
© ISO 2017

Biological evaluation of medical 
devices —
Part 4: 
Selection of tests for interactions 
with blood
Évaluation biologique des dispositifs médicaux —
Partie 4: Choix des essais pour les interactions avec le sang

INTERNATIONAL 
STANDARD

ISO
10993-4

Third edition
2017-04

Reference number
ISO 10993-4:2017(E)

This document is a preview generated by EVS



﻿

ISO 10993-4:2017(E)
﻿

ii� © ISO 2017 – All rights reserved

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2017, Published in Switzerland
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form 
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior 
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of 
the requester.

ISO copyright office
Ch. de Blandonnet 8 • CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11
Fax +41 22 749 09 47
copyright@iso.org
www.iso.org

This document is a preview generated by EVS



﻿

ISO 10993-4:2017(E)
﻿

Foreword.........................................................................................................................................................................................................................................iv
Introduction.................................................................................................................................................................................................................................vi
1	 Scope.................................................................................................................................................................................................................................. 1
2	 Normative references....................................................................................................................................................................................... 1
3	 Terms and definitions...................................................................................................................................................................................... 1
4	 Abbreviated terms............................................................................................................................................................................................... 4
5	 Types of devices in contact with blood (as categorized in ISO 10993-1)................................................... 5

5.1	 Non-blood-contact devices............................................................................................................................................................ 5
5.2	 External communicating devices............................................................................................................................................. 5

5.2.1	 General...................................................................................................................................................................................... 5
5.2.2	 External communicating devices that serve as an indirect blood path............................. 5
5.2.3	 External communicating devices directly contacting circulating blood........................... 5

5.3	 Implant devices....................................................................................................................................................................................... 6
6	 Characterization of blood interactions.......................................................................................................................................... 6

6.1	 General requirements........................................................................................................................................................................ 6
6.2	 Categories of tests and blood interactions.................................................................................................................... 12

6.2.1	 Recommended tests for interactions of devices with blood....................................................12
6.2.2	 Non-contact devices....................................................................................................................................................13
6.2.3	 External communicating devices and implant devices................................................................13
6.2.4	 Limitations.......................................................................................................................................................................... 13

6.3	 Types of tests.......................................................................................................................................................................................... 13
6.3.1	 In vitro tests........................................................................................................................................................................ 13
6.3.2	 Ex vivo tests........................................................................................................................................................................ 14
6.3.3	 In vivo tests......................................................................................................................................................................... 14

Annex A (informative) Preclinical evaluation of cardiovascular devices and prostheses..........................16
Annex B (informative) Recommended laboratory tests — Principles, scientific basis 

and interpretation............................................................................................................................................................................................21
Annex C (informative) Thrombosis — Methods for in vivo testing.....................................................................................32
Annex D (informative) Haematology/haemolysis — Methods for testing — Evaluation of 

haemolytic properties of medical devices and medical device materials..............................................39
Annex E (informative) Complement — Methods for testing......................................................................................................46
Annex F (informative) Less common laboratory tests.....................................................................................................................49
Annex G (informative) Tests which are not recommended.........................................................................................................53
Bibliography..............................................................................................................................................................................................................................55

© ISO 2017 – All rights reserved� iii

Contents� Page

This document is a preview generated by EVS



﻿

ISO 10993-4:2017(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO’s adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following 
URL: www​.iso​.org/​iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC 194, Biological and clinical evaluation of 
medical devices.

This third edition cancels and replaces the second edition (ISO  10993-4:2002), which has been 
technically revised.

It also incorporates the Amendment ISO 10993-4:2002/Amd 1:2006.

The following changes were made:

a)	 some definitions have been revised and new definitions have been added;

b)	 Tables 1 and 2 have been consolidated into a single new Table 1 with test categories and headers 
reorganized to emphasize and include material and mechanical-induced haemolysis testing and in 
vitro and in vivo testing for assessment of risk for thrombosis;

c)	 Tables 3 and 4 have been consolidated into a single new Table 2 with a simplified list of suggested 
and most common tests;

d)	 Annex  B has been updated to cover only the most common practiced tests for assessing blood 
interactions;

e)	 Annex C has been added to cover the topic of in vivo thrombosis and methods for testing;

f)	 Annex D, which was Annex C in the previous edition, has been updated and now includes added 
information on mechanically-induced haemolysis;

g)	 Annex E has been added to cover the topic of complement testing and best test method practices;

h)	 Annexes F and G have been added to present the less common tests used to assess interactions with 
blood and the tests that are not recommended for preclinical assessment of medical device blood 
interaction, respectively. Many of these methods were previously included in Annex B;
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i)	 subtle language refinements can be found throughout the revised document;

j)	 the Bibliography has been reorganized by common subjects of interest and updated with additional 
and more current references.
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Introduction

The selection and design of test methods for the interactions of medical devices with blood should take 
into consideration device design, materials, clinical utility, usage environment and risk benefit. This 
level of specificity can only be covered in vertical standards.

The initial source for developing this document was the publication, Guidelines for blood/material 
interactions, Report of the National Heart, Lung, and Blood Institute[14] chapters 9 and 10. This 
publication was subsequently revised[15].
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Biological evaluation of medical devices —

Part 4: 
Selection of tests for interactions with blood

1	 Scope

This document specifies general requirements for evaluating the interactions of medical devices 
with blood.

It describes

a)	 a classification of medical devices that are intended for use in contact with blood, based on the 
intended use and duration of contact as defined in ISO 10993-1,

b)	 the fundamental principles governing the evaluation of the interaction of devices with blood,

c)	 the rationale for structured selection of tests according to specific categories, together with the 
principles and scientific basis of these tests.

Detailed requirements for testing cannot be specified because of limitations in the knowledge and 
precision of tests for evaluating interactions of devices with blood. This document describes biological 
evaluation in general terms and may not necessarily provide sufficient guidance for test methods for a 
specific device.

The changes in this document do not indicate that testing conducted according to prior versions of 
this document is invalid. For marketed devices with a history of safe clinical use, additional testing 
according to this revision is not recommended.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO  10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk 
management process

ISO  10993-12, Biological evaluation of medical devices — Part 12: Sample preparation and reference 
materials

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10993-1, ISO 10993-12 and 
the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 IEC Electropedia: available at http://​www​.electropedia​.org/​

—	 ISO Online browsing platform: available at http://​www​.iso​.org/​obp
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