg. 2017;104(1):153-160. doi:10.1016/j.athoracsur.2016.09.071.

5 Innerhofer P, Kienast J. Principles of perioperative coagulopathy. Best Pract Res Clin Anaesthesiol.
2010;24(1):1-14. doi:10.1016/j.bpa.2009.09.006.

6  Ranucci M, Baryshnikova E, Crapelli GB, et al. Randomized, double-blinded, placebo-controlled trial of

Nagoya J. Med. Sci. 85. 310-318, 2023 317 doi:10.18999/nagjms.85.2.310



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Akihiro Yamada et al

fibrinogen concentrate supplementation after complex cardiac surgery. J Am Heart Assoc. 2015;4(6):e002066.
doi:10.1161/JAHA.115.002066.

Rahe-Meyer N, Hanke A, Schmidt DS, Hagl C, Pichlmaier M. Fibrinogen concentrate reduces intraoperative
bleeding when used as first-line hemostatic therapy during major aortic replacement surgery: results from a
randomized, placebo-controlled trial. J Thorac Cardiovasc Surg. 2013;145(3 Suppl):S178-S185. doi:10.1016/j.
jtevs.2012.12.083.

Karkouti K, Callum J, Crowther MA, et al. The relationship between fibrinogen levels after cardiopulmonary
bypass and large volume red cell transfusion in cardiac surgery: an observational study. Anesth Analg.
2013;117(1):14-22. doi:10.1213/ANE.0b013e318292¢fa4.

Holcomb JB, Tilley BC, Baraniuk S, et al. Transfusion of plasma, platelets, and red blood cells in a 1:1:1
vs a 1:1:2 ratio and mortality in patients with severe trauma: the PROPPR randomized clinical trial. JAMA.
2015;313(5):471-482. doi:10.1001/jama.2015.12.

Karkouti K, Callum J, Wijeysundera DN, et al. Point-of-care hemostatic testing in cardiac surgery: A
stepped-wedge clustered randomized controlled trial. Circulation. 2016;134(16):1152-1162. doi:10.1161/
CIRCULATIONAHA.116.023956.

Fominskiy E, Nepomniashchikh VA, Lomivorotov VYV, et al. Efficacy and safety of fibrinogen concen-
trate in surgical patients: A meta-analysis of randomized controlled trials. J Cardiothorac Vasc Anesth.
2016;30(5):1196-1204. doi:10.1053/j.jvca.2016.04.015.

Wikkelsg A, Wetterslev J, Mgller AM, Afshari A. Thromboelastography (TEG) or thromboelastometry
(ROTEM) to monitor haemostatic treatment versus usual care in adults or children with bleeding. Cochrane
Database Syst Rev. 2016;2016(8):CD007871. doi:10.1002/14651858.CD007871.pub3.

Solomon C, Cadamuro J, Ziegler B, et al. A comparison of fibrinogen measurement methods with fibrin
clot elasticity assessed by thromboelastometry, before and after administration of fibrinogen concentrate in
cardiac surgery patients. Transfusion. 2011;51(8):1695-1706. doi:10.1111/j.1537-2995.2011.03066.x.
Tamura T, Imaizumi T, Kubo Y, Waters JH, Nishiwaki K. Prompt prediction of fibrinogen concentration
during cardiopulmonary bypass: a pilot study. Nagoya J Med Sci. 2020;82(4):623-630. doi:10.18999/
nagjms.82.4.623.

Okahara S, Handoh T, Wakita M, et al. Fibrinogen measurement by a novel point-of-care device with
whole blood: comparison of values against Clauss method. J Anesth. 2021;35(5):757-760. doi: 10.1007/
$00540-021-02987-9.

Imai K, Kotani T, Nakano T, Ushida T, Kikkawa F. Clinical utility and limitations of FibCare® for the
rapid measurement of fibrinogen concentrations: the first clinical experience. Taiwan J Obstet Gynecol.
2018;57(6):899-900. doi:10.1016/j.tjog.2018.10.024.

Yan TD, Bannon PG, Bavaria J, et al. Consensus on hypothermia in aortic arch surgery. Ann Cardiothorac
Surg. 2013;2(2):163-168. doi:10.3978/j.issn.2225-319X.2013.03.03.

Task Force on Patient Blood Management for Adult Cardiac Surgery of the European Association for Cardio-
Thoracic Surgery (EACTS) and the European Association of Cardiothoracic Anaesthesiology (EACTA); Boer
C, Meesters MI, Milojevic M, et al. 2017 EACTS/EACTA Guidelines on patient blood management for
adult cardiac surgery. J Cardiothorac Vasc Anesth. 2018;32(1):88-120. doi:10.1053/j.jvca.2017.06.026.
Kozek-Langenecker SA, Ahmed AB, Afshari A, et al. Management of severe perioperative bleeding:
guidelines from the European Society of Anaesthesiology: First update 2016. Eur J Anaesthesiol.
2017;34(6):332-395. doi:10.1097/EJA.0000000000000630.

Klein AA, Arnold P, Bingham RM, et al. AAGBI guidelines: The use of blood components and their
alternatives 2016. Anaesthesia. 2016;71(7):829-842. doi:10.1111/anae.13489.

Hunt BJ, Allard S, Keeling D, et al. A practical guideline for the haematological management of major
haemorrhage. Br J Haematol. 2015;170(6):788-803. doi:10.1111/bjh.13580.

Ogawa S, Tanaka KA, Nakajima Y, et al. Fibrinogen measurements in plasma and whole blood: a per-
formance evaluation study of the dry-hematology system. Anesth Analg. 2015;120(1):18-25. doi:10.1213/
ANE.0000000000000448.

Solomon C, Baryshnikova E, Tripodi A, et al. Fibrinogen measurement in cardiac surgery with cardiopul-
monary bypass: analysis of repeatability and agreement of Clauss method within and between six different
laboratories. Thromb Haemost. 2014;112(1):109-117. doi:10.1160/TH13-12-0997.

Nagoya J. Med. Sci. 85. 310-318, 2023 318 doi:10.18999/nagjms.85.2.310



