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ABSTRACT 

 
The scattered radiation from interventional procedures is an important source of radiological risk for the medical 
staff. Considering all affected organs, the eye lens are among the most critical organs. As pointed out by several 
studies, even for low radiation doses, the appearance of cataract may occur. Considering this scenario, the 
radiation doses to the eye lens were determined using three different lead eyewear models commonly employed. 
The fluoroscopist was represented by an adult virtual anthropomorphic phantom (MASH3), coupled to the Monte 
Carlo code MCNP6.1™, in a typical cardiac interventional radiology procedure. The eyewear had 0.5 mmPb each, 
and the evaluation was carried out for four different beam angulations (PA, LAO90, LAO65 e RAO65), 80 kVp 
of tube voltage and HVL of 4 mmAl. The results pointed out that the shielding efficiency has a strong dependence 
on the eyewear type utilized, which may be very useful for the decision-making during the acquisition of such 
equipments. 
 
 

1. INTRODUCTION 

 
Interventional cardiology (IC) is a modality of interventional radiology (IR), employed by 
interventional physicians to access the target region in the patient. IR is a medical modality that 
uses real-time imaging (fluoroscopy) obtained with X-radiation to access the treatment site, 
usually using a percutaneous access catheter, or employing a contrast agent to visualize 
radiolucent organs and structures. In IC procedures the patients and the medical professionals 
involved are susceptible to receive high doses of radiation. This is mainly due to the long time 
of the procedure, which may sometimes be associated with complications that must be treated 
during the procedure. Specifically for the medical team, the radiation doses are strongly 
correlated to their proximity to the patient, who is the main radiation scattering center, and the 
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X-ray tube, which emits radiation in different directions. The doses in these procedures vary 
greatly, as they are affected by several factors, such as: irradiation geometry, energy spectra, 
field size, patient thickness and others. 
 
Although IC brings enormous benefits to the patient, such as: short hospitalization and recovery 
time, reduced risk of contamination compared to surgical procedures, there is also a great 
concern regarding the medical and occupational doses. Even considering a small radiation 
field, the medical staff is subjected to the scattered radiation, which can cause lesions in the 
eye lens [1]. Thus, to make IC procedures safer for the medical staff, a careful dose evaluation 
of the eye lens should be performed. In this context, the objective of this study is to evaluate 
occupational exposures in terms of conversion coefficients for the equivalent dose of the eyes 
and eye lens. Three types of lead eyewear were tested on a virtual anthropomorphic phantom, 
coupled with the MCNP6.1™ computational code. This approach has been widely used by 
several studies in the literature, since the dose in organs cannot be directly measured [2 - 5]. 
 
 

2. MATERIALS AND METHODS 

 

In this study, an adult male virtual anthropomorphic phantom (MASH3) was used [6]. This 
phantom was modeled based on the ICRP 89 [7]. To perform the simulations, this phantom 
was coupled to the radiation transport code MCNP6.1™ [8]. In this code, several different 
particles, photons and electrons may be transported individually or coupled (photon / electron) 
in a three-dimensional geometry and heterogeneous system. 
 
To represent a typical configuration of an IR procedure, two MASH3 phantoms were used to 
represent the physician and the patient. The physician was wearing a lean apron, lead eyewear 
and a thyroid protector, each of them with an equivalent thickness of 0.5 mmPb. He was 
positioned 20 cm from the patient's waist level. The patient was placed in supine on a bed of 
carbon fiber of dimensions of 70 x 5 x 200 cm³. In addition, a set of IC equipment present in a 
typical room was simulated, such as the surgical instrumentation table, the patient lead curtain 
attached to the patient bed, the suspended lead glass, the flat panel detector and the video 
monitors. The beam projections and the surface focus distances evaluated were: postero-
anterior (PA / 60 cm), anterior oblique left and right (LAO65/56 cm and RAO65/53 cm) and 
left lateral (LAO90/50 cm). This configuration can be seen in Figure 1. 

 
In this study, a tube voltage of 80 kVp, 4 mmAl filtration and 12° anodic angle were used [9]. 
From this information it was possible to generate the photon energy spectrum, using the SRS 
78 software [10]. The X-ray tube was simplified to a point source of photons, directed to 
irradiate the patient's heart, forming a collimated irradiation field in an area of 10 x 10 cm2. 
Three types of lead eyewear were molded, with an equivalent lead thickness of 0.5 mmPb each, 
and with a variable geometric shape. The models were named M1, M2 and M3. 
 
The M1 model has a spherical shape and has an additional piece, a nose bridge, reducing the 
contact with the physician's face. As a result, it is more comfortable to use. Due to the spherical 
shape, there is a small space between the spectacle lens and the doctor's face. The M2 model 
represents a basic eye protection, and has only one piece with a nose pocket. The M3 has been 
shaped to fit closer to the face, and has sides that taper up the sides of the head. This model has 
a geometric shape of the nose aperture similar but smaller in size than the M1 model, and does not 
have the additional piece around the nose. The three models are shown in Figure 2. 
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Figure 1: View of the PA (A), RAO65 (B), LAO65 (C), and LAO90 (D) projections of 

the IC scenario modeled with the MCNP6.1™ code, composed of two anthropomorphic 

phantoms representing the fluoroscospist and the patient on a surgical table. 

 
 
 
 
 
 

 
Figure 2: Lead eyewear M1, M2 and M3, positioned in the MASH3. 
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The absorbed doses in each organ and tissue of the MASH3 were calculated using the 
MCNP6.1™ tally F6 (MeV/g/particle). The dosimetric results for the eyes and the eye lens 
were presented in terms of conversion coefficients (CC), i.e. the ratio of a quantity of interest 
(equivalent dose, in this case) to a more easily measurable one, as the dose area product (DAP). 
The DAP in each projection was calculated from the absorbed dose in an air cell, located 15 
cm at the exit of the X-ray tube, multiplied by the area of the beam at this distance. To obtain 
a satisfactory statistical accuracy, a total of 1E9 photon histories were used in all irradiation 
scenarios. 
 
 

3. RESULTS AND DISCUSSION 

 
The results, as a function of the projection of the beam and of the lead model, show a significant 
difference in the protection efficiency of each eyewear model. The differences between the CC 
values for the equivalent dose of the eye (CC[HT]eye) and eye lens (CC[HT]eye lens) may be 
observed in Figure 3. For the three models of lead eyewear evaluated, the statistical uncertainty 
(Type A) associated with the simulation process was less than 3%. 
 

 
Figure 3: Conversion coefficients CC[HT]eye and CC[HT]eye lens of the physician as a 

function of the projection and of the model of the utilized lead eyewear. 

 
As can be seen in Figure 3, the M1 model protects more efficiently the eyes and eye lens 
compared to M2 and M3 models. The CC[HT]eye lens with the model M1 were 21% (PA), 24% 
(LAO65), 42% (RAO65) and 7% (LAO90) lower than those with the M3 model. This can be 
attributed to the additional shielding material in the opening of the nose, since this material 
probably shielded part of the photons that were spread by the patient, the patient bed and other 
equipment inside the room that was located in the region of the physician's head. The M3 model 
presented the lowest shielding efficiency. It has a larger nose aperture than the other two 
models, and thus allowed more photons to pass through this aperture. The M2 model had less 
lead material, but still provided better protection, when compared to the M3 model. 
 
In all situations, the most critical projection was the LAO90. In this projection, the highest 
CC[HT]eye and CC[HT]eye lens, using M3, were (0.36 ± 0.02) μSv/Gy.cm² and (0.45 ± 
0.05) μSv/Gy.cm², respectively. Considering the most critical situation, that is, when the 
physician makes use of the M3 model, the CC[HT]eye lens using the PA, LAO65, RAO65 and 
LAO90 projections were 0.28, 0.35, 0.27 and 0.45 μSv/Gy.cm², respectively. Considering these 
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projections and an annual workload of 200 coronary angiography procedures, with an average 
DAP of 33 Gy.cm², the dose on the eyes of the interventional physician will be approximately 
9 mSv, which is in accordance with the effective dose value of 8.8 mSv obtained by [3]. 
 
The projection that registered the lowest CC values was the RAO65. In this projection the 
incident beam passes through a greater thickness of the patient, and the X-ray tube is beneath 
the patient bed, which attenuates the radiation beam. As can be seen in Figure 3, the doses in 
the eyes and eye lens depend not only on the eyewear model, but also on the directions of the 
beam. In the LAO90 and LAO65 projections, the X-ray tube is on the right side of the patient 
and on the same side of the physician, who is exposed to backscattered radiation and, therefore, 
this projection was responsible for the highest CC values for the physician. 
 
 

4. CONCLUSIONS 

 

In this study, the CC[HT]eye and CC[HT]eye lens were presented using virtual  anthropomorphic 
phantoms, named MASH3, to represent an adult patient and an interventional physician, 
coupled to the MCNP6.1™ Monte Carlo code. Three types of eyewear geometries, with 0.5 
mmPb thickness, were evaluated. The results showed that the geometry of the eyewear interfere 
in the protection of the eyes and eye lens. In this sense, whenever it is possible, it is important 
to use devices with minimal aperture between the face and the eyes, to avoid doses from 
scattered radiation. Thus, the M1 model showed to be the most effective in relation to the M2 
and M3 models, presenting a reduction of up to 42%. In addition to the type of lead eyewear 
used, the direction of the incident beam is an important factor in determining the dose in the 
eyes and eye lens. The most critical projection for the physician was the LAO90, since it 
presents greater exposure to the backscattered radiation, because in this situation the physician 
is close to the X-ray tube. 
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