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Image guided interventional procedures

Number of procedures is growing fast

e According to the UNSCEAR 2008 Report, approximately 3.6

million interventional radiology procedures were undertaken
annually worldwide.

* According to the UNSCEAR 2020/2021 Report, the estimated
total annual number of interventional radiology procedures is
about 24 million.

* This is more than a sixfold increase!



Fluoroscopically Guided
Interventional Procedures:
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How often do injuries happen?

The frequency of major radiation injuries is estimated to be between
1:10,000 and 1:100,000 procedures
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Safety Guide SSG-46

» Facilities at which image guided interventional
IAEA Safety Standards procedures are performed should have systems in place
for identifying patients who may be at risk of late
radiation injuries, typically based on estimates of peak
Radiation Protection and kin d lati f ir k ir k
Safety in Medical Uses skin dose, cumulative reference air kerma or air kerma-—
of lonizing Radiation area product, which take account of the fact that

V@D patients have different sensitivities to radiation.

. | » For these patients, information should be added to
pecific Safety Guide

No. 55G-46 their medical records so that appropriate observation
(D)iaea and follow-up is ensured.




SAFRAD (SAFety in RADiological procedures)

[ ] I nte r‘natio n a I We b_based VOI u nta r‘y a n d U IAEA | Safety in Radiological Procedures (SAFRAD)
anonymized reporting system for

Safety in Radiological Procedures

FGI procedures DS - TN TRES—

Action Pian. This is the first ever programme dedicated to radiation protection of patients started in 2001 by
an international organization. A dedicated website was established in 2006 that is becoming a popular

] resource for credible information for health professionais, patients and public.
* Developed 2009-2011; Piloted 2011-2012
V4 The website provides information on radiation safety in interventional procedures besides other areas in
radiology. radiotherapy, nuclear medicine, dental radiology, pregnancy and for children. Also training material
fi I i f 0

has been provided for free download for use by heaith professionals. Cardiac Catheterzation Lab, San Carlos Hospital, Madrid

. I l I I p rov‘ I I l ‘ n t S 2 O 1 2 SAFRAD (SAFety in RADiological procedures) is a voluntary reporting system where patients submitted to defined trigger levels or events in fluoroscopically-guided
interventional procedures are included in an international database. The primary objective of the system is educational in nature. It is believed that going through the process
of SAFRAD itseif results in safety. For more information about SAFRAD, click here.

e, o o .
* Additional modifications 2015-2017
Close

Input Data

* Promotion through IAEA meetings R e

g g 1. Enter your hospital, depa and It is better to provide this information at this intial stage, aithough #t is not mandatory

2. Report an event whenever a procedure in your department has exceeded one or more of the trigger levels or was the subject of a trigger event. These reports
should be as complete as possible.

and TC events, and during relevant
meeting and congresses




SAFRAD (SAFety in RADiological procedures)

* The primary objective of SAFRAD event reporting system is
educational in nature
— Identify patients at risk for deterministic effects
— Encourage follow-up examinations for adverse side effects
— Educate physicians/other medical personnel
— Encourage physicians to educate patients at risk
— Minimize adverse side effects based on awareness
— Lessons can be learned and shared

* Confidentiality is mamtamed by the IAEA

i e
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SAFRAD (SAFety in RADiological procedures)

Home / Resources / Radiation Protection of Patients / Resources / Databases and Learning Systems

Radiation Protection
of Patients (RPOP]

esources
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Publications

Posters and leaflets

Bonn Call for Action platform

Smart Card
Recurrentimaging
RELID Study
Training material
Webinars

Online Training

Databases and Learning
Systems

> SAFRON

> SAFRAD

> ISEMIR-IC

SAFRAD (SAFety in RADiological procedures) is a voluntary reporting
system aiming to sustain a database of comprehensive data such as
patient's dose report and other relevant data when these patients are
submitted to defined trigger levels or events in fluoroscopically-guided
diagnostic and interventional procedures. The primary objective of the
system is educational. It is believed that going through the process of
SAFRAD itself results in safety and quality of service.

All data furnished by participants (hospitals, regulators) will remain
accessible to the participant. The participant will have access periodically
to analysed results. The IAEA will publish overall summary reports of
SAFRAD data from time to time. SAFRAD will not supply identifiable data to
any governmental authority or other third party.

» Introduction to the project
» How to use SAFRAD
» Guidelines and forms

How to use SAFRAD

Overview

SAFRAD website provides you with on-line forms to be filled in order to

Guidelines and forms

Download:

Related resources

[ Access SAFRAD
[2) SAFRAD new triggers

» Guidelines for the interventionalist
* Guidelines for the treating physician
* Instructions for the coordinator

* Patient information leaflet

» Partient data collection form

https://www.iaea.org/resources/rpop/resource
s/databases-and-learning-systems/safrad



SAFRAD triggers for reporting (initial set)

1 | Fluoroscopy time > 60 minutes
2 | KAP (DAP) values > 300 Gy.cm? (cardiac and neuro)
> 500 Gy.cm? (other procedures)
3 | K, (total air kerma at the interventional > 5000 mGy (5 Gy)
reference point)
4 | Measured skin dose >3 Gy
5 | Number of series or cine runs > 20
6 | Multiple procedures within 12 months

https://rpop.iaea.org/safrad/



SAFRAD status (March 2023)

319 events reported to date from 25 hospitals

* 19 recognized tissue reactions
» 2 severe erythema; 2 ulceration; 9 skin erythema (transient); 6 epilation

11 PCI; 3 CTO, 3 neuroembolizations head; 1 Arteriovenous malformations
(embolization); 1 ICD implantation

* |n 6 patients 4 triggers exceeded, in 3 patients 3 triggers exceeded
CD: known in 11:in 10 with >5 Gy; in 1 < trigger

KAP: known in 15: in 12 with > 300 Gy.cm? and 10 with >500 Gy.cm?;
in 3 < trigger)

FT: known in all; 10 with > 60 min, 10 < trigger)



Future of SAFRAD

* Many more reports needed to define more realistic trigger dose
indicators for different types of interventional procedures

* SAFRAD database needs upgrade to simplify reporting and
provide analyses of reported events

* Update of trigger level values needed based on evidence

* The Meeting of consultants in May 2021 advised the IAEA to
design an international study



International study of patient doses and tissue
reactions from FGI procedures

Objectives:

* Improve the information about the frequency of occurrence of tissue reactions in patients from

different type of FGI procedures (cardiac, neuro, and body) performed in different parts of the
world.

* Study the relationship between the tissue reactions and the radiation exposure metrics,
procedure factors and patient related factors.

* Use the results of the study to update trigger level values for patient follow up for skin reactions.
* Update recommendations for improving radiation protection of patients.
* Provide feedback for the needed development of SAFRAD.

Expert panel:

D. Miller, S. Balter, K. Jones, R. Sanchez, M. Mahesh, A. Rogers; IAEA staff
Study coordinator: J. Vassileva




Current status (May 2023)

Midterm report (6 months)
Total 55,849 procedures, out of them:

33,691 cardiac

8,828 non-cardiac vascular
6,658 non-vascular

3,716 neurovascular

632 FG-tumor therapy

7 facilities reported 12 cases of tissue reactions

(3% of all patients followed)

Results under analysis

3
Patients
followed-
Total up for
number of  tissue
procedures reactions
Cardiac 34,691 234 (0.7%)
Non-cardiac vascular 8,828 62 (0.7%)
Non-vascular 6,658 9 (0.1%)
Neurovascular 3,716 83 (2.2%)
FG-tumor therapy 632 18 (2.8%)
Total 54,525 406 (0.7%)

Tissue
reaction

1
0
0
10

1
12



Public website http://rpop.iaea.org

preem T ¢ 4 Annually: 1 million pageviews
] * Contains useful information and FAQs for
health professionals, patients and public

* Links to resources: training material,
posters, webinars, videos, etc.

Resources

Contact



Public website http://rpop.iaea.org

2 entries — 2 different audiences

For health professionals For patients and public

Bonn Call for
Action Platform

Resources
Training

Webinars

Sateny in Radiation Dncalogy
(SAFRDIN

Health professionals can find answers to frequently

y Patlents, telir caretakers, and the public can learn Safary In Aadinlosical Proceduses
asked questons about different medical procedures about what to expect during medical examinations BAFRAD)
and the safe use of ionizing radiation in medicine that involve ionizing radiation

Pasters and leaflers

Publicatians

RPOP Mewsletter

Contact



Public website http://rpop.iaea.org

Patients and public

Patients can read about what 1o expact during their upceming medical examinations using ionizing radadon
Information from the RPOP website helps not andy to paterts out 2o to ther caretakers, and anyone intorested

In this subject.

X-1ays Computed Tomography (CT) Interventional procedures

Nuclear medicine Radiotherapy Brachytherapy

Mo/ Hesoates | Rasition Fromestum of Patients 7 Palimrey acid gt
.

Radia Profection
of Patients (RFO P

Patients and public

RPOP Home

Abaut radiatan

X-fays

Cornputed Teenography {CT)
* Interventional proceduras

MNuclear medicine

Radwtherapy

Brachytherapy

Pragnanc women

Chidren

sy A Related resources
= Which proredures are assacated wath righar radanons doses A, Chidren and rackation - sl
f radiacion exposure from Incerventiona patients neec 1o <now
amation If my child has been prescrive q

» Which procedures are assoGated with higher radiations doses?

Interventicral procedures - angagraphy, cardiac cathetensaton and
Compurad tamography (CT] -can be associatad with higher doses of
radiation with doses that are about 100 to 1000 Grres tegher than thac
delivered during 3 chest X ray




Public website http://rpop.iaea.org

Interventional procedures

of Patients

Health professionals
% RPOP Home
Radiology
Radiotherapy

Nuclear medicine

<

Interventional procedures
Salety
Hachation doses
Good practizes
Staff
mrervennional care n:ngy
Dentistry
Other specialives and iImaging
modalities

The use of Muoroscopically guided interventional procedures is increasing
arcund the world  These minimally invasive procedures are used as an
alternative 1o conventional surgery, resulting in reduced patient morbidity
and mortality. Radiation doses 1o patients from Nucroscopically guided
inerventional procedures may be high enough to cause skin injuries and
Increasad probabllity of developing cancer in future years. There Is also a
risk 1o staff members of dererministic effecrs such as cataract formarion

Although many fluoroscopically guided intervenuonal procedures are
conducted in rackology departments, they are increasingly performed by
non-radiologists in other areas of the hospital, such as hybnd operating
rooms. It 1s important to ensure that adequate radiation protection
training and support senices are provided to staff members involved in
fluoroscopically guided Interventional procedures in all areas of the
hospital

https://www.iaea.org/resources/rpop/health-profe

Related resources

nierventional cardiclogy

Training resources

% Dac

rs using Puorascopy outside
radwlog)

o

ssionals/interventional-procedures



Posters on radiation protection topics

10 Pearls: Radiation protection of staff in fluoroscopy

Reducing patient dose always results in staff dose reduction

10 Pearls: Radiation protection of staff in fluoroscopy

1. Use protective devices! 2. Make good use of
time-distance-shielding (TDS)
principle

Advisable 4

skirt type Minimize time \

Ignd apronto ) oag glass eyewear N

distribute o z

weight with side protection | maximize distance

as much as clinically N\

0.25 mm lead possible >

equivalence

but r"“m‘ Xrays Xrays

overlap on
front to make it 0.5 mm on the Use MWL~ AW~
front and 0.25 mm on the back | Thyroid protection | shielding W\ —» [l VW~
(Provides >90% protection) MW

3. Use ceiling suspended screens, lateral
shields and table curtains

They provide more than 90%
protection from scattered
radiation in fluoroscopy

Mobile floor shielding is advisable
when using cine acquisition

4. Keep hands outside the
primary beam unless totally
unavoidable

Hands inside the central area of
the primary beam will increase
exposure factors (kV, mA) and
doses to patient and staff

Retatod Poster:

Reducing patient dose always results in staff dose reduction

: 5. Only 1-5% of radiation falling on
the patient’s body exits the other
side

Available in 31 languages

10C 6

# 3awy

Pas u

10 Punkte: Strahlenschutz fiir Mitarbeiter i.d. Durchleuchtung
itlon der In einer Redukiion der

Stand on the side of the

beam (i.e. by the detector), which
contains only 1-5% of the incident
radiation and its respective scatter

Right!

6. Keep X ray tube under the
patient table and not over it
Undercouch systems

provide better protection from
scattered dose

Right!

Wrong!

Ceiln suspences screen

7. Use personal dosimetry
Use at least two dosimeters
« One inside the apron at chest level
«+ One outside the apron at neck or eye level

Second dosimeter
s
Stk OR oy o
e e 1803 apen o chstiove
« Additional finger ring dosimeter for
procedures requiring hands close to
primary beam

Real time dosimetry systems are useful

Loag apron

Table curtars

g0 st o ICFP Pubkcaten 85

9. Address your concerns about
radiation protection to radiation
protection specialists (medical
physicists)

il

8. Update your knowledge
about radiation protection

Crinenne nose
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10. REMEMBER!
enables safe and stable performance

y testing of equip:

«Know your equipment! Using the equipment's features appropriately will help reduce doses to patients and staff
» Use injector devices
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1. Schutzvorrichtungen verwenden 2 Sinnwolle Verwendung des

Zeit Abstand-Absehirmung
Prinzips
Verwende als
Zeit reduzieren @%
: Bleiglasbrille mit %
ersilung. Seitenschutz | pep Abstand so
. grob wie klinisch
0.25 mm Blei
M“i:"‘l"'m ' magiich machen
vome iiber-
lappend, so- Rsetgenctrahion Sl Restaonetraien
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warne und 0.25 hinten Strarmung "ML+ [ e
{Bistet >30% Schutz) Schilddriisenschutz | ygnyangenWWL—s (I WL~

3. Verwendung von Absehirmungen in der
Decke. lateralen Abschirmungen um‘l
ischvorhangen

Diese bieten mehr als 30% Schutz vur

Streustrahlung i.d. Durchleuchtung  cetgen.
Mobile Abschirmung ist ratsam bei
Verwendung von cine-Technik

PyX B npAMO# m
NPMBOANT K NOBLILCHMED
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4 Die Hinde sollten ausserhalb
des primaren Strahlengangs
bleiben sofern nicht unbedingt
notwendig.

Hinde im priméren Strahlen-
gang erhhen Expositions-
faktoren (kV, mA) und Dosis fiir
Patienten und Mitarbeiter

IAEA

https://www.iaea.org/resources/rpop/resources/posters-and-leaflets




Posters on radiation protection topics

10 Pearls: Radiation protection of patients in fluoroscopy

10 Pearls: Radiation protection of patients in fluoroscopy
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4 Use puized fluorascopy with the
lowest frame r3te prenisie ts cbtam
Images of acceptabie qualty

6. Larger patients or thicker
body parts trigger an increase in
entrance surface dose (ESD)

YV"

ESD: 1 unit 23 units 4-6 units 812 units

7. Oblique projections also
increase ESD

Be aware that increased ESD
increases the probability of
skin injury

l / hy<h,<h,

REUATIVE PATIENT
ENTRANGE DOSE RATE

'FOR SOME UNITS

' 12" (32cm) 100
’ 9" (22¢cm) 177
® susem 400

® ssiem &t

8. Avoid the use of magnification

Decreasing the field of view by a
factor of two increases dose rate by a
factor of four

9. Minimize number of frames and < .
cine runs to clinically I—““

acceptable level ﬁ

.

Documentation should
be performed with last
image hold whenever
possible and not with
cine images

Avoid using the acquisition mode
for fluoroscopy

8 Avsig e3p0sing the same area _— ‘\
S the Wi b Eerent \
Progeatians oF
Vary the Dadmn ealance pent by
rotiting Pe tube ound he
potert —treae

R e —

mwr-bu-'

=(10-60) x normal fluoroscopy
dose rate

10. Use collimation

Collimate the X ray beam to the area
of interest

Available in 30 languages
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= whan

1. Maksymalnie zwigkszaj
odleglosé (d) migdzy lampa
rentgenowska a pacientem
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3 Ograniczaj czas fluoroskopii
Zachowaj zapis czasu fluoroskopii
oraz DAPIKAP (je$li dostepne)

dla kazdego pacjenta

4. Stosuj ig pulsacyjng
o najmniejsze] liczbie ramek,
umozliwiajaca uzyskanie obrazu
o zadowalajacej jakodc

|5‘=t

»— —

5. Unikaj eksponowania tego
bszaru skory

‘obracajae lampe wokot pasjenta

T e —
https://www.iaea.org/resources/rpop/resources/posters-and-leaflets
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10 Pearls: Radiation protection for children in interventional procedures

10 Pearls: Radiation protection for children in interventional procedures

1. Remember: Some tissues of a
growing child are more sensitive to
radiation than adult

Children have longer life span to
manifest radiation effects

2. Discuss with parents before the procedure
! « Ask about previous exposures

« Answer their concerns about radiation safety

4. Plan the procedures in detail and in
advance to avoid improper or aborted
runs or other repeated exposures

3. Increase

awareness

among your
team members
through the use

of a pre-

safety
checklist

5. Protect the patient’s thyroid, breast, eyes and gonads where
possible

RPOP Postors webpage!
Image
o
Page 102
gently Iferventional Raciology
http://rpop.iaea.org _http://www.pedrad.org/associations/5364/ig/ SR FRiskesen Frobicdcs

- o

6. Use optimal

« Lower frame rates. Decrease
from 7.5 to 3 pulses per second
when possible

« Remove grids from machine if
possible for infants under 20 kg
Use air-gap technique instead

« Minimize imaging time

« Minimize field overlap in
repeated acquisitions

« Use tighter collimation

7797
/=

7. Use “last image hold” rather
than additional exposures, where
jposure appropriate
fluoroscopy
image hold”)

Fluoroscopy i
“Last image holl

8. Increase distance
between patient and the
X ray tube and decrease

distance between
patient and image
receptor

10. Review and record radiation dose
after the procedure

9. Use dose recording and dose
i L acuk

Page 202
Interventional Radiology
Chiren Radiation Protection

Irad.org/associations/5364/i

Available in 26 languages
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qygnLpmp wpu bl rispetto a quelli degli adulti
g wet] peatiph ol

Gli effetti delle radiazioni hanno pil probabilita
di manifestarsi nei bambini perché hanno una
‘maggiore aspetiativa di vita

[\,

B
2. Parla con i genitori prima della procedura
« Informati circa eventuali esposizioni precedenti
+ Fomisci loro chiarimenti su eventuali preoccupazioni

I sulla sicurezza delle radiazioni

4. Pianifica le procedure nel dettaglio e

; 3 Aumeniala al fine di evitare

sequenze improprie o interrotte o

dei
membr del tuo esposizioni ripetute

team con la

compilazione di
una check list di
sicurezza da

compilare prima
della procadura

-

gel

.iaea.org_h

ima
gently’
hitp:lipop.iaea.org _http:/iwww.pe

IAEA

30/t

5. Proteggi dove possibile tiroide, mammella, occhi e gonadi
del paziente

https://www.iaea.org/resources/rpop/resources/posters-and-leaflets



Posters on radiation protection topics

Available in 30 languages
Pregnant? What you L knot BME CTE ) TPABBA [

BPEMEHHA . O;JT BT[O

or think W e
A
you could be? Bb3MOXKHO Vous étes Ce qu'il faut savoir
,HA CTE enceinte Les bébés dans le ventre de leur mere sont plus
Please fell BPEMEHHA? sensibles aux rayonnements.
the staff YBenomere 3a Topa ou pensez Les risques varient selon le stade de la
HALpme Srnymuse grossesse, le type d'acte et les doses de
before an X ray npe; rayonnements administrées.
.. Ha p - =
or nuclear medicine HYKJIe: MT ? 1 Q |8 ctes deradiologie diagnostique sont la
procedure i g S %, du temps sans danger, melme pendant
Y a grossesse.
sEAJHRE AT T e =
Be @7 ? o f= : Debe saber que
SR embarazada El feto es mas sensible a la radiacion.
thtemie | Sk itwmie wnael 1%&?%%)(5?2%?2 Los riesgos d?enden del estado de
SEbA: e, 0 cree que gestacidn, del tipo de procedimiento y de
&E?*\_‘LEZEU la cantidad de radiacién utilizada.
=) 5 £ puede estarlo? Enl del [
=R LIEAR, p s AL R
|AEA Por favor, informe X diagnéstico no entranan riesgos, ni
ot tamic Enecgy Agency al personal "”M,,m siquiera en el embarazo.
antes de someterse a Recomendaciones
7\ una radiografia o a No deje de someterse al
) un procedimiento de procedimiento si es impmta;}';ﬁﬂ?
= L medicina nuclear.

Pregunte al personal médico las
medidas que se tomaran para reducir
los riesgos.

It

Si estd preocupada, pida consejo antes

de someterse al procedimiento.

Pregunte si ha de realizarse una

) IAEA prueba de embarazo.
o A hitps://rpop.asa.org

https://www. iaea.org/resources/rpop/resources/posters-and-leaflets




IAEA free training resources

https://www.iaea.org/resources/rpop/resources/training-material

Diagnostic and interventional radiology

Cardiology

d-v

Lectures;

0. Wy Lalk aboul radiation protecton in cardinlogy

02 Talking aboutradiation dose

02, What radiation effects are possille? (besides skin injuries)
04, ¥ ray producion and angiagraphy eguiprment

© 05, Fatent dose management: Fart 1-2

06, Standards and guidancs

07, Deeopaliona | esposure and proleclive devices

08, Image quality in cardiac angiography

09, Dprimization of radiation protection in cardiology

10, Radiation protection in paedriatic interventional cardiclagy

1. Cardiac CT - radiation doses, dose management and practical issues

T2, Exarmyples of Good & Qad Praclice (physical Ty Parl 1-2
pEEmRe- &}

Doctors using fluoroscopy outside radiologyi

o

r,
-
‘

2ctures (in Spanish) —

07, Overview of radiation protection

v 02, Understanding radiation units

¢ 03, Whal can radialicn do?

v 04, Anatomy of fluoroscopy & CT Huoroscopy Equipment

+ 005, How do | reduce my radiation risk?

v 064, Radiation protection for patients in orthopaedic surgery
+ 060, Radiation Exposure in Gastroenterology

¢ 06C. Other medical specialties that use fluoroscopy

o 07, International standards and recommendations
eeE-_____________________________________________________________________________________________________m




Providing training

Training courses and workshops under TC regional and national projects
* Regional training courses
* National training courses
* Main target audience: health professionals in hospitals




RPOP webinars 4 i

Patients

* Online lectures on topics in radiation
protection of patients and staff

* In English, Spanish, Portuguese, Russian

* Held in cooperation with Image Gently, ESR
(EuroSafe Imaging), LatinSafe, EFRS, IOMP,
CIRSE

* Free registration and attendance

76 over 25,000, * Recording available for viewing
Since ) participants
webinars attended
Februar}*_" cgvering _"
2016 various from 100
topics Member States | https://www.igea.org/resources/rpop/resources/webinars




RPOP webinars (2016-2019)

https://www.iaea.org/resources/rpop/resources/webinars
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Patient radiation management in

interventional fluoroscopy
Presenter: Prof, Stephen Balter

Dose and quality assessment of X-ray devices for
interventional angiography and cardiology:
an important task for the medical physics expert

Radiation protection in interventional
radiology: practical hints and tricks
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RPOP webinars (2020-)

https://www.iaea.org/resources/rpop/resources/webinars
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What's new in understanding radiation risks
for patients in interventional procedures?
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Managing radiation protection in fluoroscopy
guided interventions:

How we do it?

Online monitoring of patient exposure in diagnostic
and interventional radiology: Experience of Spain
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Aproximaciones para estimar las dosis
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E-learning with certification

Radiation Protection in interventional radiology (2019)

o Based on the 6 webinars
o Final quiz

o Certificate of completion
if >80% correct answers

o Available from the
e-learning platform of the IAEA

https://www.iaea.org/resources/rpop/resources/online-training



E-learning with certification
., -

Radiation Protection in Interventional Procedures
Practical Tutorials

* 13 short practical tutorials, 4-8 minutes each with interactive videos

* To learn effect of various factors on patient and staff dose

* Available also for viewing without registration and for free download and
use by trainers

RADWETION PROTECTION 1 MTERVEN TIONAL IMOCEDLHES )

https://www.iaea.org/resources/rpop/resources/online-training
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