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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.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is called to the possibility that implementation of this standard may require the use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. ISO/IEEE is not responsible for identifying essential
patents or patent claims for which a license may be required, for conducting inquiries into the legal validity or
scope of patents or patent claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance or a Patent Statement and Licensing Declaration Form, if
any, or in any licensing agreements are reasonable or non-discriminatory. Users of this standard are expressly
advised that determination of the validity of any patent rights, and the risk of infringement of such rights, is
entirely their own responsibility. Further information may be obtained from ISO or the IEEE Standards
Association.

ISO/IEEE 11073-10418 was prepared by the Substations Committee of the IEEE Power Engineering Society
of the IEEE (as IEEE 11073-10418-2011). It was adopted by Technical Committee ISO/TC 215, Respiratory
and anaesthetic equipment, in parallel with its approval by the ISO member bodies, under the “fast-track
procedure” defined in the Partner Standards Development Organization cooperation agreement between 1ISO
and IEEE. IEEE is responsible for the maintenance of this document with participation and input from ISO
member bodies.

ISO/IEEE 11073 consists of the following parts, under the general title Health informatics — Personal health
device communication (text in parentheses gives a variant of subtitle):

— Part 00103: Overview
— Part 10101: (Point-of-care medical device communication) Nomenclature
— Part 10102: (Point-of-care medical device communication) Nomenclature — Annotated ECG

— Part 10103: (Point-of-care medical device communication) — Nomenclature — Implantable device,
cardiac

— Part 10201: (Point-of-care medical device communication) Domain information model

— Part 10404: Device specialization — Pulse oximeter
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Part 10406

Part 10407:

Part 10408:

Part 10415:

Part 10417:

Part 10418:

Part 10420:

Part 10421:

Part 10441:

Part 10471:

Part 10472:

Part 20101

Part 20601

Part 30200

Part 30300

73-10418:2014(E)
: Device specialization — Basic electrocardiograph (ECG) (1- to 3-lead ECG)

Device specialization — Blood pressure monitor

Device specialization — Thermometer

Device specialization — Weighing scale

Device specialization — Glucose meter

Device specialization — International Normalized Ratio (INR) monitor

Device specialization — Body composition analyzer

Device specialization — Peak expiratory flow monitor (peak flow)

Device specialization — Cardiovascular fitness and activity monitor

Device specialization — Independant living activity hub

Device specialization — Medication monitor

: (Point-of-care medical device communication) Application profiles — Base standard
: Application profile — Optimized exchange protocol

: (Point-of-care medical device communication) Transport profile — Cable connected

: (Point-of-care medical device communication) Transport profile — Infrared wireless

Part 30400: (Point-of-care medical device communication) Interface profile — Cabled Ethernet

Part 91064: (Standard communication protocol) Computer-assisted electrocardiography

Part 92001: (Medical waveform format) — Encoding rules

This corrected version of ISO 11073-10417:2014 incorporates the following correction:

Part 90101: (Point-of-care medical device communication) Analytical instruments — Point-of-care test

— the text "Authorized licensed use limited to: IEEE Standards Staff and authorized IEEE Sponsor Ballot
Participants. Downloaded on May 28,2013 at 14:27:23 UTC from IEEE Xplore. Restrictions apply." has

been deleted from the footer.
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Abstract: A normative definition of communication between personal tel ehealth International
Normalized Ratio (INR) devices (agents) and managers (e.g. cell phones, personal computers,
personal health appliances, and set top boxes) is established in this standard in a manner that
enables plug-and-play interoperability. Work done in other IS O/IEEE 11073 standards is
leveraged, including existing terminology, information profiles, application profile standards, and
transport standards. T he use of specific term codes, formats, and behaviors in tele health
environments restricting optionality in base frameworks in favor of interoperability is specified. A
common core of functionality of INR devices is defined in this standard. In the context of personal
health devices, the measurement of the prothrombin time (PT) that is used to assess the lev el of
anticoagulant therapy and its presentation as the International Normalized Ratio compared to the
prothrombin time of normal blood plasma is referred to in INR monitoring. Applications of the INR
monitor include the management of the therapeutic level of anticoagulant used in the treatment of
a variety of conditions. The data modeling and its transport shim layer according to ISO/IE EE
11073-20601:2010 are provided by this standard, and the measurement method is not specified.

Keywords: |[EEE 11073-10418, International Normalized Ratio (INR) monitor, medical device
communication, personal health devices
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to change brought about through developments in the
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, it is reasonable to
conclude that its contents, although still of some value, do not wholly reflect the present state of the art. Users are
cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the
advice of a competent professional in determining the appropriateness of a given IEEE standard.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854-4141

USA
Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 11073-10418-2011, Health informatics—Personal health device
communication—Part 10418: Device specialization—International Normalized Ratio (INR) monitor.

ISO/IEEE 11073 standards enable communication between medical devices and external computer
systems. Within the context of the ISO/IEEE 11073 family of standards for device communication, this
standard establishes a normative definition of the communication between medication monitoring devices
and managers (e.g., cell phones, personal computers, personal health appliances, and set top boxes) in a
manner that enables plug-and-play interoperability. It leverages appropriate portions of existing standards
including ISO/IEEE 11073 terminology and information models. It specifies the use of specific term codes,
formats, and behaviors in telehealth environments restricting ambiguity in base frameworks in favor of
interoperability. This standard defines a common core of communication functionality for personal
telehealth INR devices. In this context, the measurement of the prothrombin time (PT) that is used to assess
the level of anticoagulant therapy and its presentation as the International Normalized Ratio (INR)
compared with the PT of normal blood plasma is referred to in INR monitoring. Applications of the INR
monitor include the management of the therapeutic level of anticoagulant used in the treatment of a variety
of conditions.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.
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Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Interpretations

Current interpretations can be accessed at the following URL:
http://standards.ieee.org/findstds/interps/index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence
or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity
or scope of Patents Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable
or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.
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ISO/IEEE 11073-10418:2014(E)

Health informatics—Personal health device communication

Part 10418: Device specialization—
International Normalized Ratio (INR) monitor

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection. Implementers of the standard are responsible for determining appropriate
safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewed at http://standards.ieee.ora/IPR/disclaimers.html.

1. Overview

1.1 Scope

The scope of this standard is to establish a normative definition of communication between personal
telehealth International Normalized Ratio (INR) devices (agents) and managers (e.g. cell phones, personal
computers, personal health appliances, and set top boxes) in a manner that enables plug-and-play
interoperability. It leverages work done in other ISO/IEEE 11073 standards including existing terminology,
information profiles, application profile standards, and transport standards. It specifies the use of specific
term codes, formats, and behaviors in telehealth environments restricting optionality in base frameworks in
favor of interoperability. This standard defines a common core of functionality of INR devices.

In the context of personal health devices, INR monitoring refers to the measurement of the prothrombin
time (PT) that is used to assess the level of anticoagulant therapy and its presentation as the International
Normalized Ratio compared to the prothrombin time of normal blood plasma. Applications of the INR
monitor include the management of the therapeutic level of anticoagulant used in the treatment of a variety
of conditions.

This standard provides the data modeling and its transport shim layer according to
IEEE Std 11073-20601a™-2010* and does not specify the measurement method.

! Information on references can be found in Clause 2.
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Health informatics—Personal health device communication
Part 10418: Device specialization—International Normalized Ratio (INR) monitor

1.2 Purpose

This standard addresses a need for an openly defined, independent standard for controlling information
exchange to and from personal health devices (agents) and managers (e.g., cell phones, personal computers,
personal health appliances, and set top boxes). Interoperability is key to growing the potential market for
these devices and to enabling people to be better informed participants in the management of their health.

1.3 Context

See |IEEE Std 11073-20601a-2010 for an overview of the environment within which this standard is
written.

This standard defines the device specialization for the INR monitor, being a specific agent type, and it
provides a description of the device concepts, its capabilities, and its implementation according to this
standard.

This standard is based on IEEE Std 11073-20601a-2010, which in turn draws information from both
ISO/IEEE 11073-10201:2004 [B9]* and ISO/IEEE 11073-20101:2004 [B10]. The medical device encoding
rules (MDERs) used within this standard are fully described in IEEE Std 11073-20601a-2010.

This  standard  reproduces  relevant  portions of the  nomenclature  found in
ISO/IEEE 11073-10101:2004 [B8] and adds new nomenclature codes for the purposes of this standard.
Between this standard and IEEE Std 11073-20601a-2010, all required nomenclature codes for
implementation are documented.

NOTE 1—IEEE Std 11073-20601a-2010 is an amendment to ISO/IEEE 11073-20601:2010. It contains new material
and corrections and does not copy the content of ISO/IEEE 11073-20601:2010. Throughout this standard, a reference
to IEEE Std 11073-20601a-2010 refers to the document that is obtained after applying this new material and
corrections to ISO/IEEE 11073-20601:2010.3

NOTE 2—In this standard, ISO/IEEE 11073-104zz is used to refer to the collection of device specialization standards
that utilize IEEE Std 11073-20601a-2010, where zz can be any number from 01 to 99, inclusive.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so that each referenced document is cited in text and its relationship to this
document is explained). For dated references, only the edition cited applies. For undated references, the
latest edition of the referenced document (including any amendments or corrigenda) applies.

IEEE Std 11073-20601a™-2010, Health informatics—Personal health device communication—Application
Profile—Optimized Exchange Protocol—Amendment 1.*°

ISO/IEEE 11073-20601:2010, Health informatics—Personal health device communication—Application
profile—Optimized Exchange Protocol.°

See Annex A for all informative material referenced by this standard.

2 The numbers in brackets correspond to those of the bibliography in Annex A.

¥ Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.

* The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

% |EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ
08854-4141, USA (http:/standards.ieee.org/).

® ISO/IEEE publications are available from the 1SO Central Secretariat, 1, ch. de la Voie-Creuse, Case Postale 56, CH-1211, Geneva
20, Switzerland (http://www.iso.ch/). ISO/IEEE publications are also available in the United States from the Institute of Electrical and
Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854-4141, USA (http://standards.ieee.org/).
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3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary: Glossary of Terms & Definitions should be consulted for terms not defined in this clause.’
agent: A node that collects and transmits personal health data to an associated manager.

class: In object-oriented modeling, it describes the attributes, methods, and events that objects instantiated
from the class utilize.

compute engine: See: manager.
device: A term used to refer to a physical apparatus implementing either an agent or a manager role.

handle: An unsigned 16-bit number that is locally unique and identifies one of the object instances within
an agent.

International Standardized Ratio (INR): The globally recommended normalized unit for measuring
prothrombin time.

International Sensitivity Index (ISI): Standardized calibration for a thromboplastin compared to the
World Health Organization (WHO) standard.

manager: A node receiving data from one or more agent systems. Some examples of managers include a
cellular phone, health appliance, set top box, or computer system.

obj-handle: See: handle.

object: In object-oriented modeling, a particular instantiation of a class. The instantiation realizes
attributes, methods, and events from the class.

personal health device: A device used in personal health applications.
personal telehealth device: See: personal health device.

prothrombin time (PT): The time taken for a clot to form on the addition of a thromboplastin to a sample
of venous or capillary blood that is measured in seconds.

3.2 Acronyms and abbreviations

APDU application protocol data unit
ASN.1 Abstract Syntax Notation One
DIM domain information model

EUI-64 extended unique identifier (64 bits)
ICS implementation conformance statements
INR International Normalized Ratio

ISI International Sensitivity Index
MDC medical device communication
MDER medical device encoding rule
MDS medical device system

MOC managed object class

OID object identifier

PDU protocol data unit

PHD personal health device

" The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
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PT prothrombin time

VMO virtual medical object
VMS virtual medical system
WHO World Health Organization

4. Introduction to ISO/IEEE 11073 personal health devices

4.1 General

This standard and the remainder of the series of ISO/IEEE 11073 personal health device (PHD) standards
fit in the larger context of the ISO/IEEE 11073 series of standards. The full suite of standards enables
agents to interconnect and interoperate with managers and with computerized health-care information
systems. See IEEE Std 11073-20601a-2010 for a description of the guiding principles for this series of
ISO/IEEE 11073 Personal Health Device standards.

IEEE Std 11073-20601a-2010 supports the modeling and implementation of an extensive set of personal
health devices. This standard defines aspects of the INR monitor device. It describes all aspects necessary
to implement the application layer services and data exchange protocol between an ISO/IEEE 11073 PHD
INR monitor agent and a manager. This standard defines a subset of the objects and functionality contained
in IEEE Std 11073-20601a-2010 and extends and adds definitions where appropriate. All new definitions
are given in Annex B in Abstract Syntax Notation One (ASN.1). Nomenclature codes referenced in this
standard, which are not defined in IEEE Std 11073-20601a-2010, are normatively defined in Annex C.

4.2 Introduction to ISO/IEEE 11073-20601 modeling constructs
4.2.1 General

The ISO/IEEE 11073 series of standards, and in particular IEEE Std 11073-20601a-2010, is based on an
object-oriented systems management paradigm. The overall system model is divided into three principal
components: the domain information model (DIM), the service model, and the communication model. See
IEEE Std 11073-20601a-2010 for a detailed description of the modeling constructs.

4.2.2 Domain information model

The DIM is a hierarchical model that describes an agent as a set of objects. These objects and their
attributes represent the elements that control behavior and report on the status of the agent and data that an
agent can communicate to a manager. Communication between the agent and the manager is defined by the
application protocol in IEEE Std 11073-20601a-2010.

4.2.3 Service model

The service model defines the conceptual mechanisms for the data exchange services. Such services are
mapped to messages that are exchanged between the agent and the manager. Protocol messages within the
ISO/IEEE 11073 series of standards are defined in ASN.l. The messages defined in
IEEE Std 11073-206012-2010 can coexist with messages defined in other standard application profiles
defined in the ISO/IEEE 11073 series of standards.

4.2.4 Communication model

In general, the communication model supports the topology of one or more agents communicating over
logical point-to-point connections to a single manager. For each logical point-to-point connection, the
dynamic system behavior is defined by a connection state machine as specified in
IEEE Std 11073-20601a-2010.
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4.2.5 Implementing the models

An agent implementing this standard shall implement all mandatory elements of the information, service,
and communication models as well as all conditional elements where the condition is met. The agent
should implement the recommended elements, and it may implement any combination of the optional
elements. A manager implementing this standard shall utilize at least one of the mandatory, conditional,
recommended, or optional elements. In this context, “utilize” means to use the element as part of the
primary function of the manager device. For example, a manager whose primary function is to display data
would need to display a piece of data in the element in order to utilize it.

4.3 Compliance with other standards

Devices that comply with this standard may also be required to comply with other domain- and device-
specific standards that supersede the requirements of this standard with respect to issues including safety,
reliability, and risk management. A user of this standard is expected to be familiar with all other such
standards that apply and to comply with any higher specifications thus imposed. Typically, medical devices
will comply with the IEC 60601-1:2005 [B1] base standard and its parts, such as IEC 60601-1-1:2000 [B2],
with respect to electrical and mechanical safety, and any device-specific standard as might be defined in
IEC 60601-1-2:2007 [B3]. Software aspects may apply through standards such as IEC 62304:2006/
EN 62304:2006 [B5].

Devices that comply with this standard shall implement higher layers of network software and utilize lower
layers as appropriate to the application. The requirements on performance of such applications and
conformance are defined elsewhere and are outside the scope of this standard. Additionally, the network
environment within which devices operate should be specified. Use of any medical equipment within a
network environment shall be subject to risk assessment and risk management appropriate to the
application and use and should adhere to standards such as 1ISO 14971:2007 [B7] and IEC 80001-1:2010
[B6]. The requirements of such risk assessment and risk management and conformance are outside the
scope of this standard.

5. INR monitor device concepts and modalities

5.1 General

This clause presents the general concepts of INR monitor devices. In the context of personal health devices
in this family of standards, an INR monitor is a device that determines the normalized ratio for the
coagulation time when a thromboplastin reagent is added to a sample of venous or capillary blood. In
general, the INR monitor will be taking a measurement that is representative of the coagulation time of the
blood, and it is used to follow the status of anticoagulation therapy in patients using an oral anti-vitamin K
anticoagulant, such as warfarin.

Typically, such measurements are initially needed frequently and, depending on the patient, the adjustment
of dose of medication requires some time. Travelling to the healthcare professional or laboratory means
time off for active people, less independence, and a disruption of daily routine. Later, when the patient is
properly adjusted and stabilized, INR monitoring is commonly done at intervals of 3 to 4 weeks.

Coagulation tests are performed on the plasma fraction of blood. In the laboratory, this is usually on plasma
separated from citrated blood by centrifugation, but where testing can be performed immediately, in point-
of-care test devices, often on the plasma fraction of a native (noncitrated) sample of whole blood. The
liquid serum that is left following the formation of a blood clot is not useful for blood coagulation testing.
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INR meters are usually small, portable devices that are carried around by the user so that measurements
may be taken as needed, whether or not the user is in a network environment where communications with a
hosting device can be established. Hence, measurement data are typically logged within the meter and can
be retrieved at a later time, either in whole or in part, when the meter is connected to a hosting device
network. There are two typical use cases for the transfer of measurement data to a hosting device:

— By the user in a non-health-care environment. A user may connect the meter to a personal
hosting device such as a personal computer or a portable communications device such as a cell
phone. In this case, the user would download the most recent logged measurement data from the
meter for near-term trend analysis, or for transfer of data to an external electronic health
network service. Transfer of data would happen immediately on connection with the hosting
application and require no initiation by the user. This is a temporary storage model of the meter.

— By a health-care professional in an office or clinic environment. The health-care professional
would download all logged measurement data from the meter for longer term analysis, such as
the data logged since the patient’s last appointment. Transfer of data would be controlled
entirely by the hosting application and would not necessarily happen automatically when a
connection is established. This is a long-term storage model of the meter.

This standard supports configurations that allow for support of both temporary and long-term storage
models.

5.2 Prothrombin time

Either venous or capillary blood can be used to monitor anticoagulation therapy. To produce a reading,
thromboplastin is added to the blood to activate coagulation. This causes a blood clot to form. The time it
takes for this clot to form is measured in seconds and is known as the prothrombin time.

5.3 Quick value

In some European countries, blood coagulability was typically expressed in a unit known as the Quick
value. In this case, the measured prothrombin time is expressed in relation to the coagulation time of a
healthy person. The value obtained is the “percentage of the standard value.” In a person not receiving oral
anticoagulation, the “normal” Quick value is between 80% and 120%. A Quick value of only 30%, for
instance, indicates that the blood coagulation time is longer than normal. The longer the patient’s
coagulation time, the lower the Quick value.

5.4 International Sensitivity Index (ISI)

Prothrombin time is the primary test for monitoring anti-vitamin K oral anticoagulants such as warfarin, but
it is influenced by preanalytical conditions and analytical variables, including the thromboplastin reagents
and instrumentation used. To standardize the test results, the PT results are transformed into INR by
calibration of the reagent/instrument system with International Reference standards according to World
Health Organization (WHO) guidelines.

Every manufacturer of thromboplastin must calibrate it against the WHO standard (two references exist:
one for human recombinant-based thromboplastins and one for rabbit-brain-based ones). The value
obtained is known as the ISI. This enables the various sensitivities of the thromboplastins to be ascertained.

5.5 International Normalized Ratio

In patients stabilized on anti-vitamin K anticoagulants, the INR makes coagulation measurements
extensively comparable despite the numbers of different thromboplastins used.

INR = (Patient’s PT / Normal mean PT)'*'
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For example: The PT of a patient receiving oral anticoagulant is 64 s. The prothrombin time of a normal
plasma is 22 s. The ISI of the thromboplastin used is 0.93. Substituting this value in the preceding formula
produces the following INR:

(64/22)°%=2.7INR
This signifies a coagulation time that is approximately 2.7 times longer than the mean prothrombin time in

a healthy non-anticoagulated individual; the longer the patient’s coagulation time, the higher the INR. The
unit is specified as INR.

5.6 Control calibration

INR monitors are tested periodically for correct measurement by using a specially prepared strip to check
the calibration of the monitor.

5.7 Batch/code number

This shall record information from a strip such as the batch number or similar information.

5.8 Device and sensor status
This provides specific information on the device or a sensor that can assist in determining the source of a

problem in usage or due to a fault. Specifically, it will indicate when a measurement is invalid due to a
problem in the measurement test strip or reagent.

5.9 Device alarm conditions

This provides information on any device-specific alarm conditions.

5.10 INR value out of bounds
This device provides an alarm whenever an INR value exceeds the thresholds for INR; the alarm occurs

when the value is too high (danger of hemorrhage) or too low (danger of clotting). This standard currently
does not support alarms for INR value out of bounds.

5.11 Extended capabilities

The INR monitor may, in addition to its measuring capabilities, have the capabilities to provide extended
functionality as in the subsequent sections.

5.12 Target level for INR

This provides the current target level of INR set for the patient. This value is used to determine alarm
conditions and in algorithms to determine the recommended new level of medication.
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5.13 Current level of medication

This allows the patient to record into the device the current level of their anticoagulation medication so that
a physician may assess the success of the therapeutic level. This is normally to be reported as the average
level of medication in milligrams. Typically, patients may take varying levels of medication on separate
days to achieve the correct therapeutic dose.

5.14 Recommended new level of medication

Devices capable of applying an algorithm to advise a patient on a new average level of medication can
record the recommended new level of medication. The new level will be based on an associated INR
measurement and current level of medication, and these shall have the same time stamp.

Information on the algorithm may be provided by the manufacturer as a reference.

5.15 Context information

In addition to INR measurement, an INR meter may provide a means for the user to associate additional
information on the context in which or by whom the measurement was made.

6. International Normalized Ratio monitor domain information model

6.1 Overview

This clause describes the domain information model of the INR monitor.

6.2 Class extensions

In this standard, no class extensions are defined with respect to IEEE Std 11073-20601a-2010.

6.3 Object instance diagram

The object instance diagram of the INR monitor domain information model, defined for the purposes of this
standard, is shown in Figure 1.

The objects of the DIM, as shown in Figure 1, are described in 6.5 through 6.10. This includes the medical
device system (MDS) object (6.5), the numeric objects (6.6), the RT-SA objects (6.7), the enumeration
objects (6.8), the PM-store objects (6.9), and the scanner objects (6.10). Subclause 6.11 specifies the rules
for extending the INR monitor information model beyond elements as described in this standard. Each
subclause that describes an object of the INR monitor contains the following information:

— The nomenclature code used to identify the class of the object. One example where this code is
used is the configuration event, where the object class is reported for each object. This allows
the manager to determine whether the class of the object being specified is a numeric, real-time
sample array, enumeration, scanner, or PM-store class.

— The attributes of the object. Each object has attributes that represent and convey information on
the physical device and its data sources. Each object has a Handle attribute that identifies the
object instance within an agent. Attribute values are accessed and modified using methods such
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as GET and SET. Attribute types are defined using ASN.1. The ASN.1 definitions for new
attribute types specific to this standard are in Annex B, and the ASN.1 definitions for existing
attribute types referenced in this standard are in IEEE Std 11073-20601a-2010.

— The methods available on the object.
— The potential events generated by the object. The data are sent to the manager using events.
— The available services such as getting or setting attributes.

The attributes for each class are defined in tables that specify the name of the attribute, its value, and its
qualifier. The qualifiers mean: M — Attribute is Mandatory, C — Attribute is Conditional and depends on
the condition stated in the Remark or Value column (if IEEE Std 11073-20601a-2010 is referenced, then it
contains the conditions), R — Attribute is Recommended, NR — Attribute is Not Recommended, and
O — Attribute is Optional. Mandatory attributes shall be implemented by an agent. Conditional attributes
shall be implemented if the condition applies and may be implemented otherwise. Recommended attributes
should be implemented by the agent. Not recommended attributes should not be implemented by the agent.
Optional attributes may be implemented by the agent. For attributes with qualifiers set to R or NR,
underlying requirements stated in the Remark and Value column in IEEE Std 11073-20601a-2010 shall be
followed.

The attributes can be either static, meaning that they shall remain unchanged after the configuration is
agreed upon, or dynamic, meaning that the attribute may change at some point after configuration.

| PHD-INR monitor object instances |

MDS 1 0..1 PM_-Store
INR INR observations
Q.
Numeric
INR 1
0..1 ; Enumeration
Device and sensor
status
. Numeric
Control Calibration 0.1
0..1 . Enumeration
Device alarms
Numeric
Prothrombin time 0..1
0..1 Enumeration
Context tester
) Numeric
Quick value 0.1
0..1 Enumeration
Batch code
Numeric
ISI 0.1
0..1 Numeric
Current medication
Numeric level
INR Target level 0..1
0.1 Numeric
New medication level

Figure 1—INR monitor—domain information model
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