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• 1895 Wilhelm Conrad 
Roentgen discovered 
radiation  
 

• 1896 radiation used to 
locate bullets in 
wounded soldiers 
 

• Prior to 1912, X-rays 
were used little outside 
the realms of medicine 
and dentistry 

 
 
 
 
 
 
 



A short history of radiation  

• 1931 the 1,000,000 volt X-ray generator was 
developed for industrial radiography 



A short history of radiation  

• 1964 the first angioplasty performed by Charles Dotter  

 



Radiation as we knew it  
• In use for 50 years now, 

medical radiation has been a 
topic of discussion and of 
study for its impact on the 
patient as well as the 
physicians using it. 

 

• A known carcinogen for 
several decades, many 
forums like CIRSE exist with 
the intent to keep patient 
doses low to limit the risk of 
future, additional health 
risks. 



Radiation as we knew it  

 
• “…by 1980, the general characteristics of radiation-

induced cancer in vivo and of cellular transformation in 
vitro were well established; in fact, only limited work 
has proceeded in these areas directly since that time. 
Rather, research during the past 2 decades has focused 
on cellular and molecular mechanisms for the effects of 
radiation in mammalian cells. In fact, ionizing radiation 
has become a widely used tool for studying cellular and 
molecular responses to DNA damage, as these serve to 
enhance our understanding of the carcinogenic process 
itself.”1  
 



Radiation as we know it  

• X-ray technique improving and equipment 
technology advancing  

• Low-dose solutions available in the market to reduce 
doses to both patients and staff 



Radiation as we know it  

• Use of pharma is reducing the growth rate of 
fluoro-guided procedures 

 
 

 

 



The reality as we know it  
• Procedure volume is increasing 

– some data indicates 
interventional radiology 
procedure growth of 10% 
annually2 (2001), vascular 
procedures by 8%  and cardiac 
cath procedures by 1-2%3 (2012) 
 

• The improvement of technology 
and expansion of more 
percutaneous procedures and 
less open procedures is 
increasing the use of 
fluoroscopy guided procedures4, 

5 (2011, 2009) 

 

• Efforts to reduce patient exposure is not 
necessarily reducing operator exposure 

 



Previously held beliefs 

• There are numerical maximum permissible 
doses considered “safe”5 (2009)  
 

• Cataract formation is a deterministic effect of 
ionizing radiation5 (2009) 

 

• The human brain was thought to be highly 
   radio-resistant6,7 (2012, 2012) 



What we now know  

• Ionizing radiation is known to cause harm8 (2004) 
 

• High doses tend to kill cells, while low doses tend to damage or 
alter the DNA of irradiated cells8 (2004) 
 

• Chronic exposure to low dose radiation has a genotoxic effect on 
somatic DNA of professionally exposed workers8 (2004) 
 

• There is no implication that doses lower than the maximum 
permissible dose are absolutely safe5 (2009) 

 
• Recent reports on the biologic effect of radiation reaffirm the utility 

of the linear-no-threshold model of radiation risk for solid cancers5 

(2009) 

 



Documented evidence 

• Although dose-incidence relations is uncertain, the data 
indicate the brain to be relatively sensitive to the 
carcinogenic effects of radiation.9 (2002) 
 

• One study found that the death rate from brain cancer in 
radiologist was almost 3 times that of other medical 
specialists who did not use radiation5 (2009) 
 

• Particular attention should be paid to radiation effects in 
the lens of the eye and on the cardiovascular system, 
because of recent published observations of radiation 
effects in these systems occurring at much lower doses 
than reported previously7 (2011) 
 



• There have been few studies investigating average radiation 
exposure times and dosesper procedure in an interventional pain 
setting. There has been an increasing number of case reports of 
injuries to the lens of the eye in operators and assistants 
performing interventional procedures.4 (2011) 
 

• The brain is on of the main target organs of radiation exposure in 
the cath lab, and is usually unprotected due to the myth of its radio-
resistance. 7 (2012) 
 

• Interventionalists receive approximately 1 to 3 Sv to their head 
during their career (1-3 times the maximum “allowed” dose 
annually). 11 (2015) 
 

Documented evidence 



What are the dangers?  

• Cataracts: The Occupational Cataracts and Lens Opacities in 
Interventional Cardiology (O’CLOC) study revealed that 50 percent of 
interventional cardiologists and 41 % of cardiac cath nurses and 
technologists had significant posterior subcapsular lens changes, a 
precursor to cataracts, which is typical of ionizing radiation exposure. 
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What are the dangers?  

• Thyroid disease: Studies have reported structural and functional 
changes of the thyroid as a result of radiation exposure. Structural 
changes such as malignant and benign thyroid tumors develop at a 
linear rate to dose exposure. Functional changes that would result in 
hyper- or hypo-thyroidism were noted at elevated doses of external 
and internal radiation exposure. 
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What are the dangers?  

• Brain tumors and brain disease: A recent study focused on 
interventionalists who had been diagnosed with a variety of brain 
tumors. The study revealed that 86% of the brain tumors (where 
location is known) originated on the left side of the brain. This is 
significant, since interventional cardiologists typically stand with the 
left side of their body closest to the X-ray source and scattered 
radiation. In the general population, brain tumors originate with equal 
frequency on the left and right hemispheres.  
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What are the dangers?  

• Cardiovascular changes: Recent studies suggest evidence of a link 
between low- to moderate-dose radiation exposure and 
cardiovascular changes, despite personal protective wear. 
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What are the dangers?  

• Reproductive health effects: For males, ionizing radiation has 
demonstrated a reduction in sperm.9 Additionally, cath lab staff 
members who may become pregnant while working in the cath lab 
must also take into consideration the effects that ionizing radiation 
can have on the developing fetus. 
 
 
 
 
 
 
 
 
Protecting the Provider: A Reexamination of Cath Lab Radiation Safety http://www.cathlabdigest.com/print/23265 

http://www.cathlabdigest.com/print/23265
http://www.cathlabdigest.com/print/23265


Dangers in the news 

• 1998 – Is brain cancer an occupational disease of cardiologists? 
• 2002 – Is there an elevated risk of brain cancer among physicians 

performing interventional radiology procedures? 
• 2004 – The biological effects of diagnostic cardiac imaging on chronically 

exposed physicians: the importance of being non-ionizing 
• 2009 – Occupational health hazards in the interventional laboratory: time 

for a safer environment 
• 2011 – The risk of radiation exposure to the eyes of the interventional pain 

physician 
• 2012 – Cancer and non-cancer brain and eye effects of chronic low-dose 

ionizing radiation exposure 
• 2013 – Brain and neck tumors among physicians performing interventional 

procedures 
• 2015 – Protecting the provider: a reexamination of cath lab radiation 

safety 



 



Follow up studies 

• Dr Roguin and his colleagues have conducted studies over 
the last several years tracking interventional physicians all 
with brain malignancies. The data, though not 
comprehensive, is quite indicative and sheds light on the 
fact that there is much room for improvement in the way of 
physician and staff protection in the interventional suite. 
 

• 2012 – Brain tumors among interventional cardiologists: a 
cause for alarm? 

• 2013 – Radiation – the double edge sword of interventional 
procedures 

• 2013 – Brain and neck tumors among physicians 
performing interventional procedures 



 



Awareness 

• Several reports note the lack of knowledge 
towards safety issues associated with ionizing 
radiation indicating that healthcare 
professionals are unable to effectively protect 
either themselves or their patients from 
ionizing radiation. Also interesting is the level 
of interest by these professionals in bettering 
their understanding of radiation and radiation 
safety in their work enviornment.10 (2014) 

 



Resources 
1. Radiation carcinogenesis http://carcin.oxfordjournals.org/content/21/3/397.full 
2. Nonvascular Interventional Procedures: Analysis of a 10-year Database Containing More than 21,000 

Cases http://pubs.rsna.org/doi/full/10.1148/radiol.2203001840 
3. The Changing Face of Interventional Cardiology 

http://circinterventions.ahajournals.org/content/5/3/325.full#ref-16 
4. The Risk of Radiation Exposure to the Eyes of the Interventional Pain Physician 

http://www.hindawi.com/journals/rrp/2011/609537/ 
5. Occupational Health Hazards in the Interventional Laboratory: Time for a Safer Environment 

http://pubs.rsna.org/doi/full/10.1148/radiol.2502082558 
6. Radiation-induced brain injury: A review  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3400082/ 
7. Cancer and non-cancer brain and eye effects of chronic low-dose ionizing radiation exposure 

http://www.biomedcentral.com/1471-2407/12/157 
8. The biological effects of diagnostic cardiac imaging on chronically exposed physicians: the importance 

of being non-ionizing http://www.ncbi.nlm.nih.gov/pubmed/15555078 
9. Is There an Elevated Risk of Brain Cancer Among Physicians Performing Interventional Radiology 

Procedures? http://rpd.oxfordjournals.org/content/102/2/99.extract 
10. Evaluation of awareness on radiation protection and knowledge about radiological examinations in 

healthcare professionals who use ionized radiation at work. 
http://www.ncbi.nlm.nih.gov/pubmed/24963445 

11. Protecting the Provider: A Reexamination of Cath Lab Radiation Safety 
http://www.cathlabdigest.com/print/23265 
 
 
 
 
 
 

 
 
 

 
 
 
 

http://carcin.oxfordjournals.org/content/21/3/397.full
http://pubs.rsna.org/doi/full/10.1148/radiol.2203001840
http://circinterventions.ahajournals.org/content/5/3/325.full
http://circinterventions.ahajournals.org/content/5/3/325.full
http://circinterventions.ahajournals.org/content/5/3/325.full
http://circinterventions.ahajournals.org/content/5/3/325.full
http://circinterventions.ahajournals.org/content/5/3/325.full
http://www.hindawi.com/journals/rrp/2011/609537/
http://pubs.rsna.org/doi/full/10.1148/radiol.2502082558
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3400082/
http://www.biomedcentral.com/1471-2407/12/157
http://www.biomedcentral.com/1471-2407/12/157
http://www.biomedcentral.com/1471-2407/12/157
http://www.ncbi.nlm.nih.gov/pubmed/15555078
http://rpd.oxfordjournals.org/content/102/2/99.extract
http://www.ncbi.nlm.nih.gov/pubmed/24963445
http://www.cathlabdigest.com/print/23265

