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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 2-43: Particular requirements for the safety of
X-ray equipment for interventional procedures

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization fgr st hprising
all pational electrotechnical committees (IEC National Committees). The objé o C romote
intefnational co-operation on all questions concerning standardization in the e alectronic figlds. To
this| end and in addition to other activities, the IEC publishes Internati S i ation is
entjusted to technical committees; any IEC National Committee inte th may
parficipate in this preparatory work. International, governmental and. no govern wenta iZati liaising
with the IEC also participate in this preparation. The IEC collaborateg hization
for | Standardization (ISO) in accordance with conditions determ he two
orgfnizations.

2) The formal decisions or agreements of the IEC on tech |ca| r S ible, an
inteynational consensus of opinion on the relevant subject i entation
from all interested National Committees

3) The documents produced have the form o reco me i in the form
of $tandards, technical specifications, ¢ National
Comimittees in that sense.

4) In hational
Sta s. Any
dive clearly
indifated in the latter

5) The IEC provides no maxki inti i i for any
equjpment declared to be i i i

6) Attgntion is dra subject
of patent rights.

Intern nostic

imaging equi ice.

The te

FDIS Report of voting
62B/401/FDIS 62B/408/RVD

Full information on the voting for the approval of this Particular Standard can be found in the
report on voting indicated in the above table.

Annexes AA, EE and FF form an integral part of this standard.

Annexes BB, CC and DD are for information only.

In this Particular Standard, the following print types are used:

requirements, compliance with which can be tested and definitions: roman type;

notes, explanations, advice, introductions, general statements, exceptions and references: smaller type;

test specifications: italic type,

TERMS USED THROUGHOUT THIS PARTICULAR STANDARD WHICH HAVE BEEN DEFINED IN CLAUSE 2
OF THE GENERAL STANDARD, IN IEC 60788 OR IN THIS STANDARD: SMALL CAPITALS.


https://iecnorm.com/api/?name=116d5997030baae6dc540085b08cfbde

60601-2-43 © IEC:2000(E) —5-

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

e reconfirmed,;
¢ withdrawn;
¢ replaced by a revised edition, or

¢ amended.

A bilingual version of this standard may be issued at a later date.

@%
o
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INTRODUCTION

In recent years, there have been major developments in the use of X-RAY EQUIPMENT for
RADIOSCOPICALLY GUIDED INTERVENTIONAL PROCEDURES. These procedures may involve
prolonged IRRADIATIONS and may subject PATIENTS and OPERATORS to higher levels of risk than
those which normally prevail.

A consequence is the occurrence of deterministic injury when procedures involve the delivery
of substantial amounts of RADIATION to localized areas on the PATIENT. Another consequence is
the large contribution to the stochastic risk for the RADIATION induced cancers etc. collectively
to the PATIENT.

This Particular Standard deals with these additional risks and ther lements the
Genelal Standard with special provisions for this particular domain. | i procgdures
of thetype envisaged are well established in clinical fields such as:
— inyasive cardiology;
- inirventional RADIOLOGY;

— interventional neuroradiology.

Thesqg procedures also include many newly developing & » G applications in a wide
range|of medical and surgical specialities.

NOTE | Attention is drawn to the existence ofAeg iop 2 €rning RADIOLOGICAL PROTECTION,
which may not align with the provisions of this §
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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-43: Particular requirements for the safety of
X-ray equipment for interventional procedures

SECTION 1: GENERAL

The clauses-and-subclauses-of-this-section-of-the-General-Standard-apph—exceptasfolqws:
N N PrYYs 1 :

1 Sgope and object

This dlause of the General Standard applies, except as follows:

1.1 [Scope

Additipn:

This IParticular Standard applies to X-RAY EQUIP MANUFACTURER|tO be
suitabfle for prolonged RADIOSCOPICALLY GUIR \ PROCEDURES. Its |scope

excludes, in particular:

- quipment for RADIOTHERAPY;

— ACCESSORIES intended

NOTE |1 Examples of prqlonged A use of
EQUIPMENT complyin@ S e

NOTE 2 The particu PICALLY
GUIDED|INTERVENTIONAL ith this
standald is considered

EQUIPMENT 2 UIDED

INTERVENTIO stem,
IS exempt :

1.2 PObject

Replacement:

Th H + £t tondord o
e OJJC\;L UT S Starmaara—T3y

— to establish safety requirements for the design and manufacture of X-RAY EQUIPMENT for
prolonged RADIOSCOPICALLY GUIDED INTERVENTIONAL PROCEDURES;

— to specify information which is to be provided with such EQUIPMENT for the assistance of the
USER and OPERATOR in managing the RADIATION risk arising from these procedures which
could affect PATIENTS and staff.
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Particular standards

Addition:

This Particular Standard, hereinafter referred to as "this standard”, amends and supplements a
set of IEC publications, hereinafter referred to as the "General Standard", consisting of
IEC 60601-1: 1988, Medical electrical equipment — Part 1: General requirements for safety, its
amendments 1 (1991) and 2 (1995), and all Collateral Standards.

The numbering of sections, clauses and subclauses of this standard corresponds to that of the
General Standard. The changes to the text of the General Standard are specified by the use of

the fol

"R
co

"A
G

"A
ing

Subcl
startin
etc.

clause

Wherg
be ap

A req
takes

2 T
This ¢

Additii

An ind

In thig

H p= o
TUWITTY VWUTUO.

eplacement” means that the clause or subclause of the Genera
mpletely by the text of this standard.

ddition" means that the text of this standard is additional
neral Standard.

mendment" means that the clause or subclause of the G
icated by the text of this standard.

ex of defiged texms used in this standard is given in annex AA.

stahdard, terms printed in small capitals are used in accordance with their definiti

the G

pneral Standard. in this standard. in IEC 60788 or in other IEC standards referen

blaced
of the

ed as

bered
, bb),

pction,

not to

ndard

pons in

ced in

annex

AA.

NOTE Attention is drawn to the fact that where some terms, although listed in annex AA, are not printed in small
capitals, the concept addressed is not strictly confined to the formal definition.

In this

standard, unless otherwise indicated:

— the values of X-RAY TUBE VOLTAGE refer to peak values, transients being disregarded,;

— the values of X-RAY TUBE CURRENT refer to average values;
— qualifying conditions for certain defined terms, as listed in 2.202.1 to 2.202.5 of IEC 60601-1-3,

ap

ply.
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Additional definitions:

2.101

RADIOSCOPICALLY GUIDED INVASIVE PROCEDURE
invasive procedure (involving the introduction of a device, such as a needle or a catheter into
the body of the PATIENT) using RADIOSCOPIC imaging as the principal means of guidance

2.102

RADIOSCOPICALLY GUIDED INTERVENTIONAL PROCEDURE
RADIOSCOPICALLY GUIDED INVASIVE PROCEDURE indented to effect treatment on the medical

condition of the PATIENT

2.103

INTERYENTIONAL X-RAY EQUIPMENT

X-RAY|EQUIPMENT for RADIOSCOPICALLY GUIDED INTERVENTIONAL PROCED

2.104

INTERYENTIONAL REFERENCE POINT

for INTERVENTIONAL X-RAY EQUIPMENT, specified point o th RE AXIS used| as a

reference location for the indication of PATIENT-incident A 2 : ERMA RATE

2.105

DOSE AREA PRODUCT

produtt of the area of the cross-sectionqof a N over

that cross-section. The unit is the Gray square

— DOSBE AREA PRODUCT RATE, with the u

— DOSBE AREA PRODUCT (RATE), used fok br AREA
PRODUCT RATE apply, agtordingtothe\co

NOTE [ The SI unit Gyin2 Ensions

of valugs displayed to the o

2.106

REFER

AIR KE easured under specific conditions and expressed|as an

equivd

— REF

— REF
REF

2.107
MODE

JIONAL REFERENCE POINT

OEOPERATION

for IN

ERVENTIONAL X-RAY EQUIPMENT, the techmical state defimed by a configuratiomof s

veral

predetermined LOADING FACTORS, technique factors or other settings for RADIOSCOPY or
RADIOGRAPHY, selectable simultaneously by the operation of a single control

NOTE 1 Selection of a particular mode does not necessarily define the values of all the parameters affecting its use.

NOTE 2 Values defined by selection of a particular mode are not necessarily invariable during its use.

6 ldentification, marking and documents

This ¢

lause of the General Standard applies, except as follows:

6.1 Marking on the outside of EQUIPMENT Or EQUIPMENT parts

Additional items:

aa) PATIENT SUPPORT load
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The PATIENT SUPPORT shall be marked with the maximum permissible mass (“load”) in
kilograms for NORMAL USE, other than use for cardiopulmonary resuscitation.

bb) Cardiopulmonary resuscitation (CPR)

The PATIENT SUPPORT shall be marked with abbreviated instructions on configuring the
EQUIPMENT for CPR.

cc) Marking of compliance

If, for INTERVENTIONAL X-RAY EQUIPMENT, compliance with this standard is to be marked on the
outside of the EQUIPMENT, the marking shall be made in combination with the MODEL OR TYPE
REFERENCE as follows:

INTERYENTIONAL X-RAY EQUIPMENT [model or type reference] IEC 60601-2-
6.8.2 | INSTRUCTIONS FOR USE

a) Gkeneral information

Additipn:
Add the following sentence to the first dash (as INNE eneral
Standprd):

The statement shall mention that the EQ g Y ; dose
levels|can be high enough in NORMAL US g

d) Cleaning, disinfection and sterilization

Amengdment:
Replage "or, wherg nec e sterilization agents," with "shall identify sdiitable
agents for these@o

Additipn:
For INTERVENTIO Hetails
concerning the clearigghand\d direct

contagt yith~the Px ds, in
NORMAL U

NOTE 1 It is_advisakle fopp MANUFACTURERS to ensure that the information given is sufficient to exclude commonly
used bilit possibly corroSive substances, such as sodium hypochlorite, if the use of such substances would jpresent
a risk of danrage to the parts of the EQUIPMENT concerned.

NOTE General information r‘nnrnrning the imlnnrfnnr‘n of rlanning and disinfection of INTERVENTIONAIL X-RAY
EQUIPMENT is given in annex DD.

Additional items:

aa) Skin dose levels

The instructions shall draw attention to the need to manage the risk of skin dose levels
being high enough in NORMAL USE to cause deterministic effects and to the availability of
several selectable settings in both RADIOSCOPY and RADIOGRAPHY having a considerable
effect on the RADIATION QUALITY, the delivered AIR KERMA or AIR KERMA RATE and the image
quality.

bb) Available settings

Information shall be provided as delivered from the MANUFACTURER concerning available
configurations, MODES OF OPERATION, settings of LOADING FACTORS, technique factors and
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operating parameters that affect the RADIATION QuUALITY or the prevailing value of

RE
1)

2)

3)
4)

5)

FERENCE AIR KERMA (RATE) in NORMAL USE. This information shall include:

the values applying to the MODES OF OPERATION in RADIOSCOPY designated normal and

low in accordance with 51.101.4;

details of all other MODES OF OPERATION, giving the default values and the available

ranges of any factors that can be varied after the mode has been selected;

the values in RADIOSCOPY delivering the highest available REFERENCE AIR KERMA RATE;

the values in RADIOGRAPHY delivering the highest available REFERENCE AIR KERMA per

frame;
one set of values typical of RADIOGRAPHY for distinctive types of procedure for whi

ch the

NOTE
intendel

Comp|
KERMA

cc) A
Fo

ab|
m¢

In add
inform
the RH
by the

— S€
— EN
- pu

Partic
can bg

Althoy
with 4
calcul
verifig

Comp|
FOR U
variat

EQUIPMENT is intended to be used.

This would, for example, include a typical vascular setting and a typical careia
d to be used for both applications.
(RATE) as appropriate (see item cc) below).

RADIATION data

bthod described in annex EE.

ition, for each of the available
ation shall be given, based on t

watioris of the EQUIPMENT and the test geometriq
annex EE to verify the values given.

Lilars shalliv
e used in theMpro

gh it is requjred to ' letdils to enable verification by measurement in accor
nnex EE 3 s may be determined originally by other methods, ing
ation, | ingMo are in compliance, subject to the permitted tolerances,
d \ n in annex EE.

iance is [ned by inspection, functional tests and examination of the INSTRU(
SE. The-sta alues of REFERENCE AIR KERMA (RATE) and statements concerni
ony of’these values are verified by the method described in annex EE, using va

IPMENT

m bb)
by the

bb 2),
bct on
ariable

s that

dance
luding
when

CTIONS
ng the
idated

config

Urations and test geometries described in the INSTRUCTIONS FOR USE.

dd) PROTECTIVE DEVICES and ACCESSORIES

A list of PROTECTIVE DEVICES and ACCESSORIES for use when the EQUIPMENT is employed for
RADIOSCOPICALLY GUIDED INTERVENTIONAL PROCEDURES shall be provided. There may be
different lists for different types of procedures. The listing may include PROTECTIVE DEVICES
such as PROTECTIVE CLOTHING, recommended for use but not part of the EQUIPMENT.

ee) Provisions for CPR

Instructions shall be given for at least one method of configuring the EQUIPMENT for the
performance of CPR including the use of any necessary ACCESSORIES provided with the
EQUIPMENT. These instructions shall not call for the use of ACCESSORIES that are not provided
with the EQUIPMENT.
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ff) INTERVENTIONAL REFERENCE POINT

The concept of the INTERVENTIONAL REFERENCE POINT shall be explained, and its location,
designated in accordance with 50.101.3, shall be described. Any statement required in
50.101.3 to justify the choice of location shall be included.

09) [IRRADIATION disabling switch

The instructions shall recommend that the IRRADIATION disabling switch (see 50.101.6) be used
at all times, except when a procedure is in progress, to prevent the possibility of RADIATION
being emitted through the inadvertent actuation of an IRRADIATION SWITCH.

hh) GeHisienpretee

The ipstructions shall describe the anti-collision features, including [ bf the
measulires provided to prevent unnecessary interruption of a procedure 4rising 2} sion.

i) Deosimetry calibration

Instrugtions shall be given for maintaining the calibration of all bvided

on thg EQUIPMENT.

Table 101 — Subclauses containing normative refere CCOMPANYING DOCUMENTS

es to th
()
Adirfg

Subclause G\e\ / Z\ \
21.3 Mechanica&tre th <ur\1\titlgj \ ) )\/
29.208.101 Isokerma map \ N

44.1 Overflow, spﬁlage{_@c. BQ&\QraN
51.101.3 \QOSitikalNﬁ%VE\(TIOMMRENCE POINT

51.102.2 N M&iégement\s{\;qage\sjtorﬁge/capacity
59.102 I }s@chm nt fp%&gwapes

6.8.3 | Technical ; t

a) Ggneral

Additipn:

The technical \ tion shall state that the EQUIPMENT is intended for the performance of
prolonged RAB CADRYY GUIDED INTERVENTIONAL PROCEDURES including those in whicH there
is a risk of skin-Gese Ievels being high enough to cause deterministic effects.

Additipnalitems:

aa) Installation

The technical description shall contain the following recommendations concerning the
installation of the EQUIPMENT:

— INTERLOCKS should not be provided on the doors of the room containing the EQUIPMENT. No
other measures, whether or not employed for RADIATION PROTECTION, should be able to
cause the interruption of IRRADIATION or any other disturbance of a procedure in progress,
unless the OPERATOR has the means to prevent such action from occurring during the
procedure;

— all emergency stop controls in the system should be protected against accidental actuation;

— sufficient space should be provided around the PATIENT SUPPORT for the unimpeded conduct
of CPR;
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— one or more warning lights should be provided in order to indicate the LOADING STATE to
persons at all positions in the room containing the EQUIPMENT; see also requirement of
29.208.3.

NOTE Subclause 29.1.102 of IEC 60601-2-7 contains a requirement for HIGH-VOLTAGE GENERATORS to be provided
with means for the connection of external warning lights.

bb) Failure of SUPPLY MAINS

The technical description shall describe the functional response and re-starting procedure for
the EQUIPMENT in the event of failure of the suppLY MAINS. Details shall be given of the
possibilities for provisions being made in the installation for emergency RADIOSCOPY and for the
preservation of stored images, so that the USER is able to decide on an appropriate level of
protedtion to be provided against such failures.

6.8.10J1 Statement of compliance

If, for| INTERVENTIONAL X-RAY EQUIPMENT, compliance with this stand d, the

statement shall be made in the following form:

INTERYENTIONAL X-RAY EQUIPMENT .... ) IEC 60601-2-43:2060
... IEC 60601-2-43:2000") .

*) MODEL OR TYPE REFERENCE

**) Nafme of the EQUIPMENT

**) Ydar of publication of this standard

The c UES
10 H
This d
10.2.1

Amen

The ambienttemp re range in item a) is amended to +15 °C to +35 °C.

SECTION 3: PROTECTION AGAINST ELECTRIC SHOCK HAZARDS

The clauses and subclauses of this section of the General Standard apply.

SECTION 4: PROTECTION AGAINST MECHANICAL HAZARDS
The clauses and subclauses of this section of the General Standard apply, except as follows:
21 Mechanical strength

This clause of the General Standard applies, except as follows:
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on:

Add the following paragraph after the third paragraph:

In INTERVENTIONAL X-RAY EQUIPMENT, the load for which the PATIENT SUPPORT is designed shall
be the normal load imposed by the PATIENT (as specified and marked, or otherwise as required
in this subclause), with the addition of a mass of not less than 50 kg to provide for additional
mass imposed in the performance of CPR. This additional load shall be assumed to be applied

unifor
whole
accor
for us

Additii

Add tf

For IN
positi
config

additi

length

weigh

testing

Amen

Deletd

followj

The
Stand|
Wheré
the n
additi

Additii

Add tf

’Y\l\]l over-a Inngfh of 1. 500 mm fraom the hoad.ond of the PATIENT SURPRPORT ar o\
L

er the

length if it is less than 1 500 mm, when the EQUIPMENT is conf
lance with the INSTRUCTIONS FOR USE, including the fitting of any Ag¢
b in CPR.

Dn.

a’'weight that exerts a force of 1,35 kN shall be cons

hall act on the support system for a period of 1 min.

oxed forCEPR in

bcified

Lrable
when
jon of
b to a
itional
of the

te the

eneral
| load.
idered
The
g and

pecfollowing sentence to the fifth paragraph of the description of the compliance testf

For a test of INTERVENTIONAL X-RAY EQUIPMENT in the CPR configuration, the system shall be
free from flexing or resonance effects that would impede the conduct of CPR.

22 Moving parts

This ¢

lause of the General Standard applies, except as follows:
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22.7

Addition:

Add a fifth dash, as follows:

— In order to prevent hazards arising from the unintended interruption of RADIOSCOPICALLY
GUIDED INTERVENTIONAL PROCEDURES, the operation of anti-collision devices in INTER-
VENTIONAL X-RAY EQUIPMENT shall not automatically switch off IRRADIATION and shall not
impair other functions of the EQUIPMENT, except movements connected with the potential
collision. Means shall be provided for any movement disabled by the actuation of an anti-

collision device to be caused to recover from collision within 5 s afte positive_[action
taken at the working position of the OPERATOR.
NOTE |In INTERVENTIONAL X-RAY EQUIPMENT, hazards can arise if functionality is by the
operatipn of safety devices such as anti-collision devices.
SECTION 5: PROTECTION AGAINST HAZARDS
OR EXCESSIVE RADIATIO
The ¢ WS:
29 A
This d
29.20
Repla
The c
Application Selected value Minimum permissible
(see note 1) first HALF-VALUE LAFER
kv mm Al (see note B)
INTE <50 See note 2
50 1,8
60 2,2
70 2,5
80 7,9
90 3,2
100 3,6
110 3,9
120 4,3
>120 See note 2

NOTE 1
NOTE 2
NOTE 3

operating at constant potential.

HALF-VALUE LAYERS for intermediate selected voltages are to be obtained by linear interpolation.
Linear extrapolation is to be used here.

These HALF-VALUE LAYER values correspond to a TOTAL FILTRATION of 2,5 mm Al for X-RAY EQUIPMENT
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29.201.4 FILTRATION in X-RAY SOURCE ASSEMBLIES

Amendment:

In the first line of the first dashed item in the list, replace "may" by "shall".

29.203.4 Correspondence between X- RAY FIELD and IMAGE RECEPTION AREA

00(E)

Addition:

In perpendicular position of the X-RAY BEAM AXIS to the IMAGE RECEPTOR PLANE, the maximum

area gf the X-RAY FIELD shall conform to the following requirements:

a) at|least 80 % of the area of the X-RAY FIELD shall overlie the EPTION
AREA. Effective IMAGE RECEPTION AREAS smaller than 10 cm in ® ide of
their shape are exempted

b) th¢ X-rRAY FIELD measured along a diameter in the direction\of gre alignment with
the IMAGE RECEPTION AREA shall not extend beyond the bs IMAGE
RE[CEPTION AREA by more than 2 cm

NOTE [L Attention is drawn to the qualifying conditions applyi FLD and

effective IMAGE RECEPTION AREA in this addition, as stated in 2.20 ly.

NOTE This amendment requires higher precijsion for SR ENT as

compared with the original subclause in IEQ 60601- r such

equipm

Compyi X-RAY

FIELDS. jofd of at

least automatic mechanism to complele any

adjust

29.208.

Additi

Add tH

- fo STATE
sh
a) PMENT

used
b)| at-least 2 m from the irradiated region of the PATIENT, or within a PROTECTED AREA if
prn\/idpd in the installation:

— for INTERVENTIONAL X-RAY EQUIPMENT, a signal indicating the LOADING STATE shall be
provided in such a way that it is perceptible to the OPERATOR in all the locations of items a)
and b) above. The presence of an image on the monitor shall not be considered as
satisfying this requirement.

Addition:

29.208.101 Isokerma maps

Isokerma maps shall be provided in the ACCOMPANYING DOCUMENTS, describing the distribution
of STRAY RADIATION around the EQUIPMENT. These maps shall apply to typical configurations of
the EQUIPMENT when operated at the NOMINAL X-RAY TUBE VOLTAGE for RADIOSCOPY and shall
satisfy the following conditions:
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— information shall be given for at least one typical configuration with the X-RAY BEAM
horizontal and one with the X-RAY BEAM vertical;

— the isokerma maps shall be presented as isokerma curves normalised to a DOSE AREA
PRODUCT of 1 uGy?;

~— the isokerma maps shall be given for horizontal planes 1,0 m and 1,5 m height above the
floor and may be given additionally for other planes;

— the interval of value between adjacent curves shall not exceed a factor of 2;

— the measurement geometry on which the data are based shall be compatible with the
arrangements used for verification as described in annex FF;

— the be—acck pithin—+£50 9% at-a 5—em—frgm the
EQUIPMENT or PHANTOM and within 3 m of the INTERVENTIONAL REFERE PQINT ar{down to
0,001 uGy/(uGym?).

The information shall also include, for each configuration, a scalegd’sg iC Tepresemntation

of the|arrangement of the EQUIPMENT showing the projection of the 3 plane

of thel drawing. Details shall also be given of the applicable 4 FOCAL

SPOT TO IMAGE RECEPTOR DISTANCE, X-RAY TUBE VOLTAGE and, EN

NOTE

Comp maps

are ch

The clauses and subclauses

SECTION|A

The clauses and s@ WS:

42 H

42.1

Additi

Add a|row(to*Table Xa as shown in Table 102:

Table 102 — Addition to Table Xa in [EC 60601-1
Parts Maximum
temperature
°C
Parts of INTERVENTIONAL X-RAY EQUIPMENT which can, in NORMAL USE, have prolonged 41

contact with the PATIENT or the OPERATOR

Addition:

NOTE The addition to the maximum temperature in Table 102 is designed to take into account the added risks
arising from the possibility that long periods of contact may be involved, that the PATIENT is often sedated and that
the avoidance of contact during a procedure may not be possible without introducing other risks for the PATIENT.

Attention is drawn to the additions to clause 42 contained in IEC 60601-2-28.
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44  Overflow, spillage, leakage, humidity, ingress of liquids, cleaning,
sterilization and disinfection
This clause of the General Standard applies, except as follows:
44.1 General

Addition:

RATIONALE — In RADIOSCOPICALLY GUIDED INTERVENTIONAL PROCEDURES, there can be relatively large quantities of
body and other fluids which may, directly or through deposits left behind, give rise to damage to the EQUIPMENT, or
to electrical, toxic or infectious hazards to PATIENTS, OPERATORS and service personnel.

All components which can come into contact with PATIENTS' secretions
fluids | or fluids shall be constructed:

r body

— so[that covers or drapes can be employed to divert these flyi IRMENT,

or

— so|that the EQUIPMENT surfaces over which the fluids ca
diginfection.

g and

Guidance shall be provided for the use of the clea in the

ACCONPANYING DOCUMENTS.

Equip all be

NOTE
44.6
Additi
44.6.1

The f
coveryg

oor is

NOTE

Comp @ by mechanically actuating and releasing the footswitch (with no
electrical power e connected) 900 times in 25 mm depth of water over a period of 1 h;
then ¢hecking its furictionality and electrical safety in accordance with the General Stapdard.
In additiety there must be no evidence of water having reached mechanical parts that| might

et i th o, ramania taad i o fiaitaly,
deter’.ualc T rTCyTCTTITannT vwWwCeTITTUCTITIITCTY

SECTION 8: ACCURACY OF OPERATING DATA AND PROTECTION
AGAINST HAZARDOUS OUTPUT

The clauses and subclauses of this section of the General Standard apply, except as follows:
51 Protection against hazardous output

Addition:

NOTE The provisions in the following subclauses recognize that protection against hazardous output from
INTERVENTIONAL X-RAY EQUIPMENT requires flexibility in the delivery of the intended RADIATION and the avoidance of
confusion in the presentation of image data to the OPERATOR during the course of a procedure.
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Additional subclauses:

51.101 Control features

51.101.1 AUTOMATIC INTENSITY CONTROL

AUTOMATIC INTENSITY CONTROL shall be provided.

Comp

liance is determined by inspection and functional tests.

51.10

The A

NOTE

Comp|

51.10

A posijti

USE a
compl|

a) fo

the direction of the FOCAL SPOT;

EX|
sh

b) fo
MA
wi
ing

NOTE 1

—the E

—the E

NOTE 2

51.101.

For rR

that t

~2—GridTemovat

NTI-SCATTER GRID should be removable without the use of TooLs.

This is of particularly high importance in paediatric applications.

iance is determined by inspection and functional tests.

1.3 Position of the INTERVENTIONAL REFERENCE POIN

systems with an ISOCENTRE, a pol

ADIOSEGOPY IR

ne vvalue for the low mode does not exceed 50 % of the value for the normal

S FOR

ined for

TRE in

E POINT

E AXIS
E shall

ODES OF OPERATION provided for NORMAL USE shall include two modes,
desigmated normal and low respectively, producing different REFERENCE AIR KERMA RATES),

such
mode.

Additi

nal MODES OF OPERATION may be provided, wIth REFERENCE AIR KERMA RATES |

greater than the values for the normal and low modes.

SS or

A control for the selection of any of these MODES OF OPERATION shall not also perform the
function of an IRRADIATION SWITCH.

An indication of the selected MODE OF OPERATION shall be provided at the working position of
the OPERATOR.

The EQUIPMENT shall not default to a setting with a REFERENCE AIR KERMA RATE higher than that
of the normal setting, when the EQUIPMENT is being prepared for the commencement of a
procedure.
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Compliance is determined by inspection and functional tests and also by the test procedure
given in annex EE, using the 20 cm polymethyl-methacrylate (PMMA) PHANTOM in order to
verify the ratio of the REFERENCE AIR KERMA RATES at the designated normal and low MODES OF
OPERATION.

51.101.5 Accessibility of switching between RADIOSCOPY and RADIOGRAPHY

Means to switch between RADIOSCOPY and RADIOGRAPHY shall be provided at the normal
positions of the OPERATOR.

NOTE This requirement is intended to ensure that switching can be achieved by a sole OPERATOR without change
of location and without the intervention of a second member of the operating staff

Complfiance is determined by inspection and functional tests.

51.101.6 IRRADIATION disabling switch

A swiich shall be provided to disable/enable the LOADING STA Y ) other
functipns of the EQUIPMENT. The operation of this switch e capaple of
initiating the LOADING STATE.

NOTE | For compliance with 29.1.105 of IEC 60601-2-7 (1998 E X-RAY
GENERATORS are required to be provided with means to connedt deyiceés performi in this
subclayse.

Complfiance is determined by inspectié

51.102 Information to the OPERATOR

51.102.1 PATIENT data

Inforni nd the
medic]

NOTE ate and
time of

Comp

51.102.

Upon wof the PATIENT data at the beginning of a new case, the EQUIPMENT
shall indicate.the~available image storage capacity.

When| th€ operating parameters have been entered, prior to acquiring a run, the EQUIPMENT

shall imdicate—whethertheres—suffictentstorage—space—to—store—therumrcomptetetyunder the
programmed conditions or shall state the number of frames possible or the acquisition time
available, at the frame rate and resolution selected.

In the event of the EQUIPMENT reaching a zero storage space condition because the

programmed run has been extended by the OPERATOR, at least one of the following options

may be available to the OPERATOR:

— to continue the run without image storage, currently stored images remaining available;

— to continue the current run by overwriting stored images, in accordance with overwriting
options, which shall be described in the INSTRUCTIONS FOR USE.

Compliance is determined by inspection and functional tests.
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51.102.3 Image DISPLAYS

During RADIOSCOPY, the live image shall always occupy the same DISPLAY location. The status
of all displayed images, in particular whether they are currently live or stored and, if stored,
whether they are "last-image-hold" images or previously stored reference images, shall be
indicated at their relevant DISPLAY locations.

Except when the switching of the same DISPLAY location has been effected by the OPERATOR
between the "last-image-hold" image and a previously stored reference image, the most
recently acquired image shall be displayed after the LOADING STATE has ended, until the
LOADING STATE is resumed.

NOTE 1 A DISPLAY location may be one of several separate monitor screens or a logical § jon ofthe|area of

an indiyidual monitor screen.

NOTE 2 These requirements arise from the extreme danger that occurs if an OPER Hure on

the mistaken assumption that a currently displayed image is, for example, a live o

Complfiance is determined by inspection and functional tests.

51.102.4 Dosimetric indications

During g indications shall be

provid

- wh fe’ is more than 6 per sg¢cond,
th¢ measured or estimated value of »

- wh ; estimated value of the cumulative
RH 3 gpresent the sum of AIR KERMA from
RADIOSCOPY and RADIQGR inni of the procedure. This indication shall

occur within 5 s of leavi

In adfition, an indication % I bf the
cumulative DOSE” AR O from
RADIOBCOPY and 7

NOTE

Compyi ADING
STATE|

51.10

During RARIOSCOPICALLY GUIDED INTERVENTIONAL PROCEDURES, indications of one or more|of the
follow|ngditems should be made available:

cumulative LOADING TIME of RADIOSCOPY for the whole procedure;

— cumulative LOADING TIME of RADIOSCOPY for at least one part of the procedure determined by
the OPERATOR,;

— cumulative number of RADIOGRAPHIC IRRADIATIONS for the whole procedure;

— cumulative number of RADIOGRAPHIC IRRADIATIONS for at least one part of the procedure
determined by the OPERATOR;

— integrated REFERENCE AIR KERMA for at least one part of the procedure determined by the
OPERATOR.

NOTE The DOSE AREA PRODUCT, DOSE AREA PRODUCT RATE or related values may be indicated, particularly in
training situations. However, the DOSE AREA PRODUCT is primarily used as an indicator for stochastic effects and is
not useful for predicting deterministic effects. It may be useful to momentarily indicate the DOSE AREA PRODUCT RATE
and the cumulative DOSE AREA PRODUCT at the position of the OPERATOR, by means of a toggle.
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51.102.6 Accuracy of dosimetric indications

All indications of dosimetric values on the EQUIPMENT shall be accurate to within £50 % at
values ranging from QQ to the maximum indication, where QQ is:

— 100 mGy for AIR KERMA;

— 100 pGy[3~1 for AIR KERMA RATE;

— 250 uGylin? for DOSE AREA PRODUCT;

— 0,25 uGyM23-1 for DOSE AREA PRODUCT RATE.

Comp|

The c

The c
59 (
This d
Additi
59.10

The E
CPR
positi(

Comp|
59.10

Meanj
drape
condu

1ance Is veriiied by tests WILIT appropriate dosimetric callbration.

SECTION 9: ABNORMAL OPERATION AND FAULT CONDIT
ENVIRONMENTAL TESTS

auses and subclauses of this section of the General Stang
SECTION 10: CONSTRUCTIONAL R
), except as follg

auses and subclauses of this section of the Ge

Construction and layout

bnal clauses:
| Configuration

OUIPMENT
vithin 15 s. ¥hij

n of the PATIE

b shall beprovided, and described in the INSTRUCTIONS FOR USE, for allowing prof
5 to~be attacheéd to the EQUIPMENT or its ACCESSORIES to enable procedures
cted with an appropriate level of sterility.

WS:

ed for
prking

ective
to be

Comp

liance is determined by inspection of the EQUIPMENT and the INSTRUCTIONS FOR USE.
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Annexes
The appendices of the General Standard apply, except as follows:

APPENDIX L

References — Publications mentioned in this standard

Additinn:

IEC 60529:1989, Degrees of protection provided by enclosures (IP code)

IEC 6
safety

IEC 6
safety

IEC 6
safety

IEC 6

the

he

he
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Annex AA
(normative)

Terminology — Index of defined terms

O 5T 0501 NG-2...
Clause 2 of IEC 60601-2-43 (present publication) .........cociiiiiiiiiini e 2.
O S0 722 = T rm-..-..
Namerofumitimthetntermationat-SystenSt m-..-..*
Derived term without definition ... ..ot G e e -t
Term Wwithout definition ..o AN T e
Name| of arlier UNit......o.oiiiieiiii e A ke D% N
Short@ned teIrM .. ..o o N N R e -..-..S
ABSORBED DOSE ..tiitiiitiiiiiiteiieiiteineeneeiseansiieenneineennsiieennsiirenne s SeenreoeN e AT NG D 13-08
ACCOMPANYING DOCUMENTS 82-01
P15 = I 1 1 e =1 D U S W A\ A 135-02
AR KHRMA it e e N N N {113-11
AIR KERMA (RATE) .tutitiiiietieeieeieeieeieeieeneeneenneennee e fonins e e e N e e e e e eineeineennes 3-11+
AIR KHRMA RATE ..viviiiiieiiiiieieeeeeneeeneeeeneneneneenensageabe s e e o e 3-11+
ANTI-SCATTER GRID ..ttt pgeneeneanns . 32-06
AUTONATIC INTENSITY CONTROL 36-48
COMPUTED TOMOGRAPHY ...t 41-20
DispPL 84-01
DOSE [AREA PRODUCT ...ovv o pfee e NG e N e 2.105
DOSE AREA PRODUCT (RATE .105+
DOSE AREA PRODUCT RA .105+
DOSEMETER .......cepernens 50-02
ENTRANCE FIELD@

ENTRA

FILTRA

Focal

Focal

Focal

HALF-

HIGH-

IMAGE RECEPTION AREA ..utitititiutttettettattt e eaeaea e e taetea et e e ttea e tae e rteaentaeerteaeneneaeesenenens rm-37-16
IMAGE RECEPTOR PLANE . .ttttttittittt ettt ettt et e e e e e et e e e e et e ettt e et et et e s et e st et e et e eaeaaeeenes rm-37-15
INSTRUCTIONS FOR USE .iutitititiniettitetetee e ettt et e et e et et e et e et e e et e b e e et e et e a e e e eeeeaenns rm-82-02
NI =111 o1 < rm-83-05
INTERVENTIONAL X=RAY EQUIPMENT .\ itiuiutititititiait et eaeaee et eaeaeae e e te et etan s ae it eteneeae e eaenanenens 2.103
INTERVENTIONAL REFERENCE POINT &1 utiututtttttett ettt eae e e e e e ea e e et e ee e e et et e e et e st ene e e reeeeaenanens 2.104
L3 ¥ Ny T rm-12-09
IRRADIATION S W T CH tiutiitiittiitt ittt ettt ettt et e et e e e e et et e e e teeae e e bt eae et beeaeeateeneeaneaneeeeaneanes rm-30-03
IRRADIATION TIME ettt ettt et ettt et e ettt e e et e et et e e et e e et e e e et e b et e e e et e ae e e e et eaeaeneneeaneaes rm-36-11
ST X0 =1 VI = rm-37-32
[N 0 | T =N i 1 ] = rm-36-01
IO 0TI 7 =3 rm-36-40

L0 Y 0 1T 1= rm-36-10
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YN T L= X o U= = = T rm-85-03-
IV EASURED VALUE .ttt ittt ettt ettt et et e et ettt et e ta et e e tbe et e sbeee e saeeaa e aneeneeaseaneenneaneans rm-73-08
MEDICAL DIAGNOSTIC RADIOLOGY ..o et e e e e e e aaaeeeaeeeeees rm-40-04
Y 1= 0] (o I 27N 5] (0] I 220 rm-40-03
1Y Fo Y] =R @Y =] =1 =1 =7y 1 ] N 2.101.7
NOMINAL X-RAY TUBE VOLTAGE ...uiuiiiititititi ittt ettt e ettt e e et et e et e b e e e e e eaenananens rm-36-03
NN L0] 2 11 N U 1 rm-82-04
(@] =T = Ny ] = rm-85-02
Lo 1=t Vi 162-03

o 1= ST U1 =T ] = P A NN 30-02
P ATIENT SURFACE .ttt ettt ee e nee e enenneeneenneeneennee /Nt e s N 37-18
g o TN N ] NP7 W RS VU S 154-01
PROTHCTED AREA . ittt ittt ee e eeeaaesneennesneenneaneenneene e e N NG e s e N 1163-06

PROTHCTIVE CLOTHING ..ttt itiieeeeeeaeieeeeeeaeaeeeeeeeaenenene el e Ne e e e b e e NG M-q4-05+
PROTH CTIVE DEVICE ittt ittt ettt ee e e eae e enaeeneenne e D eneeaa i 64-05
LN B 1Y I ] NN N {11-01
RADIATION APERTURE ...ttt ieieiteeeeeeeeeeaeaeneeeeeeeaenenee e e NG N er e e e e e e e eeeeeeaen, 37-26

RADIA[TION PROTECTION 60-02
RADIATION QUALITY Lottt 13-28
RADIOGRAPHY .ot e 141-06
RADIOLOGICAL .. S 140-02

RADIO[LOGICAL PROTECTION 60-03
RADIOSCOPICALLY GUIDED INTERVENTIONA 2.102
RADIOISCOPICALLY GUIDED INVASIVE PRO(C E 2.101
RADIOISCOPY uviiiiiiiiiiieiee e eeeeiaieen e N 141-01

REFERENCE AIR KERMA 2.106

REFERENCE AIR KERMA .106+
REFERENCE AIR KERMA R .106+
REFERENCE AXIS 37-03
SAFET|Y FACTOR....Y.. N2 0.11.8
SCATTERED RADIAT 11-13
SIGNIFICANT ZONEKOF \Q 63-07
STRAY RADIATION 11-12
STRUGTURAL 64-03
SUPPLY MA 12.10
1 1 R e N NN N 12.12
BN T = = 7 0 ) rm{13-48
L = B rm4{85-01
D = 0 17N 1@ 1 rm-11-01-
DG =N 2 =1 = rm-37-05+
KoRAY BEAM AXIS ittt ittt ettt e ettt et e ettt e et e a e et e et et rm-37-06+
DG 7N =T 1O 1= =1 N PP rm-20-20
D = = 1= T o TN rm-37-07+
KoRAY GENE R ATOR Lttt ittt ittt ettt et ettt ettt et s ettt et e taeee et tetae e teeaeeateaaeeseaseaeenneanesn rm-20-17
D = N A YNt = =Y =] =1 = ] = rm-32-29
X-RAY SOURCE ASSEMBLY 1ttt ittt ettt ettt ettt e eatttae ettt raeeatereeaseaneaeans rm-20-05+
DG = 2 U1 =1 = o101 =] = = N rm-36-07

KRAY TUBE VO LT AGE 1.ttt ittt ettt ettt e ettt et e ettt et ae e tb et e e ateeae e teeaeeseaneeseaneanenn rm-36-02
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Annex BB
(informative)

Indications for the need to use  EQUIPMENT
complying with this standard

Over the past 20 years, there has been a substantial increase in the use of RADIOSCOPY for
visualisation in a wide range of diagnastic and interventional procedures All indications are
that this increase will continue in the near future. These interventional procedures sometimes
requirg long periods of RADIOSCOPIC operation with, in some cases, an unchanged-posifion of
the XiRAY FIELD on the PATIENT SURFACE. It should be noted that thése procedixes ysually
provide significant advantages over alternative therapies in terms of gvers ical'outcome for
the PATIENT. Table BB.1 provides examples of interventional procedu involve
prolonged RADIOSCOPIC IRRADIATION TIMES. In addition, these/prosedures, ate performled by
varieties of clinicians with different degrees of training in R RROTESJJON. Bgcause
of th@se characteristics, these interventional procedures procedufes in
MEDICAL DIAGNOSTIC RADIOLOGY in that the possibili ic ffects sugch as
RADIATION-induced skin injury cannot be excluded.

for which determinis

Radio-frequency car/d& ca%KthIa ions
Transjugular intrahé\pati((ﬁor{osy\@}@ s%nt (TIPS)

e~ XS

[Rardﬁc\arhknowrWular}econstructions

Tablp BB.1 — Examples of prolonged @{sc ICAL INTERVENTIONAL PROCEDURES
i€ effectsof

The cpncern over ; TION-induced skin injuries as a result of some interventional
proceflures has pronp ; iés to issue special advice on the avoidance of ipjuries
durind RADIOSCO D MWTERVENTIONAL PROCEDURES 1): 2), This special advide has
included a re i EQUIPMENT features that permit estimation of the ABSPRBED
DOSE [o the skin. Thg se of this recommendation is to encourage identification of|those
areas| oy the [ are Irradiated causing levels of ABSORBED DOSE that approach or
exceed the for,deterministic injury. Such identification would be important for
RATIENT care upon the onset of symptoms of RADIATION injury or where
additional IRRADIA in the same skin area is being considered. In addition, the information
may assist ymedical” practitioners and health-care organisations in improving intervemntional
procedurés, thereby reducing the potential for injury in the future.

There are also a number of interventional procedures in MEDICAL RADIOLOGY in which the same
risks do not arise by the nature of the procedure and which, therefore, do not require the use of
EQUIPMENT having the features specified in this standard. Some examples of these procedures
are given in table BB.2.
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Table BB. 2 — Examples of RADIOSCOPICALLY
guided procedures for which deterministic effects are unlikely

IVC filter placement

Simple angioplasty

Biopsy

Dialysis access maintenance

RADIOSCOPICALLY assisted ERCP

The decision to offer equipment complying with this Particular Stan
MANURACTURER. The decision to use interventionally labelled EQUIPME
and OPERATOR of the EQUIPMENT.

Referemce documents:

1) US|Food and Drug Administration — Avoidance of serious X-ray /
fluojoscopically guided procedures. Warning issued on September 9

2) US|Food and Drug Administration — Recording information i
potential for serious X-ray induced skin injuries following flug
Segtember 15, 1995

3) Shdpe TB, Radiation-induced skin injuries fro

4) Varlo E, Arranz L, Sastre JM, Moro C, L
congiderations based on some cases of patient
71:%10 — 516

ith the

USER

during
ies the

ued on

btection
. 1998;
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Annex CC
(informative)

The INTERVENTIONAL REFERENCE POINT

This standard allows the use of an indirect indication to estimate the ABSORBED DOSE to the

skin. The estimate could be drawn from the indications of X-RAY EQUIPMENT parameters
followed by a calculation of the primary AIR KERMA or AIR KERMA RATE at a pomt specified with
reference to the FocaL spoT. The specified point, which has been defined here~as the
INTERYENTIONAL REFERENCE POINT, is intended to be representative of the(point™af intergection
of thgd X-RAY BEAM AXIS with the PATIENT. For systems with an 1sog : n the
REFERENCE AXIS 15 cm from the ISOCENTRE towards the FOCAL SPOT ed ps the
INTERYENTIONAL REFERENCE POINT. This distance is assumed to repre ' imation
of the|value of the actual FOCAL SPOT TO SKIN DISTANCE during i ion .[If one
considers currently available methods to estimate ABSORBED es for
RADIOBCOPIC and cine-angiographic examinations of the cq 2 ek j ,|these
methgds rely on the use of distinct operating conditions MOAY i DGICAL
examinations of the heart. These operating conditio i i rterial
projegtion, and technique factors on the X-RAY EQ LTAGE
(kV), the HALF-VALUE LAYER (HVL), the FOCAL SPQ IMAGE
RECEHATOR DISTANCE and the ENTRANCE FI& ; erived
from analyses of practice 3).6) indicates.thatth . s, in
fact, a fair approximation of the FOCAL v hately,
simila data are not available for non-c

The grror in estimating ; [ in i efined
INTERYENTIONAL REFERENC i i ure is
composed of multiple ) i a few
views| the possibility © i (imati i igher.
Howevyer, even p iti vo. Of
cours¢, most of T and
calculpting the apprgpria

The standard 5 th 3li i i lefined
INTERYENTION ‘ i . In this casg, the
INTERYENY T is located at a position, defined by the MANUFACTURER to be
reprege of intersection of the REFERENCE AXIS with the PATIENT SURFACE, and
stated in the NG DOCUMENTS. Examples of situations where the MANUFAC[TURER
would|use this_alternative method of defining the INTERVENTIONAL REFERENCE POINT, wolld be
EQUIPMENT~ that senges the actual FOCAL-SPOT-TO-SKIN DISTANCE, deviates from traditional
geometry,0r' has a fixed FOCAL SPOT TO SKIN DISTANCE.
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Annex DD
(informative)

Cleaning and disinfection

The need for the development of this standard in this area arises from the nature of
interventional procedures and the heightened awareness of the risk of transmission of
potentially lethal organisms. Whilst incisions made during interventional procedures are small,
large |blood vessels and collections of body fluids (for example, abscesses) are frequently
directly accessed with catheters or tubes. Arising from this, blood and body fluids may spill on

to or also involve
copiodis quantities of fluids being used to wash or flush away debris ( hese
fluids ereby
produgi S em for
maintg 0 to severa| litres
of sali a passikility ofsuch occurfences
may | S giving
carefy

The p , AR have fluids or deposits lodge in
cracks ’ - a' infection. This, in turn, gives
rise td the use of cleaning and disinfection ag i nay achjieve their own aims adnirably
but, in doing so, can give rise to electricakhazards fle EQUIPMENT surfaces to|which

they are applied. Again, such proble

reduced at the design stage, gnd by
giving|explicit instructions on cleaning
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Annex EE
(normative)

Procedure for measuring REFERENCE AIR KERMA (RATE)

EE.1 General

EE.1. Htrodueten

In thig standard, the required statements of AIR KERMA and AIR KERMA RA sed as

values of REFERENCE AIR KERMA (RATE), the applicable position [IONAL
REFERENCE POINT being designated in accordance with 51.101.3. nerally
approkimates to the position of the PATIENT SURFACE, but does with it
under|all conditions. The concept, supported by the measurin bre, is

intended to provide a uniform method for stating the~Al groduced by
INTERYENTIONAL X-RAY EQUIPMENT in NORMAL USE. This té&st i ed on the lse of
specific polymethyl-methacrylate (PMMA) PHANTO conditions| The

compliance criteria stated in this procedure allow fg 8 Stated
values ifi i s_peésulting from the test.
For thi S\ PA bility and the actual ¢linical
config i , : ded as accurate measures

of X-R

In additi tatements made in accordance with
this sfandard, the method ¢ i situations, such as those whefe it is
requirpd to determine or RATE) applying at any time to examples
of INTERVENTIONAL X- Iitions of NORMAL USE, or to investigate
the dgpendence of the on selected MODES OF OPERATION or pn the
settings of variable uch additional uses, however, are not |within
the ngrmative in@

EE.1.2

INTER \ ENT may be equipped with means for manually or automatically
config 3 i oters for different intended uses. In addition, different opgrating
paraniet pe required to comply with differing national regulations and prefer¢nces.

Requirem ) y 6.8.2 bb) for details of MODES OF OPERATION and certain| other
availaple setting ated. In 6.8.2 cc) the associated values of REFERENCE AIR KERMA
(RATE] are requ be given, together with the configurations and test geometries by|which
they g¢an pe\verifiedby the method described in this annex. The first stage of compgliance
testing .iS-to” check this mformatlon (other than the dosimetric values) for compllance Wth the
requiremen 5, it is
used in the measuring procedure to verify the compliance of the stated values of REFERENCE
AIR KERMA (RATE). Otherwise, the EQUIPMENT is considered non-compliant without further
testing. Thus, the EQUIPMENT is delivered with a set of verified values and also with sufficient
information to enable the values to be re-checked at any time. It is emphasised that, in any
circumstances, the test method is intended to be applied only in respect of conditions that are
within the range of NORMAL USE.

EE.2 Test equipment
EE.2.1 PHANTOM

Material: Polymethyl-methacrylate (PMMA)
Rectangular blocks with sides equal to or exceeding 25 cm
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