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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 reviewed periodically, 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reaffirmed, revised, or withdrawn—and the action formally approved usually every five years but at least every 10 years
and a TIR must be acted on every three years.

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CAUTION NOTICE: This AAMI TIR may be revised or withdrawn at any time.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,
901 N Glebe Road, Suite 300, Arlington, VA 22203.
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Foreword

A challenge with ANSI/AAMI/ISO 14971 is that it does not require a formal, organized summary of why the device is
safe for its intended use. While ANSI/AAMI/ISO 14971 requires a series of discrete analyses and reports, there is no
overview document that provides a roadmap to product risk. Although ANSI/AAMI/ISO 14971 requires a risk
management report, this report is at a very high level. The requirements of ANSI/AAMI/ISO 14971 ensure that an
overall residual risk evaluation has taken place, and that a risk management report ensures that:

a) the risk management plan has been appropriately implemented;
b) appropriate methods are in place to obtain relevant production and post-production information.

Thus, a risk management file created according to these tenets would not actually summarize the findings and actions
from risk management activities, only state that they exist; it would not tell the story of safety.

A reviewer is often faced with thousands of pages of design documentation, with no overall summary as to why the
designers believe the product is safe. Additionally, if the reviewer is interested in a particular issue, there is no roadmap
to finding that issue within the design documentation. The set of risk management documents may contain discrete
elements with no traceability as to how they fit together.

ISO/IEC 15026-2:2011 defines it as:

An assurance case includes a top-level claim for a property of a system or product (or set of claims), systematic
argumentation regarding this claim, and the evidence and explicit assumptions that underlie this
argumentation. Arguing through multiple levels of subordinate claims, this structured argumentation connects
the top-level claim to the evidence and assumptions.

An assurance case is a systematic, structured methodology for supporting a stated claim. The claim may be related to
safety, reliability, maintainability, security, etc. A safety assurance case is an assurance case with a top-level claim of
safety.

The medical device safety assurance case outlined in this technical information report (TIR) provides a comprehensive
and organized summary of product risk and the mitigations therein.

The medical device safety assurance case functions to mitigate the following three arguments wherein risk may be
produced within the context of the device’s intended use:

1. Design requirements and specifications are adequate for the device’s intended use and have been adequately
verified and validated.

2. All reasonably foreseeable, worst-case hazards are identified and the associated risk is mitigated and/or
controlled, with supporting evidence, such that the device is safe for its intended use.

3. The device’s reliability is established, with supporting evidence, at a system and/or component level
commensurate with the level of risk associated with the device’s intended use.

This TIR provides information useful to creating and maintaining safety assurance cases for medical devices, including
drug delivery combination products. It does this in the context of ANSI/AAMI/ISO 14971 and ISO/IEC 15026-2. A safety
assurance case serves as a detailed risk management report that, as part of the risk management file, should be
maintained according to the requirements of ANSI/AAMI/ISO 14971. There is additional discussion about the
relationship between risk management and safety assurance cases in clause 7.

While the examples used in this TIR are based on infusion pumps, the same principles apply to developing safety
assurance cases for any medical device, including drug delivery combination products.

Suggestions for improving this recommended practice are invited. Comments and suggested revisions should be sent
to Technical Programs, AAMI, 901 N Glebe Road, Suite 300, Arlington, VA 22203.

NOTE—This foreword does not contain provisions of the AAMI TIR38, Medical device safety assurance case guidance
(AAMI TIR38:2019), but it does provide important information about the development and intended use of the document.
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Introduction

Risk management for medical devices begins at product conception and continues as an active process throughout
product realization, maintenance, and retirement. The importance of clear and thorough documentation that is
maintained throughout the lifecycle cannot be overemphasized.

Traditional risk analysis tools such as hazards analysis, fault tree analysis, failure modes and effect analysis, each
provide useful insights into the risk profile of a particular system / product / process. However, none of these tools tells
the complete, integrated safety story. These traditional tools are each a chapter in the overall story, each speaking to
a certain aspect of risk, but few techniques are specifically tasked to structure the summary of a risk management file
demonstrating safety. Without this story, it is difficult to know if risk management is complete.

There is a subtle difference between a risk-based focus and a safety-based focus. Risk management is required to
support claims of safety, but it is not clear that they alone are always sufficient to demonstrate safety. Much like the
relationship between verification and validation, the goals of risk management and safety assurance cases are related
but distinctly different.

The purpose of a medical device safety assurance case (“safety case” in this document) is to tell this story of safety to
the original designers, regulators, maintainers, integrators, and potentially even customers. The safety case
accomplishes this storytelling by taking the information developed under risk management processes and explaining
what decisions were made, why the decisions are reasonable in the context of the intended use of the device, and
where the reviewer can look for additional information.

A safety case explains how:
1) all reasonably foreseeable hazards have been identified for the device;
2) hazards / hazardous situations have been effectively mitigated;
3) evidence supporting effective mitigations is adequate;
4) evidence demonstrates that mitigations will remain effective over the product’s lifetime;

5) arobust process has been followed throughout steps 1 through 4 and the risk is outweighed by the benefit
of the product.

ltems 1 through 3 are described in detail in ANSI/AAMI/ISO 14971 and item 5, robustness of the process applied, is
related to the quality system in general (i.e. linking elements of design control to support the safety case claims).

A safety case meets these goals by explaining the elements and documents of the applied risk management process
and why the process has been robust (i.e. in control and with a high level of assurance) by making implicit design
decisions explicit and by acting as a structured index in the design files.

To realize the full benefit, the Safety Case development process must be ongoing during product design. In this way,
the designers can appropriately address new hazards and faults as they arise and better inform and document the
design tradeoffs and choices they make.
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AAMI Technical Information Report AAMI TIR38:2019

Medical device safety assurance case guidance

1 Purpose

The purpose of this TIR is to provide guidance on the development of safety cases for the design of a medical device.
It is intended primarily for product developers, quality assurance, regulatory reviewers and auditors — anyone who
requires a clear and complete story regarding the safety of a medical device’s design.

Even though drug delivery devices have been primarily used within examples shown, the same definitions and
approach can be used for any medical device.

2 Scope

This TIR is a safety case development reference for medical device design. The TIR is intended to provide a framework
within which experience, insight, and judgment are applied systematically to assure and document the safety of a
medical device’s design.

This TIR is not intended to be a prescriptive guidance for the development and documentation of safety cases. This
TIR also does not address all necessary activities required to assure that the device, as presented to the user / patient,
is fit for use.

In order to simplify this TIR, this guidance has an assumption that the reader is familiar with the hazards for a particular
type of product and is not designing a new-to-world product. While the techniques in this guidance can be used for
innovative products, this TIR is targeted at existing, well understood products.

Finally, this guidance is written with a focus on “design safety assurance”, emphasizing design inputs, design outputs,
verification, and validation. The same techniques can be used for developing a “good manufacturing practice (GMP)
safety assurance”, which accounts for verification and validation of the manufacturing and quality process controls. It
is suggested, though not required, that a safety case include both aspects of the design and GMP elements of the
medical device in order to effectively argue that the device as a system is safe and effective.

3 Relationship to other standards and FDA guidance

The ISO/IEC 15026 series of standards defines terms, establishes concepts and their relationships, and specifies
minimum requirements for the structure and content of an assurance case. It is recommended that the standard be
followed throughout the development of a safety case.

— ISO/IEC 15026-1:2013, Systems and software engineering — Systems and software assurance — Part 1:
Concepts and vocabulary

— ISO/IEC 15026-2:2011, Systems and software engineering — Systems and software assurance — Part 2:
Assurance case

The ISO/IEC 15026 series does not currently include information that is specific to medical devices; for example, a
common question on how to integrate existing medical device risk management processes with safety cases is not
addressed by ISO/IEC 15026. This TIR attempts to bridge that gap.

— ANSI/AAMI/ISO 14971:2007/(R)2016, Medical devices — Application of risk management to medical devices

Risk management is the foundation for safety case development. The ANSI/AAMI/ISO 14971 standard provides
guidance on the processes that can be used to obtain the necessary information to complete a safety case. However,
it should be noted that there is additional work beyond ANSI/AAMI/ISO 14971 that is needed to complete a safety case.
This TIR attempts to correlate traditional elements of risk management outlined in ANSI/AAMI/ISO 14971 with the
process of developing and maintaining a successful safety assurance case.

— IEC TR 80001-2-9:2017, Guidance for use of security assurance cases to demonstrate confidence in IEC TR
80001-2-2 security capabilities
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IEC TR 80001-2-9 establishes a security case framework and provides guidance to health care delivery organizations
(HDO) and medical device manufacturers for identifying, developing, interpreting, updating and maintaining security
cases for networked medical devices. IEC TR 80001-2-9 leverages the requirements set out in ISO/IEC 15026-2 for
the development of assurance cases. It is not intended that this security case framework will replace a risk management
strategy; rather, the intention is to complement risk management and in turn provide a greater level of assurance for a
medical device. This TIR attempts to provide further guidance on the development of safety assurance cases for
medical devices, which is utilized as a framework for the development of security cases for networked medical devices.
Information related to the development of security cases for networked medical devices may also be utilized to inform
elements of the safety assurance cases for medical devices that are networked.

— FDA, Guidance for Industry and FDA Staff: Infusion Pumps Total Product Life Cycle

FDA issued an infusion pump guidance document in 2014 that outlines safety assurance cases as an effective method
of submitting information to support a new, changed, or modified pump in a 510(k) submission or PMA application. The
guidance provides recommendations for the development, maintenance, and refinement of a safety assurance case
including general considerations, hazard analysis, performance testing, labeling, alarms, and safety control measures.
This TIR provides more high-level structure and formatting recommendations and is not specific to any medical device

type.
4 Terms and definitions

For the purposes of this document, terms and definitions given in ISO/IEC 15026-1 and ANSI/AAMI/ISO 14971 apply.
Fundamental assurance case terms are restated here for convenience or because they are not explicitly defined in the
referenced standards.

41 assurance: grounds for justified confidence that a claim has been or will be achieved

[Source: ISO/IEC 15026-1:2013, 3.1.1]

4.2 argument / strategy: a logically stated and convincingly demonstrated reason why a claim is true
FDA'’s Infusion Pumps Total Product Life Cycle Guidance [2014] states:

An argument links the evidence to the claim. Arguments can be deterministic, probabilistic, or qualitative. The argument
describes what is being proved or established, identify the items of evidence you are appealing to, and the reasoning
(inference, rationale) that the evidence is adequate to satisfy the claim. Arguments may also introduce sub-claims or
assumptions which require further exposition. In addition to demonstrating that the evidence is adequate to satisfy the
claim, the argument should also address the confidence in the sufficiency of the evidence.

4.3 assumption: something that is believed to be true without evidence

4.4 assurance case: reasoned, auditable artefact created that supports the contention that its top-level claim (or
set of claims), is satisfied, including systematic argumentation and its underlying evidence and explicit assumptions
that support the claim(s)

[Source: ISO/IEC 15026-1:2013, 3.1.3]
FDA'’s Infusion Pumps Total Product Life Cycle Guidance [2014] states:

The safety assurance case (or safety case) consists of a structured argument, supported by a body of valid scientific
evidence that provides an organized case that the infusion pump adequately addresses hazards associated with its
intended use within its environment of use. The argument should be commensurate with the potential risk posed by the
infusion pump, the complexity of the infusion pump, and the familiarity with the identified risks and mitigation measures.

4.5 claim/goal: true-false statement about the limitations on the values of an unambiguously defined property—
called the claim's property—and limitations on the uncertainty of the property’s values falling within these limitations
during the claim's duration of applicability under stated conditions

Note 1 to entry: Uncertainties also may be associated with the duration of applicability and the stated conditions.
Note 2 to entry: A claim potentially contains the following:

— claim's property;

— limitations on the value of the property associated with the claim (e.g. on its range);

— limitations on the uncertainty of the property value meeting its limitations;

Documents
2 © 2019 Association for the Advancement of Medical Instrumentaiic  AAMY JdR38:2018haring Hub

Full document details: AAMI TIR38-2019


http://www.avadocuments.com/doc/aami-tir38-2019
http://www.avadocuments.com/doc/aami-tir38-2019

— limitations on duration of claim's applicability;

— duration-related uncertainty;

— limitations on conditions associated with the claim;
— condition-related uncertainty.

Note 3 to entry: The term “limitations” is used to fit the many situations that can exist. Values can be a single value or multiple single
values, a range of values, or multiple ranges of values, and can be multi-dimensional. The boundaries of these limitations are
sometimes not sharp, e.g. they may involve probability distributions and may be incremental.

[Adapted from ISO/IEC 15026-1:2013, 3.1.2]

Note 4 to entry: An assurance case “claim” is distinct from device promotional claims. A safety case is focused on the safety aspects
of the product only, and not its promotional claims.

FDA'’s Infusion Pumps Total Product Life Cycle Guidance [2014] states:

A claim is a statement about a property of the system or some subsystem.
4.6 evidence: data used to support an argument

FDA'’s Infusion Pumps Total Product Life Cycle Guidance [2014] states:

Evidence includes information that demonstrates the validity of the argument. This can include facts (e.g., based on
observations or established scientific principles), analysis, research conclusions, test data, and expert opinions.

4.7 valid scientific evidence: Valid scientific evidence is evidence from well-controlled investigations, partially
controlled studies, studies and objective trials without matched controls, well-documented case histories conducted by
qualified experts, and reports of significant human experience with a marketed device, from which it can fairly and
responsibly be concluded by qualified experts that there is reasonable assurance of the safety and effectiveness of a
device under its conditions of use. The evidence required may vary according to the characteristics of the device, its
conditions of use, the existence and adequacy of warnings and other restrictions, and the extent of experience with its
use. Isolated case reports, random experience, reports lacking sufficient details to permit scientific evaluation, and
unsubstantiated opinions are not regarded as valid scientific evidence to show safety or effectiveness. Such information
may be considered, however, in identifying a device the safety and effectiveness of which is questionable.

[21 CFR 860.7(c)(2)]

4.8 system hazard: a broad, logical grouping or category of hazards.
EXAMPLE Biological hazards are system hazards.

4.9 sub-hazard: specific types of hazards

EXAMPLE Infective agents are sub-hazards to a biological hazard.

5 Regulatory context

Safety cases have successfully been adapted for use by high-risk industries such as rail service, nuclear, and defense.
The UK Defence Standard 00-56 requires the development and maintenance of safety cases over the product
development lifecycle; the submission and acceptance of the safety case is an integral part of the Ministry’s evaluation
of program progress.

However, it is important to note regulatory differences between other high-risk industries and the medical device
industry. These differences drive subtle but important differences in the breadth and depth of documentation that is
provided in an assurance case. Assurance cases can only be effective communication tools if the audience’s needs
are well understood, and medical product regulators have different needs than Ministries of Defence.

For example, regardless of industry, one of the contributing factors to product safety is that its design and testing was
performed by qualified personnel. Evidence of training records therefore is part of a defense “submission.” However,
the FDA and various Ministries of Health do not require this level of detail, as training records are not typically part of a
medical device submission. Operators must be trained as part of design controls, the training must be documented,
and those records are subject to audit, but are not typically provided in a regulatory submission. This difference in level
of detail is one of the distinguishing features of a medical device safety case as compared to classic safety cases in
other industries.
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FDA'’s Infusion Pumps Total Product Life Cycle Guidance issued in 2014 represents an acknowledgement of the utility
of safety assurance case by a medical device regulatory body. The recommendations of the FDA'’s infusion pump
Guidance make clear the expectations for infusion pump manufacturers to include information necessary to construct
a successful safety assurance case within premarket submissions/application to the FDA. Since its issuance, numerous
510(k) summaries are publicly available through the FDA’s 510(k) database detailing information related to safety
assurance cases submitted to the agency for review.

6 Safety case example for a generic medical device

6.1 Example objective

The objective of the safety case example proposed in this TIR is to provide a starting point for the safety case and
explain one methodology for development of a convincing safety case. The example is intended only as a framework
under which the developer can create a safety case unique to their device. After becoming familiar with the suggested
top-level claims/arguments and evidence characteristics described within the example, the author of the case will need
to carefully implement processes and analysis to produce the safety case for a particular device. The safety case for a
medical device intended for market will be much more detailed and thorough than the information presented within the
example. Additionally, the safety case example presented is limited to demonstrating that the design of the device is
adequately safe for its intended use. As such, the concepts presented are related to the design of the device only and
do not extend to the construction, installation, or manufacturing of the medical device. The example devices in this TIR
are selected with consideration of their simplicity in illustrating assurance case method and its commonality relevant to
infusion and drug delivery devices. It is not intended to indicate whether safety assurance case is required for any
particular example device (e.g. syringe) from regulatory perspective.

NOTE  If manufacturing of the medical device is directly related to safety critical design requirements, such as the reliability of the
device, to achieve the top-level goal of safety then manufacturing controls may be necessary to adequately support design safety
assurance cases.

6.2 Safety case introduction

A safety case consists of a structured argument, supported by a body of evidence that provides a compelling,
comprehensible and valid case that the medical device is safe for its intended use (e.g. for use on intended patient
populations, by intended users, within intended environments of use, for its intended use or service life). Safety cases
are unique to individual products and are dependent on individual product requirements, hazards, design, and
documentation.

The safety case is fundamentally grounded in safety engineering practice and principles. If an adequate safety
engineering management system has already been implemented, then the creation of a safety case should be a natural
extension of the existing activities. The initiation of a safety case should not necessitate the generation of new data
unless gaps within the safety assurance of the device are identified or modifications are made to the device.

The generation of a safety case should begin early in the design and development process and should be updated
often as the design reaches its final stage.

If a device’s intended use (e.g., new treatment indication), and therefore risk profile, is modified then an existing safety
case may no longer be adequate regardless of whether or not the design of the device has remained the same.

Main elements of a safety case are described within clause 3. Included below is a general schematic of the progression
of a safety case with each of the elements in a diagrammatic format. As is noted in clause 15, Styles of safety case
notation, we recommend the use of multi-format safety cases. However, the goal of this TIR is not the format. Rather,
the goal of this TIR is to explain a preferred argumentation approach.

The diagram in Figure 1 is provided using a Goal Structured Notation (GSN) and depicts the goals/claims,
strategies/arguments, and evidence, along with some contextual elements (e.g. contexts, constraints, justifications,
assumptions, and definitions). Depending on the notation selected, the terminology may differ. For purposes of
consistency, we have used GSN terminology throughout this TIR. The objective is not to focus on GSN versus any
other formatting notation. Rather, we are focused on the concept of arguing adequate design safety by demonstrating
that hazards are adequately addressed.

In general, the top-level goal is the highest level objective the safety case developer is attempting to achieve. This case
element is then supported by the top-level strategy / argument which is the primary method of arguing that the goal is
true. The top-level strategy / argument develops lower sub-goals, which independently assert the next level of safety
assurance. This goal-to-strategy pattern is iterative, producing increasingly specific levels of goals until the desired
level of specificity is reached, at which time evidence can be citied to support the lowest-level goal.
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Figure 1 — General safety case elements

NOTE  The terms ‘argument’ and ‘strategy’ are used interchangeably throughout this document and have the same meaning as
4.2.

6.3 Proposed model — Safety case elements

There are numerous strategies that could be selected for arguing that a safety goal is supported, not all of which are
convincing. For instance, a case could argue safety of a medical device based solely on the device meeting all
performance requirements or the safety reputation of past products developed by a company, but these arguments
alone are not likely to be convincing. This TIR proposes an approach that is intended to support the construction of a
comprehensive and convincing safety case for medical device design.

6.3.1 Top-level goal

The top-level goal as developed within this TIR is stated as: “The Device Design is Adequately Safe”, where the device
referenced is a specific device. This is shown in Figure 2. Permutations on this top-level goal are possible; however,
the meaning of the statement should remain that the device design is adequately safe. Here the word “adequate”
acknowledges that no device design can be completely safe at all times for all users and patients, but it does not
insinuate that it is acceptable for developers to forego responsibilities required of them to assess and address safety
issues with the device. The top-level goal of the case as developed within this TIR also has several constraints and
definitions in the form of contextual and assumptive case elements. These elements narrow the scope of the top-level
safety goal to its intended use, which is significant as these are the parameters under which the developers have
analyzed the safety of the device design.
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Figure 2 — Safety case example — Focus on top-level goal
6.3.2 Contextual Information

The context of use for the device must be adequately defined at the outset of the safety assurance case as to clearly
define the boundaries in which the claims of the safety assurance case are valid.

Considerations for the contextual information bounding a top-level claim of safety should include the following:
— explicit definition of intended use;
— device description / identification (e.g. device type, name, model number, primary mechanism of action, etc.);
— use environment;
— in-use conditions;
— user population;
— patient population.
6.3.3  Top-level strategy / argument elements

After the top-level goal has been identified, along with all assumptions and contextual information, the case should then
describe the means by which that goal will be fulfilled, which is accomplished through the top-level strategy / argument.
Each argument structure should be inclusive of all of top level assurance goals’ contextual information and
assumptions. Each argument structure may inform elements of the other argument structures and the evidence utilized
to support each argument structure may be applicable and relevant to multiple argument structures. While distinct
argument structures, all elements of the safety assurance case are by design related to one another.

At a minimum, the following arguments should be incorporated into the safety assurance case because establishing
the risk profile, design control, and reliability of the design of the device are critical elements in arguing the safety of
the device. The case takes the approach of three top-level strategies / arguments that are comprised of the following:

1) “Argue that credible device system hazards are adequately identified and mitigated”.

This is to say that the safety of the device will be asserted over the enumeration (and subsequent control) of
all conceived device hazards. This approach places a great deal of importance on the processes and analyses
that are used to enumerate the listing of reasonably foreseeable hazards, and so it is useful to also include a
“confidence case” to support this particular case element. The concept of adding confidence to the safety case
is elaborated within clause 7.

Identification of credible device hazards should follow normal analytical processes (e.g. review of predicate
devices, complaint files, literature, adverse events, recalls, standards, regulatory guidance documents,
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