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There are approximately 300 reagent/instrument combinations for
performing prothrombin times/international normalized ratios (PT/
INR) in the United States. Manufacturers and laboratories continu-
ally struggle to ensure that the International Sensitivity Index (ISI)
of their thromboplastin is accurate for assaying PT/INR.

OBJECTIVE: This study reports the feasibility of a new method
to locally calibrate ISI of thromboplastin using the mechanical
STA automated coagulation analyzer (Diagnostica-Stago Inc.) and
two photo-optic coagulation analyzers, the BCS (Dade-Behring)
and CA-540 (Sysmex).

DESIGN: Neoplastine CI+ (CI+) (Diagnostica-Stago Inc); Throm-
boplastin C+ (TC+); Thromborel S (TRS); and Innovin (I) (Dade-
Behring) were used in this study. A mean normal PT (MNPT)
was determined for each reagent/instrument combination using
samples from 25 normal individuals. Manufacturer instrument
specific ISI values were not available for the STA with TC+, TRS
and I. The CA540 had no ISI value for CI+ and the BCS system
had no manufacturer assigned ISI values for TC+ and I; generic
photo-optic and mechanical ISI manufacturer values were used
for these two systems. Local on-site calibration was performed using
frozen plasma calibrators to determine ISI values for each throm-
boplastin. Post-calibration, 95 patient samples were assayed for
each reagent/instrument system combination using the manufac-
turer ISI and the local calibrated ISI to determine the INR result.

PATIENTS: Patients from whom samples were obtained included
five with a lupus anticoagulant, 30 on heparin therapy, and 60 on
coumadin therapy.

RESULTS: Differences between manufacturer versus local cali-
brated ISI ranged from 0.9% to 18.9% for normal sample INRs
and from 0.8% to 16.4% for patient sample INRs. The number
(or proportion) of patient specimens with clinically significantly
different INR values (>10.0% difference) ranged from zero for
several reagent combinations to more than half (or >50.0%) of
those tested for several other combinations.

CONCLUSION: Our results indicated that by locally calibrating
ISI values, each laboratory may eliminate variability and guess-
work between different reagent/instrument systems for ISI values
when performing PT/INR assays and potentially improve the clini-
cal accuracy of their patients’ PT/INR results.

ABBREVIATIONS: CI+ = Neoplastine CI+; INR = international
normalized ratio; IRP = international reference preparation; ISI =

international sensitivity index; MNPT = mean normal prothrom-
bin time; OAT = oral anticoagulant therapy; PIVKAS = proteins
induced by Vitamin K antagonists; PT = prothrombin time; TC+
= Thromboplastin C+; TRS = Thromborel S; WHO = World
Health Organization.

INDEX TERMS: international normalized ratios; international
sensitivity index; local calibration; prothrombin time; reagent/in-
strument combinations.
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Although the PT is the principal assay for monitoring patients
undergoing oral anticoagulant therapy, there are many variables
such as proper sampling and testing techniques that can have an
effect on the accuracy of the assay. Probably the most important of
these variables is the thromboplastin reagent selected for the assay.
Commercial thromboplastins vary widely in their sensitivities to
warfarin. Instrument choice can also play a significant role in the
performance of the PT assay. With so many variables, clinicians
can be easily confused when having to compare patient results
from a variety of laboratories using different thromboplastin re-
agent/instrument combinations. High sensitivity thromboplastin
reagents lead to greater prolongation of the PT time results than
assays performed with a lower sensitivity. Thus, a patient may have
a PT of 14 seconds with a low sensitive thromboplastin and a PT
of 18 seconds with a more sensitive thromboplastin. Therefore, a
patient monitored with insensitive thromboplastins would require
a higher dosage of warfarin to result in an appropriate prothrom-
bin time ratio.1,2,3

In 1977, the World Health Organization (WHO) recognized the
difficulty of comparing PT times performed with different throm-
boplastins and introduced a thromboplastin that was to serve as
an international reference preparation. Then in 1983, the WHO
described a model for PT standardization based on a method in
which the PT value is reported as an international normalized ra-
tio (INR). Theoretically, the INR is the PT that one would obtain
if the assay were performed using a WHO primary reference with
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an ISI value of 1.0. The ISI compares the sensitivity of a given
thromboplastin to an international reference plasma that has been
calibrated using the WHO reference plasma. The INR is calcu-
lated using the formula:

The advantage of the INR method of reporting is that the patient’s
result is compensated for between differing thromboplastins or
instruments. While thromboplastins now have ISI values that may
range from 0.9 to 3.0, as assigned by the manufacturer, the patient
values can be compared using the calculated INR. The INR al-
lows for a better regulation of the dosage of oral anticoagulation.2

Concerns regarding the INR system have concentrated primarily
on the assignment of ISI values, method or instrument variations,
and calculation errors. ISI values appear to be instrument-depen-
dent. The ISI is used exponentially in calculating the INR and,
therefore, any error in this number may result in significantly in-
accurate values. INR variability, which may occur when there ex-
ists significant differences in ISI values from reagents with low ISI
values versus reagents with high ISI values, has been reported.4-10

These differences could result in inappropriate management of
patients on oral anticoagulant therapy (OAT) with possible dire
consequences of thrombotic or bleeding episodes.

The individual variability between reagent/instrument test systems
suggests that each laboratory may need to calibrate its own PT/
INR test systems. One method that has been somewhat reliable is
the WHO protocol. The method uses an International Reference
Preparation (IRP) of thromboplastin with the manual (tilt-tube)
method with 20 fresh samples from normal subjects and 60 fresh
samples from normal subjects on OAT, performed in quadrupli-
cate. Obviously this is not a practical method for many clinical
laboratories due to lack of practice with the manual procedure or
the unavailability of so many patient samples.11,12

Local system calibration using well characterized plasma calibrants
may be a practical alternative to the WHO protocol. However,
until recently there have been no FDA cleared calibrator plasmas
commercially available. Controversy exists regarding the use of
artificially depleted vitamin-K plasmas or actual OAT plasmas.
Results with these plasmas in various investigations have given dis-
parate results, presumably due to the influence of proteins induced
by Vitamin K antagonists (PIVKAS).13-15 Lyophilization may also
cause changes in plasma and affect results in coagulation assays.15-

17 This effect may vary for different reagent/instrument systems.
In addition, there are many investigators who recommend using
large plasma pools instead of individual patient plasmas.12 One
manufacturer uses 20 artificially depleted plasma calibrators pre-
pared from normal donors that cover the OAT therapeutic range.

REPORTS AND REVIEWS

This is a one-day protocol that uses the local reagent/instrument
combination with the PT assays being performed in quadrupli-
cate and analyzed with orthogonal regression analysis.18 This pro-
tocol may not take into account the day to day variability seen in
a laboratory setting.

Recently, the idea of frozen calibration plasmas for local calibra-
tion of ISI values has been introduced. Precision BioLogic
(Dartmouth NS Canada) has produced an ISI calibration set con-
sisting of five frozen OAT frozen plasmas and one frozen normal
plasma that have been assayed against a standard WHO IRP of
human recombinant thromboplastin (RTF/95).11,19 In a study with
122 participating laboratories the normal frozen reference plasma
gave an INR of 1.06. The frozen OAT calibrators had a range of
1.72 to 4.62. The INR results of the normal plasma and the OAT
calibrator plasmas encompassed the four therapeutic categories used
in OAT (<2.0; 2.0 to 3.0; 3.1 to 4.5; and >4.5).

In a study sponsored in part by Dade-Behring Inc (Deerfield IL),
we evaluated the frozen plasma calibrants to determine if local
calibration of ISIs for a variety of thromboplastins could be sim-
plified to improve correlation of INR results between different
reagent/instrument combinations.

MATERIALS AND METHODS
Instrumentation: electro-mechanical STA automated coagulation
analyzer (Diagnostica-Stago Inc, Parsippany NJ) and two photo-
optic coagulation analyzers, the BCS (Dade-Behring, Deerfield
IL) and CA-540 (Sysmex, Kobe Japan).

Thromboplastins: Neoplastine CI+ (CI+) (Diagnostica-Stago Inc),
Thromboplastin C+ (TC+) (Deerfield IL), Thromborel S (TRS)
(Deerfield IL), and Innovin (I) (Dade-Behring, Deerfield IL).
Thromboplastin CI+ is a rabbit-brain source thromboplastin as is
TC+. TRS is a human placenta source. I is human recombinant
thromboplastin.

All of the specimens for this study were obtained after informed
consent was obtained from each subject. All of the patient samples
for this study were obtained previously and stored in the following
manner. An atraumatic venipuncture was performed using a
Vacutainer collection system with 3.2% sodium citrate in a 9:1
blood to anticoagulant ratio on each test subject. Platelet-poor
plasma was obtained by centrifuging each specimen at 2500g for
15 minutes. The specimens were aliquoted into cryovials and stored
at approximately –70 °C until ready for testing. Just prior to test-
ing, the samples were thawed rapidly at approximately 37 °C. A
mean normal PT (MNPT) was determined for each reagent/in-
strument combination by assaying 25 normal individuals with no
known coagulation abnormalities and who were not on any medi-
cation that could influence their coagulation system. The samples
from normal donors were assayed three separate times, with each

INR = (Patient PT)
ISI

Mean Normal PT
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reagent/instrument system using three different sets of reagents
for each combination, over a three-day period. Manufacturer in-
strument specific ISI values were not available for the STA with
TC+, TRS, and I. The CA540 had no ISI value for CI+. The BCS
system had no manufacturer assigned ISI values for TC+ and I.
Generic photo-optic and mechanical ISI manufacturer values were
used for these two systems. The MNPT was determined using a
geometric mean. Currently Dade-Behring Inc can now furnish
instrument specific ISI values for all of their own reagent/instru-
ment combinations.

A local on-site calibration to determine international sensitivity
index (ISI) values for each thromboplastin was performed using a
protocol for frozen ISI calibration plasma sets from Precision
BioLogic (Dartmouth NS Canada). Calibrators were run in du-
plicate for five individual runs, with freshly diluted reagents on
each reagent/instrument system. A total of 60 PT data points (10
normal and 50 abnormal) for each reagent/instrument combina-
tion were derived. The results were sent to Precision BioLogic,
which used orthogonal regression analysis to determine the local
calibrated ISI of each system.

After the local ISI results had been determined, we assayed 95
patient samples on each reagent/instrument system using the manu-
facturer ISI and the local calibrated ISI to determine the INR re-
sult. The patient samples included five from subjects with a lupus
anticoagulant, 30 from heparinized subjects, and 60 from
coumadin patients. We then compared the PT/INR results using
the manufacturer ISI to the INR results achieved using the locally
generated ISI values.

RESULTS
Table 1 shows the geometric mean results of each reagent/instru-
ment combination MNPT. The times ranged from 8.9 to 13.9
seconds. In Table 2 it is interesting that the percent difference in
the ISI did not directly correlate to the sensitivity of the thrombo-
plastin with each reagent/instrument combination. The differences
in INR means ranged from 0.9% to 18.9%. We note that some of
the reagents were made for mechanical systems while others are
directed towards photo-optic instruments. The local ISI calibra-
tion is designed to correct the reagent/instrument generated bias
that the INR calculation is supposed to correct. Table 3 shows that
there can be clinically significant mean differences (>10.0%) be-
tween INR results using manufacturer ISI values versus locally
calibrated ISI results. The last column (Results >10.0% difference)
expresses the number of patient samples (n = 95) that had INR
values of >10.0% difference between the different ISI generated
values. It was noted that the TRS thromboplastin gave no values
that had a >10.0% difference in the subject values with any in-
strument. Some other reagent/instrument combinations had 64.9%
of the patient samples with a >10.0% difference between the ven-
dor assigned ISI and a locally calibrated ISI.

DISCUSSION
The accuracy and precision of the INR is dependent on the PT
assay and the ISI of thromboplastin. Other researchers have noted
that, since the ISI is the exponent of the INR equation, the higher
the ISI assigned to thromboplastin the greater the imprecision of
the INR as a result of the mathematical outcome. The large differ-
ence in assigned ISI values is one variable that influences the poor
correlation seen in reagent/instrument combinations. Thrombo-
plastins with an ISI less than 1.20 produce a wider range of values
in the PT and PT ratio. Consequently, the precision of the INR is
improved. Since the calculation of the INR requires using the ISI
exponentially, the farther the ISI value is above 1.0, the greater
any system inaccuracies will be magnified in terms of INR. Manu-
facturer assigned ISI not specific to the local reagent/instrument
set-up may introduce even more inaccuracy. Instrumentation can
also greatly influence the INR values. In our institution we saw
serious clinically significant differences in INR results between
photo-optic and mechanical reagent/instrument systems using
manufacturer generated ISI values particularly at the upper limits
of the OAT INR range (>3.0).20 This could lead to serious errors
in OAT treatment decisions. Table 4 demonstrates the large INR
differences that resulted for selected patient samples between dif-
ferent reagent/instrument combinations.20 Because manufactur-
ers provide limited guidelines for all instruments assigned ISI val-
ues, the laboratory should be able to validate INR results by per-
forming local on-site ISI calibration. Early researchers in INR stud-
ies used the tilt tube method making today’s studies comparing
photo-optic and mechanical clotting endpoint values suspect, at
best. For mechanical endpoint clot detection systems most manu-
facturers still use the Fibrometer to assign ISI values. With today’s

Table 1. Summary of MNPT according to reagent/
instrument test system

Instrument Reagent MNPT (sec)

Diagnostica Neoplastine CI+ 13.9
Stage/STA Thromborel S 12.9

Thromboplastin CI+ 13.9
Innovin 9.9

Sysmex Neoplastine CI+ 12.7
540 Thromborel S 11.9

Thromboplastin CI+ 11.7
Innovin 10.6

Dade Neoplastine CI+ 13.8
Behring BCS Thromborel S 12.6

Thromboplastin CI+ 11.0
Innovin 8.9

REPORTS AND REVIEWS
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highly automated mechanical clot-detection systems, this appears
to be a less than optimal instrument method for assigning ISI val-
ues. Photo-optical coagulation systems use many diverse methods
for determining a clot formation that may also greatly influence
the ISI of different reagents.

REPORTS AND REVIEWS

Table 3. Summary of mean INR results on 95 patient samples before and after local ISI calibration according to test system

Instrument Reagent Mean INR using Mean INR using Difference in Results >10%
vendor assigned ISI locally calibrated ISI INR means (%) difference

Diagnostica Neoplastine CI+ 2.58 2.69 4.1 0.0
Stago/STA Thromborel S 2.56 2.58 0.8 0.0

Thromboplastin C+ 2.39 2.15 10.0 37.1
Innovin 2.45 2.67 7.9 22.1

Sysmex CA Neoplastine CI+ 3.46 2.90 16.1 63.9
540 Thromborel S 2.69 2.58 4.1 0.0

Thromboplastin C+ 2.82 2.60 7.8 27.8
Innovin 2.49 2.25 9.6 39.2

Dade-Behring Neoplastine CI+ 2.81 2.60 7.5 20.6
BCS Thromborel S 2.67 2.57 3.7 0.0

Thromboplastin C+ 2.86 2.51 12.6 52.6
Innovin 2.66 3.29 16.4 64.9

Table 2. Summary of mean INR results on 25 normal patient samples before and after local ISI calibration with each reagent/
instrument test system

Instrument Reagent Mean INR using Mean INR using Difference in INR means (%)
vendor assigned ISI locally calibrated ISI

Diagnostica Neoplastine CI+ 1.24 1.29 -3.9
Stago/STA Thromborel S 1.12 1.13 -0.9

Thromboplastin C+ 1.96 1.76 10.1
Innovin 0.92 1.00 -8.5

Sysmex CA Neoplastine CI+ 1.24 1.09 11.9
540 Thromborel S 1.06 1.02 3.4

Thromboplastin C+ 1.95 1.81 7.4
Innovin 1.02 0.92 10.3

Dade Behring Neoplastine CI+ 1.24 1.16 6.9
BCS Thromborel S 1.06 1.02 3.5

Thromboplastin C+ 1.77 1.57 11.1
Innovin 0.90 1.07 -18.9a

CONCLUSION
In our protocol we used 12 different reagent/instrument combina-
tions and determined the local ISI by calibration for each coagula-
tion system. We then compared the results using samples from nor-
mal subjects and specimens from variety of patients. Our results
indicate that this local on-site calibration protocol may help elimi-
nate variability and guesswork between any reagent/instrument sys-
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tems for ISI values when performing PT/INR assays and potentially
improve the clinical accuracy of PT/INR results for patients on OAT.
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