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Abstract
Objective To find out how accurately two point of
care test systems—CoaguChek Mini and TAS PT-NC
(RapidPointCoag)—display international normalised
ratios (INRs).
Design Comparison of the INRs from the two
systems with a “true” INR on a conventional manual
test from the same sample of blood.
Setting 10 European Concerted Action on
Anticoagulation centres.
Participants 600 patients on long term dosage of
warfarin.
Main outcome measures Comparable results
between the different methods.
Results The mean displayed INR differed by 21.3%
between the two point of care test monitoring systems.
The INR on one system was 15.2% higher, on average,
than the true INR, but on the other system the INR was
7.1% lower. The percentage difference between the
mean displayed INR and the true INR at individual
centres varied considerably with both systems.
Conclusions Improved international sensitivity index
calibration of point of care test monitors by their
manufacturers is needed, and better methods of
quality control of individual instruments by their users
are also needed.

Introduction
Demands for warfarin have greatly increased in recent
years for a range of clinical states including atrial fibril-
lation.1 As a consequence, anticoagulant facilities
throughout the world are overwhelmed by demands
for monitoring; many patients may not receive this
treatment because of limited facilities.2

Innovative testing procedures at the point of care
have been introduced to determine the prothrombin
time for samples of whole blood. These procedures do
not need the technical expertise of traditional methods
because the tests use unmeasured samples of blood.3

One of two monitors—CoaguChek (Roche Diag-
nostics, Basel)—which we studied is being introduced
throughout the United Kingdom with widespread pro-
motion in the national media. Most large centres in the
United Kingdom have limited but increasing numbers

of patients using CoaguChek. In Germany, 50 000 to
60 000 patients are already in self testing or self dosage
programmes using CoaguChek.1

Point of care test monitors must give dependable
international normalised ratios (INR) because the
safety and effectiveness of warfarin depends on
keeping patients within target INR ranges. Thrombotic
events increase at INRs less than 2.0 and bleeding
complications increase at INRs greater than 4.5.4

We evaluated two point of care test monitoring sys-
tems which are widely marketed in the European
Union—CoaguChek Mini, and TAS PT-NC (Rapid-
PointCoag). We compared INRs displayed on the two
types of monitors with “true” INRs determined by con-
ventional manual prothrombin time testing with World
Health Organization (WHO) species specific thrombo-
plastin standards on the same samples of blood. We
coded our results because we assessed only two of sev-
eral systems currently marketed.

Materials and methods
The manufacturers of the two systems (CoaguChek
Mini and TAS PT-NC, described in detail elsewhere)
provided their systems to each of the 10 European
Concerted Action on Anticoagulation centres.5 6

We took non-citrated venous whole blood from 60
patients stabilised on long term oral anticoagulants at
each centre. We tested each sample on both monitor
systems within 15 seconds of collection and recorded
the INRs that the systems displayed.

We tested plasmas to determine the true INR within
six hours of collecting blood.6 We classified an absolute
deviation of INR of more than 50% from the true INR as
“aberrant” and recorded the number of tests at each
centre which gave aberrant results for both systems.

Results
Of the 600 samples of blood tested by the two point of
care test systems (coded A and B), we excluded 64
according to WHO protocol because the INRs were
outside the 1.5 to 4.5 range with the relevant WHO
thromboplastin standard.7

The overall mean INR displayed by the monitors of
the 536 samples remaining after exclusions was
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considerably higher with system A than with system B
(overall mean difference 21.3%).

With system A, the difference between the mean dis-
played INR and the true INR of the local samples varied
between 0% and 34.6% at the 10 centres. At nine centres,
the mean displayed INR on system A was significantly
higher than the true INR, for the same samples of blood
(P < 0.001). The overall difference between the mean
displayed INR and the true INR was 15.2%. At seven of
the 10 centres, mean differences in INRs were more
than 10%, which is clinically relevant according to
WHO’s guidelines.7 The limits of agreement, which give
a measure of the variability of individual INR results,
ranged from − 0.70 to 1.47 units (see fig 1).

The difference between the displayed mean and
true INR was less with system B. Mean displayed INRs
were, however, 7.1% lower than true INRs. Six of the 10
centres gave statistically significant differences in mean
displayed INR—between 19.0% lower to 3.5% higher—
compared with the true INR, and at four centres mean
results exceeded the 10% limit.7 The limits of
agreement (fig 1) ranged from − 1.24 to 0.87 units.

Relation to intensity of anticoagulation
Although the Bland-Altman plots (fig 1) show greater
deviation with higher INRs, the percentage difference
from the true INR is not simply related to the INR.8

The individual differences varied between displayed
INRs and true INRs within centres with the two moni-
tor systems (see tables on bmj.com).

Aberrant results
With system A, monitors at eight of the 10 centres gave
at least one aberrant result (more than 50% deviation
from the true INR), with a total incidence of 28 (5%). A
single instrument at one centre accounted for 10 of
these. With system B, 12 (2%) results were aberrant. In
all, four of the aberrant results, from different samples,
differed by more than 2.0 units (fig 1).

Discussion
The two whole blood point of care test monitoring sys-
tems gave INRs which differed by 21.3%—a consider-
able clinical discrepancy. The systems were tested on
the 536 patients treated with warfarin remaining in the
analysis after exclusions at 10 centres.7

The second concern is the considerable disagree-
ment between the overall displayed INR with system A
and the true INR, and this occurred to a lesser extent
with system B. Even with system B, however, the percent-
age difference in mean INR at four of the centres
exceeded WHO’s 10% limit for clinical relevance.7 With
system A, displayed results of INR from nine of the 10
centres were greater than the true INR, but the results of
system B showed the opposite trend with most mean
displayed INRs less than the true INRs. Another
problem is the inconsistency of variations between cen-
tres between the mean displayed INR and the true INR.

The clinical relevance in warfarin dosage of these
discrepancies is important (fig 2). The effect on dosage
of warfarin may be that with system A less warfarin is
prescribed than with system B to achieve target INRs.
This might result in a tendency to increased bleeding
with system B or alternatively less protection from
thrombosis with system A as it is necessary to maintain
patients within target INR intervals to minimise bleed-
ing and further thrombosis.4

Monitors of whole blood at the point of care are
convenient and simple, and claims have been made
that they are more reliable than laboratories perform-
ing conventional INR testing.9–13 Only two randomised
cross over studies of such systems have been reported,
but none of the clinical studies compared the results
displayed by the monitor with true INR on the same
blood samples tested with the WHO thromboplastin
standard and the manual technique.14 15

Van den Besselaar previously reported, in a single
monitor study, a statistically but not clinically
significant difference in mean INR from reference
values with a WHO thromboplastin standard using the
manual technique with the CoaguChek Mini system.16

The manufacturers of the two systems make
considerable efforts to ensure the reliability and safety
of their monitors. Nevertheless the results indicate that
additional steps in international sensitivity index
calibration and quality control are essential to ensure
the reliability of displayed INR of these systems. Several
other types of point of care test monitors are currently
marketed, and they may share similar problems.

As users cannot adjust the INR displayed by the
monitors, calibration of the international sensitivity
index of a monitor to derive INRs has to be the
responsibility of the manufacturer. Because of the large
numbers of monitors in use and the complexity of the
recommended procedure, calibration of international
sensitivity index for all individual instruments would
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Fig 1 Bland-Altman plots of differences in INR plotted against the
mean INR displayed by (a) monitoring system A and (b) monitoring
system B and “true” INRs for the 536 samples
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not be possible.17 Furthermore, to be reliable, such cali-
brations need to be on a multicentre basis. A minimum
of three centres is required to calibrate the TAS PT-NC
and five for the CoaguChek Mini.18

Manufacturers of monitors therefore need a less
complex and demanding procedure for calibrating
international sensitivity index. We have developed such
a system using lyophilised plasmas certified by
European Concerted Action on Anticoagulation,
which has been validated in a multicentre exercise and
needs to be used with each of the two point of care test
monitor systems studied in this report.5 19 20

Nevertheless, even with the simplified procedure,
calibrating all instruments will still not be feasible and
since calibration does not check performance of
operators, quality control of individual monitors and
their users is also necessary. Recommendations for
such quality control have been made by the European
Concerted Action on Anticoagulation as existing
national or regional systems of external quality control
could not be expected to cope with the massive
numbers of point of care test monitors in use.21

We thank J Conard, D Dias, N Egberg, J A Iriarte, I
Kontopoulou-Griva, and B Otridge. We also thank Roche Diag-
nostics and Bayer AG for the loan of the CoaguChek and TAS
instruments and the donation of test strips and cards and WHO
Biologicals for the supply of RBT/90 and rTF/95 thromboplas-
tin standards. We also thank G Anthi, M Clerici, H Fitzgerald,
MH Horellou, J Meeuwisse-Braun, EM Norberg, L Söderblom,
K Overgaard, and M Vacas Rius for scientific help.
Contributors: see bmj.com
The study was supported by European Community Standards
Measurements and Testing Programme (Grant No SMT4-
CT98-2269) and an additional grant from Manchester Throm-
bosis Research Foundation, a registered charity.
Competing interests: None declared.

1 Albers GW, Dalen JE, Laupacis A, Manning WJ, Petersen P, Singer
DE. Antithrombotic therapy in atrial fibrillation. Chest 2001;119:
194S-206S.

2 Connolly, SJ. Anticoagulation for patients with atrial fibrillation and risk
factors for stroke. BMJ 2000;320:1219-20.

3 Ansell J, Hirsh J, Dalen J, Bussey H, Anderson D, Poller L, et al. Managing
oral anticoagulant therapy. Chest 2001;119:22S-38S.

4 Cannegieter SC, Rosendaal FR, Wintzen AR, van der Meer FJ,
Vandenbroucke JP, Briet E. Optimal oral anticoagulant therapy in
patients with mechanical heart valves. N Engl J Med 1995;333:11-7.

5 Poller L, Keown M, Chauhan N, van den Besselaar AMHP,
Meeuwisse-Braun J, Tripodi A, et al. The use of plasma samples to derive
international sensitivity index of whole blood prothrombin time
monitors. Clin Chem 2002;48:255-60.

6 Poller L, Keown M, Chauhan N, van den Besselaar AMHP, Tripodi A,
Jespersen J, et al. Multicentre international sensitivity index calibration of
two types of point-of-care prothrombin time monitor systems. Brit J
Haematol 2002;116:844-50.

7 WHO guidelines for thromboplastins and plasma used to control oral
anticoagulation therapy: annex 3. WHO Tech Rep Ser 1999;889:64-93.

8 Bland JM, Altman DG. Comparing methods of measurement: why plot-
ting difference against standard method is misleading. Lancet
1995;346:1085-7.

9 Lucas FV, Duncan A, Jay R, Coleman R, Craft P, Chan B, et al. A novel
whole blood capillary technique for measuring the prothrombin time.
Am J Clin Pathol 1987;88:442-6.

10 McCurdy SA, White RH. Accuracy and precision of a portable
anticoagulation monitor in a clinical setting. Arch Intern Med
1992;152:589-92.

11 Bussey HI, Chiquette E, Bianco TM, Lowder-Bender K, Kraynak MA,
Linn WD, et al. A statistical and clinical evaluation of fingerstick and rou-
tine laboratory prothrombin time measurements. Pharmacotherapy
1997;17:861-6.

12 Cachia PG, McGregor E, Adlakha S, Davey P, Goudie BM. Accuracy and
precision of the TAS analyser for near patient testing by non pathology
staff in the community. J Clin Pathol 1998;51;1641-7.

13 Kaatz SS, White RH, Hill J, Mascha E, Humphries JE, Becker DM. Accu-
racy of laboratory and portable monitor international normalised ratio
determinations: comparison with a criterion standard. Arch Intern Med
1995;155:1861-7.

14 Cromheecke ME, Levi M, Colly LP, de Mol BJ, Prins MH, Hutten BA, et
al. Oral anticoagulation self-management and management by a special-
ist anticoagulation clinic: a randomised cross-over comparison. Lancet
2000;356:97-102.

15 Shiach C, Campbell B, Poller L, Keown M, Chauhan N. Randomised
cross-over study of near patient testing versus hospital laboratory testing
with computer-assisted dosage in a community anticoagulant clinic. Brit J
Haematol 2002;119:370-5.

16 van den Besselaar AMHP. A comparison of INRs determined with a
whole blood prothrombin time device and two international reference
preparations for thromboplastin. Thromb Haemost 2000;84:410-2.

17 Tripodi A, Arbini AA, Chantarangkul V, Bettega D, Mannucci PM. Are
capillary whole blood coagulation monitors suitable for the control of
oral anticoagulant treatment by the international normalized ratio?
Thromb Haemost 1993;70:921-4.

18 Poller L, Keown M, Chauhan N, van den Besselaar AMHP, Tripodi A,
Shiach C, et al. European Concerted Action on Anticoagulation:
minimum numbers of centre for reliable international sensitivity index
calibration of CoaguChek and TAS point-of-care whole blood monitors.
Thromb Res 2002;107:61-6.

19 Poller L, Keown M, Chauhan N, van den Besselaar AMHP, Tripodi A,
Shiach C, et al. European Concerted Action on Anticoagulation: evalua-
tion of a method for international sensitivity index calibration of two
point-of-care prothrombin time (prothrombin time) monitoring systems
(CoaguChek Mini and TAS prothrombin time-NC) with fresh plasmas
based on whole-blood equivalent prothrombin time. Clin Chem
2002;48:1672-80.

20 Poller L, Keown M, Chauhan N, van den Bresselaar AMHP, Tripodi A,
Shiach C, et al. An assessment of a method for ISI calibration of two
whole blood point-of-care prothrombin time monitor systems based on
lyophilised plasmas using whole blood equivalent prothrombin time.
J Thromb Haemost 2003;1:766-72.

21 Poller L, Keown M, Chauhan N, van den Besselaar AMHP, Tripodi A,
Shiach C, et al. Quality assessment of two point of care whole blood pro-
thrombin time monitor systems (CoaguChek Mini, and TAS PT-NC). Clin
Chem 2003. (In press.)

(Accepted 13 May 2003)

What is already known on this topic

Whole blood point of care test prothrombin time monitors are
convenient and simple and claims have been made that they are more
reliable than laboratories doing conventional international normalised
ratio (INR) monitoring

What this study adds

The INRs obtained using manual tests with two thromboplastin
standards gave better agreement than the INRs from the monitoring
systems despite the thromboplastins coming from different species

Manufacturers need a more practical way of calibrating the
international sensitivity index of their systems but better methods of
quality control are needed to check performance of individual
monitors and operators
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Fig 2 Differences in mean INR plotted against “true” INR; (a)
monitoring system A, (b) monitoring system B
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