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Who?

Those performing
“interventions” e.g. opening
a blocked artery, blocking
blood supply to tumeor, nerve
root, biopsy....
under fluoroscopic guidance




Specialists performing interventions

Besides interventional radiologists (IR),
either alone or with help of IR

* Cardiologists

* Electro-physiologists (EPs)
* Vascular surgeons

* Orthopedic surgeons

* Urologists

* Gastroenterologists

° ....nany more......



Interventional Procedures

Group I:

* Interventional Cardiologists, Electro-
physiologists, Interventional radiologists

Group II:

* Vascular surgeons

* Orthopedic surgeons, Urologists,
Gastroenterologists, Anesthetists.....

(Unofticial classification with overlap of
functions)



Why focus on them?

* Are there
radiation risks?




Cardiac Interventions




Where do the injuries occur in interventional
procedures?
*Severe injuries have occurred from the neck to the buttocks

*Sometimes anteriorly &
*On the side of torso

non-cardiac procedures



Woh!!!

° They must be rare but
exaggerated by
radiation protection
people!!!




Current situation

A case of radiation induced skin
injury is filed in US courts every 4 to
6 weeks currently from
interventional procedures

~10 cases/year



Estimates of likely skin injuries

* 3.6 billion X ray examinations globally
* 1 % interventional= 36 million
* 1in 10,000 skin injury= 3600/year

(Conservative estimates)



Agony associated with such patients

Topical treatment ineffective
Exhausted insurance limits
Cannot lie down on back
Cannot be at work for months
Pain

Skin grafting



Procedures with potential skin dose > 1 Gy

ICRP Publication 117 (non-cardiac)

* Endovascular aneurysm repair (EVAR),
* Renal angioplasty, iliac angioplasty,

* Ureteric stent placement,

* Therapeutic ERCP

* Bile duct stenting and drainage

* Similarly a large number of cardiac
procedures

12



°* They must be primarily
in developed countries
and rare in developing
countries!!
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Radiation Exposure to Patients

During ocedures
in 20 Countrles. Inltlal IAEF
Project Results

OBJECTIVE. The purpose of our study was to investigate the level of radiation protec-
tion of patients and staff during interventional procedures in 20 countries of Africa, Asia,
and Europe.

SUBJECTS AND METHODS. In a multinational prospective study, information on
radiation protection tools, peak skin dose (PSD), and kerma—area product (KAP) was pro-
vided by 55 hospitals in 20 mainly developing countries (nine mostly in Eastern Europe, five
in Africa, and six in Asia).

RESULTS. Nearly 40% of the interventional rooms had an annual workload of more than
2,000 patients. It 1s remarkable that the workload of pediatric interventional procedures can
reach the levels of adult procedures even in developing countries. About 30% of participat-
ing countries have shown a 100% increase in workload 1n 3 years. Lead aprons are used 1n all
participating rooms. Even though K AP was available in almost half of the facilities, none had
experience 1in its use. One hundred of 505 patients monitored for PSD (20%) were above the
2-Gy threshold for deterministic effects.

CONCLUSION. Interventional procedures are increasing in developing countries, not only
for adults but also for pediatric patients. The situation with respect to staff protection 1s consid-
ered generally acceptable, but this 1s not the case for patient protection. Many patients exceed-
ed the dose threshold for erythema. A substantial number (62%) of percutaneous transluminal
coronary angioplasty procedures performed in developing countries in this study are above the
currently known dose reference level and thus could be optimized. Therefore, this study has
significance in introducing the concept of patient dose estimation and dose management.



Radiation Protection Dosimetry Advance Access published July 7, 2011

Radiation Protection Dosimetry (2011), pp. 1-5 doi:10.1093 /rpd /ncr257

SKIN INJURIES IN INTERVENTIONAL PROCEDURES
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SKIN INJURIES IN INTERVENTIONAL PROCEDURES
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Malaysia

Chronic radiodermatitis
im a 70 vears old 77 kg
male in Malaysia, from
percutaneous aortic
endovascular stent graft
repeated again after 7
months. Photograph
taken 11 months after
first procedure (Case report under publication). [Photo
courtesy HB Liew].




In most countries, procedures outside
radiology

Common Factor

Lack of Training
of Doctors operating
Fluoroscopy machine



Interventional Cardiologists

Radiation Protection (RP) survey Vienna 2004
(25 countries)

Is this 15 time you are attending a QK9
structured program on RP. Ans. Yes

Any cardiologists conference you Q59
attended where there was lecture on RP.

Ans. No

Do you measure radiation dose to 06%,

patient. Ans. No




Interventional Cardiologists

Radiation Protection | Vienna 2004 | Singapore | Ethiopia Iran Bangkok

(RP) survey (25 | ?:05 2006 2006 | 2006 (8
countries . .

countries) (9 countries) 6) countries)
NI

Is this I time youare | @805, | 8494 | 93% |100%| 93%

attending a structured

program on RP. Ans.

Yes

Any cardiologists 85% | 100% | 100% |100%| 100%

conference you attended

where there was lecture

on RP. Ans. No

Do you measure 96% | 100% | 87% | 89% | 71%

radiation dose to
patient. Ans. No

San Jose 2007 (11 countries of Latin-America)

Yerevan 2008 (7 countries of Eastern Europe)

Manila 2009 (8 countries)




Urologists, Orthopedic surgeons,
Gastroenterologists, Gynecologists..

Question regarding Radiation Auckland, New Dubai, Sofia, Montevideo,
Protection (RP) Zealand 2006 UAE 2007 Bulgaria 2008 Uruguay 2008

Is this 1st time you are attending a 100 % 100% 100% 95%
structured program on RP.
Answer: Yes
Any conference you attended 100% 87% 100% 100%
where there was lecture on RP.
Answer: No
Do you measure radiation dose 1o 100% 95% 89% 95%
patient.
Answer: No
Do you use badge to monitor your 20% 9% 78% 47%
personal exposure.
Answer. Yes
Was this course relevant to you 100% 100 % 100 % 100 %
(highly relevant) (80%) (75%) (88%) (96%)

Year Place Participation of Doctor(s) from countries

2006 Auckland, New Bangladesh, China, India, Malaysia, Pakistan, Thailand, Vietnam

Zealand
2007 Dubai, UAE Bangladesh, Iran, Jordan, Lebanon, Mongolia, Pakistan, Sri Lanka, Thailand,
Yemen, UAE
2008 Sofia, Bulgaria Azerbaijan, Bosnia and Herzegovina, Croatia, Georgia, Kyrgyzstan, Lithuania,

Poland, Bulgaria

Montevideo, Bolivia, Brazil, Chile, Costa Rica, Ecuador, El Salvador, Panama, Paraguay,
Uruguay Peru, Uruguay, Venezuela. 22



Radiation Risks

SKin injuries to patients

* Demonstrated in IC/EP/
IR

Not in other areas

SKin injuries to staff-
also in IC/EP/IR,

Cataract also in above




Catheterization and Cardiovascular Interventions 76:826-834 (2010)

Risk for Radiation-Induced Cataract for Staff in
Interventional Cardiology: Is There Reason for Concern?

—] Olivera Ciraj- Bjelac phD, Madan M. Reham pno, Kui Hian Sim,> mees, FRACP

Houng Bang Liew,® mess, Frcp, Eliseo Vano,* pho, and Norman J. Kleiman,® pno

/Interventional cardiologists:\

* Prevalence 52% (29/56. 95%
CI: 35-73)

* Significance (Fisher exact
test): p<0.001

* Relative risk: 5.7 (95% CI:

\ 1.5-22) /

ﬁ\IUFSQSZ

* Prevalence 45% (5/11. 95%
CI: 15-100)

* Significance (Fisher exact
test): p<0.05

Relative risk: 5.0 (95% CI.:

klzzl)

Rehani. Cataract RASSC Dec 2011
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xyz ways to kill
your training
program

Some medical physicists are good at that



How are you going to \
reach them radiation
protection without first
teaching radiation
units, interaction of
radiation with matter,

K radiation detection?

mn

No joke




Major Blunders in Training

* Teaching clinicians the way you (MP)
have been trained

* MP: Knowledge to understand all
aspects so as to train others

* Clinician: Knowledge to practice
radiation protection

e.g. temperature, pressure, length
What you need is to create a FEEL



Participants

May come to class because of

* Regulatory requirements

* Formality

* Politeness, just to see what 1t 1s..
* Etiquette ...........

These cannot assure mental presence



IAEA Training Material

Free Download of power point slides

Doctors using fluoroscopy outside radiology (Urologists,
Gastroenterologists, Orthopaedic surgeons etc.)

Topics List
» Topics & Objectives (84 KB)

Lectures/Slides

All 9 modules (Zip of 9 files, 44.7 MB)
» 01. Overview of radiation protection (1,432 KB)

» 02. Understanding radiation units (3,307 KB)

» 03. What can radiation do? (3,353 KB)

+ 04. Anatomy of fluoroscopy & CT Fluoroscopy Equipment (11,507 KB)
» 05. How do | reduce my radiation risk? (20,162 KB)

» 06A. Radiation protection for patients in orthopaedic surgery (3,959 KB)
« 06B. Radiation Exposure in Gastroenterology (4,322 KB)

« UbC. Other medical specialties that use fluoroscopy (2,247 KBj

» 07. International standards and recommendations (4,564 KB)




Making Cardiologists trainers in Radiation
Protection

Singapore

Thailand
Tunisia

Uruguay

They are ALL interventional cardiologists



Radiation protection session at the . 5

AsiaPCR/SingLive 2011 (13-15 Jan) SGSS]OHS in EP Conference
A session on radiation protection was
organized on 13% Jan. 2011 at Singapore and it
had a catchy name: Radiation protection issues
that every cath lab staff needs to know, but
may not have paid enough attention to.

] .

News from Thailand: Training course
It was a 90 min session with following objectives: & Eve Testing

Workshop on Radiation Protection __ Suphot Srimahachota,
Interventional Cardiologist, King Chulalongkorn

tlJL I“TL 1'VE llr.ll)Ihll ( al (Ml)ll]gl“ﬁt“ﬁ Ho ':)i‘..]]. Banskok
Coimbatore, India
Report by Govinda Rajan and
J.S.Bhuvaneswaran, India

Heart Association of Thailand and the

Cardiovascular Intervention Society of Thailand
arranged the one-day course on radiation protection
for cardiologists on 23rd December 2009. More
than 120 participants including  cardiac
interventionists, cardiac surgeons. cardiac fellows.




Engaging people
Not just train



The IAEA establishes a network of gastroenterologists in radiation protection

Ay
Network of Gastroenterologists in Radiation

5 o ] - ) Newsletter
Protection in Latin American Countries P
-under IAEA project RLA 9067

Mission: To enhance cooperation among gastroenterologists on radiation safety in procedures
that utilize ionizing radiations

From the Editor’s Desk Results from the survey of radiation
Dr. Asadur Tchekmedyian protection in the endoscopy suite

Montevideo - Uruguay (Latin-America - unpublished data)

(asadur@adinet.com.uy) YES (%)

Dear Colleagues and Friends. Lead Apron usage 97.3

A full year has gone and we Lead goggles usage 135
now face our second year
since the first issue of this

network. In this period Personal dosimeter usage 42.3
radiation protection became
an 1important topic in our

Thyroid collar usage 73.9

Already attended some radiation

. 21.6
protection course




Asian Network of

Cardiologists in Radiation
Protection - under RCA/IAEA project

Mission: To enhance cooperation among cardiologists on radiation safety in cardiac catheterization procedures and in

Newsletter

January 2008 2

procedures that utilise ionizing radiations

From the Editor’s Desk
Kui Hian Sim
Sarawak General Hospital. Kuching, Malaysia
(sim.kui.hian@health.gov.my)

Dear Colleagues.

Recent timely publications on
radiation risks from cardiac
imaging modalities have made this
very important. but  under-
recognized, unglamorous topic in
our cardiac profession very “hot™
world—wide. particularly  in
Western countries.

Unfortunately, very little data on knowledge and
practice  of  radiation  protection  among
interventional cardiologist is available from Asia.

Through the desert, looking for garden
LIM Soo Teik
Head of Department of Cardiology,
Director of Interventional Cardiology,
National Heart Centre of Singapore
(lim.soo.teik@nhc.com.sg)

While it i1s pleasing to note the
momentum Asian network is
creating. the road ahead is long
before one reaches garden.

Let me start as a critic. I had the
chance of visiting many labs or
interacting with cardiologists from
China, Vietnam. Indonesia. Philippines. Thailand.
India. Sri Lanka. Bangladesh. Myanmar, Malaysia,
Japan and Singapore. I noticed scant attention to

Issue No.



Approved Training Package
TAEA Training Material on

Radiation Protection in Cardiology

Lessons from injured patients:

Cumulative buildup
of dose for steeply
angled high-dose
beam through large
patient not
recognized.

Lesion required grafting.

Factors affecting patient

doses (l) . .
Thicker tissue masses absorb more
INCREASES radiation
THE USE OF PATIENT

THE ENTRANCE
ANTISCATTER DOSE BY A

GRID FACTOR OF 2

TO 6

proper filtering

ili)‘ &5

t‘/@v World Healt @lmmﬂwwnmtm >

In collaboration with (&Y Organizatio For Medical Physis </




@ IAEA | Radiation Protection of Patients (RPoP) Search RPoP: |

Home Information for REULOAGHEILEELIUGI Special Groups  Member Area About Us

Home * Training ® Free Material

Information for

o —— Cardiology ~5000 downloads of training material/yr

Member States

: Training material developed in collaboration with

Patients World Health Organization (WHO)

International Organization for Medical Physics (IOMP)

Society for Cardiovascular Angiography and Interventions (SCAI)

Member Area
« Member States Area

« Drafts Management Area

Lectures/Slides
All 14 LecturessSlides ZIPPED (63.7 MB)

e 01.Why Talk ahout Radiation Protection in Cardiology? Download {471 KB)
e (2 Talking ahout Radiation Dose Download (2,237 KB)
e (3. What Radiation Effects are Possihle? (hesides skin injuries) Download (3,095 KB)
e 04 Xrayproduction and Angiography Equipment Download (2,729 KB)
e (5 Patient Dose Management: Part 1 Download {4,057 KB)
e (5 Patient Dose Management: Part 2 Download (3,798 KB)
e (6. Standards and Guidance Download (1,925 KB)
e (7. Occupational exposure and protective devices Download (2,875 KB)
e (8. Image Quality in Cardiac Angiography Download {11,935 KB)
e 04 Optimization of Radiation Protection in Cardiology Download (1,860 KB)
e 10. Radiation Protection in Paedriatic Interventional Cardiology Download (1,853 KB)
e 11.Cardiac CT - radiation doses, dose management and practical issues Download (719 KB)
e 12 Examples of Good & Bad Practice (physical factors): Part 1 Download (6,767 KB)
> e 12 Examples of Good & Bad Radiation Protection Practice: Part 2 Download (24,099 KB)




@ IAEA | Radiation Protection of Patients (RPOP) Search RPoP.

(LGB LR d  Additional Resources  Special Groups Member Area About Us Our Work IAEA.org

Information for Home *» Health Professionals

Related Links

Health Professionals Interventional Cardiology
: + Cardiologists Training
Radiology Events
Radiotherapy .‘ « Asian Network of
- Erythema - cardiologist in radiation
Nuclear Medicine protection

Interventional Radiology Different phases of erythema evolution -

- Interventional Cardiclogy

Other Specialities &
Imaging Modalities

Member States

Patients

Cardiologists are among the most intensive users of fluoroscopy in the medical profession, if not the most
frequent. However, many of them are unaware that they may be exposing patients to relatively high levels of
radiation during cardiac catheterization procedures - levels much higher than those handled by many
radiologists. While staff protection is definitely important, there are bigger issues of patient protection in

Member Area
« Member States Area

+ Drafts Management Area interventional procedures using X rays. For description of radiation units and dose quantities, please click
here..
Social Media Patient protection
M EJ 1. Areradiation induced skin injuries common among patients undergoing interventions? 4
— ~ 2 What problems are associated with diagnosis of such injuries? 4
3. Canradiation injuries be prevented? ¢
4. How high is the exposure in cardiac interventions in comparison to chest radiograph? +
5. Which factors can affect patient dose in cardiac interventions? 4
g. How can|manage patient exposure? 4
7. What adverse effects could occur as a result of dose reduction actions? 4

Staff protection - Some of the measures to reduce patient dose will also result
in a reduction of staff dose

g. Isthe exposure to the cardiologist much higher than to non-interventionalists? 2
9. Isthere arisk of cataract after several years of work in a catheterization laboratory? 4
10. Canlwork my full professional life in a catheterization laboratory and have no radiation effects? 4
What are the typical radiation doses associated with diagnostic and therapeutic interventional 4

11. procedures?



1. Are radiation induced skin injuries common among patients undergoing
interventions?

No. Radiation induced skin injuries happen very rarely and the rough estimate is around one in 10,000
interventions. This figure can vary by a large margin as many injuries go unreported. The skin injuries can vary
from mild erythema to deep skin ulceration. Many interventionalists still do not acknowledage that skin injuries
have or could occur. Such denial has led, in many cases, to uncertain and ill-directed care for some patients.
Injuries occur weeks or months after the interventional procedure was performed and could create problems
in diagnosis. Most of these injuries can be avoided by using established radiation protection approaches.

Further details are available »

Page Top ™

2. What problems are associated with diagnosis of such injuries?

Experience has shown that patients normally go to a physician or dermatologist when symptoms are
detected. The delay between the interventional procedure and occurrence of symptoms coupled with the lack
of instruction by the interventionalist to report back to him if there is any skin irritation on ports of entries ofthe
Xray beam (typically patient's back), are responsible for misdiagnosis. There have been situations of
misdiagnosis as insect bites, electrical burns, chemical burns or contact dermatitis. Typically in radiation
induced injuries, normal methods of treatment with creams fail to give relief to the patient.

Further details are available »
Page Top T

3. Can radiation injuries be prevented?

In most, if not all cases, the answer is ‘yes’, at least as far as the severe injuries are concerned. The
experience from a centre where cardiologists were trained in radiological protection and the equipment was
monitored and covered by a quality control programme indicates an absence of skin injuries in patients who
underwent 5-7 PTCAs and 5-14 additional angiographies [VA1].

Page Top ™
4. How high is the patient exposure in cardiac interventions in comparison to
chest radiograph?

Entrance exposure to patients in diagnostic and therapeutic angiography might be a few hundreds to even a
thousand times more than in a chest radiograph.

It must be emphasized that this way of comparing is an over-simplification as exposure situations are not
similar.



* Training- limited outreach
* Website- Better outreach

* Something more with still



Radiation Protection in fluoroscopy

Language

English

EMnvIKa

MaKeqoHCKK

Pycckui

Patient
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10 pearls on radiation protection of
patients in fluoroscopy
Download PDF

10 Xpuooi KavOvEC: AKTIVOTTPOOTACIQ
aoBEVLOV KATd TNV aKTIVOOKOTINON
Anwn apysiov PDF

10 3naTtHu npaeuna: 3aWTuTa Ha
nauMeHTHTe O paaujauuja npu
tbnyopockonuja
npee3emete PDF

10 Cnoco0oB pagnaunOHHOH 3alNUThI
NauWeHToB
ckayate PDF

FREE download from RPOP website

10 pearls on radiation protection of staff in
fluoroscopy
Download PDF

10 Xpuooi KavoveC: AKTIVOTTPOOTAdIa
TPOCWITIKOU KATd TNV GKTIVOOKOTINON
Afwn apysiou PDF

10 3naTtuu npaeuna: 3awTura oq
paaujauMja Ha nepcoHanor npu
tbnyopockonuja
npee3emete PDF

10 Cnoco0oB paanaUnOHHOHW 3alNUThI
nepcoxana
ckayate PDF



10 Pearls: Radiation protection of patients in fluoroscopy

10 Pearls: Radiation protection of patients in fluoroscopy

1. Maximize distance between
the X ray tube and the patient
to the extent possible

X ray tube

"""'-U _ s | ttp://rpop.iaea.org
l»—-:{ '“—*

receptor
© Wiz orescapy tme @} g} Translation into
T or vy patient <

many languages
M epaseamensnemee | 000 downloads
JMMIML % lowestrame ate posible s abiain .

in last 6 months

5. Avoid exposing the same area
of the skin in different

projections
Vary the beam entrance port by
rotating the tube around the Nm-opun'lzm
ledﬂcpe
from L K. Wagner

Related Poster!

10 peactn Retevon of st ln

e
hlm.l/rpop iaea.org Fatiot Fatetion Proietion




10 Pearls: Radiation protection of patients in fluoroscopy

‘64 unis| [16 units] | 4 units | [ 1 unit
1. Maximize distance between

the X ray tube and the patient
to the extent possible
P

4 unis of p—
marGty

j 2. Minimize distance between
2 s of \-__ the patient and the image
t'h'nr/ /, i W“

lmne lmaoe

receptor

3. Minimize fluoroscopy time

Keep records of fluoroscopy
time for every patient

@gg

4. Use pulsed fluoroscopy with the
lowest frame rate possible to obtain
images of acceptable quality

5. Avoid exposing the same area ey --"‘\ AT
of the skin in different X P \
- .
Vary the beam entrance port by
rotating the tube around the Non-cptimizad Optimized
patient technique technique

Figure from L. K. Wagner

10 Pearls: Radiation protection of patients in fluoroscopy

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

7. Oblique projections also

increase ESD

ESD. 1 unit 23 units 45 units B-12 wnits
Be aware that increased ESD

increases the probability of

h,<h,<h, skin injury

RELATIVE PN
ENTRANCE DOSE RATE
FON SOVE LINITS

12° (32 em) 8. Avoid the use of magnification

Decreasing the field of view by a
g (22 cm) factor of two increases dose rate by a
factor of four
6" (16 cm)

457 (11 cm)

9. Minimize number of frames
and cine runs to clinically
acceptable level

farcid wsing fhe isiti
mode for fluoroscopy

10. Use collimation

Collimate the X ray beam to the area
of interest

u RPOP

IAEA

42



10 Pearls: Radiation protection of staff in fluoroscopy

Reducing patient doce alwaye recultc In ctaff doce reduction

10 Pearls: Radiation protection of staff in fluoroscopy

1. Use protective devices! 2. Make good use of
' time-distance-shielding (TDS)
5 principle
Advisable
skittype  : Minimize time
lead apronto : .
¢ as much as clinically
0.25 mm lead | possible
equ'v_alenee H
but with : X rays X rays
overlapon | AW~
front to make it 0.5 mm on the | Use MWL~ [T W~
fmntmelSmonthebacks shielding "W\~ MW~
(Provides >390% protection) | MW\~

.~‘
|

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

“o" ISEMIR

fq.ldl

Reducing patient doce always recultc In ctaff doce reduction
/7 - 8 5. Only 1-5% of radiation falling on
the patient’s body exits the other
side

Stand on the side of the ransmitred
beam (i.e. by the derector), which
contains only 1-5% of the incident

7. Use personal dosimetry
Use at least two dosimeters
* One Incide the apron at ohect level
One culcide the apron at neck or eye level
* Acditional finger ring cocimeter for
proocedurec requiring hande oloce to
primary beam

Real time dosimetry systems are useful

Second daxir e
(" atude 374 sbove e aproe
& ek OR opn el

Fensored donirseter
betwryd $w baed agron o chesd leve .

9. Address your concerns about

protecbon specialists (medical
physicists)
10. REMEMBER!

* Quality control testing of fu y equipment enables safe and stable performance
* Know your equipsent! Using the equipment’s features appropriately will help reduce doses 1o patients and staff

ISEMIR ~ R
pe T AT e i AR, Page2ct2
MCeosinavute el rdedo: s Sl X Fo
o aas arninch aaa Sta¥ Racetion Polecion
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Fluoroscopy outside radiology

Group I:
* Interventional Cardiologists & Electro- /
physiologists
* Orthopedic surgeons, Urologists, /
Gastroenterologists, Anesthetists.....

Group III:

* Vascular surgeons



New Program

* New training program for Vascular
surgeons, Dec 2012 in Bangkok for Asian
countries- First ever for these specialists

* Second program being held again at
Bangkok on 16-18 Dec 2013



ICRP

««Prev

Radiological Protection in
Fluoroscopically Guided Procedures
outside the Imaging Department

ICRP Publication 117
Ann ICRP 40(6), 2010

M.M. Rehani, O. Ciraj-Bjelac, E. Vario, D.L. Miller, S. Walsh, B.D. Giordano, J.
Persliden

Abstract - An increasing number of medical specialists are using fluoroscopy outside
imaging departments, but there has been general neglect of radiological protection
coverage of fluoroscopy machines used outside imaging departments. Lack of
radiological protection training of those working with fluoroscopy outside imaging
departments can increase the radiation risk to workers and patients. Procedures such
as endovascular aneurysm repair, renal angioplasty, iliac angioplasty, ureteric stent
placement, therapeutic endoscopic retrograde cholangio-pancreatography, and bile
duct stenting and drainage have the potential to impart skin doses exceeding 1 Gy.
Although tissue reactions among patients and workers from fluoroscopy procedures
have, to date, only been reported in interventional radiology and cardiology, the level
of fluoroscopy use outside imaging departments creates potential for such injuries.

Chairman: Madan Rehani

Velsrme 20 Mo, & 0% mmmz

Annals of the ICRP

ICRP Publication 117

Radiological Protection in Fluoroscopically
Guided Pracedures Performed Outside
the Imaging Department

ELSEVIER

O. Ciraj-Bjelac, E. Vano, D.L. Miller, S. Walsh, B.D. Giordano, J. Persliden,
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A new way to visually convey level of dose

| Table 4.1. Typical patient- dose levels (rounded) from vascular surgical procedures.

Relative mean effective Relative Reportedvalues

doseto patient mean :
e Entrance skin Dose-area .
Procedur diati ; .
ocedure racation Huoro SCOPY dose (mGy) product EEieckye
0 mSv__ 35 dose to time (min) : G cm® dose (mSv)
[ | patient* (Gy.cmr’)
EVAR I__l F.G 21 330-850 60-150 8.7-27
7, ]
Venous access B 1135 8-24 23438 12
procedures
Renal'visceral
angioplasty G 204 1442 208 54
(stent/no stent)
Tiac
angioplasty G 149 900 223 58

(stent/no stent)
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Table 4 2. Typical patient dose levels (rounded) from Ulological procedures.

Relative mean Reporte
effective dose to Relative mean
Procedure patient radiation dose Fluorosc
0 mSv 35 © patient* (mn)
I |
IVUTVP = | CD na**
Cystometrography il B n
Cystography Bl I B n
“Excretionurography MCU W I C n
Urethrography I | B n
"PCNL I | A 6-12
Nephrostomy [ [ D 1.3-20
ESWL | [ B 26-34
Kidney stent msertion B T E “
Uretenc stent placement s — ST
Table 4.6. Typical patient dose levels (rounded) fromgastroenterology and hepato-biliary |
Relative mean effective Reportedvah
Claize o patient Relative mean radiation
Femcee 0 mSv 35 dose to patient* 51;;11(1)11)0 Scopy
I |
ERCP(diagnostic) [ ] CD 23
ERCP(therapeutic) [N ] EF 5-10
Biopsy = | C na**
Bile duct stenting E na**
PTCz | D 6-14
Bile duct drainage [ | F.G 12-26
TIPS*** | e—— F.G 15-93
Transgugular hepatic B |
biopsy D -

*A=<1 mSv;: B=1to<2mSv ;: C=2to <3 mSv ;D=5 to <10 mSv ;E=10t0<20;F=20to 35 m$

*¥ nat availlahla



Table 4.5. Typical patient dose levels from gynaecological procedures (

Relative mean mdation

effective dose to patient
Procedure
0 mSv 35
" Pelvimetry, I1
_conventional
Pelvimetry,  digital | l
fluorography -
CT Pelvimetry | |
................ - --
HSG o

FA=ZI mSv- R=1ta<?2 mSv - C=2ta<SmSv -T)

Relative m

wadintina Ansa

Table 4 4. Typical patient dose levels (rounded) fromvanious orthopaedic procedures.

Relative mean Reportedvalus

e‘f‘?“j"e doss Relative mean
Procedure patient radiation dose Fluoroscopy

0 msv 35 foPatent™  (min)

| |
Skull L ] A na**
Cervical Spine | I A 0208
Thoracic Spine il | B 0.85
Lumbar Spine = I B 0.10-14
Pelvis [ | A na**
Hip I [ A 0.020-1.15
Shoulder L | A na**
Knee | I A na**
Other extremities | I A na**
Hand'wnst L I BC 0.20-0.55
Distalradius plate na** na** | gees
osteosynthesis
Osteosynthesis of malleolar na** na** | 5
fracture
Plate osteosynthesis oftibial  na** na** | pxas
plateau fracture ’
Arthroscopy for ACL na** na** 0.9%**
reconstruction
Tibialintramedullarynailing  na** na** o I by
Intramedullary nailing of na** na** 6.3+

diaphyseal femoral fracture




Urological procedures (mSv) Gynaecological procedures (mSv)

Urethrography

Computed tomography pelvimetry

Cystometrography

Extracorporeal shag

S Typical patient mean effective dose from
u vascular surgical procedures (mSv)

Intravenous urography/int

Percuta

Venous Access
20 25 30
EVAR
Renal/visceral angioplasty (stent/ 54 mSv pcedures (mSv)
no stent)
[liac angioplasty (stent/no stent) 58 mSv
15 20 25 30
elvis
Thoracicipine ERCP (therapeutic)
Lumbar spine Bile duct drainage
Kyphoplasty Transjugular intrahepatic portosystemic shun
Vertebroplasty e " CiattiOE ot t 53 mSv

0O 5 10 15 20 25 30 0O 5 10 15 20 25 30
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What does it cover?

1. Interventional cardiology and

electrophysiology procedures

Cardiac procedures make up 28% of interventional
procedures and 53% of exposure in USA

Increase in numbers and complexity of
electrophysiology procedures — not just pacemaker
iInsertions 554,000 in Europe in 2007

2. Cardiac computed tomography

4.7% of CT examinations and 12.1% of CT exposure
in USA

3. Nuclear cardiology examinations
In USA nuclear medicine accounts for 26% of patiéznt



Risks of...

Tissue Reactions Stochastic Effects

(a) (b)

25+

O Bladder
M Breast
W Colon

[0 Gallbladder
B Gonads
M Kidney
O Liver

B Lung

B Marrow
[J Stomach
O Thyroid
@ Other

Effective Dose (mSv)

Rest-Stress Stress-Rest Stress Only Injecton  Reinjection

25 -

O Bladder
M Breast
W Colon

O Gallbladder
B Gonads
W Kidney
O Liver

B Lung

B Marrow
[JStomach
[ Thyroid
@ Other

20

15

10

Effective Dose (mSv)

Administered Activities
Not Specified

Te®9m  TeG9m  Tc9m  Tc99m  Thalum  Thalum  Oual  Planar  RO8Z  N13
OneDay OneDay LowDose TwoDay  Smge wih  lsotope  MUGA Ammonia
Rest-Stress Stress-Rest Stress Only Inecton  Reinyection
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Protecting the eyes

* Celling suspended screens protect the whole head
* Place as close to the image receptor and as low as possible
* Tilt slightly away from operator to protect largest area

* Protection depends on the diligence of operator

*  Protective eyewear should be used
* Where it is not practical to use ceiling suspended shields

* With ceiling suspended screens where workloads are high




Protective eyewear

* |ll-fitting goggles are uncomfortable and provide less
protection

* Interventional cardiologists turn their head to view
iImages and so are exposed from side

+ Shielding from =~ ~wmnoms st
~ER O



* A 0.25 mm lead apron is sufficient for staff

* Two-piece skirt and vest distribute weight
more evenly

* Thyroid collars can halve effective dose

* Leaded curtains are necessary for
iInterventional work, as otherwise leg
doses will be high

* Disposable radiological protection shields
In the form of drapes or pads can also be
useful




Personal dosimetry

* Two personal dosimeters are
recommended for cardiac catheterisation
laboratories:

* one outside the lead apron at the collar or
shoulder

* one on the trunk under the apron

* At least one dosimeter, the collar
dosimeter, should always be worn

* A dosimeter for the hands is useful
* There have been many reports of poor



Interventional Cardiology Summary

Risk of high skin doses
Patients should be aware of potential risks

Set dose trigger levels in terms of RAK (or
KAP)

Monitor RAK throughout procedure
Follow up patients exceeding trigger value

Staff use protective devices to minimise eye
doses

Medical physicists involved in advice and .,

‘I'Pf\lv'\lr\ﬂ
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European Medical ALARA Network <y - \

ABOUT EMAN INTERV. RADIOLOGY MOBILE EQUIPMENT DOCUMENTS LINKS

European Medical ALARA Network

The EMAN project, financially supported by the European Commission, aims to create a sustainable
European Medical ALARA Network (EMAN) where different stakeholders within the medical sector have the
opportunity to discuss and to exchange information on various topics relating to the implementation of the

ALARA principle in the medical field.
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