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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL SYSTEM -
GUIDELINES FOR SAFE INTEGRATION AND OPERATION OF ADAPTIVE
EXTERNAL-BEAM RADIOTHERAPY SYSTEMS FOR REAL-TIME ADAPTIVE
RADIOTHERAPY

FOREWORD

1) The [nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization{.comprising
all national electrotechnical committees (IEC National Committees). The object of IEC s ‘to |promote
interpational co-operation on all questions concerning standardization in the electrical and electronic flelds. To
this gnd and in addition to other activities, IEC publishes International Standards, Technical”Specifications,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter feferred to fas “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National)Committee injterested
in the subject dealt with may participate in this preparatory work. International;’ governmental gnd non-
govefnmental organizations liaising with the IEC also participate in this preparationidEC collaborate$ closely
with |the International Organization for Standardization (ISO) in accordance with~conditions determhined by
agre¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as,nearly as possible, an intefnational
consensus of opinion on the relevant subjects since each technical cemmittee has representation|from all
interg¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC [National
Comfmittees in that sense. While all reasonable efforts are made\to ensure that the technical conter|t of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or|for any
misirjterpretation by any end user.

4) In ornder to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Pullications
trangparently to the maximum extent possible in theiry national and regional publications. Any diyergence
betwpen any IEC Publication and the corresponding«nhational or regional publication shall be clearly indjcated in
the latter.

5) IEC |tself does not provide any attestation of.'€onformity. Independent certification bodies provide cqnformity
assepsment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblgd for any
services carried out by independent certification bodies.

6) All ugers should ensure that they have'the latest edition of this publication.

7) No lipbility shall attach to IEC oritsvdirectors, employees, servants or agents including individual experts and
membpers of its technical committee’s and IEC National Committees for any personal injury, property dgmage or
othel damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal f¢es) and
expehses arising out of .the“publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn te.the Normative references cited in this publication. Use of the referenced publicptions is
indispensable for the-correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the sybject of
patemt rights. }EC shall not be held responsible for identifying any or all such patent rights.

The maintask of IEC technical committees is to prepare International Standards. Howgver, a
techni i ay eat 3 fea H-ha llected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62926, which is a technical report, has been prepared by subcommittee 62C:
Equipment for radiotherapy, nuclear medicine and radiation dosimetry, of IEC technical
committee 62: Electrical equipment in medical practice.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
62C/729/DTR 62C/737/RVDTR

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this document, the following print types are used:

e requirements and definitions: roman type;

e TER

MS DEFINED IN CLAUSE 3 OR AS NOTED: SMALL CAPITALS.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed
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e rep
e am
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aced by a revised edition, or
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ual version of this publication may be issued at a later date.

IMPOR
contai
conten
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INTRODUCTION

Recent developments in RADIOTHERAPY using EXTERNAL BEAM EQUIPMENT (EBE) allow the
delivery of doses to TARGET VOLUMES with greater precision and accuracy than before, while
also sparing surrounding critical structures to a higher degree. Three-dimensional or four-
dimensional volumetric images are increasingly being used as PATIENT ANATOMY MODELS in
RADIOTHERAPY TREATMENT PLANNING SYSTEMs (RTPSs) when simulating a dose distribution. The
intended dose distribution is achievable when the four-dimensional location and shape of the
TARGET VOLUME and organs at RISK (OARs) during TREATMENT match those of the TARGET
VOLUME and OARs at the time of TREATMENT PLANNING. PATIENT anatomy and related
phyS|oIogy are subject to contmuous changes as may result from resp|rat|on cardiac motion,

includg changes in position, orientation, and deformation of the TARGET VOLUME.

Consideration for changes in anatomy or physiology during the course of RADIQFHERAPY, as
well as| during each fraction, is an important issue in modern RADIOTHERAPY./6r example, lung
tumours can exhibit translational and rotational changes which may resultlin“underdogage of
the TARGET VOLUME and overdosage of OARs. Techniques have been developed to reduce these
RISKS adapting the TREATMENT to the tumour as it moves in real-time. Zhis can be achigved by
instructing the EBE to perform a BEAM HOLD during translational motion\of the TARGET VOLUME, by
repositibning the PATIENT using a robotic PATIENT POSITIONER, by tilting(on moving the RADIATION HEAD,
by dynamically adapting the MULTILEAF COLLIMATORs (MLCs) of the EBE; or by changing the sganning
field of LIGHT ION BEAM equipment operating in scanning mode.

During|delivery of ADAPTIVE RADIOTHERAPY, the PATIENT anatomy or physiology is mopitored
and cHanges to TREATMENT PARAMETERS are allowed: throughout the course of TREATMENT
based |lupon the monitored information (see defipition of ADAPTIVE RADIOTHERAPY). ADAPTIVE
RADIOTHERAPY is increasingly being used to assure delivery of the prescribed ABSORBED DOSE
distribdtion during intra-fractional changes of ;FARGET VOLUMES. There are many differerit types
of MOT|ON DETECTION EQUIPMENT (MDE) used\to monitor intra-fractional organ changes|{ Some
of thesle use imaging techniques, e.g. X-RAY BASED IMAGE-GUIDED RADIOTHERAPY, ULTRASOUND
EQUIPMENT, and MAGNETIC RESONANCE™“EQUIPMENT, while others use surrogate parameters.
Examp]es of equipment that use surrogate parameters include air flow meters, STRAIN GAUGES,
infrared sensors, optical surface mapping devices, and magnetic field sensors. In somg cases,
multiple MDEs are combined with”a single EBE to monitor intra-fraction motion of multiple
organs

When [ADAPTIVE RADIOTHERAPY includes intra-fraction monitoring of the TARGET YOLUME
position and shape, usihg an MDE, coordination between the MDE and the EBE is crycial to
apply TREATMENT RARAMETER changes at the correct time. A MOTION COORDINATION FUNCTION
(MCF) pnsures,that information about position and shape is appropriately linked [to the
TREATMENT PLAN{ selects TREATMENT PARAMETERS, and sends ADAPTATION INSTRUCTIONY to the
EBE. Integration and operation of the MDE, EBE, and MCF is essential to perform ADAPTIVE
RADIOTHERAPY safely for a PATIENT with an intra-fractionally changing TARGET VOLUME| There

are mary—poesst thla r\r\mh natinne ~f coco MDOEc Aand MEHFS- Each Aana ~aon FJnctlon
g y—poSSTe—Co ot — 6 ——= oS vioeSs—ata—vrot =acH—oRe—Ctart—t

independently or be integrated as a part of another. Because each function could be an
independent piece of MEDICAL ELECTRICAL EQUIPMENT (MEE) and since the safety discussed in
this document depends upon the safe integration and operation of the EBEs, MDEs, and MCFs,
this combination will be dealt with as a MEDICAL ELECTRICAL SYSTEM. An adaptive external-
beam RADIOTHERAPY system (AEBRS) consists of these three main pieces of equipment and
respective functions.

The MCF part of an AEBRS can be software or a PROGRAMMABLE ELECTRICAL MEDICAL SYSTEM,
and should be subject to the requirements of IEC 62304 or IEC 60601-1. The MDE can be
components or systems which are not necessarily compliant with IEC 60601-1.

The reader’s attention is drawn to ASTM F-2761 (a publication of the American Society for
Testing and Materials) which describes an integrated clinical environment (ICE). The general
requirements and the conceptual model of an ICE are described in F-2761. This document
uses similar concepts and presents guidance for AEBRS RISK MANAGEMENT.
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The reader’s attention is also drawn to RADIATION PROTECTION N° 181 which contains

genera

The co

This d

REAL-TIME ADAPTIVE RADIOTHERAPY. Since realstime monitoring of deformations of

VOLUMH
VOLUMH
VOLUMH

This dq
potenti

| guidelines on RISK MANAGEMENT in external beam radiotherapy.

ncept of an AEBRS with representative information flow is shown in Figure 1.

PATIENT
with intra-fractionally
changing anatomy or
physiology

PATIENT changes Treatment delivery

AEBRS

Information flow

Monitoring PATIENT changes ADAPTATION INSTRUCTIONS

TREATMENT PARAMETER ADAPTATION
IEC

Figure 1 — Concept of AEBRS with information flow

pcument provides guidelines for the safe dntegration and operation of an AEB

s is still a work-in-progress at this mioment, this document addresses rigid
s exhibiting intra-fractional translations and rotations. Deformations of
s are not considered.

cument covers systems, whose configuration may be represented by Figure 2,
bl use of multiple MDEs in-ghe AEBRS is reflected.

RS for
FARGET
FARGET
ARGET

where

MDE
\/ IEC

Figure 2 — Example of system configuration

Some EQUIPMENT for image or data acquisition and motion coordination is not covered by
existing standards. Therefore, there are safety aspects that arise from the integration of
various EQUIPMENT into an AEBRS that should be considered and that are not addressed by
existing standards. Based on the considerations discussed above, guidelines should be
developed to mitigate the RISKs arising from the integration and operation of ME EQUIPMENT
and other various equipment (including non-ME EQUIPMENT) into an AEBRS, as shown in
Figures 1 and 2.
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This document discusses potential RISKs to be considered during the RISK ANALYSIS and
provides recommendations for the safe integration and operation of an AEBRS. Since not all
equipment may have an IEC/ISO standard, or an existing standard may not cover the use of
the equipment as part of an AEBRS, this document also provides guidelines for individual
pieces of EQUIPMENT that are part of the AEBRS. These guidelines are meant to enhance and
not supersede requirements that may already exist.

Regarding existing standards, IEC 60601-2-68 includes requirements for X-ray-based MDE in
an AEBRS. Requirements and recommendations in IEC 60601-2-68 are often applicable to an
AEBRS where the MDE is other than an X-ray-based imaging device, such as optical,
ULTRASOUND, or MAGNETIC RESONANCE IMAGING devices. For example, requirements
addressing protection against electrical, mechanical, and RADIATION HAZARDS, or requirements
addresping X-IGRT LATENCY, which is the time between initiation of image acquisition to
delivery of the output signal by an MDE, are also applicable to non X-ray-based-ijnaging
device$. MANUFACTURERS or RESPONSIBLE ORGANIZATIONs who integrate an AEBRS fof intra-
fractiongally moving rigid TARGET VOLUMES should use IEC 60601-2-68 as guidanceé evep when
they utjlize non X-ray-based imaging devices as MDE in the AEBRS.

Finally] this document addresses safety issues of the AEBRS without assuming gpecific
clinicall procedures. As with any testing within a clinical environment, the RESPQNSIBLE
ORGANIZATION should consider its clinical workflows and practices when devising testq for its
facility.
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MEDICAL ELECTRICAL SYSTEM -

GUIDELINES FOR SAFE INTEGRATION AND OPERATION OF ADAPTIVE
EXTERNAL-BEAM RADIOTHERAPY SYSTEMS FOR REAL-TIME ADAPTIVE

1 Sc
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ORGAN]
a RESP

and will be referred to as a MANUFACTURER throughout this document.
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deform
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rotatiopal. While technical HAzZARDs .are discussed in this document, the RESP(

ORGAN]
clinical
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genera
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cument provides guidelines for safe integration and operation of an adaptivee
RADIOTHERAPY system (AEBRS) for intra-fractionally moving rigid TARGET, VO
fequired equipment can be sourced from one or several MANUFACTURERS..lfypart
5es guidelines to help ensure safe integration and operation for the PATIENT, OPE|
ersons and sensitive devices in the vicinity. In this document, the/word “sys

ocument specifies the safety guidelines for a MANUFACTURER or RESP(
ZATION who integrates the AEBRS for intra-fractionally mowing rigid TARGET VOLU
ONSIBLE ORGANIZATION integrates an AEBRS, then it takes the role of MANUFA

bcument includes reference models of the AEBRS for intra-fractionally movin
VOLUMESs and HAZARDs which, at a minimum sare considered during the RISK ANA

h TARGET VOLUMES and OARs can deform during motion, adaptations in respg
tions of the TARGET VOLUME are out“of the scope of this document. The sq
to rigid TARGET VOLUMES exhibitingsintra-fractional movements, both translatior
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usability and reviewing TREATMENT PARAMETER changes.

bcument does not speecifically address HAZARD mitigations for each of the H
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All guidelines inthis document are intended to be implemented in accordance
standard IEC(60601-1:2005 and IEC 60601-1:2005/AMD1:2012, with special a
f IEC 60604-1,2005 and IEC 60601-1:2005/AMD1:2012.

rmative references

hed in the document; however, some mitigations are given as examples in Clq/uses 4

ith the
tention

The fo

lowing documents are referred to in the text in such a way that some or all

pf their

content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60601-1:2005, Medical electrical equipment — Part 1. General requirements for basic safety
and essential performance
IEC 60601-1:2005/AMD1:2012

ISO 14

3 Te

971:2007, Medical devices — Application of risk management to medical devices

rms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
ADAPTATION INSTRUCTION
instruction generated for TREATMENT PARAMETER ADAPTATION

3.2

ADAPTItE_RAD.I.Q_T.H.ERAPY
radiotherapy that monitors PATIENT anatomy or physiology and, based upon the monitored
information, allows changes to TREATMENT PARAMETERS throughout the course of treatmgnt

Note to ¢ntry: IMAGE GUIDED RADIATION THERAPY (IGRT) is one form of ADAPTIVE RADIOTHERAPY-

3.3
BEAM GATING
allowamce or inhibition of IRRADIATION and related equipment mo¥ements according|to the
status provided by a BEAM GATING SIGNAL

[SOURICE: IEC 60601-2-64:2014, 201.3.204]

3.4
BEAM GATING SIGNAL
signal generated for the purpose of BEAM GATING

EXAMPUE Examples include a respiratory spirometer,*electrocardiogram, optical sensor, etc.

[SOURICE: IEC 60601-2-64:2014, 201.3.205]

3.5
BEAM HOLD
conditipn during IRRADIATION (in,s'which the MEE has minimized the TREATMENT IRRADIATION
output (approximating the IRRADIATION off condition)

NOTE 1 TO ENTRY: BEAM HOED is not the same as INTERRUPTION OF IRRADIATION where the MEE is changgd to the
beam off{ state

NOTE 2 TO ENTRY: ~.BEAM HOLD is a subcondition of IRRADIATION for the purpose of rapid transition to jntended
TREATMENT IRRADIATION output

Note 3 t¢ entry.)/ This is commonly used during gating, IMRT, etc.

[SOURCEEC 6060 1-2-1720—, 201.3-208]

3.6

EXTERNAL BEAM EQUIPMENT

EBE

external RADIATION EQUIPMENT utilizing ELECTRON ACCELERATORS, LIGHT ION BEAM EQUIPMENT or
RADIONUCLIDE BEAM THERAPY EQUIPMENT

Note 1 to entry: The note to entry concerning the origin of the abbreviation EBE applies to the French text only

[SOURCE: IEC 60601-2-68:2014, 201.3.207]

3.7
IRRADIATION
exposing of a living being or matter to RADIATION
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Note 1 to entry: In RADIOLOGY, exposing of a living being or matter to IONIZING RADIATION.

Note 2 to entry:

Examples of ionizing radiation include: x-rays, gamma-rays, electrons, neutrons, and light ions.

[SOURCE: IEC TR 60788:2004, rm-12-09, modified — moved examples of IONIZING RADIATION
to a note.]

3.8

LATENCY
time interval between initiation of an event and its effect

[SOUR

CE: IEC 60601-2-1:20—, 201.3.232]

3.9
MANUF
natural
of ME
regard
behalf

Note 1 t

— affixed
— accom
related t
this stan|

Note 2 t
in use.

Note 3 t
involved

Note 4 t

[SOUR

3.10
MOTION
MCF

functio
adapt 1

Note 1t
function

3.11
MOTION

ACTURER
or legal person with responsibility for the design, manufacture, packaging; or |g
EQUIPMENT, assembling an ME SYSTEM, or adapting ME EQUIPMENT_Or_,an ME §
ess of whether these operations are performed by that person @r-on that p
by a third party

entry: 1SO 13485 defines “labelling” as written, printed or graphic matter

to a medical device or any of its containers or wrappers, or
panying a medical device,

b identification, technical description, and use of the medical device; but excluding shipping docun
dard, that material is described as markings and ACCOMPANYING’DOCUMENTS.

b entry:  “Adapting” includes making substantial modifications to ME EQUIPMENT or an ME SYSTEM

b entry: In some jurisdictions, the RESPONSIBLE ORGANIZATION can be considered a MANUFACTUR
in the activities described.

entry: Adapted from ISO 14971:2007, definition 2.8.

CE: IEC 60601-1:2005 and IEC 60601-1:2005/AMD1:2012, 3.55]

COORDINATION FUNCTION

h that evaluates and\ecombines information provided by one or more MDEs to der
REATMENT PARAMETERS

for evaluating validity and deliverability of the ADAPTATION INSTRUCTIONS.

DETECTION EQUIPMENT

belling
YSTEM,
brson's

hents. In

already

ER when

ve and

entry: The.MeF can include a PREDICTION MODEL, a function generating ADAPTATION INSTRUCTIONS and a

MDE

equipment that acquires data for monitoring changes in PATIENT anatomy or physiology

Note 1 t
changes

3.12

o entry: This includes changes in position, orientation and deformation of the TARGET VOLUME, and

in PATIENT setup or surface positioning.

MULTILEAF COLLIMATOR

MLC

a multi-element BLD capable of defining RADIATION FIELDS of irregular shapes

Note 1 to entry: The positions of the individual elements can either be static or can be changed dynamically
during IRRADIATION.

[SOURCE: IEC 60601-2-1:20—, 201.3.233]
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3.13

PREDICTION MODEL

algorithm that predicts changes, such as changes in PATIENT anatomy or physiology, based on
information from one or more MDES

Note 1 to entry: This includes predicting changes in position, orientation and deformation of the TARGET VOLUME.

3.14
RADIATION HEAD
structure from which the RADIATION BEAM emerges

[SOURCE: IEC TR 60788:2004, rm-20-06]

3.15
REAL-T|ME ADAPTIVE RADIOTHERAPY
radiotherapy that, throughout therapeutic IRRADIATION, monitors PATIENT) anatomy or
physiology and based upon that information, allows autonomous adjustments of TREATMENT
PARAMETERS throughout the therapeutic IRRADIATION without OPERATOR ipfervention

3.16
TREATMENT PARAMETER ADAPTATION
changg of TREATMENT PARAMETERS based on monitored changes,/such as changes in RATIENT
anatomy or physiology

Note 1 t¢ entry: BEAM GATING and tracking are examples of TREATMENT PARAMETER ADAPTATION.

3.17
X-IGRT LATENCY
time frgm initiation of image acquisition to delivery of output signal by X-IGRT EQUIPMENT to the
EBE

Note 1 t¢ entry: It is expected that the EBE should also state its LATENCY time from receiving a signal to groviding
the requpsted action.

Note 2 t¢ entry: The X-IGRT LATENCY includes the hardware and software LATENCIES.
Note 3 tp entry: Network transfer times vary from one installation to another as there are too many factors

involved|that are supplied by thé\user. Network transfer LATENCY therefore is not considered as part of tHe X-IGRT
LATENCY/|time.

[SOURICE: IEC 60601-2-68:2014, 201.3.234, modified — In Note 1 to entry, "correction" was
replacgd by "requested action".]

d

4 Ggeneral'safety guidelines for an AEBRS for intra-fractionally moving rig
TARGET VOLUMES

4.1 TARGET VOLUMES addressed in this document

The effects of intra-fraction TARGET VOLUME translations, rotations and deformations on
delivered dose distributions depend not only on the extent of these changes but also on the
size and shape of the TARGET VOLUME and on changes in the surrounding tissues. For
example, the dose distribution for a rotated small spheroid shaped target (e.g. a baseball
shape) will not change much as the rotation angle increases, while the dose distribution can
change significantly for a rotated long narrow cylinder target (e.g. a cigar shape) if rotated
perpendicularly to its long axis.

The detection of TARGET VOLUME translations, rotations and deformations during the delivery
of a single fraction is difficult without real-time volumetric imaging techniques. However,
TARGET VOLUME changes can be predicted by combining 4D volumetric planning images with
information from associated surrogate detectors such as orthogonal 2D imaging with
implanted fiducial markers, spirometers, expansion belts, or PATIENT surface scanning
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EQUIPMENT. Monitoring of deformations by volumetric imaging in real-time is still considered a
work-in-progress at this moment. Therefore, it will not be addressed in this document.

The RESPONSIBLE ORGANIZATION should investigate the effects of translations, rotations and
deformations and the clinical tolerances allowed for their PATIENT population and select the
appropriate combination of sensors, software and other MEES. This document addresses
safety issues associated with integrating these combinations but does not address the clinical
applications.

4.2 Relationship between system configuration of an AEBRS, existing standards, and
this document

4.2.1 General

The RI$K arising from the integration of equipment in an AEBRS should be addressed|by the
MANUFACTURER and this should be done according to existing STANDARDs, wherg, available.

Irrespective of the system configuration of an AEBRS, IEC 60601-1 and-its-collaterals jalways
apply. Particular standards may exist to cover equipment integrated in an AEBRS. Expmples
of such particular standards are IEC 60601-2-1 and IEC 60601-2-64 for EBE, IEC 606(Q1-2-68
for MCH or a combination of MCF and MDE, and IEC 60601-2-33 and |[EC 60601-2-44 for MDE.

This dgcument provides further guidance in implementing 4.2:and Clause 14 from IEC 60601-
1:2005|and IEC 60601-1:2005/AMD1:2012.

The MANUFACTURER of an AEBRS should ask the MANUFACTURER of any MEE to be integrated to
providg applicable conditions of interoperability and_requirements for acceptability.

Mitigatjon of AEBRS RISKS is the responsibility of the integrating party, and the mifigation
should| be demonstrated by a completed:Test Report Form for the IEC 60601-1 sgries of
standafds.

Compliance of the AEBRS can beldocumented by referencing the corresponding clayses or
subclayises of existing standard(s)-for the integrated devices.

NOTE 1|An example of MEEs coVered by particular standards in the IEC 60601 series is illustrated when agsessing
the RIsk|associated with an AEBRS using LIGHT ION BEAM equipment as an EBE and utilizing X-ray RADIO4COPY as
an MDE. JEC 60601-2-64:2044.applies to the EBE and IEC 60601-2-68:2014 applies to the MDE and MCF.

NOTE 2| An example<efian MEE not covered by IEC 60601 particular standards is illustrated when assegsing the
RISK assjociated with{an."AEBRS utilizing a 3D camera as MDE. The latter is not addressed by any of the sfandards
in the IE[C 60601-1 seties.

Annexgs Alto C show examples of RISK MANAGEMENT of an AEBRSs as explained in 4.3]2.

4.2.2 Representative configurations of AEBRSs, their relationships to existing
standards, and this document

4.2.2.1 General

Representative configurations of AEBRSSs, their relationships to existing standards and this
document are described in the following subclauses. The dotted line in each figure indicates
the function or EQUIPMENT covered by the standard cited in each of the following paragraphs
and figures. This document covers the entire system as described by the series of examples.

4.2.2.2 Relationship with standards for MOTION DETECTION EQUIPMENT (MDE)

Figure 3 shows an example of an AEBRS incorporating MDE that are addressed by particular
standards (e.g. IEC 60601-2-33 for MRI, IEC 60601-2-68 for X-IGRT).
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MRI or X-IGRT equipment
IEC 60601-2-33 IEC 60601-2-68

IEC

Figure 3 — AEBRS incorporating an MDE addressed by particular standards

Figure 4 shows an example of an AEBRS incorporating MDE (e.g. surface guided MOTION
DETECTION EQUIPMENT) which is not addressed by a particular standard.

MDE
(surface guided
motion detection
equipment)

IEC
Figure 4 — AEBRS incorporating an MDE not addressed by a‘particular standard

4.2.2.3 Relationship with STANDARDs for MDE with an interface to MCF

An exgmple of MDE with an interface to an MCF is showf in Figure 5. The figure shpws an

example of X-IGRT EQUIPMENT that incorporates an MCE£{The particular standard addressing X-
IGRT is|IEC 60601-2-68.

X-IGRT equipment
IEC 60601-2-68

MDE
(X-IGRT
equipment)

________ IEC

Figure 5-"AEBRS incorporating an MDE with an interface to an MCF

4.2.2.4 Relationship with STANDARDs for EBE with an interface to an MCF

An exampgle-of an EBE with an interface to an MCF is shown in Figure 6. The figure shpws an
ELECTRONACCELERATOR oOr a LIGHT ION BEAM ME EQUIPMENT which is interfaced to an M¢F. The
standard addressing ELECTRON ACCELERATOR equipment is IEC 60601-2-1, and the standard
addressing LIGHT ION BEAM ME EQUIPMENT is IEC 60601-2-64.

ELECTRON ACCELERATOR (IEC 60601-2-1)
or
LIGHT ION BEAM ME EQUIPMENT (IEC 60601-2-64)

IEC

Figure 6 — AEBRS incorporating an MCF with an interface to an EBE
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4.2.2.5 Relationship with the guideline for an interface between an MCF and an EBE

The interface between an MCF and an EBE is shown in Figure 7. The figure shows an example
of a gating interface. An existing guideline addressing a gating interface is NEMA RT-1.

Gating interface

7N

EBE
(Electron
accelerator)

Figure 7 — AEBRS with a gating interface between an MCF and an EBE

A generic reference model of an AEBRS for intra-fractionally-moving rigid
TARGET VOLUMEs with information flow for a representative system

4.2.2.6

An adgptive external-beam RADIOTHERAPY system (AEBRS) for intra*fractionally moving rigid
TARGET VOLUMES is defined as consisting of an EXTERNAL BEAM,EQUIPMENT (EBE), a MOTION
DETECT|ION EQUIPMENT (MDE), and MOTION COORDINATION FUNCTI@NS/(MCFs). MDES acquife data
for mopitoring the intra-fractional movement of the rigid TARGET VOLUME or an appropriate
surrogate; an MCF performs the TREATMENT PARAMETER)ADAPTATION according [to the
information provided by the MDE and sends ADAPTATION INSTRUCTIONS to the EBE; and fhe EBE
deliverp a TREATMENT to the PATIENT accordingly. Figure/1 shows the concept of the AEBRS
a)

and the information flow. A representative systemsconfiguration of an AEBRS is shown in

Figure
system

configuration of Figure 2.

2. In Figure 8, functions and information flow are shown using the represgntative

MDE(s) MCF ADAPTATION EBE
5 INSTRUCTIONS /
) REDICTION \ I
| Information MODEL ‘ \ [
| \ |
| — . \ ‘ Delivery of
“ Monitoring Se—— ADAPTATION | — adaptive
.‘ ; INSTRUCTIONS | | treatment
\ { generation | e

/ | l | “"_
"‘ Evaluation/selection ..«“"

—" \"-\.‘ of ADAPTATION
INSTRUCTIONS
Sonfrguration
parameters

I IEC

Figure 8 — Functions and information flow of an AEBRS

The AEBRS may incorporate multiple pieces of MOTION DETECTION EQUIPMENT (MDE). MDES
acquire data for monitoring the intra-fractional movement of the rigid TARGET VOLUME or an
appropriate surrogate, which can be used to estimate the position of the TARGET VOLUME in
three dimensions, registering both translations and rotations. This positional information is
processed by the MCF. Deformations of the TARGET VOLUME are not covered in this document.

An MCF includes a PREDICTION MODEL, a function generating ADAPTATION INSTRUCTIONS, and a
function for evaluating the validity and deliverability of the ADAPTATION INSTRUCTIONS. The MCF
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may evaluate and combine information from multiple MDEs. The selected ADAPTATION
INSTRUCTIONS are sent to the EBE.

The PREDICTION MODEL predicts the changes in rotational and translational position of the rigid
TARGET VOLUME based on information from the MDE, and prior information generated by the
PREDICTION MODEL.

The results of the prediction by the PREDICTION MODEL are used to generate ADAPTATION
INSTRUCTIONS.

The validity and deliverability of the generated ADAPTATION INSTRUCTIONS are evaluated.
ADAPTATONINSTRUCTIONSvatidfor-TREATMENT PARAMETER ADAPTATION—are—setected—and sent

to the gBE for TREATMENT delivery.

The EBE executes TREATMENT delivery by applying the new TREATMENT PARAMETERS ac¢ording
to the ADAPTATION INSTRUCTIONS output by the MCF.

4.2.3 Representative AEBRS reference models
4.2.31 General

The fupction performed by the MCF of the AEBRS can be classified as a gating functipn or a
tracking function. These are described in Figure 9 and Figure)10 respectively.

4.2.3.2 BEAM GATING system model

' MeF EBE
MDE The 3D ADAPTATION  /

/ | position of \ INSTRUCTIONS |

| ‘, ducial  / \ (BEAM GATING|
| [orthogonal 2D | | ;Llfl:l:rla / PREDICTION MODEL | SIGNALS) | ,

3 H . / \ ( ‘

‘ imaging with [N \ [ |
, implanted I‘ —) ‘1 | — | BEAM HoOLD

‘ e

-“ fiducial | [ | BEAm GATING sIGNAL | 1 C
\ markers / ‘ generation | |

v /

\ | Evaluation/selection |
- \ of GATING SIGNAL /
generated /

The relationship between the
location of the markers and the
rigid TARGET VOLUME at each

E—— respiratory phase

Figure 9 — BEAM GATING system for intra-fractionally moving rigid TARGET VOLUMES

Figure 9 shows an example of an AEBRS reference model; a BEAM GATING system for intra-
fractionally moving rigid TARGET VOLUMEs. The configuration parameters describing the
relationship between the location of internal fiducial markers and the rigid TARGET VOLUME at
each respiratory phase is loaded into the MCF before the treatment. Orthogonal 2D imaging of
internal fiducial markers is used as an MDE and the 3D position of a fiducial marker is
transferred from the MDE to the MCF. In the MCF, a PREDICTION MODEL predicts the changes in
position of the rigid TARGET VOLUME based on information from the MDE. The output of the
PREDICTION MODEL is used to generate ADAPTATION INSTRUCTIONS, which are BEAM GATING
SIGNALs in this case. After evaluation of the generated BEAM GATING SIGNALS, using pre-
treatment established limits of allowed 3D position of the fiducial markers, valid BEAM GATING
SIGNALs are sent to the EBE. In response, the EBE performs a BEAM HOLD or a beam resume.
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Beam tracking system model

ADAPTATION
INSTRUCTIONS

MDE 1 Motion of

PREDICTION MODEL ‘

Figure 10 — Beam tracking system for intra-fractionally moving rigid TARGET voL

Figure
fractior
of inte
loaded

infrared camera in MDE 1 is used to determine the respiratory phase. The motion of i
markers detected by fluoroscopyif¥ MDE 2 is used to determine the position of the rigid

fiducia
TARGET
MODEL
TARGET
MDE 1
INSTRU
trackin
TREATM
used, 9

4.3
431

w"‘l I“"‘ \ Delivery of
I € BeaM tracking | ‘ adaptive
: instruction | treatment |
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o markers

The relationship hetween the location of
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ally moving rigid TARGET VOLUMES. The configuration parameters relating the |
nal fiducial markers to that of the rigid TARGET VOLUME at each respiratory pha
into the MCF before the treatment. The motion of the body surface detected

VOLUME. These data are transferred from MDE 1 and MDE 2 to the MCF. The PRE

VOLUME based on the correlation model created by synchronization of the da
and MDE 2. The output,of the PREDICTION MODEL is used to generate ADAH

j instructions, valid.beam tracking instructions are sent to the EBE. The EBE p

ENT delivery applying the TREATMENT PARAMETERS. The TREATMENT PARAMETERS
uch as beam direction, are sent back to the MCF from the EBE for verification.

RISK MANAGEMENT of an AEBRS

Geéengeral

10 shows an example of a reference model 'of a beam tracking system fof

CTIONS, which are beam tracking instructions in this case. After evaluation of th; beam
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14971)

This d

of the AEBRS for intra-fractionally moving rigid TARGET VOLUMES.

A minimum set of HAZARDs to consider for adaptive TREATMENT functions are given in Annex A.

Since RISK MANAGEMENT of an AEBRS often requires the understanding of the RESPONSIBLE
ORGANIZATION and USER, the RESPONSIBLE ORGANIZATION and USERs should also review and

adopt t

his guideline even when they are not involved in the integration of the AEBRS.

The MANUFACTURER who integrates the AEBRS should determine the criteria for RISK
acceptability of an AEBRS. RISK MANAGEMENT of an AEBRS should be carried out by
assignment of responsibilities and authorities for personnel who are able to analyze and

review

the combination of MDE, MCF, and EBE.
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The RISK MANAGEMENT PROCESS of the AEBRS includes RISK ANALYSIS, RISK EVALUATION, RISK
CONTROL, evaluation of overall RESIDUAL RISK acceptability, and preparation of a RISK
MANAGEMENT report for the whole system as defined in ISO 14971.

When a part of the AEBRS is not ME EQUIPMENT, and that part is not integrated into another ME
EQUIPMENT as part of the AEBRS, the non-ME EQUIPMENT may not be covered by other existing
safety standards. In this case, the RISK MANAGEMENT of the AEBRS should address the entire
system, including non-ME EQUIPMENT that are part of the AEBRS.

4.3.2 RISk ANALYSIS of an AEBRS

The aim_of RISK ANALYSIS of an AEBRS is to identify HAZARDs and estimate RISK arising from
combining MDE, MCF, and EBE.

In line| with 3.2 and 3.4 of ISO 14971:2007, and ISO TR 24971:2013, the MANUFACTURER
should|maintain criteria for RISK acceptability, those criteria being part of its RISK MANAGEMENT

policy.

NOTE 1| Reference models in 4.2 can be extended to describe the configuration of AEBRS in the RISK ANALYSIS
and can |help to prevent essential elements from being overlooked in the RISK ANALYSIS!

The MANUFACTURER who integrates the AEBRS should identify abd document the intended use
and rgasonably foreseeable misuse of the AEBRS as ‘well as those qualitatije and
quantitptive characteristics that could affect the safety of the\AEBRS and their limitations.

The MANUFACTURER who integrates the AEBRS shouldtidentify the HAZARDs of an AEBR$. Only
HAZAROs arising from combining MDE, MCF, and EBE to constitute the AEBRS shauld be
considered.

Since fhere are various combination patterns of MDE, MCF, and EBE among different AEBRSs,
identification of HAZARDs or HAZARDOUS: SITUATIONS for each should be performed fgr each
AEBRSY. The RISK(s) of the HAZARDs of*HAZARDOUS SITUATIONS, including the probabiljty and
the seyerity of the resulting HARM should be estimated for each AEBRS.

NOTE 2| Even when the same MDE andvEBE are used, the MCF can be different among AEBRSs. For example, the
gating wWindow can be respiratory, phase-oriented in one AEBRS and respiratory amplitude-oriented in| another
AEBRS.

4.3.3 RISK EVALUATION

For each identified:HAZARD or HAZARDOUS SITUATION, the MANUFACTURER who integrates the
AEBRS§ should~decide, using the criteria defined in the RISK MANAGEMENT plan, |if RISK
reductipn is required. This PROCESS should be carried out independent from RISK EVALJUATION
of each) EQUIBMENT.

4.3.4 RISK control

The MANUFACTURER who integrates the AEBRS should be aware that RISK CONTROL of the
AEBRS should be performed when RISK reduction is required. If the RISK CONTROL is practical,
the AEBRS should be designed by the MANUFACTURER to be inherently safe. If this is not
practical, then protective measures such as barriers or alarms somewhere in the AEBRS are
appropriate. The least preferred protective measure is a written warning or contra-indication
of the AEBRS.

4.3.5 Evaluation of overall RESIDUAL RISK acceptability

An iterative procedure should be continued until the RISK is reduced to acceptable levels
established in the RISK MANAGEMENT plan of the AEBRS with or without consideration for the
medical benefits.
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4.3.6 RISK MANAGEMENT report

The MANUFACTURER who integrates the AEBRS should carry out a review of the RISK
MANAGEMENT PROCESS of the AEBRS and the results of this review should be recorded as the
RISK MANAGEMENT report before commercial distribution and before clinical application.

The responsibility for review should be assigned in the RISK MANAGEMENT plan to persons
having the appropriate authority for the AEBRS.

4.3.7 Examples of RISK MANAGEMENT of an AEBRS

The following are typical types of HAZARDs which are often identified in the RISK ANALYSIS for
an AEBRS: IRRADIATION HAZARD, electromagnetic HAZARD, mechanical HAZARD, and .elgctrical
HAZARD.

IRRADIATION HAZARDs specific for an AEBRS are connected to the functionality(of this gystem,
which is an adaptation of the external-beam RADIOTHERAPY to the changes_in\PATIENT anatomy
or phygiology.

The mpst common RISKs resulting from the major HAZARDs for an AEBRS for intra-fractionally
moving TARGET VOLUMES are underdose or overdose of the TARGET YOLUME or overdosg of the
OARS and surrounding normal tissues.

NOTE 1| Annexes B and C show examples of RISK MANAGEMENT of an‘AEBRSs.

NOTE 2| A fishbone diagram (Ishikawa diagram) is an effective/ method to create a list of failure mddes and
identify HAZARDs or HAZARDOUS SITUATIONS arising from combining MDE, MCF, and EBE as the source |of HARM.
An example of a fishbone diagram of an AEBRS is provided in\Annex B.

The following phases are likely phases during which HAZARDS can be found for an AEBRS:

1) degign phase;

2) construction phase;
3) usg phase;

4) majntenance phase.

During| the design phasevand construction phase, if some part of the IT network|of the
RESPONSIBLE ORGANIZATION is used for communication, the RESPONSIBLE ORGANIZATION ps well
as MANUFACTURER should participate in the RISK MANAGEMENT PROCESS. Since OPERATORs of
AEBR§ in a RESPONSIBLE ORGANIZATION are often involved in the use phase aphd the
maintenance phase of the AEBRS, the RESPONSIBLE ORGANIZATION should be aware| of the
RISKs pnd control them. Further guidance for this system integration may be found in
ASTM F-2761.

5 Guidance for design elements that should be considered for safe integration
of an AEBRS for intra-fractionally moving TARGET VOLUMES

5.1 General

Specific safety guidelines for the AEBRS for intra-fractionally moving rigid TARGET VOLUMES
are described in the following subclauses. These guidelines are to be addressed by the
MANUFACTURER who integrates the AEBRS to assure safe integration and operation of the
AEBRS for rigid TARGET VOLUMES exhibiting intra-fractional movements.
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5.2 Specific guidelines for an AEBRS
5.2.1 Configuration of the AEBRS

The MANUFACTURER who integrates the AEBRS should define the required performance.

The MANUFACTURER who integrates the AEBRS should select equipment and design the
AEBRS so that the system performs IRRADIATION as intended.

Criteria for selection and design of EQUIPMENT should be based on:

a) the specification of data acquisition for MDE;

b) the|specification of the input and output data interfaces of all the AEBRS componénts;

c) the| compatibility of MDE hardware with IRRADIATION (both for MDE functionality and
translucency);

d) the| compatibility of MDE hardware with magnetic fields and RF cRADIATION, | where
apfropriate;

e) the| requirement that the MDE field of view is adequate under{all TREATMENT delivery
conditions.

The cofrect configuration and performance of the AEBRS should-/be confirmed by tesfjng the
basic gerformance of the system.

The MANUFACTURER should state the required performa#fice, as well as the tests and conditions
to verifly correct function in the ACCOMPANYING DOCUMENTATION.

A desgription of the intended configurationy; confirmation of the correctness Jof the
configyration and the results of checking the<function of each piece of equipment shquld be
descriljed in the ACCOMPANYING DOCUMENTAT{ON.

NOTE For example, the ACCOMPANYING DOCUMENTATION can include a statement that the MDE performancg can be
compromised due to the EBE configuration, e.g. obstruction of an optical path.

5.2.2 INTERLOCKS

The MANUFACTURER should * consider implementation of an INTERLOCK, if uncontrolled
contindation of a functiomwould pose an unacceptable RISK.

INTERLDCKS includedas part of the AEBRS should be checked by a method to be determined
by the MANUFACTURER.

The method should be documented in the ACCOMPANYING DOCUMENTATION.

NOTE 1 An INTERLOCK can be checked by artificial or dummy data, failure signals, shut down of a healthy signal
or a watchdog signal.

A description of all INTERLOCKs should be included in the ACCOMPANYING DOCUMENTATION.

The levels of failure and the INTERRUPTION or TERMINATION PROCESS for each level of failure
should be defined and described in the ACCOMPANYING DOCUMENTATION.

In the cases described below, INTERLOCK signals should be required if continued operation
would pose an unacceptable RISK, if

— inconsistency of time stamps or position data from multiple MDE is detected,

— any signals between functions in MCF are outside the acceptable range, or

— the feedback signals are outside the acceptable range.
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NOTE 2 Signals passed between functions in the MCF are signals from the PREDICTION MODEL and those from the
ADAPTATION INSTRUCTION generator.

5.2.3 Coordinate system

The coordinate system used for all input or output data of all AEBRS EQUIPMENT should be
consistent, so as to ensure that IRRADIATION by the EBE is performed correctly.

The MANUFACTURER of the AEBRS should use the coordinate system definition provided by
IEC 61217 and state it accordingly in the ACCOMPANYING DOCUMENTATION.

The coordinate systems of the MDE(s) and the MCF should be the same as that of the EBE.

Otherwﬁrﬂvmtﬁmk—shmﬂﬂ—dMWen the
coordinate systems of the EBE, MCF and MDE. Any coordinate system which is accesgible by

the USER should be described in the ACCOMPANYING DOCUMENTATION.

If the USER can configure or select between two or more MDEs, then the MANUFACTURER|should
consider any possible HAZARDs associated with the configuration or the selection.

5.2.4 Communication between pieces of equipment
5.2.41 Connection

If the RISK MANAGEMENT of the AEBRS requires the RESPONSIBLE ORGANIZATION to saflguard
the commmunication between the MDE, MCF, and EBE, thep.such provisions should be degcribed
in the ACCOMPANYING DOCUMENTATION.

All connections should be uniquely identified*and labelled. Where confusion bptween
OPERATOR- or PATIENT-accessible connections céuld lead to an unacceptable RISK, appropriate
keying|(mechanical or software) should be provided.

5.2.4.2 MDE data acquisition

Where|data describing the position. 6f the rigid TARGET VOLUME is calculated, the algorithm
should|be described in the ACCGMPANYING DOCUMENTATION.

The frdgquency and the conditions of data acquisition by the MDE and of the calculation of the
target position before and-during a TREATMENT should be determined by the MANUFAQTURER,
and depcribed in the ACCOMPANYING DOCUMENTATION.

NOTE The calculation-of the target position can be carried out by using one or multiple image data sets |of either
the targgt itself qri fiducial markers. For example, the 3D position of a fiducial marker can be calculated flom 2 kV
X-ray impges taken from different angles.

5.2.4.3 Synchronization of data

An AEBRS should use a common timer for each MDE, MCF and EBE. The method of data
synchronization should be defined in the ACCOMPANYING DOCUMENTATION.

NOTE The timer can be relative or absolute, i.e. a real world clock.

Data acquired by any MDEs in the AEBRS should be sent to the MCF together with a time
stamp.

5.2.4.4 Data transfer

Data transferred to or from EQUIPMENT in the AEBRS should use a communication protocol
that verifies error-free transmission. Consistency, correctness, and completeness of the data
transferred between MDE and MCF should be checked, and data transferred between MCF and
EBE should be checked.
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The criteria defining consistency, correctness, and completeness should be stated by the
MANUFACTURER. The measures to check consistency, correctness, and completeness should
be stated by the MANUFACTURER in the ACCOMPANYING DOCUMENTATION.

The input data from the MDE into the PREDICTION MODEL in the MCF should be checked against
pre-established limits defined by the MANUFACTURER. The output data sent from the
PREDICTION MODEL to the ADAPTATION INSTRUCTION generator in the MCF should be checked
against pre-established limits defined by the MANUFACTURER. The output data sent from the
ADAPTATION INSTRUCTION generator to the evaluation/selection function in the MCF should be
checked against pre-established limits defined by the MANUFACTURER. Signal(s) sent from the
MCF to the EBE should be within the acceptable range defined by the MANUFACTURER. At least
one of the components of the AEBRS should provide information when the signal is out of the
acceptable range.

5.2.4.5 Redundancy

The rgdundancy of communication between equipment comprising amy, AEBRS ¢an be
implemented through the use of multiple pathways of either wired or wiréless commurjication
lines, where the main line and alternative lines should be designed te’ support eqyivalent
commynication requirements.

If a redundant communication method between equipment  comprising an AEBRS is
implemented, then it should be described in the ACCOMPANYING DOCUMENTATION.

If a requndant communication method is not implemented, then a justification for this decision
should|be described in the ACCOMPANYING DOCUMENTATION.

5.2.4.6 Protocol of data transfer

The MANUFACTURER should define the .eammunication protocols used for each | signal
transmjtted through each interface, including command signals for system control,| status
checks| and INTERLOCK signals. These protocols should be described in the ACCOMPANYING
DOCUMENTATION.

5.2.5 Interactions between MDE, MCF and EBE

The elgctric, magnetic and>electromagnetic emissions and their interactions betweejn MDE,
MCF and EBE should be_identified to ensure the safety of an AEBRS. The interactigns are
categorised as follows;

a) eleftric, magnetic, or electromagnetic interference from one part of MDE, MCF, or|EBE to
angther;

b) ionizing radiation from the MDE interacting with the MCF or the EBE, or ionizing rddiation
from«the EBE interacting with the MCF or the MDE;

c) mechanical interactions including acoustic noise from MDE to MCF or EBE, or EBE to MCF or
MDE.

For a), IEC 60601-1, and IEC 60601-1-2 (EMC) can be applied to AEBRS for safety and
related testing. For b), IEC 60601-2-68 and either IEC 60601-2-1 or IEC 60601-2-64 can be
applied. For c), IEC 60601-1 can be applied.

Test methods to evaluate the influence of the static magnetic field, pulsed magnetic fields,
and RF radiation on other equipment are available in IEC 60601-2-33, which provides
guidance on EM compatibility testing. Further guidance for testing the performance of medical
devices in the presence of MRI fields can be found in ISO TS 10974.

Equipment labelled as MR conditional or MR safe per IEC 62570 may need additional RISK
ANALYSIS for use in AEBRS.
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5.2.6

Status check of each piece of equipment

The specification of status check signals for each piece of equipment including the required
frequency should be described in the ACCOMPANYING DOCUMENTATION.

The status of each piece of EQUIPMENT and communication line comprising the AEBRS should
be checked immediately before each time the MCF allows the EBE to start IRRADIATION. The
status of each piece of EQUIPMENT and communication line comprising the AEBRS should be
checked periodically with a frequency determined by the MANUFACTURER.

NOTE The frequency for checking the status of INTERLOCKs can be different as determined for each piece of

EQUIPMENT.

5.2.7 Failure state judgement

The criteria defining failure, the number of repeat attempts, and the requirements for|failure
notificgtion should be described in the ACCOMPANYING DOCUMENTATION.

If a failure of any piece of EQUIPMENT comprising the AEBRS is detected}®by receiving g failure
signal from the EQUIPMENT, by not receiving a healthy signal when gxpected, or by ddtecting
no response from the EQUIPMENT, a failure or warning message, should be displayed| to the
OPERATOR and an alert signal should be sent to the EBE to/TERMINATE or INTERRUPT the
IRRADIATION as described in IEC 60601-1-8.

NOTE For example, the reason can be the disconnection of a commuhication line, the failure of a watchdog, the
failure of MDE or MCF, or the malfunction of software of INTERLOCKs-in\the AEBRS.

5.2.8 LATENCY related to an AEBRS

5.2.8.1 General

There gre at least two situations whereby LATENCY associated with the AEBRS can influence

the safe operation of the AEBRS for PATIENTS showing intra-fractionally changing anatomy or

physio
and Fig

ogy. These situations can occur both in gating systems and tracking systems (F
ure 10, respectively).

SituatiIn A: During IRRADIATION:

1) Th
2) MD

3) MC
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4) wmc

rigid TARGET VOLUME moves intra-fractionally.
E detects the miotion of the rigid TARGET VOLUME.
F predicts the' location of the TARGET VOLUME, verifies the displacement betwg

F sénds a signal to the EBE to stop the IRRADIATION.

gure 9
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al and/predicted locations, and determines that the difference is larger thian the
threshold.

4o

5) EB
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6) IRRADIATION is stopped or paused.

Situation B: While IRRADIATION is paused:

1) The rigid TARGET VOLUME moves intra-fractionally.

2) MDE detects the motion of the rigid TARGET VOLUME.

3) MCF predicts the location of the TARGET VOLUME, verifies the displacement between the
actual and predicted locations, and determines that the difference is smaller than the
threshold.

4) MCF sends a signal to the EBE to re-start the IRRADIATION.

5) EBE receives the signal to re-start the IRRADIATION.

6) IRRADIATION is re-started.
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The time spent during each event and the time between two events can change with the
combination of MDE, EBE, and MCF, and the type of operating system and network. The dose
distribution in a PATIENT showing intra-fractional changes will change accordingly.

NOTE 1 LATENCY is a possible source of error. Examples of the error are as follows: For gating, the beam on/off
signal might be sent at the wrong phase of respiration. For tracking, the signal to instruct the beam direction might
direct the beam to a position that is shifted from the TARGET VOLUME.

The MANUFACTURER should estimate changes in dose distribution resulting from intra-fractional
changes of anatomy or physiology in the two situations, A and B. Results of the estimation
should be documented in the ACCOMPANYING DOCUMENTATION.

Th d P £ bax-ct -tk P~ diateib o Lot DAL ALT ] ££ tadl PRE 1 2% It d
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and period of the intra-fractional changes during both situation A and situation B.

Further, it may not be possible for the MANUFACTURER to determine the LATENGY related to the
AEBRS for some combinations of MDES, EBES and MCFS. Contributions to the LATENCY of the
AEBRY may vary from one installation to another due to differences in the networks sppplied
by the USER or RESPONSIBLE ORGANIZATION.

For safe integration and operation of the AEBRS for PATIENTS, showing intra-fracfionally
changipg anatomy or physiology, a method to estimate the effect of LATENCY related| to the
AEBRS as a whole should be used to solve these issues.

An example of tools used for such method, a dynamic phantom, is described in Annex D).

The method to estimate the effect of LATENCY should be documented in the ACCOMPANYING
DOCUMENTATION.

NOTE 2| For example, the effect of the LATENCY _includes interplay between a moving TARGET VOLUME and a
moving feam (e.g., IMRT, VMAT, LIGHT ION SPOT SCANNING).

The MANUFACTURER should check whether LATENCY can change as described in AA.13 of A.3.

5.2.8.2 Determination of LATENCY effects

A dynamic phantom, whieh® can simulate a PATIENT showing intra-fractionally changing
anatony or physiologyissfecommended as a tool to evaluate the effects of LATENCY| in the
AEBRS. However, if there are other ways to evaluate the effect of LATENCY related| to the
AEBRS§ without using a dynamic phantom, these can be substituted. A simple dlynamic
phantom is describéd in Annex D.

In pringiple;the effect of LATENCY related to the AEBRS should be measured on site.

However, ifthereare other ways to estimate theeffectof TATENTY Tetatedtothe " AEBRS,
these can substitute for measurement on site. The acceptable range of the effect of LATENCY
related to the AEBRS and its evaluation should be defined by the MANUFACTURER and
described in the ACCOMPANYING DOCUMENTATION. The estimated effect of LATENCY related to
the AEBRS should be within the acceptable range defined by the MANUFACTURER.

The MANUFACTURER should consider possible effects of LATENCY degradation during the
treatment in RISK MANAGEMENT.

Often the effect of the time between step 2 and step 4 or between step 2 and step 5 in
situations A and B described in 5.2.8.1 can only be measured without the effect of the time
between step 1 and step 2 or the time between step 5 and step 6 even when a dynamic
phantom is used. In that case, it should be clearly stated in the ACCOMPANYING
DOCUMENTATION which parts of LATENCY related to the AEBRS from step 1 to step 6 have been
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evaluated. A statement should be included regarding the residual uncertainty due to the
residual components of LATENCY related to the AEBRS.

The type of measurement, whether by dynamic phantom or other methods, and its
specifications should also be stated in the ACCOMPANYING DOCUMENTATION.

The effect of interplay between a moving target and a moving beam (e.g., IMRT, VMAT, LIGHT
ION SPOT SCANNING) should be evaluated.

5.2.9 Typical verification items of the AEBRS

o erificatio 0 o BRS-should ormed—Fo ests, a
dynam|c phantom, which can simulate PATIENTs showing intra-fractionally changinglapatomy
or physiology, should be used. See Annex D for an example of a simple dynamic phfantom.
Typical verification items are listed below:

a) Comparison between planned dose distributions and delivered dose,'distributigns for
PATIENTS showing intra-fractionally changing anatomy or physiolegy; when gafing or
trag¢king is used.

b) Acquracy of the PREDICTION MODEL in estimating the motion _of \PATIENTs showing intra-
fragtionally changing anatomy or physiology.

c) Pernformance of the MCF.

d) End-to-end tests including motion detection, TREATMENT PARAMETER ADAPJATION,
TREATMENT PLANNING and TREATMENT delivery.

5.2.10| Validation of AEBRS

The coptents of the tests should be determined-by an independent clinical USER.

5.3 Bpecific guidelines for the MOTION’COORDINATION FUNCTION
5.3.1 PREDICTION MODEL
A PREDICTION MODEL should be implémented in the MCF by the MANUFACTURER, if

— the|motion of the TARGET VOLUME is related to the motion of a surrogate, or

— the|LATENCY in the communication between equipment comprising the AEBRS combined
with the internal delay of the equipment requires compensation to produce the [correct
IRRADIATION of the PATIENT.

The PREDICTION 'MODEL should be described in the ACCOMPANYING DOCUMENTATION as| far as
that is|not _proprietary. The deviation between the PREDICTION MODEL and acquired position
data should.be displayed to compare with pre-established limits defined by the MANUFACTURER.

The total delay of the communication between equipment and the internal delay of equipment
comprising the AEBRS should be taken into account when determining the PREDICTION MODEL.

NOTE Surrogates can be used for the detection of the motion by MDE.
5.3.2 Gating and tracking
5.3.2.1 Gating

When a BEAM GATING SIGNAL is provided by the ADAPTATION INSTRUCTION generator of an MCF,
IRRADIATION by the EBE should be controlled by the BEAM GATING SIGNALS. These SIGNALS can
constitute a BEAM resume signal or a BEAM HOLD signal. The BEAM GATING SIGNAL should
conform to the requirements of the EBE. The BEAM GATING SIGNAL should be transmitted at the
timing determined by the MCF.
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The IRRADIATION by the EBE should be TERMINATED

— if the time elapsed following receipt of a BEAM HOLD signal exceeds the criteria of allowable
elapsed time defined by the MANUFACTURER,;

— if the position of the rigid TARGET VOLUME as estimated from the data provided by the MDE
fails to agree within the acceptable range with its predicted position at the IRRADIATION

timi
NOTE 1

the desc

ng instructed by the ADAPTATION INSTRUCTION generator.

The MDE monitors the intra-fractional movement of the rigid TARGET VOLUME or an appropriate surrogate.
For information regarding the estimated position of the rigid TARGET VOLUME based on the data from an MDE, see

ription in 5.2.1.

Information _describing the BEAM GATING SIGNALS for BEAM resume and BEAM HOLD should be

descrif

NOTE 2
therapy.

5.3.2.2
The fol

— The
pre
and

— The
pre
ang

The IR
pre-prd
acquire

ed in the ACCOMPANYING DOCUMENTATION.

A BEAM stop signal or a BEAM restart signal constitutes the BEAM GATING SIGNAL for LIGHT |

Tracking

acceptable range, before and during IRRADIATION, of the)discrepancy betwe
Hicted rigid TARGET VOLUME position based on the ADAPTATION INSTRUCTION in t
the position estimated from data acquired by the MDE; or

acceptable range, before and during IRRADIATIGN, of the discrepancy betwe
Hicted rigid TARGET VOLUME position based on the"DATA provided prior to the TRE
the position estimated from data acquired by.the MDE.

RADIATION should be terminated either manually by the OPERATOR or automatid
grammed software, when the position'of the TARGET VOLUME as estimated fro
d by the MDE is out of the acceptablerange.

owing information should be provided to the OPERATOR or software for verification:
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Annex A
(informative)

A minimum set of HAZARDs to consider for adaptive TREATMENT functions

A.1  Overview

HARM related to the use of AEBRS consists of HAZARDs associated with the individual
equipment, and those related to integration into the system. The HAZARD categories to
consider by the MANUFACTURER of an AEBRS are identified in ISO 14971, IEC 60601-1:2005
and |EE66684+=1+2605AMD+2042—FTheAEBRS—adds—functiomatity to—inctude—and—integrate
intra-fraction monitoring of the TARGET VOLUME position and shape. This annex foeuses on
HAZARDOs associated with the following HARM categories of general radiation therapy:

a) pro|iferation of the tumour,

b) loss of function of normal tissue,

c) ondogenic events.
These HARM categories are associated with the following HAZARDS:

1) thefapeutic IRRADIATION is delivered outside clinical intentyincluding margins),
2) TRHATMENT plan does not match anatomy at time of TREATMENT,
3) thefapeutic IRRADIATION cannot be delivered.

This amnex identifies associated HAZARDOUS SITUATIONS based on a reference design [for the
adaptiye TREATMENT functionality of the AEBRS, ‘For these HAZARDOUS SITUATIONS, guiding
questigns are provided to be considered by thé MANUFACTURER when identifying failure|modes
in actupl design instances.

In this|annex references to “absorbed, dose” can be interpreted as prescribed monitqr units
that rgpresent the planned clinical™~intent, and not the actual absorbed dose inside the
PATIENT. This relationship is normally calculated in advance and approved by a physician in
advande of the adaptive TREATMENTs (e.g. during TREATMENT PLANNING).

HAZAROs and HAZARDOUSTSITUATIONS related to mechanical and electrical effects are not
considered in this annex. Refer to Table E.1 in ISO 14971:2007 for further guidance. Also
excluded are the individual EQUIPMENT’S HAZARDS and the potential increase of its RISK |evel in
view of a changedintended use. The MANUFACTURER of the AEBRS is responsible to cpnsider
these gspects imyview of the specific design of the AEBRS under development.

A.2 |Reference design for adaptive TREATMENT functionality

Clause 4 provides examples of AEBRS configurations, consisting of three types of EQUIPMENT,
MDE, MCF and EBE, and deployment of adaptive TREATMENT control sub-functions for gating
and tracking. This annex further details the reference design from a functional decomposition
perspective, see Figure A.1. The MANUFACTURER of the AEBRS should provide a rationale for
the final design and deployment of functions to MDE, EBE and/or additional hardware for MCF.

Not shown are the necessary preconditions for adaptive therapy, such as the availability and
validity of 4D prior data and state-dependent TREATMENT plans.

Risk assessment for AEBRS should consider at least the HAZARDOUS SITUATIONS related to the
adaptive TREATMENT control functionality and reference design, as listed below. Further
guiding questions for each HAZARDOUS SITUATION are provided in subsequent subclauses for
each HAZARDOUS SITUATION.
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T REATMENT plan does not match the selected PATIENT

AAA1

Consider at least the following situations:

(a) PATIENT data on TREATMENT plan incompletely or erroneously entered into MCF

(b) PATIENT data associated with the (4D) TREATMENT plan in the MCF does not match (or is not
checked against) PATIENT data registered at the EBE for PATIENT currently undergoing
TREATMENT

(c) Absorbed dose accumulated in previous episodes (fractions) not administered correctly
with PATIENT data

(d) MCF selects TREATMENT plan for earlier or later episode (fraction)

AA.2 The PREDICTION MODEL does not match the selected PATIENT

Consider at least the following situations:
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(a) PATIENT data on prior 4D motion data and TREATMENT plan are inconsistent
(b) PATIENT data from MDE (if available) does not match PATIENT data on MCF
(c) Motion detection data or motion surrogates cannot be identified uniquely

AA.3 The coordinate systems do not match between functions

Consider at least the following situations:
(a) Current and prior 4D motion data and motion surrogates do not match due to difference in
system setup

(b) Data between MDE acquisition and motion-surrogate parameter calculation and/or
PRHDICTION MODEL lacks unique descriptive orientation data

(c) Not|all software components use the agreed RT coordinate systems

(d) Incpnsistent coordinate transformations between MDE and EBE, and MCF sub-fanctigns, for
any| of the relevant PATIENT orientations (head-first/feet-first, prone/supiné/decubitus)

AA.4 [The segment absorbed dose is not being accumulated correctly

Considrr at least the following situations:

(a) Fai
(b) Requested delivery by MCF is not being realized by EBE

ing connection from absorbed dose accumulation device\té MCF

(c) Inagcurate or inadequate bookkeeping of delivered absorbed dose (spatial distripution)
vergus gate/track instructions

AA.5 [The cumulated segment absorbed dose indicates that fraction absorbed dose |will be
exceeded

Consider the following situation:
(a) Ovegrshoot in a (daily) fraction showld allow for fraction termination and re-planning

AA.6 [The fraction absorbed_,ddse cannot be realized with remaining segments for purrent
PATIENT state and EBE configuration (position/MLC capabilities)

Consider at least the following situations:

(a) ADAPTATION INSTRUCTIONS generation and/or validation fails to simulate and evalugte the
complete set of segment plans required to deliver the absorbed dose for the purrent
fragtion (episode)

(b) Logged_information from already delivered adaptive fraction is insufficient to gllow a
calg¢ulation of the remaining fraction absorbed dose to complete TREATMENT.

AA.7 The PATIENT state monitoring data stream is broken, the fraction cannot be completed
or is completed based on the wrong data

Consider how the MCF is resilient against at least the following situations:
(a) MCF acts on available motion surrogate parameters without evaluating its time stamp

(b) Motion-surrogate parameter module provides time-stamped data based on outdated or
invalid data

(c) Lack of MDE data due to hardware or software failure. Typical reconfiguration times can be
minutes (software reboot) up to days (broken hardware)

AA.8 The MDE field of view is obstructed or compromised by other equipment

Consider at least the following situation:
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(a) Evaluate all field-of-view obstructing or compromising situations, such as masks, MDE data
reception equipment (e.g. MRI RF coils) for all prescribed beam directions (especially for
tracking).

AA.9 The motion-surrogate parameter calculation fails

Consider how the MCF is resilient against at least the following situations:

(a) MDE data quality is compromised, for example due to EMC, ESD (Electro-Static Discharge)
or unexpected contrasts or artifacts in images, background illumination differences (for
cameras), leaking belt, data buffer overflow or missing frames

(b) Algorithm is not deterministic with respect to LATENCY

(c) MDH data stream varies in frame rate or spatial resolution
(d) MDE signal polarity opposite from required polarity (e.g. due to connectivity-issye with
‘frep-style connectors’)

AA.10| There is a poor match between the 4D motion model metadata’and the fnotion-
surrogate parameter(s)

Consider at least the following situations:

(a) 4D [motion model data in calibration experiment based on, relative (differentiating) $ensor,
compared with data from absolute sensor during TREATMENT, oOr vice versa

(b) Wrgng motion state selected (e.g. inhale versus exhale*edge detection)

(c) Difference in primary motion direction sensitivity for model and motion-surrogate|during
TREATMENT (e.g. anterior-posterior displacement versus feet-head displacement)

(d) Time stamp on motion surrogate parametermay not reflect time of acquisition, especially
if MPE does not have a clock (e.g. belt with~analog filters)

AA.11| Incorrect prediction: The 4D motion model and the TREATMENT plan (segment)|do not
match [geometrical)

Consider at least the following situations:

(a) Mismatch between planning and motion detection data, e.g. due to ‘private’ (non-0ICOM)

(b) Different ‘field of yview’ for prior and actual motion data, which compromises the

(d) Acfual .motion pattern, or TARGET VOLUME position, not part of PREDICTION MOPDEL or
ATMENT plan(s)

(e) Incorrectsetection—o
(f) Incorrect 3D model calculation from implanted marker or detected anatomical edges

AA.12 The motion pattern or TARGET VOLUME deviates from (segment) plan

Consider at least the following situations:

(a) Difference in breathing characteristic between calibration setting and TREATMENT, or
variable during fraction (chestwall versus diaphragm; shallow versus deep; regular versus
irregular)

(b) Tumour regression or edema, or internal organ shift, as detected by MDE reveals
differences between current PATIENT state and TREATMENT plan

(c) Prevent IRRADIATION in case of (undetected) sudden motion (coughing, mediastinal
hiccups), much faster than overall system LATENCY for MCF / EBE
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The phase delay / LATENCY is too long between motion detection and availability of

validated TREATMENT instructions

Consider at least the following situations:

(a) Calculated motion surrogate parameters time-stamped with post-calculation timing, not

with

MDE acquisition timing

(b) Lack of a shared clock between MDE, MCF, and EBE.

NOTE MDE does not have a real world clock, or clock syncing functionality.

(c) Timi
(d) M

Considtrr at least the following situations:

(a) Ga

ation is (structurally) offset relative to plan

ing function polarity inverted between MCF and EBE (logical or*wiring error)
(b) Tragking instructions leading to wrong TREATMENT beam geometry.

ng for MDE and 4D model, and ADAPTATION INSTRUCTION generation is non-deterministic

meter calculation—as used to validate pa NT—state immediately
ry, introduces a phase delay where it is not noticed that afajomical

The connection between MCF and EBE is not functioning

(c) Communication to EBE does not fail in a safe way. e’g. rather than just s{opping

TREHATMENT, some data is corrupted which results in a glinical significant error)

AA.15

Consider at least the following situations:

(a) Mct
bes

The EBE did not start/stop IRRADIATION in respohse to an MCF request

relies for ADAPTATION INSTRUCTIONS ahd for ‘plan completion criteria’ on requested
m delivery, not on realized (measured) beam delivery (i.e. there maybe copfusion

betiveen adapting from original planvor from the current state of the delivery following

preyjious adaptations)

(b) McF does not output a stop~-gating signal in relation to the expected duration|of the

mogeled and detected PATIENT state

AA.16

Consid

(a) Dif
(b) Dif

There are differences’in units of measure

r at least the following situations:

rence in{uhits of measure for geometry, especially metric versus US system

rencelin‘the origin of coordinate system

(c) Difference in the order of application adaptive movements (especially flor 6D
transformation which are not commutative)

(d) Loss of traceability between the prescribed MU and the intended absorbed dose in the

orig

inal plan
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Annex B
(informative)

An example of RISK ANALYSIS for an AEBRS with gating function using x-
RAY FLUOROSCOPE as an MDE

B.1 Configuration of the example AEBRS

In the example described in this annex, the AEBRS comprises an MDE, a gating function
provided by an MCF, and a proton beam therapy system as the EBE. The MDE consists of two
sets of diagnostic x-ray ifluoroscopes mounied on the ganiry of ithe proton beam._iherapy
system|. The MCF of the AEBRS provides a gating function and the software for the fungtion is
installgd on a workstation. The MDE, MCF, and EBE should be interconnected-corre¢tly for
automagted gating to occur. The AEBRS operates independently of the TREATMENT PLANNING
SYSTEM and record and verify system during IRRADIATION.

The M¢F uses data describing the motion of an internal fiducial marker’as the surrogate of
motion|of a rigid TARGET VOLUME. The MCF uses the data to provide<SfGNALS to INTERRYPT the
proton |beam delivery or continue the radiation delivery (BEAM HOLD or beam restart)| to the
workstation. The workstation communicates with EBE and sends the instructions to the EBE.
The wqrkstation displays the mode of the system to the OPERATOR at all times.

To engble or disable automated gating, the OPERATOR{presses the ‘gating enable butfon’ on
the workstation. The OPERATOR monitors the display on/the workstation and can judge whether
to interfrupt, continue, or terminate any time during the therapeutic IRRADIATION.

B.2 |PROCESS overview

Several fiducial markers are implanted around the rigid TARGET VOLUME beforehand. Bgsed on
TREATMENT PLANNING using computéd tomography images after the implantation |of the
markers, the relationship between\the location of the markers and the rigid TARGET VOJUME at
each fespiratory phase is loaded into the workstation as “marker information” |in the
configyration parameters beforé each TREATMENT. TREATMENT PARAMETERS such as RATIENT
information, field information; gantry angle, and couch angle for the TREATMENT also are
loaded|before the therapeutic IRRADIATION.

The MDE sends twoisets of diagnostic x-ray fluoroscopic image 30 times a second|to the
workstation.

In the PREDIGTION MODEL of the MCF, using a template image and real-time pattern matching
algorithniy the projection of one or more of the fiducial markers in the 2D images are
€ ocatt ogate—r er at the

/

expiration phase is calculated within 0,1 s.

In the instruction generation function of the MCF, when the coordinate of the marker is more
than 2 mm from its planned location along the x, y, or z axes, an instruction to INTERRUPT the
therapeutic IRRADIATION is generated. When the coordinate of the marker is within 2 mm of its
planned location along the x, y, and z axes, instruction not to INTERRUPT the therapeutic
IRRADIATION is generated.

In the instruction evaluation/selection function of MCF, if the recognition score of the pattern
matching or the certainty score of 3D calculation of the marker is evaluated to be lower than
the threshold, the instruction to INTERRUPT the therapeutic IRRADIATION is generated.
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B.3

HAzZARDOUS SITUATIONS and RISK fishbone diagram

HAZARDOUS SITUATIONS relating to the AEBRS are listed in Annex A. The RISK ANALYSIS for an
AEBRS can also be guided by the RISk fishbone diagram to visualize the relationship between
the incident, the failure mode, the HAZARD, and the HARM. In this Annex B, a RISK fishbone
diagram for one specific HARM of the AEBRS was made as an example. The fishbone diagram
for the HAZARD of proton IRRADIATION to an unintended position using an AEBRS for intra-
fractionally moving rigid TARGET VOLUME is shown in Figure B.1. HAZARDOUS SITUATIONS and
HAZARDs were visualized with respect to the AEBRS reference model in 4.2.3 and also
HAZARDOUS SITUATIONS listed in Annex A. See C.2 for each corresponding category and failure

mode
Fishbope diagrams for other HAZARDs such as inability to deliver proton IRRADIATION| which
may cguse proliferation of the tumour as a HARM, prolongation of time of fluorosecope| which
may cguse oncogenic events as a HARM, or mechanical HAZARDs can be made séparately.
Load configuration o MCF2: Instruction MCF3: Instruction
parameters MCF1: Prediction generation evaluation/selection
Patient ipformation Incorrect selection of the
updating failure internal marker\_Nhen several Reverse instruction Reverse instruction
Field [nformation markers are implanted in HW or SW in HW or SW
updgfing failure ’ —t
Incprrect loading of the Incorrect calculation of the Delay in the gating Delay in the gating instruction
surrodate markers for gating 3D position of the marker instruction generation evaluation/sélection
Proton IRRADIAJION to
unintented poition
Ihcorrect maintenance Interlock failure Interlock failure Incorrect maintenance
Incofrect installation Electrical short Electrical short Incorrect installation
—
MDE Communication Cornininication EBE
between MDE between MCF
and MCF and EBE EC

Severit

Figure B!1 - Risk fishbone diagram for an AEBRS

following identification of the failure modes described above.

B.4

The fol
gating

Failure'Mode and Effect Analysis (FMEA)

lowing is an example of Failure Mode and Effect Analysis (FMEA) for an AEBRS
function as an MCF and two sets of X-RAY FI UOROSCOPES as MDE QOnly some p

y and probability™of the HAZARDs and HARM should be evaluated in RISK ANALYSIS

with a

arts of

FMEA which are specific to the AEBRS are shown as examples. RISK EVALUATION and RISK
CONTROL are out of scope of this Annex B.
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B.5 RISK ANALYSIS

Figure B.2 shows the RISK ANALYSIS and how the HAZARDOUs situation might be analyzed in
order to attribute a probability of HARM as defined in ISO 14971.

It is used for identifying the severity and frequency of the harm and characterizing the grade
of RISK and acceptance of RISK level before and after the mitigation for the HAZARDSs.

It is used for the examples in Table B.1 and Table C.1.

Severity of Harm o Grade of Risk
Catggory Severity Definition I\ -
Severity
I Catastrophic Death Frequency
i} Critical Heavy A 13 -
Injury
T Serious Light B 16 -
Injury
I\YA Minor Lighter C 18 -
Injury
- Negligible D 19 -
— E 20 -
Frequency of Harm - - - - -
Legvel Frequency Reference
v
A Frequent >10%/Yr Acceptance of Risk Level
B Probable >107"/Yr Level Risk Acceptance Risk
b Mitigation
C Occasional 2107°/¥fD H 1-9 | Unacceptable Necessaly
D Remote =103/Yr M 10-17 Conditional ALARP
CN
E Improbable . K10°/Yr L 18-20 Acceptable Not necesgary
- Not Applicable
IEC
Figure B.2 — Tables for RISK ANALYSIS
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Annex C
(informative)

An example of RISK ANALYSIS for an AEBRS with tracking function using

two different MDEs

C.1 Configuration of the example AEBRS

An example AEBRS comprises an infrared surface imaging equipment identified as m

DE 1, a

diagnostic x-ray fluoroscope identified as MDE 2, a tracking function as an MCF, and a MEDICAL

ELECT as an . € of the
the soffware for the function is installed on a workstation. The MDEs, MCF, and EBExsh
organized properly for automated tracking to occur. The AEBRS operates independentl
TREATMENT PLANNING SYSTEM and the record and verify system during IRRADIATION!

The MDE 1 acquires data for monitoring the motion of the abdominal surface using i
equipment as a surrogate to estimate the motion of the rigid TARGET VOLUME. The MDE

diagnogtic x-ray fluoroscopy to monitor the motion of an interdal fiducial markef

surrog
to the MCF, the tracking function, in the work station. The workstation communicates W
EBE arld sends the instructions to INTERRUPT or continue to “deliver therapeutic RA
(BEAM HOLD or BEAM resume) to the EBE. The workstation, displays the mode of the sys
the OPERATOR at all times.

To endble or disable automated tracking, the OPERATOR presses the ‘tracking enable
on the|workstation. The OPERATOR monitors the“display on the workstation and can
whethgr to interrupt, continue, or terminate any~time during the therapeutic IRRADIATION

C.2 [Failure Mode and Effect Analysis (FMEA)

bn and
pbuld be
of the

hfrared
2 uses
as a

te to estimate the motion of the rigid TARGET VOLUME. The two MDEs send infomation

ith the
DIATION
tem to

button’
judge

HAZARLOOUS SITUATIONs should be listed as shown in Annex A and the relationship between the

incident, the failure mode, the HAZARD, and the HARM should be visualized as shown in
B. Thege are out of scope in this Annex C.

Table €.1 shows a Failure*Mode and Effect Analysis (FMEA) for the AEBRS described
in C.1.] Only some parts of FMEA which are specific to the AEBRS are shown as exz
RISK EMALUATION and\RISK CONTROL are out of scope of this Annex C.

Annex

above
mples.
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