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SUMMARY: The Food and Drug Administration (FDA) is proposihg to amend
the performance standard for diagnostic x-ray systems and their major
components. The agency is taking this‘Aa”ction to update the standard to éccOunt ,
for changes in technology and use of radiographic,axild fluoroscopic systems

as well as to fully utilize the currently accepted metric system of units in the
standard. For clarity and ease of understanding, FDA is republishing the
complete contents of the affected regulations. This action is being taken under
the Federal Food, D\rug; and Cosmetic Act (the act), és anylyended‘ by the Safe |
Medical Devices Act of 1990 (SMDA).

DATES: Submit written or electronic comments by [insert date 120 days after

date of publication in the F ederal,,Registér]. See SGCthIlHIOf thls document S

for the proposed effective date of a final rule based on this document: Submit
written comments on the information collection rgqilireménts by [insert date
30 days after date of publication 1n the Federal R’égfster] . N
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ADDRESSES: Submit ertten comments t6 the Dockets Management Branch
(HFA—305), Food and Drug Admmlstratmn 5630 Flshers Lane, rm. 1061
Rockville, MD 20852. Submit electromc comments to http //www.fda.gov/
dockets/ecomments. Submit written comments regardlng the 1nformat10n |

collection requirements to the Office of Informatmn and Regulatory Affa1rs ”

Office of Management and Budget (OMB), New ‘Executw‘e Offlce Bldg., 725
17th St., NW. rm. 10235, Washington, DC 205’03; Attn: Deak ‘Offieer fer FDA.

FOR FURTHER INFORMATION CONTACT: Thomas B. Shope, Center for Deviees and -
Radiological Health (HFZ-140), Food andDrugAdmlnlstrann,9200Corporate
Blvd., Rockville, MD 20850, 301-443-3314, ext. 132. |
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I. Background

The SMDA (Pubhc Law1(1)1‘,—629)>_transferred the prov151ons of the N |
Radiation Control for Health and'u‘Safety Act of1968(RCHSA) (Pubthaw 90-
602) from title III of the Public Health Service Act (PHS Act) (42 U;S.C: 201
et seq.) to chapter V of the act (21 U.S.C. 301 et seq ). Under'the'act FDA
administers an electronic product radiation control program to protect the
public health and safety. FDA also develops and admlmsters radlatlon safety
performance standards for electromc products

The purpose of the performance standard and these proPOSed amendments'
‘is to improve the public health by reducing exposure to and the detriment
associated with unnecessary ionizing radiation from dlagnostlc x-Tay systems
while assuring the clinical ut111ty of the i 1mages

In order for mandatory performance standards to prov1de the 1ntended
public health protection, the standards must be modlfled When approprlate |
to reflect changes in technology or product usage. A number of technologlcal
developments have been or will soon be implemented for radiographic and

fluoroscopic x-ray systems. Such developments, however, are not addressed |



in the current standard, but have presented problems in the appIiCation of the
current performance standard. | | | -
FDA thus is proposing to amend the performance standard for di‘agnostic

x-ray systems and their major components in §§ 1020.30, 1020 31, 1020 32 and

1020.33(h) (21 CFR 1020.30, 1020.31, 1020.32, and 1020 33(h])

These proposed amendments will require add1t1ona1 features on newly
manufactured x-ray systems that physicians may use to minimiZe'xiray"‘\
exposures to patients. Advances in technology have made several of these
newly required features possible or feasible a'f mlnlmal cost.

~In the Federal Reglster of August 15, 1972 (37 FR 16461) FDA 1ssued 2

a final rule for the performance standard Wthh became effectlve on August . | | : | ,

1, 1974. S1nce then FDA has made several amendments to the performance
standard to incorporate new technology, to clarlfy mlslnterpreted prov151ons
or to incorporate additional requirements necessary to prov1de for adequate
radiation safety of diagnostic x-ray systems. (See, e.g., amendments published
on October 7, 1974 (39 FR 36008) February 25 1977 (42 FR 10983) September
2, 1977 (42 FR 44230); November 8,1977 (42 FR 58167) May 22 1979 (44 |
FR 29653); August 24, 1979 (44 FR 49667); November 30, 1979 (44 FR 68822);”
April 25, 1980 (45 FR 27927); August 31, 1984 @g"FRf“sz;egg);‘ May 3, 1993

(58 FR 26386); May 19, 1994 (59 FR 26402); and July 2, 1999 (64 FR 35924)).

In the Federal Register of December 11, 1097 (62 FR 65235), FDA issued
an advance notice of proposed rulemaking requesting comments on the |
proposed conceptual changes to the performance standard’. Theagencyj“ :
received 12 comments from State and local radiation COntro;l agencies,
manufacturers, and a manufacturer organization. FDA considered these

comments in developing this proposal. In addition, the concepts embodied in



these proposed amendments were dlsCUSSedoﬁApnl 81997 , durlng a pubhc o

meeting of the Technical Electronic,,Product Radlatlon Safety Standar‘d‘s ‘

Committee (TEPRSSC). TEPRSSC is a statutory advrsory commlttee (21 usc.

electronic product performance standard under the act The proposed
amendments themselves were dlscussed in detall W1th the TEPRSSC durmg o

its meeting on September 23 and 24 1998 TEPRSSC approved the content ‘

of the proposed amendments and concurred with their“publication for public: .

- comment

The proposed amendments descnbed in sectlon T of thlS document may
be c0n31dered as nine 51gn1f1cant amendments to the Current standard and
several other minor supportlng changes, correctrons, or clarlhcatrons. The nme B
princip‘al amendments fall into the following three categories‘ | |

1. Amendments requiring changes to equlpment design and performance

2. Amendments designed to 1mprove use of ﬂuoroscoplc systems by
requiring enhanced information to users; and ‘

3. Amendments applying the standard to new;'features_andwtechnolo‘g‘ies .

associated with fluoroscopic systems.

1. Proposed Amendments to the Performance Standard for Diagnostic X-Ray

Systems and Their Major Components
A. Change in the Quantity Used to Des‘cribe_X}Rbdidtioanrgom EXpOSi‘iré to
Air Kerma

FDA proposes to change the quantrty and the assoc1ated unit used to

describe the radiation emltted by the x-ray tube or absorbed in air. The

radiation quantity “exposure’ Would be replaced by the ‘quantlty ‘air kerma.”



The units used to describe these quantltles Would he changed accordmgly

throughout the standard, wherever approprlate

The International System of Unlts (SI) was named and adopted at the 11th |
General Conference on Welghts and Measures (GCWM) in 1960 as an extensmn
of the earlier metric systems. The SI, also referred to as the metric system,
is the approved system of units for use in the United States. The U.S.
Department of Commerce published an “InterpretatiOn and Modification of the
International System of Units for the United States"'"“in”the"Federal”Register
on December 10, 1976 which set forth the 1nterpretat10n of the SI system for
the United States. The Omnlbus Trade and Competltlveness Act of 1998 |
amended the Metrlc Conversmn Act of 1975 to requlre each Federal agency o
to use the metric SI system in its act1v1t1es ‘The FDA pohcy for use of metrlc
measurements is described in a a March 19, 1990 memorandum Thls pohcy
calls for use of the metric unlte followed by a pkarenthetrc 1nch-pound”’ |
declaration unless there is a cogent reason not to utilize ‘dual metric and “inch-
pound” measurements. The policy notes that there should he' few such
exceptions. |

One of the objectives of the‘In'ternational Commiseio‘n on Radiation Units
and Measurements (ICRU) is to develop 1nternatlonally accepted -
recommendations regarding quantities and un1ts of radiation and rad10act1v1ty
_The ICRU recommendations often form the bas1:§ of GCWM act\lons‘, In1 998,
the ICRU published its Report 60, “andamental Qnantitieeand Units for
Ionizing Radiation,” superseding its previous Report 33. Report 60 uses the
SI units and special names for some radiation,units,(Ref. 1) The ICRU had

suggested phasing out by 1985 the use of certain sp‘ecial quantities‘ and units



8
that were not part of the SI system, including the spec1al un1t ofexposure, |
the roentgen (R). R o |
The current Federal performance’standard,for divag’nostkic x;ray eduipment
uses the special quantity exposure to describe the radiation emitted:fronr an
x-ray system. In the Federal Register of May 3, 1993 (59 FRZBS‘BG); FDA
published a final rule which made a partial transition to the SI units by

changing the unit for exposure from “‘roentgen” (R) to * ‘coulomb per ‘kildgmm@

(C/kg). This change required using an awkward .’C:onve_rsionﬂ factor of 2.58 x 104

C/kg per R.

In view of current trends, scientific practice the U.S. poliCy, and FDA

directives, FDA proposes that a complete convers1on be made to the SI

quantltles and units by amendmg the standard to requlre usmg the quantlty w

air kerma in place of the quantity exposure. Add1t1onally, the agency proposes

that, in making this convers1on , the absolute magmtude of the llIIlltS on I

radiation contained in the standard not be changed ThlS requ1res that the “
limits, when expressed in the new quantlty air kerma and its unlt the gray,
be expressed with numerical values different from the current limits that use
the quantity exposure. ‘

In its recent reports, the National Council on Radiation Protection and
Measurement (NCRP) adopted the use of the SfI‘qUantity kerma, in particular |
air kerma, to describe the radiation emitted from an x-ray system This change
in the NCRP recommendatlons was made W1thout s1gn1f1cant concern that
previous limits in the voluntary recommendatlons were shghtly 1ncreased by
this change when numerical values for the llmlts were not changed but were

expressed in the new units. Thrs change in the NCRPrecommendatrons |



resulted in an increase in the Iimits, compared ta ‘pféifiouS"recomm‘eﬁ‘dations,' '
of about 15 percent. | | | |
FDA is not proposing such ‘an increaseinj thlS proposald.“ ‘Instead,:f‘DAfis |
proposing that the numerical values for limits in the standard "rela'ti‘n‘g to
radiation, when expréssed in the new ,quantity,be changedas_ well so the new
limits will be equivalent to the current limits, thereby makmg no change to
the level of radiation protectlon prov1ded by the standard FDA has dropped
earlier draft proposals to change the numencal values in a manner 31m11ar to o
the changes made to the voluntary recommendatlon‘s by the NCRP because of
several comments that were received. The comments ob]ected to any changes
to the level of radiation protection prov1ded by the hmlts in the current |

mandatory standard.

This proposed approach to the numerical limits results in numerical
values that are not'integer numbers or multiples of 5 or 10, as is the case in
the current standard, when limits are expressed in the non-SI umt for
exposure, roentgen For example the current hmlt for an exposure rate of 10
R/minute (R/min), 2.58 x 10-3 C/kg per min, becomes an a1r kerma rate (AKR)
limit of 88 milligray per minute (mGy/min) under the proposed approach

FDA is proposing neW"deflmtlons of the quant_ltles}‘l%(erma,, as used by the
ICRU, and air kerma in § 1020.30(b). Because the quantity ai’rk‘erma isa
different quantity from exposure and not numerically equivalent, FDA is
propo‘singin the amended standard to expressthe limits in terms of alrkerma |
and indicate the equivalent limit in terms of exposure usmg the Wordu‘”‘_\(‘ice”
to indicate this equivalencet Thus, the changev descrlbed abovewouldbeglven " |

in the proposed amendments as a limit expressed as “88 mGy/min (vice 10



10
R/min)” indicating that the new limit of 88 mGy/min airfil;(wermahis’equiVaIent
to the previous limit 10 R/ min exposure.

Current International ElectroteChnical Comm1ss1on (IEC) s:tvandards for
diagnostic x-ray systems use the quantity air kerma :to describe the,radizition o
emitted by the x-ray system. The current limits on maximum ﬂuoroScopic

“exposure rates in theperformance standardv We‘r"’e ves‘tahlished to be COnSi'stentf |
with the recommendation of the NCRP. The proposed amendment maintains
agreement between the performance standard and the voluntary standards in
terms of the quantities and units used But in order to mamtam the current

level of radiation protectlon and in response to the comments recelved the

" change results in numerical hmlts for some of the requrrements d1fferent from .

those used in the current recommendatlons of the NCRP

The term “exposure” is also used W1th a second meanlng in the ”
performance standard that does not refer to a quant1ty of rad1at10n as defrned
here. The second meaning of “ exposure refers to the process or cond1t10n ‘
during which the x-ray tube is activated by a flowwoff current to the anode
and radiation is produced. The second meaninggof eXposureWill continue to
be used where appropriate. FDA is proposing to rev_ise_ the definition of the
quantity exposure in § 1020.30(b) tomatch the current ICRU definition.\ '

FDA also proposes in § 1020.30(b) to amend the definitions of “half- value

layer” (HVL) and “x-ray field” to reflect the change from the quantlty exposure" |

to air kerma.



B. Clarification of App]ic/abi]ity}of Requ1rementstoAccount for Téchhblogical o
Developments in F]uoroscopm X-Ray Systems Such as D1g1ta1 Imagmg, D1g1ta]
Recording, and New Types of SoI1d State X- Ray Imagmg DeVJCes ‘

When the performance standardwas orlgmally developed the onlymeans |
for producing a fluoroscopic i 1mage was either a screen of ﬂuorescent mater1a1
or an x-ray image intensifier tube. Thus, the standard was orlglnally wrltten
with these two types of image receptors in m1nd The advent of new types
of image receptors, such as solid-state x-ray 1mag1ng (SSXI) dev1ces and new
modes of image recording, such as dlgltal recordlng to computer memory or
other media, has made the apphcatlon of the current standard to systems
incorporating these new technologles cumbersome and awkward These new
aspects of fluoroscopic system de31gn have requlred a serles of 1nterpretat10nsw
to apply the standard appropriately. With this in mind, FDA proposes to
amend the performance standard to recognize these new types of image )
receptors and modes of image recording and to clarlfy how the requirements |

of the standard apply in each case. This amendment would result in replacing

the terms ‘“x-ray image intensifier”” or ‘‘image intensifier” with the more

general term “fluoroscopic image receptor” in numerous sections.

Although the basic radiation ‘protection and ‘s\afetyrequirements for
fluoroscopic equipment in the performance standard are based on the presence
of an x-ray image intensifier, these requirements are also appropriate for newer
imaging systems that do not use an x-ray image intensifier. The newer imaging’
systems may incorporate an image receptor consisti‘ng of an 'absorhing’ material
and an array of solid state transducers that intercepts X—ray 'photOns and
d1rect1y converts the photon energy 1nto a modulated electrlcal 31gnal The

signal often goes through analog—to d1g1ta1 conversmn as part of the 1mage
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formation process to perform both fluoroscopy and radlography FDA proposes

to modify the structure and organization of the standard to address thls new o

type of x-ray imaging equlpment The spec1f1c changes proposed are descr1bed -

below in section I1.C of this document

For SSXI, new performance considerations are relevant because of the f
different construction and the use of solid- state materlals such as 31hcon and
selenlum These new con31derat10ns 1nclude Changes in spat1a1 resolution, as
quantified in the modulation transfer function (MTF), dynamlc range, and
detective quantum efficiency; the introduction ofahasmgartlfacts reduced o
geometrical efficiency (fill factor) and dlfferences in the range of quantum—
limited operation when compared to the older vacuum tube-based ﬂuoroscoplc
equipment. Because consensus is not available on someﬂ,‘aspects of the,r
performance for these new devices, the agency has relied on premarket review
and associated guidance documents to providethe necessary radiation safety
control for these devices. (See, e.g., the “Guidance fOr the Submrss1on of
510(k)s for Solid State X-Ray Imaging Devices " (Ref 2) ) |

An example of a new performance con31derat10n for the SSXI is the active

detector area. Because of the need for electrlcal separatlon/ insulation between

individual detector elements, the detector area has both active and inactive

regions, in terms of detecting image information The relative areas of the
active and 1nact1ve detector areas are usually descrrbed in terms of the flll

factor. The fill factor to a first approx1mat10n 1s the plxel area (actlve area

in terms of image formation) times the number of pixels d1v1ded by the total -

detector area exposed to the input image flux.

The fill factor and other characteristics ;can;ha\(eysigniﬁcant effects on

imaging performance. The imaging performance must also be considered when
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obtaining a complete picture of the effectiveness of these devrces Although o
FDA is not offering’ specific proposals for imagingperformance at this time,
FDA is inviting comment on poSSible approaches to ensur"ingradi‘at‘i’o‘n o

protection and safety in the application of these SSXI devices.

C. Changes and Add1t10ns to Deﬁmtmns and App]1cab1]1ty Statements

To address the changes in technology and the new types of i 1mage receptors
and to allow these items to be appropr1ately 1ntegrated into the standard FDA
proposes the following changes in deflnltlons and apphcablllty sectlons of the
standard. The changes in deflnltlons descrlbed here are in addltlon to those

descrlbed above in sectron I1. A of thlS document

First, in §1020. 30(b) FDA proposes to amend the def1n1t1on of

2y S6S b A1 1

“fluoroscopic imaging assembly,” “image receptor spot -film device,” and N

“x-ray table” by removing the reference to an x- ray 1mage 1nten51f1er as the

descriptor of the image receptor or by replacmg 1mage 1ntensrf1er W1th the more -

general term ﬂuoroscoplc image receptor.r N B D
Second, FDA also proposes in § 1020.30(h) toamend th,e definition of’the |

term “‘recording” by removing the word “permanent” and replaCing itwith

the word ‘“‘retrievable,” and to remove the examples of ¢ recordmg, to clarlfy

the definition of the term recordlng in the context of 1mages stored on

recording media other than film.

Third, in § 1020.30(b), FDA ‘proposes to clarlfy the apphcablhty of the -
standard or to bring precision to the meaning of spec1f1c requlrements by
adding definitions for the terms solid state x- ray 1mag1ng dev1ce ﬂuoroscopy, -
radiography, non-image 1nten51f1ed ﬂuoroscopy, automatlc exposure rate |
control, isocenter, last image hold‘ (LIH) radlograph, mode of operatlon, and - '

source-skin distance (SSD).



Last, under § 1020.30(b), FDA proposes to add adefimtlonof“lateral o
fluoroscope” to clarify thedistinction between alateral ﬂuoroscopeandwhat |

is commonly referred to as a C-arm fluoroscope. In an August 29, 1977,

Compliance Policy Guide FDA déScribed thegeometryformeasurmg, durlng | o

a compliance test, the entrance exposure rate for lateral fluoroscopes The
standard does not define a system by the way it is used but allows the ] ‘, |
manufacturer to specify the use for Wthh the equipment is de51gned The
design of the system determmes whether the system is a C arm or a lateral

fluoroscope. If the system isa C -arm, 1t is tested usmg the test geometry for -

a C -arm system, even if it is used w1th a lateral beam d1rect10n b the system R

is a dedicated lateral ﬂuoroscope used with a brplane system the more
restrictive measurement geometry, as described for a lateral ﬂuoroscope in the
Current §1020.32(d)(4)(iv) and (e)(3)(iv), w1ll be used ThlS test geometry is

described in proposed § 1020. 32(d)(3)(v)

The lateral fluoroscope consists of a support structure holdlng a tube
housing assembly and a ﬂuoroscoplc 1mag1ng assembly with the x-ray beam
in a lateral projection parallel to the plane of the tabletop. Thus, the geometry
of the source and i 1mage receptor is f1xed relat1ve to the patrent or x-ray table.
The entrance air kerma would be measured w1th the rad1at10n measurement : -
instrument detector placed 15 centlmeters (cm) from the center of the table
in the direction toward the x- ray source. (Thls posmon is considered to be
" typical of the entrance skin surface of the patlent ) Durmg the measurement :
the tube housing assembly is positioned as close to this locatlon as allowed
by the system. For C-arm system measurement geometry, t_he patient 1s |
assumed to be as close to the image receptor "afs po‘ssibleand? therefore, the

detector is placed 30 cm from the entrance surface of the image receptor. In
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a lateral fluoroscope, the patient cannot be placed against the tmage receptor,

and the measurement point isreferenced to the center of the table. The =~

standard does not require that the table have the centerlme 1nd1cated Testlng
is performed relative to the centerlme and the center is located by ,, |
measurement if necessary.

Additionally, FDA proposes to correct twomlnortypographlcal errors that
were introduced into the definitions of “leakage technique factors” and “spot-
film devi’ce” in the May 3, 19913'“Federal Register | | o

FDA proposes in §§1020.31 and 1020. 32 to amend the applrcablllty
statements by removmg the reference to an x- ray 1mage mtensrﬁer as the | |
‘descrlptor of the image receptor used to dlstlngmsh between radlography and
fluoroscopy. FDA proposes to further modify the appllcablllty statements to

clearly identify the type of X-ray imaging equrprnent to wh1ch each sectlon

applies and to CllStlIlglllSh between radrographm and ﬂuoroscoplc 1magmg

Additionally, to complete the tran31t1on to the use of the termrnology

“ﬂuoroscoplc 1mage receptor ” FDA proposes 1n § 1020 32(a)(1) and (a)(z) to | " -

replace the term “ image 1nten31f1er w1th the r more 1nclus1ve term

“fluoroscopic image receptor” to reflect the changes m fluoroscop1c 1mage

-receptor technology and des1gn ThlS change erl therefore 1nclude SSXI
devices, x-ray image intensifiers, and other ﬂu:oroscoprc image receptors within
the transmission limit and measurement criteria‘of paragraphs (a)“(i) and (a)(2).

~ Similarly, FDA proposes in § 1020. 32(g) to remove 1mage 1ntens1f1ed
ﬂuoroscope and add in its place the generic term “ﬂuoroscope m the
description of the requ1rement for mlnlmum SSD for systems 1ntended for

specrflc surgical applications.
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Finally, in §1020.32(i), FDA proposes to remove the term “intensified

imaging and add in its place image receptor 1ncorporat1ng more than a “

simple fluorescent screen.” This removes the reference toa spec1flc type of

fluoroscopic image receptor, the i image 1nten51f1er, and includes all types of

receptors other than a simple fluorescent screen as meeting the requirement

of §1020.32(i).

D. Information to be Provided to Users (§1 02030{]1)] o

FDA proposes to add two paragraphs to §102030(h)Proposed S

§1020.30(h)(5) and (h)(6) Would require 'In'anufacturefsftomp‘i‘ovide in the e

instructions for users additional information regarding fluoroscopic x-ray

systems. | R R I e A SR e
Recent developments in the technol‘ogy O fﬂuoros coplcsyste mshav é

resulted in equipment being 1ncreasmgly prov1ded W1th a varlety of spec1al

modes of operation and methods of recording ﬂuoroscoplc images. Some of

these modes of operation may s1gn1f1cantly increase the entrance AKR to the
patient compared to oonventlonal ﬂuoroscopy There 1s concern that the
operating instructions promded with the ﬂuoroscoplc system lack suff101ent
information concerning the characterlstlcs of these spemal modes of operatlon
to permit the operator to adequately evaluate the 1ncreased rad1at1on output
and consequent increased exposure to the patlent and operator from these
modes of operation. There is typically little 1nformat10n provlded touse}rys‘ on V
the clinical procedure(s) for which each mOde;v‘v’;as de51gned r’esul‘ting’:in o

potential inappropriate apphcatlon of the mode by a user who is not fully '

aware of the intended apphcatlon of the partlcular mode of operatlon D

Proposed § 1020. 30(h)(5) would requ1re that the 1nformat10n prov1ded to

| 'users contain a detailed descrlptlon of each mode of operat1on and speolflc
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instructions on the manner in- whrch the mode 1s engaged or dlsengaged The o

manufacturer would also be requlred to prov1de 1nformatlon on the Spe

types of clinical procedures or imaging tasks for which the mode is intended' “

and instructions on how each mode should be used Th1s 1nformat10n 1s to S

be prov1ded in a special sectron of the user’s 1nstructlon manual or in a o
separate manual devoted to thlS ‘purpose. o T

Section 1020. 30(h)(1)(1) of the performance standard states that the . -
information to users shall contain “Adequate 1nstructrons concernlng any

radiological safety procedures and precautrons Wthh may be necessary

because of unique features of the equlpment FOEE FDA con51ders any mode

of operation that yields an entrance AKR above 88 mGy/mrn to be a umque
feature of the specific ﬂuoroscoplpc equl‘pment and thus m’ust have a full and o
complete description in the instructions for its use.

FDA is also of the opinion that, for modes of operation where the entrance
AKR exceeds 88 mGy/min, the manu:facturer should provi‘de detailed | o
information to permlt the user to assess the exposure to the patlent relatlve
to that dehvered in the normal mode of operatlon Such 1nformatlon would

give operators 1mportant radlatlon safety data w1th Wh1ch to make better

judgments on the possible hazards involved with a particular procedure. FDA

has learned that, because 'Of the mul‘ﬁp‘le“numb‘ei Of‘"m”od‘es andoptlons S

available with many of the systems many users are not aware of when or how -

such modes are engaged and drsengaged or the rad1at1on output consequences |

of such modes. FDA had orlglnally considered requlrmg the manufacturer to o
provide data on the entrance AKRs for each mode of operatlon of the o
fluoroscopic system. However, the large number of poss1ble combmatlons of

modes and options for operatlon avarlable W1th many of the | systems makes
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this 1mpract1cal The proposed amendment descr1bed mll ectlon k I of thlS R

document would require the manufacturer to prov1de a chsplay of the AKR
and cumulat1ve air kerma. W1th this 1nformat10n the user 1s made aware of

the relative changes in the AKR when changlng from one mode of operatlon

to another. Awareness of such changes W1ll 1nform the user of the relat1ve .

output changes of the system as a funct1on of mode of operatmn pat1ent size,”
and system geometry.
FDA believes that manufa(jturers are alrééldy prov ihding much Of'the' R

information proposed in this requ1rement However the 1nformat1on may not

be displayed in a separate section of the manual where users can read1ly f1nd A

it, and the information may not contam enough detalled 1nformatlon on the |
intended use of the various modes of operat1on ,}to assure proper juse of the

system.

Proposed § 1020.30(h)(6) would require manu;facturers 't’o‘p‘faxfiaé'uéérS' E

with information regarding the new features of ﬂ’ﬁafa“s‘ecspia"“sy"‘s“‘tém“‘“s ”dé‘sér’i’héd -

in proposed § 1020.32(k). Proposed §1020. 30(h)(6) would also requlre ‘
manufacturers to provide information regarding the dlsplay of Values of AKR

and cumulatlve air kerma. This 1nformat10n will 1nclude a statement of the

maximum deviation of the actual values of AKR and cumulatrve air kerma from o

their displayed values, maintenance and 1nstrumentat10n cahbratmn -
information, and a description of the spatial coo‘rdinates ,of thereference

location for which the displayed values are given.
E. Increase in Minimum Ha]f-Va]ue Layer (§ 1020‘;30(m)( 1) ]
FDA proposes to modify the requlrement for m1n1mum HVL to recogmze

changes in x-ray tube and x-ray generator technology over the last few decades.
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The use of x-ray filtration to 1ncreasethequahtyor homogenelty ofan R

X-ray beam through selective absorption of the low energy photons hae/been

a recommended practice for a long time. A 1968 report pubhshedbyNCRP .

(appendix B, table 3, in Ref. 3)} provides the beam quality in terms of HVL,

as a function of tube potential, that would result from uspeoi‘f‘ied valnes vof total
x-ray filtration in the x—ray beam. However, thevalues of HVLlnthetable |
would only result if one used the NCRP sngge‘st’ed values of totaf "filgtration“ |
in diagnostic x-ray equipment of that era (1 e., the 19603 to early 19705) It o
should be noted that dlagnostlc X- ray equlpment of that era was oharaotenzed
by x-ray tubes w1th a large X- ray target angle and X- ray generators w1th
31gn1f1cant r1pp1e in the hlgh voltage Waveform (e g., an x-ray target angle of

22° and a high voltage ripple of 25 percent).

The requirements on beam quahty in the ourrent IEC international
standard (Ref. 4) are also ,expressed ina 31m11ar manner as the NCRP Report o

No. 33 (i.e., a total filtration requirement plus a set of minimum HVL'vaIUeS).

The Institute of Physical Sciences in“’Medicinehas ree‘entl‘yl published a report

which can be used to estimate the 'to,:tial filtratibrr fromHVL data asafunctmn -

of x-ray target angle and high voltage ripple (Ref. 5‘).“ These data point out the | |
lack of correspondence between a total flltratron of 2 5 mllhmeters (mm) of
aluminum and the minimum HVL requlrements in the performance standard

for state-of-the-art x- ray equipment (e.g., an x- ray target angle of 12° and a h1gh

voltage rlpple of 10 percent) For these types of equ1pment the minimum HVL' o

reqmrements in the performanoe standard can be met w1th about 1 8 mm of
total filtration versus the required 2.5 mm of total fl,ltratlon‘as‘ spemfled in the ,
IEC standard (Ref. 4). Only eqnipment with 1arge xéray target\anglﬂes_(zyz_yé)“ and

a great deal of high VOltage ripple (25 percent); n;e‘e"d;,a: totaiifiitr,atiOn ofk 25
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standard In terms of skin—sparing effect, the performanoe—oriented set of |
minimum HVL values in the performance standard have not kept up W1th |
changes in x- -Tay equipment When compared to the de51gn orlented B

requirement of a total frltratlon of 2.5 mm of alumlnum

For these reasons, FDA proposes to mcrease the minimum HVL values

for radiographic and ﬂuoroscopic equipment exovluding mammography |
equipment and dental equipment designed for use Wlth 1ntraoral image
reoeptors The proposed minimum HVL values represent the Values obtalned
with a total filtration of 2.5 mm of alumlnum on state- of—the art dlagnostlc X~
ray equlpment (i.e., an x- ray target angle of 12° and a h1gh Voltage rrpple of
10 percent). FDA used the data in the Instltute of Physmal Sciences i in
Medlcrne Teport to arrive at the proposed m1n1mum HVL values. |

As a separate x-ray filtration issue, there has ‘been a substantial inorea‘Se |
over the past 20 years in the use of x-ray ﬂuoroscopy as a v1suahzatlon tool
for a wide range of diagnostic and therapeutlo prooedures Beoause of the long |
catheter manipulation times and the need, in some cases, for a statlonary X-
ray field, these procedures have the potent1al sometnnes reahzed for hlgh |

radiation dose to patients and clinical personnel (Ref 6). In faot the agency

has been actively 1nvolved in promotmg recommendatrons for the avmdance -

of serious, x- ray-induced, skin injuries to patlents durmg ﬂuoroscoprcally-

guided interventional procedures. As a result, there continues to be an 1nterest o

in dose reduction techniques for these prOcedures. o

In general the addition of either beam- hardemng or K- edge x—ray fllters

can prov1de a srgn1f1oant reduotlon in the « exposure partloularly sk1n exposure

to the patient. However, this reduotlon in exposure is aocompamed by an



attendant increase in tube load (Ref. 7). Tt shouldhe

recommendations of the work g group on the techmcal aspects of ﬂuoroscopy
at the 1992 American College of Radlology (ACR)/FDA Workshop on -

fluoroscopy (Ref. 8) was to increase the minimumHVL. The{refore, FDA is also

fted that one of the .

proposiag an additionsl requirement for fluoroscopic xsay systoms

incorporating x-ray tubes thigh heat-load capacity. Manufacturers of these

systems would be required to provide a means, at the user’s option, for adding

additional x-ray filtration over and above the amount needed to meet the |

proposed new minimum HVL values. This requlrement is based on the ,

assumption that x-ray tubes w1th h1gh heat- load capamty are typlcally re ulred -

or provided on equipment desrgned for use in 1ntervent10nal procedures due -

to the imaging task requirements and the extended exposure t1mes assoc1ated
with interventional procedures. The method ofc‘lmplementatlon and the actual ,
values of additional filtration to realize thel‘eductlonlnSkmexposure will

be left to the discretion of the manufacturer. ,

F. Change in the Requirement for Fluoroscopic X—RayFw]d L1m1tat10nand B
Alignment (§ 1020.32(b)) | |

FDA proposes to reorganize and add new paragraphs to § 1020. 32(b) to

require improved x-ray field hm1tat10n for ﬂuoroscoplc X- ray systems Sectlon o

1020.32(b) would be reorganized to retain the current requlrements appllcable

to systems manufactured before the effective date of these amendments For

systems manufactured after the effectlve date new requ1rements are proposed
in §1020.32(b)(4) and (b)(5) respectlvely, for systems W1th 1nherently c1rcular

or rectangular image receptors These proposed new requlrements wrll result

in increased geometric, eff1c1ency or more eff1c1ent use of radlatlon as descrrbed o

below.



The proposed reorganrzatron and retent1on of the ex1st1ng requlrements in

| '§1020.32(b) W111 be accomphshed 1n the follo

11020.32(b)(1)(1) will be redes1gnated as §1020 32(b)(3) § 1020 32(b)(1)(11) and St

(b)(2)(iii) will be combined and rede31gnated as § 1020 32(b)(1) Wlth
appropriate revisions to paragraph references to reflect the reorgamzatron of
§1020.32(b); §1020. 32(b](2)(1v) wrll be redesrgnated as § 1020 32(b)(2) wrth a k

minor clar1f1cat1on and §1020. 32(b)(3) w111 be moved and rede31gnated as new

§1020. 32(b)(6) Addltronally, § 1020 32(b)(2)(1) and (b)(z)(u) erl be moved to

§1020 32(b)(4)(i) as § 1020, 32(b)(4)(1)(A) and (b)(4)(1)(3)
New requlrements Of 1mproved eff1c1ency for systems manufactured after -

the effective date of the amendments are proposed in § 1020 32(b)(4)(11) for

systems with inherently circular i image receptors Sect1on 1020 32(b)(5) Would |

contain the field limitation requirements for systems Wlth 1nherently

rectangular i 1mage receptors. The requlrements proposed for systems w1th R

rectangular image receptors are the same as thosﬁ,,.,ﬁClrl,I;lferrtly applicable to
radiographic systems provided with positive beam‘limitation or‘to spot-fﬂm
~ devices that utilize rectangular 1mage receptors As such the proposed

tolerances for x-ray field hmltatlon are cons1dered techmcally feasrble

A reduction in unnecessary ‘patient exposure is the basis for all of the x-

ray field limitation and alignment requlrements in the performance standard.

For example, any radiation’ falhng’ out51de the‘Vlifsylb,ljer,a:l‘,,e.a_,.,Qf‘ th@itlm@ge receptor

provides no useful diagnostic or visualizati,onjinformation and, therefore,
represents unnecessary patlent exposure Once 1t is recogmzed that restrrctrng

the size of the x- ray field provrdes an effectlve control of unnecessary radiation

exposure the question shrfts to What is the tolerance technlcally achlevable



by the manufacturer for the matching of the,x-ra§ fleld and the ’\‘fisihle_aréa‘ |
of the 1mage receptor | o , -
The current performance standard (§ 1020 32(b)(2)(1)) states nelther the
length nor the width of the X- ray f1e1d in the plane of the 1mage receptor shall
exceed that of the visible area of the image receptor by more than 3 percent |
of the SID. The sum of the,,exce_ss length and the excess W1dth shall beno .
greater than 4 percent of the SID * These requlrements result 1n Worst case .
values of geometrical efflcrency enumerated in table 1 of thrs document for o
what are typical geometrical and operatrng condrtlons on ﬂuoroscoprc systems.

Geometrical efficiency is defined as the ratio of the Vrslble area divided by

the area of the x-ray field. It should be noted that the ':_requlrements in the

existing IEC international standard with respect to x-ray field hm1tat1on are f
more stringent than in the performance standard (Ref. 4). When the x-ray field
is rectangular and the visible area is circular, the IEC"‘Standard requires that

the length and width of the x-ray field be lessthan'the diameter of the

maximum visible area of the i image mtensrfler Thus 1f the x-Tay field is
centered on the visible area of the image 1ntensrf1er the x- ray fleld Would
rectangular x-ray field, unhke what could result from followrng the current

performance standard.

TABLE 1.—WORST-CASE GEOMETHICAL 'EFFICIENCY IN PERCENTAGE FOR A FLUOROSCOP[C SYSTEM1

Visible Aréa (cwcular cm2) R X-Ray Field (worst case. square cm2) Efficiency (%) '
= e . -
i s s T -
T TR — : e
B B T -

AR

1 Worst- Case Geometncal Efficiency in Percentage for a Fluoroscoplc System With a Source Image Receptor "Bistanc §quare X- R‘ay Fletd Si;

at the Limits Allowed by § 1020. 32(b) 2)(i), and Image lntensmers Wrth 12-, 15+, 23, and 30 cm Dnameter V|srb!e

As can be seen ffrom,table,,.lgboye, the current performkanc,e Standard\ . o

allows the possibility of relatively low geometr1caleff1c1ency, partlcularlym ‘
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modes of operatron correspondmg to small Vlsrble areas on the 1mage S

‘1ntensrf1er It should be noted that many ﬂuoroscoplcally gulded mterventlonal,

procedures involve the use of small visible areas on the 1mage 1nten51f1er (Ref

9). These low values of geometrlcal eff1c1ency are a d1rect result of usmg a

square collimator for the x- Tay. field when faced wrth an mherently c1rcular

visible area for the image receptor The use of a contm‘ \ ,_sly ad)ustable
circular colhmator and/or c1rcular apertures along w1th ad]ustable rectangular

collimation would increase the geometrlcal eff1c1ency

Many currently marketed x- ray systems sultable for fluoroscoprcally-

gulded 1ntervent10nal procedures provide contrnuously ad]ustable mrcular

colllmators as a bas1c and/ or optlonal capablhty (Ref 10)

adjustable, circular collimator is techmcally feasrble albelt at some add1t1onal | : |

cost to the user commumty Fluoroscoplc X- ray systems W1th thlS feature can o
provide a substantial increase in geometrical eff1c1ency that is 1mportant for
all types of radiological procedures but partrcularly 1mportant for

interventional procedures resultlng in hlgh skm exposure

It is for these reasons that FDA proposes to requlre geometrlcal eff1c1enc1es o

hus a contlnuously -

of 80 percent or more for all fluoroscopic x- ray systems When the V151ble area . ...

of the image receptor is greater than 34 cm in any CllI‘eCtIOIl a geometrrcal .
efficiency of 80 percent is no longer suff1c1ently strlngent FDA proposes to

change the requirement to a sizing tolerance at that pornt (1.e., the x-ray field

measured along the direction of greatest misalignment Wlth the vls1blearea

of the image receptor shall not extend beyond the visible. area of the image |
receptor by more than 2 cm). ThlS overs1zmg tolerance Wlll ensure geometrlcal .
efficiencies of better than 80 percent for large 1mage receptors In those unusual

cases where the x-ray field is not umformly 1ntense over 1ts cross sectlon the
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proposed field limitation and ahgnmentrequtrement prorrides for measnrement_ : -
of efficiency in terms of air kerma 1ntegrated over the X- ray fleld 1nc1dent on
the visible area of the i image receptor (Ref. 11) |
The intent is to promote the 1ncorporatlon of contmuously adjustable,

circular collimators into all types of ﬂuoroscoplc x—ray systems with c1rcular,\ o

image receptors. FDA acknowledges that the new{ requlrements could be met
through the use of less complex currently avarlable rectangular colhmatlon, ’
and underframing. For example, the amonnt o‘f( nnderfremrng (defmed as the

f

-ray field versus the ,d,iameter\of r.the,,vi‘sible o

difference in the wic

area) of a rectangular x-ray f1e1d needed to meet the new requrrements is

enumerated in table 2 of this document for the same geometrlcal and operatmg

conditions of fluoroscopic systems descrlbed in table 1 of thls document The

agency is soliciting comments on the ramrflcatlons of this amount of

underframing. These proposed requirements for incres “'ed x“ray ut1hzat1on

efficiency would appear in proposed § 1020 32(b)(4)(n) for systems

manufactured after the effective date of the amendments

TABLE 2. ———UNDERFHAMING OF A RECTANGULAR X-RAY FIELD1 o

VsS|ble Area Diameter (cm) A X- Ray Fleld Wldlh cm) o — Unden’rammg (cm) ‘ T

1 Amount of Underframing of a Rectangular % Ray Fneld Needed 0 Meet the New F| » '«ny.m,ro,s/g:op?ég v é’”tem”WW an SIb of 100 am

Reguirements for
and Image Intensmers With 12-, 15-, 23-, and 30-cm Dlameter V|3|ble Areas ; ©

Although the field limitetionfrequirements for fluoroscopic equ'ipment in
the performance standard are predicated on the presence of an x-Tay image
intensifier, the requirements are also appropriate for newer imaging systems

that do not use an x-ray image intensifier. As mentioned previously, the newer

imaging systems may incorporate an image receptor consisting of an absorbing

material backed by an array of solid stateutranjs;ducers that intercepts X-ray
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photons and converts the photon energy mto a rnoldulated electr1cal s1gnal w1th
eventual analog-to-digital conversion. These 1mage receptors are 1nherently
rectangular. As is the case for i 1mage mtens1f1er based systems magmflcatmn
modes are available through the tise of a “digital zoom” where only a selected
portion of the digital array is visihle to the cperaﬁtc;r. FDA is ‘proposing to apply
‘the current requirements of the s;tandard' for ,x-ray field limitatien‘ that are uSed o
for spot-film devices or radiographic systems equlpped W1th pos1t1ve beam
limitation, and which also use rectangular f1elds to thlS new type of i 1mage
receptor. These requirements result in worst-case Values of geometr1cal
efficiency (defined as the square v1s1b1e area d1v1ded by the area of a square
x-ray field) enumerated in table 3 of this document for What are typlcal

geometrical and operating condltlons of ﬂuoroscopm systems

TABLE 3.—WORST-CASE GEOMETRICAL EFFICIENCY IN PERCENTAGE FOR A FLUOROSCOPKC SYSTEM1 ‘

Visible Area Dlameter (square, cm2) a X-Ray Field (square cmz) Efficiency (%)
144 , b 196 o 73
225 o 289{ ‘ o 78
529 R 625’ k 85
- e 1 o - "

1 Worst-Case Geometrical Efficiengy in Percentage for a Fluoroscoplc System Wth an SID of 100 cm, ‘a Square X-Ray F|e|d S:ze at the lests AIIowed by"l R

§1020.32(b)(2)(), and Solid-State X-Ray Images with 12 cm x 12 ¢m, 15 cm x 15 cm, 23 em'x 23 cm, and 30 cm x 30 em VISIble Areas.

As can be seen from table 3 above, "theCUrrent ‘s'ta‘ndard" provides relatively
high geometrical efficiency. In th1s case, the h1gh values of geometmcal o
efficiency are a direct result of using a rectangular colhmator for the x-ray f1eld
when faced with an inherently rectangular V1S1ble area for the image receptor.
Proposed § 1020.32(b)(5) would explicitly state the field limitation =

requirements for systems with inherently rectangular image receptors.
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(§ 1020.32(d) and (e))
In §1020.32, FDA proposes to revise and reorganize § 1020.32(d) and (e)

to clarify and simplify the requirements on maxrmum AKR for fluoroscopic

x-ray systems. In §1020.32(d), FDA proposes to 1ncorporate all ofthe

ray system. The revised paragraph would also 1ncorporate the new quantlty

- kerma and the corresponding hmrts on entrance AKRs FDA proposes to move.

the current requirements of § 1020. 32(e) that are apphcable to equ1pment
manufactured on or after May 19 1995 to the reV1sed § 1020. 32(d) This would

consolidate all of the requlrements for limits on. the

section (i.e., revised § 1020 32(d]) Section 1020 32(e] would be reserved

}fAKR in a smgle - | |

The requirements applicable to ﬂuoroscoprc systems manufactured before R

May 19, 1995, currently contained in § 1020. 32(d)(1) through (d)(3) would be |

contained in revised § 1020. 32(d)(1) No change 1n the hmrt on maximum AKR

for previously manufactured ﬂuoroscoprc systems is 1ntroduced by the

reorganization and sunphfrcatron of current § 1020 32(d) Thrs srmphﬁcatlon

is obtained by describing the exceptlons to themax1mumAKR only one time

in proposed § 1020.32(d)(1)(v) rather than three times as in current e |

§1020.32(d)(1) through (d)(3).
Proposed § 1020.32(d)(1) al‘so’ includes § 1020‘ '32(d)(1)(iv) that makes -
explicit the fact that systems manufactured before May 19, 1995, may be

modified to comply with new requlrements contarned in proposed

§1020.32(d)(2). The rationale for this addition is described in secti

this document. =~~~
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Proposed § 1020. 32(d)(2) Would mclu le th

‘ufirements applicable to

ﬂuoroscoplc systems manufactured on or after May 19 1995 Sect;n o

1020. 32(d)(2)(1) would contam the 1anguage currently in § 1020 32(e)(1] that

requires systems with the capab111ty for AKR greater than 44 mGy/mm tobe

provided with automatic exposure rate control

Section 1020. 32(d)(2)(11) would contam the requrrements of current N
§1020.32(e)(2) that became effectlve on May 19 1995 and estabhsh an upper |

limit on the AKR during high- level control mode of operatlon Sectlon o “

1020.32(d)(2)(iii) would 1ncorporate the exceptmns to the maxnnum AKR hm1t - ) o

given in § 1020. 32(d)(2)(ii). Sectlon 1020 32(d)(2)(11)(A) Would contaln the o
exception currently found in § 1020. 32(e)(2)(i) that addresses the recordmg of

images using a pulsed mode apphcable to equlpment manufactured pr1or to

the effective date of these amendments. For equlpment manufactured after the -

effective date of these amendments, § 1020 32(d)(2)(11)(B] would add an

additional new exception described below in SGCthIl II H ’of this document

Finally, the exception currently found in § 1020. 32(6)(2)(11) addressmg hlgh— S

level control mode of operatlon Would be moved to § 1020 32(d)(2)(n)(C)

The conditions under Wthh comphance is detew

_rlned are currently found

in §1020.32(d)(4) and (e)(3) These cond1t10ns Would be moved to

§1020.32(d)(3). Section 1020.32(d)(3)(vi) would be added to spe01f1cally -

address the measurement conditions for systems w1th SIDs less than 45 cm o

For these systems FDA is proposmg that comphance be determmed by

measurement at ‘the m1n1mum SSD

in § 1020.32(d)(5) and (e)(4) Would be 1ncorporated 1nto a proposed rev131on '
of §1020.32(d)(4). :



H. NeWModes ofImage Recordmg &

New requrrements would be estabhshed 1n a § 1/020 32(d)(2)‘(111)(B) to o

further limit the conditions u

would not apply. In May 1994, the agency amended the requrrements inthe o
standard pertalnmg to the hrmt on entrance exposure rate (EER) durrng
fluoroscopy. (For convemence 1n dlscussmg the current standard and proposed

changes, reference will be made to the l1m1ts nhEER rathe th

to entrance

AKR which will be the quantity used in the amended stand

These 1994 amendments prescrrbed an exceptlon to the limit on EER
durrng the recordlng of i 1mages “from an x-ray 1mage 1ntens1f1er tube usmg

photographlc filmora v1deo camera w ray source 1s operated ina

pulsed mode.” (Pulsed mode is defmed as operatron of the x-ray system such

that the x-ray tube current is pulsed by the X-ray control to produce one or

more exposure 1ntervals of duratlon less than one-half second ) These

amendments also prescribed a  limit on EER of 20 R/mm when an optlonal S

high-level control was act1vated durmg ﬂuoroscopy

ﬂopyprov1de for a set of hmrts -

on the maximum_ EER during ﬂuoroscopy, and for an exceptron durmg

radiographic modes of operatlon such as cine- radrography The defrnlng terms S
for determining whether the equlpment was in ﬂuoroscopy Versus radlography

mode of operation were recordlng of i 1mages and pulsed mode

retrospect, these terms were not exphclt enough for makmg a determlnatlon

of the mode of operation. For example the currentﬂ»wordmg Would allow 3

‘adding a recording dev1ce such as avideo tape recorder to the 1mag1ng chain
in a pulsed mode of operatron This Would thereby, c1rcumvent the 1ntent of -

the regulation and allow the limit on o

ﬂuoroscopy to |




be exceeded, even though the recorded 1mages a

rachologrcal examination and are used only for archlvmg purposes if used at

all.

As mentloned in the earlier drscussmnon new types of 1mage receptors

FDA is proposing new definitions for fluoroscopy and radrography These

earer distinction be fluora 'copy‘and

definitions are needed to make a cl

radiography, regardless of the type of i image receptor being used. A key element

in the new definitions is that radlographlc 1mages recorded from the -
fluoroscopic image receptor must be available for viewing after the acqursrtron |

of the images and during or after the procedure, Whereas ﬂuoroscoprc images |

are viewed in real time, or near- real time durmg the procedure Thus the

definitions of the two modes of operation, i i. e., radrography and ﬂuoroscopy,

are tied to the intended use, and not to an arbrtrary 1nterva1 of t1me as under -

the current “pulsed mode” definition.

In addition to the proposed new def1n1t10ns FDA proposes to change the

description of the conditions under which exceptrons to the hm1t on maxrmumw_,l o

AKR are allowed. Section 102‘0“32(d)(2(111) would contarn two eggen}ptlons. The

exemption currently in § 1020. 32(e)(2](1) would be moved to - B

§1020. 32(d)(2)(111)(A) and would apply to ﬂuoroscoprc systems manufactured

| proposed "
amendment. A new exceptron would be added in § 1020. 32(d)‘(2)(1u)(B) ThlS B

exception would recognize that i image receptors other than x-ray image

intensifiers. tubes are now}used in fluoroscopy and would remove the reference "

to operation in a pulsed mode Instead the exceptron to the hm1t on maxrmum

AKR would apply to any recordmg of i 1mages from the ﬂuoroscoplc 1mage

receptor except when the recordrng of 1mages 1s accomphshed usmg a video



’prevent the snnple addltlon

of an analog image-recording device to the ﬂuorosooplc system as a means to ;

overcome the limit on maxrmum AKR ’ng normal fluoro copy

As discussed in the preamble of the proposed 1993 amendments (58 FR
26407, May 3,1993), the agenoy is still mterestedlnrecelvmg 1nformat1.,o,n ,91,1 : o
any clinical situations that could require higher AKR than ourrently permitted, p

Such situations have been suggested to arise due to the necessrty of

momentarily viewing the patlent or the state of a dev1ce ina patrent as best

as can be done or with the highest image quahty obtalnable durrng ﬂuoroscopy

mode of operatron Some aneodotal evrdence seems to argue for an 1norease )

o" 1-

in the EER above the current 20

3 d h"ﬁ h»level control The 1994

change in the regulations underwent an extensw ve review a d com Yent perlod -

“The consensus of that reV1eW although not unammous at the_ time of i rssuance o

of the regulatlons was that 20 R/min would be

clinical fluoroscopy srtuatrons The agency was ‘and is still sensitive to the

concern that the limits on EER may in some oases oompromrse the clinical

utility of the fluoroscopic equlpment

Because of these ooncerns regarding the approprlate upper hmlt AKR, FDA
is encouraging further oomment on the topic. of hmrts on AKR under normal
and high-level ﬂuoroscopy modes.,Foli,QXQIIlple, some members of the
radiological community have‘ proposed that ﬂuorosczopio equipment allowa |

momentary viewing of the state of an 1nterventron at an mcreased but

unspe(nfred AKR. This momentary view would have a maxrmum duratlon of -

10 to 15 seconds.

physicians are not allowed to use suoh a mode they W1ll contmue the practroe

of using cineradiography bursts at hlgh AKRS to aocomphsh the ohnlcal task

is proposal was aocompanred wrth the comment that 1f »



1. Entrance Air Kerma Ra: c"ImcigeRecetor S

Comments received by the agency suggest that an alt rma proach in

place of or in addition to hmrts on AKR durrng ﬂuoroscopy would be more B

useful and effective in 11m1t1ng unnecessary radlatron and assurmg optlmum

system performance The suggestion is that the hmlts on AKR to the patlent

(represented by a measurement made accordrng to the comphance geometry

at the 1nput surface of the i 1mage receptor (EAKIR) Drfferent EAKIR hmlts

could be established for different modes of ﬂuoroscoprc 1mag1ng, dependrng

on the image performance requrred for the chmcal task

There is a precedent for th1s approach in other consensus documents such

as the NCRP Report No. 99 and NCRP Report No 102 (Refs 12 and 13). For

example, the NCRP Report No 99 states that durmg ﬂuoroscopy “typlcal 1mage

intensifier entrance exposure should be in the range of 13 to 52 nC/kg/ 1mage B
(50 to 200 uR/image) dependrng on image mtensrfler 51ze ?‘ ok (Note that

in the opinion of FDA, there i 1s an error in the NCRP Report No 99 these |

numbers reflect exposure per second not exposure per 1mage ) In the same

manner, the NCRP Report No. 102 prov1des a table w1th “a1r kerma rate values —

to produce acceptable ﬂuoroscopy images” and “air kerma to produce static

images equivalent to that produced by a par speed screen-film system.” FDA

invites comments on the feas1b1hty and de31rab1hty of th1s approach to 11m1t

unnecessary radiation from ﬂuoroscoplc systems

J. Requirement for Minimum Source-Skin Distan@_‘g for Smaﬂ CéArm,, N
Fluoroscopic Systems ( § 1020 32{g]} | k L |

FDA proposes in § 1020. 32(g) to add § 1020 32(g)(2) to estabhsh a_

minimum source- skm dlstance (MSSD) for “C arm” type X- ray systems havmg
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source-to-image-receptor drstances of 45 o 01“ 1ess and lrntended for i 1mag1ng

extremities. Th1s amendment ,w u orporate 1nto the performance standard -

the content of variances from the performance standard granted accordmg to -

§1010.4.

FDA has granted varlances from the requlrement set out in §1020. 32(g)

for a limit on the MSSD for ﬂuoroscoplc x-ray systems that were de51gned as

small portable C-arm systems.. These are ﬂuoroscoplc systems that were

originally designed to be hand held and were, used a sportlng events for a |

qurck exammatron/ diagnosis of orthopedrc 1n]ur1es In fact some of the early ‘
- systems used a radlorsotope 1nstead of an x- ray tube as the source of the

radiation and were, therefore, outsrde the purvrew of FDA under the RCHSA i

(although they are regulated as medical devrces) Over time, manufacturers of
these devices enlarged the distance or opening between th,e &x,—,ray source and

the image receptor to allow examrnatmn of larger extremltles The argument

was that some athletes had 1arger extrenntres and a larger opemng was needed B

to permit the use of the systems on them. The systems were. marketed under k

a variance from §1020. 32(g) and were labeled for extremrty use only As the

size of the opening on systems for wh1ch varrances have been requested has o

increased from about 20 cm to 35 cm, and manufacture sh ave mcreased the

radiation output of these systems the agency has become concerned about thew

loss of the skin-dose sparing propert1es of the MSSD requ1rement In add1t10n o

because a variance is granted for a. f1n1te time perlod renewal of the variances

and the rev1ew1ng of new condltrons for use present resource 1mphcatrons for )

FDA and the manufacturers

The ]ustlflcatron for a variance from § 1020 32(g) used by many

manufacturers of these small C -arm systems 1s geometrrcal scahng
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Manufacturers have stated in their Vﬁari' i

pphcauons that the MSSD 1s_ e

proportional to the source- 1mage receptor distance in comparison to full 51zed

C-arm systems. Although extremltles can be con31dered to scale geometrlcally

in a similar manner compared to the trunk or large body parts other body

parts do not scale in such a manner as to maintai imilar skin dose. For

the source-image receptor distances used in the e;‘:systems evaluatlon of this

geometrical relationship shows that the factor by Whrch the entrance AKR to

the body part increases over that for thmner parts 1ncreases srgnrfrcantly as

the thickness of the body part be1ng imaged reaches over 15 or 16 cm. ThlS

increase reaches a factor of two for a thlckness of ‘2 5

' ap1dly -

for thlcker parts. In their orrgmal conflguratlon these devices had a very small

opening and could not accommodate anythlng other than a limb. The latest

configurations can easily accommodate the whole body of a neonate ora
pediatric patient. | .
At some point, these systems’ no longer represent smallC—armsfor o

extremity use alone but are snnply shghtly smaller Vers1ons of conventlonal e

C-arms for whole-body, general purpose exammatlons If the system can be

used for whole-body examlnatlon purposes 1t should meet the m1n1mum o o

radiation safety standards appl1cable to conventtonal C armgsystems Through -
the variance petition process, FDA has hmlted the small C -arm systems to

extremity use only.

variances and to incorporate thls requrrement 1n the performance standard

FDA proposes to limit the source-skin d1stance to fn less th

19 cm for

fluoroscopic systems having source 1mage receptor dlstances of 45 cm or less o

Provision would be allowed for systems de51gned for spec1f1c surglcal
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apphcatlons to be operated w1th a source sk1n d1stanc

Systems subject to this requlrement Would be requlred to be labeled for use

for imaging extremities only. Manufacturers Would be requ1red to 1nclude

appropriate precautronsrn,‘the‘ 1nformat10n prov1ded to ustersa uned,ere .

§1020.30(h).

K. Requ1rements for Display of Fluoroscop1c Irrad1at1on T1me Air Kerma Rate,

and Cumulative A1r Kerma (§ 1020 32(h} and Proposed (k]}

FDA is proposing that newly manufactured ﬂuoroscop1c systems dlsplay

directly to the fluoroscopist 1nformat1on related to three fundamental aspects

of patient irradiation—the duratlon rate and amount of X-ray emrss1ons , ,\ |

Generally, fluoroscopic systems do not currently promde such 1nformat10n at ‘, |

all. Trradiation time, AKR, and cumulative air kerma are basic radiological
variables important for medical radiation protection. Their values may be
applied to the process of optlmlzatlon (i.e., obta1n1ng rad1olog1cal images with

the least amount of radiation requlred) to the assessment of radratlon

detriment as a factor affectmg pat1ent outcome effrcacy, and to the
development of reference levels representatlve of normal chn1cal practrce
Optimization, efficacy, and reference,,l@y@lswg}l;};g};tly compr1se a conceptual

vanguard of radiation prote‘Ction in rne; i

14 to 17). When monitored i 1n the chn1cw 1rrad1at10n tlme AKR, and cumulative

air kerma may be used to 1nd1cate risk of acut( | 'n]ury arlslng from

potentially prolonged 1rrad1atlon associated w1th some 1ntervent1on 1

procedures (Refs. 18 to 20). Values d1splayed d1rectly to pract1t1oners as an -

examination or procedure progresses can feed back to them indic

burden, and pract1t1oners can respond promptly by ad]ustmg protocols and

techniques to minimize dose to patrents,_and practltronersasvpractrtloners
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optimize radiation levels necessary for medlcal ,1“ nag ng MoreoVer for

fluoroscopy and radrography 1n general knowledge of 1rrad1at10n levels at , - B -

patient skin entrance is an essentral startrng place for evaluatlon of absorbed

dose to internal tissues (Refs. 9 and 21) Such doses are stochastrcally hnked
" to cancer morbidity, mortahty, and to genetrcally transmrssrble defects (Refs

14 and 22). Estimates of cumulatrve doses absorbed in tlssues fosterrlsk |

communication between medlcal staff and pat1ents and when tracked over k

time, are effective indicators of practlce consistency, var1ab1hty, or anomaly

‘in the quality assurance activities aSSOClatedWIth@Ssurmgthe safety of clinical

procedures.

The need for displays of 1rrad1atlon Varrables was recogmzed at the 1992
national workshop on safety issues in fluoroscopy organlzed by the ACR and
FDA (Ref. 8). In October 1995, the need was alsoy ,recogmzed 1nternat1(onﬁally
by the workshop on efficacy and radiation saﬂfety 1n interventional radiology, |
sponsored jointly by the World Health Organlzatlon and the Institute of
Radiation Hygiene, Radlatlon Protection Mmlstry, Federal Repubhc of
Germany (Ref. 23). Recently, requrrements for dlsplays of irradiation

parameters have been 1ncorporated 1nto an 1nternat10nal standard for X- ray

systems for 1nterventronal radrology (Ref. 24) W1th the advent of commermally .

available and relatively inexpensive means to measure and display real-time

AKR and cumulative air kerma produced by ﬂuoroscop1c systems (Ref. 25)

it is feasible as well as de51rable to require that this 1nformatlon be dlrectly

observable by ﬂuoroscopists at their working positions.

The proposed display requlrements would apply to all types of newly

manufactured fluoroscopic equrpment (1 e from systems found in cardrac -

catheterization suites, to equlpment use_d.,fotsupper gastromtestmal
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fluoroscopy, to “mini” C-arms, and also to each ﬂuoroscop1c X- ray tube as part

of any system). FDA invites comments about Whether these requlrements

would be suitable to all t.,types, or to acllrnlteﬂdws‘et of »ﬂllOIQStCOPIC equipment,
namely, to stationary C-arm fluoroscopes that are typically used in

interventi‘onal procedures.

1. Fluoroscopic Irradiation Tune Dlsplay, and Slgnal

Fluoroscopic 1rrad1at10n tlme 15 profoundly tled to patlent dose ina
complex way that involves many other factors (e g ' see Ref. 26). FDA beheves

it advantageous to require that cumulative 1rrad1at10n tlme Values be treated

in their own right, in addition to the other Varrables c1ted in the proposed

§1020.32(k), as radiological parameters whose control would facilitate

radiation-protection optlmrzatlon Physmran rnembers of TEPRSSC pomted out
at its September 1998 meetmg that irradiation t1me is the smgle fundamental
variable over which a phy51c1an usmg ﬂuoroscopy has the most d1rect and |
easiest control through actlvatlng or deactlvatlng x ray productlon typlcally

by means of a pedal switch (Ref. 27).

FDA proposes to add § 1020 32(h)(2) to the regulatrons to change the

current fluoroscopic timer requlrement n two Ways F1rst § 1020 32(h)(2)(1)

would require that the values of the cumulative ir radl.attae times

with each of the ﬂuoroscopic tubes of a system used in an examination or

procedure be drsplayed to the ﬂuoroscoplst at h1s or her Worklng posrt1on The
displayed values would be 1nd1cated from the beglnnlng, throughout and after

an exam1nat1on ends, avallable unt11 the cumulatlve 1rrad1at10n tlmer 1s reset

to zero prior to a new examlnatlon Second § 1020 32(h)(2)(11) Would requlre -
an audlble signal cycle dlfferent from that of current equ1pment for each x-

ray tube used during an examlnatlon or procedure Contrary to the current



i b
provision that allows the timing device to be b ny interval up until

a maximum cumulative irradiation time of ;minutes FDA proposes thata

signal audible to the ﬂuoroscoplst sound at each flxed 1nterval of 5minutes

of irradiation time. Also contrary to the current requ1rement 1nstead of
sounding until reset, the audrble 51gnal would sound (whlle x-rays are
produced) for a minimum of only 1 second, after whrch the 31gnal could stop ~
until a subsequent 5 rnmutes of 1rrad1atron elapses The audrble srgnal would

not affect the production of x- rays the dlsplay of cumulatlve 1rrad1at1‘

values required by § 1020. 32(h)(2)(1) or any of the other dlsplays proposed in |
§1020.32(k). o I

Consrderrng advice offered at the 1998 TEPRSSC meetrng (Ref 27) FDA

avoid potentlal confusion that could ensue w1th a ﬂuoroscoprc timer that 1s

variably preset. For example such confusmn could arise in a busy chmcal
facility with many different users, where ﬂuoroscoprsts mlght not he aware
of the need to readjust alert 1ntervals that had  been. Changed prev1ously by
other fluoroscopists to accommodate the 1nd1v1dual protocol requlrements

associated with particular patlent exammatlons Furthermore FDA beheves

that an audible signal of short duratron would he a rnore effectlve and vusefulﬁ

alert than a signal that sounds contlnuously, requlres a reset and therefore

could pose a distraction to users. FDA seeks comments aboutthe(audrblemgnal

cycle in proposed § 1020. 32(h)(2)(i), partlcularly in comparlson to the

suggested alternative below that is not currentlyiln the proposal

As an alternatlve approach the selectlon 0 Vhe t1me perlod untﬂ the alarm -

sounds could be at the discretion of theﬂuoroscoplst The timer couldbe B

preset to any period (less than, equal to, or greater than 5 minutes), or preset



even to not sound at all. Under this approach before an examlnatlon or

procedure, the fluoroscopist oould select a perlod beyond Wthh an audlb]e

~ signal would sound until the tlmer could be reset (or else sound brleﬂy then | -
remain silent until the preset fluoroscopic perrod elapses again). Presummg
clinicians ma1nta1n personal cogmzanoe of ﬂuoroscopro trmer optrons and

adaptability, such alternatives would offer them ﬂex1b1hty and opportunlty to

apply standard features of equipment operation to their own individual clinical

protocols and practices.

FDA also seeks comment on Whether the dlsplay of the Cumulatlve

irradiation time should be v131ble to the fluorosooplst at hlS or her Workmg

position or whether it is sufficient to display the cumulatlve time at the control
console. It has been suggested that this dlsplay should be available to the
fluorosooplst to permit constant monltormg by the fluoroscoplst Other |
opinions are that suoh a dlsplay at the worklng posmon Would only add
confusion to an already oomplex v1sual env1ronment and display of the
cumulative irradiation time at the X- ray oontrol would make the 1nformatlon o
available in any case. Dlsplay at the ﬂuoroscoplst s Workmg p051t1on may be

slightly more complex or costly than dlsplay at the x-ray control.

2. Displays of Air Kerma Rate and CumulativeAiri Kerma e

FDA believes that a requlrement for dlsplays of AKR and cumulative air
kerma values would 51gn1f1(:antly advance the optlmlzatlon of radlatlon safety,
in consideration of recent developments in chmoal practice and teohnology
(Refs. 23, 25, and 26), an evolvmg consensus for a radratlon protectlon
framework (Refs. 14 to 17), and speolflc guldance (Refs 18 to 20) A1r kerma f ’
and AKR are fundamental rad1010g1cal quantltles of the amount and rate of

charged- partlcle kmetlc energy hberated per mass of air traversed by 1noldent
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x-rays (Ref. 1). For this reason, FDA proposes to add §1020 32(1() to requn‘e

that all new ﬂuoroscoplc systems be capable of dlsplaymg real tlme values of o

the AKR and cumulative air kerma dehvered by each X-ray tube at reference -

locations representative of x—ray beam entry to the patlent skin surface. These
displays would be directly dlscernlble at thevﬂuoroscoplst s working posmon
and the displayed values would deviate by no more than +25 percent from

actual values To elucidate these requlrements and. those of the other proposed

amendments, the definitions of the terms “ﬂuoroscopy,” “mode of operat1on
“and radiography”’ are proposed in § 1020 30(b) The utlhty of the dlsplay

requirements could be broadly leveraged among pract1t1oners in a Varlety of

clinical settings through familiarization with, relatlvely standard1zed d1splay

formats. Such standard1zatlon is proposed in § 1020 32(k)(1) through (k)(7)

where the particular requn‘ements proposed conform generally to those of the o

- recently published IEC standard (Ref. 24)
During fluoroscopy or while recording imaki‘gesf during a fluoroscopic

procedure, the displayed value of the AKR Would represent in real time the

magmtude of air kerma per umt time being dehvered at any geometr1cal pomt |

within a specified reference locus The drsplayed value of the cumulat1ve a1r - -

kerma Would represent a sum of two parts (1) The fluoroscoplc AKR mtegrated

over an interval until update and (2) all COIltI‘lbutIOIlS to the a1r kerma (at' '

any point in the same referen‘ce locus) from radlography occurrrng in that | k

interval. The cumulative air kerma would be updated throughout the

examination or procedure and the 1ntegrat1on 1nterval Would be the time

between the start of an examinatlon or procedure and the end of the mostm; i

recent episode of either ﬂuoroscopy or radlography durlng that same

examination or procedure. =
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For each x-ray tube used durmg ﬂuorosc0py or durlng recordmg of

fluoroscopy, the value of the AKR W1ll be dlsplayed After the cessatron of S -

fluoroscopy, the cumulative a1r kerma Wlll

displayed until the resumptron of fluoroscopy or a rad1ograph1c mode s
activated or the drsplay is reset for a new patrent or procedure Thus the
cumulative air kerma Wlll be dlsplayed after » x—ray productmn ceases from : o

e1ther fluoroscopy or radrography

Values of the AKR are d1splayed at tunes other than those for the N .

'rsplayed and will remaln

cumulative air kerma in order to underscore the d' stincti b t these two

variables and also to reduce the potentral for overwhelmrng the ﬂuoroscoplst

with too much information presented at once At any partrcular moment during

an examination or procedure only values of the 1rrad1at1on trme and AKR (o

cumulative air kerma) would be on dlsplay for each tube used If for example

a biplane fluoroscopic system were used 1n some card1ac catheter1zat10n o

procedure, two separate sets. of values—-—one set for each of the x-ray tubes of

the biplane—would be dlsplayed Under such c1rcumstances of mult1ple

presentations of related 1nformat10n itis 1mportant that the Values drsplayed

be distinguishable enough from each other to be eas1ly recogmzed and

assocrated with the dlfferent rad1olog1cal varlables they represent For this

reason, FDA proposes in § 1020. 32(h)(2)(1) and (k)(3) to requlre that the un1ts N )
of measurement be drsplayed as well as the Values per se. FDA also proposes

in §1020.32(k)(1) and (k)(2) to requlre that the measurement umts mGy/mm '

and mGy be displayed respect1vely along31de the values for AKR and o

cumulat1ve air kerma. These values Would serve asa l b l'ngv drstrnctlon to

preclude potential confusion of the quantities. s



As measures of fundamental rad*ologlcal quantltles the dlsplayed values

of AKR and cumulatlve a1r kerma Would refer to free -in-air irra

conditions (i.e., their evaluatlons Would be made mrnus any contr1but1ons of

scatter radiation, partrcularly contrrbutrons backscattered from a patlent (or '
from a measurement phantom)) Also the dlsplayed Values would refer to

irradiation conditions at a reference location x(1 e., at any geometr1cal pomt o

contained within a spec1f1c reference locus defrned accordlng to the type of

fluoroscopic system). Each reference locatron 1s 1ntended to represent at least

nominally, a place of x-ray beam entry to the patlent slqn For fluoroscopes N
with the x-ray source below or above the table or of the lateral type |

§1020.32(k)(5)(i) Would have skrn entrance reference locatrons correspond

identically and respectively to those spec1f1ed in § 1020.32(d)(3)(1] (d)( )(11) |

or (d)(3)(v). These locations deflne the geometry for measurrng comphance |

with the regulatory maxima of the AKR. T

For C-arm type ﬂuoroscopes however, 1n many cases the locatlons

proposed for measuring comphance with the regulatory max1ma of the AKR
glven in § 1020. 32(d)(3)(111) and (d)(3)(1v) Would not su1tably represent Where |
the x-ray field enters the pat1ent skin. This is espec1ally true for obhque o

angulatlons and extended dlstances between the.x ray source and 1mage |

receptor. Therefore, in § 1020 32(k)(5)(11) for G- -arm systems FDA is proposmg

a skin-entrance reference locatlon for dlsplay quant1t1es that is d1fferent fr

the location for measurmg comphance with regulatory AKR hnuts For

evaluation of displayed values the skin- entrance reference locatlon would be

either 15 cm from the 1socenter toward the x- ray source along the beam axis

(irrespective of angulatlon) or alternatrvely, along the beam axis at a pomt

‘deemed by the manufacturer to represent the 1ntersect10n of the X- ray beam
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and the entrance surface of the p'atient skin. Adefmltlonof *““isdéehter’iig,,;,'j e

proposed in § 1020. 30(b). Proposed § 1020. 32(k)(5)(11) Would allow

manufacturers to choose. e1ther the 15-cm locu :

specrfy the alternatlve The

alternative locus would offer manufact rers flex1b1l1ty to prov1de systems that

could evaluate AKR and cumulat1ve air kerma L r prox1m1ty to actual

places of x-ray beam entry to patients than CQulSlSYS,temS with reference skin

entrance defined generically at a 15-cm locus from the isocenter. An alternative

skin-entrance reference locatlon may be partlcularly appropr1ate for mini C-
arm fluoroscopes (i.e., those Wlth SID less than 45 cm for wh1ch the 15 -cm i
locus from the isocenter may be phys1cally unreahzable). In any Case new

paragraphs § 1020. 30(h)(6)(111) and (h)[6)(1v) would requ1re that manufacturers ‘

identify to the user the spat1a1 coordmates of the 1rrad1at10n lOC&thIl to Wthh

displayed values refer and also prov1de a ratlonale ]UStlflelg any reference

location identified as an. alternatlve to, the 15 cm locus

In patient exammatlons or procedures w1th C “arm systems one poss1ble
result of having reference locations of x-ray beam skln-entry d1fferent from the
measurement sites for AKR comphance is that dlsplayed values could actually
exceed the regulatory maxima even though the system is fully comphant Such

a situation could arise for some 1rrad1at1on geometry when the reference sk1n— o

entrance location i is closer to the x-ray source than is the s1te for mea,‘ _rlng

intended to 1nform the fluorowcop1st of rad1at1on burdento,the patlent

Conversely, the AKR regulatory maxima, practlcably measured 30 cm. from the ‘
imaging- assembly input, accordmg to § 1020 32(d)(3)(111) or at the mnumum

SSD according to § 1020-32(@)(3)@0,,areent?nfi@dtto impose upper ,hmlts Oe —_—
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radiation output that are compatible with the levels neededby the imaging

chain for adequate ﬂuoroscop‘ic visu‘alization

Reset of the d1splays to zero would occur between sess1ons with successrveww_

patients. Before reset, a frnal value of the cumulatrve air kerma may serve to

reinforce an association between the culmlnatron of a rac

or procedure and the rad1at1on burden 1ncurred by the patlent FDA bel1eves R

that the availability of this value would greatly facrhtate the 1mplementat10n
of previously publlshed recommendatlons (Refs 18 to 20) on recordrng

information in the patrent S medlcal record to 1dent1fy the potentral for s serious

ogrcal examlnatron“ B

X- ray—mduced skin injuries in order to avoid them o e

L. “Last-Image Hold” Feature on Fluoroscopw Systems [Proposed § 1020. 32[]])

FDA proposes to add a paragraph to requlre that all fluoroscoplc xray

systems be prov1ded with a means to contrnuously drsplay the last 1mage

- acquired prior to termrnatron of exposure

The wide availability of eleCtronic methods for therecordlng and
displaying of video images nlakes possible thesproyisionof’a “last—im‘ag’e hold” |
or “freeze-frame” capabrhty on fluoroscop1c x-ray systems Th1s feature allows .
the ﬂuoroscop1c X-Tay system to contrnuously present a statlc 1mage of the last M
ﬂuoroscoprc scene captured or presented at termmatron of the flu roscop1c
exposure. This feature also provrdes the user w1th the ablhty to convemently -
view fluoroscopic images wrthout contrnuously 1rrad1at1ng the patrent

This feature is especrally useful i 1n procedures such as fluoroscoprcally—

guided needle placement for bropsy or dra1nage catheter or tube placement

and other d1agnost1c or therapeut1c 1ntervent10nal procedures Systems a |

provided w1th this feature reduce, ﬂuoroscoplc exposure times whrle enablmg



 extended examination and planning during fluoroscopically-guided

procedures.

~ This capability is provided as a baSic or optional feature on man'y'currently

marketed fluoroscopic systems Many 1nd1v1duals have expressed the op1mon

that because of the radiation dose reductlon afforded by such a feature 1t |

should be provided on all new ﬂuoroscoplc systems Such a recommendatlon o

was strongly endorsed at the workshop on fluoroscopy in 1992 (Ref 8)

addition, a requirement for this capability is 1nc1uded in the recently pubhshed

IEC standard for the safety of x-ray equrpment for 1nterventlonal radlology (Ref.

24). Establishing this requlrement would assure that all new. ﬂuoroscoplc

systems have this patient rad1at1on dose reductlon feature and that 1t is_

available when its use is approprrate Wlthout such a requlrement some

systems may for economic reasons contlnue to be purchased Wlthout thls

feature, thereby denying dose reductlon beneflts to pat1ents

Proposed § 1020.32(j) Would permit the dlsplayed image to be obtalned

from the last or a combrnatlon of the last feW ﬂuoroscoplc v1deo frames |

~ obtained just prior to termination of ﬂuoroscoprc exposure or by an alternatrve k

1mplementat10n viaa rad10graph1c exposure automatrcally produced at

these approaches to 1mplementat1on of last 1mage-hold are approprrate and |

needed.

M Modification of Prev1ous]y Manufactured and Cert1fzed Equ1pment

FDA proposes to add language to § 1020 32(d)(1)(1v) and (h) to make '

explicit the opportunity under § 1020 30(q) for modrflcatlons to be made to e .

existing certified x-ray systems. Modlflcatlons are currently permltted as long

as the modification does not result in a fallure to comply with the requrrements ,
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of the performance standard. Changes1nperformanceresultmg from

amendments to the performance standard often result in enhanced radiation

safety or features not avarlable on prevrously manufactured and certrfred

systems.

The existing performance standard requires manufacturers to certify that

their products meet the appliCable performance reQuirements in effect at the
time of manufacture. Therefore amendments to the performance standard are
specified in the regulatrons Usually, a 1-year effectlve date is prov1ded in
order to allow manufacturers time to adjust manufacturrng and assembly of
their products under the new or amended regulat1ons Indeed it would be

unreasonable to require the m‘anufacturer to retroflt or to remanufacture |

previously produced products because of a change in the standard for

equipment that could have a USeful llfe 0 f P

In particular, the performance requlrements regardmg maxrmum exposure
rate limits (proposed to become max1mum AKR hmlts) establlshed in 1994

(59 FR 26402), and the proposed requrrements in § 1020 32(h) for ﬂuoroscoprc

timers are requirements or performance features that users of older e

fluoroscopic equipment may‘wrsh to 1mplement on thelr systems. The earlier

amendment in 1994 and the current proposal apply to new equ1pment

manufactured after the effect1ve date of the amendment The language

proposed for inclusion in § 1020 32(d) and (h) Would prov1de a mechamsm o
for users of older equipment tO obtain the performance required under the
proposed amendments. These changes would ‘allol/v older ‘syStern‘s'to be

modified to meet the maximum AKR 11m1t and ﬂuoroscoplc t1mer performance

that will be required under the proposed requlrements N
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The owner of the ﬂuoroscoplc system mo ‘w,}ed under § 1020 30(q) 1s o
responsible for assuring that the modrfled X- ray system comphes Wlth the
applicable requirements of the performance standard followrng the .

modification. The modlfrcatlon to the system may be accomphshed by a thlrd

party or by the original equipment manufacturer The system owner, however,

is responsible for assurmg, through contract requlrements with the party
performing the modification or through testlng, that the modlfled system

complies with the standard followmg the modlfrcatlon

N. Modification of Warning Labe] (§ 1020 30[])) |
FDA proposes to modify the language of the Warmng label requlred by
§ 1020.30(j). The current statement warns that safe exposure factors and |

operatlng instructions must be followed FDA proposes to modlfy the warnmg

label statement by adding the phrase mamtenance schedules ” ThlS addltxon o

incorporates the suggestion of the TEPRSSC and further empha51zes the need
for dlagnostlc x-ray systems to be properly mamtalned and cahbrated |
Manufacturers of dlagnostlc Xx-ray systems are requlred under :

§1020. 30(h)(1)(11) to prov1de a schedule of the. mamtenance necessary to keep R

the equipment in comphance With the performance standard The standard -

places no requirement on owners or users ,,,of,dtagnostlc systems to properly
maintain these systems. However, the revised wording of the warning label
is intended to alert users and facility administrators of the need to properly

maintain the systems.

0. Correctmns of §1020. 31[f)(3] and (m} N
FDA proposes to correct overs1ghts in § 1020 31(f)(3) and (m) that occurred

when the July 2, 1999, amendment was pubhshed Sectlt ', Z1_020 31(f)(3)

addresses the x-ray field hm1tat10n requlrement for mammographlc X~ ray



systems and § 1020.31(m) addresses the primary barrier required for

mammographic x-ray systems‘ Prior to September 30 1999 '(the e'ffectiye date o
of the final rule), the headmg to § 1020. 31(m) Was “Transmlssmn hm1t for |

image receptor supportmg devrces used for mammography

When an ex1st1ng rad1at10n safety performance standard is amended the
new or modified requlrement apphes only to products that are manufactured

after the effective date of the amendment Normally, the requ1rement that '

existed prior to the amendment is reta1ned in the Code of Federal Regulatlons o
(CFR) to provide a record of the requ1rementsof the standard apphcable to

-products on their date of manufacture. When the final rule amending

§1020.31(f)(3) and (m) was publlshed on ]uly 2 1999 the prov151ons S

describing the requlrements for equlpment manufactured prlor to September
were 1nadvertently omltted Thus the CFR (21 CFR part 1020) has no record N

of the requirements 1mposed by § 1020 31(f)(3) and (m) for equlpment

manufactured between the 1n1t1al effectlve dates for § 1020 31[f)(3) and (m) and -

| September 30, 1999. To correct this over51ght FDA proposes to relnstate the

prov131ons descrlblng the requlrements that a )

prior to September 30, 1999, under the earher versions of § 1020 31(ﬂ(3) and

(m). This correction will provrde a record of the requlrements apphcable before

September 30, 1999, and close the gap that ex1sts as a result of the overs1ght

in the publication of the fmal rule oo i e

Additionally, further review of this i 1ssue revealed that the or1g1nal -

publication of § 1020. 31(f)(3) in 1977 (42 FR 44230) d1d not 1nd1cate an o
effective date for this paragraph whlch was November 1 1977 FDA proposes o

to insert the omitted effectrve date. The omission was of httle consequence

because the original requirement reflected the then current designs of |




mammographic systems. FDAproposestornSeI‘tthe date to provide an
accurate record of thewapplicable‘xf‘ray field limitat;ionm requirements as a

function of the date of manufacture of mammographic x-ray syStems.

No changes in the prev1ously apphcable or current requ1rements are
proposed or 1ntended by these correctlons to § 1020 31(f)(3) and (m) The |
corrections are only intended to make exphc1t the current or prevrously

applicable requirements that ex1sted on the date of manufacture

FDA proposes to revise § 1020 31(f) by addmg § 1020 31(f)(3)(1) the .

requirement applicable to equlpment manufactured on or after November 1

1977, and before September 30 1999. The current requn'ement apphcable to

equipment manufactured after September 30 1999 Would be § 1020 31(f)(3)(11)”," o

Section 1020. 31(f)(3)(1n) would contam the requlrement for permanent

'markmgs that are apphcable to all equlpment manufactured after November R

1, 1977.

FDA proposes to amend §1020 31(m) Section 1020 ‘élw(m)‘(l)"Would be ‘

revised to contain the requrrement apphcable to systems manufactured onor f ,’

after September 5 1978, and before September 30 1999 such requlrement was

previously omitted. Section 1020.31(m)(2) Would be revrsed to contam the o

current requlrements apphcable to equrpment manufactured aft r_;September

30, 1999, 1n§1020 31(m)(2)(1) (m)(Z)(n) (m)(z)(m) and (m)(z)(rv),“\S‘ectlon

1020 31(m)(3) Would be rev1sed to contam the d

measuring comphance such. descrlptlon 1s common to both § 1020 31(m)(1)

and (m)(2). A minor technrcal clar1f1cat10n 1s also proposed in

§ 1020.31(m)(2)(ii) where the term x—ray tube found in Current » e

§ 1020. 31(m)(2) is replaced by the term x-ray system” to reﬂect the fact that



it is the x-ray system, not the x-ray tube, that controls initiation of x-ray

exposure. This change does not Changethe 1ntent or effectof therequlrement
- P. Corrections to Reflect Changes in Organizotiona?] Name, Address, and Law
(§ 1020.30(c), (d), and (g)) R

FDA proposes to amend §102030(C) to reﬂect the Currentorgamzatronal

title of the Office of Compliance of the Center for Devicésy.and Radiologicai
Health. FDA also proposes in: §1020.30(d) tofremofve the 'specific ‘addreSS that

is subject to change from time to time. Add1tlonally, FDA proposes to amend

paragraph § 1020.30(q) to reﬂect the transfer of sectrons 358(a)(5) and 360B(b)‘ o

of the PHS Act to. the act by the SMDA

Q. Removal of Reference to Spec1a] Attachments for Mammography

FDA proposes to remove, reference to “spec1al attachments for S )
mammography”” in § 1020.31(d) and (e). The Mammography Quahty Standards
established in part 900 (21 CFR part 900), partrcularly § 900. 12(b)(1) require

that only diagnostic x-ray systems desrgned spec1flcally for mammography be o

used to perform mammography in the Unrted States Therew ”re the use of

- special attachments intended for use with general purpose dlagnostlc X-Tay

systems to perform mammography 1s 1nappropr1ate No such dev1ces may
continue to be used, and retarnmg this reference 1n the standard would 1mply

that such devices ,Qr,,_ggrnponents wete ,rarcceptable.

'R. Change to the App]1cab1]1ty Statementfor § 1020 32 |

FDA proposes in the apphcablhty statement of § 1020 32 to remove the -
reference to “fluoroscopy”’ and replace it Wlth “fluoroscoplc 1mag1ng and to
remove recordlng of i images through an 1mage 1nten51f1er tube and replace

this reference W1th “radlographlc 1mag1ng when the radrographlc 1mages are
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- recorded from the ﬂuoroscop1c 1mage receptor . Thls change is necessary to

clarify the apphcablhty of thrs sectlon and to in orporate the proposed

requirements addressing the produotmn of radlographrc 1mages for the last

image hold feature.

S. Republication of §§ 1020.30, 1020.31, and 1020.32
Because of the large number of proposed changes in §§ 1020 30 1020 31

and 1020.32, FDA is repubhshlng these entlre sectlons 1nclud1ng the proposed

amendments, rather than pubhshmg only the proposed 1nd1v1dual changes to

these sections. Although some of the paragraphs in these sectlons are not -

changed by this proposal repubhcatmn of the entlre sectlons w111 result in

a more reader- frlendly version When the flnal regulatlon is pubhshed

Il Proposed Effective Date i

FDA proposes that any final rule based ,VQIl,tt.l,lti,,t,Sr,,“,PI‘OpOSal become effective

1 year after the date of publication of the ﬁinal ‘ru_l\e@_‘,in the Federal ‘Register. |
IV. Environmental Impact &

The agency has determlned under 21 CFR 25 30(1) and 25. 34(c) that th1s -

action is of a type that does not 1nd1v1dually or cumulatlvely have a 51gn1f1cant “

effect on the human env1ronment Therefore nelther an enwronmental

assessment nor an env1ronrnental_1‘§rﬁpp act state,rnent is requrre,d.

A. Summary

ThlS proposed rule contains 1nformat10n collectlon prov131ons that are .

subject to review by OMB under the Paperwork Reductlon Act of 1995 (PRA)
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(44 U.S.C. 3501-3502). A descrrptlon of these p

ons is glven in the

following paragraphs wrth an estlmate oft 1€ ‘nnual reportmg and

recordkeeping burden. Included in the estlmate is the time for rev1ew'

instructions, searching ex1st1ng data sources, gatherlng and malntammg the

data needed, and completing and reviewing each collect1on of mformatmn

The information collection burder

5 t,{ﬂperformance standard 1s

covered by an existing mformatmn collectlon Clearance OMB control number

0190-0025. FDA is seeking new information collectlon clearance for proposed |
§§1020. 30(h)(5) and (6) and 1020 32(])(4)
FDA invites comments on: (1) Whether the proposed collectlon of

information is necessary for the proper performance of FDA s functlons

including whether the 1nformatlon will have practlcal utrhty, (2) the accuracy .

of FDA’s estimate of the burden of the proposed collectmn of 1nformat10n

including the validity of the methodology and assumpt1ons used (3) Ways to o

enhance the quahty, utility, and clarrty of the 1nformatlon to be collected and p

(4) ways to mrnlmlze the burden of the collectlon of 1nformat10n on -

respondents, 1nclud1ng through the use of automated collectlon technlques,

when approprrate and other forms of 1nformat10n technology

,,,,,,

Components (21 CFRmzﬁo-aowand ,102,9.,32 amened) N

Description: FDA is proposmg to amend the performance standard for o
diagnostic x-ray systems by establishing, among other thmgs requ1rements for

several new equipment features on all new fluoroscoprc xX-ray systems In the

current performance standard § 1020. 30(h) requrres that manufacturers“_f o

provide to purchasers of x- ray equ1pment and to others upon request manuals

or instruction sheets that contain techmcaland ’

tyk_mformatlon ThlS R



required information is necessary for allpurchasers (users of the equipment)
to have in order to safely operate the equlpment Sectlon 1020 30(h) ourrently

describes the 1nformat10n that must, be provrded

The proposed rule Would add to §1020. '30(h) paragraphs (5) and (6)

describing additional 1nformat10n that would need to be included in these

manuals or 1nstructlons In addltlon proposed § 1020. 32(])(4) Would spe(nfy

additional descrlptlve 1nformat10n to be 1noluded 1n the user manuals for

fluoroscopic x- ray systems requrred by § 1020. 30(h) Thrs addltlonal

information would be deSCI‘lptIOIlS of featu

uay equlpment requlred

by the proposed amendments. and 1nformat10n determly ed k, b kpproprlate

and necessary for safe opera’uon of the equlpment

Description of Respondents Manufacturers of ﬂuoroscoprc X-ray systems

that introduce fluoroscopic x-ray systems into commerce followmg the

effective date of the proposed amendments FDA estrmates the burden of th1s

collection of information as follc ws

TABLE 4 ——-ESTIMATED AVERAGE ANNUAL REPORT!NG BURDEN FOR THE FIRST YEAR1

21 CFR Sect:on , No. of Respondents Aggfa'ezrp%%‘g’;ﬁy T!géaslp/éggggl .| Hours per Response Total Hours

1020.30(n)(5) and (h)(6 )and 1020. 0@

200 180 ' 36,000
1There are no capital costs or operating and mamtenanc § e

TABLE 5.—ESTIMATED AVERAGE ANNUAL REPORTIN  BURDE

21 CFR Sectlon No. of,Respondents Aggr”gez,;%%‘éeeﬁy ngéas'p'g‘gggsal Hours per Response Total Hours
1020.30(n)(5) and ()(6) and 1020.32()(4) : 20 5 100 180 18,000

R R e B o o
1There are no capital costs or operating and maintenanc Cl ted With this collection of informati

B. Estimate of Burden

As described in the assessment fthe cost 1mpact of the proposed

amendment (Ref. 33), it is est1mated that there are. about 20 manufacturers of‘

fluoroscopic x-ray systems Who market in the U'” it ’d States ‘Each of theseﬁ -

manufacturers is estimated to market about 10 distinc

x-ray systems. Immediately following the effectrvedate of the proposed



amendments, for each model of fluOroScopic 'i-ray systemthatmanufaCturel‘S

continue to market, each manufacturer would have to supplement the user ,

instructions to include the addltlo al,,1nfo

A R

Lq‘u1red by the proposed

amendments.

Manufacturers already develop, produce , and prov1de x-ray system user

manuals or instructions containing the information necessary to operate the

systems, as well as the specificinformation required to be proVided by the

existing standard in current § 1020. 30(h) Therefore 1t 1s assumed that no.. .

significant additional capital, operating, or mamtenance costs w1ll oceur to thev N

manufacturers in connection w1th the prov151on of the newly requlred

information. The manufacturers a eady I have procedures and methods for

developmg and producing the user’s manuals and the addltlonal 1nformat10n o

required by the proposed requlrements 1s expected to only add a few prmted B

pages to these already extens1ve manuals or documents

equirements

for information in the user’s manuals Wlll be the} effort required to develop‘, o

draft, review, and approve the new 1nformat1on The 1nformat10n or data to

be contained within the new user 1nstruct10ns ,w1ll already be avallable to the S

 manufacturers from their de31gn testing, vahdatron, or other product—

development documents. The burden will consist of\gatherlng the relevant o

information from these documents and preparrng the addrtronal 1nstruct1ons R

from this information.

It is estimated that about 3 weeks of professional staff time (120 hours)

would be required to gather the required informathn for a single model of

an x-ray system. It is estlmated that an_ addltlonal

k (240 hours‘) of - |

professional staff time Would be required to draft ed1t destgn layout rev1ew
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and approve the new portrons of the user 's m ati n requlred

by the proposed amendments. Hence FDA est1mates a total of 360 hours to

prepare the new user information that would be required for each model.
For a given manufacturer, FDA antiCip‘ates that’ every distinct model of
ﬂuoroscoprc system will not requ1re a separate development of tl’llS add1t1onalw -

information. Because it is thought h1ghly hkely that several models of

fluoroscopic x—ray systems from a g1ven manufacturer wrll share common _f,

design aspects it is ant1c1pated that similar means for meetmg the proposed

requirement for display of exposure time, air kerma rate, and cumulativeair
kerma and the requlrement for the last 1mage~hold feature w1ll ex1st on
multiple models ofa s1ngle manufaoturer s products Such common des1gn

aspects for multiple models wrll reduce the burden on manufacturers to i )

develop new user 1nformatlon Hence the average t1me requlred to prepare new

user 1nformat1on for all of aimanufacturer s models will be correspondmgly

reduced. It is assumed that the apphcab111ty of the new user 1nformat1on ’, o

developed to mult1ple models w1ll reduce the average burden from the 360 o

hours to about 180 hours per model under the assumptmn that each set of

user information for a given equ1pment feature des1gn w1ll be a apphcable to

at least two different models of ’ manufacturer 3 fluorosco 1c systems Under |

this assumption, the total est1mated time for preparmg the new user

information that would be requlred is 36 000 hours as shown in table 4 of o -

this document

In each succeeding year the burden w1ll be less as the reportmg |

requirement will apply only to the new models developed and mtroduced by

the manufacturers in that spec1f1c year. FDA assumes that every two years each

‘‘‘‘‘



new user information. The multlple system apphcab1hty of thls 1nformat1on -
is accounted for by also assumlng that each new mowel only requrres 180 hours '

of effort to develop the requrred 1nformat10n These assumptlons resultin an

estimated burden of 18,000 hours for each of the years followmg the 1n1t1al

year of applicability of the proposed amendments as shown in table 5 of thls o |

document. | S
In compliance with the PRA (44 U.S.C. ‘3”5’0"7(d)) the agency has submitted

the information collection provrsrons of this proposed rule to OMB for rev1ew. ‘

Interested persons are requested to. send comm: ‘;‘regardmg 1nformatlon

collestion to the Office of Information and Regulatory Affairs, OMB (see |

ADDRESSES).

VI. Analysis of Impacts

A.Introduction .. ... . el :

FDA has examined the impacts of this ‘prop03ed rule under E;gecutiyew o

Order 12866, the Regulatory Flex1b111ty Act (5 U S. C 601-612), and the |
Unfunded Mandates Reform Act of 1995 (Pubhc LaW 104——4) (UMRA)

Executive Order 12866 dlrects agenc1es to assess all costs and beneflts of R

avallable regulatory alternat1ves and, When regulatlon is necessary, to select

‘regulatory approaches that max1mlze net beneflts (1nclud1ng potentlal

€Conomic, env1ronmental pubhc health and safety, and other advantages

distributive impacts; and equlty) The agency beheves that thlS proposed rule B

is consistent W1th the regulatory phllosophy and pr1n01ples 1dent1f1ed in the ,’ S 1

Executive order, In addition the proposed rule is economrcally s1gn1f1cant

under Executive Order 12866 and is major under the Congressmnal Review

Act. Therefore the proposal 1s sub]ect to rev1ew under the Executlve order o
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The Regulatory Flex1b1hty Act requlres ag nC1es to analyze regulatory

optrons that would minimize any srgmﬁcant 1mpact on small ent1t1es An v

osts to small ent1t1es are l1l<ely

to be 31gn1frcant as descr1bed in the followmg analysrs F DA beheves that thrs o -

proposed regulation will likely have a 51gn1f1cant 1mpact on a substantlal

number of small entities, and 1t conducted an 1n1t1al regulatory flex1b1hty

analysis (IRFA) to ensure that any such 1mpacts Were assessed and to alert

any potentially impacted ent1t1es of the opportunlty to submrt comments

Section 202(a) of the UMRA requlres that agenc1es prepare a Wrrtten o

result in an expendlture by State local, and tribal governments inthe

~ aggregate, or by the prlvate sector of $100 mllhon in any one year (ad]usted

annually for inflation). The UMRA does not requlre FDA to prepare a statement | -

of costs and beneﬁts for the proposed rule because the proposed rule is not

expected to result in any 1—year expend1ture that would exceed $1 00 mllhon | ‘p o

“adjusted for inflation. The current inflation- ad]usted statutory threshold 1s , k' ; -

about $110 million.

The agency has conducted preliminary analyses of the proposed rule,

including a consideration of alternatlvesw and has determ ; Ldntha

he proposed |

rule is con31stent with the pr1nc1ples set forth 1n the Executrve order and i M

these statutes. The costs and beneflts of the proposed rule have been assessed

‘in two separate preliminary analyses that are descrlbed in sectlon VI of thls ,

- document and that are avallable at the Dockets Management Branch (see |

ADDRESSES) for review. As rev1ewed below these prehmrnary analyses have -

an estimated upper limit to the annual cost of $30 8 mllhon durmg the frrst A

10 years after the effective date of the proposedcamendmentSaThe analysrs of
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benefits prO]ects an average annual amo ed- pecunlary savmgs in the first

10 years after the effective date of at least $320 mllhon, W1th an est1mated

90 percent. confrdence 1nterval spanmng a range between $88 35 m1lhon and

$1.160 billion. FDA beheves th1s analy31s of 1mpacts complles wrth Executlve -

Order 12866 and that the proposed rule is a 51gn1f1cant regulatory actlon as

defined by the Executive. order Because of the prehmmary nature of these cost | - N
and benef1t analyses and est1mates FDA requests comments on any aspect of

their methodolog1es assumptlons and pro;ectmns Comments may be

submrtted to the Dockets Management Branch (see ADDRESSES)

B. Objective of the Proposed Rule

The primary ob]ectrve of the proposed rule is to 1mprove the pubhc health

by reducing exposure to and detr1ment assocrated w1th u

ry i 1omz1ng
radiation from d1agnost1c x-ray systems, wh1le marntamrng the dlagnostlc |
qual1ty of the images. The proposed rule Would rneet thls ob]ect1ve by requlrlng""
features on newly manufactured X- ray systems that phy31c1ans may use to o
minimize unnecessary or unnecessarlly large doses of radlatron that could

result in adverse health effects to pat1ents and health care personnel Such

adverse effects from x-ray exposure can mclude acute skm 1n]ury and an

increased potent1al for cancer or lgenetrc damageﬂ The secondary ob]ectwes of

this proposed rule are to brrng the performance standard up to date w1th recent
and emerging technological advances in the des1gn of ﬂuoroscop1c X- ray

systems and to assure appropnate radlatlon safety for these designs. The

i

proposed amendments Would also al1gn the performance standard W1th

performance requlrements in current 1nternat10nal standarc

developed since the or1g1nal pubhcatlon of the performance standard in 1972,

In several instances, the lﬂtern?x\tmpalest@nﬁf' ds contai




requ1rements on aspects of system performance than the current U. S..

performance. standard The proposed changes would ensure that the dlfferent

safety standards are harmonrzed to, the extent that systems meetlng one

standard will not be in ogﬂ vith the

R »@Mﬁ%ﬁ i

standards lessens the regulatory burdens ,Qnt,m&nufacturers desiring to market

systems in the global market.

The proposed amendments would requlre partrcular X-ray equlpment

features reducing unnecessary radlatlon exposure and thereby yielding net

benefits. The amendments_ are necessary because the market w111 not ensure

that these equlpment features Wlll be adopted W1thout a government mandate -

for such features. Purchasers in  health organlzatlons have no 1noent1ve e

to demand the more expensrve X-ray equlpment that Would be requ1red by

these new amendments, because they percelve no 1nst1tutlonal economlc e

1y to patlents Furthermore

advantage in domg 80 as beneflts accrue ma

sy

purchasers are more responswe to physrc1an attentlon to an 1mmed1ate need

for diagnostic and 1ntervent10nal efficacy from the. equrpment than to a_

prospective capablhty to reduce rad1at10n~assomated risk to patients many

years in the future, Patients, also focused on thelr 1mmed1ate medr 1T

will not demand this equlpment because they lack 1nformatron an

about long- -term radiation rlsk and about the hlghly techmcal nature of X- ray

equipment. Hence these proposed amendments are necessary to reahze the net

benefits described in the following analysis. ‘ﬁ' -

C. Risk Assessment . ;f o

The risks to health that W111 be

adverse effects of exposure o 1onlzlng radiation that can result from

procedures utlhzlng dlagnostlo x—ray equlpment These adverse effects arewell
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known and have been extensw”f ly stud1ed and documented They \are generally

categorized into two types— determlnlstlc and “stochastlc ” Determmlstrc

effects are those that oc:

ty\ in days or weeks or. months followmg

irradiation whose th ‘hold characterlstlc of the

effect. Above the threshold, the severlty of the resultlng 1n]ury 1ncreases as

the radlatron dose increases. Examples of such effects are the development of

cataracts in the lens of the eye and skm “burns ” Sk'n_ls th \ tissue that often

or therapeutlc X-Tay exposure Dependlng on the magnltude of the dose skm
injuries from radiation. c:an»range in severlty from reddemng of the skrn and

hair loss to more serrous burn hke effect

may require skm grafts for treatment or may result n permanent 1mpa1rment

Stochastic effects are those that do not occur w1th certalnty, but 1f they appear

they generally appear as leukemla or cancer one or several decades a

radiation exposure. The probablhty of the effect occurrlng is proportmnal to o

the magnitude of the radiation dose in the tissue

The prrmary risk assomated/w1 h th ppossrblhty of patlents N

developmg cancer years after exposure and the magnltude of th1s cancer rlsk

is generally regarded to 1ncrease with 1ncrea31ng radlatlon dose Consrstent -

with the conservat1ve approach to risk. assessment descrrbed by the National

Council on Rad1at10n Protectron and Measurem nts (Ref 32) we assume a

linear relationship between cancer risk and dose The sl ope of thrs relatlonshrp

depends on age at exposure and on gender Our beneflts ane lysrs presented

in section VLH is b sed on hnear 1nterpolat10ns of cancer-mortahty rrsk per

dose derived from BEIR V table 4-3 (Ref. 22) values reduced by a dose I‘ate | v‘ e

effectiveness factor of 2 for sohd cancers (Ref 30) ‘The Values used inour
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analysis are represented in the followr g graph 1nf1gurel of the excess N

lifetime-probability for death per dose a_susq,g‘iatéd with radiation exposure.

[Insert Figure 1]

FDA underscores the overarching uncertainty in these projections w1th the

following statement adopted from GIRRPC Science Panel Report No. 9 (Ref. -
30): i |

The estimations of radiation-ass

extrapolatlon of nominal risk estlmates for hfe; T

of 0.1 Sv. Other methods of extrapolatron tothelow-

or lower numerical estimates of'

populations exposed at low doses are 1nadequate to demonstrate the actual level of

risk. There is scientific uncertamty about cancer I‘lSl( m the low-dose regmn below -

the range of epldemlologlc observatlon, and the p0551b111ty of no rlsk cannot be R

excluded.

We project that the equlpment features that would be requlred by three

il promote the bulk of radlatron dose reduct1on B

of the proposed amendrnentsm

and hence cancer risk reduction: (1) Dlsplays of radlatlon tlme rate and dose

values; (2) more filtration of lower energy X rays and (3) 1mproved geometrlcalj

efficiency of the x-ray field achleved through trghter colhmatlon Weassume

that the display amendment would reduce dose on the order of 16,percent

This assumed value is one-half of a 32 percent dose reductlon observed for | l “

several x-ray modalities in the United Klngdom (UK) between 1985 and 1995

We assume that one—half of the UK dose red

W iy Y

improvements alone, whereas the other half stemmed from the quahty

assurance use of reference dose levels and patrent dose evaluatlon The 1‘, ‘

percent dose reductlon that we pro]ect for the dlsplay amendment thus
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presumes facility 1mplementat10n of a quahty f,‘ﬂprogram rnakmg use

of the drsplayed values. This analy51s and other assumptlons—-ﬁ percent dose

reduction for the ,fbrltratron,,a‘me ent, 1103 percent dose reductron for the -

assumptions.

Until recently, the pr1nc1ple rad1at1on detrrment for patrents undergomg

x-ray procedures was the risk of inducing cancer and to a lesser extent

heritable genetic malformatrons Since 1992 however approx1mately 80

reports of serious radratlon 1nduced skrm %’_]ury assocrated w1th

fluoroscopically- gurded 1nterventronal therapeutrc procedures have been e

published in the medical literature or reported t ‘ FDA M T y of these 1n]ur1es -

3

involved significant morbrdlty for the affected patlents FDA sx exper1ence w1th

reports of such adverse events leads the agency to beheve that the number ) " B -

of these injuries is very likely underreported glven the total number of

interventional procedures currently performed Addltronally, there is the laok

to report such injuries. With the advance of ﬂuoroscop1c technology and the |

proliferating use of 1nterventronal procedures by practrtloners not tradltronally -

specializing in the field, and therefore not completely famrhar W1th dose- S ;

sparing techmques FDA expects an 1ncreasmg ‘risk of radiation burns that e

warrants the changes to the x—ray equrprnent performance standard through

the proposed amendments. i’, .

D. Constraints on the Impact Ana]ys1s

It is FDA’s, opmron that the proposed amendments Would offer pubhc

health benefits that warrant therr costs

thus far accessing pertmentmformatloafro stake

“'gency has had drffrculty DR
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impact of the proposal and alternatives. In Viet/v of the li ited information

available with which to develop estimates of the costs and beneflts FDA

solicits comments, data, and op1n1ons as to whether the potent1al health

]ustlfy their costs FDA Wlll use

all information and comments re

d t revrse the im act assessment in

reaching a final determmatron as to th%T:‘approprrateness of the proposed

amendments.

The prmmpal costs assoc1ated w1th the proposed amendments would be

the 1ncreased costs to ma rodu

1i ment‘that will have thea o
features requlred by the amendments FDA has made ar

~cost. The cost estimate is bas d number of assumptions designed to assure

that the potential cost is not underestlma d_ﬁ, ‘

costs of these amendments to be s1gn1f1cant1y less than the upper-hmrt estlmate -

developed Manufacturers f_,dlagnostlc x-ray systems are urged to prov1de ;'

/

detailed comments on the ant1c1pated costs of these amendments that S

enable refmement of these cost es §

The beneflts that are expected to result from these amendment

reductions in acute skis dmln]urles and radlatlon-lnduced can

HOR M The proposed

amendments would have two types of 1mpact that reduce patrent dose and )

associated radlatlon detr1ment W1thout promlsmg 1mage quahty

The first type of change 1nvolves several newly requlred equ1pment

features that would directly affect the 1nten51ty or srze of the X- ray field. T hese ‘

are the requirements addressrng x-ray beam quahty, -ray f1e1d hm1tat10n

fluoroscopic systems Almost all of the changes that d1rectly affect x-ray fleld

size or intensity would brmg the performancse,s.t.andardgeqmrements into
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a growmg

these requirements are 1ncluded in Voluntary standards that h

influence in the international marketplace the radlologlcal communrty has

already recognlzed their beneflt and approprlateness Moreover harmomzatmn -

within a single international framework would obv1ate the expense for ' '; k ,)

manufacturers to produce more than one lme of products for a smgle global
marketplace. | | i
The second type of change that would berequired by these amendmentsm;

1nvolves the 1nformat10n to be prov1ded by the manufactureror dlrectly by

the system 1tself that may be ut1hzed by the opera or to” v

the x-ray system and thereby reduce patient dose There is w1de support for o

- and anticipation of these new. features by many knowledgeable users of

fluoroscopic systems. Slm1lar requ1rements were recently mcluded ina new )

international voluntary standard.

E. Baseline Condjtions )

The cost of the proposed amendments to the X- ray equrpment performance

standard would be borne prrmarlly by manufacturers of ﬂuoroscoplc systems

The cost for one of the nine proposed amendments would also affect ) -

manufacturers of rad10graph1c equipment and 1s dlscussed in detall in Ref 28,

Therefore, this discussion wrll focus prrmarlly on ﬂuoroscopy (1 e., the process
of obtaining dynamrc real- tnne 1mages of pat1ent anatomy) | B

X-ray imaging is used in medlcm ‘ ‘agnost1c mformatron om .

patient anatomy and disease processes or to v1sual1ze the dehvery of

therapeutic interventions, X- ray imaging almost always 1nvolves a tradeoff

between the quality of the 1mages needed to do the 1mag1ng task and the o

magnitude of the radiation exposure requlred to produce the 1mage Drffrcult
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unless some significant technologlcal change provrdes the needed 1mage o

quality. Therefore, it is 1mportant that users of x-ray systems have 1nformatron e
regarding the radiation exposures requrred for the 1mages that are bemg |

produced i in order to make the appropriate : I‘lSk heneflt dec151ons

Equipment meeting the new standards 1’: ’the proposed amendments would

provide image quality and dlagnostrc mformatlon 1dent1cal to equrpment

meeting current standards. Therefore the chnlcal usefulness of the 1mages ' R

provided would not change. The amendments would not affect the dehverym N - o

of x-ray imaging serv1ces because the reasons for performlng procedures the

number of patients hav1ng procedures and the ‘manner in wh1ch procedures o

are scheduled and conducted?would not be changed as a result of the f T

amendments In addition, nothrng in these amendments Would adversely affect | -

‘the clinical 1nformat10n or rekj'ylt obtamed from these procedures These ‘_ -

amendments would result in x-ray systems havmg features that automatrcally

provide for more efficient use of ' d' ti

T features that provrde the ,

physicians using the equlpment w1th 1mmed1ate mformatron T to patient ‘k

dose, thus enabling more 1nformed and eff1c1ent us

amendments would provrde physrcrans usmg ﬂuoroscoprc equ1pment w1th the

eans to actively monltor pat1ent radlatron doses and mmlmrze :unnecessary o

exposure or avoid doses that could result in radratron m]ury

Estimates of the annual numbers of certain ﬂuoroscoplc procedures

performed in the United States durlng the years 1996 or 1997 ‘were developed

as described in Ref. 29, usmg data from, several sources These Vestlmat

the annual numbers of spec1f1c procedures Were used in the estimates of

benefit from the proposed amendments No attempt was made to account for



changes in the annual numbers of procedures 1nvfut'ure years, due to the ,1arge

uncertalntles in makmg such pI‘O]GCthl’lS FDA also estrmates that over 3

million fluoroscopically gulded 1ntervent10nal procedures are performed each

~ year in the United States. These ‘procedures are descrrbed ‘

procedures ‘because. they accomphsh some form of therapy for pat1ents often

as an alternatlve to more 1nva51ve and rlsky surg1ca1 procedures Interventmnal\ o

throughout the entlre procedure and such procedures often requlre exposure
times srgnlflcantly 10nger than convent10nal dlagnostlc procedures to gulde the

therapy.

FDA records indicate that about 12,000 medical d‘iagnostic x;ray systems . ‘

are installed in the Unlted States each year Of these 4 200 are fluoroscoplc

system installations. The proposed amendments would apply only to those o

" new systems manufactured after the effe ive d e

2

therefore affectmg the 4,200

new fluoroscopic systems 1nsta11ed annually'and a small fractmn of

radiographic systems that do not currently meet the proposed standard forx-

ray beam quahty

In modeling the x-ray equrpment market m the Unlted States for the »

purpose of developing estlmates of the cost of these ame;' d‘ rents,

estimates that there are approx1mately a total of 40, manufacturers of d1agnost1c

x-ray systems in the United States and half of t

> (20) market fluoroscopic

systems and radlographlc systems It is assumed that

‘radiographic systems typlcally market 20 models of radlographrc systems




while manufacturers of flu

Opm systems market 10 different modelsof

fluoroscopic systems.

F. The Proposed Amendments

As described i 1n section II of this doc_w he proposedregulatlons may v

be considered as nine significant amendments tothec

urrent performance

standard for diagnostic x-ray systems and other minor supporting changes to

the standard. The nine principal amendments may be grouped into three ma]or

impact areas: (1) Amendments requiring changes to equipment demgn and

performance that would facilitate ,m efficient use of radiation and pr0v1de

means for reducmg patient exposure (2) amenc ments 1mprovmg the use of

fluoroscopic systems through enhanced 1nformation to users and (3)

amendments facilitating the apphcation of the standard to new f

technologies associated Wlthﬂt Aopic systems

Amendments requn'lng equipment changes 1nclude changes 1n x—ray beam"

D sl

quality; provision of a means to add addition

al flltration }changes in the X-

ray field limitation requirements prov131on of displays ‘of values of 1rrad1at10n -

time, AKR, and cumulative a1r kerma; the display of the last ﬂuoroscopic 1mage

changes to the requirement concerning max1mum 11m1ts on entrance AKR

requiring additional 1nformat10n to be prov1ded 1n user 1nstruction manuals o
Amendments facilitating the apphcation of the standard ch
include the recognition of SSXI dev1ces rev1smns of the apphcabihty Sections

and establishment of i‘gﬁg}g@‘tﬁtlOna&l%deflnlthnS.




G. Benefits of the Proposed Amendments

The proposed amendments would benefit patients by enabling physicians

to reduce fluoroscopic radiation doses and associated detriment and, hence

to use the radiation more efflcrently to ach1eve medical ob]ectlves The health

benefits of lowering doses are reductlons in the potentral for radlatron 1nduced

. cancers. and in the numbers of skln burns assocrated with hlgher levels of x-

ray exposure during ﬂuoroscoplcally gulded therape ic procedures FDA

believes that the proposed amendments Would not degrade the quahty of

ﬂuoroscoplc 1mages produced whrle reducmg the radlatlon doses

There is widespread agreement in the radlologlcal communrty that

radiation doses to patlents and staff should be kept “as low as reasonably

achievable” (ALARA) as a general prmmple of rad1at1on protectlon m

particular, moreover recent experience has d

cases of ﬂuoroscoplcally -guided 1ntervent10na1 procedures with espec1ally long

irradiation times, the magmtudes of the rad1at1on doses are Iz rge enough to
cause serious injury to the skm A growrng number of patrents that are o
potentially at risk for acute and long term radlatron 1n]ury makes it 1mportant

to provide fluoroscopic systems with features that will assist in reducrng the I

radiation to patlents while contmumg to accomphsh the medrcal ob]ectlves

of the needed procedures.

The proposed amendments Would requlre that ﬂuoroscoprc x—ray systems -

provide equipment features that d1rectly enable the user to reduce radrat1on N

ndments would

require provision of information to the user,of the equlpment 1n t €

additional information in theuser’s manual or inst
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use in a manner that minimi ient exposure )

d, by extension,

occupa‘uonal exposures to med1cal staff

There is wide agreement that radlatlon exposures durmg ﬂuoroscopy are

not optmnzed For example, data from the 1991 Nat1onw1de Evaluatlonvof X- o \

gastromtestmal tract examrnatrons (upper GI exam) 1ndlcate that the mean

entrance AKR is typlcally 5 cGy/mrn for an. adult patlent (Ref 28) Properly
malntamed and adjusted ﬂuoroscoplc systems are expected to be able to

perform the 1mag1ng tasks assoc1ated with the upper GI exam w1th an entrance

AKR of 2 ¢cGy/min or less (Ref. 8). The NEXT . survey data 1ndlcate 31gn1flcant ;

room for 1rnprovement in this aspect of fluoroscopic system performance The

total patient dose could be significantly reduced were the entrance AKR

Jowered to what is currently reasonably achievable, and the features required

cumulative entrance air ‘ke my

rov1de ﬂuoroscoplsts

with means to better limit the _patient radiation exposure . The LIH featurei B

would permit decrslon-maklng regardrng the procedure underway whrle

visualizing the anatomy W1thout cont1nu1ng to expose the patlent The air

kerma- and AKR—value dlsplays Would prov1de real—trme feedback to the -

fluoroscopists and are ant1c1pated to result in 1mproved ﬂuoroscop1st

performance to limit rad1at1on dose based ) th

information regarding that dose. Reahzatlon

benefits would require ﬂuoroscoprsts to take advantage of these proposed

features and Optrmlyzeth_e“way theyyuse ﬂuo,rosg;opm systems. = f’ ‘

medlate ava1lab1hty of

th potentlal dose reductlon - :



The potentlal 1mpact of the change in the beam quallty requlrement which

would apply to most radmgraphlc and all fl koprc systems can be seen

from the data on beam quahty obtamed from _the FDA Comphance Testmg

Program for the current standard Smce ]anuary 1 1996 FDA has conducted

4,832 tests of beam quahty, that is, measurement of the HVL of the beam forw o “

newly installed x—ray systems. Of these tests only 15 systems d1d not meet

the current HVL or beamuquahty requlrement If the requ1rements for HVL

contained in these proposed amendments Were used as the cr1ter1a for

compliance, only 698 systems or 14.4 percent of the systems tested would haveq_ -

been found not to have comphed Th1s

(,sult suggests that at a mmlmum e

approximately 15 percent of recently 1nstalled medlcal X- ray systems would
~-have their beam quality improved and patlent expo‘sures[reduced,,Wﬁ,,lﬁt,h? LA

requirement in place and applicabletothem. . o

Numerous examples are avarlable in the llteature that 1llustrate the

potentral reduction in patrent dose, whrle preservmg image quahty, that can

result from increased atthe

-ray [ beam flltratlon Reference 7 demonstrates th

the change required to enable systems that )ust meet the current requlrement .

to meet the proposed HVL requlrement would result in about a 30 percent

reduction in entrance air kerma and about a 15 percent reductmn n the ,

integral dose for the ﬂuoroscoplc exammatlon modeled in th ‘Wpaper at 80 l(Vp .

tube potential. Reductlon in entranc

SRR

e skm&,dose (entrance air kerma) 1s relevant N

to reducing the risk of determmlsuc injuries to the skm while a reductlon

in the integral dose is d1rectly related to a reduction in the r'

ind

effects such as. canger | tions

Oth authors have descrlbed dose reduc

of a similar. magnltude from 1ncreasmg frltratlon for radlographlc systems
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The requirements. proposed in these amendments 1mplement many of the

suggestions and recommendatlons developed by members Tf th

community at the 1992 Workshop on Fluoroscopy sponsored by the Amencan
College of Radlology and FDA (Ref. 8) The recom ¢

workshop stressed the need to prov1de,users ‘\of fluoroscopy with improved

features enabling more informed use of this increa 'ngly complex equipment.

In addition, three radlologlcal professronal orgamzatrons 1nd1cated thelr

opinions to FDA that radrologlsts would use the new features to better manage ) ‘ S

patient radiation exposure.

H. Estimation of Benefits

Projected benefits are quant1f1ed below m terms of (1) ollectlve dose -

savings, (2) numbers of lives, spared premature death asf‘ '

induced cancer, (3) collective years of life spared premature death (4) numbers |
of reports of fluoroscopic skin burnsprecluded, and (5) pecumary estlmates o

associated with, the precedmg four 1tems The estlmates represent average

annual benefits projected to ramp up durmg a 10-year 1nterval m wh1ch new

- fluoroscopic systems conformmg to the proposed rules are phased into use in

the United States (FDA assume

wthat 10 years after the effectrve date ofthe -

proposed rules all fluoroscoprc systems then 1n use would Conform

rules and that associated recurrlng beneflts would contmue to accru ue at _‘

constant rates.) Annual pecumary est1mates that are averaged overthe 10 year PR

ramp-up interval and that a d

ith preventlon of cancer 1nc1dence

preclusion of premature. mortahty, and obviation of cancer treatment a

on the pro]ected numbers of lives spared premature death These pecunlary

estimates are valued in current dollars usmg a 7 percent d1scount rate covermg

the 1dent1cal 10-year evaluat1on perlod used 1n the cost analy51s (see sectron o v | H
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VLI). Based on an economic model of society smwﬂhngness to paya premlum o

for high-risk jobs, we assoc1ate avalue of $5 mllhon for each statlstlcal death

avoided, $25,000 for preclusmn of each cancer treatment and $5 000 for

preclusion of cancer’s psychologlcal 1mpact L1fe beneﬁts would be realized

20 years following exposure (after a perlod of 1,0,_,years ofvcanceplate@n@gy
followed by a period of 10 years of surv1val) Deta1ls notes and references -

for this analysis are. prov1ded 111 Ref 29. The low mlddle and hlgh est1mates )

in table 6 of this document cor {pond respectwely to the 5th medlan and

95th percentlle points of nominal probablhty dlstrlbutlons Estlmatlon of the

ut1ons is explamed in th

following p’aragrap‘hs

TABLE 6. —PROJECT,‘
FOR DISPLAY, COLLlMATlON AND FILTRATION.

““95ih Percentile

Average Arinual Dose"“d Life Savings in the > First 10 Ye

Col|ect|ve dose S mgs (person srevert)

Number of Irves spared premature death from cancer.

Years of Irfe spared premature death from cancer

Number of reported skrn bums precluded

Average Annual Amomzed Pecumary Savrngs in the 1
Rules P

Total ($ millions) o

1 PTCA: percutaneous transiuminal co ngiopiasty; OA: Zardiac cat
fluoroscopy e PRA. St PO0Ui A EETIITR A

For the most part, these prO]ectlons are based ona benef1ts an ly51s (Ref

29, available at http [ www. fda gov/ cdrh/radhlth/ 021501 xray html) whose

domain is intended to be ‘representatwe but not exhaustrve of prosPectlve

savings. To keep the analy31s finite and manageable 1t is hmlted to the three

proposed amendments (sectlons II E 1L F, and II K of thls document) that

would most reduce radlatlon dose i
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procedures. The procedures COnslder ' d are th e g

are other very highly utilized ﬂuoroscoprc procedures for example the barrum 1

enema examination, whose dose savmgs mlght be of comparable magmtude

to those of UGI, that are not 1ncluded at all in thr - ‘,,,aIYSls The three D

the x-ray beam more eff1c1ently, and (3) frlter out more of the low energy x-

ray photons from the x-ray beam Proposed requlrements for the source-skin

distance for small c-arm ﬂuoroscopes (sectlon II ] of thlS document) and for

provision of the last-image hold feature on. all ﬂuoro c_oprc systems (Sectron B R

IL.L of this document) will also drrectly reduce dose but therr dose re ]

are expected to be much smaﬂer than those ssoc1ated wrth the precedrng R

~.proposed changes. The remalnrng amendments can be charact riz

clarifications of the apphcabrhty of the standard changes 1n deflnltlons
corrections, of er1orS, and other changes that contrlbute generally to the

effectlveness of nnplementatron of the standard

Most of the assumptions, ratronales and data sources

benefit prO]ectlons are exp11c1tly deta1led in Ref 29 and 1ts notes andﬂy_‘_,, | . ‘,

references. That analysis, however is 1ncomplete 1nsofar as 1t refers only to R

a smgle set of pomt estlmates In order to developwa range of pI‘O]GCthl’lS wrth V»

cancer mortahty from the U, S Natlonal Resea‘ h Councrl Commrttee on the

Biological Effects of Ionizing Radiation (BEIR V) (Ref. 22). For the former, FDA



assumes a relative uncertainty of a factor of 2 mower or{higher)to represent

the range in pro]ected dose reduc

of about 90 percent in the f1nd1ngs and assumpt1ons (Ref 29)

- With respect to the d@,PendenCe on the BEIR V estrmates FDA follows two o -

recommendations of the Officmj ‘ Pohcy (OSTP)

Committee on Interagency Radlatlon Research and Pohcy Coordmatlon o

consensus position for radlatlon rlsk-beneﬁt evaluatron F1rst we apply a value

of 2 as the dose-rate e_ffec.. i

of solid, non-leukemia cancers, Adopting a DREF value of 2in the ang Vy31s

nearly halves the Ref. 29 m

1l point prOJectlons of the numbers of hves and

years of life spared prematurewdeath{fr@g&m cancer A DREF val' !

that diagnostic or interve P '\}1s a: el t" ely low dose rate e

modality. There are ambiguous assessments of that proposrtlon Although BEIR R

V (Ref. 22, pp. 171, 220) consrders most med1cal x ray exposures to correspond

SER R S

to high-dose rates (for which. the DREF is assumed to equal 1 for SOlld cancers)

ICRP Publication 73 (Ref. 16, p 6) states ]ust as unequlvocally that rrsk factors b o

reduced by a DREF larger than 1 (i. e, for 1ow dose-rate m

appropriate for all diagnostic doses and o mc

from the target tissues in ,,racllgthgﬁréapy »? Recogmzmg these contrary views of

the detrimental biological eﬁecﬂvenes& ass¢

adopts from CIRPPC Panel Report No 9 (Ref 30) 1s the

pretatlon thata -

factor of 2 relative uncertamty represents the BEIR V Com 'ttee S estimation

of the 90 percent confidence interval for morta
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latter value also agrees | w1th that in the recent rev1ew of the United Natrons
Scientific Commrttee on the Effects of AtOIIllC Radlatlon in the “UN SCEAR

2000 Report” (Ref. 31).

All of the contrlbutlons of relative uncertalnty approprlate for the
prOJectrons of collective dose savmgs hves and years of hfe spared premature
death associated with rad1at10n 1nduced cancer numbers of reports of o
fluoroscopic skin burns precluded, and assoc1ated pecunlary estimates are

summed in quadrature. For the pro;ected collectlve dose_ sav1ngs the root

quadrature sum yields an overall relatlve uncertamty of a factor of 2 3 lower -

and higher than the modal p01nt estlmates and correspondlng respectlvely to

the 5th and 95th percentiles of a nomlnal d1str1but1on of confrdence for the

projected numbers of lives and ‘years of life spared premature death the overall

relative uncertainty is a factor of 3 6 lower and hlgher

L. Costs of Implementing the PropOSed Regu]ations o

Costs to manufacturers of ﬂuoroscoplc and radlographlc systems would
increase due to these proposals FDA would also experlence costs for 1ncreased
compliance activities. Some costs represent one- -time expendltures to develop |
new designs or manufacturing processes to 1ncorporate the regulatory changes
Other costs are the ongoing costs of _providing 1mproved equrpment :
performance and features with each installed unit. FDA developed unit cost
estimates for each required act1v1ty and mult1phed the respect1ve unit cost by
the relevant variables in the affected 1ndustry segment One- trme costs are
amortized over the estrmated useful hfe of a ﬂuoroscopy system (10 years]
using a 7 percent discount rate. ThlS allows costs to be analyzed as average

annualized costs as well as first year expendltures
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FDA developed these cost estlmates based on 1ts experlence W1th the
industry and its knowledge regardmg desrgn and manufacturmg practlces of
the 1ndustry Inltlally, gross, upper-bound estlmates were selected to ensure
that expected costs were adequately addressed The 1n1t1al assumptrons and

estimates were posted on FDA’s Web site and c1rculated to the affected |
industry for comment in July 2000 FDA recelved no comments on these 1n1t1al
upper-bound estimates and therefore believes that they were ‘generally 1n line
with industry expectations. Since then, in order to refrnethe est1mates to
provide a more accurate representation of the upper-bound costs of the
~ proposed amendments FDA re -examined its est1mat1ng assumptlons and
reduced some unit cost flgures based on the expectatlon that future econom1es B
of scale would reduce the expense of some requrred features Thls section

presents a brief discussion of the cost est1mates A detalled descrlptlon of th1s

~analysis is given in Ref. 33.

- FDA has no 1nformat1on 1nd1cat1on or econormc presumptlon that costs
estimated to be borne by manufacturers Would be passed on to purchasers.
The cost analysis therefore is hmlted to those partles who would be dlrectly

affected by the adoptlon of the proposed amendments namely, manufacturers

and FDA itself. FDA requests any 1nformatlon on the costs that would be
imposed by these new requlrements that would a1d in reflnlng the cost

estimates.

1. Costs Associated With Requirements Affectmg Equ1pment ljeSign
The agency estimates that appmximately dr‘ie;half‘(zo) ofthe e

manufacturers of x-ray systems will have to make de31gn and manufacturmg

changes to comply with the revrsed beam quahty requlrements It is estlmated

that a total of 200 x- ray models would be affected w1th a one-trme cost of
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at most $20,000 per model. These nUmbers result 1n an estlmated frrst year

expenditure of $4 0 m1]l1on to redeSIgn systems to meet the new beam quahty

requrrement

It will be necessary for manufacturers of ﬂuoroscoplc systems equlpped
with x- ray tubes with high heat capac1ty to rede51gn some systems to provrde |
a means to add addltlonal beam frltratron F DA estrmates a desrgn cost of -
$50,000 per model. A total of 100 models are lrkely to be affected for a one- o ,’
time cost of $5.0 million to fluoroscoplc system manufacturers In addltlon
each system would cost more to manufacture because of the mcreased costs ’
for components to prov1de the added feature. The increased cost of this added
feature is estimated at $1, 000 per ﬂuoroscop1c system A total of 650
ﬂuoroscoplc systems are estlmated to be 1nstalled annually w1th hrgh heat
capacity x-ray tubes, resultmg in a total of $0.65 million in 1ncreased annual
. R i |

Modification of x-ray systemsto“meet the revi"sed requirement for field
limitation will entail either changes in installation and ad]ustment procedures |
or redesign of systems. Each ﬂuorosc0p1c system would need e1ther
modification in the ad]ustment procedure for the colhmators (for Wthh new
installation and adjustment procedures Would be developed at an estlmated
one-time cost of $20,000 per model) or colhmators would need to be
redesigned at an estimated cost of $50 000 per model F DA has assumed that
one-half of all flouroscopic x-ray system models (5 models each for 20 |
manufacturers) would need modlflcatlons to meet the new requrrement ‘Whlle
the remarnder would erther meet the new requlrement or could meet 1t through |
very minor modlftcatlons in the colhmator ad]ustment procedure For those

system models not meeting the new requirement, it is assumed that a_redeslgn



of the collimator system is reqmred at a cost of ab‘out $50 000 per ’modvel
leading to an upper-bound esttmate of the total redesrgn cost of $5 D mﬂhon
(20 manufacturers x 5 models X $50 000). All statronary ﬂuoroscoplc systems |
would most likely need redeS1gned colhmators that would add an addrtlonal
$2,000 per new system due to increased complexrty of the colhmator An
annual industry cost increase of $5 0 mllhon accounts for all 2, 500 annual

1nsta11at10ns of systems with these more expens1ve colhmators

The proposals to modify" the requlrement hmltlng the maximum entrance
AKR and to remove the exceptlon to the hmlt durlng recordlng of i 1mages 1n |
analog format using a video recorder will only affect the ad]ustment of newly
1nstalled systems having such recordmg capablhty Th1s requ1rement is not

expected to impose s1gn1f1cant costs.

FDA is proposing that all ﬂuoroscoplc systems 1nclude drsplays of

irradiation time, AKR, and cumulatlve air kerma to a331st operators in keeplng

track of patlent exposures and av01d1ng overexposures Each model of |
fluoroscopic system would need to be rede31gned (ata maxrmum estlmated -
cost of $50,000 per model) for a one-time estrmated cost of $10 0 mllhon (200 |
models x $50,000). Accessory ’or add-on equrpment for existing ﬂuoroscoplc
systems that provide similar information are currently available for an o
additional cost of over $10, 000 per system However F DA expects the average”
manufacturrng cost of including such a feature as an 1ntegral feature of a
fluoroscopic system to be less than $4,000 per system due to achrevable
economies of scale and 1ntegratron wrth other system computer capablhtles
This assumption results in annual cost 1ncreases of $16 8 mllhon (4 200 annual

- installations x $4,000).
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The proposed amendments' would requlrethatall newlymanufactured -
ﬂuoroscopic systems be provrded with LIH capablhty FDA expects that 10 o
fluoroscopic system manufacturers would need to redemgn their systems to
include this technology at a maxrmum cost of $100 ODO per manufacturer Total
one-time design costs would equal $1.0 milhon for the 1ndustry (10 | o
manufacturers x $100,000). It is estimated that about half of the new systems
installed would already be equipped with this feature Thus about half of the

newly installed systems that currently do not prov1de thls feature Would need

it. FDA estimates that the cost would be an add1t10nal $2 OOO for each system M

required to have this feature. Thus annual costs would 1ncrease by $4 2

million (2,100 annual systems x $2,000).

The amendment clarlfying the requlrement for MSSD for small C -arm
systems is ant1c1pated to require rede31gn of several of these systems As there
are only three manufacturers of these systems and the rede51gnwcosts are -
estimated to be no more than $50 000 per system the total one-time cost for
this change would be $0.2 million. The average annuahzed cost of this |
proposed change would be negligible. | | |

In summary, total industry costs for 'combliance w1ththeamendmentsm B
the area of equipment design include one- time costs of $25 2 mllhon ThlS total . |
equals an average annualized cost (7. percent dlSCOHHt rate over 10 years) of -

$3.6 million. In addition annual recurrlng costs for new equipment features
associated with these proyposed provisions are (e;;pe}cted :to equal$‘26.‘7 mllhon -
2. Costs Associated With Additional Information for Users B

The proposed amendments would require that additional information be

provided in the user 1nstruct10ns regarding fluoroscopic systems F DA has ', |

estimated that each model of ﬂuoroscoplc system Would need a reV1sed and



augmented instruction manual at a cost of less than $5 OOO per Inodel ThlS i
is equal to a maximum one- time cost of $1 0 mrlhon (200 models of
fluoroscopic systems x $5, 000) and 1mphes max1mum average annuahzed costs
of $0.14 million. In addition, each newly 1nstalled system would 1nclude an
improved instruction manual FDA estunates a cost of $20 per manual for
printing and distribution of the required addltlonal 1nformatlon Each of the
4,200 installed fluoroscopy systems would 1nclude a rev1sed manual for an
annual cost of approximately $0. 1 mﬂhon

Related to the requlrements for addrtronal 1nformat10n 1sthe proposal to o

change the quant1ty used to descrlbe the radratron produced by the x- ray
system. Because the change to use of the quantrty a1r kerma does not requlre
any changes or actions on the part of manufacturers or users, there is no

significant cost associated w1th it.

3. Costs Associated With Clarlflcatlons and Adaptatlons to New Technologles '
' osed for the

The new definitions and clarrflcatlons of apphcablhty pr

standard do not pose any 51gn1flcant new or addltronal costs on manufacturers

4. FDA Costs Associated Wrth ComplianCe‘Activitiesy |
FDA costs would 1ncrease dueto the 1ncreasedcomphance actlvrtles that |
would result from these propo’sed regulatfions; In addltron, FDAwould o
experience implementation costsm developingand publicizing the new
requirements. FDA has estimated that approximately five fliIl-time equivalent
employees (FTEs) would be requlred to 1mp1ement the proposed regulatlons N
and conduct trarmng of field 1nspectors Usmg the current estlmate of $117 000’

per FTE, the one-time cost of 1mplementat10n to FDA 1s approxunately $D 6

million. Amortlzmg this cost over a 10—year evaluatlon perlod usmg a7 percent N

discount rate results in average annualized costs ofabout $01 mﬂhon ‘:Qﬁngoing
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costs of annual comphance activities are exp to require about three FTEs, |

or a little more than $0.3 mllhon per year.

The estimated costs of the amendments 1dent1f1ed as havmg any srgmfrcant
cost impact are summarlzed in table 7 of thrs document The costs are e
identified as non-recurrmg costs that must be met 1n1t1ally or as annual costs
assocrated with continued productron of systems meetrng the proposed
requ1rements or addrtlonal annual enforcement of the amendments The total
annualized cost of the proposed regulatlons (averaged over 10 years) equals
$30.8 mllhon of which $30.4 mllhon would be borne by manufacturers The
annualized estimate of $30.8 mllhon represents amortlzatlon of f1rst year costs .

of $53. 8 million and expendltures from years 2 through 10 of $27 mllhon

annually. ,
TAeLE 7.—SUMMARY OF COSTS OF AMENDVMENTS
: N in |
Amendment Described in ‘S‘ec’tion o&;%%m%%ng?gs(tss o Nor::gglztsngg “%%Zt)s to G;‘,’}%&gﬁi‘& Annu(asls %%ﬁffng FDA

LB k - - k . " 7‘ none : 0.0324 none none

1D s 1.0 none 0.084 0.0117
nE L 9.0 0.0117 - 0.650 none

ILF . ‘ e 5.0 0.0468 5.0 none

.G, ILH, and 11~ ~ k o none none none none

g - o 0.150 0.0234 none none

K , o B 0o 0.4680 16.8 0.2340
L B o 1.0 ‘ 0.0234 4.2 none
Total o o T 26.150 06026 26.734 ’ 0.2457

Therefore, during the frrst 10 years after th‘é"é"f’fééﬁvéf date of the ﬁrobb‘éé‘d’ B
amendments, the average annual cost is estrmated to be $30 8 mllhon
compared to a projected average annual beneﬁts of $3 20 mllhon w1th1n a

range estimated between $88 million and $1 2 bllhOIl
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J. Small Business Impacts
FDA believes that it is likely that the’propOSed rule will have a Slgnificant |
impact ona substantial numb:erof small entities and has conducted an IRFA “
This analy31s is de31gned to assess the 1mpact of the proposed rule on small

“entities and alert any 1mpacted ent1t1es of the expected 1mpact

1. Description of Impact

The objective of the proposed regulat1on is to reduce the hkellhood of
adverse events due to unnecessary exPosure to radlatron durmg dlagnostrc x; E
ray procedures, primarily ﬂuoroscoplc procedures The amendments would
accomplish this by requ1r1ng performance features on all fluoroscoplc x—ray
systems that would protect patlents and health personnel whlle mamtalmng

image quality.

Manufacturers of dlagnostlc X-ray systems 1nclud1ng fluoroscopy S

equipment, are grouped wrthln the North Amer1can Industry Cla331f1cat10n -

System (NAICS) industry code 334517 (Irrad1atlon Apparatus Manufacturers)l;' |

The Small Business Ad‘mi«n_iStration (SBA) déss"ifiieé'as"“*s'rﬁAII"” aﬁy’ entlty w1th A

500 or fewer employees W1th1n this 1ndustry Relatlvely small numbers of

“employees typlfy firms W1th1n this NAICS code group About one- half of the B

establishments within this 1ndustry employ fewer than 20 Workers and
companies have an average of 1.2 establlshments per company The |
manufacturers are relatively spec1ahzed with about 84 percent of company
sales comlng from within the affected 1ndustry In addltlon 97 percent of all
shlpments of 1rrad1at10n equ1pment originate by manufacturers class1f1ed

‘within this industry.

1INAICS has replaced the Standard Industrlal Q catlon (SIC) codes NAICS Industry '
Group 334517 (Irradiation Apparatus) coincides with SIC Group 3844 (X Ray Apparatus and
Tubing). : r '
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-The Manufacturing Industry Serles report on lrrad1at1on Apparatus -
Manufacturing for NAICS code 334517 from the 1997 Economlc Census
indicates 136 companies havmg 154 estabhshments for thlS 1ndustry in the
United States. This report also 1ndlcates that only 15 of these establlshments

have 250 or more employees, w1th only 5 estabhshments havmg more than _

500 employees. Therefore, thls mdustry sector is predommately composed of o

frrms meeting the SBA descrlptlon ofa small entlty " Of the total value of
shipments of $3,797,837, 000 for this mdustry, 73 percent are from the 15
establlshments with 250 or more employees Thus, for the purposes of the
IRFA, most of the diagnostic x- ray equ1pment manufacturmg frrms that w1ll

be affected by these proposed amendments are small ent1t1es

The impact of the proposed amendments vv1ll be 51m1lar on‘manufacturers | |
of diagnostic x-ray systems, Whether or not they are small ent1t1es Tl’llS 1mpact |
is the increased costs to de31gn and manufacture x-ray systems that meet the
new requirements. For those manufacturers that produce smaller numbers of |

systems per year, the 1mpact of the cost of system redesrgn to meet the new

requirements will result in a greater per unit cost 1mpact than for

manufacturers with a high volume of unit sales over which the development o
costs may be spread This may have a dlsproportlonate 1mpact on the very

small firms with a low volume of sales

FDA consrdered whether there Were approaches that could be taken to s
m1t1gate this impact on the f1rms producmg the smaller numbers of systems
FDA, however identified no feas1ble way to do thls\and also accomphsh the
needed public health Pl‘OteCtlon The proposed rad1at1on safety related R
requirements are appropriate for any X-Tay system 1ndependent of the S

circumstances of the manufacturer FDA cons1ders 1t approprrate for any frrm |



producing x-ray systems to provide the level ofradlatmnprotectlon thatw1ll o
be afforded by the revised s'tandardl Patients recelvmgxrayexammatronsor )
procedures warrant the same degree of radlatron safety regardless of the

circumstances of the manufacturer of the equ1pment

2. Analysis of Alternatives

FDA examined and re]ected several alternatrves to proposmg amendments | |

to the performance standard. One alternatlve Was to take no actlons to modlfy
the standard. This optlon was re]ected because 1t would not permlt clar1f1cat10n
of the manner in which the standard should be applled to the technolog1cal

changes occurring with fluoroscopic x-ray system design and function. This

option was also rejected as farhng to meet the pubhc expectation that the S

federal performance standard assures adequate radlatron safety performance - -
and features for ﬂuoroscoplc x ray systems The changes that have occurred w
since the standard was deveIOped in the early 1970s necessrtate modrflcatron
of the standard to reflect current technology and to recognlze the mcreased |
radiation hazards posed by new ﬂuoroscoplctechmques and procedures.

A portion of the concern and the unneces'sary radiation ejcyposure resulting

~ from current ﬂuoroscoplc practrces mlght be addressed tl

estabhshment of controls and requlrements regardmg the quahflcatrons and

training of physicians permrtted or allowed to use ﬂuoroscoprc systems Such |

requirements could assure that contrary to the current s1tuat10n all physrclans -

~using ﬂuoroscopy are adequately trained regardlng radlatron safety practlces
proper fluoroscopic system use, and methods for assurlng that patlent doses
are maintained as low as p0551ble ‘This alternatlve was re]ected because FDA o

does not have the authorlty, under current law to estabhsh such requlrements |
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medical professional societies or certificatiOﬂ'b

';{i‘:lelrecognlzlng that o
encouragement of such act1v1t1es by FDA is Worthwhlle rehance on such |

efforts alone would not result in the needed performance 1mprovement of

fluoroscopic x-ray systems. FDA concluded that 1mproved use of ﬂuoroscopy R

requires the dose reduction features and operator feedback mechamsm

regarding patient doses that would be prov1ded by the proposed amendments.’

Alternatives to the specificHamendments;proposed were also considered ”
in developing these proposals These alternatlves are descr1bed in detall in the
assessment report developed and f11ed as part of the mformatmn supportmg

these amendments (Ref. 33). FDA requests comments pn,alternati,ve? to these’

proposed amendments that Would accomplish the nee‘d”ed'"‘publ'i"c;"‘heéith”' S

protection and, in particular, any alternat1ves that could m1t1gate the impact

of the proposed amendments . on small bus1nesses

3. Ensurlng Small Entlty Part1c1pat10n in Rulemakrng

FDA beheves it is p0351ble that the proposed regulatmn could have a

- significant impact on small entities. The impact would occur due to ,1ncreased
design and production costs for ﬂUoroscopy ‘syStems FDA sOIicits comment

on the nature of this 1mpact and Whether there are reasonable alternatlves that o

- might accomplish the 1ntended publrc health goals

The proposed regulatlon Wlll be avallable on the Internet at http / /
www.fda.gov for review by all 1nterested partres and all comments Wlll be
considered prior to final 1mplementat10n of the regulatlon In add1tlon F DA
will communicate the proposed regulatlon to manufacturer orgamzatmns and -
trade associations as well as partles that have prewously 1nd1cated an 1nterest
in amendments to the d1agnost1c X- ray equlpment performance standard The

proposed amendments w1ll also be brought to the attentlon of relevant med1calw\_



professional socretles and organlzatlons Whose members are hkely to use -

ﬂuoroscoplc X-ray systems F DA w1H solicit the a531stance of the SBA durlng
the comment period to assure that all small manufacturers 1mpacted by the
proposed amendments are aware of the opportunlty to Comment on the

proposal, possible alternatives and its 1mpact.

K Reporting Fequirements and Duplcaterules
FDA has concluded that the proposed rule 1mposes new reportlng and

other compliance requrrements on small busmesses In addltron FDA has

- identified no relevant F ederal rules that may duphcate overlap, or confhct

with the proposed rule The cost in the labehng is addressed prev1ously
L. Conclusion of the Analysisof Im pacts
FDA has oxamined ths ipacts of tho propose mendmens t s

performance standard. Based on this evaluation, an upper-bound eStimate has o

been made for average annualized costs amountlng to $30.8 mﬂhon of Whlch” o

$30.4 million would be borne by the manufacturers of thlS equlpment FDA -

believes that the reductions i in acute and long term radratlon 1n]ur1es to

patients that would be facrhtated by the proposed amendments would i

appreciably outweigh the upper bound costs estlmated for comphance w1th the

rules. Finally, FDA has concluded that it is hkely that thls proposal would A

- have a significant impact on a substant1al number of small ent1t1es
FDA solicits comment on al] aspects of thls analy31s and all assumptlons

used.

VIIL. Federalism

FDA has analyzed this proposed rule in accordance with the pr1nc1ples -

set forth in Executive Order 13132. FDA has determrned thatthe proposedrnle |
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4’ of ect on the 'States on

does not contain policies that have s;uBs‘tan‘ti‘al"atre

the relationship between the’ Nat1ona1 Government and the States or on the

distribution of power and 1’eSPOnslblhtles among the varlous levels of -

government. Accordingly, the agency has concluded that the rule does :,Ilot" RIRE Ly

contain policies that have federalism implications as defmedmtheExecutlve R

order and, consequently, a federalism summaryVimpactstatementisﬁnot - o

required.
VII1. Submission of Commen?tsf“ .

Interested persons may submit to the Docl;ets Management Branch (see
ADDRESSES) written or electronic comments regarding this proposal. Two
copies of any mailed comments are to be Submitted ‘except that individuals |

may submit one copy. Comments are to be 1dent1f1ed w1th the docket number

found in brackets in the headlng of th1s document Recelved comments may
be seen in the Dockets Management Branch between 9 a m and 4p m

Monday through Friday.
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List of Subjectsin 21 CFR Part 1020~~~

Electronic products Medical dev1ces Radlatron protectlon Reportrng and |

recordkeeping requirements, Telev131on X-rays

Therefore, under the Federal F ood Drug, and Cosmet1c Act and under o

authority delegated to the Commlssmner of F ood and Drugs 1t 1s proposed

that 21 CFR part 1020 be amended as follows

PART 1020——PERFORMANCE STANDARDS FOR l\_,_V,N
EMITTING PRODUCTS T o

1..The authority'citation”for‘2‘1LCFR" part' 1020 continues’to read as follows:
Authority: 21 U.S.C. 351, 352 3608-—360], 360gg—-36088 371 381

2. Revise §1020.30 to read as follows

§1020.30  Diagnostic x-ray systems and thelr major components

(a) Applicability—(1) The prov151ons of thrs sectron are apphcable to ) b
(i) The followmg components of d1agnost1c X- ray systerns“ o

(A) Tube housrng assembhes x-ray controls x—ray h1gh-voltage generators

x-ray tables, cradles, film changers vertical cassette holders mounted i 1n afixed

location and cassette holders W1th front panels ‘and beam- 11m1t1ng dev1ces R
manufactured after August 1, 1974 | ‘ ‘

(B) Fluoroscopic i imaging’ assembhes manufactured after August 1, 1974

and before April 26, 1977.
(C) Spot-film devices an‘di ‘imageintens‘iﬁfefs manufactured after Apr1126 o
977 | c - | - , R
(D) Cephalometric dev1ces manufactured after February 25,1978,
(E) Image receptor support devrces for mammographlc X- ray systems “

manufactured after September 5 1978



(F) Image receptors Which;aré electrlcally ‘powe‘red orconnected Withthe
x-ray system manufactured on or after [date 1 year after date of pubhcatlon
of the final rule in the Federal Reglster] | |

(ii) Diagnostic x-ray systems, except computedtomography 'xﬂ—ray siystems,
incorporating one or more of such components however, 'sn'ch'x'ray syStems
shall be required to comply only W1th those prov1srons of this section and |
§§1020.31 and 1020.32, Wthh relate to the components certrfled in
accordance with paragraph (c] of this sectlon and 1nstalled 1nto the systems

(iii) Computed tomography (CT). xfray systems m’anufactured before -
November 29, 1984. e o |

(iv) CT gantries manufactured after s’e’ptémbéré 1985 -

(2) The following prov1srons of th1s sectlon and § 1020 33 are apphcable

to CT x-ray systems manufactured or remanufactured on or after November
29, 1984: ' ‘

(i) Section 1020.30(a);

(ii) Section 1020 30(b) “Technlque factors

(iii) Section 1020.30(b) “CT,” “Dose ” “Scan ” “Scan tlme and

“Tomogram”’;

(iv) Section 1020;30(h)(3)ﬂf’(Vi)’"throﬁg‘h (h)(3)(v111) S
(v) Section 1020.30(n); S E
(vi) Section 1020.33(a) and (b)
(vn) Section 1020. 33(c)(1] as 1t affects § 1020 33(0)(2) and
(viii) Section 1020. 33(c)( ) | | o
(3) The prov1srons of thls sectlon and § 1020 33 in 1ts entlrety, 1nclud1ng

those provisions in paragraph (a)(z) of thrs sectron are apphcable to CT x-

ray systemsmanufactured or remanufactnred on _or after September 3, 1985. -



%4

The date of manufacture of the CT system 1s the date of manufacture of the -

CT gantry | o SRR
(b) Definitions. As used in thrs section and §§1020 31 1020 32 and B
1020.33, the following def1n1t10ns apply e
Accessible surface means the external surface ‘Off the enclosure or housmg :
provided by the manufacturer. Cr Ry SRS , Qe 2 -
Accessory component means:

(1) A component used w1th dragnostlc X- ray systems such asa cradle or

film changer, that is not necessary for the comphance of the system W1th S

applicable provisions of this subchapter but Wh1ch requlres an 1n1t1al

determination of compatlblhty W1th the system or B

(2) A component necessary for comphance of the system W1th apphcable -

provisions of this subchapter but ‘which may be mterchanged with 31m11ar I

compatible components w1thout affectmg the system S comphance such as one

of a set of interchangeable beam 11m1t1ng dev1ces or

(9) A component compatiblo with all x-ray systems with which it may bo
used and that does not require com‘patibility 'for 1nstallat10nmstruct10n8,such
as a tabletop cassette holder.’"% | | o

Air kerma means kerma in air (see kerma) w |

A]ummum equivalent means the thlckness of alumlnum (type 1100 alloy)l o
affording the same attenuatmn, under spec1f1ed condrtlons as the materlal 1n -

question.

Articulated joint means a ]ornt between two separate sectlons of a tabletop '

which joint prov1des the capacrty for one of the sectlons to plvot on the hne

segment along which the sections )om f

1The nominal chemical composmon of type 1100 aluminum alloy is 99.00 percent R

minimum aluminum, 0.12 percent copper, as given in “Aluminum Standards and Data”
(1969). Copies may be obtained from The Aluminum Assoc1at1on New York, NY.
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Assemb]er means any person eﬂ”gaged in thé busmess of assembhng,

replacmg, or 1nstalhng one or more components mto a dlagnostlc x—ray system

N

or subsystem. The term 1ncludes the owner of an x-ray system or ‘hisorher

employee or agent who assembles components into an x-ray system that is.
subsequently used to provide profess1onal or commerc1al services. |

Attenuation block means a block or stack of type 1100 alummum alloy
or aluminum alloy having equlvalent attenuatlon Wlth d1men51ons 20

centimeters by 20 centlmeters by 3. 8 centlmeters

Automatzc exposure contro] (AEC ] means a dev1ce Wthl‘l automatlcally o

controls one or more techmque factors in order to obtam ata preselected
location(s) a required quantlty of radlatlon S
Automatic exposure rate contro] (AERC] means a dev1ce wh1ch

automatlcally controls one or more techmque factors in order to obtam at a

preselected location(s) a required quantlty of radlatlon per umt t1me

Beam axis means a line from the source through the centers of the X- ray .

f1elds

Beam-limiting dev1ce means a dev1ce Wthh prov1des a means to restrlct' |

the dimensions of the x-ray fleld
Cant1]evered tab]etop means a tabletop de51gned such that the
unsupported portion can be extended at least 100 centlmeters beyond the

support.

Cassette holder means a dev1ce, otherthana Spot-fllmdevme,that S

supports and/or fixes the posyiﬁtion of an x-ray film cassette durmg anx-ray B

exposure.

Cepha]om'etrjc device means aldeVi'ce 1ntended fortherad10graph1c o

visualization and measurement of the dimensions of the human head. =~~~
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Coefficient of variation means the ratlo of the standard dev1at10n to the
mean value of a populatlon of observatlons It is est1mated usmg the followmg
equatlon | |

[INSERT EQUATION]

where

s = Estimated standard deV1at10n of the populatlon

X = Mean value of observatlons in sample

X- = ith observation sampled

n= Number of observatlons sampled |

Computed tomography [ CT} means the productlon of a tomogram by the “
acquisition and computer processmg of x—ray transnnssmn data -

Control panel means that part of the x- ray control upon Wthh are
mounted the switches, knobs pushbuttons and other hardware necessary for
manually setting the techmque factors. |

Cooling curve means the graphical relatlonshlp between heat un1ts stored
and cooling time. | T g S

Crod]e means:

(1) A removable device which supports and may restrain a patient above
an x-ray table; or | - R

(2) A device; ’ ’

(i) Whose patient support structure is 1nterposed between the patlent and
the image receptor during normal use; |

(11) Wthh is equipped w1th means for patlent restralnt and -

(iii) Whlch is Capable of rotatlon about 1ts long (longrtudmal) ax1s ) '

CT gantry means tube housmg assembhes beam hm1t1ng dev1ces,
detectors, and the supportmg structures, frames and covers Wthh hold and/

or enclose these components._ L
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Diagnostic source assembly meansthetube housmgassemblyvv1th abeam-

limiting device attached.
D1agnost1c X-ray system means an x- ray ‘system de31gned for 1rrad1atlon

of any part of the human body for the purpose of dragnosw or VlsUahzatlon B

Dose means the absorbed dose as defmed by the Internat1onal Commlssmn
on Radlatron Units and Measurements The absorbed dose D 1s the quotlent o

of de by dm, where de is the mean energy 1mparted to matter of mass dm

thus D de/ dm, in units of ]/kg, Where the spemal name for the unlt of absorbed B

dose is gray (Gy).

Equipment means x-ray ‘éqaipmeht.’

Exposure (X) means the quotlent of dQ by dm where dQ is the absolute
value of the total charge of the ions of one 31gn produced 1n a1r When aIl the
electrons and p031trons hberated or created by photons in a1r of mass dm are
completely stopped in air; thus X dQ/ dm in unlts of C/kg '

Field emission equ1pment means equlpment whlch uses an x ray tube 1n

Wthh electron emlssmn from the cathode is due solely to actlon of an electrlc

field.

Fluoroscopic imaging aSSemb]y means alsubsystem in Wthh Xéray photons

produce a set of ﬂuoroscop1c 1mages or radlographlc 1mages recorded from the N

ﬂuoroscop1c image receptor It 1nc1udes the 1mage receptor(s) electrlcal
interlocks, if any, and structural materlal prov1d1ng hnkage between the 1mage

receptor and d1agnost1c source assembly

Fluoroscopy means a techmque for generatmg X- ray 1mages and presentlng : .

them 1nstantaneously and contlnuously as. V131ble 1mages for the purpose of

providing the user with a visual display of dynamic processes.



General purpose radzograpluc x-ray system means any radlographlc X- ray |

system which, by design, is not hmlted to radrographlc exam1nat10n of spec1f1c - -

anatom1cal reglons

Half value layer [HVL] means the thlckness of spec1f1ed materral Wthh o

attenuates the beam of radlatlon to an extent such that the AKR 1s r

to one-half of its or1g1na1 Value In thls deflnltlon the COIltI‘lbU.thIl of all

scattered radiation, other than any Wthll mlght be present 1n1t1ally in the beam' R

concerned, is deemed to be excluded
Image intensifier means a deV1ce installed in its housing, which
instantaneously converts an x ray pattern 1nto a correspondmg hght 1mage of

“higher energy den31ty

Image receptor means any device, such as a ﬂuorescent screen,
radiographic film, x-ray 1mage 1nten81f1er tube sohd state detector or gaseous ’,
detector, which transforms 1no1dent x-ray photons elther 1nto a V1s1ble 1mage
or into another form Wthh can be made into a visible i lmage by further
transformations. In those cases Where means are prov1ded to preselect a portlon
of the image receptor, the term “image receptor” shall mean the preselocted
portion of the device. ; | | | '

Image receptor su pport device means, for mammography X- ray systems
that part of the system de31gned to support the 1mage receptor durmg a

mammographic examination and to prov1de a prlmary protectlve barrler
Isocenter means the center of the smallest sphere through Wthh the beam ‘
axis passes for a C-arm gantry movmg through a full range of rotatlons about |

a common center

Kerma means the quantlty as deflned by‘t: el

Radiation Units and Measurements The kerma K 1s the quotlent of dEu by

ernat nal Comml smn on
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dm, where dE is the sum of the 1n1t1al kmetlc energles of all the charged -
particles liberated by uncharged partlcles ina mass drn of mater1a1 thus
K=dEy/dm, in units of J/kg, Where the spec1al name for the un1t of kerma 1s

gray (Gy) When the materlal is air, the quantrty is referred to as ‘“‘air kerma
Last—1mage hold (LIH) rad1ograph means an 1mage obtalned elther by

retalnlng one or more ﬂuorosooplo images, Wh1oh may be temporally f

integrated, at the end ofa ﬂuoroscoplc exposure or by 1n1t1at1ng a separate

and distinct radiographic exposure automatlcally and 1mmed1ately s S

conjunction with terrnlnatron of the ﬂuoroscoplc exposure

Lateral f]uoroscope means the x-ray tube and nnage receptor comb1natlon

posmon relative to the table W1th the X- ray beam axis parallel to the plane R
of the table | | | |

Leakage radiationﬁrneans‘ radiation emanatmg fronr thedi‘agnost’io sourc‘e
assembly except for: | o A S

(1) The useful beam; and

(2) Radiation produced When the exposure sw1tch or tlmer is not actlvated.'

Leakage technique factors means theteohnlque factors assocrated Wlth the
diagnostic source assembly Whlch are used 1n Ineasurlngleakageradmtlon o
They are defined as follows: BTSSP TR S T R R R RS s NLC I

(1) For d1agnost1c source assernbhes 1ntended for capaoltor energy storage

equlpment the maximum- rated peak tuhe potentlal and the maximum- rated

number of exposures in an hour for operatlon at the max1mum-rated peak tube

potentlal with the quantlty of charge per exposure belng 10 nnlhcoulombs (or o

10 mAs) or the minimum obtamable from the unlt whrchever 1s larger R
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(2) For diagnostic source assefnblles

| rated for pulsed operatlon the max1mum—rated peak tube potentral and the o
maximum-rated number of x- ray pulses in an hour for operatlon at the o
max1mum rated peak tube potent1al and e

(3] For all other d1agnost1c source assembhes the max1mum rated peak
tube potential and the maximum- rated contmuous tube current for the
maximum-rated peak tube potent1al

L1ght field means that area of the 1ntersect10n of the l1ght beam from the

beam-limiting device and one of the set of planes parallel to and 1nclud1ng e

the plane of the image receptor whose per1meter 1s the locus of pomts at Wh1ch
the 1llum1nance is one- fourth of the maxunum in the 1ntersectlon |
Line-voltage regulatmn means the dlfference between the no- load and the .

load line potentrals expressed as a percent of the load l1ne potent1al that is,
Percent line- voltage regulatlon = 100(V V) / Vi |
where: |
Vi = No-load line potential and '
V; = Load line potential.

Maximum line current means the root mean square current m the supply

line of an x-ray machme operatmg at 1ts max1mum ratmg

Mode of operation means, for ﬂuoroscopr’c systems a d1’stinCt' method'of

fluoroscopy or radiography selected with a set of techmque factors or other .

control settings umquely assoc1ated W1th the mode Examples of dlstmct -

modes of operation include normal ﬂuoroscopy (analog or d1g1tal) hlgh level T

control fluoroscopy, c1nerad10graphy (analog) d1g1tal cmeradlography, d1g1tal .

subtract1on angiography, electromc radlography u’;mg the fluoroscoplc 1mage -

receptor, and photospot recordmg In a spec1flc mode of operatlon certam |



'1,0‘1 |

system variables affecting a1r kerma AKR or im: f‘f‘“’i‘%:'i;“”i“allty, such as 1mage
magmflcatlon x-ray field s1ze pulse rate, pulse duratlon number of pulses |
per exposure series, SID, or opt1cal aperture may be ad]ustable or may vary,
their variation per se does not comprise a mode of operatron d1fferent from

the one that has been selected

Movab]e tabletop means a tabletop Wthh when assembled for use s

capable of movement with respect to its supportmg structure wrthm the plane “

of the tabletop.-

Nonimage-intensified ﬂuoroscopy means fluoroscopy usmg only a

fluorescent screen. | | ; :

Peak tube potential means the maxrmumvalueOfthepotent1al d1fference .
across the x-ray tube dur1ng an exposure | I o |

Primary protect1ve barr1er means the mater1al excludmg ﬁlters placed in
the useful beam to reduce the rad1atlon exposure for protectlon purposes

Pulsed mode means operat1on of the x- ray system such that the x- ray tube
current is pulsed by the x-ray control to produce one or more exposure o
intervals of duration less than one-half second N |

Quick change X-ray tube means an x-ray tube des1gned for use 1n 1ts
associated tube housmg such that - " B |

(1) The tube cannot be 1nserted in 1ts housmg in a manner that would
result in noncompliance of the system w1th the requ1rements of paragraphs

(k) and (m) of this section;

(2) The focal spot posmon w1ll not cause noncomphance w1th the B

provisions of this sectlon or § 1020 31 or § 1020 32

(3) The sh1eld1ng w1th1n the tube hous g c "“fnot be d1splaced and

(4) Any removal and subsequent replacement ofa beam l1m1t1ng dev1ce

during reloading of the tube 1n the tube housmg Wlll not result 1n

B u,:j.r:;;uw;; L % S SRR 0 B it
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noncompliance of the x-ray system with the apphcable fleld hmrtatron and R

“alignment requrrements of §§1020 31 and 1020 32
Radiation therapy 31mulat1on system means a radioéraphihor ﬂuorosCoPio |
x-ray system intended for locahzlng the volume to be exposed durlng radlatlon |

therapy and confirming the posmon and 51ze of the therapeutlo 1rrad1at10n

field.

Radiography means a technlque for generatlng and recordlng an x- ray |
pattern for the purpose of prov1d1ng the user w1th an 1rnage(s) after termlnatlon |
of the exposure. |

Rated ]jne ivoltage means the range ofkpotentlals,f 1nvolts, Vo'f ’the supply
line specified by the manufacturer at which the x-rav maohine is"desi’gned, to
operate. h = ; |

Rated output current means the maximum allowable load current of the
x-ray high-voltage generator - - -

Rated output VoItage means the allowable peak potentlal 1n volts at the

output terminals of the x-ray hlgh voltage generator

Rating means the operatlng hmrts specrfled by the manufaoturer R

Recording means producmg a retrlevable form of an 1mage resultmg from o
x-ray photons, e e L PR |

Scan means the complete proéess‘Of ot)ll%ecting 5(+rav transmlssmndatafor
the production of a tomogram. Data may be collected snmultaneously durrng

a single scan for the production of one or more tomograms.

‘Scan time means the period of time betweenthe beglnnlngandendof S

x-ray transmission data accumulatlon for a s1ngle scan.

- Solid state x-ray imaging device means an assembly, typrcally in a

rectangular panel configuration, consisting of:



(1) A transducer layer that 1ntercepts x-rayphotons and through ai'single
or multistage process converts the photon energy 1nto a modulated 31gnal -
representative of the x-ray unage and o

(2) A matrlx of 1ntegratlon and sw1tch1ng elements that are coupled to the
transducer layer. An electrlcal srgnal representlng the X- ray 1mage is generated
by a charge generation and transfer process W1thm the mtegratron and

switching matrix. The electr1cal signals may undergo analog-to d1g1tal

conversion before leaving the panel to prov1de elther a d1g1tal radlographrc -

or fluoroscopic image."
Source means the focal spot of the X-ray tube

Source-image receptor d1stance ( SID) means the dlstance from the source

to the center of the input surface of the 1mage receptor

Source-skin distance ( SSD} means the distance:from the sourcve"‘to the

center of the entrant x-ray fleld in the plane tangent to the patlent skin surface B

Spot-film deV1ce means a dev1ce 1ntended to transport and/ or posmon a .
radiographic image receptor between the x- ray source and fluoroscoplc 1mage
receptor. It includes a dev1ce 1ntended to hold a cassette over the 1nput end

of the fluoroscoplc image receptor for the purpose of producmg a radlograph

Statlo“afy tabletop means a tabletop whlch when assembled for use, is o

incapable of movement ,w1th,respect to 1ts’ supportmg structure Wlthln,the
plane of the tabletop. | | o .
Technique factors means the followmg condltlons of operatlon

(1) For capacitor energy storage equlpment peak tube potentlal in kllovolts

(kV) and quantity of charge m mllhamperes seconds (mAs)

(2) For field e emission equrpment rated for pulsed operatlon peak tube -

potential in kV and number of X- ray pulses -
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(3) For CT equlpment de31gned for pulsed operatlon peak tube potentlal
in kV scan tlme in seconds and erther tube current 1n mrlhamperes (mA)
X-ray pulse width in seconds and the number of x ray pulses per scan orthe
product of the tube current, x-ray pulse Wrdth and the number of X- ray pulses

in mAs

(4) For CT equlpment not des1gned for pulsed operatlon peak tube |

potential in kV, and either tub,e current in mA and scan t1rne in seconds or

the product of tube current and exposure trme in mAs and the scan tlme when o

the scan time and exposure tune are equlvalent and -

(5) For all other equlpment ‘peak tube potentlal in kV and e1ther tube N
current in mA and exposure time in seconds, or the product of tube current
and exposure time in mAs. | ’

- Tomogram rneans the deipiction of the x-rayattenuatmn properties% o’f a
section through a body. | -

- Tube means an x- ray tube unless otherW1se specrﬁed

‘Tube housmg assemb]y means the tube housrng W1th tube mstalled It B

includes high-voltage and/or fllament transformers and other approprlate -

elements when they are contarned w1th1n the tube housmg
Tube rating chart means the set of curves which specify the rated'lfirnits'
of operation of the tube in terms of the teChni‘quefactors S
 Useful beam means the radratlon Wthh passes through the tube housmg “
port and the aperture of the beam llmltmg dev1ce when the ¢ exposure SW1tch o

or timer is actlvated.

Variable- -aperture beam- 11m1t1ng devme Ineans a bea n-] 1t1ng
which has the capacity for stepless ad]ustrnent of the x—ray fleld size at a glven” )

SID.



Visible area means the portlon of the 1nput surface of the 1mage receptor o
over which 1n01dent X-ray photons are producmg a v131ble 1mage | |
X-ray control means a dev1ce Wthh controls 1nput power to the X~ ray
high-voltage generator and/or the X-ray tube It 1ncludes equlpment such as
timers, phototimers, automatic brrghtness stabrhzers, and sljmllar dev;ces,
which control the techmquefactorsof anxrayexposure s
- X-ray equipment means;‘an x-Tay system, 'subsyst'emf orcomponent thereof.
Types of x-ray equipment are as follows: o | R | a |
(1) Mobile x-ray equ1pment means X-ray equ1pment mountecl ona
permanent base W1th wheels and/ or casters for movmg whlle completely
assembled; | | 7 ‘ o
(@) Portable x-ray equipment means x-ray equipment designed to be hand-
- (3) Stationary X-ray equ1pment means X- ray equlpment Wthll is 1nstalled
in a fixed location. o o
X-ray field means that area of the i\nterseCtionoufhthe usefulbeam and any
one of the set of planes parallel to and 1nclud1ng the plane of the i 1mage |
receptor, whose perimeter is the locus of pomts at Wl’llCh the AKR is one fourth |
of the maximum in the 1ntersect10n |

X-ray high-voltage generator means a dev1ce Wthh transforms electrrcal |

energy from the potential supphed by the x ray control to the tube operatmg R

potential. The device may also 1nclude means for transformmg alternatmg

current to direct current, fllament transformers for the x—ray tube(s) hlgh-

voltage switches, electr1cal protectlve dev1ces and other appropr1ate elements -

X-ray system means an assemblage of components for the controlled
production of x-rays. It 1ncludes mrnlmally an x—ray hlgh-voltage generator

an x-ray control, a tube housing assembly, a beam-limiting device, and the
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necessary supporting structures Addltlonal components whrch functlon w1th

the system are considered 1ntegral parts of the system

X-ray subsystem means any combmatron of two or more components of
an x-ray system for which there are requlrements spec1f1ed 1n thls sectlon and” i
§§1020.31 and 1020.32. | |

X-ray table means a p’atient”support dev1ce Wlth its patient support = -
structure (tabletop) interposed between the patient and the image receptor
durrng radlography and/or ﬂuoroscopy ThlS 1nc1udes but is not hmlted to |
any stretcher equlpped w1th a radlolucent panel and any table equlpped w1th .
a cassette tray (or bucky) cassette tunnel ﬂuoroscoprc 1rnage receptor or spot-
film device beneath the tabletop | o | |

X-ray tube means any electron tube Wthh is de31gned for the conversmn

of electrical energy into x-ray energy

(c) Manufacturers’ respons1b1]1ty Manufacturers of products sub]ect to B

$§1020.30 through 1020.33 shall certlfy that each of the1r products meet all

applicable requirements When 1nstalled mto a dragnostrc x ray systern S

according to instructions. ThlS certlflcatron shall be made under the forrnat .

spec1f1ed in §1010.2 of thls chapter Manufacturers rnay certrfy a comblnatlon
of two or more components 1f they obtaln prlor authorlzatron 1n wrltlng frorn
the Dlrector of the Office of Comphance of the Center for Devrces and - |
Radlologlcal Health. Manufacturers shall not be held responsrble for o

noncompliance of their products if that noncomphance is due solely to the

improper installation or assembly of that product by another person however S

manufacturers are respon51ble for prov1d1ng assembly 1nstruct10ns adequate to

~ assure compliance of the1r components w1th the apphcable prov131ons of A

§§1020.30 through 1020. 33
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components certified as requlred by paragraph (c) of thls sectlon shall 1nstall
certified components that are of the type requlred by § 1020 31 § 1020 32 or

§ 1020.33 and shall assemble 1nstall ad]ust and test the certlfled components

according to the 1nstruct10ns of the1r respectlve manufacturers Assemblers -

shall not be liable for noncomphance of a certrfred component 1f the as embly

‘of that component was according to the component manufacturer’s instruction.

(1) Reports of assembly. Allassemblerswho1nstallcert1f1edcomponents R

shall file a report of assembly, except as spec1f1ed in paragraph (d)(z) of thls o

section. The report will be construed as the assembler s certlflcatlon and

identification under §§1010. 2 and 1010 3 of thls chapter The assembler shall R

affirm in the report that the manufacturer S 1nstruct10ns Were followed in the

assembly or that the cert1f1ed components as assembled 1nto the system meet S

all apphcable requ1rements of §§ 1020. 30 through 1020 ’«3;"'All assembler a

reports must be on a form prescrlbed by the D1rector Center for Dev1ces and’ S

Radiological Health. Completed reports must be submrtted to theDlrector the

purchaser and where apphcable to the State agency respon51ble for rad1at10n
protection within 15 days followmg completlon of the assembly.

(2) Exceptions to reporting requ1rements Reports of assembly need notbe
submitted for any of the followmg o i

(i) Reloaded or replacementtube housing assemblies that are relnstalled .
in or newly assembled into anex1st1ngx-raysystem, K

(ii) Certified accessory components that have been 1dent1f1ed as such to
the Center for Devices and Radlologlcal Health in the report requrred under

§1002.10 of this chapter;



(111) Repalred components whether or not removed from the system and

re1nstalled durlng the course of repalr prov1ded the or1g1nal 1nstallat10n 1nto e

the system was reported; or :

(iv) Components 1nstalled temporarlly in an x-ray system in place of
components removed temporar1ly for repalr prov1ded the temporarlly 1nstalled o

component is 1dent1fled by a tag or labelbearmg the following 1nformat10n.

Temporarlly Installed Component

This certified component has been assembled 1nstalled ad]usted and tested by o

me accordlng to the 1nstruct10ns prov1ded by the manufacturer
Signature |
Company Name , ; -
Street Address, P.O. Box FAAREERP IS O SV TSR U ORSS P
City, State, Zip Code

Date of Installation

The replacement of the temp50rarily"‘i"nstalled component ’bya;‘c‘omponent other

than the component originally removed for repair shall be reported as specified

in paragraph (d)(1) of this section.

(e) Identzﬁcatzon of x-ray components. In addltlon to the 1dent1f1cat10n '
requlrements specrﬁed in§ 1010 3 of thls chapter manufacturers of

components subject to this section ,and §§ 1020.31,"102’0.32, and 1020.33’4 R P

except high-voltage gener,ators contamed W1th1ntube housmgs and beam- R

limiting devices that are inte:gralparts of tube housings\,‘iﬁshal‘l: permanently o
inscribe or affix thereon the model number and serial number of the product
so that they are legible and acce531ble to v1ew The Word model” or type

~shall appear as part of the manufacturer s requlred 1dent1f1cat10n of certlfled

X-ray components. Where the cert1f1cat10n of a system or subsystem cons1st1ng R
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of two or more components has been authorlzed under paragraph (c) of thls

section, a s1ngle 1nscr1pt10n tag, or label bearmg the model number and ser1al -

number may be used to 1dent1fy the product

(1) Tube housing assemb]1es Ina s1m1lar manner rnanufacturers of tube o
housing assemblies shall also 1nscr1be or aff1x thereon the name of the o
manufacturer, model number and serlal number of the x—ray tube WlllCll the

tube housing assembly 1ncorporates

(2) Replacement of tubes. Except as spec1f1ed in paragraph (e)(3) of this
section, the replacement of an x-ray tube ina prev1ously manufaotured tube

housing assembly certified under paragraph (c) of this section constltutes

manufacture of a new tube housrng assembly, and the manufacturer i 1s sub]ect -

to the provisions of paragraph (e)(1) of thls sect1on The manufacturer shall “ |

.....

that are no longer apphcable

(3) Qu1ck—change x-ray tubes The requlrements of paragraph (e)(z) of th1s
section shall not apply to tube housmg assembhes de51gned and des1gnated

by their original manufacturer to contaln qu1ck change x—ray tubes The '

manufacturer of qu1cl<—change X- ray ‘tubes shall 1nclude with each replacement B

tube a label ‘with the tube manufacturer 'S name the model, and serlalvnumber o

of the x-ray tube. The manufacturer of the tube shall 1nstruct the assl mbler

who installs the new tube to attach the label to the tube housmg assembly |
and to remove, cover, or deface the prev1ously aff1xed 1nscr1pt1ons tags or

labels that are descr1bed by the tube manufacturer as no longer appl1cable N

(1) [Reserved]

(g Informatmn to be prov1ded to assemb]ers Manufacturers of components :

listed in paragraph (a)(1) of thls sectlon shall prov1de to assemblers sub]ect -
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to paragraph (d) of this sectron and upon request to others ata cost not to -

exceed the Cost of publ1catlon and dlstr1but1on 1nstructlons for ass tmbly,“ o

installation, ad]ustment and testmg of such components adequate to assure ”
that the products will comply W1th apphcable provrslons of this sectron and |
§§1020.31, 1020.32, and 1020 33, when assembled 1nstalled ad]usted and
tested as directed. Such 1nstructlons shall 1nclude spec1f1catlons of other

components compatible w1th that to be 1nstalled when comphance of the

system or subsystem depends on the1r compatlblhty Such’ spec1f1cat10ns may A

describe pertinent physmal character1st1cs of the components and/ or may llst
by manufacturer model number the components wh1ch are compatlble For X-
ray controls and generators manu_factured a‘fter;May 3, 1994, manufacturers .

shall provide:

(1) A statement of the rated llne Voltage and the range of hne-voltage B

regulation for operation at maximum hne current

(2) A statement of the maxrmum l1ne current of the x—raysystem ’béséa" R

on the maximum input voltage and current characterlsucs of the tube housmg o

assembly compatible with rated output Voltage and rated output current N
characteristics of the x-ray control and assoc1ated hlgh-voltage generator If the
rated input Voltage and current characterlstlcs of the tube housmg assembly

are not known by the manufacturer of the X- ray control and assoc1ated h1gh— |

voltage generator, the manufacturer shall prov1de 1nformatlon necessary to

allow the assembler to determine the maximum line current for the particular

tube housing assembly(ies)'

(3) A statement of the techn1que factors that const1tute the max1mum hne

current condrtron descnbed 1n paragraph (g)( ) of thls sectlon e
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(h) Information to be prov1ded to users. Manufacturers of X- ray equlpmentl S

shall provide to purchasers and upon request to others at a cost not to exceed: "
the cost of publication and drstrrbunon manuals or instruction sheets whrch

shall include the following techmcal and safety 1nformat10n |

(1) All X-ray equ1 pment For X- ray equlpment to Wthh thls sectlon and

$§1020.31, 1020.32, and 1020 33 are apphcable there shall be prov1ded

- (i) Adequate 1nstruct10ns concernlng any radlologlcal safety procedures |

and precautions which may be necessary because of unlque features of the
equlpment o P AT A Y
(n) A schedule of the malntenance necessary to keep theequ1pment in o
comphance with this SGCthIl and §§ 1020 31 1020 32 and 1020 33 |
(2) Tube housing assemblies. For each tube housrng aSsembly; thefewshall' l

be provided:

(i) Statements of the leakage teChnique'faCtors for‘all (’:‘Ohib‘inat“ib‘ﬁé”bf"tube S

housing assemblies and beam- 11m1t1ng dev1ces for Wthh the tube housrng
assembly manufacturer states compatlblhty, the m1n1mum frltratlon
permanently in the useful beam expressed as m1lhmeters of aluminum f"‘ S
equivalent, and the peak tube potentlal at whlch the alummum equtvalent was
- obtained; |

(i) Cooling curves for the anode and tube housing;and

(iii) Tube rating charts. If the ‘tubei‘s 'designed to operate fromdlfferent
types of x-ray high-voltage generators (such as sinfgle—’phaseself reCtikfi’"e:d,
single-phase half-wave rectified, Single—phase fulflp-wayerec,tifie’d, 3-phase 6-
pulse, 3-phase izepulse, constant potential, capacitorenergy storage)or under |

modes of operation such as alternate focal spot sizes or speeds of anode
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rotation which affect its rating, specific identification of the difference’in

ratings shall be noted

(3) X-ray contro]s and generators For the x ray control and assoc1ated x-,
ray hrgh-voltage generator, there shall be prov1ded R o |

(i) A statement of the rated lmetvoltage and the rangeof hne—voltage h
regulation for operation at max1rnum line current; "

(ii) A statement of the 1 maximum hne current of the x—ray system based
on the maximum input Voltage and output current characterlstlcs of the tube B
housing assembly compatlble W1th rated output voltage and rated current
characteristics of the x-ray control and assomated hrgh voltage generator If thev |
rated input voltage and current character1st1cs of the tube housmg assembly
are not known by the manufacturer of the x- ray control and assocrated hlgh—
voltage generator, the manufacturer shall prov1de necessary 1nformat10n to
allow the purchaser to determlne the maxnnum hne current for hlS part1cu1ar |

tube housmg assembly(les)

(111) A statement of the technlque factors that const1tute the maxrmum hne U

current condltron descrlbed in paragraph (h)(3)(11) of thls SGCthIl

(iv) In the case of battery powered generators a spec1f1cat10n of the

minimum state of charge necessary for proper operatlon

(v) Generator rating and duty cycle

(vi) A statement of the max1murn devratron from the pre1nd1cat10n g1ven .

by labeled technlque factor control settlngs or 1nd1cators durlng any
radrographlc or CT exposure where the equlpment is connected to a power
supply as descrlbed in accordance with this paragraph n the case of f1xed
technique factors, the max1mum dev1at10n from the nomrnal frxed value of

each factor shall be stated;
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(vn) A statement of the maxunum dev1at10n from the contmuous |
1nd1cat10n of x-ray tube potentlal and current durlng any ﬂuoroscoplc exposure |
~ when the equipment is connected to a power supply asdescrrbedm |

accordance with this paragraph and

(an) A statement descrlblng the measurement cr1ter1a for all techmque ” o
factors used in paragraphs (h)(3)(ii), (h )(3)(V1 and (h)(3)(v11) of this’ sectlon
for example, the hegmnmg and endpomts of exposure tnne measured W1th
respect to a certain percentage of the Voltage waveform -

+(4) Beam-limiting deV1ce For each Varlable aperture heam hmltlng dev1ce, |
there shall be provided; | |

(i) Leakage technique factors”for allcomblnatlonsoftubehousmg
assemblies and beam-limiting devices for wh1ch thebeam 1m1t1ng dev1ce - o

manufacturer states compatlblhty, and

(ii) A statement 1nclud1ng the mlnlmum alumlnum equ1valent of that part
of the device through which the useful beam passes and 1nclud1ng the X- ray |
tube potential at which the alummum equlvalent was obtarned When two or .
more filters are provided as part of the devrce the statement shall 1nclude the

aluminum equivalent of each filter,

(5) Imaging system mformatmn For x- ray systems manufactured on or |
after [date 1 year after date of publication of the final rule in the Federal |
Register], that produce 1mages"us’mg the ﬂuorosc’oplc ‘1mage receptor the |
following information shall be provrded ina separate s1ng1e section of the ’

user’s instruction manual or in a separate manual devoted to this 1nformat10n B

(i) For each mode of operatlon a descrlptlon of the mode and detalled D

instructions on how the mode is engaged and dlsengaged ThlS 1nformat10n o



shall 1nclude how the operator can recogmze whlch mode of operatlon has |

been selected prior to 1n1t1at10n of X~ ray produotlon e

(ii) For each mode of operatlon a descr1ptlon of any spe01f1c cl1n1cal

procedure(s) and clinical imaging task(S) for Wthh the mode is recommended B

or designed and how each mode should be used.
(6) Displays of values of AKR and cumu]at1vea1rkermaForﬂuoroscop1c o
x-ray systems manufactured on or after [date 1 year after’ date o’f'p‘ubli‘cation' o

of the final rule in the Federal Reglster] the followmg shall be prov1ded

(i) A statement of the max1mum dev1at1ons of the

air kerma from their respectlve d1splayed values

(ii) Instructlons 1nclud1ng schedules for cal1brat1ng and malntalmng any |
instrumentation associated W1th measurement or evaluatlon of the AKR and |

cumulat1ve air kerma;

(iii) Identification of the spatlal coordmates of the 1rrad1at1on locatlon to ~~
which dlsplayed values of AKR and cumulatlve a1r kerma refer accordlng to
§102032006) | . |

(iv) A rationalefor speCffication ofa reference lrradlatlon locatlon I
alternative to 15 centimeters, from the 1socenter toward the x-ray source along
the beam axis when such alternatwe spe01f1cat1on is made accordmg to

§ 1020 32(k)(5)(11)
(i) [Reserved]
(j) Warning label. The control pan’el COnta,ining‘ the main power switch |

shall bear the Warning statement;legible 'and accessible to Vier):\‘r;{ -

. KR and cumulatlve s’ , B ;

“Warning: This x-ray unit may be dangerous to patlent and operator unless safe -

exposure factors, operating 1nstruct10ns and mamtenance schedules are observed ”
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(k) Leakage radiation from the d1agnost1c source assemb]y The leakage
radiation from the diagnostic source assembly measured at a d1stance of 1
meter in any direction from the source shall not exceed 0. 88 milligray (mGy)
air kerma (vice 100 mllhroentgen (mR) exposure) 1n 1 hour when the » X- ray
tube is operated at the leakage technlque factors. If the'maxrmurn ;rated peak H
tube potential of the tube housing assembly is greater than the maximum rated
peak tube potential for the diagnostic sourceassembly, posmvemeans shall
be provided to limit the maximumx;ray tube potential to that of’ the dlagnostic
source assembly. Comphance shall be determlned by measurements averaged
over an area of 100 square centrmeters W1th no lmear d1men31on greater than
20 centlmeters.

) Radiationk from comp‘ionents otherthanthe d1agnost1c sourceassemb]y ’
The radiation eriiffted by a c’amponem other than the diagnostic source
assembly shall not exceed an air kerma of 18 uGy (v1ce 2 mR exposure) in
1 hour at 5 centrmeters from any access1ble surface of the component when
it is operated in an assembled X- ray system under any cond1t1ons for Wthh
it was designed. Comphance shall be determlned by measurements averaged
over an area of 100 square centimeters with no lrnear drmenslon greater than
o i , SURAINE e i it he e R S

~(m) Beam quality—(1) HaIf value Iayer The half—value layer (HVL) of the
useful beam for a given x-ray tube potentral shall not be less than the ;A ,
appropriate value shown in table 1 of th1s sectron under “Specrfred Dental

Systems for any dental x- ray system de51gned for use w1th 1ntraoral 1mage

receptors and manufactured after December 1, 1980 under “I—Other X-Ray o

Systems,” for any dental X-ray system desrgned for use wrth 1ntraoral 1mage 4

receptors and manufactured before December 1, 1980 and all other x-ray
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systems subject to this sectlon and manufactured before [date 1 year after date |

of pubhcatlon of the final rule in the F ederal Reglster] and under “II—Other

X-Ray Systems for all x-ray systems except dental x- ray systems desrgned

for use with intraoral image receptors sub]ect to this section and manufactured
on or after [date 1 year after date of pubhcatlon of the fmal rule in the Federa]

Reglster] If it is necessary to determme such HVL atan x- ray ‘tube potent1a1

which is not listed in table 1 of this section, linear mterpolatlon or

extrapolation may be made. Posmve means? shall be provided to insure that

at least the minimum fﬂtratlon needed to achleve the aboveb "rn_,quahty

o PRV ‘JL (:oi ’7;:«""' :
requ1rements is in the useful beam during each exposure T ole | lrws

TABLE 1

X-Ray Tube Voltage

(kilovolt peak)

Minimum HVL
(millimeters of aluminum)

Designed Operating Range

Measured Operating Potential

Specified Dental Systems?

—Other X-Ray Systems?

—Other X-Ray Systems?

Below 51 30 15 0.3 03
" 40 15 0.4 0.4
50. 15 05 0.5
511070 51 15 "?v/ o 13
0 15 1.3 15
76 15 15 1.8
Above 70 71 2.1 2.1 24
80 2.3 23 28
50 25 25 3.2
100 27 27 3.6
110 30 3.0 4.1
120 3.2 3.2 45
130 35 35 5.0
140 38 3.8 5.4
150 4.1 41

'Dental x-ray systems designed for use with intraoral i |mage receptors and manufactured after December 1, 1980.

2Dental x-ray systems designed for use with intraoral image receptors and manufactured’ before or'on December 1,1
sectionand manulactured before or on [date 1 year after date of publication of the final, rute’in the F
BAll x-ray systems, except dental x-ray systems designéd for use with intraoral im

date of publication of the final nule in the Federal Reglster}

2In the case e of a system which i is  to be operated with more than one thlckness of

1} Reglster]
age receptors, subject to this section and manufactured after [date 1 year after

59

980, and all other x-ray systems subject to this

filtration, this requirement can be met by a filter interlocked with the kllovoltage selector

which will prevent x-ray emissions 1f the minimum reqmred filtration is not in place.
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(2) Optional fi]tration. Fluoroscopic systems 1ncorporat1ng an xaray t:fube(s:)
with a contmuous output of 1 kﬂowatt or more and an anode heat storage |
capacity of 1 million heat umts or more shall provrde the optton of se]ectlng
and adding x-ray filtration tothe dragnostlc sojurce assembly over and above
the amount needed to meet the half-value layer provrslons of § 1020 30(m)( ).
The selection of this addltronal X-ray frltratlon shall be at the optron of the E

user.

(3) Measuring comphance. For capacrtor energy storage equipment,
compliance shall be determmed w1th the maxunum selectable quantrty of
charge per exposure.

(n) Aluminum equivalent of material between patient and image receptor.
Except when used in a CT x-ray sYstem, the aluminum equivalent of each of ‘
the items listed in tabl,,e 2 of this Vs,ection,‘which are used betWeen the patient
and image receptor, may not exceed the 1nd1cated hmlts Comphance shall be
determined by x-ray measurements made ata potentlal of 100 kilovolts peak
and with an x-ray beam that has a HVL specified in table 1 of this section

for the potential. This requrrement apphes to front panel(s) of cassette holders

- and film changers provided by the manufacturer for patrent support or for \,i:
Ny
prevention of foreign object 1ntrusrons It does not apply to screens and therr (Q\ Y
S : RN

associated mechanical support panels or grrds “la ""i oy 1\' Lt “w s ) o

TABLE 2.
tem Aluminum Equivalent (millimeters)
Front panel{s) of cassette holders (total of all) 1.0
Front panel(s) of film changer (total of all) ) R : 1.0
Cradle o ) ) 20
Tabletop, stationary, without articufated joints o ’ ' ) 1.0
Tabletop, movable, without arficulated joint(s} (including stationary subtop) ' 15
Tabletop, with radiolucent pariel having one articulated joint 1.5
Tabletop, with radiolucent parvel having two or mare articulated ]omts : ‘ 20
Tabletop, cantilevered ‘ 2.0
Tabletop, radiation therapy simulator ’ ’ Corm ’ R o 50
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" (0) Battery charge 1nd1cator On batteryépowéred generators v1sual means B

shall be provided on the control panel to 1nd1cate whether the battery is in

a state of charge adequate for proper operatlon |

(p) [Reserved] | o |

{q) Modification of certzﬁed d1agnost1c X—my com ponents and systems——-
(1) Diagnostic x-ray components and systems certlfled in accordance w1th -
§1010.2 of this chapter shall not be modlﬁed such that the Component or
system fails to comply with & any applicable prov131on of thls chapter unless |
a variance in accordance w1th §1010.4 of thlS ohapter or - an exemptlon under
section 534(a)(5) or 538(b) of the Eederal_ Eopd,ﬂDryg, and,Cosmetlc Act has
been granted. = o | o H

 (2) The owner of a diagnostic x-ray system who uses the system in a

professional or commercial oapacity may mod1fythesyst

modification does not result in the fallure of the' system OF ‘

comply with the apphcable requlrements of this sectlon or 'of § 1020 31

§1020.32, or §1020. 33 The owner who causes such m0d1flcat10n need not |

subm1t the reports requlred by subpart B of part 1002 of thlS chapter prov1ded';l ’/
the owner records the date and the details of the“ nodification, and prov1ded o
the modlflcatlon of the x-ray ‘system does not res‘ult in ’/a fa1lure to comply
Mnﬂ1§102031 §102032 or§102033 o
| 3. Revise §1020.31 to read as follows R
§1020.31 Radlographlc eqmpment . |

The provisions of this sectton apply to equ1pment for the recordmg of
images, except equipment for ﬂuoroscop1c 1mag1ng and for radmgraphlc
imaging when i 1mages are recorded from the ﬂuoroscoplc 1mage receptor or
computed tomography X-ray systems manuf‘actnred’Zon;"orjafter Noyembfer 28,

1984.



(a) C'ontro] and 1nd1cat1on of technzque factors-—(l) V1$ua] in d1cfj S

technlque factors to be used durmg an exposure shall be mdlcated before the
exposure begins, except when automatic exposure controls are used m Wthh
‘case the techmque factors Wthh are set prlor to the exposure shall be

indicated. On equipment havmg fixed techmque factors thrs requrrement may -

be met by permanent markmgs Indlcatlon of techmque factors shall be V1$1b18 o

from the operator s position except in the case of spot fllms made by the

ﬂuoroscoplst

- (2) T1mers Means shall be prov1ded to termmate the exposure at a preset
time interval, a preset product of current and tlme a preset number of pulses

or a preset radiation exposure to the 1mage receptor |

(i) Except during serial radrography, the operator shall be able to termmate?wdf | o

the exposure at any time durmg an exposure of greater than one-half second

cause automatic resetting of the timer to its 1n1t1al settlng or r to zero It shall
not be possible to make an exposure When the tlmer is set to a zero or off

position if e1ther position is prov1ded

(ii) Durlng serial radlography, the operator shall be able to termlnate the |
x-ray exposure(s) at any ttme but means may be provided to permlt completron
of any single exposure of the series in process. -
(3) Automatic exposure controls When an automatlcexposure controlls o

provided:

(i) Indlcatlon shall be made on the control panel When thls mode of

operat1on is selected

(if) When the x-ray tube potentral is equal to or greater than 51 kllovolts .

peak (kVp), the minimum exposure tlme for f1eld emlssmn equlpment rated



for pulsed operation shall be equal to or less than a time mterval equlvalent |
to two pulses and the minimum exposure tlme for all other equlpment shall
be equal to or less than 1/60 second or a tlme interval requlred to dehver 5

. milliampere seconds (mAs); Whlchever is greater

(iii) Either the product of peak X- ray tube potentlal current and exposure | | |

time shall be limited to not more than 60 kilowatt seconds (kWs) per exposure ’

or the product of x-ray tube current and exposure time shall be limited to not -

more than 600 mAs per exposure except when the x-ray tube potential isless

than 51 kVp, in which case the product of x—ray ‘tube current and exposure S

time shall be limited to not 1 more than 2 000 mAs per exposure and

(iv) A v131ble 31gnal shall indicate when an exposure has been terminated I

at the limits described in paragraph (a)(3)(111) of this section and Inanual
resetting shall be required before further automatically timed exposureﬁs can
be imads, , . c o (R

(4) Accuracy Deviation of technlque factors from 1nd1cated values shall

not exceed the hmits given in the 1nformat10n provrded 1n accordance w1th

§1020.30(h)(3);

(b) Reproducibility. The'lolloWing requirements shallapply Whenthe AR

equipment is operated on an adequate power supply as speoified by the o

manufacturer in accordance With the requlrements of § 1020 30( )(3)

(1) Coefficient of variation. F or any spemfic comb1nat1on of selected
technique factors, the estlmated coeff1c1ent of varlatlon of the a1r kerma shall

be no greater than 0.05.

(2) Measuring compliance. Determinatior

10 consecutive measurements taken within atime period of 1 hour. Equipment -

manufactured after September 5, 1978, shall be subject to the additional




requirement that all Varlable controls for technlque factors shall be ad]usted

to alternate settings and reset to the test settlng after each measurement The
percent line-voltage regulatmn shall be determlned for each measurement. All
values for percent hne-voltage regulatlon shall be wrthrn +1 of the : mean value
for all measurements For equlpment havmg automatlc exposure controls
compliance shall be determined with asu‘ffrcrent thlcknessof at}tennatrng

material in the useful beam suc’h that the technique factOrs can be adjui'sted B

to provide individual exposures of a mlnlmum of 12 pulses on freld emrssmn -

equipment rated for pulsed operatron Oor Nno less than one tenth second per ""

exposure on all other equlpment

(c) Linearity. The followmg requirements apply when the equlpment is

operated on a power supply as specrfled by the manufacturer in accordance
with the requirements of § 1020 30(h)(3) for any flxed x-ray tube potentlal

within the range of 40 percent to 100 percent of the rnaxnnum rated

(1) Equ1pment havmg mdependent se]ectmn of X~ray tube current [mA )
The average ratlos of air kerma to the 1nd1cated mrlhampere seconds product

(mGy/mAs) obtalned at any two consecutlve tube current ‘ett_rngs shallnot |

differ by more than 0.10 tlmes the1r sum. ThlS is: lXi - ‘Xévl<‘0'1‘0‘(X1‘ #X'zl"i/\ihere o

X and X5 are the average mGy/mAs values obtamed at each of two consecutlve B .

tube current sett1ngs or at two settmgs dlfferlng by no more than a factor of

2 where the tube current selectlon is contrnuous R

(2) Equipment havmg select1on of x-ray tube current-exposure time

product (mAs). For equtpment manufactured after May 3, 1994 the average R

ratios of air kerma to the 1nd1cated mlllrampere seconds product (mGy/mAs)

obtained at any two consecutlve mAs selector settrngs shall not dlffer by more

than 0.10 times their sum. ThlS is: |X1—X2|< 0 10(X1+X2) Where X1 and Xz are -
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the average mGy/mAs values ohta‘i’ned ”a"t” éa‘éh’ oif”t{/\fo‘ édhéébut“'ivé mAs selector

settings or at two settlngs dlfferlng by no more than a factor of 2 where the

mAs selector provides contmuous selectlon

(3) Measurmg com p]1ance Determmatlon of comphance Wlll be based on
10 exposures, made within 1 hour at each of the two settlngs These two o

settings may include any two focal spot 31zes except where one 1s equal to

or less than 0.45 mllhmeters and the other 1s greater than 0. 45 mllhmeters

For purposes of this requlrernent focal spot s1ze is the focal spot size spec1f1ed"
by the x-ray tube manufacturer. The percent hne-voltage regulatlon shall be
determined for each measurement All values for percent 11ne voltage

regulation at any one comblnatlon of technlque factors shall be w1th1n +1 of

the mean value for all measurements at these tec_hmque factors.

(d) Field limitation and alignment for mob1]e poi

general purpose x-ray SYstems Except when SPot f11m devrces are 1n se o

mobile, portable and statlonary general purpose radlographlc x ray systems

shall meet the following requlrements

(1) Varzable X—ray fJeld 11m1tat1on A means for stepless ad)ustment of the

size of the x-ray field shall be prov1ded Each dlmensmn of the m1n1mum fleld o

size at an SID of 100 centlmeters shall be equal to or less than 5 centlmeters

(2) V15ua] defmmon (i) Means for Vlsually defmmg the pernneter of the

x-ray field shall be prov1ded The total m1sahgnment of the edges of the

Vlsually defined field with the respectlve edges of the x—ray field along e1ther B

the length or width of the Vlsually deflned fle]d shall not exceed 2 percent o
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(ii) When a light l“ocalizer‘is nsed to deflnet %

':‘ay f1e1d 1t shall prov1de

centimeters or at the maxmmm SID whlchever is less The average |

illuminance shall be based upon ‘measurements made in the approx1mate -

center of each quadrant of the hght fleld Radlatlon therapy s1mu1atron systems i 5

are exempt from this requlrement

(ii1) The edge of the hght fleld at 100 centlmeters or at the maxunum SID

whlchever is less, shall have a contrast ratlo corrected for ambrent hghtmg, -

of not less than 4 in the case éOf beam-limiting devices designed for useon [

stationary equipment, and a contrast ratio of not less than 3 in thecaseof

beam-limiting devices designed for use on mobile andportableeqmpmentThe N

contrast ratio is defined as Ii/Io, where I is the illuminance 3 millimeters from

the edge of the light field toward the center of the field; andIz isthe =~

illuminance 3 millimeters frorn the e"d'g‘e”df thehghtfleldawayfrom the center

of the field. Compliance shall be determmed w1thameasur1ng aperture of1

millimeter.

(e) Field indication and al1gnment on stat1onary genez'al purpose X-I'ay :
equipment. Except when spot f1lm dev1ces are 1n serv1ce‘ statlonary general |

purpose x-ray systems shall meet the followmg requ1rements 1n addltlon to

those prescrlbed in paragraph (d) of thls sectlon

(1) Means shall be prov1ded to 1nd1cate when the ax1sof the X- ray beamw" -
is perpendicular to the plane of the i 1mage receptor to ahgn the center of the o

X-Tay fleld with respect to the center of the i 1mage receptor to w1th1n 2 percent

of the SID, and to indicate the SID to W1th1n 2 percent

(2) The beam-limiting deV1ce shall numerlcally mdlcate the fleld 51ze in

the plane of the image receptor to Wthh 1t 1s ad]usted



(3) Indication of field size dlmens:tons and SIDs shall be specrﬁed in
centimeters and/or 1nches and shall be such that aperture ad]ustments resnlt | N |
in x-ray field dimensions in the plane of the nnage receptor Wthh correspond
to those indicated by the beam -limiting deV1ce to w1th1n 2 percent of the SID
when the beam axis is indicated to, be perpendlcular to the plane of the i image
receptor; and e i e b £

-(4) Compliance measurements W1ll be made at dlscrete SIDs and 1rnage

receptor dimensions in common clinical use (such as SIDs of 100 150 and

200 centlmeters and/or 36 40 48 and 72 1nches and no in

‘d1mens1ons of 13, 18, 24, 30 35 40, and 43 centlmeters and/or5 7 8, 9 10,

11, 12, 14, and 17 1nches) or at any other spemfrc dlmen sion dat Wthh the
beam-limiting devrce or its assocrated d1agnostlc x-ray system is umquely "

de51gned to operate.

(f) Field limitation on,radiographjcx;ray equzpment otherthangenera]

purpose radiographic systems—(1) Equmentfor use with intraoral Jmage o

receptors. Radiographic equipment designed for usew1than intraoral 1mage |

receptor shall be provided with meansto llmltthe x-raybeamsuchthat R

(i) If the minimum source-to-skin distance (SSD) is 18‘centi1neters :or more,
the x-ray field at the mlmmum SSD shall be contalnable in a cn‘cle hav1ng |

a diameter of no more than 7 centuneters and

(i) If the minimurm SSD i is less than 18 centrmeters the X- ray fleld at the S

"~ minimum SSD shall be contalnable ina crrcle havmg a dlameter of no more

than 6 centrmeters -

(2) X-ray systems des1gned for one 1mage I'eceptor size. Radiographi

equlpment desrgned for only one 1mage receptor 31ze at a 1

prov1ded with means to hmlt the f1eld at the plane of the 1mage receptor to

;‘ed SID shall be " - |
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drmensrons no greater than those of the 1mage receptor and to ahgn the center

of the x-ray field with the center of the 1mage receptor to W1th1n 2 percent -

of the SID or shall be prov1ded w1th means to both

and\k’ahgn the x-ray B

field such that the x-ray fleld at the plane of the 1mage receptor does not extend R

beyond any edge of the i 1mage receptor

(3) Systems designed for mammography—(1) Radrographrc systems o

designed only for mammography and general purpose radlography systems

when special attachments for mammography are in serv1ce manufactured on

or after November 1, 1977 and before September 30, 1999 shall be prov1ded

with means to 11m1t the useful beam such that the X- ray fleld at the plane of

the image receptor does not extend beyond any edge of the 1mage receptor 'k : " -

at any de51gnated SID except the edge of the i 1mage receptor de51gned to be | V

adjacent to the chest wall Where the x-ray fleld may not extend beyond thls |

edge by more than 2 percent of the SID. Th1s requ1rement can be met w1th - ; s

a system that performs as prescrlbed in paragraphs (f)(4)(1) (f)(4)(n) and
(f)(4)(iii) of this section. When the beam 11m1t1ng dev1ce and 1mage receptor "

support device are de31gned to be used to 1mmob1hze the breast durmg a o

mammographic procedure and the SID may vary, the SID mdlcatlon spec1f1ed

in paragraphs (f)(4)(11) and (f)(4)(111) of thls sectlon shal] be the max1mum SID

for which the beam- 11m1t1ng dev1ce or aperture is de51gned

(11) Mammographlc beam hm1t1ng dev1ces manufactured on or after |
September 30, 1999, shall be prov1ded wrth the means to hnnt the useful beam o
such that the x-ray field at the plane of the 1mage receptor does not extend
beyond any edge of the 1mage receptor by more than 2 percent of the SID
This requlrement can be met w1th a system that performs as prescrlbed in

paragraphs (f)(4)(i), (f)(‘l)(ﬂ), and (f)(4)(1’411)’ of th1‘Ss,S.QCtIO\1f1V._flfqu Sy‘stemstha‘t B
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allow changes in the SID the SID 1ndlcatron spemfled in Pal‘agraphs (ﬂ (a) (11) Coian

and (f)(4)(111) of this sectlon shall be the max1mum SID for Whlch the beam-

limiting device or aperture is demgned

(iii) Each image receptor support dev1ce manufactured on or after '

November 1, 1977, 1ntended for 1nstallatron ona system desrgned for S

mammography shall have clear and permanent marklngs to 1nd1cate the

maximum image receptor size for which it is des1gned

(4) Other x-ray systems. Radiographic systems not spec1f1cally covered in

paragraphs (d), (e), (f)(2), (ﬂ(3) and (h) of thls sectron and systems covered o
in paragraph (H)(1) of thrs sectron Wl’llCh are also de51gned for use Wlth . ,' B
extraoral i 1mage receptors and when used w1th an extraoral 1mage receptor a

shall be provided with means to limit the X- ray field in the plane of the 1mage :

receptor so that such field does not exceed each dlmenswn of the 1mage I

receptor by more than 2 percent of the SID, when the axrs of the x-ray beam

is perpendicular to the plane of the i 1mage receptor In addrtlon means shall o

be provided to ahgn the center of the x—ray fleld wrth the center of the 1mage | :

receptor to within 2 percent of the SID, or means shall be prov1ded t ) bloth

size and align the x-ray field such that the x- ray fleld at the plane of the 1mage l

receptor does not extend beyond any edge of the 1mage receptor These | R

requirements may be met with:

(i) A system which performs in accordance wrth paragraphs (d) and (é) :

of th1s section; or when ahgnment means are also provrded may be met w1th

either;

(11) An assortment of removable flxed aperture beam hmltmg dev1ces

sufficient to meet the requlrement for each combmatron of nnage receptor size

and SID for which the unit is desrgned Each such dev1ce shall have clear and .



permanent markings to indicate the image reCeptor size and SIDforWhlch it
is designed; or |

(iii) A beam-limiting d'ex""rice”havmg" mﬂﬁplé‘ flxedapertures sufficient to

meet the requirement for each comb1nat1on of 1mage receptor 31ze and SID for | B

which the unit is desrgned Permanent clearly leglble markmgs shal] 1nd1catem" -

the image receptor size and SID for Wthh each aperture is demgned an d shall : o

- indicate which aperture is 1n posrtmn for use.

(g) Pos1t1ve ‘beam I1m1tat1on [PBL) The requlrements of“this} paragraph o

shall apply to radlographlc systems which contaln PBL

(1) Field size. When a PBL system is provrded 1t shall prevent X- ray B

production when: |
(i) Either the length or width of the x-ray field"iﬁ"’tﬁe’"istaﬁé‘a‘f””t’Hé"”i‘fﬁage o
receptor differs from the correspondlng 1mage receptor dlmensmn by more : N

than 3 percent of the SID; or

(ii) The sum of the length and w1dth dlfferences as stated in paragraph -

(g)(1)(i) of this section Wlthout regard to 51gn exceeds 4 percent of the SID

(iii) The beam limiting device is . at an SID for ‘Whrch‘PBL is not deslgned A

for sizing.

(2) Conditions for PBL When provrded the PBL system shall functron as

| »descrlbed in paragraph (g)(l) of thls sectlon Whenever all the followmg " -
conditions are met:

(i) The image receptor is'“;inserted 1nto apermanently mountedcassette o
holder; . T DR

(ii) The i image receptor length and Wldth are Iess than 50 centlmeters

(111) The X~ ray beam axis lS W1th1n +3 degrees of Vertlcal and the SID 1s o

90 centrmeters to 130 centrmeters 1nclu31ve or the X- ray beam ax1$ 1s W1th1n



1nclu31ve,
4(iv] The x-ray beam axrs is perpendioular to the pIane”‘Of 'the[:imagereceptor |
g degrees,' - S R AP M5 O D e S G SN
(v) Neither tomographrcnor stereoscopic radlography 1s be1ng performed

(3) Measurmg com plzance Comphance W1th the requlrements of"paragraph'

(g)(1) of this section shall be determmed when the equrpment 1ndloates‘ that

the beam axis is perpendlcular to the plane of the 1mage receptor and the .v ” -

provisions of paragraph (g)(z) of this sectlon are met Comphance shall be

determined no sooner than 5 seconds after 1nsertron of the 1mage receptor

(4) Operator initiated unders1zmg The PBL system shall be capable of

operation such that, at the dlscretlon of the operator the size of the fleld may S

be made smaller than the size of the 1mage receptor through stepless

adjustment of the fleld size. Each dlmensmn of the mrnlmum f1eld srze at an

SID of 100 centimeters shall be equal to or less than 5 oentrmeters Return | k' |
to PBL function as descrlbed in paragraph (g)(l) of thls sectlon sha]l occur B

automatically upon any Change of i 1mage receptor size or SID.

(5) Override of PBL. A capability may be prov1ded for overrrdmg PBL in
case of system failure and for serv1c1ng the system ‘This overrlde may be for

all SIDs and image receptor 51zes A key shall be requlred for any overr1de

capability that is accessrble to the operator It shal not be p0531ble to remove -

the key while PBL is overrldden Eac:h suoh key sw1tch or keyzshall be clearly -

and durably labeled as follows

For X-ray Fleld L1m1tat10n System Fallure



The override capability is cons1dered acce331ble to the operator 1f 1t 1s referenced

in the operator s manual or in other materlal 1ntended for the operator or 1f 1ts -

location is such that the operator would consrder 1t part of the operat1onal controls o

(h) Field 11m1tat1on and a]1gnment for spot-fﬂm dev1ces The followmg .

requirements shall apply to spot fllm devices, except when the spot fllm

device is provided for use w1th a radlatlon therapy snnulanon system

(1) Means shall be prov1ded between the source and the patlent for

adjustment of the x-ray ﬁeld size in the plane of the i 1mage receptor to the

size of that portion of the i 1mage receptor wh1ch has been selected on the spot-m o

film selector. Such ad]ustment shall be accomphshed automatlcally when the -
x-ray field size in the plane of the 1mage receptor 1s greater than the selected
portion of the image receptor. If the X- ray f1eld size 1s less than the 51ze of

the selected portion of the i image receptor the fleld size shall not open |
automatically to the size of the selected portlon of the 1rnage receptor unless .

the operator has selected that mode of operatlon -

(2) Neither the length nor the Wldth of the X- ray f1eld 1n the plane of the

image receptor shall differ from the correspondmg dlmensmns of the selected' )
portion of the image receptor by more than 3 percent of the SID when ad]usted
for full coverage of the selected port1on of the nnage receptor The sum |

- without regard to sign, of the length and w1dth dlfferences shall not exceed

4 percent of the SID. On s‘pot’-ﬁlm devices manufactured after February 25,
1978, if the angle between the plane of the imagereceptor and beamax1s is

Varlable means shall be provrded to 1nd1cate when the axis of the X- ray beam

is perpendicular to the plane of the i image receptor and comphance shall be S

determined with the beam axis indicated to be perpendlcular to the plane of

the image receptor.
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(3) The center of the x ray fleld 1n the plane of the 1mage receptor shall
be aligned with the center of the selected portlon of the 1mage receptor to |

within 2 percent of the SID

(4) Means shall be prov1ded to reduce the X-ray f1eld size in the plane :
of the image receptor to a 51zte smaller than the selected portlo’n of thermagé B
receptor such that: GenE e g

(i) For spot-film devices used on fixed-SID ﬂuoroscbpi&sy‘stems which are
not required to, and do not prov1de stepless ad]ustment of the x ray f1eld the
minimum field size, at the greatest SID, does not exceed 125 square :

centimeters; or

(ii) For spot-film devices used on fluordsc‘Opi“c" systeinsthat 'ha\?e alvariable -

SID and/or stepless adjustment of the field size, the minimum f1eld size, at
the greatest SID, shall be contamable ina square of 5 centuneters by 5

centimeters.

(5) A capability may be prov1ded for overr1d1ng the automat1c X-ray fleld

size adjustment in case of system fallure If 1t is so prov1ded a s1gnal v151ble

at the fluoroscopist’s posmon shall 1nd1cate whenever the automat1c x—ray fleld o

size adjustment overrlde is engaged. Each such system fallure overr1de swrtch -
shall be clearly labeled as follows -

For X-ray Field Limitation Systemk,Fai‘lure |

(i) Source-skin d1stance—-—(1) X-ray systems de51gned for use W1th an
intraoral i image receptor shall be prov1ded w1th means to hmlt the source skm

distance to not less than:
(@) Elghteen cent1meters 1f operable above 50 l(Vp, or : o - o

(i) Ten centimeters if not operable above 50 kVp
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(2) Mobile and portable x-ray systems other than dental shall be prov1ded " -

with means to limit the source -skin dlstance to not less than 30 centlmeters

(]) Beam-on 1nd1cators The X-ray control shall provrde v1sua1 1ndlcat1on |

whenever X-Tays are produced In addrtlon a 51gna1 audible to the operator -

shall indicate that the exposure has termmated

(k) Multiple tubes. Wher‘e two or more radrographi;c tubes are: co‘nt’rolled'
by one exposure switch, the tube or tubes Wthh have been selected shall be
clearly indicated before 1n1t1at10n of the exposure ‘This 1ndlcat10n shall be both -

on the x-ray control and at or near the tube housmg assembly Wthh has been

selected.

(1) Radiation from capac1tor energy storage equ1pment. Radlatlon emltted _ |

from the x-ray tube shall not exceed

(1) An air kerma of 0.26 mGy (vice 0. 03 mR exposure) 1n 1 mlnute at5

centimeters from any accessible surface of the dragnostlc source assembly, W1th o

the beam-limiting dev1ce fully open the system fully charged and the -
exposure switch, timer, or any dlscharge mechamsm not actlvated Comphance‘ ‘
shall be determined by measurements averaged over an area of 100 square ‘

centrmeters with no linear d1men51on greater than 20 centnneters and

(2) An air kerma of 0. 88 mGy (vice 100 mR exposure) 1n 1 hour at 100 |
Centlmeters from the xX-ray source W1th the beam hmltmg dev1ce fully open
when the system is dlscharged through the x- ray tube elther manually or

automatically by use of a dlscharge sw1tch or deactlvatlon of the mput power

Compliance shall be determmed by measurements of the maximum a1r ‘kerma
| per dlscharge multrphed by the total number of dlscharges 1n 1 hour (duty
cycle) The measurements shall be averaged over an area of 100 square |

centimeters with no linear drmenslyon greater than 20 centrmeters. o
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(m) Przmary protect1ve bamer for mammogra phy X—ray systems———(l) For
X-ray systems manufactured after September 5,1978, and before September 3()
1999, which are designed only for mammography, the transmlssmn of the ‘
primary beam through any 1mage receptor support prov1ded W1th the system
shall be limited such that the air kerma 5 cent1meters from any acce331ble

surface beyond the plane of the image receptor supporting devrce does not

exceed 0.88 uGy (vice 0.1 mR exposure)' for each actiV‘atibﬁ’of ’the tube ) -

(2) For mammographic x-ray systems manufactured on or after September

30, 1999:

(i) At any SID Where exposures can be made the 1mage receptor support ,‘ S

device shall prov1de a prlmary protectlve barrler that mtercepts the Cross o

section of the useful beam along every dlrectlon except at the chest Wall edge. -

(ii) The x-ray system shall not permlt exposure unless the approprlate

barrier is in place to 1ntercept the useful beam as requlred 1n paragraph

(m)(2)(i) of this section.

(iii) The transmission of the useful beam through the prlmary protectlve o k' v'

barrier shall be limited such that the air kerma 5 centlmeters from any

accessible surface beyond the plane of the prlmary protectlve barrler does not

exceed 0.88 HGy (V1ce 0.1 mR exposure) for each actlvatlon;of the tube

(3) Compliance with the requlrements of paragraphs (m)(l) and (m)(2)(111) | i

of this section for transmrssmn shall be determlned W1th the X~ ray system

operated at the minimum SID for Wthh it 1s de31gned at th

peak tube potential, at the max1mum rated product of x ray tube current and

exposure time (mAs) for the max1mum rated peakk e:po t1al,a
measurements averaged over an area of 100 square centlmeters w1th no hnear

dlmensmn greater than 20 centrmeters The sensmve Volume of the radlatlon .

e,max1mum rated

‘: y\, ~ o s e
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measurmg instrument shall not be pos1troned beyond the edge of the prlmary
protective barrler along the chest wall srde |
§1020.32 Fluoroscoplc equupment |

The provisions of this section apply to 'equipment for fluoroscopic imaging
and for radiographic i 1mag1ng when images are recorded from the ﬂuoroscoplc
image receptor except computed tomography X- ray systems manufactured on :

or after November 29, 1984. :

(a) Primary protective barrzer——(l) L1m1tat1on of usefu] beam The
fluoroscopic i 1mag1ng assembly shall be provrded W1th a prlmary protectrve o
barrier which intercepts the entire cross sectlon of the useful beam at any SID.

The x- ray tube used for ﬂuoroscopy shall not produce x-rays unless the barrler :

is in position to intercept the entlre useful beam The AKR due to transmlssmn .

through the barrier with the attenuatlon block in the us w,ul"beam comblned

with radiation from the fluoroscoplc image receptor shall not exceed 3 34 X
| 10-3 percent of the entrance AKR, at a drstance of 10 centlmeters from any
acce551ble surface of the ﬂuoroscoplc 1mag1ng assembly beyond the plane of
the image receptor. Radiation therapy s1mulat10n systems shall be exempt from
this requirement provided the systems are 1ntended only for remote control
operation and the manufacturer sets forth 1nstructrons for assemblers wrth |
respect to control locatron as part of the mformatlon requlred in §1020. 30(g)
Additionally, the manufacturer shall provrde to users, under § 1020 30(h)(1)(1)

precautions concerning the 1mportance of remote control operatlon

(2) Measurmg com p11ance The AKR shall be measured in accordance w1th
paragraph (d) of this sectlon The AKR due to transmlssmn through the prrmary

barrier combmed w1th radratron from the ﬂuoroscoplc 1mage receptor shall be



determined by measurementsaveraged ‘_obver\ an afsa of 1'0b’,s(1uare’C'entlimeters |
Wlth no linear dimension greater ‘than‘ 20 centlmeters If the source is below
the tabletop, the'measurementshall be made with the input surface offthe
fluoroscopic imaging assembly positioned 30 centimeters above the t‘ablet‘op.
If the source is above the tabletop and the SID is variable, the measurement
shall be made with the end of the beamfl‘imﬁing device or is"p'ac;er_as’}‘ t:lci)se to
the tabletop as it can be placed, provided that it shall not be closer than '30 ,
centimeters. Movable gmds and compression devmes shall be removed from
the useful beam during the measurement. For all measurements the | |
attenuation block shall be positioned in the useful beam 10 centimeters from
the point of measurement of entrance AKR andbetween this point and the
input surface of the ﬂuoroscopic imaging assembly. o

(b) Field I1m1tat10n——(1) Angu]atmn For ﬂuoroscoprc equlpment -
manufactured after February 25, 1978, when the angle between the i 1mage ’
receptor and the beam axis of the X- ray beam is variable, means shall be
) prov1ded to 1nd1cate when the axis of the X- ray beam 1s perpendlcular to the
plane of the image Teceptor. Compllance w1th paragraphs (b) (4) and (b)(5)
this section shall be determined with the beam axis 1ndlcated to be

perpendicular to the plane of the i 1mage receptor |

(2) Further means for 11m1tat1on Means shall be provrded to permit further
limitation of the x-ray freld to sizes smaller than the hmlts of paragraphs (b)(4)
and (b)(5) Beam- hm1t1ng devrces manufactured after May 22, 1979, and
incorporated 1n_equ1pment wrthavanable SID ,and/ or the eapabrhty ot a visible
area of greater than 300 square Centtmeters shalll b»e provided with means for ”
stepless adjustment of the x- ray field. Equlpment W1th a fixed SID and the

capability of a visible area of no greater than 300 square centlmeters shall be
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provided with either stepless ad]ustment of the X- ray field or w1th a means
to further limit the x- ray freld s1ze at the plane of the 1mage receptor to 125
square centimeters or less. Stepless ad]ustment shall at the greatest SID
provide continuous field 31zes from the max‘imurn obtainable to a fi’el‘d"si’ze -
containable in a square of5 centlmeters by 5 centimeters. ThlS paragraph does

not apply to nonimage-intensified ﬂuoroscopy

(3) Nonimage-intensified fluoroscopy. The x-ray fiél’d"‘ﬁrod‘u‘ééa‘ by

nonimage-intensified ﬂuOIOSCOPiC equipment shall not eXtend beyond the :

entire visible area of the image receptor. Means shall be Uprovrided “fof “é‘t‘épl‘ess o

ad]ustment of field size. The mlnlmum fleld s1ze at the greatest SID shall be
containable in a square of 5 centlmeters by 5 centlmeters
(4) Fluoroscopy and md’qura phy using the fluorosco p101magfngassemb1y ‘

with inherently circular image"receptors. (1) For 'ﬂuoroscopiét equi‘pméﬁ’t'

- manufactured before [date 1 year after date of pubhcatmn of the finalTulein

the Federal Register], other than rad1at10n therapy s1mulat10n systems the

following applies:

(A) Neither the length nor the width of the x-ray field in the plane of the

image receptor shall exceed that of the v1s1ble area of the i 1mage receptor by

- more than 3 percent of the SID The sum of the excess length and the excess S

width shall be : no greater than 4 percent of the SID.

(B) For rectangular x-ray ﬁelds used with circular i 1mage receptors the

error in ahgnment shall be determlned along the length and w1dth d1m;‘ns1ons; SRR

of the x-ray field which pass through the center Of,the vnllslyble,.a?ea Qf tlle image

- receptor.

(ii) For fluoroscoplc equlpment manufactured on or after [date 1 year after“”:“ |

date of pubhcatlon of the flnal rule in the Federal Reglster] other than e



rad1at1on therapy sunulatron systems the r max1mum area of the x—ray f1eld in
the plane of the i 1mage receptor shall conform W1th one of the followmg

requ1rements

(A) When the visible area of the image receptor is less than or equal to

34 cm in any direction: (1) At least 80 percent of the X- ray freld overlaps the

visible area of the i 1mage receptor or (2) at least 80 percent of the air kerma T

1ntegrated over the_xfray freld is 1nc1dent on ;the area of the nnage receptor.
~(B) When the Visible‘area of the image receptor is greater than 34 cm in

any direction, the x-ray field measured along the d1rect10n of greatest -

misalignment with the visible area of the i 1mage receptor shall not extend

beyond the visible area of the image receptor by more than a total of2cm.

(5) Fluoroscopy and radiogra phy using the fluoroscopic imoging assembly

with inherently rectangular imyage recep‘t‘ors‘. For x-ray systemsmanufactured B

after [date 1 year after date of publication of the final rule in the Federal
Register]:
(i) Nelther the length nor the width of the X-ray f1eld in the plane ofthe

image receptor shall exceed that of the v1srble area of the 1mage receptor by

more than 3 percent of the SID. The sum of the excess length and the excess

W1dth shall be no greater than 4 percent of the SID

(ii) The error in ahgnment shall be determined along the length and width

dimensions of the x-ray field which 1 pass through the center of the v1s1ble area

of the image receptor.

(6) Overrzde capabzhty If the fluoroscoprc x-ray freld 51ze is ad]usted "
automatically as the SID or 1mage receptor 51ze 1s changed a capabllrty may B
be provided for overriding theautornatlc ad]ustrnent in caseof system fallure. |

If it is so provided, a signal visible at the fluoroscopist’s position shall indicate
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Whenever the automatic field ad]ustmentrs overrlddenEachsuch system |
failure override switch shall be clearly labeled as follows:

For X-ray Field Limitation System Failure :

(c) Activation of tube. X -ray productron in the ﬂuoroscoprc nrode shall
be controlled by a device whrch requlres contlnuous pressure by the operator
for the entire time of any exposure. When recordmg serial ﬂuorosooprc images,
the operator shall be abvle to terminate the x-rayexposure(s)at any time, but
means may be provided to permit completion of any single exposure of the
series in process. - | o

(d) Air kerma rates. For fluoroscopic equipment, the following
requirements apply: | o n

(i ) FI uorOscopjc‘equipmeht man‘ufaotured \BeforeM&j?;i 9, 1 995— (i”)“ |

Equipment provided with automatrc exposure rate Control (AERC) shall not

be operable at any Comblnatlon of tube potential and current that will result o

in an AKR in excess of 88 mGy per minute (Vlce 10 R/mln exposure rate) at
the measurement pomt speolfled in § 1020.32(d)(3),’_exoept as_spemfredf in

§1020.32(d)(1)(v) of thls sectlon

(ii) Equipment prov1ded w1thout AERC shall not be operable at any -

combination of tube potential and current that W111 result in an AKR in excess -

of 44 mGy per minute (vice 5 R/min exposure rate) at the rneasurement& pomt |
specified in § 1020.32(d)(3), except as specified in §1020.32(d)(1)v) of this
section. | | | |

| (iii) Equipment proui'ded with both an AERC mode and a manual niro‘de

shall not be operable at any combmatlon of tube potentlal and Current that

will result in an AKR in excess of 8 FmGy per mmute (v1ce 10 R/mln exposure



rate) in either mode at the measurement pomt spemﬁed 1n § 1020 32(d)(3)
except as specified in §1020.32(d)(1)(v) of thls sectron

(iv) Equipment may be mod1f1ed in accordance W1th § ‘102'0"'30(q) to |
comply with § 1020. 32(d)(2) When the equlpment is modlfled 1t shall bear

a label 1nd1cat1ng the date of the modlflcatmn and the statement

“Modified to comply with 21 CFR 1020.32(d)(2).”

(v) Exceptions: | it

(A) During recording of fluoroscopic images, or R

(B) When a mode of operation has an optional hlgh—level control, in which
case that mode shall not be operable at,any combmatron of tube potential and
current that will result in an AKR in excess of the rates spec1f1ed in | |
§1020. 32(d)(1)(1) (d](l)(n) or (d](l)(ln) at the measurement pomt spec1f1ed in
§ 1020, 32(d)(3), unless the hlgh level control 1s actrvated Spec1al means of -

act1vat1on of hlgh level controls shall be requ1red The hlgh level control shall

be operable only when contlnuous manual actlvatlon is prov1ded by the

operator. A contmuous 31gnal aud1ble to the{ﬂuoroscoprst_shall jlndrcat;e that - : - "

the high-level control is being employed

(2) Fluoroscopic equipment manufactured on or after May 19, 1995— (1)

Shall be equipped with AERC if operable at any combination of tube potential

and current that results in an AKR greater th;an 44 mGy permmute(vme 5
R/min exposure rate) at the measurement povint specified in § 1020’.32(d)(3).
Provision for manual selection of technique ‘factor;s may be proVided |

(11) Shall not be operable at any comb1nat10n of tube potentlal and current
that will result in an AKR in excess. of 88 mGy per mlnute (v1ce 10 R/mm

exposure rate) at the measurement pomt spec1f1ed in § 1020 32(d)(3) except

as specified in § 1020.32(d)}(2)(1u) of this sectlon._ A
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(iii) Exceptions:

(A) For equipment manufactured prior to [datef 1 year after date of
publication of the final rule in the F ederal Register], during the 'recordihg'of
images from a ﬂuorosoobic image receptor aSing photographiofilm or a Video |
camera when the x-ray source is operated in a pulsed mode.

| (B) For equipment manufactured on or after [riate 1 year after date of
publication of the final rule in the Federal Register], during the recording'of .
images from the fluoroscopic imag‘e‘reoeptor for the purpose of providing the
user with an image(s) after term’ination of theexyposure HoweVer the archivingk
of fluoroscopic or radlographrc 1mages through the reoordlng of such 1mages
in analog format with a v1deo -tape or v1deo disc recorder does not quahfy as
an exception. |

(C) When a mode of operation has an optional high-level cohtrol arid the
control is activated, in which oase the equipment shall r’iotbeoperable ﬁfat"any |
* combination of tube potential and current that will result in an AKR in excess
of 180 mGy per minute (vice 20 R/min exposure rate) at the meaSUrement point
specified i in §1020. 32(d)(3] Speolal means of actlvatron of hlgh level Controls
shall be required. The high- Jevel control shall be operable only when
continuous manual actrvatlon is prov1ded by the operator A contmuous signal
audible to the fluoroscopist Shvall 1nd1oate that the:’hlghflevel oontrol is being
employed. | R : e A

(3) Measuriﬁg comp]jance.’Compliance with paragraph "’(d’) of thi‘s‘ s:,ection
shall be determined as follows: - | S |

(1) If the source is below the X-Tay table the AKR shall be measured at o

1 oentlmeter above the tabletop or oradle |
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(ii) If the source is above the x-ray table,i theAKR shallbemeasured at
30 centimeters above the tabletop with the end o,ftthea be‘arnfl:i_rniting device
‘or spacer positioned as closely as possible to the point of measurem‘ent.

(iii) In a C-arm type of ﬂtuoro\scopé,y the AKR Shall be measuredat 30 b L
centimeters from the iv,nputsurface(jf‘ theﬂuoroscoplclmaglng assembly,w1th "
‘the source positioned at any available SID, prOVided that the end of the beam-
limiting device or spacer is no closer than 30 centlmeters from the 1nput
surface of the ﬂuoroscoplc 1mag1ng assembly

(iv) In a C-arm type of fluoroscope having an SID less thyan 45 cm, the
AKR shall be measured at theminimum SSD o o

(V) In a lateral type of ﬂuoroscope the air kerma rate shall be measured
at a point 15 centimeters from the centerhne of the x-ray table and in the
direction of the x-ray sourcewplth the end of the beam-hnutmg device qr,spacer
positioned as closely as possible to the point of measurement. If the tabletop
is movable, it shall be po/SitiOned as closely as poSsible tokthe lateral x-ray
source, with the end of the beam 11m1t1ng dev1ce or spacer no closer than 15

centimeters to the centerhne of the x-ray table - R \’ 1 o .
(4) Exem ptzons Fluoroscoprc radlatlon therapy 31mulat10n systems are |
exempt from the requ1rements set forth in paragraph (d) of thls sectlon o .
(e) [Reserved] |

(f Ind1cat1on of potent1a] and current Durlng ﬂuoroscopy and
| clneﬂuorography, X- ray tube potent1al and Current shall be contmuously

indicated. Deviation of x-ray tube potent1al and current from the 1nd1cated

~values shall not exceed the maximum dev1at1on as stated by the manufacturer

in accordance w1th § 1020 30(h)(3)
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(g) Sourcé-skin distance. (1) Means shallbeprov1ded to ‘li‘m‘it‘ the source- ‘
skin distance to not less than 38 centimeters on stationary fluoroscopes ,and‘ |
to not less than 30 c;yentijmet‘eirks?_pnwmgbjﬁlfeﬂgpdk port‘a‘b‘le ﬂuroroscopes. In
addition, for ﬂuQroscopes intended for speciﬁc s,ufgical application thaf would
be prohibited at ‘theksomc,e,-skig distances specified in this paragraph,
provisions may be made for operation at shorter ,source—skin‘djsvtan‘ces butin
no case less than 20 CentlmetersWhen providyed, thé ‘rnanuf’actiiretmusit set
forth precautions with respect to the optional means of spacing, in addition
to other information as required in § 1020.30(h).

(2) For mobile or portable C-arm ﬂu‘oyroscgopic s‘ystems.manufactured on
or after [date 1 year after date of publication 6f th_e’ tfinal,fr»ule‘in the,nge?al
Register], having a maximum so_urce-i‘mage réceptor distahée of less t,hya‘n 45
centimeters, means shall be provided to limiti the sburc,e—,skin distance to not
less than 19 Centiméters,_Su‘(;h;systems shall be labeled for extremity use only.
In addition, for those systems intended for ',spiecific surgical applicationfthat
would be prohibited at the source-skin distances Vms/kpecified'i"n this paragraph,
provisions may be made for operatiqn at sho;{ter sour,(;‘e‘-skirtlidista,nces, butin

no case less than 10 centimeters. When provided, the manufacturer must set

forth precautions with respect to the optional means of spacing, in addition

to other information as required in § 1020.30(h). )

(h) Fluoroscopic irradiation time, display, and sigﬁa].w(l Fluoroscopic
equipment manufactured before [date 1 year éfter date of publication of the
final rule in the Federal Register], shall be provided with means to preset the
cumulative on-time of the fluoroscopic tube. The maximum cumulative time
of the timing device shall not exceed 5 minutes without resetting. A signal

audible to the fluoroscopist shall indicate the completion of any preset
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cumulative on-time. Such signal shall COHthGtOSOUHdWhﬂe X-rays are
produced until thetlmmg device is feset, Flugrgs;(:;‘dpic equipment maykbe
modified in accordance with §1020.30(q) to cbmply with the requirements of
§ 1020.32(h)(2). When the equipment is modi,ﬁed,‘it shallbéar a label N

indicating the statement:
“Modified to comply with 21 CFR 1,()«,2\()_.3_2{h)'(2).” o] /.

@)

o~ iAs an alternative to the requirements of £s# paragraph, racgliation therapy

simulation systems may be provided with a means to indicate the total
cumulative exposure time during which X-Tays were produced, and which is

capable of being reset between x-ray examinations.

(2) For x-ray controls manufactured on or after [date 1 year after date of

publication of the final rule in the Federal Register], there shall be provided

for each fluoroscopic tube:

(i) A display of the value and units of the irradiation time from the
beginning of a patient examination or procedure. This display shall be visible
at the fluoroscopist’s working position throughout the examination or L

procedure and after it ends. The display shall be able to be reset to zero prior

to the commencement of a new examination or procedure, and it shall function

independently of the audible signal described in § 1020.32(hH2)(ii). | M
(ii) A signal audible to the fluoroscopist shall ,iIlvdiCAa‘.tQ the passage bf

irradiation time during an examination or procedure. The signal shall sound

for at least one second at each interval of 5-minutes d

time.
(i) Mobile and portable fluoroscopes. In addition‘tgwthg_ﬂgjgl}gg”,gequirements
of this section, mobile and portable fluoroscopes shall provide an image

receptor incorporating more than a simple fluorescent screen.
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G) Disp]dy of ]dsi‘&‘magé hoId‘ ( LIH ). Fluoroscoplc equiipnlentnranuffactured
on or after [date 1 year after date of pubhcatlon of the flnal rule in the Federal
Reglster] shall be equlpped W1th means to dlsplay an LIH radlograph -

following termination of the ﬂuoroscoplc exposure

(1) For an LIH radlograph obtalned by retammg pretermlnatlon o

fluoroscopic images, if the number ofi 1mages and method of combmlng 1mages ‘

sye ge

of the ﬂuoroseoptc exposure.‘a e - o

(2) For an LIH radiograph obtained by initiating a'separate radiographic
exposure, if the technlques factors for the radlographlc exposure are selectable |
prior to the exposure, the combination selected must be 1nd1oated prlor to

initiation of the ﬂuoroscoplc exposure

3) Means shall be prov1ded to clearly 1ndlcate to the user Whether a
dlsplayed 1mage is the LIH radmgraph or ﬂuorosCopy DlSplay 0 f the LIH s
radiograph shall be replaced by the ﬂuoroscopm 1mage concurrently wlth
re1n1t1at10n of ﬂuoroscoprc exposure unless separate dlsplays are promded for}

the LIH radiograph and ﬂuoroscoplc 1mages

(4) The predetermined or selectable options for producmg the LIH
radiograph shall be described in the 1nformat1on requlred by § 1020 30(h) The
information shall include a,,de,s_(;r;ptlon of any apphcable techmque factors for
the selected option and the impact of the selectable options on image i

~ characteristics and radiation dose I

(k) Displays of Va]ues of AKR and cumu]at1ve air kerma Fluoroscop1c
equipment manufactured on or after [date 1 year after date of pubhcatlon of
the final rule in the Federal Reglster] shall dlsplay at the ﬂuoroscoplst s

working position values of AKR and cumulatlve a1r kerma The follow1ng -
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requirements apply for eacﬁhyxjrayy tube ﬁsed durmg an exammatlon or
procedure: | e | -
(1) The value d1splayed for AKR shall be 1n umts of mGy/mm and shall
represent the air kerma per umt time during ﬂuoroscopy and whlle recordlng

during ﬂuoroscopy

(2) The value displayed for cumulatlve a1r kerma shall be 1n umts of mGy;

shall include all contributions generated from ﬂuoroscoplc and radlographlc i

radiation; shall represent the total air ke.rma,.,.ac.cxuﬁdwf;tgm.,the,.Cokmmepcemel_lt: I

o‘f an examination or procedure and'hshalil be updated durmg the examihatibh
. _or procedure each time that Tﬂ!}(]..11?.;(,).S,;,,‘C\Q,pic or radiographic x-ray production is

deactivated.

(3) During fluoroscopy and While recorchhg dtiring" ﬂiiyerOSeopyﬁ,:’the velue |

and units of the AKR shall be dlsplayed F ollowmg ﬂuoroseopy or radlography, |

the value and umts of the Cumulatlve air kerma shall be dlsplayed

(4) The display of the Value of the AKR shall be cleaﬂy dlstlngulshable W "

from the display of the value of the Cumulatlve air kerma -

(5) Values d1splayed for the AKR and cumulatlve air kerma shall be -

determined for conditions of free-in-air 1rrad1at10n at one of the followmg

reference locations specified accordmg to the type of ﬂuoroscope The -

reference location shall be identified and dSSCﬂbGdSPeCIﬁGally in lnfO‘;rmé’iifdﬁ |
provided to users according to § 1020.30))).

(i) For fluoroscopes with x-ray source;b@lgewﬂ}@ftable,i x‘-‘ray“sveurt;g ahqve
the table, or of lateral type, thé yl‘yefe‘renﬁC’e 10C,.LatiQIﬁ1$, shallbethereSpectIVe o
locations specified in §1020.32(d)(3)(), (D)), or (D)) for measuring

compliance with air-kerma rate limits.
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(ii) For C-arm type fluoroscopes, the refere’nce‘ location shall be/1'5 o

centimeters from the isocenter toward the xray source along the beam ax15.

Alternatively, the reference locatlon shall be along the beam axis at a po1nt

deemed by the manufacturer to represent the w1ntertse,ctron of the x-ray beam

entrance surface and the patient skin.

(6) Means shall be provided to reset to zero the values of AKR and

cumulative air kerma prior to the commencement of a new,examlnatrlpl,}mor e

procedures.

(7) The AKR and the cumulative air kerma shall noyt_dréviate, fromthell‘ k

respective displayed values by more than +25 percent

5. Amend §1020.33 by rev1smg paragraph (h)(z) to read as follows o
§1020.33 Computed tomography (CT) equnpment o

* * * % *

(h) * % %

(2) For systems that allow high voltage to be appli‘ed ’to‘ the x-ray tube
continuously and that control the emlSSlonofxray With éshutter, the
radiation emitted may not exceed 0.88 mllhgray(vme 100m1111roentgen

exposure) i in 1 hour at any point 5 cent1meters out31de the external surface

of the housing of the scanning mechamsm When the shutter is closed
Compliance shall be determined by measurements average over an area of 100

square centimeters with no linear dimension greater than 20 ,Centlmetesrs.r o

* * * * *
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