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The treatment of patients who require long-term
warfarin therapy has been enhanced sub-
stantially by the development of point-of-care
prothrombin time international normalized ratio
(INR) monitoring devices.1-8 The portability of
these devices has facilitated INR testing that 
can be performed promptly in various settings,
including primary care and anticoagulation
clinics, nursing homes, hospital rooms, and
emergency departments.1,4,6,7 Indeed, a recent
trend in long-term anticoagulation treatment
is the development of patient self-testing
programs, in which patients are provided with
their own portable instruments so that frequent
measurements can be obtained easily in the
home. Currently, several such devices are
available commercially. Each instrument
company manufactures device-speci�c, single-
use disposable test cartridges that contain all the
reagents necessary for performing INR testing.

These instruments use micro�uidic technology
with varying end point detection methods to
perform prothrombin time measurements on
whole blood samples collected from a �nger
stick. Although the INR values obtained by
these devices generally correspond well to
plasma INR results, accuracy has varied when
different devices have been compared.1,2

Differences in device mechanics, test strip
reagents, or both likely explain this observed
INR variability. End point detection ranges from
optical detection of capillary �ow volume to
resistance to iron particle movement in a
magnetic �eld. The sensitivity of thromboplastin
used also varies among available devices.
Reported as the International Sensitivity Index
(ISI), thromboplastins used in the test cartridges
of these devices range from 1 to greater than 2.
Furthermore, the operating characteristics of
each device are thromboplastin speci�c, whereby
using a thromboplastin with either a more or
less sensitive ISI does not necessarily result in
improved INR accuracy for that particular
device.

Adequacy of warfarin anticoagulation can be
determined by both the time spent within the
therapeutic INR goal range and the hard clinical
outcomes of bleeding and thrombosis rates. To
appropriately treat patients receiving warfarin
therapy, health care practitioners must have
ready access to accurate INR values to make
clinical decisions regarding warfarin dose
adjustments. Before a point-of-care prothrombin
time INR device can be selected for clinical use,
the accuracy and reproducibility of the device
must be assessed relative to plasma INR
reference for a range of INR values. The accuracy
of 2 commercially available point-of-care devices
was assessed in patients attending an anticoag-
ulation clinic in a side-by-side fashion com-
paring the paired INR values with reference
plasma prothrombin time INR. On �nding a
strong correlation with plasma INR values, the
interdevice and intertest cartridge reproducibility
was assessed for one of the instruments.

Patients and Methods
The Thrombophilia Clinic, located in the Mayo
Clinic Gonda Vascular Center, is devoted to 
the evaluation and treatment of patients with
acute thrombotic disorders and long-term 
anticoagulation needs. This clinic is staffed by 
9 clinical physicians, 3 midlevel practitioners
(nurse practitioners and physician assistants),
and 4 registered nurses. During the past year,
8402 INR measurements were performed by
point-of-care testing. Point-of-care testing 
using the CoaguChek device (Roche
Diagnostics, Indianapolis, Ind) has been
performed since 1999.

Consecutive patients attending the thrombo-
philia anticoagulation clinic between June 18,
2003, and August 6, 2003, for long-term
management of their oral anticoagulants were
approached for study participation. The patients�
medical records were reviewed for indication
and duration of anticoagulation and INR goal
range. This protocol was approved by the Mayo
Foundation Institutional Review Board.
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Two point-of-care INR devices, CoaguChek and ProTime
3 (ITC, Edison, NJ) were compared in a side-by-side
fashion. The ISIs of the thromboplastins used by the
CoaguChek and ProTime 3 devices are 2.0 and 1.0,
respectively. After patients provided verbal consent,
blood samples were collected from each patient by 
the �nger-stick method using the Tenderlett Plus 
sample collection system (ITC), which accompanies the 
ProTime 3 instrument. In keeping with manufacturer
recommendations, the �rst drop of blood was applied 
to the CoaguChek test strip and the second drop to the
ProTime 3 test strip. The INR results for both devices were
recorded on a worksheet and entered daily into an Excel
spreadsheet. Since the CoaguChek device has been used
in our anticoagulation clinic since 1999, clinical decisions
were based on the INR results from this device if there
was signi�cant discordance between devices.

The manufacturer�s directions for quality control were
followed throughout the study period for each device.
For the CoaguChek device, liquid quality controls were
performed for each box of test strips using reagents
supplied by Roche Diagnostics with established ranges 
for high and low values. Sample preparation included
mixing the reagents that were then kept at room
temperature for 2 minutes before testing. When values
were outside the acceptable range, strips were removed
from service. Quality control reagents for the ProTime 3
device are contained within each cartridge, and therefore
quality control was performed with each test.

On completion of the anticoagulation clinic appointment
(typically 15 minutes), patients were sent immediately to
the clinical laboratory for plasma INR assessment. Blood
samples were collected by venipuncture into 1/9 volume
of 3.2% sodium citrate anticoagulant, centrifuged (22°) 
for 10 minutes at 1500g, and then loaded on a coagulation
analyzer (MDA 180, bioMØrieux Inc, Durham, NC). The
thromboplastin used at our institution for INR measure-
ments is Innovin reagent (Dade Behring Inc, Deer�eld,
Ill), which has an ISI of 1.0.

At the completion of the device comparison, the intertest
cartridge reproducibility for the CoaguChek device was
assessed. Duplicate INR measurements were performed
on blood obtained by serial �nger stick, one immediately
after the other using 2 test cartridges and a single device.
The 2 INR measurements were temporally spaced by 
no more than 10 minutes. To assess the interdevice
reproducibility of INR measurements, a side-by-side
comparison was performed with 2 CoaguChek machines
using blood obtained from serial �nger sticks.

Device-plasma INR differences were compared with
appropriate 2-sample t tests. Device comparison for INR
differences was performed to detect both absolute error
(unsigned differences) and systematic error (signed
differences) by appropriate paired t tests. The INR repro-
ducibility of the CoaguChek device was determined by
linear regression analysis. The frequency of inappropriate
dose adjustments for the 2 devices compared with ref-
erence plasma INRs was performed by the McNemar test.

Results
Patient Characteristics
Ninety-four patients agreed to participate in this study
(Table 1). The mean patient age was 59 years (range,
27-84 years), and 34% were female. The mean duration 
of anticoagulation was 33 months (range, 0.5-204
months). The goal INR range for most individuals was 
2.0 to 3.0. The 3 most common indications for long-term
anticoagulation therapy were atrial �brillation, venous
thromboembolism, and heart valve prosthesis. Fourteen
percent of individuals had more than 1 indication for
long-term warfarin therapy.

Comparison Of CoaguChek And ProTime 3 Devices
To determine whether better devices were currently
available and to choose an appropriate device for our
home INR monitoring program, we compared 2 currently
available devices, CoaguChek and ProTime 3. Relative to
the plasma reference INR, CoaguChek INR values were in
agreement –0.2 INR unit 53% of the time and –0.4 INR
unit 82% of the time (Figure 1, A and Table 2).

10/052

Table 1. Patient Demographics

Female (%) 34
Mean – SD age (y) 59–17
Mean – SD anticoagulation duration (mo) 33–35
International normalized ratio goal range (%)

2.0-3.0 78
2.5-3.5 16
3.0-4.0 2
3.5-4.5 2
4.0-5.0 2

Anticoagulation indication (%)
Atrial Fibrillation 24
Venous thromboembolism 43

Heart Valve prosthesis 15
Prosthetic bypass graft 1
Stroke prophylaxis 3

Multiple indications 14

Demographic Finding
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Only 3% of values were discordant by 1.0 INR unit or
more. The CoaguChek INR value was a mean 0.2–0.31 unit
lower than reference INR values, particularly at reference
INR values that exceeded 3.0. In contrast, ProTime 3 INR
values, compared with reference INR, were in agreement
–0.2 INR unit 21% of the time and –0.4 INR unit 39% of
the time (Figure 1, B and Table 2). Twenty-�ve percent of
values were discordant by 1.0 INR unit or more. The
ProTime 3 INR values were a mean 0.8–0.68 unit higher
than reference INR values. This was observed for the entire
INR range. The CoaguChek device correlated more closely

to the plasma reference INR (r2=0.90) compared with the
ProTime 3 device (r2=0.73) by linear regression analysis
(Figure 1, C and D). To detect absolute error, we compared
the 2 devices using the unsigned differences relative 
to plasma values. The CoaguChek INR values were
signi�cantly closer to the plasma values relative to the
ProTime 3 device (P<.001). To detect systematic error,
we compared the 2 devices using the signed differences
relative to plasma values. The CoaguChek INR values were
signi�cantly lower than those obtained by the ProTime 3
device (P<.001).
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Figure 1. Point-of-care international normalized ratio (INR) device comparison. Plasma reference INR values were subtracted
from the point-of-care INR for the CoaguChek device (A, closed circles) and ProTime 3 device (B, open circles) across the INR
range and displayed as a bias plot. Complete agreement results in values aligning on the y-axis at 0 (dashed lines). Linear
regression analysis is provided for the CoaguChek (C) and ProTime 3 (D) devices.
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To determine the implications of treating patients based
solely on the point-of-care INR method, the device INR
and reference INR data were compared with the goal
range. On the basis of the assumption that an INR value
outside the goal range of –0.2 INR unit would trigger a
change in warfarin dose, the frequency of inappropriate
warfarin dose changes was calculated. Conversely, when
the device INR was errantly within the goal range of –0.2
INR unit, the frequency of inappropriately not altering 
the warfarin dose was also calculated. On the basis of 
these de�nitions, an inappropriate management decision
would have been made 10% and 22% of the time if
decisions were based on the CoaguChek or ProTime 3
device INR values, respectively (Table 3). On 4 occasions,
the CoaguChek device data would have resulted in no dose
change when a change would have been indicated. The
INR values in these circumstances were a mean 0.8 INR
unit lower than plasma reference values. On 5 occasions,
the CoaguChek device data would have resulted in a dose
change when no change would have been indicated. The
INR values in these circumstances were a mean 0.2 INR
unit lower than the plasma reference values. The ProTime 
3 device data would have resulted in no dose change 
when a change would have been indicated on 7 occasions.
The INR values in these circumstances were a mean 0.7
INR unit higher than the plasma reference values. On 14
occasions, the ProTime 3 device data would have resulted
in a dose reduction when no change would have been
indicated. The INR values in these circumstances were 
a mean 1.2 INR units higher than the plasma reference
values. Overall, the CoaguChek would have resulted in
signi�cantly fewer incorrect dosing decisions compared
with the ProTime 3 device (P=.01). No bleeding or
thromboembolic events were recorded in study participants
from the time of enrollment until the date of last data
review (November 13, 2003).

After obtaining favorable results from the CoaguChek
device, we assessed the intertest cartridge reproducibility
by performing duplicate INR measurements on blood
obtained by serial �nger stick using 2 test cartridges and 
a single CoaguChek device (Figure 2, A). Comparisons
were performed on 479 unique clinic visits of individuals
attending the thrombophilia clinic during a 3-week period
(some repeat visits). The mean – SD difference between
the 2 test cartridges using a single device was 0.017–0.209.
The correlation coef�cient for the duplicate INR
measurements performed in this manner was high
(r2=0.96). The INR value with the second cartridge was
within 0.5 INR unit of the �rst cartridge value 98.3% of 
the time (Figure 2, C). To assess the interdevice repro-
ducibility, we performed a side-by-side comparison using 
2 CoaguChek devices on 452 unique clinic visits (some
repeats) during this period (Figure 2, B). The correlation
coef�cient for the duplicate INR measurements performed
on 2 devices was also high (r2=0.92). The INR measurement
of the second device was within 0.5 INR unit of the
measurement using the �rst device 93.1% of the time
(Figure 2, D).

Discussion
Warfarin is a widely used antithrombotic agent for both
primary and secondary thromboembolic prophylaxis. The
narrow therapeutic window complicates patient treatment
with this drug and requires frequent INR monitoring.
The development of point-of-care prothrombin time INR
devices has greatly facilitated the care and treatment of
patients receiving long-term warfarin. Choosing the
appropriate device for use in the ambulatory setting
mandates an assessment of INR accuracy obtained by 
these devices relative to an accurate standard. To this 
end, we have assessed 2 commercially available devices
compared with reference plasma INR. We have assumed
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0.2 INR unit (%) 53 21

0.4 INR unit (%) 82 39

Discordant by � 1.0 INR
unit (%) 3 25

Mean deviation from 
plasma INR value (–SD) 0.2 lower 0.8 higher

(–0.31) (–0.68)

CoaguChek ProTime 3
(N=94) (N=94)

Table 2. Agreement with Plasma Reference
International Normalized Ratio (INR)

Inappropriate continuation
of current dose (No.) 4 7

Inappropriate dose 
adjustment (No.) 5 14

Inappropriate dosing 
decision (No.) 9 21

CoaguChek ProTime 3
(N=94) (N=94)

Table 3. Frequency of Inappropriate Dosing Decisions
with Device International Normalized Ratio Data 
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that the most reliable and accurate measurement is
obtained by performing a prothrombin time INR assess-
ment on freshly prepared plasma using a high-sensitivity
recombinant thromboplastin (ISI = 1.0) and an automated
coagulation analyzer. By this comparison, the ProTime 3
device was found to overestimate the INR by a mean of 0.8
INR unit for the entire INR range. In this study, this would
have resulted in an inappropriate warfarin dose reduction
in 22% of patients. Warfarin dose adjustments based 
on these data would therefore be anticipated to provide
underanticoagulation to patients receiving this therapy.
Although this is likely to translate into fewer bleeding
complications, it would be at the potential expense of
increased thromboembolic events. Furthermore, these
clinical outcomes would depend on the indication for
anticoagulation. It has been shown, for example, that 

low-intensity warfarin therapy for patients with atrial
�brillation does not provide effective thromboembolic
prophylaxis.9 Of additional concern are patients who
undergo anticoagulation for prosthetic heart valves,
particularly caged-ball prosthetic valves, those with a pros-
thetic valve in the mitral position, and those with multiple
valves.10 For other indications, however, a slightly subthera-
peutic INR may be less harmful. Ridker et al11 showed that
low-intensity warfarin with a goal INR of 1.5 to 2.0
resulted in adequate secondary prophylaxis for patients
with idiopathic deep venous thrombosis after completion
of 3 months of anticoagulation at an INR range of 2.0 to
3.0. In a subsequent study by Kearon et al,12 the lower INR
target was less ef�cacious than the conventional goal range
of 2.0 to 3.0 and did not reduce bleeding complications.
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Figure 2. CoaguChek international normalized ratio (INR) reproducibility. Prothrombin time INR measurements were taken serially
using a single device by performing repeat �nger sticks and represented by linear regression (A) and bias plots (C). The INR
reproducibility between 2 CoaguChek devices was assessed by performing a side-by-side comparison (B and D). The horizontal
dotted line represents the  –0.5 INR unit boundaries.
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