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AbsTrACT
Aims Both the Clauss and prothrombin time- derived 
fibrinogen (PT- Fib) methods have widely been used in 
fibrinogen (Fib) evaluation. We aimed to improve the 
interchangeability between these two methods.
Methods Thirty fresh plasmas of low, normal and high 
Fib concentration were mixed to prepare the pooled 
human plasma. The Fib concentration was assessed 
by the Clauss method. The PT- Fib values were further 
recalibrated by the assigned plasma pools and the 
precision, linearity and reference intervals were verified 
according to the guidelines of American Society for 
Clinical and Laboratory Standards (CLSI) EP15- A and 
EP6- A documents. Finally, the recalibrated PT- Fib method 
was compared with Clauss method by the simultaneous 
Fib test of total 5259 coagulation samples.
results The results indicated that the recalibrated 
PT- Fib method can detect the Fib concentration with 
clinically acceptable third- order linearity in the range of 
1.27–8.00 g/L. Only one result out of 39 healthy people 
tested using the recalibrated PT- Fib method did not fall 
within the reference range defined by the manufacturer. 
We also found more than 99% of results between 
these two methods were interchangeable in the range 
of 1.51–8.00 g/L. The disagreement between these 
two methods was found only in patients with certain 
underlying conditions.
Conclusions After recalibration, the consistency 
between the PT- Fib and Clauss methods was enhanced 
and the interchangeability was improved. The application 
of the recalibrated PT- Fib method provided accurate and 
reliable results with the manufacturer- provided reagents 
and improved detection speed and cost- effectiveness.

InTrOduCTIOn
Fibrinogen (Fib), the precursor of fibrin, is a liver- 
synthesised blood coagulation glycoprotein.1 Fib 
plays a significant role as a thrombin substrate and 
a fibrinolytic target in both coagulation and fibri-
nolysis processes and is increasingly attracting clin-
ical attention for its utility in disease detection.2 3 
Decreased concentrations of Fib are correlated with 
bleeding tendency or an unexplained prolongation 
of the activated partial thromboplastin time (APTT) 
or prothrombin time (PT). Elevated levels of Fib 
may also be associated with enhanced danger of 
thrombosis.4–8

Quantitation of fibrinogen in plasma is an 
important screening tool for coagulation disorders. 

Currently, although there are a number of assays 
to measure fibrinogen levels in plasma, in practice 
most laboratories use the Clauss method,9 a func-
tional assay based on the principle that the clot-
ting time is positively correlated with the plasma 
fibrinogen content. Briefly, after incubation of 
the diluted plasma at 37°C with calcium followed 
by phospholipid and thrombin, the time taken to 
create the clot is likened to a calibration curve and 
the concentration of fibrinogen is deduced.10 With 
excellent specificity, the Clauss method became a 
reference technique recommended by the WHO,11 
as well as a routine measurement method suggested 
by National Clinical Testing Standards Committee 
of the USA.12 However, the detection speed is slow 
and the reagents are expensive.

The prothrombin time- derived fibrinogen (PT- 
Fib) assay is an indirect fibrinogen assay based on 
changes in optical density during PT determination 
and the concentrations of fibrinogen are derived 
from a calibration curve.10 This detection process 
requires only PT but not the fibrinogen measure-
ment reagent, which makes it relatively easier to 
conduct and is cheaper than the Clauss method. In 
addition, PT reagents are more stable in the reagents 
compartment compared with Clauss reagents 
(reagent instructions is 15 days and FIB is 8 hours). 
It is generally considered that within the normal 
range, the results derived from the PT- Fib method 
are close to the results of the Clauss method.13 The 
original Werfen manufacture guide states that in the 
absence of abnormal fibrinogen, the PT- Fib assay 
can substitute for the Clauss method at Fib normal 
range of 2.00–4.00 g/L.

However, the Fib gene is polymorphic and causes 
the products to be highly heterogeneous14 and its 
detection is affected by many factors, which can 
result in disparate findings between instruments 
and methods. Previous studies revealed that fibrin-
ogen levels measured using these two methods 
were poorly correlated in patients with some 
illnesses, regardless of what reagents or instruments 
were used.15 16 In addition, in a multicentre study, 
Mackie et al found that the bias between the PT- Fib 
and Clauss methods is calibrator dependent and 
the degree of disparity is linked to calibrator and 
plasma sample turbidity.17 Based on our prior expe-
rience in validation of the manufacturer’s protocol, 
we also found that most of the Fib results were 10% 
–20% higher according to the PT- Fib method when 
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Table 1 Comparison between Clauss PT- Fib method in another ACL TOP300 instrument before recalibration

PT- Fib results
range (g/L) sample numbers

results  ̄x ±s (g/L)

bias  ̄x ±s (%) Accordance rate (%)PT- Fib Clauss

0.77–2.00 32 1.56±0.36 1.42±0.40 11.89±21.72 71.88

2.01–4.00 439 3.20±0.49 2.88±0.48 11.89±11.18 84.97

4.01–11.45 433 5.32±1.25 4.42±0.96 20.37±10.33 51.50

PT- Fib, prothrombin time- derived fibrinogen.

Figure 1 The accordance rates between two methods after 
recalibration in another TOP300. In the interval of 1.51–7.93 g/L (C,D), 
501 of the 503 results met the requirements for consistency (bias ≤20%, 
between the two plotted lines) and accordance rate was 99.60%. 
In contrast, the bias was over 20% in the ranges between 0.77 and 
11.45 g/L before recalibration (A,B). PT- Fib, prothrombin time- derived 
fibrinogen.

compared with the Clauss method (table 1, figure 1A,B). We 
suspect that the bias between these two methods is due to using 
the same calibrator with different value assignments.

In this study, to improve the interchangeability between these 
two methods, we present a practical protocol to recalibrate the 
PT- Fib using the pooled plasma value assigned by the Clauss 
method. The performance and clinical applications of this recal-
ibrated assay have been validated in our laboratory.

MATerIALs And MeThOds
Patients and samples
All samples were collected from both hospitalised patients and 
outpatients in the Sinopharm Gezhouba Central Hospital. A total 
of 5259 samples were collected from 3786 patients, including 
1955 males and 1831 females ranging from 2 to 95 years of 
age. These patients were enrolled from November 2018 to April 
2019 and the total sample number from different patients was 
3786. All data were fully anonymised prior to access and use. 
This study was approved by the Hospital Ethics Committee with 
the ethics board number 20181003, and a general consent form 
was obtained from all patients. For sampling, 1.8 mL of venous 
blood was placed in a vacuum blood vessel(Wuhan Zhiyuan, 
Wuhan, China) followed by horizontal centrifuge at 2000×g 
for 15 min. Samples from patients with haemolysis and lipaemic 
were excluded (seven with haemolysis, nine with lipaemic). In 

addition, if hematocrit (HCT) was >55% or <25%, the volume 
of anticoagulant was recalculated according to the correction 
formula: (mL)=1.85 ×0.001×blood vol × (1 – HCT).18

Freshly pooled human plasma for PT-Fib calibration
Freshly pooled human plasma used for value transfer were 
prepared from equal volumes of 30 Clauss method- tested 
fresh specimens with good optical quality. These samples 
included 4 low- value samples, 23 normal- value specimens and 
3 high- value specimens according to the value distribution 
from 49 753 (low: normal: high, 6751:38207:4795) Clauss 
tests over the past 2 years. The pooled plasma was tested by 
the Clauss assay 20 times using an ACL TOP700 automatic 
coagulation analyzer, with the original reagent (batch number 
N0688281), calibrator (E0177755) and quality control prod-
ucts (N0386250 and H0864436) all provided by the original 
manufacturer.19 The mean values were taken as the assign-
ment value for calibrating the PT- Fib method using an ACL 
TOP700 with reagent N0386789 and quality control products 
N0386250 &H0864436 after outliers (greater than three SD 
from the mean) were excluded. The calibrators were traceable 
to the National Institute of Biological Products (NIBSC) stan-
dard system.

Precision analysis
Per the recommended method described in CLSI’s EP- 15A docu-
ment,20 commercial quality control (QC) reference preparations 
at both normal and abnormal levels were tested by the recali-
brated PT- Fib assay. In particular, for refrigerator storage, QC 
sample of each level was divided into five aliquots. The fresh 
aliquot of normal and abnormal commercial QC reference level 
was prewarmed to room temperature and tested three times 
a day for five successive days. The results were statistically 
processed to calculate intra- assay SD (Sr), interassay variance 
(Sb

2), within- laboratory SD (Sl), degree of freedom (T) and veri-
fication value (V). If Sl<V, the precision of the manufacturer’s 
claim was verified.

Linearity
Per the CLSI EP6- A document,21 leftover samples with low (L) 
and high (H) Fib concentrations were mixed at the volume ratios 
of 4:0, 3:1, 2:2, 1:3 and 0:4 to obtain five linear target concen-
trations. The expected value of each sample concentration 
was calculated according to the formula (CL×VL+CH×VL)/
(VL+VH) (where C is the sample concentration and V is the 
sample volume). Triplicate measurements were carried out in the 
above linear samples and the mean values were calculated. The 
measured average value and the expected value were checked to 
remove outliers, followed by a multiple linear regression analysis 
and the regression of log- transformed concentration was drawn 
for assessment.
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Table 2 The precision analysis of recalibrated PT- Fib method

Level Level 2 Level 3

Replicates 1 2 3 4 5 1 2 3 4 5

Means (g/L) 3.05 3.04 2.98 3.07 3.06 1.95 2.02 1.98 2.09 2.05

Sr 0.085 0.091 0.050 0.071 0.090 0.067 0.047 0.050 0.036 0.031

Sb
2 0.035 0.051

Sl 0.073 0.064

T 13.789 8.812

V 0.100 0.106

PT- Fib, prothrombin time- derived fibrinogen.

Figure 2 The accordance rates between two methods after 
recalibration. Using the Clauss method as a reference, concordance 
between the Clauss and recalibrated PT- Fib methods across Fib 
measurement ranges was demonstrated. In the interchangeable 
interval of 1.51–8.00 g/L (B), the determination coefficient r2 from linear 
regression was 0.9601, indicating that an excellent agreement between 
these two methods has been established within this interchangeable 
interval. In contrast, the determination coefficient r2 in the other two 
ranges (A,C) were much lower. (D) The accordance rates between two 
methods in the interval of 0.36- 10.22 g/L which contains 5215 samples. 
PT- Fib, prothrombin time- derived fibrinogen.

reference interval
Per the CLSI C28- A2 document,22 39 apparently healthy 
medical examiners were selected for the recalibrated PT- Fib test 
mentioned above. These individuals were determined to have no 
underlying disease after a comprehensive medical examination 
at our hospital. If more than 90% of the Fib values obtained 
from this method fall within the reference interval specified by 
the manufacturer, this implies that manufacturer’s claim was 
verified in their calibrated PT- Fib test.

Methods comparison
To investigate how the freshly pooled plasma calibrator had 
influenced the concordance between the Clauss and PT- Fib 
assays, 5215 freshly collected samples (within 2 hours) were 
analysed in parallel by these two methods on an ACL TOP700 
and the PT- Fib assay was calibrated by the plasma pools cali-
brator. The quality control experiments at normal and abnormal 

levels were conducted daily and verified according to the quality 
control regulations of the two level sigma. Using the Clauss 
test as a reference, the proportions of our recalibrated PT- Fib 
method results that achieved desirable performance requirement 
per the People’s Republic of China Health Industry Standard 
WS/T 406–2012 (bias no more than 20%) were used to calcu-
late the concordance rates between these two methods across 
measurement ranges.

statistical analysis
Per the CLSI document EP15- A2, Excel 2010 was used to 
analyse test information. Continuous variables with normal 
distribution were presented as the means±SD and compared by 
Student’s t- test. Linear correlation coefficients were tested for 
significance using analysis of variance. Outliers were defined as 
values exceeding three SD from the mean of each group. P values 
less than 0.05 were considered significant.

resuLTs
Performance verification of PT-Fib method after recalibration
The results of the precision verification of the recalibrated 
PT- Fib method are detailed in table 2. Within- laboratory SD (Sl) 
(0.073 and 0.064, respectively) was less than verification value 
(V) (0.1 and 0.106, respectively) at both normal and abnormal 
commercial QC reference levels, indicating that the precision 
claimed by the manufacturer was verified. For linearity anal-
ysis, there was no obvious bias between the expected Fib value 
and the measured value derived from the recalibrated PT- Fib 
method. The best fitting equation was a cubic polynomial with 
the following regression: y=−0.0067x3+0.1143x2+0.4506x+
0.5341 (r2=0.9999). The imprecision across the five gradient 
concentrations ranged from −0.44% to 0.45% and the average 
imprecision was −0.02%, which is much less than the criterion 
in the WS/T 406–2012 standard (≤10%).23 These results indi-
cated that our recalibrated PT- Fib method can detect Fib with a 
clinically acceptable third- order linearity in the range of 1.27–
8.00 g/L. Our recalibrated PT- Fib method has also been used to 
test plasma Fib in 39 healthy people including 22 males and 17 
females aged 23–71. The collected results ranged from 2.49 to 
5.01 g/L and only one test result did not fall within the reference 
range of 2.38–4.98 g/L provided by the manufacturer, leading to 
the agreement rate of 97.44%.

Method comparison
Based on our experience, the disagreement between PT- Fib and 
Clauss methods was found most often in patients with certain 
underlying conditions (44 in total, 0.84% of the total sample), 
including the history of extensive anticoagulant therapy after 
dialysis, diagnosis of liver sclerosis decompensation, primary 
or metastasis hepatic cancer, sepsis and myeloma, the level of 
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Table 4 Comparison between Clauss and recalibrated PT- Fib method in another ACL TOP300

PT- Fib results
range (g/L) sample numbers

results  ̄x ±s (g/L)

bias  ̄x ±s (%) Accordance rate (%)PT- Fib Clauss

1.51–7.93 503 3.46±1.13 3.46±1.09 4.80±4.13 99.60

PT- Fib, prothrombin time- derived fibrinogen.

Figure 3 In the interchangeable interval of 1.51–8.00 g/L (B), 5060 
of the 5075 results met the requirements for consistency (bias≤20%, 
between the two plotted lines) and accordance rate was 99.70%. In 
contrast, the bias was over 20% in the other two ranges (A,C). (D) The 
bias between two methods in the interval of 0.36- 10.22 g/L which 
contains 5215 samples. PT- Fib, prothrombin time- derived fibrinogen.

Table 3 Comparison between Clauss and recalibrated PT- Fib method in different range

PT- Fib results range (g/L) sample numbers

results  ̄x ±s (g/L)

bias  ̄x ±s (%) Accordance rate (%)PT- Fib Clauss

0.36–1.00 25 0.76±0.18 0.85±0.20 −9.66±15.62 64.00

1.01–1.50 86 1.30±0.14 1.39±0.20 −5.88±11.93 93.02

1.51–2.37 745 2.06±0.23 2.19±0.30 −4.96±8.39 99.60

2.38–4.98 3639 3.40±0.69 3.40±0.71 0.35±6.80 99.78

4.99–8.00 691 5.93±0.78 5.86±0.86 1.61±6.18 99.42

8.01–10.22 29 8.49±0.57 8.19±0.75 4.16±8.94 86.21

PT- Fib, prothrombin time- derived fibrinogen.

fibrinogen degradation products (FDP) ≥50 mg/L, thrombin 
time (TT) ≥25 s and APTT≥80 s. In patients without the 
above underlying conditions, a comparative analysis of these 
two methods is shown in figures 2 and 3 and summarised in 
table 3. Using the Clauss method results as the target value, 
the concordance was defined as the proportion of the results 
in which bias between the PT- Fib method and Clauss method 
was less than 20%. As shown in table 3, the accordance rates 
in the range of 1.51–2.37 g/L, 2.38–4.98 g/L and 4.99–8.00 g/L 
were all greater than 99%. With the interchangeable interval 
between the PT- Fib method and the Clauss method set at 
1.51–8.00 g/L, the results of 5075 samples fell within this 
range. Further, 5060 of the 5075 samples met the require-
ments of consistency (bias≤20%) and the accordance rate was 

99.70%. As shown in figure 2B, the determination coefficient 
r2 from linear regression was 0.9601, indicating an excellent 
agreement between these two methods has been established 
within this interchangeable interval. As shown in figure 2A,C, 
the coincidence rate was 86.49%, and r2 was 0.7632 in the 
range of 0.36–1.50 g/L. The coincidence rate was 86.21% and 
r2 was 0.2270 in the range of 8.01–10.22 g/L.

Practical application
Based on the validation results, a practical protocol and work-
flow for Fib evaluation were established in our laboratory as 
follows: (1) all Fib samples were initially screened using the 
recalibrated PT- Fib method in an automated analyzer; (2) if 
the results fell into the range of 1.51–8.00 g/L and the under-
lying patient conditions associated with bias were not present, 
the results will be released directly; (3) for patients with the 
underlying conditions mentioned above, a manual request 
of Clauss fib assay on the automated analyzer will be used 
to retest the Fib concentration for clinical reporting; (4) if 
the results of the recalibrated PT- Fib method did not fall in 
the range of 1.51–8.00 g/L, the Clauss method will be used 
for the reflex testing. After this procedure was applied in the 
second half of the year, Fib retesting rate in our laboratory 
dropped to just 2.69% (295/10975), which was much lower 
than 35.65% (3913/10975) estimated from the original manu-
facturer guidelines. At the same time, the detection speed and 
cost- effectiveness were also improved.

dIsCussIOn
Earlier studies have identified several factors that may contribute 
to the artificially elevated fibrinogen results obtained from the 
PT- Fib test. Except for the genetically determined structural 
variation in the proteins themselves, the other two significant 
factors were insufficient value transfer on calibration and matrix 
effects linked to the underlying circumstances of the patient. The 
selection of calibrator or standard is very important for PT- Fib 
as the assay is an indirect measurement of Fib based on optical 
change. It is difficult to achieve calibration if the reference 
plasma has a high fibrinogen level or excess turbidity.13 17 Pooled 
fresh human plasma of good optical quality is recommended for 
calibration purpose, because it is free of reconstitution errors, 
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Take home messages

 ► The recalibration of prothrombin time- derived fibrinogen (PT- 
Fib) is carried out completely according to the value transfer 
method and can be traced to the reference material.

 ► The performance of the calibrated PT- Fib method meets the 
standards.

 ► The recalibrated PT- Fib method can almost replace the Clauss 
method in the range of 1.51–8.00 g/L.

 ► The manufacturer’s guideline suggested that the PT- Fib 
result should be reviewed by Claus method when the result 
is beyond 2–4 g/L, with a review rate of 35.65%. Based on 
the results of this study, the Claus method only needs to be 
reviewed outside the range of 1.51–8.00 g/L and in some rare 
cases, with a reduced review rate of only 2.69%. Therefore, 
the recalibrated PT- Fib test resulted in significant savings in 
reagent and time costs.

mimics patient specimens more closely and produces superior 
intra- assay precision.24

To further improve PT- Fib standardisation, in the present 
study, an intralaboratory reference value transfer was imple-
mented. To derive a traceable PT- Fib reference material, freshly 
pooled human plasma samples were value assigned by the Clauss 
assay, which is the reference method recommended by WHO. 
Then, the analyzer was calibrated by performing a PT time test 
on this reference plasma and the optical change in each test 
sample was then converted to a fibrinogen value. The preci-
sion analysis demonstrated that the recalibrated PT- Fib method 
fulfils the requirements claimed by PT- Fib assay manufacturer. 
At the same time, the linear analysis using five gradient dilution 
controls showed that the recalibrated PT- Fib method can detect 
Fib with a clinically acceptable third- order linearity in the range 
of 1.27–8.00 g/L.

Nevertheless, matrix effects of patient samples also create 
discrepancies between the PT- Fib and Clauss methods. As 
a functional reactant, fibrinogen concentration changes in 
response to both acute and chronic processes. Especially in 
samples from patients with disseminated intravascular coagu-
lation, liver disease, renal disease, dysfibrinogenaemia, those 
receiving anticoagulants or thrombolytic therapy, fibrinogen 
levels will increase in response to inflammation.2 3 In our 
study, we found that even after the recalibration by pooled 
plasma, the clinically unacceptable bias (≥20%) still could 
be observed in patients that had experienced extensive anti-
coagulant therapy, had been diagnosed with liver sclerosis 
decompensation or had some other coagulation disorder with 
elevated levels of FDP, TT or APTT. Rizzo et al also found 
that the deviations detected in different methods in fibrin-
ogen levels are related to the severity of cirrhosis,25 which is 
consistent with our results that the detection value deviation 
of the two methods is over 20% in cirrhosis decompensation 
period. In this case, whether the Clauss method is more accu-
rate than the PT- Fib method is still under discussion. Even 
though more than 99% results between these two methods 
still can be interchanged, we found a strong consistency 
between these two tests, with concordance rates>99% in 
the range of 1.51–2.37 g/L, 2.38–4.98 g/L and 4.99–8.00 g/L. 
In addition, under values of 1.51–8.00 g/L, linear regression 
analysis also revealed that more than 99% of values in our 
study were interchangeable between these two methods. In 
summary, we examined the agreement between the auto-
mated Clauss and PT- Fib methods, in which the PT- Fib 
method was recalibrated using freshly pooled human plasma 
in our laboratory.

This recalibration protocol has also been applied to another 
ACL TOP300 instrument in our hospital. In the interval of 
1.51–7.93 g/L (table 4, figure 1C,D), 501 of 503 results met 
the requirements for consistency (bias≤20%, between the two 
plotted lines) and accordance rates was 99.60%. In contrast, the 
bias exceeded the criteria in the wider ranges between 0.77 and 
11.45 g/L (table 1, figure 1A,B).

The findings from this study indicated that these two methods 
are interchangeable for a broad range of patients without certain 
underlying conditions. As compared with a protocol using the 
Clauss method, we also showed that the recalibrated PT- Fib 
decreased the reflex testing and improved cost- effectiveness of 
Fib testing. The PT reagents of different product batches need 
to be recalibrated and the calibration results are only suitable 
on certain instruments. Therefore, recalibration may also be 
required on a per- instrument basis. Other laboratories can refer 
to this protocol for recalibration and validation.
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