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INTRODUCTION |53
I.  PURPOSE H H

This guidance is intended to assist manufacturers in understanding quality system
requirements concerning design controls. Assistance is provided by interpreting the
language of the quality systems requirements and explaining the underlying concepts in
practical terms.
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Design controls are an interrelated set of practices and procedures that are incorporated
into the design and development process, i.e., a system of checks and balances. Design
controls make systematic assessment of the design an integral part of development. As a
result, deficiencies in design input requirements, and discrepancies between the proposed
designs and requirements, are made evident and corrected earlier in the development
process. Design controls increase the likelihood that the design transferred to production
will translate into a device that is appropriate for its intended use.
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In practice, design controls provide managers and designers with improved visibility of the
design process. With improved visibility, managers are empowered to more effectively
direct the design process—that is, to recognize problems earlier, make corrections, and
adjust resource allocations. Designers benefit both by enhanced understanding of the
degree of conformance of a design to user and patient needs, and by improved
communications and coordination among all participants in the process.
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The medical device industry encompasses a wide range of technologies and applications,
ranging from simple hand tools to complex computer-controlled surgical machines, from
implantable screws to artificial organs, from blood-glucose test strips to diagnostic
imaging systems and laboratory test equipment. These devices are manufactured by
companies varying in size and structure, methods of design and development, and methods
of management. These factors significantly influence how design controls are actually
applied. Given this diversity, this guidance does not suggest particular methods of
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implementation, and therefore, must not be used to assess compliance with the quality
system requirements. Rather, the intent is to expand upon the distilled language of the
quality system requirements with practical explanations and examples of design control
principles. Armed with this basic knowledge, manufacturers can and should seek out
technology-specific guidance on applying design controls to their particular situation.
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When using this guidance, there could be a tendency to focus only on the time and effort
required in developing and incorporating the controls into the design process. However,
readers should keep in mind the intrinsic value of design controls as well. It is a well-
established fact that the cost to correct design errors is lower when errors are detected
early in the design and development process. Large and small companies that have
achieved quality systems certification under ISO 9001 cite improvements in productivity,
product quality, customer satisfaction, and company competitiveness. Additional benefits
are described in comments received from a quality assurance manager of a medical device
firm regarding the value of a properly documented design control system:
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“...there are benefits to an organization and the quality improvement of an
organization by having a written design control system. By defining this system on
paper, a corporation allows all its employees to understand the requirements, the
process, and expectations of design and how the quality of design is assured and
perceived by the system. It also provides a baseline to review the system
periodically for further improvements based on history, problems, and failures of
the system (not the product).”
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1. SCOPE I #,

The guidance applies to the design of medical devices as well as the design of the
associated manufacturing processes. The guidance is applicable to new designs as well as
modifications or improvements to existing device designs. The guidance discusses
subjects in the order in which they appear in FDA's Quality System regulation and is
cross-referenced to International Organization for Standards (ISO) 9001:1994, Quality
Systems—Model for Quality Assurance in Design, Development, Production, Installation,
and Servicing, and the ISO draft international standard ISO/DIS 13485, Quality
Systems—Medical Devices—Particular Requirements for the Application of ISO 9001,
dated April 1996.
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Design controls are a component of a comprehensive quality system that covers the life of
a device. The assurance process is a total systems approach that extends from the
development of device requirements through design, production, distribution, use,
maintenance, and eventually, obsolescence. Design control begins with development and
approval of design inputs, and includes the design of a device and the associated
manufacturing processes.
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Design control does not end with the transfer of a design to production. Design control
applies to all changes to the device or manufacturing process design, including those
occurring long after a device has been introduced to the market. This includes
evolutionary changes such as performance enhancements as well as revolutionary changes
such as corrective actions resulting from the analysis of failed product. The changes are
part of a continuous, ongoing effort to design and develop a device that meets the needs
of the user and/or patient. Thus, the design control process is revisited many times during
the life of a product.
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Some tools and techniques are described in the guidance. Although aspects of their utility
are sometimes described, they are included in the guidance for illustrative purposes only.
Including them does not mean that they are preferred. There may be alternative ways that
are better suited to a particular manufacturer and design activity. The literature contains an
abundance of information on tools and techniques. Such topics as project management,
design review, process capability, and many others referred to in this guidance are
available in textbooks, periodicals, and journals. As a manufacturer applies design controls
to a particular task, the appropriate tools and techniques used by competent personnel
should be applied to meet the needs of the unique product or process for that
manufacturer.
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[11.  APPLICATION OF DESIGN CONTROLS A7 E P D

Design controls may be applied to any product development process. The simple example
shown in Figure 1 illustrates the influence of design controls on a design process.
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The development process depicted in the example is a traditional waterfall model. The
design proceeds in a logical sequence of phases or stages. Basically, requirements are
developed, and a device is designed to meet those requirements. The design is then
evaluated, transferred to production, and the device is manufactured. In practice,
feedback paths would be required between each phase of the process and previous phases,
representing the iterative nature of product development. However, this detail has been
omitted from the figure to make the influence of the design controls on the design process
more distinct.
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The importance of the design input and verification of design outputs is illustrated by this
example. When the design input has been reviewed and the design input requirements are
determined to be acceptable, an iterative process of translating those requirements into a
device design begins. The first step is conversion of the requirements into system or high-
level specifications. Thus, these specifications are a design output. Upon verification that
the high-level specifications conform to the design input requirements, they become the
design input for the next step in the design process, and so on.
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This basic technique is used repeatedly throughout the design process. Each design input
is converted into a new design output; each output is verified as conforming to its input;
and it then becomes the design input for another step in the design process. In this
manner, the design input requirements are translated into a device design conforming to
those requirements.
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The importance of design reviews is also illustrated by the example. The design reviews
are conducted at strategic points in the design process. For example, a review is
conducted to assure that the design input requirements are adequate before they are
converted into the design specifications. Another is used to assure that the device design
is adequate before prototypes are produced for simulated use testing and clinical
evaluation. Another, a validation review, is conducted prior to transfer of the design to
production. Generally, they are used to provide assurance that an activity or phase has
been completed in an acceptable manner, and that the next activity or phase can begin.
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| As the figure illustrates, design validation encompasses verification and extends the
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assessment to address whether devices produced in accordance with the design actually
satisfy user needs and intended uses.
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An analogy to automobile design and development may help to clarify these concepts.
Fuel efficiency is a common design requirement. This requirement might be expressed as
the number of miles-per-gallon of a particular grade of gasoline for a specified set of
driving conditions. As the design of the car proceeds, the requirements, including the one
for fuel efficiency, are converted into the many layers of system and subsystem
specifications needed for design. As these various systems and subsystems are designed,
design verification methods are used to establish conformance of each design to its own
specifications. Because several specifications directly affect fuel efficiency, many of the
verification activities help to provide confirmation that the overall design will meet the
fuel efficiency requirement. This might include simulated road testing of prototypes or
actual road testing. This is establishing by objective evidence that the design output
conforms to the fuel efficiency requirement. However, these verification activities alone
are not sufficient to validate the design. The design may be validated when a
representative sample of users have driven production vehicles under a specified range of
driving conditions and judged the fuel efficiency to be adequate. This is providing
objective evidence that the particular requirement for a specific intended use can be
consistently fulfilled.
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CONCURRENT ENGINEERING. avivyhzroov=7I 07

Although the waterfall model is a useful tool for
introducing design controls, its usefulness in practice is limited. The model does apply to
the development of some simpler devices. However, for more complex devices, a
concurrent engineering model is more representative of the design processes in use in the
industry.
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In a traditional waterfall development scenario, the engineering department completes the
product design and formally transfers the design to production. Subsequently, other
departments or organizations develop processes to manufacture and service the product.
Historically, there has frequently been a divergence between the intent of the designer and
the reality of the factory floor, resulting in such undesirable outcomes as low
manufacturing yields, rework or redesign of the product, or unexpectedly high cost to
service the product.
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One benefit of concurrent engineering is the involvement of production and service
personnel throughout the design process, assuring the mutual optimization of the
characteristics of a device and its related processes. While the primary motivations of
concurrent engineering are shorter development time and reduced production cost, the
practical result is often improved product quality.
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Concurrent engineering encompasses a range of practices and techniques. From a design
control standpoint, it is sufficient to note that concurrent engineering may blur the line
between development and production. On the one hand, the concurrent engineering
model properly emphasizes that the development of production processes is a design
rather than a manufacturing activity. On the other hand, various components of a design
may enter production before the design as a whole has been approved. Thus, concurrent
engineering and other more complex models of development usually require a
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comprehensive matrix of reviews and approvals to ensure that each component and
process design is validated prior to entering production, and the product as a whole is
validated prior to design release.
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RISK MANAGEMENT AND DESIGN CONTROLS. VDRI <RXTP AV M EREEHR

Risk management is the systematic application of management policies, procedures, and
practices to the tasks of identifying, analyzing, controlling, and monitoring risk. It is
intended to be a framework within which experience, insight, and judgment are applied to
successfully manage risk. It is included in this guidance because of its effect on the design

process.
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Risk management begins with the development of the design input requirements. As the
design evolves, new risks may become evident. To systematically identify and, when
necessary, reduce these risks, the risk management process is integrated into the design
process. In this way, unacceptable risks can be identified and managed earlier in the
design process when changes are easier to make and less costly.
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An example of this is an exposure control system for a general purpose x-ray system. The
control function was allocated to software. Late in the development process, risk analysis
of the system uncovered several failure modes that could result in overexposure to the
patient. Because the problem was not identified until the design was near completion, an
expensive, independent, back-up timer had to be added to monitor exposure times.
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THE QUALITY SYSTEM AND DESIGN CONTROLS. @SBV RXF AL

In addition to procedures and work instructions necessary for the implementation of
design controls, policies and procedures may also be needed for other determinants of
device quality that should be considered during the design process. The need for policies
and procedures for these factors is dependent upon the types of devices manufactured by a
company and the risks associated with their use. Management with executive
responsibility has the responsibility for determining what is needed.
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Example of topics for which policies and procedures may be appropriate are:
risk management
device reliability
device durability
device maintainability
device serviceability
human factors engineering
software engineering
use of standards
configuration management
compliance with regulatory requirements
device evaluation (which may include third party product certification or approval)
clinical evaluations
document controls
use of consultants
use of subcontractors
use of company historical data
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SECTION A. GENERAL 7 B

[. REQUIREMENTS B I
§ 820.30(a) General s HJ

(1) Each manufacturer of any class III or class II device, and the class I devices listed
in paragraph (a) (2) of this section, shall establish and maintain procedures to
control the design of the device in order to ensure that specified design
requirements are met.
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| (2) The following class I devices are subject to design controls:
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\ (1) Devices automated with computer software; and
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| (ii) The devices listed in the chart below.
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I1. DEFINITIONS i DE
§ 820.3 (n)

Management with executive responsibility means those senior employees of a
manufacturer who have the authority to establish or make changes to the manufacturer’s
quality policy and quality system.
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§ 820.3 (s)

Quality means the totality of features and characteristics that bear on the
ability of a device to satisfy fitness-for-use, including safety and performance.
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§ 820.3 (v)

Quality system means the organizational structure, responsibilities, procedures, processes,
and resources for implementing quality management.

BV AT AEE, EEHEERT S0 OMMEE, Bt FIEH, Yo AR IOREER
Tz,

© Copyright eCompliance 2015

15



[II.  DISCUSSION AND POINTS TO CONSIDER F R g EETSHA
> h

The essential quality aspects and the regulatory requirements, such as safety, performance,
and dependability of a product (whether hardware, software, services, or processed
materials) are established during the design and development phase. Deficient design can
be a major cause of quality problems.
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The context within which product design is to be carried out should be set by the
manufacturer’s senior management. It is their responsibility to establish a design and
development plan which sets the targets to be met. This plan defines the constraints within
which the design is to be implemented.

TMRFOREIL, BMEAZ vy TICL o TEILIVLEN DD, AEOH LT, RitOT T
ENTHDE, HOEDEETHL, T LT, ZOF T UBPHBEHZHRLTLE S,

The quality system requirements do not dictate the types of design process that a
manufacturer must use. Manufacturers should use processes best suited to their needs.
However, whatever the processes may be, it is important that the design controls are
applied in an appropriate manner. This guidance document contains examples of how this
might be achieved in a variety of situations.

ME Y AT LAOEREHE T, WEEENFEHATREFFF TR0 EZERL IV ERA,

RELFH T, WoO=—R o2 uvA2HHTRETHD, LLRERL, Ttk
AN THN, FHHAEFHEPIBEBUICISNTWDLIENREETHD, ZOHTA X ATHE, &F&
FRRM T CTHLETARERT T AERNMLTND,

It is important to note that the design function may apply to various facets of the operation
having differing styles and time scales. Such facets are related to products, including
services and software, as well as to their manufacturing processes.

AN R DA ANRI A L AT =V TEA SN TV I EIERMAEICETTED &
WHZEIEETSZE, Zoflmeld, HETRLFEAKRKIIY—ERALY 7 by =T 280 )
i & BEEN D D,

Senior management needs to decide how the design function is to be managed and by
whom. Senior management should also ensure that internal policies are established for
design issues such as:

PEE L, REFESPNHEIC LD PO X ICEB T INERODILERD D, T L TREAIT
REHZRIT D TRED X 9 R MEOT-DITNE D F#t 2 Mt 5,
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- assessing new product ideas

* training and retraining of design managers and design staff

- use of consultants

- evaluation of the design process

* product evaluation, including third party product certification and approvals
- patenting or other means of design protection

FLWRLEL O 7 oA 5 7% 2 FFAl

BRHEY R =y RED A v T IR T HHERHAET
arvY i FOFH

7t 2Ol

= O R A & e SRR
BHFRLEOMoOFRHERETILD

It is for senior management to ensure that adequate resources are available to carry out
the design in the required time. This may involve reinforcing the skills and equipment
available internally and/or obtaining external resources.

BB ZTFEBVITO 2O, BRERBIZ DR YV —RA 2R LadiE sy, 2oz
ElE, NOARZ v 7DOAF NV EHILLTEY, RBESRZ FRLEY ., 38620 Y
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SECTION B. DESAIGN AND DEVELOPMENT PLANNING FeyEll
I.  REQUIREMENTS B H I

§ 820.30(b) Design and development planning. ax At ¥ L OVBH 7 B
- Each manufacturer shall establish and maintain plans that describe or reference the
design and development activities and define responsibility for implementation.
The plans shall identify and describe the interfaces with different groups or
activities that provide, or result in, input to the design and development process.
The plans shall be reviewed, updated, and approved as design and development
evolves.

KAGEER T, FEEZMENY LHERFT 228, ZHICEEer - EREEhz2ERE - xsm L, &
ETE EHLXT D,

FrEER, REH AR Te R A~DA Ty FERBELELFA Ty N ERDB, DOV
—7BLIOEES EOMAEBEREREL N EFLIRT 5,

S E IR - BEEOERISCCREL, B8, BXOKEEIT I,

DISCUSSION AND POINTS TO CONSIDER TAADYyVareBETHRA b

Design and development planning is needed to ensure that the design process is
appropriately controlled and that device quality objectives are met. The plans must be
consistent with the remainder of the design control requirements. The following elements
would typically be addressed in the design and development plan or plans:

AR X OB EIT., BRE T o ARNEYNICER I, BRI LIS ONE BENERT D
TEEMIEICLRITNT LRy, TOEFEIX, FOMOEFEROERFHLE KL T
T 5720, TrROERIZ, ZetB X OBEXEFE CHEFRY BTN RXREHEBETH D,

Description of the goals and objectives of the design and development program,; i.e.,
what is to be developed;

Delineation of organizational responsibilities with respect to assuring quality during
the design and development phase, to include interface with any contractors;
Identification of the major tasks to be undertaken, deliverables for each task, and
individual or organizational responsibilities (staff and resources) for completing each
task;

Scheduling of major tasks to meet overall program time constraints;

Identification of major reviews and decision points;

Selection of reviewers, the composition of review teams, and procedures to be
followed by reviewers;

Controls for design documentation;

Notification activities.

EAHBIOBHEBOERBIELHBE 077 2058#H ; L, MERETLINEVWI Z L,
Rt BLUOHE Y == XZBIT 2 MEZRIAET 2O OEMEZAMIC LIZMkER, ZoRICE
AV T E—LDAUE—T 2= A b ETL,
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FEREZ AT DA 2 — )b

THA LV L Ea2RBEREREEZER L TEL

HERLE 22T 500, LE2F -0 E2OFIEZHMEIZL TR
B3 R¥ o AV bA2 UEEHT S,

IEEYOWE 1T O

Planning enables management to exercise greater control over the design and development
process by clearly communicating policies, procedures, and goals to members of the
design and development team, and providing a basis for measuring conformance to quality
system objectives.

BEEHEIL, AR a I a=r—2a v OBGE FIE, FEEA CAA—ICHTDHEICLD | &
Ao~ x A FELRTK L, BV ATLAOABRICART 20 EI 02l T 2FETx
HFz2T< N5,

Design activities should be specified at the level of detail necessary for carrying out the
design process. The extent of design and development planning is dependent on the size
of the developing organization and the size and complexity of the product to be
developed. Some manufacturers may have documented policies and procedures which
apply to all design and development activities. For each specific development program,
such manufacturers may also prepare a plan which spells out the project-dependent
elements in detail, and incorporates the general policies and procedures by reference.
Other manufacturers may develop a comprehensive design and development plan which is
specifically tailored to each individual project.

REFOIEENL, BEHOT B RAEZTHI DL, HHICZOEBSEZRD T LERXDH D, &F
BROHRBEOMMAIL, FHRBLE) ET oMM OREICHEMS, AR TFT—2OMBO KX
Stk b, MEERICL-sTIE, 2 TOFRFEHCY I EL FEHLOTFIEL LE/LLLTW
LIrbENIRNL, EO L) RBOE¥REF T, AR T 0T LM T T R ER L, X
72 58 E FIHICOW TR E L THRY ANTWD X5 T by, liofldsgEs
I, RO e Y e 7 MEICEFER e EN, BIREE A TO b MmN,

In summary, the form and organization of the planning documents are less important than
their content. The following paragraphs discuss the key elements of design and
development planning.

B LHICRAFEHOLEFEO T +—~y FORENMETEI RS, NEDNZOEELRD, RO
NT T T T T, REFRTEOF— LR ROV TiEm T Do
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ORGANIZATIONAL RESPONSIBILITIES. KELf D FE

The management responsibility section of the quality system requirements: requires
management to establish a quality policy and implement an organizational structure to
ensure quality. These are typically documented in a quality manual or similarly named
document. In some cases, however, the design and development plan, rather than the
quality manual, is the best vehicle for describing organizational responsibilities relative to
design and development activities. The importance of defining responsibilities with clarity
and without ambiguity should be recognized. When input to the design is from a variety of
sources, their interrelationships and interfaces (as well as the pertinent responsibilities and
authorities) should be defined, documented, coordinated, and controlled. This might be the
case, for example, if a multidisciplinary product development team is assembled for a
specific project, or if the team includes suppliers, contract manufacturers, users, outside
consultants, or independent auditors.

ME VAT LAOERFHD I L, X VAV NOEMLEOEY v a T, w31V Ay MIXLT
MBEEHEFER LD LT HEDOOMEHTHSOMBOMNL 2T RLTWD, Zbid, @, MmE
Vo2 T AREBEO XEBICEHEIN TS, L2LAaRns, JBAICE > T, #&it & B EHm
I, B~ =2 7Ll R, BIRIEENC S LB 2 EEE2AMICT o TR SV R

5, MHECHBRAERORWERZ2ERTIILNEETH D, &t A 7Ty ERELHm»
LhAEE. FNOOMAERGEA X —T7 2 — R (BLLHIRLEFEEID) DERESNL, TE
fbxi, I, FEINRTNERLRY, fIZIX, FREOTrY =7 bODIZ, £<
DODHEMGHICOE 2B T — AR REINLIGELN, £, ETF—20HFICH T T4
Y—. TiETA—D—, 2—H— AT arP Lz b, FREIMILEEEEERNGEND S
B ETH D,

TASK BREAKDOWN. ZR7 58

| The plan establishes, to the extent possible:

RET L AT RE 7o R PH THESL T D,

The major tasks required to develop the product

The time involved for each major task

The resources and personnel required

The allocation of responsibilities for completing each major task

The prerequisite information necessary to start each major task and the
interrelationship between tasks

The form of each task output or deliverable

Constraints, such as applicable codes, standards, and regulations

TILBARICE R IN D ERZ AT

KEBERXAZICEST LM (T8
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Tasks for all significant design activities, including verification and validation tasks,
should be included in the design and development plan. For example, if clinical trials are
anticipated, there may be tasks associated with appropriate regulatory requirements.

MAEL NY F—va 2GR TORERHEGHEHO X 2 713, &itk LOHEGFEEFICE E
NHEZNETHD, Pl2E, b LEKRBRATEREIND D THNIEL, iﬁfﬁJE*L%ﬁﬁﬁ‘E)ﬁX?
DHDHIEH D,

For complex projects, rough estimates may be provided initially, with the details left for
the responsible organizations to develop. As development proceeds, the plan should evolve
to incorporate more and better information.

MR T Y =7 FOGE, FEMRREREIL, TOBEMLEMBEI/LE, RAOICKREN LT T
ARATHALO D, HESER L FEEFEL. LV X0EoFHE R A Ti#ELT 5
VEND D,

The relationships between tasks should be presented in such a way that they are easily
understood. It should be clear which tasks depend on others, and which tasks need to be
performed concurrently. Planning should reflect the degree of perceived development risk;
for example, tasks involving new technology or processes should be spelled out in greater
detail, and perhaps be subjected to more reviews and checks, than tasks which are
perceived as routine or straightforward.

A A7 HOMARBRIZ, ROHICHM TEX D HFETRAINTVDHEIREESL S, EOLFEMMLO
EFICIRTE L, £20F, EOX 27 BT LTITbRL D2 0 EHEIC L T2 2T IE R 672
Uy, muuéJaéth\éf‘aﬁ%é@)270>$£f“75>uxn HEOFRICKMINTBILERHDLTEA D,
B2, =a2a—T7 27 /8y — a0t A0H5X A7 F, XV RHHESRALELS S,
Fl, IRODFRZIE, BEIVEZL DL EatTF v 522 TR LIChBITITTHAS,

The design and development plan may include a schedule showing starting and
completion dates for each major task, project milestone, or key decision points. The
method chosen and the detail will vary depending on the complexity of the project and the
level of risk associated with the device. For small projects, the plan may consist of only a
simple flow diagram or computer spreadsheet. For larger projects, there are a number of
project management tools that are used to develop plans. Three of the most commonly
used are the Program Evaluation and Review Technique (PERT), the Critical Path Method
(CPM), and the Gantt chart. Software is available in many forms for these methods. When
selecting these tools, be careful to choose one that best fits the needs of the project. Some
of the software programs are far more complex than may be necessary.

AR X OBREEEICIE., ERFAIRT eV 2 YA INVA =2 BEERAWAEIT O R
4’/bfoa<k0>Fﬂ‘§JizniootUmTEl%aa%m“Z>o BREINDHELZOFEMEL, o= hofE
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Iun 7L v 2T 27 =y 2 (PERT)., 7 U7 4 A" (CPM), v hF v — b
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Unless a manufacturer has experience with the same type of device, the plan will initially
be limited in scope and detail. As work proceeds, the plan is refined. Lack of experience in
planning often leads to optimistic schedules, but slippage may also occur for reasons
beyond the control of planners, for example, personnel turnover, materiel shortage, or
unexpected problems with a design element or process. Sometimes the schedule can be
compressed by using additional resources, such as diverting staff or equipment from
another project, hiring a contractor, or leasing equipment.

UEREICL o THIOTELRDEA TOKREBOSEE ., &), FHEIZHFCHEMICIB W TRE S
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AR EILELDEDOTH D,

It is important that the schedule be updated to reflect current knowledge. At all times, the
plan should be specified at a level of detail enabling management to make informed
decisions, and provide confidence in meeting overall schedule and performance objectives.
This is important because scheduling pressures have historically been a contributing factor
in many design defects which caused injury. To the extent that good planning can prevent
schedule pressures, the potential for design errors is reduced.

BRICAEDLE, A7 Pa2a—NE27 v FTF—FLTW ZEFEERZETHD, WHOTH, 7
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However, no amount of planning can eliminate all development risk. There is inherent
conflict between the desire to maximize performance and the need to meet business
objectives, including development deadlines. In some corporate cultures, impending
deadlines create enormous pressure to cut corners. Planning helps to combat this dilemma
by ensuring management awareness of pressure points. With awareness, decisions are more
likely to be made with appropriate oversight and consideration of all relevant factors.
Thus, when concessions to the clock must be made, they can be justified and supported.

Lo L7 b, GHENCT 2R 2 TORBEDO Y X7 20 ER< DT Tk, RO/ 7
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SECTION C. DESIGN INPUT LA Ty b

1. REQUIREMENTS — ZERHIH

§ 820.30(c) Design input. REFA 7y b
Each manufacturer shall establish and maintain procedures to ensure that the design
requirements relating to a device are appropriate and address the intended use of the
device, including the needs of the user and patient.
The procedures shall include a mechanism for addressing incomplete, ambiguous, or
conflicting requirements.
The design input requirements shall be documented and shall be reviewed and approved
by designated individual(s).
The approval, including the date and signature of the individual(s) approving the
requirements, shall be documented.

HHROERE B I FIAZ M UAERF L, & IS T 2 RGHERFHZEY 2 b0 357201, £
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REF~DA 7y PERFHIXE SN, LA ShEHEICL - THFEShARBEIND Z L,
AR, A, BIOEKRFHEZAKB LIZEDOELN B, XFELIND T L,

1. DEFINITIONS E 7
§ 820.3(f)

Design input means the physical and performance requirements of a device
that are used as a basis for device design.

REF~DA Ty P EiT, BEBEOMENB IO EOERFIHTH > T, ISR R L
LCHEHTA DRV,

[11.  DISCUSSION AND POINTS TO CONSIDER TR g EEET SN
>k

Design input is the starting point for product design. The requirements which form the
design input establish a basis for performing subsequent design tasks and validating the
design. Therefore, development of a solid foundation of requirements is the single most
important design control activity.

EtA 7y Mk, BEBEBROHBEEATH D, RitA 7y POERFIHEIT, BORFOEKH
AR, BEHNRN)F = g VA ERT AT, FRwi, ZTOA Ty FERE
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Many medical device manufacturers have experience with the adverse effects that
incomplete requirements can have on the design process. A frequent complaint of
developers is that “there’s never time to do it right, but there’s always time to do it over.”
If essential requirements are not identified until validation, expensive redesign and rework
may be necessary before a design can be released to production.

ZFEAEDEREGEGEREE D, FAEERERFHPBF 72200 LERGLOREAGD
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By comparison, the experience of companies that have designed devices using clear-cut,
comprehensive sets of requirements is that rework and redesign are significantly reduced
and product quality is improved. They know that the development of requirements for a
medical device of even moderate complexity is a formidable, time-consuming task. They
accept the investment in time and resources required to develop the requirements because
they know the advantages to be gained in the long run.

i L CTAh D e, AECAENRERFECHESEARILEZ Lob ST, FELOKE
OLELNMKEICHIRS L, BEGHEREESNTWD, 51, ZARICEMETIT AW ER
AR OB ERFENDS LVIEEHEMOE»EFETHDL 2o TS, 51T,
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Unfortunately, there are a number of common misconceptions regarding the meaning and
practical application of the quality system requirements for design input. Many seem to
arise from interpreting the requirements as a literal prescription, rather than a set of
principles to be followed. In this guidance document, the focus is on explaining the
principles and providing examples of how they may be applied in typical situations.

BAETHDLIN, it 7y MIBELTHEY AT A LOBWRSEBEOBEAIC, £ < ORMBMN
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CONCEPT DOCUMENTS VERSUS DESIGN INPUT BEB F¥x oA PRS- T >
k

In some cases, the marketing staff, who maintain close contact with customers and users,
determine a need for a new product, or enhancements to an existing product. Alternatively,
the idea for a new product may evolve out of a research or clinical activity. In any case,
the result is a concept document specifying some of the desired characteristics of the new
product.

BAICLy, R —HYF =12k 0iE WA~ —FT 4 v T RAE 7R HF LD =—X
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SR RFXF 2 AL RDOTH D,

Some members of the medical device community view these marketing memoranda, or the
equivalent, as the design input. However, that is not the intent of the quality system
requirements. Such concept documents are rarely comprehensive, and should not be
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expected to be so. Rather, the intent of the quality system requirements is that the product
conceptual description be elaborated, expanded, and transformed into a complete set of
design input requirements which are written to an engineering level of detail.

—HDERER D AI 2 =T f— AV RPN DOY—FTT 4 VT DAERL, TNERE%ERLD
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This is an important concept. The use of qualitative terms in a concept document is both
appropriate and practical. This is often not the case for a document to be used as a basis
for design. Even the simplest of terms can have enormous design implications. For
example, the term “must be portable” in a concept document raises questions in the minds
of product developers about issues such as size and weight limitations, resistance to shock
and vibration, the need for protection from moisture and corrosion, the capability of
operating over a wide temperature range, and many others. Thus, a concept document
may be the starting point for development, but it is not the design input requirement.
This is a key principle—the design input requirements are the result of the first stage of
the design control process.
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RESEARCH AND DEVELOPMENT. hF3E & BE R

Some manufacturers have difficulty in determining where research ends and development
begins. Research activities may be undertaken in an effort to determine new business
opportunities or basic characteristics for a new product. It may be reasonable to develop a
rapid prototype to explore the feasibility of an idea or design approach, for example, prior
to developing design input requirements. But manufacturers should avoid falling into the
trap of equating the prototype design with a finished product design. Prototypes at this
stage lack safety features and ancillary functions necessary for a finished product, and
are developed under conditions which preclude adequate consideration of product
variability due to manufacturing.
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RESPONSIBILITY FOR DESIGN INPUT DEVELOPMENT. Bt 7Ty FOERE

Regardless of who developed the initial product concept, product developers play a key
role in developing the design input requirements. When presented with a set of important
characteristics, it is the product developers who understand the auxiliary issues that
must be addressed, as well as the level of detail necessary to design a product. Therefore,
a second key principle is that the product developer(s) ultimately bear responsibility for
translating user and/or patient needs into a set of requirements which can be validated
prior to implementation. While this is primarily an engineering function, the support or
full participation of production and service personnel, key suppliers, etc., may be required
to assure that the design input requirements are complete.

HENRYORG a7 NERB LENCED LT, REBRE I, &t 7y FOEKRE
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Care must be exercised in applying this principle. Effective development of design input
requirements encompasses input from both the product developer as well as those
representing the needs of the user, such as marketing. Terminology can be a problem. In
some cases, the product conceptual description may be expressed in medical terms.
Medical terminology is appropriate in requirements when the developers and reviewers
are familiar with the language, but it is often preferable to translate the concepts into
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engineering terms at the requirements stage to minimize miscommunication with the
development staff,
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Another problem is incorrect assumptions. Product developers make incorrect
assumptions about user needs, and marketing personnel make incorrect assumptions
about the needs of the product designers. Incorrect assumptions can have serious
consequences that may not be detected until late in the development process. Therefore,
both product developers and those representing the user must take responsibility for
critically examining proposed requirements, exploring stated and implied assumptions,
and uncovering problems.
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Some examples should clarify this point. A basic principle is that design input
requirements should specify what the design is intended to do while carefully avoiding
specific design solutions at this stage. For example, a concept document might dictate
that the product be housed in a machined aluminum case. It would be prudent for product
developers to explore why this type of housing was specified. Perhaps there is a valid
reason—superior electrical shielding, mechanical strength, or reduced time to market as
compared to a cast housing. Or perhaps machined aluminum was specified because a
competitor’s product is made that way, or simply because the user didn’t think plastic
would be strong enough.
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Not all incorrect assumptions are made by users. Incorrect assumptions made by product
developers may be equally damaging. Failure to understand the abuse to which a portable
instrument would be subjected might result in the selection of housing materials
inadequate for the intended use of the product.
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There are occasions when it may be appropriate to specify part of the design solution in
the design input requirements. For example, a manufacturer may want to share
components or manufacturing processes across a family of products in order to realize
economies of scale, or simply to help establish a corporate identity. In the case of a
product upgrade, there may be clear consensus regarding the features to be retained.
However, it is important to realize that every such design constraint reduces
implementation flexibility and should therefore be documented and identified as a
possible conflicting requirement for subsequent resolution.
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SCOPE AND LEVEL OF DETAIL. FMO®EHEE VL

Design input requirements must be comprehensive. This may be quite difficult for
manufacturers who are implementing a system of design controls for the first time.
Fortunately, the process gets easier with practice. It may be helpful to realize that design
input requirements fall into three categories. Virtually every product will have
requirements of all three types.
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Functional requirements specify what the device does, focusing on the operational
capabilities of the device and processing of inputs and the resultant outputs.
Performance requirements specify how much or how well the device must perform,
addressing issues such as speed, strength, response times, accuracy, limits of operation,
etc. This includes a quantitative characterization of the use environment, including, for
example, temperature, humidity, shock, vibration, and electromagnetic compatibility.
Requirements concerning device reliability and safety also fit into this category.
Interface requirements specify characteristics of the device which are critical to
compatibility with external systems; specifically, those characteristics which are
mandated by external systems and outside the control of the developers. One interface
which is important in every case is the user and/or patient interface.
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What is the scope of the design input requirements development process and how much
detail must be provided? The scope is dependent upon the complexity of a device and the
risk associated with its use. For most medical devices, numerous requirements
encompassing functions, performance, safety, and regulatory concerns are implied by the
application. These implied requirements should be explicitly stated, in engineering terms,
in the design input requirements.
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Determining the appropriate level of detail requires experience. However, some general
guidance is possible. The marketing literature contains product specifications, but these
are superficial. The operator and service manuals may contain more detailed
specifications and performance limits, but these also fall short of being comprehensive.
Some insight as to what is necessary is provided by examining the requirements for a
very common external interface. For the power requirements for AC-powered equipment,
it 1s not sufficient to simply say that a unit shall be AC-powered. It is better to say that
the unit shall be operable from AC power in North America, Europe, and Japan, but that
is still insufficient detail to implement or validate the design. If one considers the
situation just in North America, where the line voltage is typically 120 volts, many
systems are specified to operate over the range of 108 to 132 volts. However, to account
for the possibility of brownout, critical devices may be specified to operate from 95 to 132
volts or even wider ranges. Based on the intended use of the device, the manufacturer
must choose appropriate performance limits.
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There are many cases when it is impractical to establish every functional and performance
characteristic at the design input stage. But in most cases, the form of the requirement can
be determined, and the requirement can be stated with a to-be-determined (TBD)
numerical value or a range of possible values. This makes it possible for reviewers to
assess whether the requirements completely characterize the intended use of the device,
judge the impact of omissions, and track incomplete requirements to ensure resolution.
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For complex designs, it is not uncommon for the design input stage to consume as much as
thirty percent of the total project time. Unfortunately, some managers and developers
have been trained to measure design progress in terms of hardware built, or lines of
software code written. They fail to realize that building a solid foundation saves time
during the implementation. Part of the solution is to structure the requirements
documents and reviews such that tangible measures of progress are provided.
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At the other extreme, many medical devices have very simple requirements. For example,
many new devices are simply replacement parts for a product, or are kits of commodity
items. Typically, only the packaging and labeling distinguishes these products from
existing products. In such cases, there is no need to recreate the detailed design input
requirements of the item. It is acceptable to simply cite the predecessor product
documentation, add any new product information, and establish the unique packaging and
labeling requirements.
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ASSESSING DESIGN INPUT REQUIREMENTS FOR ADEQUACY. & ~0DOA 7 v b
BEHoOZYEEFMmT B

Eventually, the design input must be reviewed for adequacy. After review and approval,
the design input becomes a controlled document. All future changes will be subject to the
change control procedures, as discussed in Section I (Design Changes).
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Any assessment of design input requirements boils down to a matter of judgment. As
discussed in Section E (Design Review), it is important for the review team to be
multidisciplinary and to have the appropriate authority. A number of criteria may be
employed by the review team.
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Design input requirements should be unambiguous. That is, each requirement should be
able to be verified by an objective method of analysis, inspection, or testing. For
example, it is insufficient to state that a catheter must be able to withstand repeated
flexing. A better requirement would state that the catheter should be formed into a 50
mm diameter coil and straightened out for a total of fifty times with no evidence of
cracking or deformity. A qualified reviewer could then make a judgment whether this
specified test method is representative of the conditions of use.

Quantitative limits should be expressed with a measurement tolerance. For example, a
diameter of 3.5 mm is an incomplete specification. If the diameter is specified as
3.500+0.005 mm, designers have a basis for determining how accurate the
manufacturing processes have to be to produce compliant parts, and reviewers have a
basis for determining whether the parts will be suitable for the intended use.

The set of design input requirements for a product should be self-consistent. It is not
unusual for requirements to conflict with one another or with a referenced industry
standard due to a simple oversight. Such conflicts should be resolved early in the
development process.

The environment in which the product is intended to be used should be properly
characterized. For example, manufacturers frequently make the mistake of specifying
“laboratory” conditions for devices which are intended for use in the home. Yet, even
within a single country, relative humidity in a home may range from 20 percent to 100
percent (condensing) due to climactic and seasonal variations. Household temperatures
in many climates routinely exceed 40 °C during the hot season. Altitudes may exceed
3,000m, and the resultant low atmospheric pressure may adversely affect some kinds of
medical equipment. If environmental conditions are fully specified, a qualified reviewer
can make a determination of whether the specified conditions are representative of the
intended use.

When industry standards are cited, the citations should be reviewed for completeness
and relevance. For example, one medical device manufacturer claimed compliance with
an industry standard covering mechanical shock and vibration. However, when the
referenced standard was examined by a reviewer, it was found to prescribe only the
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method of testing, omitting any mention of pass/fail criteria. It was incumbent on the
manufacturer in this case to specify appropriate performance limits for the device being
tested, as well as the test method.
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EVOLUTION OF THE DESIGN INPUT REQUIREMENTS. R~ Ty VEHEDOR
(3]

Large development projects often are implemented in stages. When this occurs, the design
input requirements at each stage should be developed and reviewed following the
principles set forth in this section. Fortunately, the initial set of requirements, covering the
overall product, is by far the most difficult to develop. As the design proceeds, the output
from the early stages forms the basis for the subsequent stages, and the information
available to designers is inherently more extensive and detailed.
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It is almost inevitable that verification activities will uncover discrepancies which result in
changes to the design input requirements. There are two points to be made about this. One
is that the change control process for design input requirements must be carefully
managed. Often, a design change to correct one problem may create a new problem which
must be addressed. Throughout the development process, it is important that any changes
are documented and communicated to developers so that the total impact of the change can
be determined. The change control process is crucial to device quality.
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The second point is that extensive rework of the design input requirements suggests that
the design input requirements may not be elaborated to a suitable level of detail, or
insufficient resources are being devoted to defining and reviewing the requirements.
Managers can use this insight to improve the design control process. From a design
control perspective, the number of requirements changes made is less important than the
thoroughness of the change control process.
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SECTION D. DESIGN OUTPUT WEt7T U R 7w b
I.  REQUIREMENTS e I

§ 820.30(d) Design output. HEt7T U Ny b

- Each manufacturer shall establish and maintain procedures for defining and
documenting design output in terms that allow an adequate evaluation of
conformance to design input requirements.
Design output procedures shall contain or make reference to acceptance criteria and
shall ensure that those design outputs that are essential for the proper functioning of
the device are identified.
Design output shall be documented, reviewed, and approved before release.
The approval, including the date and signature of the individual(s) approving the
output, shall be documented.
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1. DEFINITIONS JE
§ 820.3(g)

Design output means the results of a design effort at each design phase and at the end of

the total design effort. The finished design output is the basis for the device master record.

The total finished design output consists of the device, its packaging and labeling, and the
device master record.
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§ 820.3(y)

Specification means any requirement with which a product, process, service, or other
activity must conform.
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[II.  DISCUSSION AND POINTS TO CONSIDER F R g EETSHA
> h

The quality system requirements for design output can be separated into two elements:
Design output should be expressed in terms that allow adequate assessment of
conformance to design input requirements and should identify the characteristics of the
design that are crucial to the safety and proper functioning of the device. This raises two
fundamental issues for developers:
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What constitutes design output?
Are the form and content of the design output suitable?
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The first issue is important because the typical development project produces voluminous
records, some of which may not be categorized as design output. On the other hand,
design output must be reasonably comprehensive to be effective. As a general rule, an
item is design output if it is a work product, or deliverable item, of a design task listed in
the design and development plan, and the item defines, describes, or elaborates an element
of the design implementation. Examples include block diagrams, flow charts, software
high-level code, and system or subsystem design specifications. The design output in one
stage is often part of the design input in subsequent stages.
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Design output includes production specifications as well as descriptive materials which
define and characterize the design.
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PRODUCTION SPECIFICATIONS. EEMKRE

Production specifications include drawings and documents used to procure components,
fabricate, test, inspect, install, maintain, and service the device, such as the following:
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assembly drawings

component and material specifications

production and process specifications

software machine code (e.g., diskette or master EPROM)

work instructions

quality assurance specifications and procedures

installation and servicing procedures

packaging and labeling specifications, including methods and processes used
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In addition, as discussed in_Section H (Design Transfer), production specifications may
take on other forms. For example, some manufacturers produce assembly instructions on
videotapes rather than written instructions. Similarly, a program diskette, used by a
computer-aided milling machine to fabricate a part, would be considered a production
specification. The videotape and the software on the program diskette are part of the
device master record.
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OTHER DESCRIPTIVE MATERIALS. ft o> FC Ik B 72 A1 8k

Other design output items might be produced which are necessary to establish
conformance to design input requirements, but are not used in its production. For example,
for each part which is fabricated by computer-aided machine, there should be an assembly
drawing which specifies the dimensions and characteristics of the part. It is a part of the
design output because it establishes the basis for the machine tool program used to

© Copyright eCompliance 2015

37



‘ fabricate the part. Other examples of design output include the following:
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the results of risk analysis
software source code

results of verification activities
biocompatibility test results
bioburden test results
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FORM AND CONTENT. BRXKEHNE

Manufacturers must take steps to assure that the design output characterizes all
important aspects of the design and is expressed in terms which allow adequate
verification and validation. Two basic mechanisms are available to manufacturers to
accomplish these objectives.
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First, the manufacturer proactively can specify the form and content of design output at
the planning stage. For some types of design output, form and content may be codified in
a consensus standard which can be referenced. In other cases, a manufacturer could
specify the desired characteristics, or even simply specify that the form and content of
an existing document be followed.

Second, form and content can be reviewed retroactively as a part of the design
verification process. For example, the verification of design output could include
assessing whether specified documentation standards have been adhered to.
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As these examples illustrate, conformance with the quality system requirements
concerning design output generally requires no “extra” effort on the part of the
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manufacturer, but simply the application of some common sense procedures during the
planning, execution, and review of design tasks.
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SECTION E. DESIGN REVIEW REFLE 2

[. REQUIREMENTS Eipygar]
§ 820.30(e) Design review. it =

Each manufacturer shall establish and maintain procedures to ensure that formal
documented reviews of the design results are planned and conducted at appropriate
stages of the device’s design development.

The procedures shall ensure that participants at each design review include
representatives of all functions concerned with the design stage being reviewed and an
individual(s) who does not have direct responsibility for the design stage being reviewed,
as well as any specialists needed.

The results of a design review, including identification of the design, the date, and the

individual(s) performing the review, shall be documented in the design history file (the
DHF).
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I1. DEFINITIONS &7

§ 820.3(h)
Design review means a documented, comprehensive, systematic examination of a design to
evaluate the adequacy of the design requirements, to evaluate the capability of the design
to meet these requirements, and to identify problems.

et A (Design review) &%, Xt ERFHOZYMELZFFML, ZNOOERFHEZRMZ T
REOBRDEFML, MEEHEICT L7200, XECSNIZAFER NSRRI 7 T
ERCY AR

[11.  DISCUSSION AND POINTS TO CONSIDER TR g EEET SN
>k

\ In general, formal design reviews are intended to: |

—RIZ, EXRBERHEREL X, UTOoZE2ERLTWA,

e provide a systematic assessment of design results, including the device design and the
associated designs for production and support processes;

e provide feedback to designers on existing or emerging problems;

e assess project progress; and/or

e provide confirmation that the project is ready to move on to the next stage of
development.
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Many types of reviews occur during the course of developing a product. Reviews may have
both an internal and external focus. The internal focus is on the feasibility of the design
and the produceability of the design with respect to manufacturing and support
capabilities. The external focus is on the user requirements; that is, the device design is
viewed from the perspective of the user.
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The nature of reviews changes as the design progresses. During the initial stages, issues
related to design input requirements will predominate. Next, the main function of the
reviews may be to evaluate or confirm the choice of solutions being offered by the design
team. Then, issues such as the choice of materials and the methods of manufacture become
more important. During the final stages, issues related to the verification, validation, and
production may predominate.
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The term “review” is commonly used by manufacturers to describe a variety of design
assessment activities. Most, but not all, of these activities meet the definition of formal
design reviews. The following exceptions may help to clarify the distinguishing
characteristics of design reviews.

“LEa” L) HiEE, EEEICX > TR OO % i HEIEE 238 X5 72D 12— KR
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e Each design document which constitutes the formal output, or deliverable, of a design
task is normally subject to evaluation activities, sometimes referred to as informal peer
review, supervisory review, or technical assessment. These activities, while they may be
called reviews, are often better described as verification activities, because they are not
intended to be comprehensive, definitive, and multidisciplinary in their scope. Rather,
their purpose is to confirm that design output meets design input. Verification activities
affect and add to the design output, and are themselves subject to subsequent design
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review.

e Developers may conduct routine or ad hoc meetings to discuss an issue, coordinate
activities, or assess development progress. Decisions from such meetings may not require
formal documentation; however, if a significant issue is resolved, this should be
documented. If the outcome results in change to an approved design document, then
applicable change control procedures should be followed, as discussed in Section [ (Design
Changes).
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Control of the design review process is achieved by developing and implementing a formal
design review program consistent with quality system requirements. The following issues
should be addressed and documented in the design and development plan(s).
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NUMBER AND TYPE OF REVIEWS. BEORR L B

It is a well-accepted fact that the cost to correct design errors increases as the design nears
completion, and the flexibility to implement an optimal solution decreases. When an error
is discovered at the end of the development cycle, difficult decisions have to be made
regarding an acceptable corrective action. When that corrective action is implemented in
haste, the result is often an unintended consequence leading to a new problem. Thus,
formal design reviews should be planned to detect problems early. A corollary is that
planners should presume that problems will be detected, and allocate a reasonable amount
of time to implement corrective actions. Typically, formal reviews are conducted at the
end of each phase and at important milestones in the design process.
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As discussed in Section C (Design Input), it is beneficial in almost every case to conduct a
formal review of the design input requirements early in the development process. The
number of reviews depends upon the complexity of the device.
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e For a simple design, or a minor upgrade to an existing product, it might be appropriate
to conduct a single review at the conclusion of the design process.

e For a product involving multiple subsystems, an early design task is to allocate the
design input requirements among the various subsystems. For example, in a
microprocessor-based system, designers must decide which functions will be performed by
hardware and which by software. In another case, tolerance buildup from several
components may combine to create a clearance problem. System designers must establish
tolerance specifications for each component to meet the overall dimensional specification.
In cases like these, a formal design review is a prudent step to ensure that all such system-
level requirements have been allocated satisfactorily prior to engaging in detailed design
of each subsystem.

e For complex systems, additional reviews are often built into the development plan. For
example, engineering sketches may be developed for prototyping purposes prior to
development of production drawings. Evaluation of the prototype would typically
culminate in a formal design review. Similarly, software development commonly includes
a high-level design phase, during which requirements are elaborated to a greater level of
detail and algorithms are developed to implement key functions. A formal design review
would typically be conducted to review this work prior to beginning detailed coding.
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There are a number of approaches to conducting formal design reviews at the end of the
design process. In some organizations, engineering essentially completes the design, tests
an engineering prototype, and conducts a formal design review prior to turning the design
over to manufacturing. In such cases, an additional review will be needed after the design
has been validated using production devices.
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In some instances, components having long lead times may enter production prior to
completion of the overall device design. The primary motivation for early production is to
reduce time to market. The manufacturer runs the business risk that the design review at
the end of the design process will uncover a defect that must be corrected in production
devices before any devices are distributed.
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All of these approaches to scheduling formal design reviews are valid. What is important
is that the manufacturer establish a reasonable rationale for the number and type of
reviews, based on sound judgment.
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SELECTION OF REVIEWERS. EFEEEOEMN

In determining who should participate in a formal design review, planners should consider
the qualifications of reviewers, the types of expertise required to make an adequate
assessment, and the independence of the reviewers. Each of these concerns is discussed
briefly in the following paragraphs.
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Qualifications. B

Formal design reviews should be conducted by person(s) having technical competence and
experience at least comparable to the developers. For a small manufacturer, this may
require that an outside consultant be retained to participate in the evaluation of the design.
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A manufacturer will often employ one or more specialists to conduct certain types of
specialized assessments which are beyond the capabilities of the designers. For example, a
mechanical engineer may be retained to perform a structural analysis of a design, and
perhaps conduct vibration testing to verify its performance under stress. Such specialists
may be assigned to participate in the formal design review. Alternatively, they may be
assigned to make an independent assessment and submit observations and
recommendations to the reviewers. Either approach is valid.
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Types of expertise required. BERINDEMHE

Many medical device designs involve a number of technologies, such as electronics,
mechanics, software, materials science, or pneumatics. In addition, a variety of clinical
and manufacturing issues may influence the design. Manufacturers should carefully
consider which interests should be represented at formal design reviews. Subtle
distinctions in reviewer perspective may have dramatic impact on device quality. For
example, the marketing department of a small manufacturer shared a new design with
several surgeons on their advisory board. The surgeons all thought the design was terrific.
Subsequently, the manufacturer invited two experienced operating room nurses to
participate in the final design review. During the course of the review, it became apparent
that while surgeons may be the customers, nurses are the primary users of the device, and
no one up to that point had consulted with any nurses. The nurses at the design review
didn’t like some of the features of the design. After some further market survey, the
manufacturer decided to make changes to the design to accommodate these concerns. It
was unfortunate (and expensive) in this case that the user requirements were not

considered until late in the development cycle, but the design review was ultimately very
successful.
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Independence. 57

The formal design review should include at least one individual who does not have direct
responsibility for the design stage under review. In a small company, complete
independence is very difficult to obtain. Within the context of formal design reviews, the
practical solution is simply to ensure a fresh perspective, based on the principle that those
who are too close to the design may overlook design errors. Thus, reviewers will often be
from the same organization as the developers, but they should not have been significantly
involved in the activities under review. As discussed in the following section, the formal
design review procedures play a large role in assuring independent and objective reviews.
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DESIGN REVIEW PROCEDURES. REEETFIE

The manufacturer should have documented formal design review procedures addressing
the following:

ROEXA T, TROEAZH O EXRKRFFEEOLELF 2T NITR LR,

Evaluation of the design (including identification of concerns, i.e., issues and
potential problems with the design)

Resolution of concerns

Implementation of corrective actions
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Evaluation of the design. R EF D LA

Many formal design reviews take the form of a meeting. At this meeting, the designer(s)
may make presentations to explain the design implementation, and persons responsible for
verification activities may present their findings to the reviewers. Reviewers may ask for
clarification or additional information on any topic, and add their concerns to any raised
by the presenters. This portion of the review is focused on finding problems, not resolving
them.
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There are many approaches to conducting design review meetings. In simple cases, the
technical assessor and reviewer may be the same person, often a project manager or
engineering supervisor, and the review meeting is a simple affair in the manager’s office.
For more elaborate reviews, detailed written procedures are desirable to ensure that all
pertinent topics are discussed, conclusions accurately recorded, and action items
documented and tracked.
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There is a dangerous tendency for design review meetings to become adversarial affairs.
The reputation of the designers tends to be linked to the number of discrepancies found,
causing the designers to become defensive, while the reviewers score points by finding
weaknesses in the design. The resulting contest can be counterproductive. An added
complication is the presence of invited guests, often clinicians, who are expected to
provide the user perspective. These reviewers are often very reluctant to ask probing
questions, especially if they sense that they may become involved in a conflict where all
the rules and relationships are not evident.
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These difficulties can be avoided by stating the goals and ground rules for conducting the
formal design review clearly at the outset. While the designers are in the best position to
explain the best features of the design, they are also most likely to be aware of the design’s
weaknesses. If the designers and reviewers are encouraged to work together to
systematically explore problems and find solutions, the resultant design will be improved
and all parties will benefit from the process. Participants must be encouraged to ask
questions, avoid making assumptions, and think critically. The focus must be on the
design, not the participants.
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Not all formal design reviews involve meetings. For extremely simple designs or design
changes, it may be appropriate to specify a procedure in which review materials are
distributed or circulated among the reviewers for independent assessment and approval.
However, such a procedure negates the benefits of synergy and teamwork, and should be
considered only in cases where the design issues are limited in scope and well defined.
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Resolution of concerns. BEEEHDMRR

The reviewers consider concerns raised during the evaluation portion of the formal design
review and decide on an appropriate disposition for each one. There is wide variation in
the way companies implement decision-making processes. In some cases, the reviewers
play an advisory role to the engineering manager or other company official, who directs
the formal design review and ultimately selects a course of action. In other cases, the
reviewers are given limited or broad authority to make decisions and commit resources to
resolve problems. The approach used should be documented.
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In the real world, reviews often leave unresolved issues. Therefore, review procedures
should include a process for resolving differences, and provide reviewers with enough
leeway to make practical decisions while protecting the integrity of the process.

HEMICIIFEEIT LS RMBIRMELZET, Thoz, BEFIEITRMBIELHERT 2 FIEZ
GINTBLRET, TOTavADA T 7 VT 4 —%R#E LoD, FEEITHFEN 2 W%
THORDIRBEEZDHNETHD,

Implementation of corrective actions. T IEALE D FEAT

Not all identified concerns result in corrective actions. The reviewers may decide that the
issue is erroneous or immaterial. In most cases, however, resolution involves a design
change, a requirements change, or a combination of the two. If the solution is evident, the
reviewers may specify the appropriate corrective action; otherwise, an action item will be
assigned to study the problem further. In any case, action items and corrective actions are
normally tracked under the manufacturer’s change control procedures.
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EHREHRTIHO T TEREIND,

RELATIONSHIP OF DESIGN REVIEW TO VERIFICATION AND VALIDATION. Ry

4=l —areRNRY)F— g it AHRIFEEDBHER

In practice, design review, verification, and validation overlap one another, and the
relationship among them may be confusing. As a general rule, the sequence is:
verification, review, validation, review.

ERICIE, RFERE, RV 74 h—var, NIV T—vaEFBEWIEHL, 50K
TmoblLWnwboThs, B, EFIT: RV T4 r—var, B, RNV TF—v g, FAE
CEfciéo

In most cases, verification activities are completed prior to the design review, and the
verification results are submitted to the reviewers along with the other design output to be
reviewed. Alternatively, some verification activities may be treated as components of the
design review, particularly if the verification activity is complex and requires
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| multidisciplinary review.

FEAEDOHE, *ﬁ?ﬁ?ﬂi@] RERAEDORTE TIZE T L, ZOMIEFERIT. TOMoOFEIN

LHEkET U Ny P, BEFICRE IS, £00F, RIEEBHOH DL DX, RKitHEA
D R— Z\/Fkbfﬂibﬂéﬁl%%ﬂﬂiﬁb\o FRlo, b LIRGEEE T, 2 < 0HEM S
FICOl BB LERTLEGILED THh D,

Similarly, validation typically involves a variety of activities, including a determination
that the appropriate verifications and reviews have been completed. Thus, at the
conclusion of the validation effort, a review is usually warranted to assure that the
validation is complete and adequate.

RIS, NUF— g 0, — RSB ARIEE 25 2, @Jiﬁ*ﬁﬁ’?%ﬁ# T L7 HE %
Gle, 20X, NV F—v g U iEEHOKDbYIC, FBEITEE. NUTF—Ta UnET L.
TN ThHHI LRI T 5,
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SECTION F. DESIGN VERIFICATION WAt R RIE

1. REQUIREMENTS Eipygar]
§ 820.30(f) Design verification. X ARG

Each manufacturer shall establish and maintain procedures for verifying the device
design.

Design verification shall confirm that the design output meets the design input
requirements.

The results of the design verification, including identification of the design, method(s),
the date, and the individual(s) performing the verification, shall be documented in the
Design History File.

@ SHEXEFIIFIALHSL LR L, Rtz RitdT22 &,

[ ) Iﬂn-l‘*ﬁufui\ REFHOT T ~ 7 v NREEFA~DA N b4 F@%zfﬁ%lﬁ%{?ﬁt? k%ﬁ%wu
T5HZ &,

@ FLEHMGEORE R, BE. OREE) ik, BB L UOMEE Lz (—AFEITER) 25E
THLDOERFEET 7 4 V(OHPIZXELLT H Z &,

1. DEFINITIONS E 7
§820.3(y)

Specification means any requirement with which a product, process, service, or other
activity must conform.

ft:#%(Specification) & 1%, L, Yok, h—E A 3 oOFEHREAS LT ide bk
WELRFHZ W D,

§ 820.3(z)

Validation means confirmation by examination and provision of objective evidence that
the particular requirements for a specific intended use can be consistently fulfilled.

NYF—varbid, BENSNTEHBICHT2HBAFOERFEHPHERICH SN TWVWDL I LA
R, BLOEBRGFMOIERIC L > THRTLIZ 209,

(1) Process Validation means establishing by objective evidence that a process
consistently produces a result or product meeting its predetermined specifications.

(1) TEROARNYF— g b, TOTEILLNLORD bR, /-3
i —B L TAETDHIZ LA, FENGIICE > THY T2 L2009,

(2) Design Validation means establishing by objective evidence that device specifications
conform with user needs and intended use(s).

(2) KEONY F—arbid, BB ENEO=—ABLOCERINTZHRIZEEGT 5 2
LE. BB > TN T2 20D,

§820.3(aa)
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Verification means confirmation by examination and provision of objective evidence that
specified requirements have been fulfilled.

RYTZ4hr—varbld, BEERFENFH-ZINDZ L2, Rk, BLOZRHOFLO R
WL THERT A EE WV,

[II.  DISCUSSION AND POINTS TO CONSIDER TR g EET SN
> A

Verification and validation are associated concepts with very important differences.
Various organizations have different definitions for these terms. Medical device
manufacturers are encouraged to use the terminology of the quality system requirements in
their internal procedures.

BREEE NY F—a E, EFICHERMEOHL, Ll MELEMETHL, £2< Ol
BN ZNEDOHFEDRRSTZERZ LTV D, Efﬂ?*&””%iﬁ%%‘ . WOEAHREFIETHNYS
E VAT LAERFHOMFEEZEHN T2 L 0@ I TV,

To illustrate the concepts, consider a building design analogy. In a typical scenario, the
senior architect establishes the design input requirements and sketches the general
appearance and construction of the building, but associates or contractors typically
elaborate the details of the various mechanical systems. Verification is the process of
checking at each stage whether the output conforms to requirements for that stage. For
example: does the air conditioning system deliver the specified cooling capacity to each
room? Is the roof rated to withstand so many newtons per square meter of wind loading? Is
a fire alarm located within 50 meters of each location in the building?

ZOMEEHWAT L0, BEFRFEZHICEZXTAHA LI, N2 T U AE, B ORE
ENEFA T v b @%@%ﬁ@%b“/?k%m%ﬁﬁiﬁ‘éo LU, ORESZIEES
DMK E AR NTNS, RAEE WO DL, TU RNy RRZDORAT —VOERFHITHEEG
LTWOIMEIDLEMRTLH70EATHD, BlxiX: EFH AT AT, BBESINT-HHLE
TEHBICERT A ZENTELH00?2 BRIZ, BJEIC, 1HY7ZD EDOIBb0VWD=a2—F|Z
MMz HHBH002 KEMMEIT, EHOEKE 707 T, 50m UNICERBESHL TWDE0?

At the same time, the architect has to keep in mind the broader question of whether the
results are consistent with the ultimate user requirements. Does the air conditioning
system keep the occupants comfortable throughout the building? Will the roof withstand
weather extremes expected at the building site? Can the fire alarm be heard throughout
the building? Those broader concerns are the essence of validation.

FIRFIZ, BERFZIL, ZOMEN 2 —VF—OERFEHLFEOIC—HLTNDENE D D E iR
LINEEIC D2 EMEZ T L ERELTENM T ERL R, EHFHAT L, EY
DNHEZAT, EAZRBEIZLTINDEAI N2 BRIT, BEHL T, THIND KE
DRBEICTHZ SND02 KEMHMBOT F—2iF, YWOELFTHZIZDTEA91? Zh
5OMRIEWVERIZ, RV T —varoREEWNWZ D,
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In the initial stages of design, verification is a key quality assurance technique. As the
design effort progresses, verification activities become progressively more comprehensive.
For example, heat or cooling delivery can be calculated and verified by the air
conditioning designer, but the resultant air temperature can only be estimated. Occupant
comfort is a function not only of delivered air temperature, but also humidity, heat
radiation to or from nearby thermal masses, heat gain or loss through adjacent windows,
etc. During the latter design phases, the interaction of these complex factors may be
considered during verification of the design.

AT O DOEFEIZB T, BEEIE, =2 mE2RiEd 2727 =v 7 ThD, Hil{E®
MRS D L MEEEBNIRE ICORERIC R 5, Bl E, EE S5 EE L, 22 E
:r_‘/“/“:TL:J:of?rwéﬂ MEES N D, LL, MRk LTHELALKIRT, #HEICTE
FHA, BEEOPREMEIT, RSN DEROREL T TIER, WME, BETLIENDL O
DL, T i?‘:&i?ﬁﬁ%fik@@hé‘%%lﬁﬁéo BORFT 7 ==X T, T b DOBEMEIZER
BOHERND, RFFORFETICEESINDIZS D,

Validation follows successful verification, and ensures that each requirement for a
particular use is fulfilled. Validation of user needs is possible only after the building is
built. The air conditioning and fire alarm performance may be validated by testing and
inspection, while the strength of the roof will probably be validated by some sort of
analysis linked to building codes which are accepted as meeting the needs of the user—
subject to possible confirmation during a subsequent severe storm.

NYF—=varid, 2> FES Vo EREMRIEICHE WV, BEOHERO D DERFHEEEIZT D
TeOIZETT D, 2= —=—XDRNVFT—T a3 %k, EAPBTOENTEEDHMRIEFTEToH
Do RO, KEKWIGOMREL, 7T A PPRETHRIES N, —F, BROBEIT, B RFX~<
—=—RXICEIBEOKRMICY 7 LIZMIT HIETRAES D25 5 — Wikt 7e it L Wjd o
., THhITHR SN D Z LD,

Validation is the topic of Section G of this guidance document. The remainder of this
section focuses on verification principles.

NU?~yaym*®ﬁ4ﬁyxmﬁﬁyayG®hﬁy&xf%éo:@t&yay@%¥
ﬁ:\ Iﬂu‘l‘*ﬁuﬁ@ﬁ \ /)I/\T7j—*—73}(ﬁ*60

TYPES OF VERIFICATION ACTIVITIES. RERIEEBI O X A4 T

Verification activities are conducted at all stages and levels of device design. The basis of
verification is a three-pronged approach involving tests, inspections, and analyses. Any
approach which establishes conformance with a design input requirement is an acceptable
means of verifying the design with respect to that requirement. In many cases, a variety
of approaches are possible.

lﬂsp‘l‘*ﬁnﬁ{%ﬁi *%%%%E&uu-l'@i’(@XT / k':]:()\l/“\/l/'(%ﬁméﬂé #nﬁ@ﬁ%i 3j§
LT 7 —FT, i, R, &, BIrTd o, RetA 7 v b OBRFIH A 5 2
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THEOT e —F4, BREEHICEHTIRHGEZRIETZ S, Z<OHA., FEAEDT I
—FBR[EETH D,

Complex designs require more and different types of verification activities. The nature of
verification activities varies according to the type of design output. The intent of this
guidance document is not to suggest or recommend verification techniques which should
be performed by device manufacturers. Rather, the manufacturer should select and apply
appropriate verification techniques based on the generally accepted practices for the
technologies employed in their products. Many of these practices are an integral part of
the development process, and are routinely performed by developers. The objective of
design controls is to ensure adequate oversight by making verification activities explicit
and measuring the thoroughness of their execution. Following are a few examples of
verification methods and activities.

BHERRETTIE, KV ORRDL A T ORIEES N LERE S 5, BINEBOFEIL, &KE
TNy "OEZATICEDLEAT D, COHNA XLV ALEOEK L TND EZ AT, FEFE
ELE SN ERT RERIET 7 =y 7 ZREL, B0HZ & TlERW, LA, HEER
. oo BICHEAT L7 7 e —ICALT, BHICEOOLNATWDLEDEZ LT, @Y%
MEET 7 = 7 RN, WHTLZ2XETHDL, N6 T 7774 2ADELIE, BTtk
ADARERDOETHY ., BREFICL > THEMICER SN D, ZFHEHEO BN, RIS
ML, FEITSNDIRAEEIICRAREE LR WL EI D EEH T THD, LTFICH
AESIE & EDIFEBIZONT, WL D006 & RT,

Worst case analysis of an assembly to verify that components are derated properly and
not subject to overstress during handling and use.

Thermal analysis of an assembly to assure that internal or surface temperatures do
not exceed specified limits.

Fault tree analysis of a process or design.

Failure modes and effects analysis.

Package integrity tests.

Biocompatibility testing of materials.

Bioburden testing of products to be sterilized.

Comparison of a design to a previous product having an established history of
successful use.

@ T VHEHAFTOREDA N ATIEARL, 2UFR—3 FOMERBPHEYICFTFohdFE
BTLHT LTV —DU—A = —RATF U TR,

TR —OWNES, E 7o T3 ORI FRIRE 28 2 RV D& AR T D IR AR AT SR
7'a e R FE T IXERF O R A X AT (FTA)

Ml £ — N2 2T ( FMEA )

R D 58 2 ME( Integrity )ikBR

AR D AR A MR

PR B 5L DS A AN — T B

T4 THEN LT 5 B & 3% i
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For some technologies, verification methods may be highly standardized. In other cases,

the manufacturer may choose from a variety of applicable methods. In a few cases, the

manufacturer must be creative in devising ways to verify a particular aspect of a design.
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WL ODPOEMIZE N T, RMEETIEE, GEICFEEL SN Db RN, HDWVIE, RIEE
Flx. FAFTREZR R 2 R TR BT 200 b gv, DM TIEH L8, BIERE D, &
At O REER 22 T & BREE S D 72 OICIAIN R ik 2 A AT r— A0 H 5,

Some manufacturers erroneously equate production testing with verification. Whereas
verification testing establishes conformance of design output with design input, the aim of
production testing is to determine whether the unit under test has been correctly
manufactured. In other words, production testing is designed to efficiently screen out
manufacturing process errors and perhaps also to detect infant mortality failures.
Typically, a small subset of functional and performance tests accomplish this objective
with a high degree of accuracy. Therefore, production testing is rarely, if ever,
comprehensive enough to verify the design. For example, a leakage test may be used
during production to ensure that a hermetically-sealed enclosure was properly assembled.
However, the leakage test may not be sensitive enough to detect long-term diffusion of gas
through the packaging material. Permeability of the packaging material is an intrinsic
property of the material rather than an assembly issue, and would likely be verified using
a more specialized test than is used during production.

AETRTORBREZFHBIEL S TRBML TV I REEEN VD, MIFRBRNRETT Y M7
v MTRTLHRREA Ty M OBEMEMEMNLT H20lZx L, AETLREORBROBAJIX, EL
KHEISNTWDENE I NEHRETIEODDOLOTHD, VXD L. AETRERORRIT
EFKI%%“G‘@I?*%@J?EJ&<5§5® WZTF DT OIZRET STV T, %)JEHTE&%*"H#T%&

IO TWN D, —KAIIZ, HESCHERO —HoORERIT, MWHECZIOERMEZERT D, £
nx é@IET@aﬁiﬁ i\ BICFERMT2ICL TS, Rt ZMRAET 272D I aER TR &
IEAFERA, B, BELIEABDHEEIELONTOWDEINE ) AR T L0, V—7
RN EE TR CTITbhd, L2rL, BHOMEIZ2 &R T 2 RHIMICE S T AOIHBIZ SN T
OMHICIZ TS TRy, B EtoEEticonTix, MEDMELS > X0 b, MEEA
OHEEOMBETHD, T LT, T, AETECTERET L0, L0 HEMYRHBRE LT
HT L THERTEDHIEAD,

DOCUMENTATION OF VERIFICATION ACTIVITIES. RIEEE 0O CEAL

Some verification methods result in a document by their nature. For example, a failure
modes and effects analysis produces a table listing each system component, its postulated
failure modes, and the effect of such failures on system operation.

BRAEFIEIC ko TiE, MERIIC B SN B BANRD 5. HlZ X, FMEA X, &4 DY 27 A
SUR— Ry R R LEREED L, MEET— R UE S, B AR L oMo
WL BN ET,

Another self-documenting verification method is the traceability matrix. This method is
particularly useful when the design input and output are both documents; it also has
great utility in software development. In the most common form of the traceability
matrix, the input requirements are enumerated in a table, and references are provided to
each section in the output documents (or software modules) which address or satisfy each
input requirement. The matrix can also be constructed “backwards,” listing each feature
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in the design output and tracing which input requirement bears on that feature. This
reverse approach is especially useful for detecting hidden assumptions. Hidden
assumptions are dangerous because they often lead to overdesign, adding unnecessary
cost and complexity to the design. In other cases, hidden assumptions turn out to be
undocumented design input requirements which, once exposed, can be properly tracked
and verified.

Ho—o, HEIMWICXELENDIMESFEE L TCRL—HYEYU T =< U v 7 ARHY
9., ZOFEF, BIAA Ty MEeT U Ny EREIFE L XEALIN TN D & X ITFRICHK
VHET, FNEY TR 2 THBICRAWVWTHLIEFICRILILET, FL—HEY T —<
v I ADRKH e ERIT, B Ty PERFEARICHIFEL, LT, BH#ET LA
Ty FERFHEZMELTWDLT U Ny FCE (( FR3IY 7 M0 =2TEYV2—) ZHIET
Do TO~ MY w7 AE, BB ICHEKRTLIZIELTE, BEEHT U Ny NIRRT DZERER
DHERELZ VAT vy 7L, THICEAET LIRS 7y heRd#li T 5, ZoWio7 Fa—F
. BB AR T 2720ICHETH D, BOULBEVIIFEFITERTHD, X, 4 —
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However, many verification activities are simply some sort of structured assessment of
the design output relative to the design input. When this is the case, manufacturers may
document completion of verification activities by linking these activities with the signoff
procedures for documents. This may be accomplished by establishing a procedure whereby
each design output document must be verified and signed by designated persons. The
presence of the reviewers’ signatures on the document signifies that the design output has
been verified in accordance with the signoff procedure.

L LAaRns, < ORIEFEENL, BHICEH A 7y MCHIRTHIRFT T M7 v ORI T
HbH, INNEETHNIE, REEH T, LEOY A A7 FRIEEY 7 38T, BT LR
FEEENE LEALT AL ARDEAY, ZOZLE, SERHT VN Ty boXENMRETE SN
FIZEV, BRAEES N, A anpididenendn) RFIHEZMNYT5 2 LICX VLS
Lo BEBEDOLE~DOY A LV OFEZ, REOT T N7 v MRV A A4 7 FIEIZHE > THRIE S
Nz rdbobinsd,

SECTION G. DESIGN VALIDATION REFDONRNY F— g v

I. REQUIREMENTS ZE R FHIH
§ 820.30(g) Design validation. REFONY F— 3 v

Each manufacturer shall establish and maintain procedures for validating the device
design.

Design validation shall be performed under defined operating conditions on initial
production units, lots, or batches, or their equivalents.

Design validation shall ensure that devices conform to defined user needs and
intended uses and shall include testing of production units under actual or simulated use

conditions.
Design validation shall include software validation and risk analysis, where
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appropriate.

The results of the design validation, including identification of the design, method(s),
the date, and the individual(s) performing the validation, shall be documented in the
Design History File.

@ KWEXEFIT, FIHZMLLMERL, RNV TFT—vara2352 L,
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1. DEFINITIONS JE 7
§820.3(y)

Specification means any requirement with which a product, process, service, or other
activity must conform.

ff:#%(Specification) & 1%, L, Yok, h—E A I3 oOFEHREAS LT ide bk
WELRFHZ W D,

§ 820.3(z)

Validation means confirmation by examination and provision of objective evidence that
the particular requirements for a specific intended use can be consistently fulfilled.

N F—3 g v (Validation) & 1%, BRI N HBRICKT 2880 ERFENEIRICHZINT
WAHZ EERBR, BLXOFBMWTIMNOERIZLE > THET LI L2V,

(1) Process Validation means establishing by objective evidence that a process
consistently produces a result or product meeting its predetermined specifications.

(1) THONY F—3 3 (Process validation) & 1Z. ZTDOLENH 65 U DR 74k % T
THRER, FRELE B L CEETIZLEZ, BEWERICL > THLTHZ EE2 VD,

(2) Design Validation means establishing by objective evidence that device specifications
conform with user needs and intended use(s).

(4) 3&% DN F—3 g »(Design validation) & 1, #EZHERENFEHE O =—XB L OEK S
FHRBICEET DI Ex, BEMGERIZ L > THYT5Z 52095,

§ 820.3(aa)

Verification means confirmation by examination and provision of objective evidence that
specified requirements have been fulfilled.
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[II.  DISCUSSION AND POINTS TO CONSIDER SR g P EET SN
> A

Whereas verification is a detailed examination of aspects of a design at various stages in

the development, design validation is a cumulative summation of all efforts to assure that
the design will conform with user needs and intended use(s), given expected variations in
components, materials, manufacturing processes, and the use environment.

RETRFEN B O 2 7o AT — DIZ BT D EOME & FEMICRIET 2D TH D DI L,
RIHORNVF—v g 0%, ETOFEHOBRBE LRI TH- T, :yf—*yb%ﬁﬂ @E
TR, FHREOHMEEININI - g bn)a—HF—D=—XRLFEXLE-HBICHES L
TR ERIET 2L DO TH D,

VALIDATION PLANNING. N F— g VEHE

Planning for validation should begin early in the design process. The performance
characteristics that are to be assessed should be identified, and validation methods and
acceptance criteria should be established. For complex designs, a schedule of validation
activities and organizational or individual responsibilities will facilitate maintaining
control over the process. The validation plan should be reviewed for appropriateness,
completeness, and to ensure that user needs and intended uses are addressed.

NYF—varyOitmix, EROMHICHED 2T X2 6720, FEM S5 XX HRE D RN
BESN, 2ORNYTFT—2arOFEEEEHERLREZRD THEL D, BHERERIOLAE. N
UTF—va AEBO R Vo — v Lk, HMAOEMED, HEOLKZE U HERFERELAES
235, NUTF—varoitEiE, 2o, getticont, ¥, 2 —PF—=—X%
B ESNT-HBICHIET DI E2MEICTHDIC, FEEREINDIRETH D,

VALIDATION REVIEW. NY)F—va VEE

Validation may expose deficiencies in the original assumptions concerning user needs and
intended uses. A formal review process should be used to resolve any such deficiencies. As
with verification, the perception of a deficiency might be judged insignificant or
erroneous, or a corrective action may be required.

NU%—Vayu\n~f~~~x%fléht%g@@@@ﬁm@?%%ﬁméﬁéﬁ%ﬂ
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VALIDATION METHODS. NY)F— g rFiE

Many medical devices do not require clinical trials. However, all devices require clinical
evaluation and should be tested in the actual or simulated use environment as a part of
validation. This testing should involve devices which are manufactured using the same
methods and procedures expected to be used for ongoing production. While testing is
always a part of validation, additional validation methods are often used in conjunction
with testing, including analysis and inspection methods, compilation of relevant scientific
literature, provision of historical evidence that similar designs and/or materials are
clinically safe, and full clinical investigations or clinical trials.

Z< OEFEEGDERKRBRZLEE LETA, LL, T XTOMEISITERFF M Z SE & LT
WTC, N TF—=varo—HE LT, FEORE), YIalb—rvaryranktRkE ks S
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WZZERFE LT FA Db O, E72id, ME BREBRS, 1BBRE Vo 72 E 0GR O 724k
DEEND,

Some manufacturers have historically used their best assembly workers or skilled lab
technicians to fabricate test articles, but this practice can obscure problems in the
manufacturing process. It may be beneficial to ask the best workers to evaluate and
critique the manufacturing process by trying it out, but pilot production should simulate
as closely as possible the actual manufacturing conditions.

¥EFICL TR, RBROBEREHT=0IC, BFE, BFOEER N, AW L7 FZREPEEME
STEELEN, ZoZen, HETETOMEEZSNVIZKS LTS, EFRIEXEICH
AT, BETEZFML, T3 HTE2 L CARAETRRV ALV, RBRNRREICE
BT, TEAHETEBROREREICISTTYIal—artXEThb,

Validation should also address product packaging and labeling. These components of the
design may have significant human factors implications, and may affect product
performance in unexpected ways. For example, packaging materials have been known to
cause electrostatic discharge (ESD) failures in electronic devices. If the unit under test is
delivered to the test site in the test engineer’s briefcase, the packaging problem may not
become evident until after release to market.

NYF— g 0F, BEOEERSTRY U ZICOoONTHEEMENIRXTHL, ZNLDOFH
AraryiR—xrVF, BEERANERICED> TWE b L L, PHLARWEETH
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WU U —Z2ZNDETHLNZR LWV EEILRY,

Validation should include simulation of the expected environmental conditions, such as
temperature, humidity, shock and vibration, corrosive atmospheres, etc. For some classes
of device, the environmental stresses encountered during shipment and installation far
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| exceed those encountered during actual use, and should be addressed during validation.
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Particular care should be taken to distinguish among customers, users, and patients to
ensure that validation addresses the needs of all relevant parties. For a consumer device,
the customer, user, and patient may all be the same person. At the other extreme, the
person who buys the device may be different from the person who routinely uses it on
patients in a clinical setting. Hospital administrators, biomedical engineers, health
insurance underwriters, physicians, nurses, medical technicians, and patients have
distinct and sometimes competing needs with respect to a device design.

NYF =g 0T, RTCOBEKREO=—%2HZ2H LI, MLOEEEZHL-> T, BE, =—
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VALIDATION DOCUMENTATION. NY)F—varx&E
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Validation is a compilation of the results of all validation activities. For a complex design,
the detailed results may be contained in a variety of separate documents and summarized
in a validation report. Supporting information should be explicitly referenced in the

validation report and either included as an appendix or available in the design history
file.

NY)F—=vardid, BToNITF—va AEHOR-REOERKEZT VD, BHERKRGOY
B MR ER VOO XEZEERTHWT, XY F—va L AR—-bTELELOLATY
57259, fHET 51 #( Supporting Information )iZ, /XU F—3 3 > LR — M #EIZBE
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SECTION H. DESIGN TRANSFER e DOBE

1. REQUIREMENTS — ZERZEIH
§ 820.30(h) Design transfer. At OBE
Each manufacturer shall establish and maintain procedures to ensure that the device
design is correctly translated into production specifications.

@ HKELEEFIITINEA ML UHERF L, MRG0 EEMAEEIC EMICB LB 2 oND Z & &
FIiZTHZ L,

I1. DISCUSSION AND POINTS TO CONSIDER TSR g EEET SN

Production specifications must ensure that manufactured devices are repeatedly and
reliably produced within product and process capabilities. If a manufactured device
deviates outside those capabilities, performance may be compromised. Thus, the process
of encapsulating knowledge about the device into production specifications is critical to
device quality.

EFEMAREICE SV TRES L2, "RELTRENOFEBENT, VKL, h oI I
é@éﬂ@?ﬂi@%ﬁwo%Léﬂt% RN Z OO TREIND L, N7 —
VARBR DL B AR, ZOXOIT, HEOREMERICE S LA e AT, ®i
MBI TEETH D,

The level of detail necessary to accomplish this objective varies widely, based on the type
of device, the relationship between the design and manufacturing organizations, and the
knowledge, experience, and skills of production workers. In some cases, devices are
produced by contract manufacturers who have no involvement in the development and
little or no contact with the designers. At the other extreme, some devices are handcrafted
by skilled artisans with extensive knowledge about the use of the product.

COHMEERT AT DICHLE AR LUV, MBS ORE. B REHM o MG, A
Ak, AR IR @%E@z%»&;5A7/%#ﬁ%wt%90%%%k£<§bwmﬁwéﬁ%
WEHICI-oTHENUEINDI ZENH D, TR EIEBIIC, B oIz 20 TR W
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One normally associates the term “production specifications” with written documents,
such as assembly drawings, component procurement specifications, workmanship
standards, manufacturing instructions, and inspection and test specifications. While
these types of documents are widely employed in medical device production, other equally
acceptable means of conveying design information exist, and manufacturers have the
flexibility to employ these alternate means of communication as appropriate. For
example, each of the following could constitute “production specifications” within the
meaning of the quality system requirements:

fé?ﬁﬁij&bﬁﬁ%%CQEHHYJWCf§kLT\ﬁjH TR =R bR EA R
PEERTFIRE, WEHERE, A - ABEREL SN D5, b 0XXENERE S O RE
Lf“<féiﬁﬁéfrbfb\ééji\ FIRRICREIOFRADET L2 FENDH L, £ LT, WEEHIIL
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BIZSLTING DR O G ELEFKIEIRTE 5, HlAid, TROBDIT, MEY AT LEK
HIH B TROGEEAR) Z2HK L TV D,

documentation (in electronic format as well as paper)

training materials, e.g., manufacturing processes, test and inspection methods

digital data files, e.g., programmable device files, master EPROM, computer-aided
manufacturing (CAM) programming files

manufacturing jigs and aids, e.g., molds, sample wiring harness to be duplicated

@ FH (K& AR, aiﬂnzjci)

@ FL—=UTFEM, HlxiE, BEFIH, AR, REFERE

® T UHXNT— 5'774’11/\ WzIE, v s 73077574, ~AX—EPROM, #i&H @)
CFe 73007740708

@ HEH A EMA. Bl X, &%, MR RARR Y

Historically, shortcomings in the production specifications tend to be manifested late in
the product life cycle. When the design is new, there is often intensive interaction between
the design and production teams, providing ample opportunity for undocumented
information flow. Later, as production experience is gained, some decoupling often occurs
between design and production teams. In addition, key personnel may leave, and their
replacements may lack comparable training, experience, or institutional knowledge.

JESRMIZ, AEAKEEOR AL, BETREROZFICHLNZIINDIBH N H L VD ZETH
Do REBF LN E, BEEERETFT - ARICITEVEER S - T, XEfLS N TV ARNWERD
HNOBESEZRMET D, BRICHERBRAEEIN T DL, it WEF— L2 0MICoWNAET
T %, B, F=R=V rUnfin, ROV OHBFRE TRESCHBOMFRIZZ LWL ARL
D0 HILR N,

Particular care should be taken when the product involves new and unproved
manufacturing processes, or established processes which are new to the manufacturer. It
may not be possible to determine the adequacy of full-scale manufacturing on the basis of
successfully building prototypes or models in a laboratory and testing these prototypes or
models. The engineering feasibility and production feasibility may be different because
the equipment, tools, personnel, operating procedures, supervision and motivation could
be different when a manufacturer scales up for routine production.

HLWHBOHAESL, BiESn T AnibErn 2 3l LRI G TR Y
DOE A, FRREBRNPMLETH D, MMAEETHI ES<HAYTONTET B N A TRET NV, £
NHORBRICHE ST, AEHEOBEUMEAZRD D Z LIFXOTTRRENTEAS S, WENL—
FURIECE DRGNS I o T2, s, Y — b, AR, BETIE, BESEENAER D0,
B & BE D RBATREMEITI R R D725 9,

No design team can anticipate all factors bearing on the success of the design, but
procedures for design transfer should address at least the following basic elements.

AT — ADREFORDCET AT R COERE PRSI LT TERV, LrL, XitBE
DOFNEX, D7 ELROEARPIBREREZALTNDLIRXITH D,
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First, the design and development procedures should include a qualitative assessment
of the completeness and adequacy of the production specifications.

Second, the procedures should ensure that all documents and articles which constitute
the production specifications are reviewed and approved.

Third, the procedures should ensure that only approved specifications are used to
manufacture production devices.

@ K. &AL PO T, BattoEERFHE & . REAEROBYEE2E~xTh
50

2/ BT, WEMEREHMKTI2ETOXELYRFERIN., KB INTWVDL LWV HEELRTFIE
MHDHXEZTh D,
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H 5,

The first item in the preceding list may be addressed during design transfer. The second
and third elements are among the basic principles of document control and configuration
management. As long as the production specifications are traditional paper documents,
there is ample information available to guide manufacturers in implementing suitable
procedures. When the production specifications include non-traditional means, flexibility
and creativity may be needed to achieve comparable rigor.

AU A NORIIOT A7 ML, RABEOMICHRTREThDL, 2FHEZEBOT AT 4
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SECTION I. DESIGN CHANGES RETER

[. REQUIREMENTS Eipygar]
§ 820.30(i) Design changes. Bai
Each manufacturer shall establish and maintain procedures for the identification,

documentation, validation or where appropriate verification, review, and approval
of design changes before their implementation.

@ KULEXFIIFIAA ML UHERF L, @3B - CEL - ANV T —va . FRIEYT L HEAIE
*ﬁnﬂz %Eki@%wu B& HTE Fﬁ"gbf%@%ﬁlﬁﬁ”a 1T952 &,

I1. DISCUSSION AND POINTS TO CONSIDER TR g EEET SN

| There are two principal administrative elements involved in controlling design changes: |

BELHFEHRICEEIND OO FTEREHEENDL S,

Document control—enumeration of design documents, and tracking their status and
revision history. Throughout this section, the term “document” is used in an inclusive
sense to mean all design documents, drawings, and other items of design input or output
which characterize the design or some aspect of it.

Change control—enumeration of deficiencies and corrective actions arising from
verification and review of the design, and tracking their resolution prior to design
transfer.

@ (EEH- ZHLEOE, TROLDODAT—HA, LEYa AN —FH, Z0okvs v
3Tk, T3XXFE) &0 BT, L REN/FEMT2RHOL Ty NERIET U R
Ty FOETOHRFCE, NE, T3thowsrERT20ENRERTCHEHINS,
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FTOEMERD &

For a small development project, an adequate process for managing change involves little
more than documenting the design change, performing appropriate verification and
validation, and keeping records of reviews. The main objectives are ensuring that:

INER OB T ey 27 OGA, AREEHOEY 27 0 A, WY RERHRIEE AN T —
VarveEEML, LEaERERTHEVD, 2E, i ’j‘rﬁé’iiﬂiﬁ‘étff%é

corrective actions are tracked to completion;

changes are implemented in such a manner that the original problem is resolved and
no new problems are created; or if new problems are created, they are also tracked to
resolution; and

design documentation is updated to accurately reflect the revised design.

. RELBDOTRR N7 vF T
@ LW LiL, FRRMMRRSH, F-fMENRBRELRVWEICTDZ L, MRTLETHT v
7 (BBFEHE) Shd,
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@ BAECHFIT, WFTSNIRFFEXKMSED D, ERICT v 7T — b,

For projects involving more than two persons, coordination and communication of design
changes become vitally important. In other words, manufacturers should take steps to
avoid the common situation where, for example, Jon and Marie agree to a make a change
but neglect to inform Pat of their decision.

AU EDODANEREDLZ e NI, R AEOa—T 4 x— b ala=bF—Ta v

X, WO TEETHDH, W0z 5 L, BEER T, FlxIiX, YVaré~l —CIEEZEZ
DN, Ny BT, B0 ENTLEY EWVWH KK EZIAHEELZ BT RITNIERS 2

AN

Medical device manufacturers are usually quite comfortable with the processes of

document control and change control with respect to managing manufacturing documents.

The principles of these processes are reviewed in the following paragraphs. Subsequently,
we will explore how these may be applied to design activities.

R REET L, MECEICHET I CEFH AT EHICONT, BF K<EHINT
W5, Zo7av20KANL, FTEONRT 7T T7TLEadbd, 2OH, ZHLNREEHIC
EoXoTHEHIN TS OB TR LI,

DOCUMENT CONTROL. XEEH

| The features of a manufacturing document control system typically include the following:

BECEET Y AT LOBME LT, UTOWRS 5,

e Documents should be identified (i.e., named and numbered) in accordance with some
logical scheme which links the documents to the product or component they describe or
depict and illuminates the drawing hierarchy.

e A master list or index of documents should be maintained which presents a
comprehensive overview of the documentation which collectively defines the product
and/or process.

e Approval procedures should be prescribed which govern entry of documents into the
document control system.

e A history of document revisions should be maintained.

e Procedures for distributing copies of controlled documents and tracking their location
should be prescribed.

e Files of controlled documents should be periodically inventoried to ensure that the
contents are up to date.

e A person or persons should be assigned specific responsibility to oversee and carry out
these procedures. It is desirable that the document control system be administered by a
person who is not directly involved with developing or using the documents. For a small
manufacturer, document control might be a part-time job for a technician or clerical staff
person. More typically, one or more librarians or full-time clerical or paraprofessional
employees are required to administer the system.
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‘ e There should be a procedure for removal and deletion of obsolete documents.

@ TEIT. FIXIFARCEERY, BERLa VR -3y FOFPL, MEEFEBHICET Y
HIVIRAX — L TREEBlI SN TWVWD,
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@ BLICHEHLRWILEDHIBRO FIANH %,

CHANGE CONTROL. EREH

Manufacturing change control is usually implemented using a set of standardized
procedures similar to the following:

FOEOZAFERIT, TREFMULI BB SNEFIRCIVEHRI LTV D,

A change request might be originated by a developer, manager, reviewer, marketing
representative, user, customer, quality assurance representative, or production personnel,
and identifies a design problem which the requester believes should be corrected. Change
requests are typically reviewed following the manufacturer’s prescribed review process,
and the request might be rejected, deferred, or accepted.

If a change request is accepted and corrective action is straightforward, a change order
might be issued on the spot to implement the change. The change order pertains to an
explicitly identified document or group of documents, and specifies the detailed revision of
the document content which will fix the identified problem.

Often, the change request results in an assignment to developers to further study the
problem and develop a suitable corrective action. If the change is extensive, wholesale
revision of affected documents may be warranted in lieu of issuing change orders.

Change requests and change orders should be communicated to all persons whose work
might be impacted by the change.

It may not be practical to immediately revise documents affected by a change order.
Instead, the common practice is to distribute and attach a copy of the change order to
each controlled copy of the original document.

Change control procedures should incorporate review and assessment of the impact of
the design change on the design input requirements and intended uses.

A mechanism should be established to track all change requests and change orders to
ensure proper disposition.

Change control procedures are usually administered by the document control staff.
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@ AHEMEIAIZ, B, XEFHAXY v ZIZLVEHINATWVD,

APPLICATION OF DOCUMENT AND CHANGE CONTROLS TO DESIGN. & Zxt$ %
NELEEFHROEN

The design control system has to be concerned with the creation and revision of
documents, as well as the management of finished documents. Additional mechanisms are
required to provide needed flexibility while preserving the integrity of design
documentation. These additional mechanisms are embodied in the procedures for review
and approval of various documents.

REEB AT AT, R CEOEBR LR, CEOEREUFTICLEDLOIVLERD D, i
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It is important that the design change procedures always include re-verifying and
revalidating the design. Fortunately, most design changes occur early in the design
process, prior to extensive design validation. Thus, for most design changes, a simple
inspection is all that is required. The later in the development cycle that the change
occurs, the more important the validation review becomes. There are numerous cases
when seemingly innocuous design changes made late in the design phase or following
release of the design to market have had disastrous consequences.

RHLEFEFIEN, HICHRBRIE, BT —2a 2G5 ATWAHZEITEERZLETH D, EWV
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For example, a manufacturer encountered problems in the field with a valve sticking in a
ventilator due to moisture in the breathing circuit. The problem was resolved by slightly
increasing the weight of the disc. Since the change was minor, minimal testing was
performed to verify the change. Subsequently, when the revised valves entered
production, significant numbers of valves began failing. Investigation revealed that the
heavier disc was causing the valve cage to separate due to higher inertia. This failure
mode was more serious than the original sticking problem, and resulted in a safety recall.
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Y FELE, MEIXT AR OEIEZIIAOD LESCTE T TRIESN, BEER~A F—725
7o T, /RO Ehi S VRGES N Tc, T, BERINTCALVTHNEEICA-T L
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SECTION J. DESIGN HISTORY FILE (DHF) EHERE T 7 A v

1. REQUIREMENTS 2R FHIH
§ 820.30(j) Design history file. HEHBIE T 7 A L
Each manufacturer shall establish and maintain a DHF for each type of device.

The DHF shall contain or reference the records necessary to demonstrate that the

design was developed in accordance with the approved design plan and the requirements
of this part.

@ KMIEHEF T, KM L TRENEEZ 7 4 V(DHF) % 2 LiERF 3 5,
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WO ZEThHD,

[1. DEFINITIONS JE 7
§ 820.3(e)

Design history file (DHF) means a compilation of records which describes the design
history of a finished device.

W atJElE 7 7 A /L (Design history file, DHF) & 1%, Sepktégs 0% &t 0 B % it
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III.  DISCUSSION AND POINTS TO CONSIDER F R g EETEBT
> kA

There is no specific requirement in ISO 9001 or ISO 13485 for a design history file.
However, in order to market a medical device in the United States, a manufacturer must
comply with the U. S. Food and Drug Administration (FDA) quality system regulation,

which requires a design history file. For this reason, some guidance is provided on the U.
S. FDA design history file.
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Other national regulations require some form of documentation and records. Product
documentation required by Canada, Europe, and Japan contain certain elements of the U.
S. FDA design history file requirements without requiring all the elements to be compiled
in a file.

i DEZFHEL, MErOXFELEBELZERLTND, VT, I—wy X AKRTHERIN
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Virtually every section of the design control requirements specifies information which
should be recorded. The compilation of these records is sometimes referred to as the
design history file. Throughout this guidance document, suggestions are made when
warranted as to the form and content of documents contained in the design history file.

FHE L, RIAETHIERT IS TCOEZ Vg vid, BT REIFERZRILTCVS, ZHhbH0R
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The primary beneficiary of the device history file is the device manufacturer. For example,
in one case, a microprocessor-controlled enteral feeding pump was reported to be behaving
erratically in the field. Some of the symptoms pointed to software problems. But the
manufacturer admitted that they did not possess a copy of the software source code for
the product. The software had been developed by a contractor who had delivered only a
master EPROM (memory chip) which was duplicated by the manufacturer to install the
software in each machine. The contractor had subsequently withdrawn following a
contractual dispute, leaving the manufacturer with no rights to the source code developed
by the contractor, and no practical way to maintain the software. For this and other
reasons, the product was the subject of a mandatory recall and all known units were
collected and destroyed.
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This is admittedly an extreme case, but many similar cases have been documented in
which the manufacturer lacked design information necessary to validate a design and
maintain it throughout the product life cycle. This occurs for the most innocent of
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reasons—contracts expire, companies reorganize, employees move on to new projects or
new jobs. Even when the designer is available, he or she may forget why a particular
decision was made years, months, or even weeks before. Since design decisions often
directly affect the well-being of device users and patients, it is to the manufacturer’s
benefit to maintain the knowledge base which forms a basis for the product design.
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Except for small projects, it is unusual for all design history documents to be filed in a
single location. For example, many design engineers maintain laboratory notebooks which
are typically retained in the engineers’ personal files. In addition, the design history may
include memoranda and electronic mail correspondence which are stored at various
physical locations. Quality system plans applicable to a development project may reside in
the quality assurance department, while the chief engineer may be responsible for
maintaining design and development plans. These diverse records need not be
consolidated at a single location. The intent is simply that manufacturers have access to
the information when it is needed. If a manufacturer has established procedures for
multiple filing systems which together satisfy that intent, there is no need to create
additional procedures or records.
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As an example of the level of detail which may be entailed, some manufacturers have
policies covering laboratory notebooks. Manufacturers typically find that without such
written procedures, a breakdown in communications eventually occurs, resulting in a loss
of control. These procedures might address the following points.
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‘ - Laboratory notebooks are the property of the manufacturer, not the individual.
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A separate notebook is to be maintained for each project, and surrendered to the
engineering librarian at the conclusion of the engineer’s active participation in the
project.

Laboratory notebooks are to be surrendered if the employee leaves the company.

Product development supervisors shall review employees’ laboratory notebooks at
specified intervals to ensure that records are complete, accurate, and legible.
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There are no requirements on the location or organization of the design history file. In
some cases, especially for simple designs, the designer will assemble and maintain the
entire design history file. For larger projects, a document control system will likely be
established for design documents, and these files will likely be maintained in some
central location, usually within the product development department.
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Based on the structure (or lack thereof) of the product development organization, more or
less extensive controls will be required. For example, company policy should state
unequivocally that all design history documentation is the property of the manufacturer,
not the employee or contractor. Design and development contracts should explicitly
specify the manufacturer’s right to design information and establish standards for the
form and content of design documentation. Finally, certain basic design information may
be maintained in a single project file in a specified location. This may include the
following:
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Detailed design and development plan specifying design tasks and deliverables.
Copies of approved design input documents and design output documents.
Documentation of design reviews.

Validation documentation.

When applicable, copies of controlled design documents and change control records.
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