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Abstract 

Introduction: Congenital fibrinogen disorders (CFD) are classified as afibrinogenemia or 

hypofibrinogenemia (Hypo), dysfibrinogenemia (Dys), or hypodysfibrinogenemia 

(Hypodys), according to functional and antigenic fibrinogen concentrations. However, in 

routine laboratory tests, plasma fibrinogen levels are mostly measured using the 

functional Clauss method and not as an antigenic level. Therefore, it is difficult to 

discriminate CFD from acquired hypofibrinogenemia (aHypo). To establish a screening 

method for CFD, we investigated the parameters of clot waveform analysis (CWA) from 

the Clauss method. 

Methods: We compared fibrinogen concentrations determined using Clauss and 

prothrombin time (PT)-derived methods for 67 aHypo and CFD cases (19 Dys, 4 Hypodys, 

and 1 Hypo determined using antigen levels and DNA sequence analysis) with a CS-2400 

instrument, and the CWA parameters, dH and Min1, were analyzed automatically with an 

on-board algorithm. dH and Min1 are the maximum change in transmittance at the end of 

coagulation and the maximum velocity of transmittance change during coagulation, 

respectively. 

Results: Clauss/PT-derived ratios detected 18 cases of Dys and Hypodys but no Hypo 

cases, whereas Clauss/dH plus Clauss/Min1 ratios calculated from fibrinogen 
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concentration using the Clauss method and CWA parameters detected 21 cases of Dys 

and Hypodys and one Hypo cases. Moreover, the Clauss/PT-derived ratio and Clauss/dH 

plus Clauss/Min1 ratio detected 22 cases of Dys and Hypodys cases and one Hypo cases.  

Conclusion: This report demonstrates that CWA parameters of the Clauss method, 

Clauss/dH plus Clauss/Min1 ratio, screened Dys patients with a higher rate, whereas, 

Clauss/PT-derived ratios did not. 

 

 

Key Words: 
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1. Introduction 

Fibrinogen is a 340 kDa hexametric plasma glycoprotein that is synthesized by 

hepatocytes. Fibrinogen consists of two sets of three polypeptide chains, Aα, Bβ, and γ, 

which are encoded by FGA, FGB, and FGG, respectively1. Circulating fibrinogen 

concentrations range between 1.8 and 3.5 g/L (reference range of Shinshu University 

Hospital), and congenital fibrinogen disorders (CFD) are characterized by functional 

and antigenic fibrinogen concentrations. Patients with lower fibrinogen levels or who 

are below the detection limit of functional and antigenic fibrinogen are fibrinogen-

deficient (type I; afibrinogenemia as a homozygote and hypofibrinogenemia [Hypo] as a 

heterozygote). Patients with lower levels of functional fibrinogen and a normal level of 

antigenic fibrinogen have dysfunctional fibrinogenemia (type II; dysfibrinogenemia 

[Dys] or hypodysfibrinogenemia [Hypodys] as a homozygote and heterozygote).2 There 

is significant heterogeneity in the clinical manifestations of CFD, with most patients 

being asymptomatic. Approximately 25% of patients experience bleeding, 20% have 

thrombosis, and some have both a bleeding tendency and thrombosis.3,4 Because of the 

implications for patient management, it is important to identify whether fibrinogen 

levels are low due to congenital or acquired factors and provide an accurate CFD 

diagnosis. 
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In routine laboratory tests, plasma fibrinogen levels are measured using a method 

based on the detection of fibrin polymerization and clot formation, most commonly the 

Clauss method.5 This method has been adopted in well-optimization automated 

coagulation analyzers. Although the Clauss method is widely used as a coagulation 

screening test, it is currently difficult to discriminate between low levels of functional 

fibrinogen and low levels of fibrinogen antigen. We have occasionally found suspected 

cases of CFD in routine laboratory testing, and the measurement of fibrinogen antigen 

levels is necessary to evaluate the phenotype of quantitative and qualitative abnormality. 

Unfortunately, fibrinogen antigen measurement and fibrinogen DNA analysis are carried 

out only in specialized laboratories, so it is difficult to accurately distinguish between 

Type II deficiencies and acquired hypofibrinogenemia (aHypo) in most laboratories. 

Prothrombin time (PT)-derived method is also widely used, which estimates 

fibrinogen concentrations based upon the change in transmittance during a PT assay. This  

has been used as an alternative fibrinogen assay, and PT-derived fibrinogen 

concentrations show a good correlation with fibrinogen antigen levels.6 However, this can 

only be measured using automated coagulation analyzers with a customized algorithm, 

and such algorithms are not as standardized as the Clauss method because the fibrinogen 

value by the PT-derived method changes depending on the type of PT reagent.7 
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Clot waveform analysis (CWA), using an automated coagulation analyzer, is a 

recently developed algorithm for monitoring fibrin formation.8-10 During clot formation 

in routine coagulation assays, it is possible to obtain a continuous measurement of 

changes in light transmittance. CWA can be performed at the same time as measuring for 

the end point of clotting, and we can obtain useful information concerning the coagulation 

process using specialized algorithms. Numerous studies have reported on the 

development of CWA and on the usefulness of CWA for hemophilia and other coagulation 

factor disorders.11-14 Several studies using CWA in fibrinogen measurement have been 

reported. Jacquemin et al. reported that the amplitude and velocity of the clot waveform 

from the thrombin time test of a Dys variant, γR275C, were higher than those of a healthy 

donor and aHypo cases.15 Furthermore, Suzuki et al. reported a new approach that can 

classify fibrinogen disorders using the estimated fibrinogen antigen predicted from the 

CWA parameters using the Clauss method.16 

In this study, we measured plasma fibrinogen concentrations in 24 cases with CFD 

using the Clauss and the PT-derived method. We investigated whether the shape of the 

coagulation curve and CWA parameters from the Clauss method carried out on using an 

automated coagulation analyzer can provide further information for the screening of CFD 

and compared the usefulness of the PT-derived method for CFD screening. 
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2. Materials and methods 

This study was approved by the Ethics Review Board of Shinshu University School 

of Medicine (Identification number: 4153). 

 

2.1. Plasma samples 

Blood samples were collected from 67 patients with lower fibrinogen levels than the 

reference interval (<1.8 g/L) using the Clauss method and these were described as aHypo. 

Blood samples were drawn into evacuated anticoagulant tubes with a blood to 0.109 

mol/L sodium citrate ratio of 9:1. Citrated blood samples were centrifuged at 2000×g for 

10 min. Plasma samples were separated into polypropylene tubes, stored at −80°C, and 

then thawed at 37°C immediately prior to performing assays. Normal pooled plasma was 

prepared from patients (n=10) who had no abnormal values in the coagulation tests and 

no liver disease. Plasma samples from patients with CFD were collected from 24 patients 

with Dys (n=19), Hypodys (n=4), or Hypo (n=1). These phenotypes had been classified 

based on coagulation test results including Clauss and immunological methods for 

fibrinogen concentration and genetic variants determined by PCR-amplified DNA 

sequence analysis (Table 1).17 
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2.2. Measurement of plasma specimens 

Coagulation tests for sodium citrate plasma were measured using an automated 

coagulation analyzer CS-2400 (Sysmex, Kobe, Japan) and the required reagents. 

Fibrinogen concentrations were determined using both the Clauss method with 

Thrombocheck Fib (L) (Sysmex) and a PT-derived method with Thromborel S (Sysmex) 

(Figure 1A), in accordance with the manufacturer’s instructions. A calibration curve was 

generated by serial dilution of Coagtrol N (Sysmex). Plasma fibrinogen antigen (Ag) 

levels were analyzed using a latex agglutination immunoassay with FactorAuto 

Fibrinogen (Q-may, Ohita, Japan) and an automated coagulation analyzer, Coapresta2000 

(Sekisui Medical Co., Tokyo, Japan). A calibration curve was generated using FactorAuto 

fibrinogen standard plasma (Q-may). 

 

2.3. DNA sequence analysis 

Genomic DNA purification, PCR-amplification, and DNA sequencing were 

performed as described previously.18 

 

2.4. Clot waveform analysis 
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CWA with the Clauss method was monitored during clot formation as the amount of 

transmitted light and analyzed using algorithms installed in the CS-2400 coagulation 

analyzer. Transmittance decreased depending on fibrin formation, and the total difference 

in the transmittance level is shown as delta H (dH). The minimum value of the first 

derivative curve (Min1) of waveform was calculated as an indicator of the maximum 

velocity of coagulation. Interpretation of the CWA parameters was performed in 

accordance with official recommendations10; we analyzed dH and Min1 as CWA 

parameters in this study. Furthermore, we calculated the ratio determined using the Clauss 

method to dH and Min1 (Clauss/dH and Clauss/Min1, respectively). 

 

2.5. Statistical analysis 

Pearson and Spearman rank tests were performed to define the correlation of 

fibrinogen levels determined using the Clauss method with the CWA parameters. The 

significance of differences in the Clauss/PT-derived ratio and CWA parameters among 

acquired Hypo cases and CFD were determined using one-way ANOVA with Dunnett 

post hoc test. A difference was considered significant when the p value was lower than 

0.05.  
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3. Results 

3.1 Comparison of fibrinogen concentrations quantitated using the Clauss and PT-

derived methods 

Plasma samples from four groups of patients: 67 with aHypo, 19 Dys, 4 Hypodys, 

and 1 Hypo had their fibrinogen levels measured using the Clauss and PT-derived 

methods. In patients in the aHypo group, fibrinogen levels determined using the Clauss 

and PT-derived methods were 0.48–1.78 and 0.59–2.18 g/L, respectively, with the 

Clauss/PT-derived ratios ranging from 0.48 to 1.39 (median, 0.95). There was a good 

correlation between fibrinogen concentration determined using the Clauss and PT-derived 

methods in patients with aHypo (r = 0.788). For samples from 19 patients in the Dys 

group, fibrinogen levels determined using the Clauss method ranged from 0.10 to 1.74 

g/L, whereas those in the PT-derived method were significantly higher (0.89–5.39 g/L). 

The Clauss/PT-derived ratios in the Dys group were markedly lower (median, 0.29) than 

those in the aHypo group. On the other hand, for patients in the Hypodys and Hypo groups, 

fibrinogen levels of the Clauss method and PT-derived method were similar, and median 

Clauss/PT-derived ratio of the Hypodys and Hypo groups were 0.79 and 1.32, respectively, 

and neither showed a significant difference from the aHypo group. 
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3.2 Clot waveform of congenital fibrinogen disorders 

We investigated whether clot waveforms differed among patients in the Dys group 

that showed the same fibrinogen variants. Representative coagulation curves of reference 

plasma (0.61, 1.00, and 2.20 g/dL) from aHypo or normal control and plasma from CFD 

are shown in Figure 1. In reference plasma from the normal control and aHypo groups, 

the pre-coagulation phase was shorter, and the dH increased depending on the fibrinogen 

concentration. These trends were similar in all of five groups of Dys variants. Conversely, 

the dH of plasma from patients in the Dys group was unexpectedly larger than that of 

aHypo or normal control groups, even though fibrinogen values from the Clauss method 

were lower than 1.00 g/dL [cases 2 to 4 (Figure 1A), cases 7 and 8 (Figure 1B), case 9 

(Figure 1C), cases 11 to 13 (Figure 1D), and cases 14 to 17 (Figure 1E)]. However, in 

case 10 with a BβA68T heterozygous variant, the fibrinogen value was 1.74 g/L, which 

was close to the normal value, and the waveform was not different from that of the normal 

control (Figure 1C). 

Subsequently, the waveforms from the Clauss method were compared for four cases 

with Dys, four cases with Hypodys, and one case with Hypo variants (Figure 2). Among 

plasma samples from the four cases with Dys, case 1 had a similar waveform and dH as 

the cases presented in Figure 1; however, all the cases with Hypodys or Hypo were not 
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different in waveform or dH from the aHypo cases. 

 

3.3 Comparison of CWA parameters, dH and Min1, in CFD 

We investigated which CWA parameter, dH or Min1, can express the coagulation 

waveform objectively rather than visually, and, therefore, may be useful in differentiating 

aHypo and CFD. As shown in Figure 3, the values of dH and Min1 obtained from the 

aHypo and CFD groups were compared. The median dH values of aHypo, Hypodys, and 

Hypo cases were 119, 34.5, and 45, respectively, with no significant difference observed 

among the groups (Figure 3A). On the other hand, the dH of the Dys group (median, 246) 

was significantly higher (p<0.01) than that of the aHypo and other groups. Whereas, the 

median of Min1 for the Dys, Hypodys, and Hypo groups were 0.301, 0.101, and 0.104, 

respectively, and these were not significant different from that of the aHypo group 

(median, 0.241) (Figure 3B). As well as the visual coagulation waveform amplitude, these 

results indicated that dH can be used to distinguish Dys from aHypo, whereas Hypodys 

and Hypo were not distinguishable. 

In the aHypo group, dH and Min1 showed good correlations with the Clauss value (r 

= 0.773 and 0.963, respectively). Individual Clauss values were divided by the dH and 

Min1 values, and the resultant ratios, Clauss/dH and Clauss/Min, for the aHypo and CFD 

groups were compared. The median of Clauss/dH for the aHypo group was 0.0099, with 
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a range of 0.0049–0.0161 (whisker range, Figure 3C). The Clauss/dH for the Dys group 

(median, 0.0018) and Hypodys group (median, 0.0124) were significantly different 

(p<0.01 and p<0.05, respectively) from that of the aHypo group. On the other hand, the 

median Clauss/dH for the Hypo case was 0.0164 with no significant difference (Figure 

3C). Whereas, the median Clauss/Min1 of the aHypo group was 4.638, with a range of 

3.170–7.468 (whisker range, Figure 3D). The median of Clauss/Min1 for the Dys, 

Hypodys, and Hypo groups were 1.833, 7.494, and 7.115, respectively, and that of 

Clauss/Min1 for the Dys and Hypodys groups were significantly different (p<0.01 and 

p<0.05, respectively) from that of the aHypo group. These results also indicated that 

Clauss/dH and Clauss/Min1 can be used to distinguish the Dys and Hypodys groups from 

the aHypo group, whereas the Hypo case was not distinguishable. 

 

3.4 CFD positive rates using the Clauss/PT-derived, Clauss/dH, and Clauss/Min1 ratios 

In order to investigate the positive rate for the diagnosis of CFD using the Clauss/PT-

derived, Clauss/dH, and Clauss/Min1 ratios, we calculated the cut-off value for these 

parameters using the minimum and maximum values of the aHypo group; less than 0.48 

or more than 1.39 (Clauss/PT-derived), less than 0.0049 or more than 0.0161 (Clauss/dH), 

and less than 3.170 or more than 7.468 (Clauss/Min1), respectively. As shown in Table 2, 
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the detection number and undetection cases are listed. When cut-off values of the 

Clauss/PT-derived ratio were used, we detected 18 of 23 cases as CFD and five cases 

could not be distinguished from the aHypo group (Table 2 [1]). On the other hand, when 

the Clauss/dH and Clauss/Min1 ratios were used individually or together, the number of 

undetected cases was four, three, and two, respectively, and it was found that using these 

parameters detected more CFD than the Clauss/PT-derived ratio (Table 2 [2], [3] and [4]). 

Furthermore, when all parameters were used, only one case of Hypodys could not be 

detected as a CFD (Table 2 [5]). 

 

4. Discussion 

In order to establish a screening method for CFD patients, we measured the plasma 

fibrinogen concentrations for aHypo cases, which were determined by routine 

coagulation screening tests and previously diagnosed samples from CFD using a CS-2400 

automated coagulation analyzer, which is able to monitor and analyze the clot waveform. 

Because Hypodys and Hypo were investigated in only four and one cases, respectively, 

our findings for these groups are limited by the small case numbers, and we discuss here 

our analyses of the Dys group only, as follows.  

First, we compared the Clauss/PT-derived ratio between aHypo and CFD cases. As 
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many reports have already demonstrated,6,19,20 a lower Clauss/PT-derived ratio was a 

useful parameter to differentiate Dys from aHypo cases. Two cases were negative in 

screening for Dys, one was BβG15C (case 6) and the other was a heterozygous variant of 

BβA68T (case 10). The former variant fibrinogen showed markedly impaired thrombin 

catalyzed fibrin polymerization, as described previously.21 This variant showed a 

fibrinogen value obtained using the PT-derived method that was smaller than the 

fibrinogen Ag value, just as dH in the Clauss method was small, so the Clauss/PT-derived 

ratio did not differ from that of the aHypo group. For the heterozygous variant of BβA68T, 

it was reported that fibrin polymerization was almost the same as the normal control,22 

there was no large discrepancy between the fibrinogen values measured using the Clauss 

and PT-derived methods. 

In order to perform screening of patients with CFD using an automated coagulation 

analyzer without the PT-derived method, the Clauss/dH and Clauss/Min1 ratios were 

examined. Screening for Dys cases using the Clauss/PT-derived ratio detected 16 cases, 

whereas, using CWA with the Clauss/dH and Clauss/Min1 ratios detected 18 and 19 cases, 

respectively. These results indicated that CWA parameters from the Clauss method are 

useful for screening Dys from aHypo cases before measuring fibrinogen antigen and DNA 

analysis. Recently, Suzuki et al. reported that, 1) Min1 values were strongly associated 
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with fibrinogen antigen in CFD and 2) the Clauss/Min1 ratio may be an indicator to 

distinguish Dys cases from Hypodys and Hypo cases.16 For the former finding, our results 

showed a poor correlation between Min1 and fibrinogen antigen in Dys cases (r = 0.124). 

We presume that our Dys variants AαC472S (case 5), BβG15C and γD364H (case 19), 

whose polymerizations were markedly affected, and whose Min1 values were small, 

resulted in a poor correlation between fibrinogen antigen and Min1. On the other hand, 

the latter finding was coincident with our data.  

In this study, we showed for the first time that the clot waveform and values of CWA 

parameters in the Clauss method, especially for dH and Min1, using samples from 

multiple CFD cases. We can easily distinguish Dys from aHypo cases by confirming large 

changes in transmittance of the clot waveform, that is, whether the dH value is higher, or 

the values of the Clauss/dH and/or the Clauss/Min1 ratios are lower. However, this study 

has some limitations. Since measuring time of 100 seconds was inappropriate for some 

CFD cases, analyzer automatedly remeasured using longer measuring time and/or 

increasing sample volume. Although CWA parameters change depending on the 

measuring time and sample volume, we could not compare the CWA parameters between 

aHypo and remeasured CFD cases under the same measuring conditions. Furthermore, 

the positive rate for Hypodys cases was lower and because only one Hypo case was 
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included, it was not possible to perform estimates for these groups. Therefore, further 

studies are required to establish new screening methods for CFD, especially for Hypodys 

and Hypo cases, using CWA parameters. 

In spite of having an aberrant fibrinogen function, why was the dH of the Dys groups 

larger than that of the aHypo group? The process of fibrin clot formation (fibrin 

polymerization) is commonly described as consisting of at least three steps: 1) the 

cleavage of fibrinopeptide A (FpA) by thrombin and fibrin monomer production; 2) 

formation of two-stranded protofibrils; and 3) so-called lateral aggregation of protofibrils 

to produce fibrin fibers. Fibrin polymerization using fibrinogen derived from patients 

with dysfibrinogenemia23-27 and computer modeling28 demonstrated that affected FpA 

release (step 1) and/or protofibril formation (step 2) had a long lag period, then minor 

changes in transmittance (Min1), large final transmittance (dH), and finally formation of 

thicker fibrin fibers. Whereas, a reduced ability in the lateral aggregation (step 3) led to a 

long lag period, minor changes in transmittance (Min1), small final transmittance (dH), 

and finally the formation of thinner fibrin fibers.29,30 AαC472S and γD364H variants in 

the Dys group were affected in the lateral aggregation site of the αC domain and γD 

module, respectively;30,31 therefore, Min1 and dH were markedly reduced. Moreover, 

BβG15C variant in the group was affected at the “B:b” interaction site, which is one of 
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the lateral aggregation sites, resulting in markedly reduced dH.28,29 

In conclusion, this study revealed that the CWA using the Clauss method, with the 

Clauss/dH and Clauss/Min1 ratios, were better parameters for the screening of CFD, 

especially patients with Dys than the Clauss/PT-derived ratio. Furthermore, laboratories 

that do not have an automated coagulation analyzer with CWA can suspect CFD using 

careful monitoring of the clot waveform, namely unexpectedly large changes in 

transmittance, even though the fibrinogen values from the Clauss method were lower than 

1.00 g/dL.  
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Figure legends 

 

 

Figure 1. Clot waveforms of the Clauss method within the same variants with 

dysfibrinogenemia. 

The clot waveforms of the Clauss method are shown for five types of 

dysfibrinogenemia: three with AαR16H (A), two with BβR44C (B), two with BβA68T 

(C), three with γR275C (D), and five with γR275H (E). aHypo; pooled plasma from 

patients with acquired hypofibrinogenemia, NC; pooled plasma made from normal 

controls. 
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Figure 2. Clot waveforms of the Clauss method in patients with congenital 

fibrinogen disorders. 

The clot waveforms of the Clauss method are shown for patients with congenital 

fibrinogen disorders: four variants with dysfibrinogenemia other than those presented in 

Figure 3 (A), four with hypodysfibrinogenemia (B) and one with hypofibrinogenemia (C). 

aHypo, pooled plasma made from patients with acquired hypofibrinogenemia; NC, 

pooled plasma made from normal controls. Dys, dysfibrinogenemia; Hypodys, 

hypodysfibrinogenemia; Hypo, hypofibrinogenemia. 



28 
 

 

 

Figure 3. Distribution of clot waveform analysis parameters for patients with 

congenital fibrinogen disorders using dH, Min1, and Clauss/dH and Clauss/Min1 

ratios. 

Distribution of dH (A), Min1 (B), Clauss/dH (C) and Clauss/Min1 ratios (D) from 

acquired hypofibrinogenemia and congenital fibrinogen disorders were compared. The 

bottom and top lines indicate the first and third quartiles of the data, respectively, and the 

horizontal line indicates the median value. The whiskers extend out to the most extreme 

data point that is at most 1.5 times the interquartile range above the third quartile or below 

the first quartile. Closed circles indicate a result from a patient beyond this range. aHypo, 
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acquired hypofibrinogenemia; Dys, dysfibrinogenemia; Hypodys, 

hypodysfibrinogenemia; Hypo, hypofibrinogenemia. * and ** shows significant 

difference (P < 0.05 and P < 0.01, respectively) between acquired hypofibrinogenemia 

and congenital fibrinogen disorders. 



Table 1 Characteristics of patients with fibrinogen disorder  

Age Ag PT-derived
(years) (g/L) (g/L) (g/L)

1 12 M A Aα11Edel He Dys 3A 0.57 1.98 0.29 1.97 246 0.311 0.29 0.0023 1.833
2 81 M A AαR16H He Dys 3A 0.47 2.70 0.17 1.50 218 0.210 0.31 0.0022 2.238
3 31 F A AαR16H He Dys 3A 0.52 2.92 0.18 1.81 296 0.301 0.29 0.0018 1.728
4 42 F T AαR16H He Dys 3A 0.63 3.43 0.18 2.37 421 0.444 0.27 0.0015 1.419
5 6 F A AαC472S He Dys 3A 1.18 2.16 0.55 n.d 47 0.123 n.d 0.0251 9.593
6 25 M A BβG15C He Dys 3A 0.62 2.44 0.25 0.89 34 0.071 0.70 0.0182 8.732

   7† 41 M A BβR44C He Dys 3A 0.77 2.78 0.28 2.13 188 0.262 0.36 0.0041 2.939
   8† 10 F A BβR44C He Dys 3A 0.83 3.28 0.25 2.90 229 0.320 0.29 0.0036 2.594
   9‡ 17 M T BβA68T Ho Dys 3B 0.83 4.07 0.20 2.48 210 0.439 0.33 0.0040 1.891
  10‡ 45 M A BβA68T He Dys 3A 1.74 3.31 0.53 2.36 228 0.706 0.74 0.0076 2.465
11 20 F B γR275C He Dys 3A 0.31 2.46 0.13 3.40 186 0.156 0.09 0.0017 1.987
12 40 F A γR275C He Dys 3A 0.37 3.48 0.11 4.43 291 0.245 0.08 0.0013 1.510
13 23 M A γR275C He Dys 3A 0.16 * 2.80 0.06 2.97 515 * 0.303 * 0.05 0.0003 0.528
14 2 F A γR275H He Dys 3A 0.44 2.46 0.18 3.52 300 0.262 0.13 0.0015 1.679
15 40 M A γR275H He Dys 3A 0.42 2.23 0.19 2.45 305 0.202 0.17 0.0014 2.079
16 31 F A γR275H He Dys 3A 0.57 2.67 0.21 3.02 350 0.347 0.19 0.0016 1.643
17 46 F T γR275H He Dys 3A 0.75 3.65 0.21 4.91 494 0.599 0.15 0.0015 1.252
18 32 F A γR275H He Dys 3A 1.16 2.41 0.48 5.39 469 0.829 0.22 0.0025 1.399
19 20 M T γD364H He Dys 3A 0.14 4.75 0.03 1.98 127 0.091 0.07 0.0011 1.538
20 26 F B γA289V He Hypodys 4C 0.48 1.07 0.45 0.59 34 0.059 0.81 0.0141 8.136
21 29 F A γD320G He Hypodys 4C 0.37 ** 1.07 0.35 0.91 35 ** 0.054 ** 0.41 0.0106 6.852

22 23 M A
γ'R409D-
 He Hypodys 4C 1.21 *** 1.81 0.67 0.64 28 *** 0.142 *** 1.89 0.0432 8.521

23 31 F B γY278H He Hypodys 4C 0.91 1.49 0.61 1.19 176 0.230 0.76 0.0052 3.957

24 0.3 M B
γD364E-
 He Hypo 2B 0.74 0.84 0.88 0.56 45 0.104 1.32 0.0164 7.115

# classification according to recommendation15, †  family with BβR44C, ‡ family with BβA68T, * Measurement using two-fold volume of plasma during 200 sec, ** measurement during 200 sec,
*** measurement using two-fold volume of plasma.
Ag; antigen, M; male, F; female, A; asymptomatic, T; thrombosis, B; bleeding, del; deletion, FS; frame shift, He; heterozygous of carrier status, Ho; homozygous of carrier status,
Dys; dysfibrinogenemia, Hypodys; hypodysfibrinogenemia, Hypo; hypofibrinogenemia, n.d; not determined.

Clauss
/PT-derived

Clauss
/dH

Clauss
/Min1Subtype# ClaussType Clauss

/Ag      dH    Min1Case Gender Symptom Variant Status



Table 2　Detection number for congenital fibrinogen disorders using three parameters

cut-off value type detection number undetection variants (case#)

Dys        (n=18) 16 BβG15C(#6), BβA68T(#10)
Hypodys (n=4) 2 γA289V(#20), γY278H(#23)
Hypo      (n=1) 0 γD364E-FS(422stop)(#24)

Dys        (n=19) 18 BβA68T(#10)
Hypodys (n=4) 1 γA289V(#20), γD320G(#21), γY278H(#23)
Hypo      (n=1) 1

Dys        (n=19) 19
Hypodys (n=4) 2 γD320G(#21), γY278H(#23)
Hypo      (n=1) 0 γD364E-FS(422stop)(#24)

Dys        (n=19) 19
[4] Hypodys (n=4) 2 γD320G(#21), γY278H(#23)

Hypo      (n=1) 1

Dys        (n=19) 19
[5] Hypodys (n=4) 3 γY278H(#23)

Hypo      (n=1) 1

Dys; dysfibrinogenemia, Hypodys; hypodysfibrinogenemia, Hypo; hypofibrinogenemia,  FS; frame shift mutation.

[3] Clauss/Min1

parameters

Clauss/PT-derived

Clauss/dH

[1]

[2]

using parameters of
[2] and [3]

using parameters of
[1], [2] and [3]

< 0.48 and
> 1.39

< 0.0049 and
> 0.0161

< 3.170 and
> 7.468
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