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 Distribution of scatter radiation by CBCT

DISCUSSION

The clinical advantages of CBCT-guided interventional procedures have been widely reported. 
Dijkstra et al reported that CBCT utilizing fusion imaging was valuable in complicated endo-
vascular aortic aneurysm repair with reduction of the volume of contrast material needed, and 

Fig. 5  Color maps of distribution of scatter radiation with the ceiling-mounted screen and 
table-suspended curtain

Fig. 5a:	Color map of horizontal plane at the height of 135 cm. 
Fig. 5b:	Color map of vertical plane in the direction of 210 degrees.

Fig. 6  Color maps of distribution of scatter radiation with the edged protective sheet and 
table-suspended curtain

Fig 6a:	 Color map of horizontal plane at the height of 135 cm.
Fig 6b:	 Color map of vertical plane in the direction of 210 degrees.
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post-procedure CBCT was useful to evaluate successful aneurysm exclusion and detect early 
complications.4 Kothary et al showed that radiation exposure to patients and the dose of iodinated 
contrast medium during transarterial chemoembolization (TACE) for hepatocellular carcinoma 
(HCC) were reduced by use of CBCT.6 Miyayama et al showed that CBCT-arteriography based 
TACE guidance software is sufficient to identify small HCCs and their feeding branches to 
facilitate successful treatment.9 Their published results also documented that intraprocedural 
CBCT monitoring reduced the rate of local tumor recurrence.3 For non-vascular interventional 
procedures, Mckay et al reported that procedure times for percutaneous abscess drainage using 
CBCT-based needle guidance were significantly shorter than when using conventional CT guidance 
with similar success rates.10

With the widening application of CBCT technology, there has been increasing awareness 
of the importance of radiation exposure to interventional radiologists and other staff members. 
Schulz et al evaluated the radiation exposure for operating personnel associated with CBCT and 
demonstrated that CBCT angiography significantly increased radiation exposure to the attending 
operator in comparison with two dimensional angiography. They recommended that the physi-
cian wear protective devices and leave the examination room when performing CBCT.6 In the 
clinical settings of CBCT, however, there are cases that require the continuing presence in the 
room of the physicians or staff for reasons such as watching and supporting an unstable patient 
or performing rotational angiography via a small vessel under manual contrast injection from 
a microcatheter. Under these circumstances, it is important to know the distribution of scatter 
radiation by CBCT, to use protective tools effectively and to stand at a position with a lower 
radiation dose. 

OSL dosimeters have been widely used to monitor occupational radiation doses for the staff 
of radiology departments in many hospitals.11 The dosimeter used in this study, nanoDot, is 
small, easy to handle and suitable for dose measurements at multiple positions. It has a wide 
operating energy range (5 keV–20 MeV) with accuracy within ±10 % over the diagnostic energy 
range (70–140 kVp), minimal angular dependence and useful dose range of 10 μGy to >100 Gy 
with linear response with dose up to 300 cGy.7 The readout values of nanoDot were 17–41 % 
higher in comparison with the ion-chamber dosimeter that was used as the standard reference. 
Even though this potential overestimation might be included in a critical evaluation, overall 
measurement by nanoDot was considered to be stable and reliable. 

The present study showed the highest radiation dose of 600–800 μGy by a single CBCT image 
acquisition to be at a distance of 60 cm from the beam entry site. In 2012, the International 
Commission on Radiological Protection (ICRP) lowered the threshold dose of lens opacity, and 
recommended for occupational exposure an equivalent dose limit for the lens of the eye of 20 
mSv in a year, averaged over defined periods of 5 years.12 Our result indicates that, if CBCT 
was performed with a physician standing near the beam entry site without a protective device, 
the dose limit for the lens of the eye would be reached by the time at which approximately 
30 CBCT image acquisitions were performed. Though this may be an overstated assumption, it 
serves to highlight the fact that optimal use of protective devices is mandatory for physicians 
or other staff remaining in the room for any reason. 

The scatter radiation distributed more intensively in the bilateral directions of the phantom 
(Figure 3). If a physician or staff member needs to observe the patient near the table, it would 
be recommended to stand in the back of the base of C arm. With the use of a ceiling-mounted 
transparent lead-acryl screen and a table-suspended lead curtain, the doses were reduced 45–92 % 
at a direction of 210 degrees and a distance of 120 cm (Table 2). If a physician needs to stand 
beside the table and inject contrast material manually, for example, during CBCT acquisition, it 
would be recommended to place the ceiling-mounted lead-acryl screen and the table-suspended 



285

 Distribution of scatter radiation by CBCT

lead curtain exactly between the beam entry site and the personnel. It should be noted that the 
protective devices effectively shield the scatter radiation only in a limited direction (Figure 5). 
Our data are consistent with the phantom study by Schulz et al that reported that ceiling-mounted 
glass shield, with a lead equivalent value of 0.5 mm placed in front at the face level with a gap 
of 35 cm, attenuated 86.7 % of the radiation to the eye.6 It is estimated that, when the highest 
radiation dose of 600–800 μGy by a single CBCT image acquisition is reduced by 80 % with 
use of these protective devices, more than 120 image acquisitions could be performed accept-
ably before the eye dose would reach the limit of 20 mSv in a year. Floor-standing movable 
transparent lead-acryl screen will provide additional shielding capability for other personnel. Use 
of protective eyewear or safety glasses is always recommended. 

Another protective device used in this study, Edge Protector, was originally designed for 
reduction of scatter radiation to the physician during CT-fluoroscopy guided interventions.8 The 
lead-containing edge of the protective sheet attenuated scatter radiation by CBCT toward the 
caudal direction (Figure 6). Placement of the Edge Protector on the lower abdomen of the 
phantom did not apparently influence the image of CBCT. 

Our results showed that, in combination with a table-suspended curtain, a ceiling-mounted 
screen was more effective in shielding scatter radiation than Edge Protector. We consider that 
a ceiling-mounted screen and a table-suspended curtain should be routinely used for vascular 
interventional procedures, while Edge Protector might be used instead of a screen for procedures 
requiring percutaneous puncture including needle biopsy, abscess drainage or thermal ablation. 
We would also recommended that any personnel watching the patient during CBCT image 
acquisition stand behind the base column of the floor-mounted C-arm where scatter radiation 
was the least in every situation. 

The present study has some limitations. First, the number of dosimeters was low. The nearest 
measuring points from the beam center were 60cm in distance and those at a direction of 0, 
30, and 180 degrees were 240 cm. The dose distributions within the measuring points were 
evaluated by estimation doses. Thus, numerous estimation doses were used to make color maps 
of dose distributions. Second, only one anthropomorphic phantom was used for the experiment. 
In clinical situations, scatter radiation from a larger patient would be more associated with the 
increase of x-ray output. Last, only two combinations of protective devices were evaluated in the 
present study. Further study with combinations of other devices will also be needed. 

In conclusion, interventional radiologists and other staff should be aware of the dose levels of 
scatter radiation by CBCT and its characteristic distribution. Use of protective devices including 
ceiling-mounted lead-acryl screen, table-suspended lead curtain and lead-containing edged protec-
tive sheet are effective in reducing the dose in a particular direction. 
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