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BACKGROUND: The Prothrombin Time (PT) assay 
is clinically the most often requested coagulation test, as 
used primarily for monitoring of Vitamin K antagonist 
therapy where results are typically expressed as an 
International Normalized Ratio (INR). The INR 
reflects the patient’s PT adjusted for the specific test 
reagent and instrument combination used by applying 
two correction factors, namely the International 
Sensitivity Index (ISI) and the Mean Normal 
Prothrombin Time (MNPT), according to the formula: 
INR = (patient PT/MNPT)ISI. When the manufacturer 
provides an ISI, laboratories are encumbered to check or 
locally validate the assigned value. Where a 
manufacturer does not provide an ISI, the laboratory 
needs to define its own (local ISI) value. The MNPT 
typically has to be locally defined, based on the 
population being tested. The main current CLSI 
recommendation for defining ISI values comprises use 
of commercial reference (‘certified’) plasma calibration 
sets, but FDA cleared material is limited, and different 
results may arise using different products. The MNPT 
can be defined using a WHO/CLSI recommended 
procedure requiring 20 normal individuals or with some 
calibration sets. Overall, there is limited data to validate 
the performance of these processes in laboratory 
practice, and ongoing evidence from external quality 
assurance (proficiency testing) programs indicates 
continued failure in INR harmonization, suggesting 
that ISI and MNPT values used by laboratories (and 
presumably assessed using current recommended 
processes) continue to be inaccurate.  
OBJECTIVE: To assess some novel approaches to the 
laboratory estimation and/or validation of ISI and 

MNPT values for use in the INR calculation, and 
including the process of ‘transference’, normally used to 
assess the comparability of analytical systems or to 
transfer reference intervals between comparable systems. 
 
RESULTS: We have successfully adapted these 
comparative procedures, including ‘transference’, to 
permit ongoing estimation and/or validation of ISI and 
MNPT values for use in INR calculations for a range of 
instrumentation, which has led to improved 
harmonization of INR values obtained in our pathology 
network. These processes do not require the use of any 
normal individual plasmas or calibrator sets and greatly 
simplifies the INR process. Evidence for validation of 
the processes used is provided by ongoing satisfactory 
performance in external quality assurance (proficiency 
testing). 
 
ABBREVIATIONS USED: Clinical and Laboratory 
Standard Institute (CLSI); external quality assurance 
(EQA); Prothrombin Time (PT); International 
Normalized Ratio (INR); International Sensitivity 
Index (ISI); Mean Normal Prothrombin Time 
(MNPT); Vitamin K antagonist(s) (VKA(s)); Vitamin 
K antagonist therapy (VKAT).  
 
INDEX TERMS: Prothrombin Time; International 
Normalized Ratio; International Sensitivity Index; 
Mean Normal Prothrombin Time; harmonization; 
standardization. 
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INTRODUCTION 
The Prothrombin Time (PT) assay is clinically the most 
often requested coagulation test, as used primarily for 
monitoring of Vitamin K antagonist therapy (VKAT). 
For example, over 30 million outpatient prescriptions 
for warfarin were reportedly written in the United 
States in 2004 according to a national prescription 
audit.1 The PT for any given individual on VKAT will 
vary widely according to the reagent and instrument 
used to perform the test, and accordingly the 
International Normalized Ratio (INR) system was 
devised to harmonize test results and to adjust for the 
variation otherwise arising.1 The INR reflects the 
patient’s PT adjusted for the specific test reagent and 

instrument combination used by the laboratory by 
applying two correction factors, namely the 
‘International Sensitivity Index’ (ISI) and the ‘Mean 
Normal Prothrombin Time’ (MNPT), and according to 
the formula: INR = (patient PT/MNPT)ISI. This 
process substantially reduces the inter-laboratory 
variation otherwise obtained using the PT, as for 
example evidenced by external quality assurance (EQA; 
or proficiency testing) data for samples tested using a 
wide variation of reagents and instrument 
combinations, and thus improves the clinical 
management of patients undergoing VKAT.1 
Nevertheless, variation in INR values still exists, as 
again evidenced by recent EQA data,2-4 suggesting 
ongoing problems with INR standardization or 
harmonization. 
 
There are only three components to an INR. 
Accordingly, any variation in INR values generated on 
the same plasma sample tested by different laboratories 
must derive from one or a combination of these 
components. The variation in any patient’s PT 
attributable to a specific reagent and instrument 
combination can easily be estimated and is essentially 
expressed by the assay’s imprecision, typically by means 
of intra- and inter- assay variation. Notably, given 
modern instrumentation and a laboratory’s use of 
appropriate internal quality control processes, assay 
imprecision for PT values, reflecting analytical events, 
are well known to be quite low (generally <5% as a 
coefficient of variation).  
 
In contrast, ISI and MNPT values may be considered as 
‘extra-analytical variables’.1,5 While some manufacturers 
provide assigned ISI values for specific PT reagents and 
instrumentation, primarily their own material, the vast 
number of possible reagent/instrument combinations 
would preclude this in most situations. Even should the 
manufacturer provide a generic or instrument specific 
ISI value, laboratories are still encumbered to check (or 
locally validate) the assigned value.6 Where a 
manufacturer does not provide an ISI, the laboratory 
needs to define its own (local ISI) value.6 Given the 
complexity of the WHO recommended procedure for 
defining or validating ISI values, the main current CLSI 
recommendation comprises the use of commercial 
reference-plasma calibration sets (called ‘certified 
plasmas’ in CLSI language).6 However, this is made 
difficult in the USA since FDA cleared material is 
currently limited to a single manufacturer for use on a 
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single platform.7 In any case, evidence suggests that 
different ISI estimates may arise when a laboratory uses 
different commercial products,8 leading to uncertainty 
regarding which ISI value is most correct or should be 
adopted by the laboratory. 
 
The MNPT typically has to be locally defined, based on 
the population being tested. The MNPT can be defined 
using a WHO and CLSI recommended procedure 
requiring 20 normal individuals6 or with some 
calibration (certified plasma) sets.8 Again, evidence 
indicates that different MNPT values will be generated 
using different commercial products and with different 
sets of 20 normal individuals,8 again generating 
uncertainty regarding which MNPT value is most 
correct or should be used by the laboratory. 
 
Overall, then, the variation in INR values currently 
observed from EQA or proficiency testing programs, 
reflecting cross-laboratory testing of identical plasmas, 
would indicate some continued failure in INR 
harmonization, and suggest that ISI and MNPT values 
assigned by laboratories, as presumably estimated or 
validated using current (e.g., CLSI) recommended 
processes, may continue to be inaccurate. We have thus 
initiated additional and alternate processes in our 
institution, as also recently assessed in other sites within 
our pathology network, and based on various 
comparative assessments, and including the conceptual 
process of transference, to estimate and/or validate local 
laboratory ISI and MNPT values, and we report our 
most recent experience here. 
 
MATERIALS AND METHODS  
Setting 
Our Pathology network is detailed in Figure 1. The 
Institute of Clinical Pathology and Medical Research 
(ICPMR) is the main campus of our pathology network 
(called ‘Pathology West’). The ICPMR pathology 
campus provides the general pathology needs of 
Westmead Hospital, a 975 bed tertiary level academic 
teaching hospital, as well as specialized pathology 
services to all network laboratories within Pathology 
West (currently 28 in total) and to a wide range of 
other referral centers. Local network laboratories 
provide local general pathology needs to local hospitals, 
general practitioners, and other local clients. By 
landmass, Pathology West provides the largest coverage 
of any other pathology provider in the state of New 
South Wales, Australia; this currently exceeds 75% 

coverage of the state’s geography. The ICPMR campus 
also provides scientific and technical support for all 
network laboratories. The current report provides an 
assessment of the effectiveness of the described 
processes, including transference, in relation to ISI, 
MNPT and INR harmonization, and using recent 
representative findings from the main ICPMR campus 
and a few network laboratories used as case studies. 
 
Overview of methods available for establishing and/or 
verifying values for ISI and MNPT 
There are many methods available for establishing 
and/or verifying values for ISI and MNPT for use in the 
INR test system. For the purpose of this report, these 
have been differentially identified as CLSI 
recommended procedures6 and our novel ‘investigative’ 
procedures, with the latter representing the research 
thrust of the current report. 
 
CLSI recommended procedures: As outlined in the 
relevant CLSI document,6 the MNPT is defined as the 
geometric mean of the PTs of the healthy adult 
population and can be approximated by the geometric 
mean of the PT calculated from at least 20 fresh 
samples from healthy individuals, including those of 
both sexes. The WHO recommended procedure for 
establishing an ISI requires the testing of 60 samples 
from individuals stabilized on VKAT plus 20 individual 
normal samples that need to undergo testing with the 
trial (or test) PT reagent versus an international 
reference thromboplastin. Although potentially used by 
manufacturers of PT reagents to generate ‘generic’ or 
reagent/instrument specific ISI values for related 
manufacturer PT reagents and instrumentation, this is 
an onerous and complex procedure that is not normally 
undertaken by hemostasis laboratories to establish local 
ISI values. CLSI considers local laboratory verification 
of a manufacturer assigned generic ISI value to be 
mandatory, and also strongly recommends local 
verification of instrument specific ISI values.6 For this 
purpose, CLSI recommends the use of certified plasmas, 
supplemented by testing performed through EQA 
(proficiency testing) programs. An example of the 
certified plasma approach is given in Figure 2. 
Appreciably, there are many commercially available 
plasma sets now available to permit verification (or 
derivation) of a local ISI, with some of these also 
facilitating the verification (or derivation) of a MNPT 
value.8 However, to date, there is only a single FDA 
cleared system.7 
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Investigative procedures: Our laboratory has previously 
reported on some major problems associated with the 
above noted recommended approaches.1,2,8 Specifically: 
(i) although the use of 20 individual normal plasmas is 
considered acceptable in order to provide a local 
laboratory MNPT value, a significant variation in actual 
MNPT values can be obtained with different sets of 20 
individual plasmas (range of 12.7 – 14.2 seconds from 
the original previously published investigation for our 
specific instrument and reagent combination);8 (ii) 
different commercial calibration plasma sets (or certified 
plasmas in CLSI language) will also give rise to widely 
different ISI and MNPT values (range of 1.12 to 1.30 
for ISI and 13.8 to 14.4 for MNPT for one specific 
reagent and instrument combination as previously 
reported).8 Accordingly, we have previously investigated 
and reported on the potential utility of alternate 
methods for local verification of ISI and MNPT values. 
The major investigative approach utilizes comparative 
regression analysis, utilizing an ‘existing’ versus 
‘replacement’ thromboplastin reagent evaluation, to 
estimate both the ISI and MNPT of the replacement 
reagent as compared with the existing reagent.1,2,8  
Conceptually, this process is analogous to the process of 
transference, normally used to define or transfer 
reference ranges after assessment of the comparability of 
test systems.9 The process as applied by our organization 
has consistently shown promise in regards to better 
harmonization of the INR using peer-laboratories and 
EQA data as comparison.1,2,8 Furthermore, a 
comparison of new reagents/batches with existing 
reagents/batches prior to their incorporated use in the 
laboratory is a normal or standard practice procedure. 
For PTs, local comparisons typically involve performing 
parallel testing of the existing reagent batch versus the 
new ‘trial’ (‘replacement’ or ‘test’) reagent batch using a 
large number (typically >100) of plasma samples 
covering a wide range of PT values. Further details are 
reported in the Results section to highlight recent 
findings. 
 
An additional investigative method involves the use of 
recent EQA data, and specifically linear regression 
analysis using local PT values plotted against EQA 
median data used as the ‘reference’. Again, further 
details are provided in results to highlight recent 
findings, but this procedure is primarily used to assess 
and eliminate bias in INR values across our pathology 
network. Notably, the elimination of bias is an 
important component of quality improvement 

according to the ISO 15189 standard the quality and 
competence of medical laboratories.10 
 
Local historical perspective 
The current report communicates on recent activities 
related to the above investigative procedures, as 
undertaken within our Pathology Network. Given that 
our laboratory has published previously in this area,1,2,8 a 
brief synopsis of the local history may be of use to help 
differentially identify the updated findings from those 
previously reported. The ICPMR laboratory has been 
involved in INR testing since our facility opened in the 
early 1980s. Our facility also hosted the ‘Australasian 
Reference Thromboplastin (ART) Unit’ for many years 
in the late 1980s to mid-1990s. The ART Unit 
provided the main thromboplastin reagent in use in 
Australasian laboratories for PT and INR testing during 
that period, utilizing the WHO recommended 
procedure for establishing the ISI of its reagent. In latter 
years, the ART unit also generated ISI calibration sets 
(certified plasmas) for use by Australasian laboratories to 
verify local ISI and MNPT values. The ART Unit was 
at all times closely aligned to the Royal College of 
Pathologists of Australasia (RCPA) Haematology 
Quality Assurance Program (QAP), which provides 
Australasian pathology laboratories with EQA 
(proficiency testing) services. 
 
The ART unit was also closely aligned to the ICPMR 
hemostasis laboratories, which both assisted in local 
validation testing of ART reagents, as well as utilizing 
these reagents for pathology testing. The original 
thromboplastin reagent manufactured by the ART Unit 
and thus utilized by our ICPMR laboratory and earlier 
network laboratories was human brain derived. This 
was later changed to a human placental product. After 
the ART Unit was disbanded, the ICPMR laboratory 
switched to a commercially available but similar reagent 
(i.e., replaced like with like), and namely the 
Thromborel-S reagent from Dade-Behring (as it was 
then known). PT testing was performed manually for 
VKAT patients at local clinics, and using a Coag-a-mate 
XM instrument (from BioMerieux at that time) for 
other samples. The ICPMR laboratory, and the local 
metropolitan network, has continued to use the 
Thromborel-S reagent (now from Siemens) since that 
time, although instrumentation has progressed from the 
Coag-a-mate XM to an ACL-300R (Instrumentation 
Laboratories) to an MDA-18011 (then from AKZO) to 
current instrumentation comprising a STA-R Evolution 
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(Stago). Of relevance to the current report are our most 
recent publications relating to the investigative 
procedures,1,2,8 and most recently pertaining to studies 
performed in 2008 and 2009.2 Notably, the 
Thromborel-S reagent is provided with generic and 
instrument specific ISI values, but the manufacturer 
does not provide an instrument specific ISI value for 
Stago instrumentation, including the STA-R Evolution. 
The current report primarily relates to the most recent 
studies undertaken between 2008 and 2011, and also 
includes some representative EQA data for these years. 
 
RESULTS 
Case Study 1: Verifying or Establishing a local ISI and 
MNPT at the ICPMR Main Campus Laboratory 
As noted in methods, the major investigative procedure 
involves performing a regression analysis using the 
existing thromboplastin reagent (used as ‘reference’) 
versus the new (trial, test or replacement) reagent, with 
the data plotted using the log of the INR for the 
existing reference reagent on the x-axis, and the log of 
the PTs using the new ‘trial’ reagent on the y-axis. The 
latest three such studies undertaken in the main campus 
ICPMR laboratory is shown in Figure 3, and explained 
in the figure legend. The approach can be used to 
locally verify an existing manufacturer provided ISI 
value, or in the absence of an instrument specific ISI 
value to establish a local ISI value, or to verify an ISI 
established using calibration sets (certified plasmas). 
The approach can also be used to verify a MNPT value 
established using the WHO/CLSI recommended 
procedure, or using calibration sets (certified plasmas), 
or else to establish a local MNPT value. Given our 
confidence in this procedure, as validated in previous 
studies,1,2,8 current evaluations to establish local ISI and 
MNPT values as then further verified using EQA data, 
has since 2007 been performed without any further 
verification or use of calibration (certified) plasma sets 
or normal individual plasmas. That the local ISI and 
MNPT values generated by this investigative procedure 
are valid is highlighted by ongoing satisfactory EQA 
(proficiency test) data, essentially showing ongoing 
equivalence to peer median values (Figures 4 and 5). As 
noted in Methods, this procedure has now been in use 
in this laboratory for over 5 years, and including five 
changes in reagent lots. However, it is important to 
note that this requires the initially existing methodology 
(i.e., existing PT reagent lot used as reference) to have a 
truly validated ISI and MNPT value. 
 

Case Study 2. Establishing and Verifying local ISI and 
MNPT values at Metropolitan Network Laboratories 
A similar approach is now used in many of our network 
laboratories to verify or establish a local ISI and MNPT, 
depending on the site in question, the reagent in use, 
and the local instrumentation. For example, those 
laboratories that use Thromborel-S reagent and Stago 
instrumentation (which currently comprise all the 
metropolitan laboratories), use a similar process to that 
of the main ICPMR campus, to estimate ISI and 
MNPT values which are then verified using EQA data. 
A sample set smaller than that used in the main 
laboratory is often employed in the smaller laboratories.  
 
An example for a medium sized metropolitan laboratory 
using a Stago Compact instrument is shown in Figure 
6. This laboratory services the needs of a 400-bed 
hospital, and obtained its first Stago Compact in late 
2008. It was decided that local ISI and MNPT values 
could be derived for a planned new PT reagent lot by 
local testing on the Stago Compact as compared to 
testing of the same samples at the Westmead ICPMR 
campus using the Stago STA-R and the then existing 
(and ISI & MNPT validated) PT reagent in use (Figure 
6A). This assessment was facilitated by regular courier 
transport between, and the geographical proximity of, 
the two metropolitan laboratories. The locally derived 
ISI and MNPT values were verified by EQA prior to 
incorporated use, and thereafter a similar process to the 
main campus ICPMR laboratory has been employed to 
continue the process of establishing local ISI and 
MNPT values (example shown in Figure 6B), with 
ongoing satisfactory EQA performance (Figure 6C). 
 
Other examples of the above process comprise smaller 
metropolitan laboratories using Thromborel S reagent 
and the smaller START-4 analyzers. These similar 
approaches have yielded ongoing satisfactory EQA 
performance as also shown in Figure 6C. 
 
Case Study 3. Verifying local ISI and MNPT values in 
a medium sized Network Country Laboratory. 
In a recent publication,2 we gave an example of a 
country laboratory servicing a medium sized (256 bed) 
country hospital using a CA-540 instrument with 
Thromborel-S PT reagent. Given that both the 
instrument and reagent is provided by a single 
manufacturer (Siemens), a generic ISI is provided. 
However, when the laboratory attempted to locally 
verify the manufacturer provided generic ISI (0.96) 
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using a certified plasma set from the same 
manufacturer, a different ISI value was obtained (1.07). 
A local regression analysis was therefore undertaken, 
which provided an ISI (1.02) closer to that of the 
generic ISI, and which also provided a MNPT estimate 
(12.1). Interestingly, a subsequent repeat evaluation 
using another lot of a certified plasma set from the same 
manufacturer generated very similar ISI (1.01) and 
MNPT values (12.3). Use of the laboratory local 
assigned values (representing the latter values) has 
provided ongoing evidence of satisfactory EQA 
performance (Figure 7). In this case example, then, the 
local regression analysis provided a means to verify the 
ISI and MNPT values obtained with the (second) 
certified plasma set.  
 
Case Study 4. Eliminating bias in INR reporting from 
a small Network Country Laboratory. 
Our last case study example involves a small country 
laboratory in which bias in INR reporting was raised as 
a possible issue for laboratory accreditation. This 
laboratory uses a Coag-a-mate XM analyser 
(BioMerieux) with Recombiplastin reagent 
(Instrumentation Laboratory), and used a commercial 
calibration (certified) plasma set to establish the local 
ISI (1.18) and MNPT (10.8). These values led to a 
slight bias in INR values compared to peer laboratories 
according to RCPA QAP median data (Figure 8A), and 
although this bias was not particularly large we 
recognized that this could be easily eliminated using 
procedures analogous to those described above, using 
comparative assessment of local vs RCPA data. Thus, 
the log of the local laboratory PT values were plotted 
(on the y-axis) against the log of the RCPA QAP 
median INR values (used as ‘reference’ or consensus on 
the x-axis) (Figure 8B), to generate a regression line that 
permitted re-establishment of the ISI (1.21) and the 
MNPT (11.5). Continued use of the new ISI and 
MNPT values was later shown to have eliminated bias 
as predicted by our prior experience (Figure 8C). 
 
DISCUSSION 
The INR system as used for VKAT monitoring remains 
problematic as evidenced by ongoing high variability in 
EQA (proficiency test) data, as previously published2-4 
and as also shown in Figure 4 for our local geography. 
The most likely explanation is that laboratories 
continue to utilize inaccurate ISI and MNPT values for 
their INR calculations, and despite the availability of 
CLSI and WHO recommended procedures.6 In brief, 

the recommended procedures, although clearly shown 
by past study to improve standardization,12,13 are 
unfortunately not infallible, and in practice will not 
necessarily provide consistent findings from evaluation 
to evaluation.1,2,8 Moreover, although several new oral 
anticoagulants are emerging in clinical practice, 
threatening at least a reduction in VKAT,14,15 the INR 
test system is likely to remain in clinical use for the 
foreseeable future for a variety of reasons. Accordingly, 
laboratories will still need to grapple with the INR for 
at least the decade to come, and thus alternate and 
validated procedures for estimating and/or verifying ISI 
and MNPT values additional to current 
recommendations6 would be of value to all laboratories 
involved in INR testing. 
 
Our laboratory has therefore evaluated and now 
adopted several novel approaches to facilitate this 
process, primarily employing regression analysis to 
permit derivation of both ISI and MNPT values, 
essentially by a process that is conceptually similar to 
that of transference.9 Indeed, our ongoing use of this 
process, and ongoing satisfactory performance in EQA 
at the main campus ICMPR laboratory (Figures 4 and 
5), has seen us continue this process without any further 
use of commercial calibration plasma (certified plasma) 
sets (for ISI and MNPT validation) or normal 
individual plasmas (for MNPT validation). This process 
has been in place for over 5 years with over 5 changes in 
reagent lot. A similar or modified process is now in use 
in many of our network laboratories, which currently 
comprise 28 laboratories of differing size, 
instrumentation and reagent use. Although our long-
term goal is to standardise methodologies and 
instrumentation, this requires a large amount of 
resourcing to replace instrumentation to that of a stand- 
ard platform. 
 
The approach we currently undertake is largely 
analogous to that of using certified calibration plasmas, 
excepting that there are a much larger number of data 
points. For the process to work, several postulates are 
required, including that the existing reagent and 
instrumentation combination, intended to be used as 
the ‘reference’ test system for the evaluation, has 
previously been ‘validated’ (i.e., is therefore suitable) for 
such purpose (including a correctly assigned ISI and 
MNPT). Therefore, the success of this process is 
incumbent on some prior validation, as previously 
highlighted.1,2,8 In our specific case, this validation has 
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been achieved through a well devolved history of 
association with the ART Unit and RCPA 
Haematology QAP, and also by using a series of 
calibration plasma sets from various suppliers together 
with many normal individuals for estimation of an 
MNPT.1,2,8 Initial and ongoing validation has also been 
evidenced by ongoing acceptable performance in EQA 
(Figures 4 and 5). The process has also subsequently 
been successfully adapted to other laboratories in our 
pathology network, and is increasingly proving its worth 
in terms of harmonization of the INR across this 
network.  
 
CONCLUSION 
No single procedure for estimating an ISI and/or 
MNPT can be considered definitive. Accordingly, the 
process of estimation, calibration, validation and 
assignment of ISI and MNPT values should be 
considered a multi-step process, with a summary of a 
recommended approach shown as an algorithm in 
Figure 9. The processes described in this report have 
proven of considerable value to our local laboratory 
network in terms of harmonization of INR results, and 
will thus also be expected to improve harmonization of 
results within other laboratory networks. Nevertheless, 
given the investigational nature of such processes, it 
would be prudent to locally validate these before their 
broader application. For example, our experience with 
local regression analysis as a means to estimate/validate 
ISI and MNPT values is largely limited to one 
thromboplastin reagent, and the behaviour of all PT 
reagents may not be identical. Thus, like the case for the 
WHO based procedure, such a process may best be 
applied for the comparison of like to like reagents, or 
perhaps even to different lot batches of the same 
reagent. In any case, we look forward to supportive 
verification studies in the future. 
 
SUMMARY OF RECOMMENDATIONS 
1. If a manufacturer assigns an ISI for your laboratory’s 
reagent and instrument combination, we recommend 
that the laboratory adopt that ISI as an interim estimate 
and then locally check (validate or verify) the 
correctness of this assigned ISI value prior to its formal 
adoption. This may simply comprise ongoing self-
assessment and adequate performance in EQA 
(proficiency testing). A possible supplementary 
approach would be to undertake a local regression 
analysis of ‘existing versus replacement’ reagent and/or 

an evaluation using a commercial calibration (certified 
plasma) set (see Figure 9). 
 
2. It is sometimes necessary or convenient for 
laboratories to use a thromboplastin that does not have 
an ISI specific for the instrument in use or even for the 
method of clot detection (e.g., optical versus 
mechanical). In this situation, the laboratory must 
either locally calibrate the PT reagent or else use an 
alternate method to determine the ISI. This can be 
achieved by evaluation of either a commercial 
calibration (certified plasma) set or a local regression 
analysis of ‘existing versus replacement’ reagent, and 
then an alternative validation procedure should be 
applied (i.e., as per Figure 9 and Recommendation 1 
above). 
 
3. MNPT values should be estimated as per CLSI and 
WHO guidelines,6 or using a local linear regression 
analysis as highlighted in this report, but with an 
additional validation step (Figure 9). From our 
experience, it is strongly suggested that 20 normal 
individuals may not provide a true estimate of MNPT,8 
and on-going assessment of (and adequate performance 
in) comparative peer-group EQA or proficiency testing 
is essential. 
 
4. Always use two independent steps for the initial 
‘estimation’ and subsequent ‘validation’ procedure, and 
ensure that values generated from the different 
approaches match. If this is the case, the ISI and MNPT 
can be considered to be ‘validated’ and the laboratory 
can then adopt these values for local use. If the values 
do not match, then one is likely to be in error, and a 
second validation step is then required. 
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Figure 1: Study setting. Pathology West comprises 28 network 

laboratories and covers >75% of the landmass of the state 
of New South Wales, within Australia. The ICPMR 
campus comprises the major metropolitan site for 
pathology within the network 

 
 

 
 
Figure 2: Calibration (certified) plasma set local verification of ISI 

and MNPT values. An outline of the process undertaken 
to verify or establish a local ISI and MNPT value using 
these plasma sets is as follows: The calibration (certified 
plasma) set provides a number of plasma samples each 
assigned a ‘reference’ INR value pertaining to a particular 
methodology. The laboratory locally tests these plasmas 
using the laboratory thromboplastin reagent, and then is 
able to plot the values obtained with the local reagent as 
log PTs on the y-axis against the log of the INR values 
assigned to the calibration set on the x-axis. The local ISI 
is then derived from the slope (as 1/slope) of the line and 
the MNPT can be derived (with some commercial sets) 
from the y-intercept (viz; the local MNPT value is the 
antilog of the y-intercept at log INR = 0 (i.e. at INR = 1)). 
In some cases, the laboratory provides the PT data to the 
manufacturer of the certified plasma set, who will in turn 
provide the laboratory the ISI (and sometimes a MNPT) 
value from the data provided; however, the above 
essentially outlines the process used. 

 
 
Figure 3. Verifying or establishing ISI and MNPT values from 

linear regression data (‘transference’ method; Case study 
1). An outline of the process undertaken to verify or 
establish a local ISI and MNPT value using the 
investigative procedure highlighted in the current report is 
as follows: a large number of patient test samples are 
assessed for PT values using the existing thromboplastin 
reagent (used as a ‘reference’ reagent) as well as the new 
(planned replacement, test or trial) reagent. For our main 
laboratory, a minimum of 100 samples are run, with PT 
values reflecting a wide range from normal to high INR 
values. The laboratory is then able to plot the values 
obtained with the trial reagent as log PTs on the y-axis 
against the log of the INRs obtained using the existing 
reagent (used as ‘reference’) on the x-axis. The local ISI is 
then derived from the slope (as 1/slope) of the line and 
the MNPT can be derived from the y-intercept (viz; as per 
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the certified plasma model, the local MNPT value is the 
antilog of the y-intercept at log INR = 0 (i.e. at INR = 1)). 
This figure represents data from the three most recent 
evaluations, being early-2008 (Figure A), mid-2009 
(Figure B), and early 2011 (Figure C), and the main 
campus (ICPMR) laboratory Stago STA-R Evolution 
instrument using Thromborel-S reagent in each case. In 
Figure A, the new thromboplastin reagent at that 
evaluation (lot #545187; expiry 01-2011) was compared 
against the existing thromboplastin reagent at that time 
(lot #545135), to obtain a derived ISI and MNPT for the 
new reagent lot of 1.18 and 13.8 respectively (against 
those of the previous reagent lot, respectively 1.09 and 
13.7). Similarly, in Figure B, the new thromboplastin 
reagent at that evaluation (lot #545270; expiry 01-2011) 
is compared against the existing thromboplastin reagent at 
that time (lot #545187; expiry 01-2011), to obtain a 
derived ISI and MNPT for the new reagent lot of 1.11 
and 14.4 respectively (against those of the previous 
reagent lot, respectively 1.18 and 13.8). Lastly, in Figure 
C, the new thromboplastin reagent (lot #545395; expiry 
03-2013) is compared against the existing thromboplastin 
reagent at that time (lot #545270; expiry 01-2011), to 
obtain a derived ISI and MNPT for the new reagent lot of 
1.13 and 14.2 respectively (against those of the previous 
reagent lot, respectively 1.11 and 14.4). 

 

 
 

Figure 4. Verification of ISI and MNPT values established from 
linear regression (‘transference’) data using EQA 
(proficiency testing) data (part 1). Composite of EQA 
(proficiency test) data from 2008 to 2010 from RCPA 
Haematology QAP shown as ‘end of year cycle’ linear 
regression plots for INR for all participants. Data shown 
for complete years 2008 (Figures A and B), 2009 (Figures 
C and D) and 2010 (Figures E and F). Each figure plots 
the laboratory reported INR results (y-axis) vs the median 
reported INR (x-axis), with the ideal relationship reflected 
by the line of equivalence, which transects each figure 
from the lower left to upper right. In each year the RCPA 
QAP aims to provide samples that reflect a wide range of 
INR values; as shown in figures, this range covered 1.2 – 
4.5 (2008), 1.2-4.4 (2009) and 1.3-3.8 (2010). The 
results for each laboratory are plotted as individual 
regression lines (n=643 in 2008, n=655 in 2009, n=695 in 
2010), and resultant data shows a wide spread with some 
laboratories showing significant positive or negative bias 
away from the ideal (line of equivalence). Occasional 
regression lines (see Figures E and F for 2010) do not 
follow expected patterns, potentially reflecting additional 
(e.g., transcription) errors in reporting. The local (main 
campus) ICPMR laboratory INR values plotted against 
RCPA reported median values are shown in each figure as 
a solid red line (arrowed). Data in each case shows near 
equivalence to median reported values, indicating good 
performance in this EQA (proficiency testing) setting. 
Figures A, C and E reflect data for the main STA-R 
Evolution analyser, and figures B, D and F, the back-up 
STA-R Evolution analyser. 

 
 

 
Figure 5. Verification of ISI and MNPT values established from 

linear regression (‘transference’) data using EQA 
(proficiency testing) data (part 2). Composite of EQA 
(proficiency testing) data from 2008 to current (July, 
2011) showing local (main campus) ICPMR laboratory 
reported INR values plotted against median values from 
RCPA Haematology QAP. Data shown for both the main 
laboratory STA-R instrument, as well as the back up STA-
R instrument and include the 95% confidence intervals. 
As shown, data for both instruments overlaps the line of 
equivalence for the RCPA EQA data, and shows no 
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significant bias. Individual data points away from the line 
of equivalence are reflective of assay variation (i.e., 
random error events), which is highest for high INR 
values. 

 

 
Figure 6. Verifying or establishing ISI and MNPT values from 

linear regression data (‘transference’ method; Case study 
2). In this case, the laboratory is metropolitan based and 
geographically proximal to the main ICPMR campus. A 
new Stago Compact instrument was placed into the 
laboratory, and the first evaluation (Figure A; late 2008) 
assessed a large number of patient test samples for PT 
values using the existing thromboplastin reagent and 
instrument (Stago STA-R Evolution; used as the 
‘reference’ test system) in place at the main ICPMR 
campus versus the new (test or trial) reagent and 
instrument (Stago Compact) at the second laboratory. 

Like Case study 1 (Figure 3), a number of samples (>50) 
are run, with PT values reflecting a wide range from 
normal to high INR values, and the values obtained with 
the trial reagent/instrument are plotted as log PTs on the 
y-axis against the log of the INRs obtained using the 
existing reagent/instrument (used as ‘reference’) on the x-
axis. The local ISI is then derived from the slope (as 
1/slope) of the line and the MNPT can be derived from 
the y-intercept (viz; as per the certified plasma model, the 
local MNPT value is the antilog of the y-intercept at log 
INR = 0 (i.e. at INR = 1)). The subsequent evaluation 
(Figure B; mid-2009) was performed as per the normal 
procedure in use at the main campus (viz, as per Figure 3; 
using existing reagent vs replacement reagent on a single 
instrument, in this case a Stago Compact). Another 
evaluation has recently been conducted in early 2011 
(data not shown). The verification for the ISI and MNPT 
values obtained by these procedures was obtained by 
adequate performance in EQA (proficiency testing), with 
data for 2008 to current identified in Figure C. Thus, 
reported INR data (with 95% confidence interval) for the 
local laboratory plotted against the RCPA QAP median 
shows an overlap with the line of equivalence 
(‘Compact’). This figure also shows EQA data for three 
other laboratory sites using Stago START-4 analyzers and 
the same regression analysis to define local ISI and MNPT 
values, with similar outcomes. Individual data points away 
from the line of equivalence are reflective of assay 
variation (i.e., random error events), which is highest for 
high INR values. 

 

 
 
Figure 7. Verifying or establishing ISI and MNPT values using 

EQA (proficiency testing) data - Case study 3. As per 
previous figures, local laboratory reported INR values for 
a country based site have been plotted against the RCPA 
QAP median for the period 2008 to current (July, 2011) 
and data shows an overlap with the line of equivalence. 
Individual data points away from the line of equivalence 
are reflective of assay variation (i.e., random error events). 
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Figure 8. Eliminating bias in INR reporting from a small Network 
Country Laboratory - Case study 4. In this case, local ISI 
and MNPT values were assigned for a Coag-a-mate XM 
analyser and Recombiplastin reagent using a commercial 
calibration (certified) plasma set; however, a positive bias 
was observed compared to peer laboratory performance in 
an EQA setting (Figure A).  Revised ISI and MNPT 
values were obtained following a regression analysis, 
plotting the log of the local laboratory PT values against 
the log of the RCPA QAP median INR values (Figure B). 
Subsequent use of the revised ISI and MNPT values 
shows the elimination of bias and better harmonization 
with peer laboratory reported INRs (Figure C). 
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Figure 9: A recommended approach to the clinical laboratory calibration, estimation, validation and assignment of ISI and MNPT values for 

use in the INR system associated with VKAT. Adapted from Favaloro et al.1,2,8 
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