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Prothrombin time derived fibrinogen
determination on Sysmex CA-600OTM

A S Lawrie, S J McDonald, G Purdy, I J Mackie, S J Machin

Abstract
Aim-To evaluate PT derived fibrinogen
determinations with reference to the
Clauss fibrinogen assay using a Sysmex
CA-6000Tm random access coagulation
analyser.
Methods-Samples were analysed from
normal subjects (n = 20), patients with
renal or liver dysfunction (n = 25),
critically ill patients (n = 25), patients
receiving oral anticoagulant treatment (n
= 50), and patients with a haemoglobin-
opathy (n = 127). Prothrombin times were
performed using two thromboplastins:
one derived from rabbit brain (Dade:
Thromboplastin IS) and the other from
recombinant human tissue factor (Dade:
Innovin). Fibrinogen was assayed by the
Clauss method using a commercial kit
(Dade: Fibrinogen).
Results-The relation between Clauss fi-
brinogen and PT derived fibrinogen was
found to be dependent on the patient's
clinical group and source of the thrombo-
plastin used. When the data from the
above sample groups were pooled there
was still a significant difference
(p < 0.001) between Clauss fibrinogen and
PT derived fibrinogen, irrespective of
thromboplastin used.
Conclusions-It is unsafe to use the PT
derived fibrinogen for patient monitoring
owing to non-uniform variability in re-
sponse to clinical status and reagent
employed; however, it may prove to be a
useful screening test in a research envi-
ronment for estimating fibrinogen levels
among defined patient groups.
(C Clin Pathol 1998;51:462-466)
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Fibrinogen is an essential component of the
haemostatic process, with key roles both in
plasmatic clot formation' and as a cofactor in
the aggregation of platelets.2 Severe fibrinogen
deficiency can occur as an inherited disorder,3
as a result of reduced synthesis secondary to
liver failure,4 and during consumptive
coagulopathies,5 and may result in a life threat-
ening haemorrhagic diathesis.3 Similarly, con-
genital and acquired dysfibrinogenaemias have
been described which may lead to a bleeding or
thrombotic state.' '-lo Further, high levels of
normal fibrinogen are an independent risk fac-
tor in ischaemic heart disease."-13 Therefore
some physicians recommend fibrinogen
measurement as part of the profile of thrombo-

embolic risk assessment, and this has created
an ever increasing demand for fibrinogen
assays in the clinical laboratory.

Currently the most widely used technique
for determination of fibrinogen concentration
is a modification of the assay described by
Clauss." In this method, dilutions of a plasma
standard (of known fibrinogen concentration)
are clotted with a high concentration of
thrombin (-100 NIH U/ml), the clotting time
being proportional to the fibrinogen concen-
tration; the clotting time of dilute patient's
plasma may then be used to read the fibrinogen
concentration from the standard curve. The
Clauss assay is time consuming, requiring dilu-
tion buffer and special thrombin reagent,
which on some fully automated coagulation
analysers may cause carryover problems in
subsequent tests.

In coagulation tests, the change in light scatter
or optical density during clot formation shows a
progressive increase until a plateau is reached.
The height of this response from the baseline is
proportional to the fibrinogen concentration.
Several modern photo-optical coagulometers
exploit this change in optical properties during
the prothrombin time reaction to determine a
prothrombin time derived (PT derived) fibrino-
gen concentration, by comparing the response of
a test plasma with that of a standard (of known
fibrinogen concentration) and extrapolating the
fibrinogen level."-'

In this study we undertook a comparative
evaluation of Clauss fibrinogen assay versus PT
derived fibrinogen determinations on the
Sysmex CA-6000TM. Specific attention was
paid to the source of thromboplastin employed
in the prothrombin time (that is, to produce the
PT derived fibrinogen), and the clinical
category of patients from whom samples were
obtained-for example, patients with sepsis or
a hepatic disorder might have fibrin(ogen)
degradation products or an acquired dysfi-
brinogenaemia that could disturb fibrin polym-
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Figure 1 Prothrombin time international normalised ratio
(INR) comparability (all samples, n = 247).
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Figure 2 Clinical group dependent correlation between Clauss and prothrombin time
derivedfibrinogen (PT-dev-Fg).

erisation and affect haemostatic tests based on

clot detection.49 10

Methods
Samples were obtained from 20 healthy normal
subjects, 25 patients with renal or liver
dysfunction, 25 critically ill patients, 50
patients receiving oral anticoagulant treatment,
and 127 patients with haemoglobinopathies.

The samples from the 50 patients receiving oral
anticoagulant treatment were selected to give a
range of prothrombin times covering inter-
national normalised ratio (INR) values from
1.7 to 5.6. Samples in the haemoglobinopathy
group were from 70 patients with sickle cell
disorders (these included samples from pa-
tients with HGS/,B°thalassaemia, HbSD,
HbSS), 17 with HbSC disease, 15 with
b°thalassaemia intermedia, and 25 with Potha-
lassaemia major. Twenty of the sickle cell
disorders and all of the thalassaemia major
patients were on chronic blood transfusion
regimens. None of the sickle cell disorders or
HbSC patients was in crisis.
Blood was taken by clean venepuncture into

0.105 M trisodium citrate, with a ratio of one
part anticoagulant to nine parts whole blood.
The samples were centrifuged at 2000 g for 15
minutes. The upper two thirds of the plasma
was removed and subjected to a second
centrifugation, also at 2000 g for 15 minutes.
Aliquots of plasma were then stored in
polypropylene cryo-tubes (2.0 ml micro tubes
No 72.694.007; Sarstedt, Leicester, UK) for
less than three months at -70°C until required
for assay, when they were thawed to 37°C.

Samples were subjected to analysis by the
prothrombin time test using two reagents
(Thromboplastin IS and Innovin; Dade: Sys-
mex UK, Milton Keynes, UK) and Clauss
fibrinogen assay (Dade). From our previous
experience with the above reagents and ana-
lyser we anticipated that the prothrombin time
reference range clotting times (mean ± 2
standard deviations) for the different reagents
would vary; therefore to facilitate comparison
of prothrombin times between reagents, refer-
ence ranges were converted to ratios by
dividing the upper and lower limits of the range
by the range mean.
The prothrombin time ratios (PTR) were

calculated using the geometric mean normal
for the respective tests. PTR results were
converted to INRs with the use of INR
calibrated plasmas (AK-Calibrant, Immuno,
Sevenoaks, Kent, UK). All analytical proce-
dures were undertaken on a Sysmex CA-
6000TM random access coagulation analyser
(Sysmex UK) and reagents were used in
accordance with their manufacturers' recom-
mendations.

Paired data were analysed using a non-
parametric test (Wilcoxon rank sum paired
test) and probability (p) < 0.05 was considered
significant. Comparison of results between

Table 1 Reference ranges (n = 20)

Geometric 95% Confidence
Test mean intervals

PT (s), Thromboplastin IS 11.7 10.6 to 12.9
PT (ratio), Thromboplastin 1.00 0.91 to 1.10

Is
PT-dev-Fg, Thromboplastin 2.56 1.81 to 3.62

IS (g/l)
PT (s), Innovin 8.1 7.0 to 9.3
PT (ratio), Innovin 1.00 0.87 to 1.1 5
PT-dev-Fg, Innovin (g/l) 2.47 1.89 to 3.25
Clauss fibrinogen (g/l) 2.32 1.54 to 3.49

PT, prothrombin time; PT-dev-Fg, prothrombin time derived
fibrinogen.
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Table 2 International normalised ratios (INR) andfibrinogen levels on all samples
(n = 247)

Thronmboplastin IS Innovin
Clauss fibrinzogen

INR PT-dev-Fg (gll) INR PT-dev-Fg (gll) (gl1)

Mean 1.68 3.69 1.57 3.64 3.02
SD 1.10 1.91 1.10 1.81 1.27
Minimum 0.88 0.68 0.87 1.54 1.05
Maximum 5.87 11.73 6.11 12.18 8.60

INR were calculated using INR calibrated plasmas. PT-dev-Fg, prothrombin time derived
fibrinogen.

Table 3 Variation between fibroginogen determinations

PT-dev-Fg v Clauss PT-dev-Fg

Samiple grouips TP-IS Innovin TP-IS v Innovin

Normal samples p = 0.0001 p = 0.009 p = 0.004
Renal or liver dysfunction p = 0.0004 p = 0.001 p = 0.0004
Critical illness p < 0.0001 p < 0.0001 NS
Oral anticoagulants p < 0.0001 p < 0.0001 NS
Haemoglobinopathy p < 0.0001 p < 0.0001 NS
All samples p < 0.0001 p < 0.0001 NS

PT, prothrombin time; PT-dev-Fg, prothrombin time derived fibrinogen; TP-IS, Thromboplastin
IS.

methods was undertaken using linear
regression analysis by least squares and also by
the procedure described by Altman and
Bland.8 The latter technique involves plotting
the mean of the results for the two methods on
the x axis against the arithmetic or percentage
difference on the y axis. Visual inspection of
these data allows one to recognise random dis-
crepancies (imprecision) and systematic differ-
ences (bias).

Results
We measured prothrombin times on samples
from 227 patients and 20 healthy normal sub-

Thromboplastin IS

jects using Thromboplastin IS and Innovin.
When local analyser specific ISI (international
sensitivity index) assignment had been under-
taken (Thromboplastin IS ISI = 1. 15; Innovin
ISI = 0.87), INR results from the two reagents
correlated well (r = 0.99) with a slope close to
1.0 and an intercept close to zero (fig 1). How-
ever, there was a statistically significant differ-
ence between reagents (p < 0.0001).

Reference ranges for PT derived fibrinogen
and Clauss fibrinogen determinations were
established by testing plasma from 20 appar-
ently healthy normal subjects. The ranges were
found to be similar for each of these procedures
(table 1). However, the relation between PT
derived fibrinogen and Clauss fibrinogen was
seen to vary markedly between patient groups
and was also dependent on the reagent used
(fig 2). For a more complete picture of the
patients' samples analysed, ranges of PT
derived fibrinogen and Clauss fibrinogen are
presented in table 2.
When comparing PT derived fibrinogen

results obtained using thromboplastins of
different source (Innovin versus Thromboplas-
tin IS), a good correlation was observed in each
sample group (r = 0.97 to 0.99, slope = 0.76 to
1.03, intercept = 0.13 to 0.58). However, the
relation between Clauss fibrinogen and PT
derived fibrinogen was seen to be dependent
on the sample group and the source of the
thromboplastin used for the latter procedure,
that is, either Innovin (r = 0.88 to 0.97, slope =
0.68 to 1.56, intercept = 0.25 to 1.16) or
Thromboplastin IS (r = 0.89 to 0.97, slope =
0.89 to 1.40, intercept = 0.06 to 0.63) (fig 2).
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Figure 4 Comparison of Clauss and prothrombin time derived (PT-dev-Fg) methods (all
sample groups).

These observations were confirmed by statisti-
cal analysis (table 3) which showed a difference
between Clauss fibrinogen and PT derived
fibrinogen irrespective of sample group or

source of thromboplastin (p < 0.001). Fur-
thermore, when all sample groups were com-

bined the relation was shown to depend not
just on the reagent used (fig 3) but also on the
range of fibrinogen levels analysed (for exam-

ple, < 4.5 g/l) as shown in fig 4.
There was no apparent relation between PT

derived fibrinogen (using either Thromboplas-
tin IS (r = 0.35) or Innovin (r = 0.42)) or

Clauss fibrinogen (r = 0.14) and the INR
value. Similarly when the difference between
PT derived fibrinogen (using either Thrombo-
plastin IS (r = 0.48) or Innovin (r = 0.48)) and
Clauss fibrinogen was calculated and com-

pared with the INR, no clear relation was

shown. Furthermore, correlation between PT
derived fibrinogen minus Clauss fibrinogen
and Clauss fibrinogen was extremely poor,
with considerable variation around the line of
regression (using either Thromboplastin IS (r
= 0.60) or Innovin (r = 0.44)).

Discussion
Fibrinogen, an acute phase reactant, is in-
creased in response to both acute and chronic
inflammatory processes. '" This characteristic
is particularly significant in the groups of
patients we studied, in whom fibrinogen levels

are inherently dynamic. Fibrinogen levels in
these patients may be increased in response to
inflammation or reduced owing to consump-

tion, making accurate determination essential
as they provide a means of monitoring the
extent of coagulation activation and the
clinical course of the disease. Additionally,
patients with sickle cell disease or a thalassae-
mic syndrome suffer chronic mild haemolysis
and subsequent exposure to free circulating
haemoglobin. Free haemoglobin prolongs the
conversion of fibrinogen to fibrin by thrombin
up to twofold when present in concentrations
as low as 0.48 mM.W0 As haemolysed erythro-
cytes may release up to 2.3 mM free
haemoglobin, monitoring of fibrinogen levels
in these patients may provide an indication of
the extent of any low grade subclinical haemo-
lysis occurring.

The PT derived fibrinogen technique uses
the difference in light scattering before and
after clot formation compared with the read-
ings taken using a standard (of known fibrino-
gen concentration) and extrapolates the fi-
brinogen concentration.'5 16 PT derived
fibrinogen (as its name implies) is not therefore
a direct measurement of fibrinogen and it has
previously been shown to overestimate fibrino-
gen concentrations.'7

This study showed that results from PT
derived fibrinogen differed from those ob-
tained by the Clauss technique. The precise
relation between the two tests was reliant upon
the source of thromboplastin used within the
PT derived fibrinogen procedure and the
patients' clinical status. As the discrepancy
between results obtained by the two techniques
could be affected by the patient's clinical state
(and a patient's clinical condition can on occa-

sions change rapidly), it would be unsafe to use

the PT derived fibrinogen in the clinical
environment where the Clauss technique is
well established.
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