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Monitoring oral anticoagulant treatment with the
TAS near-patient test system: comparison with
conventional thromboplastins

S Kitchen, F E Preston

Abstract
Background-A number of instruments
have been developed for determination of
prothrombin time (PT) and International
Normalised Ratio (INR) at locations not
limited to central laboratories.
Aim-To evaluate one such portable in-
strument, the Thrombolytic Assessment
System (TAS), which can be used in a
near-patient setting.
Methods-Samples from 20 normal sub-
jects and 48 patients treated with warfarin
for venous thromboembolic disease were
studied. The warfarin group was divided
into: initiation phase (n = 10), combined
warfarin and heparin (n = 10), stabilised
therapy (n = 20), and over anticoagulated
patients (n = 8). PTs and INRs were deter-
mined in each group using three conven-
tional thromboplastins (Diagen Activated,
Manchester Reagent, and Instrumentation
Laboratory) and two TAS techniques
(whole blood or plasma). An independent
International Sensitivity Index (ISI) cali-
bration of the TAS system was performed.
Results-Calculated ISIs for the TAS were
1.028 and 0.984 for plasma and whole
blood analysis, respectively, compared
with manufacturer's values of 0.98 and
0.97. INR results with TAS (whole blood)
were 11% less than those obtained with
Diagen Activated (p < 0.01) and 16% less
than those obtained with Instrumentation
Laboratory (p < 0.001) when manufactur-
ers' mean normal PT and ISI were used
for TAS INRs. TAS (whole blood) results
were similar to TAS plasma or Manches-
ter Reagent results. The use of a locally
determined mean normal prothrombin
time (MNPT) improved agreement be-
tween TAS and the other reagents, abol-
ishing the significant difference between
INRs determined with TAS (whole blood)
and Diagen Activated techniques.
Conclusion-The TAS system can be used
with whole blood or plasma and produces
similar INRs to those obtained with Dia-
gen Activated or Manchester Reagent
using manufacturer's ISI and a locally
determined MNPT. Results were lower
with TAS or Manchester Reagent com-
pared with those obtained with Instru-
mentation Laboratory thromboplastin.
(7 Clin Pathol 1997;50:951-956)
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Oral anticoagulants are widely used for the
prevention and treatment of thromboembolic
disease.' Optimal oral anticoagulant dosage
regimens reflect a balance between the anti-
thrombotic effects of these drugs and un-
wanted haemorrhagic side effects. Warfarin
dose adjustments necessitate reliable labora-
tory monitoring. The test most commonly used
for this purpose is the prothrombin time (PT)
expressed as International Normalised Ratio
(INR). The INR system is a standardised
system of reporting that takes account of the
variability in the responsiveness of thrombo-
plastins to the defect induced by coumarin
drugs.2' The theoretical advantage of this sys-
tem is that the same INR is obtained irrespec-
tive of the laboratory reagent used, and its
introduction has undoubtedly contributed to
improvement in the laboratory control of oral
anticoagulant treatment.4
The problems of large scale laboratory

monitoring of oral anticoagulants particularly
in an outpatient setting, have led to the recent
development of a number of near-patient test-
ing instruments.5`10
One such portable instrument is the Throm-

bolytic Assessment System (TAS) that can be
used to determine PT and INR in a near-
patient setting.7 We compared INR results
obtained with this instrument to those ob-
tained using three thromboplastins in common
use in the UK.

Materials and methods
SAMPLES
Venous blood samples were collected in the
proportion 9 parts blood to 1 part 0.105 M
buffered trisodium citrate (Vacutainer, Becton-
Dickinson Ltd, Cowley, Oxford, UK). One
millilitre of whole blood was transferred to a
stoppered plastic container and the remaining
4 ml centrifuged at 2000 xg for 10 minutes at
room temperature. The citrated whole blood
sample was tested using the TAS system only,
whereas the citrated platelet poor plasma was
tested using the TAS system and three conven-
tional thromboplastins.

PATIENT GROUPS

Samples were collected from 48 patients
receiving warfarin for venous thromboembolic
disease, which comprised the following:
Initiation phase-I0 patients during the first 10
days of treatment not receiving concurrent
heparin at the time of sample collection.
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Table 1 Precision ofPT and INR tests for the TAS system and conventional
thromboplastins

Conventional thromboplastins
(plasma)

TAS system TAS system
whole blood plasma MR IL DA

Within-assay precision
Normal Mean PT (s) 10.9 10.5 16.4 13.4 14.6

CV(%) 3.6 1.0 3.6 1.0 2.3
Abnormal Mean INR 2.75 2.93 2.62 3.07 2.59

CV(%) 9.7 7.3 4.4 0.9 6.7
Between-assay precision
Normal Mean PT (s) - 10.9 15.6 13.2 14.5

CV(%) - 2.4 3.3 1.9 3.7
Abnormal Mean INR - 2.47 2.33 3.04 2.39

CV(%) - 7.9 9.9 4.2 7.7

Means are average of 10 replicates. Samples used for within-assay precision were different for each
technique; samples used for between-assay precision were the same for all techniques.
MR, Manchester Reagent; IL, Instrumentation Laboratory; DA, Diagen Activated.

Table 2 Prothrombin times of20 normal subjects

Conventional thromboplastins
TAS system TAS system
whole blood plasma MR IL DA

Mean PT (s) 10.6 10.7 15.5 13.0 14.3
Standard deviation 1.12 0.93 0.94 0.82 0.86

MR, Manchester Reagent; IL, Instrumentation Laboratory; DA, Diagen Activated.

Combined warfarin and heparin-1 0 patients
receiving both warfarin and concurrent
intravenous unfractionated sodium heparin
treatment.
Stable warfarin therapy 20 patients stabilised
on warfarin with no major change in INR for at
least four weeks.
Over anticoagulated patients-8 patients with
INRs > 4.5 (as measured using Instrumenta-
tion Laboratory thromboplastin).

TAS INSTRUMENT: PRINCIPLE OF ANALYSIS
The TAS system consists of a microprocessor
controlled analyser (Cardiovascular Diagnostic
Inc, Research Triangle Park, North Carolina,
USA) and individual disposable test cards.
Clotting is measured in the presence of inert
paramagnetic iron oxide particles in combina-
tion with a human placental thromboplastin
containing calcium, dried and contained in a
reaction chamber within the test card as
described elsewhere."

DETERMINATION OF INR: CONVENTIONAL
THROMBOPLASTINS
All tests were performed between one and two
hours after sample collection and the order of
testing with different techniques (three conven-
tional thromboplastins, TAS system with
plasma, TAS system with whole blood) was

Table 3 Mean INRs determined using the TAS system and three conventional
thromboplastins

TAS whole TAS TAS whole
Patient group n blood (1) plasma MR IL DA blood (2)

Initiation of warfarin 10 1.50 1.61 1.60 1.73 1.61 1.60
Combined heparin and

warfarin 10 1.85 1.93 2.23 2.05 2.27 2.01
Stable warfarin therapy 20 2.36 2.52 2.54 2.87 2.69 2.53
Over anticoagulated

patients 8 7.08 8.14 6.76 7.05 7.93 7.59
All groups combined* 45 2.40 2.59 2.51 2.78 2.68 2.58

TAS whole blood (1) was calculated using the manufacturer's MNPT (encoded into test cards);
TAS whole blood (2) was calculated using the local MNPT.
*Excluded three patients in whom INRs of >10.0 were recorded using at least one technique.
MR, Manchester Reagent; IL, Instrumentation Laboratory; DA, Diagen Activated.

varied. Prothrombin times were determined on
plasma samples with the following conven-
tional thromboplastins and techniques:
Manchester Reagent (MR), Manchester
Thrombosis Research Foundation, Stockport,
UK; batch 94/10, International Sensitivity
Index (ISI) 1.12; manual technique
Diagen Activated (DA), Diagnostic Reagents,
Thame, Oxfordshire, UK; batch RB 375, ISI
1.4; manual technique
Instrumentation Laboratory PT-Fib HS Plus
(IL), Instrumentation Laboratory, Warrington,
UK; batch 10940356, ISI 1.19; Automated
Coagulation Laboratory (ACL) technique.

In accordance with common practice in UK
laboratories reagents with a manual technique
(MR and DA) underwent duplicate testing,
whereas IL reagent underwent single tests. For
each patient sample INRs were determined
using the formula:

INR = PT \ ISI

\MNPTJ
where the mean normal prothrombin time
(MNPT) was calculated as the geometric mean
PT of 20 fresh normal plasmas for each
technique. The ISIs used to determine INRs
were as stated by the manufacturers.

DETERMINATION OF INR: TAS INSTRUMENT
Single test PT and INRs were determined
using both plasma and whole blood samples for
each patient. The analyser and test cards were
used according to manufacturer's instructions.
A measured volume of 35 ,ul (whole blood or
plasma) was used except where stated. The
applied blood sample dissolves the dried
human placental thromboplastin/calcium con-
tained within the card. For the card batch used
the following values had been encoded by the
manufacturer: plasma, MNPT 10.9 seconds
and ISI 0.98; whole blood, MNPT 11.4
seconds and ISI 0.97.
INR values for the TAS system were those

calculated and automatically displayed by the
TAS instrument (that is, using the manufactur-
er's MNPT and ISI) unless otherwise stated.
For INRs > 5 as determined by the TAS
system, only PT and PT ratios were displayed.
In these cases the INR was calculated using the
appropriate ISI and formula INR = PT ratio's'.
The importance of volume of applied blood

drop on INR as determined using the TAS sys-
tem was assessed. Whole blood samples from
10 patients on warfarin were analysed twice,
first using a measured 35 gl volume of whole
blood, and second using an unmeasured drop-
let of unknown volume applied using a dispos-
able plastic Pasteur pipette. The order of
testing with the two methods was varied.

Use ofa local mean normal prothrombin time
Two INRs were calculated for each patient's
whole blood PT determined using the TAS
instrument. The first was derived from the
manufacturer's values for ISI and MNPT,
encoded in the test cards. The second was cal-
culated using a locally determined MNPT
(geometric mean PT of 20 fresh normal
samples).
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pies on the TAS system. In each case the coef-
ficient of variation (CV) was calculated (stand-
ard deviation/mean x 100%) as an indication
of precision.

-------+2-SD = -0.89------

Mean difference 0.19

-2SD = -0.51

F III
0 1 2 3 4 5 6 7 8

Mean INR of both methods

Figurel1 Difference in INRs of matched plasma and whole blood samples determined with

the TAS instrument. The dotted lines are the mean (2 SD) of the differences in INR

between the two methods. The solid line represents zero difference.

International sensitivity index of TAS PT cards

The ISI of this batch of TAS PT cards was

assessed for both whole blood and plasma tests.

A calibration was carried out according to the

World Health Organisation guidelines"2 using

blood samples from 20 normal subjects and 60

patients stabilised on oral anticoagulant

therapy, each tested with TAS system (whole

blood and plasma) and with BCT-441, the

International Committee for Standardisation

Haematology International Reference Prepara-

tion for human thromboplastin, which has an

assigned ISI of 1.04.1'

ANTI-xa ASSAY

Anti-Xa activity was determined using a

clotting technique performed using an ACL

instrument and commercially available rea-

gents (Diagnostic Reagents Ltd) as previously

described. '4 The assay was calibrated using five

dilutions of a pooled normal plasma to which

was added the 4th International Standard for

unfractionated heparin at a final concentration

of 0-1.0 iu/ml.

PRECISION OF INR DETERMINATIONS

A normal sample was prepared by pooling cit-

rated plasma from 20 normal subjects and an

abnormal sample using plasma from five

patients on warfarin. Each was stored at -70'C

after snap freezing on dry ice. These two sam-

ples were analysed on different days to allow

an assessment of between-assay precision.

Within-assay precision was assessed by 10

immediate replicate tests on samples from nor-

mal subjects and patients on warfarin. In view

of the time taken to complete 10 replicates by

five techniques, different subjects were used for

within-assay precision tests with each tech-

nique to limit in vitro sample changes, tests

with one technique being completed before

collection of samples for tests with another.

Between-assay and within-assay precision

were assessed for TAS system and conventional

thromboplastins, with the exception of

between-assay precision for whole blood sam-

Results

PRECISION

Between-assay (10 tests on different days) and

within-assay (1 0 immediate replicate tests)

precision results are shown in table 1. Within-

assay CVs ranged from 0.9% IL thrombo-

plastin ACL instrument) to 9.7% (TAS

system, whole blood), and between-assay CVs

from 4.2% (IL'ACL) to 9.9% (MR, manual

end point)

NORMAL SUBJIECTS
Results of PTs of 20 normal subjects, used to

calculate MNPT and derive INR for conven-

tional thromboplastins, are shown in table 2.

There was no significant difference (paired t

test) between PTs for the TAS system when

plasma or whole blood was used. The calcu-

lated MNPTs for TAS were 10.7 (plasma) and

10.6 (whole blood), which compares with

manufacturer's values (encoded in test cards

and used to derive INRs) of 10.9 and 11.4.

MEASURED OR UNMEASURED VOLUME OF BLOOD

The mean INR of samples analysed using a

measured 35 gsl volume of blood was 1.97

compared with a mean INR of 2.00 for 10

samples applied as blood drops of unmeasured

volume (r = 0.98, paired t test; p = 0.59).

PATIENTS ON WARFARIN

Three plasma samples had INRs > 10.0 with

one or more techniques. These were excluded

from statistical analyses. All TAS INR results

described below were as determined with the

manufacturer's and MNPT unless other-

wise stated.

Results of INRs determined with three con-

ventional thromboplastins and with the TAS

system are shown in table 3. These were com-

pared by the analysis of variance (ANOVA)

method. The four groups of patients were con-

sidered separately and collectively. There were

no significant differences between mean TAS

results with whole blood or plasma either for

individual patient groups or the whole group

collectively. A Bland Altman'15 plot of these data

are shown in fig 1.

The relations between INR results obtained

with whole blood analysed using the TAS sys-

tem and INRs of plasma determined using

each of three conventional thromboplastins are

shown in fig 2 (MR), fig 3 (IL), and fig 4 (DA).

Initiation of warfarin treatment

During initiation of warfarin treatment (with-

out heparin) INR results obtained using the

TAS system (using whole blood samples) were

not significantly different (ANOVA) from those

obtained with conventional thromboplastins.

Combined warfarin and heparin

INR results obtained during initiation with

u1V r n- t int1r-a ed-n nf sion n iX7 t

the TAS system (whole blood) were less than
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Mean INR of both methods
Figure 2 Difference in INRs determined with the TAS instrument (whole blood sample,
manufacturer's ISI and MNPT) and with Manchester Reagent (plasma sample). The
dotted lines are the mean (2 SD) of the differences in INR between the two methods. The
solid line represents zero difference.

INR results obtained with MR (ANOVA;
p < 0.05) or DA (ANOVA; p < 0.01) by 20%
and 23%, respectively. In this group the
heparin concentration by anti-Xa assay was in
the range 0.06-1.02 iu/ml with a mean result of
0.36 iu/ml. There was no correlation between
the anti-Xa activity and the difference between
INRs for the five patients with INRs < 1.7 (by
TAS). In contrast, for the five patients with
INRs > 1.7, the difference between INRs
determined with DA and TAS (whole blood)
increased as anti-Xa activity increased
(r = 0.89, p = 0.04).

Stabilised warfarin treatment
During stabilised warfarin treatment, INRs
obtained with the TAS system (using whole
blood samples) were significantly less
(p < 0.001) than results obtained with IL (by
an average 22%) or with DA (by an average
14%). There was no significant difference

+2SD = 1.34

* a

...........IL.. .-- it ...-;-Kw
an
.: .

between results obtained with the TAS instru-
ment and MR.

RELATION BETWEEN INR OBTAINED WITH
DIFFERENT CONVENTIONAL THROMBOPLASTINS
Results obtained with MR were significantly
(p < 0.001) lower (by an average 13%) than
those obtained with IL reagent in the stabilised
patient group. For individual patient groups
there were no other significant differences
between results obtained with conventional
thromboplastins.

ALL PATIENT GROUPS COMBINED
When data from all patient groups were
combined (n = 45), excluding three patients
with INRs of > 10.0, results obtained with the
TAS system (using whole blood) were signifi-
cantly less than results obtained with IL (16%,
p < 0.001) or DA (11%, p < 0.05) reagents.
Results obtained with MR were significantly
less than those with IL (11%, p < 0.01). In
contrast to data obtained with whole blood,
results obtained with the TAS using plasma
samples were not significantly different from
those obtained with conventional thrombo-
plastins when all patient groups were com-
bined.

USE OF A LOCALLY DETERMINED MNPT
In addition to the TAS INR calculated
automatically using manufacturer's MNPT
and ISI, PTs obtained with the TAS instru-
ment (whole blood) were converted into INR
by substituting the locally determined MNPT
(10.6) for the manufacturer's value (11.4)
(table 3). When a local MNPT was employed
there was an improvement in agreement
between TAS (whole blood) and conventional
reagents. The significant differences between
TAS results and those obtained with DA
(described above) within patient subgroups
were abolished. Thus during stabilised warfa-
rin the significant difference between INRs
with TAS and DA was no longer present, and
although the difference between TAS and IL
remained significant (IL higher than TAS by
13%, p < 0.0001) agreement was improved.
For all data combined (n = 45) there was no
significant difference between TAS (whole
blood) results and INRs obtained with conven-
tional reagents.

Mean difference 0.38

-2SD = -0.58
-1 7

-2_

,,II |||1111 lii II II II|| , I,,, 1|||1 1 l |Ii
0 1 2 3 4 5 6 7 8

Mean INR of both methods

Figure 3 Difference in INRs determined with the TAS instrument (whole blood sample,
manufacturer's ISI andMNPT) and with Instrumentation Laboratory PT Fib HS Plus
reagent (plasma sample). The dotted lines are the mean (2 SD) of the differences in INR
between the two methods. The solid line represents zero difference.

DETERMINATION OF ISI OF TAS PTr CARDS
Prothrombin times of normal subjects and
patients on warfarin as determined with BCT-
441 were plotted against results obtained with
the TAS system and plasma or whole blood
samples according to WV O guidelines.'2 There
were no outlying points using the method of
Tomenson and Thomson.'6 The ISI of this
batch of TAS PT cards based on data in our
laboratory was 1.028 for plasma and 0.984 for
whole blood samples (compared to manufac-
turer's values of 0.98 and 0.97 for plasma and
whole blood, respectively). The coefficients of
variation (calculated as SE/slope x 100%) of
the ISIs were 3.3% for both whole blood and
plasma calculations.
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Figure 4 Difference in INRs determined with the TAS instrument (whole blood sample,
manufacturer's ISI and MNPT) and with Diagen Activated thromboplastin (plasma
sample). The dotted lines are the mean (2 SD) of the differences in INR between the two
methods. The solid line represents zero difference.

Discussion
Laboratory control of oral anticoagulant treat-
ment without adequate reference to sensitivity
of the laboratory technique and reagent may

have an adverse effect on clinical
management, 6 '" and the INR system has
undoubtedly contributed to improvement in
this respect.4 Use of conventional thrombo-
plastins for determination of INR within labo-
ratories has been supplemented by the avail-
ability of portable near-patient testing
instruments.58 10 In the present study we evalu-
ated one such analyser in respect of INR deter-
minations of both citrated plasma and citrated
venous whole blood and compared results to
those obtained with conventional reagents and
techniques.

Determination of INR using manual tech-
niques is commonly associated with duplicate
testing whereas the superior precision of some
coagulometers has led to single testing in some
cases. To evaluate precision of TAS INRs we

determined within-assay and between-assay
precision by replicate tests of identical samples.
The within-assay CV for normal plasma and
whole blood samples analysed using TAS were

similar to those of conventional techniques for
replicate determinations. The within assay CV
of a warfarinised sample was higher for TAS
(whole blood) than for conventional reagents.
Between assay CV for plasma samples was

similar for TAS and conventional reagents for
both normal and warfarinised samples. The
TAS results obtained here compare favourably
with a between-assay CV of 18.8% for another
near-patient test instrument noted by Tripodi
and co-workers,8 and are similar to those of
Rose and co-workers7 with the TAS instru-
ment.
Whereas some other near-patient test

systems5 employ fingerstick capillary blood, the
TAS is calibrated for use with citrated samples
analysed either as intact whole blood or

citrated platelet poor plasma following cen-

trifugation. There was no significant difference
between PTs of normal subjects or INRs of

warfarinised patients when samples were ana-
lysed as whole blood and as plasma after
centrifugation. Either sample type could there-
fore be used in routine practice.
The main principle of the INR system is that

the same result should be obtained irrespective
of the reagent used for INR determinations.
Differences between INRs determined using
different conventional thromboplastins have
been reported.'9 20

In the present study INRs determined on
whole blood using the TAS instrument and
manufacturer's MNPT were less than results
obtained with DA and IL reagents. These
differences were sufficient (11-16%) to influ-
ence patient management in some cases and
were similar in magnitude to differences
present when two conventional reagents (MR
and IL) included in the study were compared.
These differences were greater at greater INRs.
In contrast, results obtained on plasma samples
(rather than whole blood) using the TAS
analyser were similar to those obtained with
conventional thromboplastins. Both ISI and
MNPT values are encoded into test cards by
the manufacturer. In the present study the TAS
ISI values were assessed according to WHO
recommended criteria'2 and with the reference
thromboplastin BCT-44 1.13 Calculated ISIs for
plasma and whole blood were 4.8% and 1.4%
greater than manufacturer's stated values,
respectively. This essentially confirms the
manufacturer's values, particularly for whole
blood and therefore does not explain the
difference in INR values between TAS whole
blood and conventional thromboplastins. In
the present study, the locally determined
MNPT for whole blood samples was 10.6 sec-
onds compared to the manufacturer's value of
11.4 seconds. Use of the local MNPT in-
creased INRs determined with the TAS and
improved agreement with conventional rea-
gents. The statistically significant differences
between TAS results (whole blood; all patient
groups combined) and either DA or IL were
abolished. Within the subgroup of stabilised
patients, TAS (whole blood) results did
however remain significantly lower than results
obtained with IL. This difference (13%) was
practically identical to that observed between
MR and IL in this group. We have confirmed
the manufacturer's ISI for TAS (whole blood)
but the possibility that inaccurate assignment
of ISI to conventional thromboplastins has
contributed to the differences described cannot
be excluded from our data.
We have demonstrated that the TAS system

can be used for determination of INR using
plasma or whole blood with the manufacturer's
ISI. Agreement with INRs determined using
conventional thromboplastins was improved by
the use of a locally determined MNPT in our
study, suggesting that this approach should be
adopted where possible. Differences between
INRs obtained with TAS and one commonly
used UK conventional thromboplastin were
present in a group of patients within the thera-
peutic range for INR but were similar to the
difference between this and another conven-
tional thromboplastin.
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