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Introduction
• Staff: radiation scattered by the patient

• Heterogeneous radiation field

• Head: mostly unshielded

• Eye lens: high radiosensitivity => cataracts

• Brain: still controversial; solid cancer risk? 
vascular risk? 

Monte Carlo simulation of an interventional cardiology procedure. Red lines
are particle tracks
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Dose limit: 20 mSv/year
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Introduction
Radiation Protection of the head: eye lens and brain
• Lead glasses

• Masks

• (Caps)
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Effect of protective devices on the radiation dose received by the brains of 
interventional cardiologists. 10.4244/eij-d-17-00759

CORRELATION BETWEEN ROUTINE PERSONAL DOSIMETRY READING AND THE DOSE TO THE BRAIN OF INTERVENTIONAL STAFF 
Smeulders J. et al, Radia. Prot. Dosim. Accepted for publication, https://doi.org/10.1093/rpd/ncac060

https://doi.org/10.4244/eij-d-17-00759
https://doi.org/10.1093/rpd/ncac060


Eye lens protection
• Different models of lead glasses available

• Models from before the ICRP dose reduction

• Efficiency assessed with phantoms, dosemeters over the 
eye surface

• Dose Reduction Factor: ~ 1 - 10
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Eye lens protection
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Eye lens protection

𝐻𝑝(3)𝑟𝑒𝑓

𝐻𝑙𝑒𝑛𝑠,𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑒
= 0.6
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Eye lens protection

Submitted to J Radiol Prot, under amendment

• Variation in the design of lead glasses
• Lead thickness

• Presence of Pb in the frames

• Lens length

• Extra horizontal lens 
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Eye lens protection

Submitted to J Radiol Prot, under amendment

Average RHlens: 0,77 – 0,92

Lens thickness: 
0,1 mmPb to 0,75 mmPb

Presence or absence of Pb
In the frames
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Eye lens protection

Submitted to J Radiol Prot, under amendment

Average RHlens: 0,20 – 0,62

Longer frontal lens: 1 to 2 cm, 
depending on the model of LG
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Eye lens and brain protection

Attenuation (dosemeters on the mask)
M1 (a) = 76% to 87%                    M2 (b) = 65% to 90% 

~ 12 cm ~ 20 cm
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Deliverable 2.19 Report on effectiveness of protective devices for staff in interventional procedures, available online
Effectiveness of staff radiation protection devices for interventional procedures: results and recommendations of the MEDIRAD project, Submitted to Physica Medica



Eye lens and brain protection

11/13

Deliverable 2.19 Report on effectiveness of protective devices for staff in interventional procedures, available online
Effectiveness of staff radiation protection devices for interventional procedures: results and recommendations of the MEDIRAD project, Submitted to Physica Medica



Summary
Lead glasses: 
◦ current models decrease the eye lens dose by only 20%

◦ Models with longer frontal lens, even of thinner Pb equivalency, are potentially more efficient (dose reduction > 
50%)

Masks:
◦ Longer models provide better protection for eye lens and brain (dose reduction > 50%)

◦ Attenuation measured with dosemeters over/under the mask is not realistic of their efficiency (+65% vs 5% to 40%)

Caps:
◦ Provide some protection only to the brain, none to the eye lens

◦ Attenuation measured with dosemeters over/under the cap is not realistic of their efficiency (~80% vs < 40%)

Efficiency of RP devices usually increases further from the primary X-ray beam (femoral access)
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Take Home message
• Attenuation is NOT the same as dose reduction in the organ of interest

• Dose reduction assessment is STRONGLY influenced by the reference dose

• Radiation reaching the staff comes from below: minimizing spaces where radiation can leak 
through will likely increase protection
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There is still room for optimization of radiation protection devices! 

Contribution from C. J. Martin, F. Vanhavere, J. Dabin and N. Buls 
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