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Who? 



Specialists performing interventions 

Besides interventional radiologists (IR), 
either alone or with help of IR 
•  Cardiologists 
•  Electro-physiologists  (EPs) 
•  Vascular surgeons 
•  Orthopedic surgeons 
•  Urologists 
•  Gastroenterologists 
•  ….many more…… 



Interventional Procedures 

Group I:  
•  Interventional Cardiologists, Electro-

physiologists, Interventional radiologists  
Group II: 

•  Vascular surgeons 
Group III: 

•  Orthopedic surgeons, Urologists, 
Gastroenterologists, Anesthetists….. 
(Unofficial classification with overlap of 

functions) 



Why focus on them? 

• Are there 
radiation risks?  



Cardiac Interventions 
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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 
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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 
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Estimates of likely skin injuries 

•  3.6 billion X ray examinations globally 
•  1 % interventional= 36 million 
•  1 in 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 
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•  They must be primarily 
in developed countries 
and rare in developing 
countries!! 



American J Roentgenology Aug. 2009 





Rehani & Srimahachota 2011 





Malaysia 



In most countries, procedures outside 
radiology 



Interventional Cardiologists 

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

Is this 1st time you are attending a 
structured program on RP. Ans. Yes 88% 

Any cardiologists conference you 
attended where there was lecture on RP. 
Ans. No 

85% 

Do you measure radiation dose to 
patient. Ans. No 

96% 



Interventional Cardiologists 
Radiation Protection 
(RP) survey 

Vienna 2004 
(25 
countries) 

Singapore 
2005 
(8 
countries) 

Ethiopia 
2006 
(9 countries) 

Iran 
2006 
(6 ) 

Bangkok 
2006  (8 
countries) 

Is this 1st time you are 
attending a structured 
program on RP. Ans. 
Yes 

88% 84% 93% 100% 93% 

Any cardiologists 
conference you attended 
where there was lecture 
on RP. Ans. No 

85% 100% 100% 
 

100% 100% 

Do you measure 
radiation dose to 
patient. Ans. No 

96% 100% 87% 89% 71% 

San Jose 2007 (11 countries of Latin-America) 
Yerevan 2008 (7 countries of Eastern Europe)   
Manila 2009 (8 countries) 



Urologists, Orthopedic surgeons, 
Gastroenterologists, Gynecologists.. 
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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  

 

 



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)  

Nurses:  
•  Prevalence 45% (5/11. 95% 

CI: 15-100) 
•  Significance (Fisher exact 

test): p<0.05 
•  Relative risk: 5.0 (95% CI: 

1.2-21)  

Rehani. Cataract RASSC Dec 2011 24 



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, 
radiation detection? 

 

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 it is.. 
• Etiquette ........... 
These cannot assure mental presence 



IAEA Training Material  

Free Download of power point slides  



Making Cardiologists trainers in Radiation 
Protection 

Tunisia 

Singapore 

Thailand 

Uruguay 

They are ALL interventional cardiologists 



Sessions in EP Conference 









Approved Training Package 
IAEA Training Material on 

Radiation Protection in Cardiology 

Thicker tissue masses absorb more 
radiation

Physical factors and challenges to Physical factors and challenges to 
radiation managementradiation management

Lessons from injured patients:

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

Lesion required grafting.

Threshold

Dose

Ef
fec

t

Deterministic effects

Cataract
infertility

erythema
epilation

Cancer
Genetic
Prob ∝ dose

500 mSv cataract 
150 mSv for sterility (temporary-males)
2500 mSv for ovarian

Preventable

proper filtering

improper filtering

THE USE OF 
THE 

ANTISCATTER 
GRID

INCREASES 
PATIENT 

ENTRANCE 
DOSE BY A 

FACTOR OF 2 
TO 6

Factors affecting patient Factors affecting patient 
doses (I)doses (I)

In collaboration with 



≈5000 downloads of training material/yr 







• Training- limited outreach 
• Website- Better outreach 
• Something more with still 

better outreach?????? 
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FREE download from RPOP website 



10 Pearls: Radiation protection of patients in fluoroscopy  

Translation into 
many languages 

>5000 downloads 
in last 6 months 

http://rpop.iaea.org 
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Fluoroscopy outside radiology 

Group I:  
•  Interventional Cardiologists & Electro-

physiologists  
Group II: 

•  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 
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Chairman: Madan Rehani 
O. Ciraj-Bjelac, E. Vañó, D.L. Miller, S. Walsh, B.D. Giordano, J. Persliden, 



A new way to visually convey level of dose 
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50 
0 5 10 15 20 25 30 

Vertebroplasty 

Kyphoplasty 

Lumbar spine 

Thoracic spine 

Pelvis 

Hip 

Cervical spine 

Skull 

Shoulder 

Knee 

Hand/wrist 

Other extremities 

Orthopaedic procedures (mSv) 

0 5 10 15 20 25 30 

Kidney stent insertion 

Nephrostomy 

Percutaneous nephrolithotomy 

Intravenous urography/intravenous pyelography 

Ureteric stent placement 

Excretion urography/micturating cysto-

Cystography 

Extracorporeal shock wave lithotripsy 

Cystometrography 

Urethrography 

Urological procedures (mSv) 

0 5 10 15 20 25 30 

Uterine artery embolisation 

Hysterosalpingography 

Pelvimetry, conventional 

Pelvimetry, digital fluorography 

Computed tomography pelvimetry 

Gynaecological procedures (mSv) 

0 5 10 15 20 25 30 

Transjugular intrahepatic portosystemic shunt 
creation 

Bile duct drainage 

ERCP (therapeutic) 

Bile duct stenting 

Percutaneous transhepatic cholangiography 

Transjugular hepatic biopsy 

ERCP (diagnostic) 

Biopsy 

Gastroenterology and hepato-biliary procedures (mSv) 

53 mSv 

0 5 10 15 20 25 30 

Iliac angioplasty (stent/no stent) 

Renal/visceral angioplasty (stent/
no stent) 

EVAR 

Venous Access 

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

54 mSv 

58 mSv 



Radiological Protection in Cardiology 
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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 
insertions                    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 patient 

exposure, and 85% of that is Nuclear Cardiology 
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Risks of… 
Tissue Reactions Stochastic Effects 
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Protecting the eyes 
•  Ceiling 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 

•  Ill-fitting goggles are uncomfortable and provide less 
protection 

•  Interventional cardiologists turn their head to view 
images and so are exposed from side 

•  Shielding from side exposure provided by side-
shields or wraparound  

•  Offer reductions in dose by factors of 3 - 6 



Personal protective equipment 
•  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 
interventional 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 

compliance in wearing dosimeters – a 
strict policy on use of dosimeters should 
be part of any QA programme 



•  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 

training  
•  Raise awareness of radiation risks  
•  Perform patient dose audits  

•  ICRP 120 has guidelines on methods and 
techniques 
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Interventional Cardiology Summary 



EC 
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