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AAMI Technical Information Report

A technical information report (TIR) is a publication of the Association for the Advancement of Medical
Instrumentation (AAMI) Standards Board that addresses a particular aspect of medical technology.

Although the material presented in a TIR may need further evaluation by experts, releasing the information is
valuable because the industry and the professions have an immediate need for it.

A TIR differs markedly from a standard or recommended practice, and readers should understand the differences
between these documents.

Standards and recommended practices are subject to a formal process of committee approval, public review, and
resolution of all comments. This process of consensus is supervised by the AAMI Standards Board and, in the case
of American National Standards, by the American National Standards Institute.

A TIR is not subject to the same formal approval process as a standard. However, a TIR is approved for distribution
by a technical committee and the AAMI Standards Board.

Another difference is that, although both standards and TIRs are periodically reviewed, a standard must be acted
on—reaffirmed, revised, or withdrawn—and the action formally approved usually every five years but at least every
10 years. For a TIR, AAMI consults with a technical committee about five years after the publication date (and
periodically thereafter) for guidance on whether the document is still useful—that is, to check that the information is
relevant or of historical value. If the information is not useful, the TIR is removed from circulation.

A TIR may be developed because it is more responsive to underlying safety or performance issues than a standard
or recommended practice, or because achieving consensus is extremely difficult or unlikely. Unlike a standard, a TIR
permits the inclusion of differing viewpoints on technical issues.

CAUTION NOTICE: This AAMI TIR may be revised or withdrawn at any time. Because it addresses a rapidly
evolving field or technology, readers are cautioned to ensure that they have also considered information that may be
more recent than this document.

All standards, recommended practices, technical information reports, and other types of technical documents
developed by AAMI are voluntary, and their application is solely within the discretion and professional judgment of the
user of the document. Occasionally, voluntary technical documents are adopted by government regulatory agencies
or procurement authorities, in which case the adopting agency is responsible for enforcement of its rules and
regulations.

Comments on this technical information report are invited and should be sent to AAMI, Attn: Standards Department,
4301 N. Fairfax Drive, Suite 301, Arlington, VA 22203-1633.
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Glossary of equivalent standards

International Standards adopted in the United States may include normative references to other International
Standards. AAMI maintains a current list of each International Standard that has been adopted by AAMI (and ANSI).
Available on the AAMI website at the address below, this list gives the corresponding U.S. designation and level of
equivalency to the International Standard.

www.aami.org/standards/glossary.pdf
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Foreword

This technical information report (TIR) was developed by the Human Factors Engineering Committee.
It is widely recognized that there is little existing guidance for conducting post-market surveillance.

The objective of this TIR is to provide guidance on how people in various areas can collect, assess, and leverage
post-market use error data to mitigate medical device product risk, and to improve product safety and usability.

Suggestions for improving this technical information report are invited. Comments and suggested revisions should be
sent to Technical Programs, AAMI, 4301 N. Fairfax Drive, Suite 301, Arlington, VA 22203-1633.

NOTE—This foreword does not contain provisions of the AAMI TIR50, Post-market surveillance of use error
management (AAMI TIR52:2014), but it does provide important information about the development and intended use of
the document.
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AAMI Technical Information Report AAMI TIR50:2014/(R)2017

Post-market surveillance of use error management

1 Purpose

This document addresses the issue of use error detection for medical devices from the clinical, manufacturer, patient,
user and regulatory perspective. The goal is to provide guidance on how these individuals can best collect, assess,
and leverage post-market use error data to mitigate product risk, and to improve product safety and usability.

2 Scope

The guidelines described in this technical information report (TIR) are not separate from or in opposition to the
existing U.S. Food and Drug Administration’s (FDA’s) and other regulatory bodies' reporting protocols for product
failure or adverse events (concerning morbidities or mortalities), which already have standardized protocols. This TIR
focuses instead on a process for handling complaints associated with use errors occurring from medical devices,
drug delivery systems and combination medical products. These use errors could be from close calls, user
dissatisfaction and/or quality complaints as they relate to use error events and therefore would not normally be
reported and evaluated. User dissatisfaction is important, as it can be the source of complaints regarding how
devices interfere with the normal workflow and require inappropriate levels of attention. This document recognizes the
significant efforts during the pre-market phase to evaluate and improve usability. However, products used in the post-
market environment can provide the largest usability study data set available. This document seeks to enhance the
opportunity to have access to such information.

The process described in this TIR is not intended to be prescriptive but instead to provide a framework of guidelines
for developing protocols and systems for capturing use errors in order to assure they are available to the appropriate
stakeholders. This high-level guidance describes process flow, training and scalability and includes sample questions
for data collection. The intended audience of this TIR not only includes manufacturers and clinicians, but also
patients, caregivers and other laypersons who would be reporting the events.

2.1 Stakeholder entities (not all inclusive)

e Clinicians

¢ Human Factors and Usability Specialists

e Clinical Human Factors Professionals

e Safety Officers

e  Complaint Handlers

e Technical Support

e  Customer Facing Personnel (Marketing, Sales, Field Service, Customer Service)
e  Product Quality Management (Risk Managers, Quality Engineers)

e Post-market Quality Organizations

e Pharmacovigilance Groups

e Patient Safety Organizations

e Medical Affairs

e Service Organizations (internal and subcontractors)

e  Product Development Support/Maintenance Teams

e All Manufacturer Employees (if receiving complaints from customers)
e  Manufacturer Usability Practitioner

2.2 Reporting entities (not all inclusive)

e Technicians (Biomedical Engineer, Scrub Tech, etc.)
e Laypersons (Patients, Family Members, Caregivers, etc.)
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e Clinicians (Nurse, Physician, Therapist, etc.)
e Manufacturer's Customer Facing Functions

3 Terms and definitions

For the purposes of this TIR, the following definitions apply.

3.1 abnormal use: Intentional act or intentional omission of an act by the responsible organization or user of a
medical device as a result of conduct that is beyond any further reasonable means of risk control by the
manufacturer.

[ANSI/AAMI/IEC 62366:2007, 3.1]
3.2 customer: Purchaser or contributor to the purchase with significant influence on the decision.

3.3 close call: Instance in which a user experiences confusion, misinterpretation, or difficulty in which they almost
commit a use error while performing a task, but “catches” himself or herself in time to avoid making the use error.

3.4 cognitive walk-through: A structured review of user requirements for the performance of a sequence of
predefined tasks'.

NOTE—A cognitive walkthrough early in the design process permits evaluation of different preliminary design concepts. Later in the
design process, when designs have become better defined, a cognitive walkthrough may still be productive.

3.5 contextual inquiry: Process of observing and working with users in their normal enwronment to better
understand the tasks they do and their workflow (Helander, Landauer, and Prabhu, 1997, p. 350)

NOTE—The output of a contextual inquiry study is a detailed task list, user profiles and a use environment description.

3.6 expert review: Review that depends on the knowledge and experience of human factors (HF) specialists to
identify design strengths and weaknesses and to recommend opportunities for improvement.

[adapted from D.5.6 of ANSI/AAMI/IEC 62366:2007]
3.7 harm: Physical injury or damage to the health of people or damage to property or the environment.
[ANSI/AAMI ES60601-1:2005, 3.38]

3.8 heuristic analysis: Evaluation by clinical or human factors experts of a deV|ce or system through the assessment
of how it conforms to well-established user interface design rules (Nielson, 1993’ )-

3.9 human factors (HF): Scientific discipline concerned with the understanding of interactions among humans and
other elements of a system, and the profession that applies theory, principles, data, and other methods to design in
order to optimize human well-being and overall system performance.

NOTE—The HF discipline includes cognitive and physical ergonomics, anthropometry and biomechanics.
3.10 lay users: Any user of a medical device who does not have clinical training or experience.
[ANSI/AAMI HE75:2009, 3.53]

3.11 post-market surveillance: Practice of monitoring the safety of a pharmaceutical drug or device after it has been
released on the market.

3.12 usability: characteristic of the user interface that establishes effectiveness, efficiency, ease of user learning and
user satisfaction

[ANSI/AAMI/IEC 62366:2007, 3.17]

3.13 usability testing: A systematic evaluation that characterizes and validates design mitigation of potential use-
related hazards. Procedures typically involve users engaging in simulated use or interacting with a device or
subcomponent of a device while user performance and subjective assessments are systematically collected. Usability
tests can be performed in a laboratory setting, in a simulated environment, or in the actual environment of intended
use. Usability testing processes are necessary for formative and summative testing, with the methods being informal
and exploratory in nature in the former and sufficiently formal to support human factors validation in the latter.

3.14 use error: An act or omission that results in a medical device response that is either not expected by the user or
unintended by the manufacturer.
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NOTE 1—Use errors include slip-ups, lapses, and mistakes.

NOTE 2—Use error is intended to be fault-neutral as opposed to user error (3.17).

[Adapted from 3.22 of ANSI/AAMI/IEC 62366:2007]

3.15 use event: A specific use of interest that is perceived as either undesired or unexpected.
3.16 user: A person using, i.e. operating or handling, the medical device.

NOTE 1—This includes, but is not limited to cleaners, maintainers and installers.
NOTE 2—Patients or other laypersons can be users.[ANSI/AAMI/IEC 62366:2007, 3.23]

3.17 user error: A term that is not embraced within the Human Factors Profession. It has its roots in the assumptions
that human behavior is the root cause for this type of error and therefore minimizes the potential for rigorous
evaluation of a design that would uncover systematic opportunities for unintended actions or outcomes with the use
of the product.

3.18 user dissatisfaction: This can be a source of complaints about how a device interferes with normal workflow
and/or requires too much attention from the user.

4 How to use this document

This document is written for two general audiences: those who make medical devices (“Manufacturers”) and those
who use the medical devices (“Users”). Since challenges and needs differ between these groups, this document has
been written to engage each audience somewhat separately. Readers associated with the manufacturers of medical
devices will find the information in the Manufacturer sections of most interest and benefit. Readers that are users or
associated with the use of medical devices will find the Clinical User sections of most interest and benefit. Each of
these sections contains common introductory and supporting information so that either type of reader will have a
complete picture of the topic without the need to refer to other sections within the document.

Readers with the desire to appreciate the other party’s challenges would find the entire document an initial tutorial of
this topic. However, the main purpose of this document is to provide insights and recommendations for both
audiences to enhance the detection, reporting and root cause analysis of use errors. Each reader group should find
their sections sufficiently complete to accomplish this goal. Both reader groups will find Annex A helpful. Readers
associated with manufacturers of medical devices will find Annex B of special interest.

5 Background

The Center for Devices and Radiological Health (CDRH) receives approximately 100,000 Medical Device Reports
(MDR) in a given year, approximately one-third of which mention “error” on the part of the device users. The nature of
these “errors” is not well documented, making the data difficult to analyze and provide for use in new product
development.

There is currently an evolution in thought that these medical “errors” are not the user’s fault if the device enabled the
user to commit an error. Not all errors arise because of carelessness or inattention on the part of the user (“user
error”). The term “use error” is intended to refocus the discussion from the individual to a system level. It recognizes
that an error may be the direct result of a device-user interface that did not properly take into account the
environment or system-level processes required to interact with the medical device. In a clinical context that concept
is highly significant. Currently, if users experience close calls or use errors that are not adverse events, users can be
deterred from reporting the near misses because the reporting system is based on a mental model in which users
might be considered at fault. This issue is more fully discussed in the Clinical Perspective below. This TIR complies
with the semantic differentiation between user error and use error, the term and thinking adopted by the FDA.

The majority of event reports being submitted to the CDRH or other FDA Centers are adverse events, however, the
number and nature of use errors, close calls or user dissatisfaction are unknown. Currently, users question the value
in reporting all use events, especially with the potential punitive nature within many clinical organizations.
Furthermore, it is the experience of these authors that most manufacturers’ post-market quality organizations do not
have a systematic process for the compilation of use error data within current complaint handling systems.

51 Manufacturer’s perspective

Manufacturers are responsible for collecting, analyzing and investigating complaints filed by customers (Title 21 CFR
Part 820.198). Medical device manufacturers must have mechanisms in place to capture, triage and investigate
various types of issues that are filed. In many cases, there is not a single root cause to an issue, but rather multiple
issues that result in the complaint. Many times use error is not a unique category, but is woven as part of bigger
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categories that are identified from known or potential issues defined by the risk management domain. Numerous
models have been developed to help study and categorize use error. The most popular one, called out in ANSI/AAMI
HE75:2009, chapter 5, is Reason’s model from 1990. Here, use errors are identified as slips, lapses and mistakes
and then sub-categories exist for each of these. Use error categorization may help aid in determination of an
appropriate mitigation.

It is important for manufacturers to capitalize on this rich pool of customer complaint data with a systematic approach
to categorizing issues, including a group for use error. Post-market data is commonly used to determine trends
associated with the medical device being used by actual users in the use environment (Intended Use). As trends
develop, this data can be used for future design changes to improve the medical device (see D.5.16 of
ANSI/AAMI/IEC 62366:2007 and chapter 5 of AAMI/ANSI HE75:2009). Additionally, as new medical devices are
developed or changes are made to existing products, this data can be invaluable to identify potential use errors. The
potential use errors would then be used in the risk management process to determine acceptable risk levels and
possible mitigations that can be designed into the medical device and validated.

This TIR is an effort to suggest a process that manufacturers can follow to collect information on use errors. This TIR
is also an effort to suggest methods for analyzing, monitoring, and trending the use error reports. Such analysis will
help ensure that products on the market are adequately meeting user needs and will help to develop better designed
products in the future. (see Section 7 for Process Recommendations for Manufacturers).

5.2 Clinical perspective

There is a known problem in the medical device industry of underreporting of medical errors and close calls. The
Institute of Medicine Report (1999), To Err is Human®, brought the issues of medical errors and patient safety front
and center. Systems that gather and monitor medical errors and close calls have become the focus of intense
scrutiny. Still, over a decade later, getting the users to report these events efficiently, or in some cases at all, remains
a problems. Underreporting of medical errors seems to be the norm. Little if any improvement has occurred in this
area.

In order to better understand the underreporting of medical use events, it is first important to consider the current
state of quality processes in healthcare. A wide range of practice patterns and what are considered to be Best Clinical
Practices exist. Quality Improvement (Ql), Continuous Quality Improvement (CQIl) and Total Quality Management
(TQM) programs have had a positive impact in the quality of healthcare, but there is still much more work to be done
in this area. In a survey of 644 healthcare professionals conducted in October 2000, the reasons that the majority of
medical errors and close calls are underreported were cited as: loss of reputation (>90%), fear of losing their job
(90%), loss of market share, loss of accreditation and liability concerns (>80%).°

In a National Patient Safety Foundation (NPSF)7 study done in 2001, US physicians argued that the current culture of
healthcare is one of tolerance to error. Organizational culture and social pressures by peers and management can
suppress reporting of errors. In this study few reported that they were prepared to act as “whistle blowers” or to
question professional competence of their colleagues.

Unfortunately there is a history of blaming or punishing individuals when they report use events, instead of using the
reporting activity as a way to better understand root causes and potential safeguards that can be implemented.

The nurses in the NPSF study viewed safety as more of a “system” issue rather than being related to an individual
erroneous action. Complexity of systems, integration, complexity of healthcare devices and computer applications
were all seen as causes of adverse events.

In a 2005 survey of 775 nurses®, 51% of the nurses were concerned that reporting an error would be damaging to
them or their co-workers. Overall, the barriers to reporting use events appear to be fear of blame, punishment and
concerns about legal liability.

Another factor contributing to underreporting by clinical users is a lack of definition for what constitutes an error. Much
of the healthcare and medical device industry interprets an error as that which resulted in patient or user morbidity or
mortality and was committed by the healthcare worker(s) directly involved with that patient. The importance of
reporting a use event that may or may not have caused harm is not well understood by the typical clinician or lay
user.

The mechanisms for filing medical error reports can also be a reason for users to avoid filing reports on use events. If
the system is difficult to access, cumbersome, non-intuitive and time consuming it is not likely that many will want to
take the time to report these events. Optimizing access and educating intended users on the use of complaint
reporting systems could help increase reporting.

Being at the front lines of patient treatment, clinicians are often in the difficult position of witnessin% use errors and in
many cases are engaged in device use that may involve use errors. The quality movement” has shown that
improvements cannot be implemented for things that are not measured. Therefore, those in the clinical environment
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