
Don’t be caught half-dressed when working with radiation. 
 

Abstract 
 
A typical 2-piece personal protective equipment (PPE) apron covers only half the body.   
 
However, with radiation exposure there is evidence of: 

§ Left-sided head exposure estimates equal to 100,000 chest x-rays over a 20-year 
career.  

§ Direct linear relationship between stroke and concentration of dose.  
§ Increases in ischemic heart disease (IHD) and myocardial infarction. 
§ Accelerated ageing processes. 
§ Increased double-stranded (DS) DNA breaks in circulating lymphocytes when lower 

legs are exposed.   
 
Every exposure to ionizing radiation involving a health risk that accumulates. 
 
Interventionalists are treating more patients, more complex patients, using new 
complicated devices.  Juxtaposed with the global obesity epidemic, the result is an 
unprecedented level of radiation exposure for those who use radiation in their daily work.   
 
By implementing a simple system of shields, we can dramatically reduce our radiation dose.  
This would give us a better chance to live a longer, healthier life, and pass quality DNA to our 
children.  
 
This narrative review examines the efficacy of protective barriers to reduce medical 
occupational radiation exposure and risk. 
 
 
Background 
 
The International Commission on Radiological Protection1 (ICRP) is the main regulatory body 
overseeing radiation protection and setting radiation exposure limits.  The ICRP occupational 
dose limit is 20 millisieverts (mSv) per year averaged over 5 years, with a maximum of 50 
mSv per year.  The nominal health risk in ICRP Publication 103 is an excess relative risk of 
5.5% - 6.0% fatal cancers per Sv (1000 mSv) of exposure2.      
 
 
 
 
 
 
 
 



 
ICRP annual dose limits have decreased over time3. Each of these levels were considered a 
SAFE dose at the time.  
 

 
 
 
In 2005, the US National Academy of Science released an expert consensus report on the 
effects of ionizing radiation.  The BEIR VII4, or 7th Biological Effects of Ionizing Radiation report 
on “Health Risks from Exposure to Low Levels of Ionizing Radiation” affirmed that there is no 
safe level of exposure to radiation.  Every time we step on the fluoroscopy pedal, we are 
impacting the health of all the people in the room.  The risk each time may seem 
inconsequential, but the cumulative effects are real and impactful. 

The definition of risk in the ISO/IEC Guide 51:20145 is a ‘combination of the probability of 
occurrence of harm and the severity of that harm’. To understand the risk of radiation 
exposure, we need an objective assessment of the risk and then as individuals, we add our 
own subjective perception and acceptance of that risk.  

Unfortunately, precise probability risk assessment is not possible because of the general 
inability to accurately quantify the radiation dose6, variability in individual responses due to 
differences in susceptibility7, e.g., DNA repair polymorphisms and tumor suppression genes, 
and the random nature of the damage location. Individuals also vary with respect to their 
acceptance of risk based on their knowledge, demographic characteristics, personal choice 
about family plans, job security, and ability to influence workplace practices. 

Radiation hormesis8 proposes that low-dose radiation has some health benefit.  Individual 
variability, the inability to control dose rate or amount, along with the indiscriminate nature 
of radiation damage makes this hypothesis moot for radiation workers.  The scientific 
consensus is the Linear-no-threshold (LNT) model whereby no exposure is safe, and risk 
increases with increased exposure4.   
 
Everyone exposed to radiation will face a different risk and acceptance of that risk.   
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Cancer Risk 
 
DNA damage occurs either by a direct hit from an x-ray photon or indirectly by the ionization 
of oxygen or water molecules which form free radicals9. These free radicals can in turn 
damage proteins, nuclear DNA, mitochondria and mitochondria DNA (mtDNA). Damage to 
proteins can affect many cellular processes including DNA repair. DNA damage can be a 
single nucleotide, intra or inter-strand cross-links, single-strand breaks or double-stranded 
breaks10.  
 
Fluoroscopy procedures commonly use x-ray photons in the range of 60 - 110 keV (kilo 
electron volts).  The ionization potential for most outer shell electrons are less than 30 
electron volts.  Therefore, a single 100 keV electron has enough energy to cause 
approximately 3000 ionizations plus heat and excitation of atoms11.  These ionizations leave 
a track of damage along its path which can lead to complex DNA damage over a short length 
of DNA.  These “clustered” lesions of multiple types of DNA breaks are very difficult to 
identify and repair.  This makes radiation damage more effective at killing cells than 
endogenous damage, and more dangerous12.   
 
Other forms of harm may also occur, such as bystander-non-targeted effects and epigenetic 
changes.  These changes may lead to acceleration of the ageing process and affect future 
generations 13,14,15. 
 
While higher cancer risk from radiation exposure in the young is well known, current research 
suggests a bimodal risk curve16,17.  As we age there are telomere attritions, cumulative 
damage to DNA, cellular processes, and mitochondria18. Mitochondria damage affects 
antioxidant/oxidant balance and cellular apoptosis and senescence pathways leading to 
greater genomic instability19.   
 

Non-Cancer Risks 

Discussions of the adverse health effects of radiation typically focus on nuclear DNA damage 
leading to cancer, however ionizing radiation has many other health effects. 

Cardiovascular Disease (CVD) 

In a systematic review and meta-analysis, Little et al showed an association between 
circulatory disease mortality and low and moderate doses of ionizing radiation20. Their 
analysis suggested that overall radiation-related mortality could be twice the current ICRP 
estimates for cancer alone; from an excess mortality of 5% per Sv for Cancer to 10% for CVD 
plus Cancer. 
 
 Andressi et al compared carotid arteries in catheterization laboratory radiation workers 
with matched controls. Their study demonstrated an increase in the carotid intima-media 
thickness of the exposed workers as well as shortened telomeres. The conclusion was 
accelerated vascular aging and early atherosclerosis21. 
 
 



Cataracts: 

Ionizing radiation is a well-known risk factor for developing cataracts. In 2011, ICRP made a 
greater than 7-fold reduction in eye dose limits from 150 mSv/yr to 20 mSv/yr22.  This 
highlights the sensitivity of the eyes to radiation. Testing of eye doses underneath lead 
glasses during interventional procedures showed only 10-15% reduction in dose when 
compared to the dose just outside the glasses23. These results, as well as others24, indicate a 
wide variation in protection levels depending on the design of the glasses as well as individual 
behavior such as head orientation and positioning during fluoroscopy. The major source of 
radiation to the eyes is scatter from the patient.  This anterior exposure may reach the eyes 
from underneath the glasses or below our chin as we look up towards the screen.   
 
Elmaraezy et al in a meta-analysis showed 3 times higher risk (RR= 3.21, 95% CI [2.14, 
4.83], P < 0.00001) of posterior lens opacity of interventional cardiologists relative to control 
groups25. 
 
While radiation induced posterior subcapsular cataracts are worrisome, of even greater 
concern is the exposure to the unprotected brain behind the eyes. 

Brain Effects: 

A commonly held misconception presumes the brain to be insensitive to radiation. This 
belief originated as a fundamental law of radiobiology proposed in 1906 by Bergonie and 
Tribondeau. They considered the brain to be a highly differentiated organ with low mitotic 
activity. It took 100 years before the brain was considered separately in the ICRP 
tissue/organ weighing factor3.  In 2007, the brain, along with bone surface, salivary glands 
and skin was assigned a weight of 0.01. This was the minimum weight factor. 
 
Contemporary research has raised concerns regarding radiation effects on the brain. We 
now know that brain irradiation can affect the pituitary gland, cause epigenetic changes, 
neurovascular damage and neurodegenerative disease26. 
 

Many of the neurodegenerative effects may be attributed to mitochondria damage27. While 
the brain makes up only 2% of our body weight, it consumes 20% of our oxygen28. The bulk 
of the ATP needed by neurons are generated by mitochondria.  
 
The oxidative phosphorylation process in mitochondria makes them the largest endogenous 
producers of reactive oxygen species (ROS).  As a result, they are extremely sensitive to 
excess ROS29. Exposure to ionizing radiation generates excess ROS. This increased oxidative 
stress can alter mitochondria morphology30 (toroid or donut-shaped) and damage mtDNA, 
which are more susceptible to mutations as they lack adequate repair mechanisms and 
protective histones.   
 
Exposure of the mitochondria in the brain to ionizing radiation may lead to altered 
mitochondria homeostasis (mitostasis) which can affect synaptic transmission, brain function 
and cognition.  Damaged mitochondria are implicated in Alzheimer and Parkinson Diseases 
as well as other neurodegenerative diseases31. 
 
 



Rajaraman et al looked at cancer incidence and mortality among a cohort of 91,000 
radiation technologists performing or assisting with Fluoroscopically Guided (FG) 
procedures.  For the technologists that performed FG procedures, the brain cancer mortality 
incidence was more than double those who had never performed (HR, 2.55 [95% CI, 1.48–
4.4])32. 
 
Roguin et al collected data on brain tumors from interventionalists which showed 85% were 
left-sided where there is greater radiation exposure. Tumors included glioblastoma 
multiforme, astrocytoma and meningiomas with a latency period of 12 to 32 years33.   
 
Marazziti et al compared neuropsychological test scores in 83 cardiologists and nurses who 
worked in the cardiac catheterization lab to 83 control participants (nonexposed group) to 
explore possible cognitive impairments. The radiation-exposed group had significantly lower 
scores on cognitive centres located in the left hemisphere34.  Speech, language and right-
handedness are all located in the left hemisphere35. 
 

While there are many confounders to direct correlation, multiple data points are pointing 
towards the fact that the brain is sensitive to occupational radiation and we should be doing 
much more to protect the brain. 

Personal Protective Equipment 

Personal protective equipment (PPE) have been the main instrument used to protect against 
the harmful effects of radiation in the last century.  Improvements in composition and 
designs have been very limited when compared to other advances in medicine.   
 
Effective oversight from a regulatory perspective has also been lacking. There have been 
different standards and test methods for achieving those standards. The result has been a 
commercial market filled with PPE’s that achieve mixed results under testing36,37. 
 

As of April 2019, compliance to the new EU PPE Regulation 2016/425-EC became mandatory 
for obtaining the CE mark and sales of new PPE into the EU38. The accredited Notified Bodies 
for CE marking of PPE amended the testing of protection over a wider range of kV beam 
qualities and under a modified broad beam (BBG) test setup. The beam quality range is now 
set at 60/70/90/110kV (+150kV for CT and eyewear). The majority of the current PPE’s on 
the market were not designed to pass these new standards.  However, these aprons may 
still be sold in countries that do not require these updated test requirements. 
 
The only non-lead PPEs that have passed the updated test are bilayers. These PPEs consists of 
an outer layer made of a lighter atomic weight metal such as Antimony, and an inner layer 
of a heavier atomic weight metal, such as Bismuth, next to the skin. The heavier metal layer 
protects against the fluorescence that is generated by the lighter weight metal.  This 
fluorescence radiation was not detected under previous test setups39. 
 
Weighing of test samples and improved garment labelling and documentation by the 
manufacturers will also be required. This declaration of “Area Density” or “Ws” value (kg/m2) 
of the test samples will make it easier to corroborate that the manufactured material 



matches the test material. 
 
Some individuals and hospitals still purchase lead aprons. Hospital infection control practices 
may include cleaning the aprons with alcohol. This is against manufacturers guidelines as 
the alcohol can desiccate the lead polymer making the aprons more susceptible to cracking.  
Infection control teams need to coordinate with the people responsible for PPE quality 
control to make sure best practices are in place.  Regular examination of PPE for damage 
and defects is essential and criteria for replacement should be established based on 
individual or hospital considerations40. 
 
Unfortunately, lead inside the PPE’s does not always stay inside. Lead dust can come out the 
needle holes and cracks in the material.  Burns et al found 63% of their lead aprons had lead 
dust on the outside of the aprons, some at significant levels41.  Lead is a potent neurotoxin 
and no level is considered safe42. Lead thyroid guards are of particular concern as they touch 
exposed skin.  In addition, there is a chain of toxicity with lead from mining to manufacturing 
to wearing to disposal.   
 
Non-lead layered attenuation materials can achieve equal or better protection than lead 
without the associated toxicities43.  There may also be significant weight savings especially if 
the outer garment materials are considered as well. All radiation workers understand the 
pain and discomfort of wearing heavy PPE’s for many hours a day. There are well-documented 
health consequences including career-threatening orthopedic injuries44. 
 
PPE’s with sleeves for those positioned sideways to the radiation source is important, 
especially for women with breast exposure concerns.  
 
Shin guards are important if the table does not have adequate under table protection and 
can reduce the number of double-stranded DNA breaks in circulating lymphocytes45.   
 
Eye and head radiation exposure levels will vary depending on patient and room setup, C-
arm angulation, patient anatomy, and operator head positions.  The efficacy of radiation 
protective hats and eyeglasses vary but when used in conjunction with a ceiling mounted 
shield and patient shields, exposure can be greatly reduced46.  Head protection should block 
anterior secondary radiation from the patient. 
 
PPE Summary   
 
Ensure PPEs have passed IEC 61331-1:2014 by inverse broad beam (IBG) or modified broad 
beam (BBG) 60,70,90,110 kV and tested after September 201747.  If the manufacturer has 
this documentation, one can be confident that the stated lead equivalence is in compliance 
with the latest most stringent testing.  Cover as much of the exposed body as possible to 
reduce DNA damage to tissues, organs and circulating lymphocytes.  
 
 
 
 
 



 
 

Building a Better Wall 

 
A paradigm shift is needed, whereby instead of using PPE as the primary source of protection, 
we consider PPE as an integral component in a multi-layered defense against radiation. 

Table Skirts 
 
In the majority of FG procedures, the x-ray tube is underneath the table and there is more 
radiation coming from below48. Table skirts typically cover only a portion of one side of the 
table and have gaps near the edges of the table. Ideally, both sides and the ends of the table 
should be covered as close to the floor as possible while allowing C-arm movement.  

Ceiling Mounted Shields 
 
There should be 2 ceiling-mounted shields if there are people working on both sides of the 
patient. These ceiling shields should have pliable shields attached to the bottom that can 
block the radiation coming from the gap between the shield and the patient49.  Ceiling 
mounted shields are critical for protecting the upper body, eyes and brain. They should be 
placed close to the operator50.   

Patient Shields 
 
Besides radiation from under the table, the other major source of exposure is secondary 
radiation from the patient48. Sterile radiation protection shields placed on the patient 
between the operator and the main scatter source can block a significant amount of 
radiation. Studies show a dose reduction to the operator thorax, as well as the eyes and 
brain51. 
 
A variety of non-sterile shields may also be used to block the patient scatter in the non-
sterile areas. These shields can be placed above and below the patient in the areas not being 
imaged. Shields put between the patient and the table can reduce the radiation to the 
patient as well as operators. Shields placed on top of the patient reduces scatter to the room 
and can be elevated to reduce back scatter to the patient. 

Portable shields 
 

A portable shield in front and on the side of greater exposure provides another layer of 
protection to the body52.  These portable shields are more effective if placed closer to the 
operator.  A shield can be placed behind the operators to block scatter from the rear.   
 
Shielding Summary 
 
By having multiple layers of shielding in place, and understanding how to place them53, we 
can minimize the exposure to everyone in the room. Table skirts, mobile shields, sterile 



patient shields, other non-sterile shields around the patient, and a ceiling mounted shield, 
all properly placed, could block 90% or more of the radiation before it hits any part of the 
operator54,55. This potentially could reduce the requirements of the PPE’s which are needed 
and allow for lighter weight aprons to be worn while still achieving protection goals.   
The use of non-lead lighter weight PPE’s in conjunction with this setup would address the 
major occupational risks:  Radiation, lead toxicity and orthopedic injuries.  
 
Multiple shielding layers should be the norm, not the exception. Even more protection 
should be considered during high dose procedures and when treating high BMI patients 
(5.2% increase in exposure per unit BMI)56.  This can be accomplished by using extra 
attenuation shields, thicker PPE’s and additional dose reduction techniques. 

Conclusion 
 

§ Every time we step on the pedal to x-ray the patient, we x-ray everyone in the room. 
§ There is procedural benefit to the patient for the x-rays but no benefit for everyone 

else. 
§ The radiation harms us in multiple ways by initiating damage that can lead to cancers, 

cardiovascular diseases, cataracts, brain disorders and accelerated ageing. 
§ Individuals vary in their ability to repair radiation damage.  Women and those with 

inherited mutations that predispose them to cancer are at greater risk57,58. 
 
We have known for decades that working with radiation during minimally invasive 
procedures is dangerous. Major medical societies have published guidelines on this topic 
and suggested ways to reduce occupational doses59,60.  
 
Reasons for continued risk in the workplace in the face of known dangers include: 

§ Radiation is invisible and the effects have a long latency period, therefore its risks are 
easily ignored, not prioritized, or forgotten. 

§ Dose limits give a false sense of security. 
§ PPEs give a false sense of security. 
§ Physicians are goal oriented and primarily concerned with patient safety and 

procedural outcomes.  Any change that adds time or inconvenience may be resisted. 
§ Economic considerations can be a barrier to adoption because costs to individuals 

and institutions may increase without readily apparent immediate benefit61. 
Expensive technological improvements by the major imaging companies in isolation does 
not necessarily translate into lower occupational doses for medical radiation workers.  
Implementing a comprehensive system of shields can create a safer environment that lasts 
years and protects multiple personnel.  This would be a proactive step towards minimizing 
harm rather than reactive steps after harm has already occurred.   
There are no downsides to less radiation, and no one wants more radiation at work. 
Health care professionals should not be operating in a hazardous workplace when simple 
solutions are readily available.   
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