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COUMCIL IRECTIVE lﬂl':‘II'EFII'EURATDM
of 5 December 2013

Ia}'mg down basic safety standards for

o i the dangers arising from exposure
to jonising radiation, and mwﬁ%ﬂhﬁvu ﬂ'ﬁl%ﬂmm 20/641/Euratom, 96,29 Euratom,
9743 m and 2003/122/Euratom

THE COLUMCIL OF THE EUROPEAN LINIOH,

Having d to the Treaty establishing the Furopean Aromic
Energy Commumiey, and ‘i pamicular Ardcles 31 and 32
thereof,

Having regard to the proposal from the Fur n Commission,
dmmgu;ga:&&r ha\'inP;r E:ajnad the opi Pc?:a-:rl-' a group of
muns appointed by the Scientific Technical Commitee

among scientfic expents in the Member Stares, and afeer
having consulted the Furopean Foomomic and  Sodial
Committes,

Having regard to the opinion of the Furopean Parliamene,

Having regard to the opinion of the Furopean Eronomic and
Social Commites,

Whereas;

(1]  Poine (b} of Aricle 2 of the Furacom Treaty provides for
the esablithment of uniform =zafery seandards o prOece
the health of workers and of the general public. Arvicle 30
of the Furarom Treary defines “basic standards" for the
proweceion of the health of workers and the general
public against the dangers arizing from ionking radi-

In order to perform it tack, the Community laid dowm
basic standards for the first time in 1959 |:| means of
Directives of 2 February 1959 Iavm u:In:n'-m the basic
standards for d&euimrecuan of the healh of worksrs
and the general lic againz: the d:mg_-er: arizing from
iomising ﬁdmmfl 1}, The Directivez have been %eused
several dmes, most recemdy by Councl Direcrive
96/2%Euratom () which repealed 1he earlier Direcrives.

|"'| O L 11, 202.195%, p. 211.

(%) Council Dhrective 26,29 Furatom of 13 May 1996 loving down
basic safety sandards for the protection of the healdh of workers
and the peneral public againct the dinpers arking from fonising
radiation (0§ L 159, 29.619%, p. 1L

Diirective %629 Euratom establishes the basic safery stan-
dards. The pr-:n'r:mm of that Direcrive apply to normal
and emerpency situations and have been supplemented
by mare specific legisladion.

Council Derective 9743 /Euratom (7}, Council Directive
B9j618/Euratom (), Council Directive 90641 Eura-
tom(*) and Council Direcrive 2003/122{Eurarom ()
cover different specific aspects complemendary o

Directive %629 [Euratom.

At recognized by the Coure of Justice of the Furopean
I.fru':||1l;.%r]:1I i ErLE-Iaw the t.{ﬁl:s ed on the
Community by poine (b) of Aride 2 of the Eurarom
Treaty to lay dovn miform safery standards e provect
the health of workers and the genem] blic does not
preclude, unlesz explicitly stated in n'll};;:andards a
Member Seate from providing for more seringent
measures of protection. As thiz Directive provides for
minimum raes, Member Staves should be to adopt
Of Maineain more =rin measures in the subject-
mareer covered by thiz Direcrive, without prqm:lnce to
the free movement of ; and services I the
internal markes az defined by the caselaw of the Court
of Jusdce.

The Group of Expertz appointed by che Scienrific and
Technical Commirtes has advised thar the badc safeey

(% Council Directive 9743 /Euratom of 30 Jume 1997 on heakh
protection of indhviduals agzinct the dangers of ionising radiation
in relation ®© medical exposure. and  repeafing  Directive
E4j466 [Euratom (3 L 180, 2.7.1987, p. 23

% Council Dfrective £9/61EFuratom 27 Mowember 1929 on

informing the general public about health protection measures o
be applied and cteps #o be taken in the event of 2 radiclogical
emerpency (O] L 357, 7.12.1989, p. 31).
Council Directive 90/641/Farmtom of 4 December 1990 on the
operational protection of cutside workers expoced to the rick of
ionising radistion during their adivifies in controlled  aress
(O] L 349, 13.1219%0, p. 211

% Council Directire 3003)122/Furatom of 27 Decemnber 2007 oo the
control of high-activity ssaled radicactive sources and cophan
sources {Of L 346, 31122003, p. 57




3.15. Registrants and licensees:

(1) Shall ensure that adequate
are carried out as necessary so that sources™
remain capable of fulfilling their design requirements
for protection and safety throughout their lifetime;
* Includes equipment

Annex IX: Indicative list of
Information for licence applications

(@) Maintenance, testing, inspection and servicing so as to
ensure that the radiation source and the facility continue
to meet the design requirements, operational limits and
conditions of operation throughout their lifetime.



ERSS Article 78

Information on equipment

.  Member States shall ensure that any undertaking acquiring
equipment containing radioactive sources or a radiation
generator is provided with adequate information about its
potential radiological hazards and its proper use, testing and
maintenance, and with a demonstration that the design
permits to restrict exposures to a level which is as low as
reasonably achievable.

Radiological Hazards

Workers - Public - Patients




Principles of Radiation Protection

Occupational & Public

Medical Exposure

Does the benefit to the exposed
Individuals or to society
outweigh the radiation

detriment?

Generic & Individual. Consider
benefits and risks of available
alternative techniques that do
not involve ionizing radiation

For occupational and public

Not applicable to patient

(DO ‘ exposure _
Management of the radiation
ALARA dose to the patient

commensurate with the medical
purpose




Radiological Equipment Output Control

Radioactive Sources (Teletherapy & Brachytherapy)
Timers

Electrical Machines
Setting Radiation Parameters — Manual Control

Potential, current, time...

Collimator, table, gantry motions...

Setting Pre-established Protocols - Automatic
At the control console
Through the network

Activating Automatic Exposure Circuits

Radiography (ion chamber signal)
Fluoroscopy (adjusting kV, mA, pulse width, filter...)



High Risk
Teletherapy Unit Source Exchange

Source
Transport
Container

Treatment
Unit Head




Photograph of a Co-60 Source Change
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High energy radiotherapy equipment

have at least
Independent
for

- and
be provided with

or other
means designed to
prevent the clinical use
of the machine In
conditions other than
those selected at the
control panel;

an emergency
off button is located
close to the directions
of the primary beam
where the highest dose
would be received

two emergency off buttons
directly next to the treatment
couch where the operators
usually stand

an emergency
off button is located
where a person
entering or leaving
the room can see
the whole area

10



the design of safety interlocks
be such that operation of the
Installation during
, IT Interlocks are
bypassed, could be performed
only
using
appropriate devices, codes or
Keys

BSS 1996



Operation Screens

Clinical mode Service mode

_ Simple
Dose and time ChC}iCGS More options Interlocks

ﬂ'lll!om
(o soff ool on Rk

iIIIII!Fi/iIll

BEAA OTR, | S e S FotoR | CAL1s | UTILs J Quir |
JIGITAL INPUTS- -DISPLAY:
7 < USWR log fAccB0. B Y4
CHNR HUOC 2 Acced B
5 KSOL HOD iccz0 b5
80_Enble SIS GFIL 4 ficcl0 b4
SetEnble SIS KFIL { SPRO S fAcc08  B%]
AuxEnble RN PUMP StprExt  Nilalion b2
HirEnble JEEES FLOW 3 3 ficc0Z b1
DosEnble ficc0l B0
Use Cursor keys to Make a Selection. Then Press ENTER.
COLL RIN  180.0 deg COLL ¥1 10.5cm COUCH URT 112.0 cn
FIELD ¥ 21.5 COLL 11.0 cn COUCH LN6 80.0 cn
FIELD X COLLXXI 6.5¢cn COUCH LAT 98.0 cm
GANTRY .0 deg COLL X2 10.0 cn COUCH RTN 180.0 deg

Set-up parameters
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Incorrect Repair Linac, Spain, 1990

Sagittaire linac stopped working

GE tech working on a °°Co nearby called to repair it
He “repaired” it — Beam energy 36 MeV

For treatments operators selected 7, 10, 13 MeV

They assumed energy dial was “stuck” — the true
energy must be the selected one

13



The Sagittaire accelerator

Gantry and treatment head
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Images courtesy of Rune Hafslund
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Incorrect Repair Linac, Spain, 1990

As the electron energy was at the maximum, the deflection
In the scanning magnets was too small and the field thus
became concentrated In the center

This increased the energy fluence and therefore the dose.
For 7 MeV, the absorbed dose was = 9 times the intended.
This increase in dose was smaller for higher energies
During the 10 days of faulty operations, 27 patients were
treated using electrons with the equipment

Of these 27 patients, 15 died as a consequence of the
overexposure (most of them within 1 year)

Two more died with radiation as a major contributing factor



¢+ Source safe key-lock

¢+ Radiation warning light

¢ Emergency source-retract button
¢ Emergency source hand crank

¢+ Dummy source positioning control

From a manufacturer of HDR units



Indiana, PA, USA, Iridium-192 Incident

An 82-year-old woman was diagnosed with anal
cancer and treated with high dose rate
brachytherapy at Indiana Regional Cancer
Center, Indiana, Pennsylvania, on 16 November
1992. High-intensity 1%2lr brachytherapy was
begun, but one source was not retracted
afterwards and remained In place for 4 days until
It dislodged. Hospital staff ignored warning
signals, believing that safety equipment was giving
a false alarm, and the source was not discovered
until i1t was transferred to a medical incinerator.
The patient died 5 days after the exposure with
dose rates to the rectum of 84 Gy per hour.



Medical Imaging - Today

X Rays Non-lonizing Radiation
Planar Projection Imaging » Magnetic Resonance (MR)
Ao Radiography °* MRA

(Film or Digital: CR / DR) * MRS
° fMRI
® General _
*  Mammography o Ultrasound (US) incl Doppler
® Dental Nuclear Medicine
® Bone Densitometry e Gamma Camera
A Fluoroscopy ® SPECT
(Image Intensifier or Flat Panel) ® PET
® Diagnostic Hvk s
o . _/JJ’JJ q/»[s‘f S
Interventional SPECT/CT
Volume (3D) Projection Imaging °* PET/CT
o Computed Tomography (CT) °* PET/MR
A Digital Tomosynthesis °* MR/US
Imaging in Radiotherapy (IGRT) ® MR/Optical
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Digital Radiography

Approximate El Values vs. Receptor Exposure

Manufacturer Symbol 50 uGy 100 puGy 200 puGy
Canon (Brightness

=16, contrast = 10 bty AL L A0
IDC (S;=200) F# -1 0] 1
Philips El 200 100 50
Fuji, Konica S 400 200 100
Kodak (CR, STD) El 1700 2000 2300
Siemens El 500 1000 2000

..... 1he need for a standard
clearly evident

JA Seibert 2010




In
fluoroscopy,
automatic
exposure
rate control
IS achieved
by
regulating
the x-ray
kerma rate
Incident on
the Image
detector
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Alr Kerma Rate Measurements

l
A Image

Image
Intensifier

AR Intensifier
eff# o~
lon chamber
rni Ml i m t —
.'.

~ Attenuators
B sz
Attenuators 30 cm
/f (Al or Cu) +

lon chamber

distance

Table Top

5 «—— X-ray Tube a_ Atray tube

Image Detector Input Patient Entrance
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IT Gain Factors

Flux Gam (FG)

Increase no. light photons
emitted from output phosphor
compared to input phosphor;
50 - 100 typical
Minification Gain (MGQG)
(dia. Input/dia. Output)?
e.g..23cmto 2.5 cm == 85

Brightness Gain
=FG x MG
Typical overall gain 5,000:1
BIG advantage of IT over FD i1s
brightness gain factor

FD uses pixel binning and
image frame averaging to
reduce noise

AT O A — Dutput
SN Fluorescent

Light - Screen

Photons g
i .
3 {7 Anode
f e

+— (3355
Ervelope

Electrostatic
Lens
100
Photoslectrons Electron

Stream

FPhotocathode

2,000—"

Light Photons

Screen

One 50 keV
Photan

Carlton, Adler 4% ed fig 40-2

Geisler, 2007



Philips Allura FPD Fluoro (Recife, Brazil)

(

Filtros (mMmmCu)

Taxa Kerma (m
N
o
1

Espessura (cm)

For fluoroscopy with flat panel detectors (FPD), the
charge amplifier gain is fixed. There Is no control at
Installation or during maintenance.




AAPM Working Group on Standardization of CT Nomenclature and Protocols

GE Healthcare: Scan Mode
Cine Scan Type

Protocol:1 78 CT Perfusion 350.370 Strerny Series? Dosze Information

Annlomical Refererice i
hanng fmsges  CTRNGI DLP Dase  Phantom
ou & e nCy nlycm Ef. % cm
fastoFikm oiveabs

Setup Laser Camera 1-712 S0 57 2121m weo Head 15
Patient Oripraanan

Hoad First

Patient Positlo
aben osition Dose Dose SR

Roport Autn, Hepert Auta
Transfor Transfor

Neo
Transfer

Mream Show
Injector Locultnr Projectod series DLP: 20400 nGyem

S » i Jorfusion 970 ¢
Series Description Perfusion 270 Accumuiated e DLP 00 mGy-em

: Totel é'ncp (ot abe )l Voice =
: om roup Pk C Lighes uubon
( Type | Location] Location| Mages | Speed _ (mm) Tk | ) | (s ._j_ :__ o (=)

=il
Crn [ :

l 4 L) a.an = MR 4 .0 | W.0 1ean LN 5.9
100 l o

In Cine Mode, Cine Duration defines how long the x-ray is on for a given location.
If the interval is O, the table does not move and the full duration is at the prescribed
location, as in CT Perfusion imaging.

Scan Stont ! End l Ne. of Thick Eln::r\ul Gnnuy' sEOV W E

Acquisition Parameter Settings



Humboldt Online

"‘ Get the News... Not the Paper

Radiation Overdoses Point Up
Dangers of CT Scans

Written by Humboldt Online Editor on 16 October 2009

New York Times

Raven
Knickerbocker,
then an X-ray
technologist at
Mad River
Community
Hospital in
Arcata, Calif.,
activated a CT
scan 151 times
on the same area
of the head of 2 12-year-old Jacoby Roth, investigators concluded.

Parents sue California hospital over pediatric CT radiation

overdose

150 CT scans to the same slice

~7 Gray peak skin dose!!

Seibert 2011



Home | Directory | Career Services |

. . s . . . . Continuing Education | BBS | Contact
Ah The American Association of Physicists in Medicine

?V We advance the science, education and professional practice of medical physics

CT Scan Protocols

Purpose | FDA Award | Questions | Role of the QMP | CT Dose-Check Protocols Lexicon | Education Slides

Available Protocols

Adult Protocols
= Lung Cancer Screening CT (added 06/19/2014) [Give Feedback]
Routine Adult Chest-Abdomen-Pelvis CT (added 02/20/2014) [Give Feedback]
Routine Adult Chest CT (added 11/20/2012) [Give Feedback]
Routine Adult Abdomen/Pelvis CT (added 10/17/2012) [Give Feedback]
Routine Adult Head CT (added 06/01/2012) [Give Feedback]
Routine Adult Brain Perfusion (updated 05/22/2012) [Give Feedback]

Your feedback regarding the content of this website is welcome. Feedback regarding this website will not be monitored daily. Users
experiencing problems in performing an exam should contact their service provider.
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Ehe New Jork Eimes

THE RADIATICN BOOM

After Stroke Scans, Patients Face Serious Health Risks

When Alain Eeves’s hair suddenly fell out in a freakish band circling
his head, he was not the only one worried about his health. His co-
workers at a shipping company avoided him, and his boss sent him

home, fearing he had a contagious disease.

Only later would Mr. Eeves learn
what had caused him so much
physical and emotional grief: he had
received a radiation overdose during a

test for a stroke at a hospital in
Glendale, Calif.

Other patients getting the procedure,

called a CT brain perfusion scan, were

being overdosed, too — 37 of them just

up the freeway at Providence Saint Joseph Medical Center
in Burbank, 269 more at the renowned Cedars-Sinai
Medical Center in Los Angeles and dozens more at a
hospital in Huntswville, Ala.



http://www.nytimes.com/
http://www.nytimes.com/

l{ U.S.Department of Health & Human Services

|D U.S. Food and Drug Administration

A-Z Index Search

Home |Food IDrugs |Medical Devices |Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics Radiation-

Emitting Products | Tobacco Products

Medical Devices

Share B4 Email this — Print this BB Change Font Size
Page  page

Home > Medical Devices > Medical Device Safety > Alerts and Notices (Medical Devices)

Safety Investigation of CT Brain Perfusion

2009

e

Cedars-Sinai, L.A.

CT Perfusion in Alabama
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MEDICAL IMAGING
& TECHMOUIGY ALLIANCE

nvisian oF REEREA

Notification vs Alert

CTDI, 4 Cumulative CTDI,, per PT location
Values Checked and/or and/or

DLP Cumulative DLP
Context Current scan Current patient

Required before

Confirmation

Confirmation
Operator's name

proceeding Password (if configured)
Comments (optional) Comments (optional)
Date/Time Date/Time
Operator's name
Audit trail Unigue Study ID Unique Study 1D
recorded Values exceeded Values exceeded

Corresponding dose index value
Comments

Corresponding dose index value
Comments

From Rich Mather presentation




MITA

MEDICAL IMAGING
A TECHNOLOGY ALLIANCE

s ovasion or JEEREA

! DOSE ALERT
A dose alert value will be exceeded !

Proceeding with this exam will exceed
the dose alert level that has been set

Predicted Dose Alert Lavel

Cumulativa CTDhvol mGy 0000 mGy
{Patient total DLP mGy.cm | 65000 mGy.cm

o<

A Q0S8 vake Wil e saoasaded|

The accumdsted CTOM [TET 47 mGy| vl localy enceod tha dertvahie (700 mGy for Adut)
Floazo reccnzider tha cumrent commination procedure

HIC Tha Currently used 5N proto ool c2an not De sared!

LS 81 S (mEoeory)

Dhagnostc reason

Dose Alert - Alert value will be exceeded!

The scan has a CTDI, of 1255.6 mGy . This excesds the Alert Vadue of 1000 mGy.
This may result in an excesstve bevel of radistion exposure

Erer user nanmes v

1
’

Enter diagnostic reason:

Confiemn end proceed | Go back and adjust scanning parameters I

From Rich Mather presentation




