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NCCLS... 
Serving the World’s Medical Science Community Through Voluntary Consensus 
 
NCCLS is an international, interdisciplinary, nonprofit, 
standards-developing, and educational organization that 
promotes the development and use of voluntary consensus 
standards and guidelines within the healthcare community. It 
is recognized worldwide for the application of its unique 
consensus process in the development of standards and 
guidelines for patient testing and related healthcare issues. 
NCCLS is based on the principle that consensus is an 
effective and cost-effective way to improve patient testing and 
healthcare services. 

In addition to developing and promoting the use of voluntary 
consensus standards and guidelines, NCCLS provides an open 
and unbiased forum to address critical issues affecting the 
quality of patient testing and health care. 

PUBLICATIONS 

An NCCLS document is published as a standard, guideline, or 
committee report. 

Standard  A document developed through the consensus 
process that clearly identifies specific, essential requirements 
for materials, methods, or practices for use in an unmodified 
form. A standard may, in addition, contain discretionary 
elements, which are clearly identified. 

Guideline  A document developed through the consensus 
process describing criteria for a general operating practice, 
procedure, or material for voluntary use. A guideline may be 
used as written or modified by the user to fit specific needs. 

Report  A document that has not been subjected to consensus 
review and is released by the Board of Directors. 

CONSENSUS PROCESS 

The NCCLS voluntary consensus process is a protocol 
establishing formal criteria for: 

• the authorization of a project 

• the development and open review of documents 

• the revision of documents in response to comments by 
users 

• the acceptance of a document as a consensus standard or 
guideline. 

Most NCCLS documents are subject to two levels of 
consensus—“proposed” and “approved.”  Depending on the 
need for field evaluation or data collection, documents may 
also be made available for review at an intermediate (i.e., 
“tentative”) consensus level. 

Proposed  An NCCLS consensus document undergoes the first 
stage of review by the healthcare community as a proposed 
standard or guideline. The document should receive a wide and 
thorough technical review, including an overall review of its 
scope, approach, and utility, and a line-by-line review of its 
technical and editorial content. 

Tentative A tentative standard or guideline is made available 
for review and comment only when a recommended method has 
a well-defined need for a field evaluation or when a 
recommended protocol requires that specific data be collected. It 
should be reviewed to ensure its utility. 

Approved  An approved standard or guideline has achieved 
consensus within the healthcare community. It should be 
reviewed to assess the utility of the final document, to ensure 
attainment of consensus (i.e., that comments on earlier versions 
have been satisfactorily addressed), and to identify the need for 
additional consensus documents. 

NCCLS standards and guidelines represent a consensus opinion 
on good practices and reflect the substantial agreement by 
materially affected, competent, and interested parties obtained 
by following NCCLS’s established consensus procedures. 
Provisions in NCCLS standards and guidelines may be more or 
less stringent than applicable regulations. Consequently, 
conformance to this voluntary consensus document does not 
relieve the user of responsibility for compliance with applicable 
regulations. 

COMMENTS 

The comments of users are essential to the consensus process. 
Anyone may submit a comment, and all comments are 
addressed, according to the consensus process, by the NCCLS 
committee that wrote the document. All comments, including 
those that result in a change to the document when published at 
the next consensus level and those that do not result in a change, 
are responded to by the committee in an appendix to the 
document. Readers are strongly encouraged to comment in any 
form and at any time on any NCCLS document. Address 
comments to the NCCLS Executive Offices, 940 West Valley 
Road, Suite 1400, Wayne, PA 19087, USA. 

VOLUNTEER PARTICIPATION 

Healthcare professionals in all specialties are urged to volunteer 
for participation in NCCLS projects. Please contact the NCCLS 
Executive Offices for additional information on committee 
participation. 
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Reference and Selected Procedure for the Erythrocyte Sedimentation 
Rate (ESR) Test; Approved Standard—Fourth Edition 
 
Abstract 
 
This standard is a revision of the third edition approved standard (document H2-A3) published in August 
1993.  This revision incorporates the most recent recommendations made by the Expert Panel on Blood 
Rheology of the International Council for Standardization in Haematology (ICSH).  The document 
outlines the necessary details for the performance of a selected (Westergren) method on diluted (1:4) 
blood specimens and a reference method on undiluted specimens for the determination of the erythrocyte 
sedimentation rate.  Quality assurance and evaluation of other methods to measure the ESR are also 
described, including procedures for the preparation of a fresh blood reference material for use in the 
laboratory.  Although many see the test as inherently stable and therefore not requiring any additional 
quality assurance measures, there are available "test kits" that are inadequate.  This standard will enable 
the user of commercial, disposable ESR equipment to ensure that both the test equipment and test 
procedures are performing adequately. 
 
NCCLS. Reference and Selected Procedure for the Erythrocyte Sedimentation Rate (ESR) Test; Approved 
Standard—Fourth Edition. NCCLS document H2-A4 (ISBN 1-56238-424-4). NCCLS, 940 West Valley 
Road, Suite 1400, Wayne, Pennsylvania 19087-1898, USA 2000. 
 
 
 
 

 
 

THE NCCLS consensus process, which is the mechanism for moving a document through two or
more levels of review by the healthcare community, is an ongoing process. Users should expect
revised editions of any given document. Because rapid changes in technology may affect the
procedures, methods, and protocols in a standard or guideline, users should replace outdated editions
with the current editions of NCCLS documents. Current editions are listed in the NCCLS Catalog, 
which is distributed to member organizations, and to nonmembers on request. If your organization is
not a member and would like to become one, and to request a copy of the NCCLS Catalog, contact the
NCCLS Executive Offices. Telephone: 610.688.0100; Fax: 610.688.0700; E-Mail:
exoffice@nccls.org; Website: www.nccls.org 
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This publication is protected by copyright.  No part of it may be reproduced, stored in a retrieval system, 
or transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or 
otherwise) without written permission from NCCLS, except as stated below. 
 
NCCLS hereby grants permission to reproduce limited portions of this publication for use in laboratory 
procedure manuals at a single site, for interlibrary loan, or for use in educational programs provided that 
multiple copies of such reproduction shall include the following notice, be distributed without charge, 
and, in no event, contain more than 20% of the document’s text. 

 
Reproduced with permission, from NCCLS publication H2-A4— Reference and Selected 
Procedure for the Erythrocyte Sedimentation Rate (ESR) Test; Approved Standard—
Fourth Edition (ISBN 1-56238-424-4).  Copies of the current edition may be obtained 
from NCCLS, 940 West Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898, 
USA.        

 
Permission to reproduce or otherwise use the text of this document to an extent that exceeds the 
exemptions granted here or under the Copyright Law must be obtained from NCCLS by written request.  
To request such permission, address inquiries to the Executive Director, NCCLS, 940 West Valley Road, 
Suite 1400, Wayne, Pennsylvania 19087-1898, USA. 
 
Copyright ©2000. The National Committee for Clinical Laboratory Standards.  
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West Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898 USA, 2000.) 
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Foreword 
 
The erythrocyte sedimentation rate (ESR) test, first described about 70 years ago,1-3 is one of the most 
widely performed laboratory tests.  The Westergren method2,3 to measure the ESR has remained 
essentially unchanged since its inception and was recommended as the method of choice by the 
International Council (previously Committee) for Standardization in Haematology (ICSH) in 19734 and 
1977.5  Although over the years other methods to measure the ESR have been introduced for routine use, 
e.g., the Wintrobe method6 and the Zeta Sedimentation Ratio Determination (ZSR),7 the Westergren 
method remains the benchmark against which other methods can be, and are, evaluated. 
 
Over the last few years, a number of technical innovations and semiautomated instruments have been 
introduced that are aimed at eliminating or decreasing the risk of exposure of laboratory workers to 
potentially infectious material, i.e., blood.  The newer procedures are considered less hazardous, primarily 
because they are either self-contained or use disposable materials, or both.  There is a need to examine 
these innovations, both for comparability of results to previously employed methods and to ensure, on an 
ongoing basis, the quality of the results.  This document provides methods to address both these 
questions. 
 
Erythrocyte sedimentation remains an only partly understood phenomenon. Three phases can be 
distinguished in the sedimentation process.  The first phase, the lag or aggregation phase, reflects the 
period in which the individual erythrocytes form rouleaux; there is little sedimentation.  During the next, 
decantation or precipitation phase, the plasma-red cell interface falls more rapidly (increasing 
sedimentation).  In the final or packing phase, the red cell aggregates pile up on the bottom of the tube or 
container; sedimentation slows down as a result of mutual interference of the closely packed aggregates.  
Thus, if the descent of the plasma-red cell interface is plotted against time, a typical sigmoid curve is 
obtained (see Section 6, Figure 1). 
 
The size of the aggregates formed in the lag phase is critical for the outcome of sedimentation.  The rates 
of aggregation and sedimentation are manifestations of the instability of a blood suspension, which is 
based on a reciprocal effect between the erythrocyte membrane surface and certain plasma proteins; these 
proteins have been called “agglomerins.”  They have a high affinity for the erythrocyte membrane 
glycoproteins, on the one hand; on the other, they are of sufficient molecular size to form bridges between 
individual red cells.  Fibrinogen, IgM, and alpha2-macroglobulin all have “agglomerin” properties8,9; 
fibrinogen cleavage products show a sedimentation activity that decreases with decreasing molecular 
size.10 Sedimentation activity of the glycoproteins alpha1-acid-glycoprotein, alpha1-antitrypsin, 
ceruloplasmin, and haptoglobin has not been clearly demonstrated, although a positive correlation 
between the concentration of these acute-phase proteins and erythrocyte sedimentation has been reported.  
Their concentration, however, rises and falls with that of fibrinogen; thus, this positive correlation may be 
no more than a manifestation of this parallelism.8 IgG increases erythrocyte sedimentation only at very 
high concentrations.  Macromolecules not normally found in blood—such as gum arabic, pectin, hydroxy-
ethyl starch, dextrans, gelatin, and hyaluronic acid—may behave as “agglomerins.”11 
 
Erythrocytes affect the sedimentation reaction primarily through changes in number and/or shape.  
Sedimentation is increased in anemia, more so in megaloblastic than in iron-deficiency anemia; 
pronounced polycythemia inhibits sedimentation.  Sedimentation is also inhibited by variations in red cell 
shape, e.g., spherocytosis, acanthocytosis, and sickle cell formation.  Pronounced anisocytosis gives rise 
to aggregates of different size and to the formation of an “erythrocyte veil” in the supernatant plasma 
column (“veil sedimentation”).12,13 
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Foreword (Continued) 
 
Sedimentation is inhibited by increased lysolecithin concentration and by fatty acids; it is inhibited by, 
e.g., cinchophen, phenylbutazone, sodium salicylate, and thiosemicarbazone.12,14 Sedimentation inhibition 
by albumin is disputed.15 
 
Erythrocyte sedimentation is a nonspecific reaction; it is a measure of the presence and severity of 
pathological processes.  In general, the ESR is increased in all acute, general infections; in localized, 
acute, inflammatory conditions, variations in the ESR depend on the nature and severity of the process. 
One of the most important uses of the ESR is in screening for the presence of more or less occult disease 
and, as such, it is considered a valuable routine procedure. 
 
On occasion, the ESR may be increased where clinical and laboratory evaluation yield negative results. 
This should nonetheless be regarded as a sign of disease until such time as the physician is fully satisfied 
that the patient is perfectly well.  However, normal values for the ESR have been found in patients with a 
neoplasm of the liver16 or with other serious conditions.17  The ESR may also be useful to differentiate 
organic disease from functional disorders, or as a guide to the progress of diseases such as rheumatic 
carditis, rheumatoid arthritis, and certain malignancies, including Hodgkin's disease. 
 
Recently, the ICSH Expert Panel on Blood Rheology was requested to review and update the previously 
published documents on the ESR.4,5 Two of the members of the NCCLS Subcommittee on the 
Erythrocyte Sedimentation Rate also sit on the ICSH panel.  The ICSH Panel has reported its 
recommendations18 and the conclusions of those recommendations have been freely incorporated into this 
document.  We gratefully acknowledge these cooperative efforts. 
 
Key Words 
 
Erythrocyte sedimentation, erythrocyte sedimentation rate (ESR) test, quality control, reference 
procedure, standardized procedure, Westergren pipet  
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1 Introduction 
 
The sedimentation of red cells in autologous plasma provides a measure of the acute-phase reaction to 
inflammation.  The term “erythrocyte sedimentation rate” is the traditional term, although a single 
measurement of the amount of fall of the red cells after 60 minutes is not truly a rate. 
 
Red cell sedimentation is accelerated by an increase in the plasma concentration of so-called “acute-phase 
proteins,” which are increased in acute tissue damage, chronic inflammation, chronic infection, and 
pregnancy. The ESR reflects both the increase in certain accelerating proteins, such as fibrinogen and 
gamma globulins, and the decrease in retarding proteins, such as albumin.  This is an advantage for the 
monitoring of rheumatoid arthritis but decreases the sensitivity and specificity of the test when used for 
disease screening purposes.19 Sedimentation is also accelerated in anemia, which may or may not 
accompany these diseases or conditions. In addition, the ESR is somewhat sensitive to the shape of red 
cells.  For example, red cells such as those seen in thalassemia are broader and thinner than normal and 
sediment less rapidly than normal erythrocytes. 
 
This document describes a reference procedure for the erythrocyte sedimentation rate (ESR) test, as well 
as a selected procedure. This selected method is based on the original methodology of Fåhraeus1 and 
Westergren,3 which used diluted blood in open-ended, Westergren-type glass pipets of 300-mm length 
mounted vertically in a rack or stand. The standardized procedure has been verified in studies based on 
the reference procedure.18  
 
Many so-called Westergren pipets, both glass and plastic, have an internal diameter which is less than 
called for in this document, i.e., less than 2.55 mm.  Such pipets have been associated with spurious 
results, especially in specimens with a packed cell volume (PCV; “hematocrit”) greater than 0.35 
(“35%”). Unfortunately, pipets adequate for all blood specimens, including those with higher PCV, are 
not yet widely available.  Therefore, the selected procedure described in this document continues to 
require dilution of the specimen before measuring the sedimentation “rate.” 
 
A number of technical developments have reduced the biohazard risk of this method, including closed 
blood collection tubes that are placed upright to function as the ESR tube and are never opened.  The 
simplicity and safety of these new approaches are attractive as the basis of routine laboratory working 
methods. 
 
The procedures described in this document are an attempt to measure the ESR in a fashion that is not 
misleadingly influenced by variations in relative erythrocyte volume.  The procedures also permit the 
preparation of a reference material within the laboratory.  Such a material, of necessity fresh whole blood, 
can then be used in the laboratory to ensure that the method routinely in use to determine the ESR, e.g., a 
routine Westergren method,18 the Wintrobe method,6 or the ZSR,7 provides reliable results.20,21 

 
2 Scope 
 
ESR procedures cannot be calibrated.  The procedures used to determine the ESR are susceptible to a 
variety of errors.  An inadequately performed ESR that produces an incorrect result may not be detected 
unless some reference material is available in the laboratory where the ESR procedure is being performed.  
Since the phenomenon of erythrocyte sedimentation is confined to fresh blood and is transient, presently 
the only feasible way of providing a control material is to specify a method for the production of such 
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