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Abstract

Clinical and Laboratory Standards Institute docume
PT/INR Systems; Approved Guideline is one in a seri
is intended to provide guidance for both manufacturer
results. H54 describes the use of certified plasmas
Normalized Ratio (INR) system test; reviews limitations

that may occur when a manufacturer-determined

ISI is used without local verification ation; an rationale for performing local ISI verification with
recommendations as to when PT calibr: indi . ideline is published in two parts. Part | provides an
expanded account of the subject and Part | sion that may be useful in the clinical laboratory. Methods of

alibration line for direct INR determination is included. In the
expanded guideline, the meth and method of INR value assignments are also described in
detail. This guideline includ e that certified plasmas should cover and recommended number of

objective of this guideline is t€ apd trueness (accuracy) of PT/INR systems and enhance both laboratory

standardization and patient care.

Clinical and tute (CLSI). Procedures for Validation of INR and Local Calibration of PT/INR Systems;
e 54-A (ISBN 1-56238-580-1). Clinical and Laboratory Standards Institute, 950 West
vania 19087 USA, 2005.

dards Institute consensus process, which is the mechanism for moving a document through
he health care community, is an ongoing process. Users should expect revised editions of any
given document. d changes in technology may affect the procedures, methods, and protocols in a standard or
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the CLSI catalog and posted on our website at www.clsi.org. If your organization is not a member and would like to become
one, and to request a copy of the catalog, contact us at: Telephone: 610.688.0100; Fax: 610.688.0700; E-Mail:
customerservice@clsi.org; Website: www.clsi.org.

The Clinic
two or more levels of revie

CLINICAL AND
// LABORATORY
STANDARDS

INSTITUTE® DIN/NAMed



Number 23 H54-A

Copyright ©2005 Clinical and Laboratory Standards Institute. Except as stated below, any reproduction of
content from a CLSI copyrighted standard, guideline, companion product, or other material requires
express written consent from CLSI. All rights reserved. Interested parties may send permission requests to
permissions@clsi.org.

CLSI hereby grants permission to each individual member or purchaser to i production of
this publication for use in its laboratory procedure manual at a single sit rmission to use
this publication in any other manner, e-mail permissions@clsi.org.

Suggested Citation

CLSI. Procedures for Validation of INR and Local Calibration 0 ;. Approved Guideline.
CLSI document H54-A. Wayne, PA: Clinical and Labor

Previous Edition:
October 2004

Reaffirmed:
September 2016

ISBN 1-56238-580-1
ISSN 0273-3099

ii



Volume 25 H54-A

Contents
ADSIIACT ...ttt ettt e et e e e et e e tb e e e e e e tbe e e baeetae e e bt e etaeeanbeeetaeetbeeebaeeteeeatreeeteeesaraean i
Committee MEMDEISIIP. ... .ccviiiiiiiieiieii ettt ere ettt e ste e s b e s b e e b e esbeesseessaessbesssessseesseesseessenssas il
FOT@WOTA ...ttt ettt e h ettt e ae et e s b et e st e e et et e bt eae et e ebeenees vii
1
2
3
Part I. Detailed VErsion.........ccciecuieiiierienieiie ettt
4 Laboratory Monitoring of AVK Therapy .......ccccceveeveripmennnee.
4.1 Recommended Method..........cocooiiiiiniiiniinn S
4.2 Limitations of the INR System .................mm........
4.3 Optimizing Current PT/INR Test Systg § i nor
Calibration) .......cceeecveeerveeecreeeneeeenn oo e e et e erre e e aaaa e 11
5 Recommendations for Verification of the PEAINR TestfSystem ..........occcevvveieeiienieeiieiene, 11
5.1 Verification of INR Results€iih, ... 00 e 11
6 Recommendations for Further Impro INR Test System (INR Calibration).13
6.1 PT/INR Calibratiofu.......cceeveeoe S0t oo St e ettt eees 13
6.2 General Guideli ITRANP1aSMNAS ... 13
6.3 Frequency of Calib y I S 14
....................................................................... 15
7 PT/INR Systenfi€alibsation to Detegmine Local ISI...........cccoiiiiiiiniiiiice 15
........................................................... 16
Required for Local ISI Calibration.............ccccceuveennnen. 16
................................................ 16
...................................................... 17
.......................................................................... 17
8  PEANRSystem Calibration to Determine Direct INR .........ccooiiiiiiiiiiiieeee 17
................................... 17
8.2 ¢ for Preparation of a Direct INR Calibration Line .........c.ccccevenveienenenne. 18
o B (T3 (1<) 11RO 18
8.4 Guidelines for Determining Result ACCEeptance...........ecvevvvevveriveeieeiieeieeeeeeseeenens 18
8.5 Interpretation of Patient Test ReSults........cccovviviriiiininiiiiieccccccceen 19
9 Choice of Verification/Calibration Material ...........cccceiiiiiiiiiiiiiieeeee e 19
9.1 Method of Preparation of Certified Reference Materials...........cccovevvevienieniennennn. 20
9.2 Validation of Certified Plasmas .........c.cceoeririiiiiniiiereneeee e 23
9.3 Documentation Required by Manufacturers..........ccecveeeieeeeiieeriee e 23



Number 23 H54-A

Contents (Continued)

Part I1. Abbreviated Version for Laboratorians .............ccceecueeerieeiieriienieriesee e e e eieesseesseesnesenesenes 25
10 53T (o4 10175 () DO O PUSR 25
10.1  Limitations of the INR SYSteIM ......ccceevviiiiiiiiiiiieiiecieciece et 26
10.2  ISI Value Assigned by the Manufacturer..............coeevieviierienienienie e 26
10.3  Thromboplastin/Instrument INtETaction ............cccceceeverieiininienieneeereeeese e 26
10.4  Components of INR Determination ...........cccueevveeeeiieenieenieeeiieesreeereeeieeesveeevee e 27
11 Optimizing the Local PT/INR Test System ........cccccvveevieviiereenienreereenneenn,
11.1  Prothrombin Time........ccccccieoiieiierienieiieeieeieesee el
11.2  Mean Normal Prothrombin Time W AV

11.3  Thromboplastin Reagent With a Generic ISI Aal.............,
11.4  Thromboplastin Reagent With an Instrument/Reagent-Specific 18EZ.............
11.5  Use of Good Laboratory PractiCes .........cecevereevieninieninenieneneee a0

12 Recommendations for Verification of the Local Test SyStem............................ 8
12.1  Verification of INR Results ....................
13 Local System Calibration

13.1  General Guidelines for the Use of
13.2  Procedure for Calculating Logal ISI"
13.3  Procedure for Establishing
13.4  Interpretation of Patient Test

| 303 L5115 0 (61T UUURUOURRRURPUUUURURRRRRUTUR. WD SUTUTIRD. <SSR 34
Prothrombin Time (MNPT) ................ 37

Appendix B. Calculationg i and Direct INR Calibration Line................... 38

vi



Volume 25 H54-A

Foreword

The prothrombin time (PT) is the most widely performed coagulation assay. It is commonly used to
monitor antivitamin K therapy (AVK). The wide use of the PT has resulted in the introduction of
numerous thromboplastin reagents and coagulation instruments. Thromboplastin reagents can vary widely
in their response to AVK therapy depending on the source material from which they are derived. This can
result in a wide range of PT results on identical patient plasmas. Patient samples have shorter clotting
times when less responsive PT reagents are used and longer clotting times when a more responsive
reagent is used. A wide assortment of instruments is available to measure PT assays using a number of
different technologies for endpoint detection (e.g., optical-based or mechanical clot detection). PT test
results may vary depending on the clot detection mechanism employed and brand oagulation analyzer
used. Variation in both thromboplastin reagent and instrumentation has ibuted to a lack of
standardization in PT test results.

PT reporting in an effort to offset variation in thromboplastin reagent res enhance
standardization. An International Sensitivity Index (ISI) is assigned to each co i number of
thromboplastin reagent. The ISI is a measure of a reagent’s re i ctional levels
of vitamin K-dependent coagulation factors compared to the ry WHO Interndtional Reference
Preparation (IRP). The INR is a mathematical conversio

INR = (Plasma PT + MNPT) ..

Though the INR system has improved PT r
of inconsistency in values between labor

associated with unexpectedly high degrees
ificant variation in locally reported INRs,

morbidity and mortality.

Causes for variation in INR include,
prothrombin time (MNRB
determination compared s
manufacturer’s assigned

sodium citrate concentration employed for ISI
local effect of the reagent/instrument combination on the
e applied locally; 5) incorrect choice of IRP for reagent

ST Ve and 6) inaccuracy and imprecision in the calibration of the
efappropriate IRP, causing an inaccurate and imprecise ISI value.

In order imi of the PT, it is recommended that a thromboplastin with an assigned ISI
i 8 thromboplastin/instrument combination be used. This is in preference
to a thro inglan instrument-specific ISI (generic ISI [see the Definitions section]). When
using a reagent with a t boplastin/instrument-specific ISI, local ISI verification should be performed
to ensure the I correct for the laboratory. If different, local calibration should be performed.
When using a ic ISI, local verification is mandatory and local ISI calibration is strongly
recommended.

Local PT calibration has been demonstrated to enhance the trueness (accuracy) and interlaboratory
precision of INR determination. Local application of a conventional WHO calibration methodology is not
feasible, as it is a labor-intensive, costly procedure using the manual tilt-tube method, and there is
insufficient IRP available for individual laboratories. Instead, certified plasma samples with assigned
PT/INR values can be used in individual laboratories to validate and if needed, calibrate the local
instrument/reagent system. Local calibration can be achieved using certified plasmas by either calculating
an ISI locally using orthogonal regression or by generating a calibration line upon which INR values are
interpolated, a direct INR.

vil
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With the use of certified plasmas for INR verification and/or calibration of the local PT/INR systems, it is
anticipated that clinical laboratories will not only report more accurate INRs, but also enhance laboratory
to laboratory consistency, leading to improvements in monitoring antivitamin K therapy and, ultimately,
patient outcomes.

A Note on Terminology

Clinical and Laboratory Standards Institute (CLSI), as a global leader in standardization, is firmly
committed to achieving global harmonization wherever possible. Harmonization is a process of
recognizing, understanding, and explaining differences while taking steps to achieve worldwide
uniformity. CLSI recognizes that medical conventions in the global metrological community have

attention. Implementation of this policy must be an evolutionary and educatio s with
new projects and revisions of existing documents.

In keeping with CLSI’s commitment to align terminology wi describes the
metrological terms and their uses in H54-A:

The term accuracy refers to the “closeness of the agreg

this document when referring to the “closeness o average value from a large
series of measurements and to a true value recision is defined as the “closeness of
agreement between independent test/measu (s obtained under stipulated conditions.” As such,
it cannot have a numerical value, but may b i alitatively as high, medium, or low. For its
numerical expression, the term imprecision is ich 1 “dispersion of results of measurements
obtained under specified conditio iti i components of precision are defined in H54-A,
primarily repeatability (i.e., “the
of the same measurand carried out onditions of measurement”); while reproducibility
describes the “closeness of agreement asurements under changed conditions.” The CLSI

are included parenthetic

Users of H54-A should un , that the fundamental meanings of the terms are identical in
many cases rstanding, terms are defined in the Definitions section of this guideline.
All te e reviewed again for consistency with international use, and revised
appropri scheduled revision of this document.

Key Words

Calibration, ce smas, international normalized ratio (INR), international sensitivity index (ISI),
prothrombin time (PT), thromboplastin, verification
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Procedures for Validation of INR and Local Calibration of PT/INR Systems;
Approved Guideline

1 Scope

CLSI document H54 reviews limitations of the INR system and provides a rationale for performing local
PT/INR verification with recommendations as to when calibration may be indicated. The method of
certified plasma preparation and method of INR value assignments are described in detail. Also included
are the recommended INR range that certified plasmas should cover and rec ended number of
certified plasmas required for local ISI calibration. A protocol for performing ¢ tion of PT systems is
provided. Methods of calculating local ISI are included, as well as the proce a calibration
line in order to interpolate a direct INR.

instruments used in the PT/INR system and for manufacturers
standardize the PT assay; Part II is written for laboratory
prothrombin time (PT) assays.

fied plasmas to
the performance of

2 Standard Precautions

Because it is often impossible to know wh cimens might be infectious, all patient and
laboratory specimens are treated as infectiou rding to “standard precautions.” Standard

isolation” practices. Standard pr ission of all infectious agents and thus are
more comprehensive than unive ' i intended to apply only to transmission of
blood-borne pathogens. Standard an i tion guidelines are available from the U.S. Centers
| Infection Control Practices Advisory Committee.
Guideline for isolation
specific precautions for pre

instruments and material endations for the management of exposure to all infectious
disease, refer edltlon of CLSI document M29—Protection of Laboratory Workers
From Occ

3 D

accuracy (of measure — closeness of the agreement between the result of a measurement and a true
value of the me NOTE: See measurand and trueness, below

antivitamin K (AVK) plasma — plasma from an individual on antivitamin K (AVK) therapy; NOTE:
See vitamin K antagonist, below.

calibration — set of operations that establishes, under specified conditions, the relationship between
values of quantities indicated by a measuring instrument or measuring system, or values represented by a
material measure or a reference material, and the corresponding values realized by standards (VIM93)';
NOTE 1: According to the U.S. Code of Federal Regulations, calibration is the process of testing and
adjustment of an instrument, kit, or test system, to provide a known relationship between the
measurement response and the value of the substance being measured by the test procedure (42 CFR §
493)*; NOTE 2: The term is sometimes used to describe different situations; NOTE 3: See calibration
line and direct INR determination, below.

©Clinical and Laboratory Standards Institute. All rights reserved. 1
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calibration line — the graphic relationship (typically linear) between the clotting time in seconds and the
INR of certified plasmas.

certified plasmas — normal or abnormal plasma samples assigned a PT/INR value by a manufacturer,
using a manual method based on a WHO accepted protocol determined against an appropriate
thromboplastin IRP (or manufacturer or standard reference reagent) that has been calibrated against the
appropriate WHO standard in a multicenter study; NOTE 1: (i.e., a minimum of three laboratories for a
primary standard and two laboratories for a secondary standard); NOTE 2: See standard reference
reagent, below.

direct INR determination — INR determination from a PT/INR calibration
certified plasmas without employing an ISI and MNPT; NOTE: See Figure 1 i

determined using

error (of measurement)//measurement error — result of a measurement e (or accepted
reference value) of the measurand (VIM93).'

this document, INRs above 4.5 would be extrapolated, w .5 would be
interpolated; NOTE 2: See interpolate, below.

(i.e., determined for a
, such as manual, photo-
Index and

generic ISI — an ISI determined for a thromboplastin
group of instruments that uses the same general mng
optical, or mechanical methods); NOTE

thromboplastin/instrument-specific ISI, be

imprecision — dispersion of independent re pents obtained under specified conditions;
NOTE: It is expressed numerically as standar oefficient of variation (CV).

International Normalized Ratio
to a normal population (MNPT)
thromboplastin used in the

ndardized (or normalized) for the potency of the
17593)*; NOTE: INR = (Plasma PT+MNPT)"",

International Referenceé
calibrate other reference f gcondary or manufacturer’s standards; NOTE 1: There are
three species : i abbit, and human, which can be produced from original biological sources

m to the defect induced by oral anticoagulants (WHO 880); NOTE: See
thromboplastin /instrument-specific ISI, below, and generic ISI, above.

interpolate — to insert, estimate, or find an intermediate term (in a sequence); NOTE 1: In this document,
INRs above 4.5 would be extrapolated, while those between 1 and 4.5 would be interpolated; NOTE 2:
See extrapolate, above.

local test system ISI calibration — determination of local test system ISI using certified plasmas.

mean normal prothrombin time (MNPT) — the geometric mean of the prothrombin times of the healthy
adult population (WHO 880)*; NOTE 1: For practical purposes, the geometric mean of the prothrombin

time calculated from at least 20 fresh samples from healthy individuals, including those of both sexes, is a

2 ©Clinical and Laboratory Standards Institute. All rights reserved.
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The Quality System Approach

Clinical and Laboratory Standards Institute (CLSI) subscribes to a quality system approach in the development of
standards and guidelines, which facilitates project management; defines a document structure via a template; and
provides a process to identify needed documents. The approach is based on the model presented in the most current
edition of CLSI/NCCLS document HS1—A Quality Management System Model for Health Care. The quality
system approach applies a core set of “quality system essentials” (QSEs), basic to any organization, to all operations
in any healthcare service’s path of workflow (i.e., operational aspects that define how a particular product or service
is provided). The QSEs provide the framework for delivery of any type of product or service, serving as a manager’s
guide. The quality system essentials (QSEs) are:

Documents & Records Equipment Information Management s Improvement
Organization Purchasing & Inventory Occurrence Management ice & Satisfaction
Personnel Process Control Assessment

H54-A addresses the quality system essentials (QSEs) indicated by an “X.” For a e other dgcuments
listed in the grid, please refer to the Related CLSI/NCCLS Publications section on the
@9 g 2 = 3
£3 Z . g 2 £ M
£3g 5 = g ] 23 g 5
582 g 2 £ S5 8 £ % =g
2% = 5 & 5z e s 5 2%
el o & 0 &5 a0 n = »
H1 X M29
C2
H3
1
Adapted from CLSI/NCCLS document HS1—A4 nt System Model for Health Care.
Path of Workflow
A path of workflow is the descripti essafysteps 10 deliver the particular product or service that the
organization or entity provides. For p CCLS document GP26—Application of a Quality
Management System Model for Laboratory ices a clinical laboratory path of workflow which consists of
three sequential processe afnination, e ation, and postexamination. All clinical laboratories follow these

processes to deliver the lab es, na uality laboratory information.

H54-A addresses the cl
documents lis# 5

orkflow steps indicated by an “X.” For a description of the other

inical f
i efer to the Related CLSI/NCCLS Publications section on the following page.

grid, p

Examination Postexamination
g -
= oS B
5] 22 = = = g

5} 5} s % O
s 3 £2 EE »z =2 zg | BE5
8 3 3 2 50 £ .2 s & 5 9 T35 3
= 2 g 23 85 R 8 & 228
£ < 7ae 2N [~ a8 ~ £ a =

H47 H47

Adapted from CLSI/NCCLS document HS1—A Quality Management System Model for Health Care.

50 ©Clinical and Laboratory Standards Institute. All rights reserved.
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Related CLSI/NCCLS Publications’

C28-A2 How to Define and Determine Reference Intervals in the Clinical Laboratory; Approved Guideline—
Second Edition (2000). This document provides guidance for determining reference values and reference
intervals for quantitative clinical laboratory tests.

H1-A5 Tubes and Additives for Venous Blood Specimen Collection; Approved Standard—Fifth Edition (2003).
This standard contains requirements for blood collection tubes and additives including heparin, EDTA, and
sodium citrate.

H3-AS Procedures for the Collection of Diagnostic Blood Specimens by Venipuncture; Approved Standard—
Fifth Edition (2003). This document provides procedures for the collection of diagnostic specimens by
venipuncture, including line draws, blood culture collection, and venipuncture 4 ildren. It also includes
recommendations on order of draw.

H21-A4 Collection, Transport, and Processing of Blood Specimens for ed Coagulation
Assays; Approved Guideline—Fourth Edition (2003). This guidelin i
transporting, and storing blood; processing blood specimens; storing pl
general recommendations for performing the tests.

H47-A One-Stage Prothrombin Time (PT) Test and Activa (APTT) Test;

M29-A3 Protection of Laboratory Workers From Q
Third Edition (2005). Based on U.S. es guidance on the risk of
transmission of infectious agents by aero stances in a laboratory setting;
specific precautions for preventing the [abota ission of microbial infection from laboratory
instruments and materials; and reco i anagement of exposure to infectious agents.

: Proposed-level documents are being advanced through the Clinical and Laboratory Standards Institute consensus process;
therefore, readers should refer to the most recent editions.

©Clinical and Laboratory Standards Institute. All rights reserved. 51
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