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Abstract

Interventional Radiology (IR) is subspecialty o f  diagnostic radiology where minimally invasive procedures are 
performed using an x-ray as a guidance. This procedure can deliver high radiation doses to patient and medical 
staff compared with other radiological method due to long screening time. The use o f  proper shielding, shorten the 
exposure time and keep the distance are the practices to reduce scattered radiation risks to staff involve in this 
procedure. This project is to study the distance factor on reducing the scattered radiation effect to the medical staff. 
It also may provide the useful information which can be use to establish the scattered radiation profile during the IR 
for the sake o f  radiation protection and safety to the medical staff involved.

Abstrak

Intervensi Radiologi (IR) adalah sub-kepakaran radiologi diagnostik di mana prosedur invasive secara minimum 
dilakukan menggunakan x-ray sebagai panduan. Prosedur ini boleh menyebabkan dos radiasi yang tinggi kepada 
pesakit dan kakitangan perubatan berbanding dengan kaedah radiologi yang lain disebabkan masa penyinaran 
yang panjang. Penggunaan perisaian yang sesuai, memendekkan masa pendedahan dan menjauhkan jarak adalah 
amalan untuk mengurangkan risiko sinaran terserak kepada kakitangan yang terlibat dalam prosedur ini. Projek ini 
adalah untuk mengkaji faktor jarak untuk mengurangkan kesan sinaran terserak kepada kakitangan perubatan. Ia 
juga boleh memberikan maklumat yang berguna yang boleh digunakan untuk menghasilkan profil sinaran terserak 
semasa prosedur IR ini demi perlindungan dan keselamatan radiasi kepada kakitangan perubatan yang terlibat.
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OBJECTIVE

To map scattered radiation at different positions and distances during specific interventional fluoroscopy procedure

To compare calculated and measured dose of scattered radiation based on distance during specific interventional 
fluoroscopy procedure

INTRODUCTION

Interventional Radiology (IR) or in this case interventional fluoroscopy in diagnostic field has seen a vast increase in 
recent years due to its numerous significant benefits where minimally invasive procedures are performed using an x- 
ray as guidance. Based on Ministry of Health (MoH) report for the year 2007, the number of C-Arm / Fluoroscopy 
machine in Malaysia are 327 units, which is 159 for government and 168 for private hospitals. This number keeps 
increasing with the opening of new hospital and medical centres. Interventional fluoroscopy procedure can deliver 
high radiation doses to patient and medical staff compared with other radiological method due to long screening 
time. Keep the distance are the practices to reduce scattered radiation risks to staff involve in this procedure along 
the use of proper shielding and shorten the exposure time.

This project is to study the distance factor on reducing the scattered radiation effect to the medical staff. It also may 
provide the useful information which can be used to establish the scattered radiation profile during the IR for the 
sake of radiation protection and safety to the medical staff involved. The distance factor is related to inverse square 
law formulation which is can be represented by X1d12 = X2d22, where X1 is dose at distance d1 and X2 is dose at 
distance d2. By doubling the distance, the dose will be reduced to % of original dose. This reduction is surely 
significant to medical staffs that spend most of their time in operating theatre running interventional fluoroscopy 
procedure.

MATERIAL AND METHOD

Material

This study is carried out using Medical Physics Group’s facilities at Malaysian Nuclear Agency. There are three 
main instruments used in this study, (i) Mobile C-Arm fluoroscopy, model Toshiba SXT-1000A with power rating 
of 110 kV, 16 mA and 1.76 kW. The normal size of image intensifier (II) is 23 cm and operating with auto 
brightness control (ABC). (ii) Alderson Rando Phantom from Alderson Research Laboratories, USA. The Posterior- 
Anterior (PA) thickness at slice 17/16 is 22.5 cm. The selected area is the thickest and it is covering most of 
procedure related to cardio, lung and spine. (iii) Ionization chamber, model Radcal 20X6-1800 with 1,800cc 
chamber. The sensitivity range is 0.1 mR/h to 65 R/h. The room temperature during the measurement is ranging 22 
°C to 24 °C, while pressure is ranging 99.8 kPa to 100.5 kPa.

Method

Alderson Rando phantom is laid on the centre of the table before it is screened for region of interest at slice 17/16. 
Due to fix height of table, the C-arm tube is positioned at the lowest point to make sure the II closest to the phantom.
8 positions are set with interval 45° for each angle. For position number 1, the ion chamber is fixed to retort stand 1 
meter from the beam axis (centre of the region of interest on the phantom) at the height of 80 cm from the floor. The 
exposure is made using the auto brightness control (ABC) with normal size of image intensifier. Note down the dose 
rate (mR/h) and post exposure kV and mA, repeated three times. For this experiment all exposure end up with 83 kV 
and 1.9 mA. Next exposure is made for 2 meter distance of ion chamber, repeated three times and note down. 
Repeat the same for position number 2 until position number 8. The conversion factor used to convert mR to mGy is 
8.7 mGy/R.
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Figure 1: One of the experimental set-up for scattered radiation measurement. The ion chamber in this photograph 
is at position 7.

SCOPE AND LIMITATION

The data provided in this presentation is limited to horizontal scattered radiation only at the height of 80 cm from the 
floor. This height is the approximated height of male gonad system for a standing normal man. The positioning of C- 
Arm system is under-couch tube which is normally used and the safer procedure than over couch-tube. Only vertical 
beam for PA procedure applied in this presentation.

RESULT AND DISCUSSION

Ion Chamber 
position 1 2 3 4 5 6 7 8

At 1 m (mGy/h) 0.32 0.40 0.30 0.06 0.32 - 0.33 0.18

At 2 m (mGy/h) 0.08 0.10 0.08 0.03 0.08 - 0.08 0.06

At 2 m (mGy/h)* 0.08 0.10 0.07 0.02 0.08 - 0.08 0.04
Table 1: Averaged data obtained from seven positions at 1 meter and 2 meter. The (*) mark is calculated dose rate 
at 2 meter subjected to measured dose rate at 1 meter. Position 6 is directed to control panel of the C-Arm system.

The result for position 6 is divided to two, with and without the protective lead glass used during the experimental 
measurement at distance of 218 cm from the beam axis. The value of 0.002 mGy/h is with protective lead glass and 
0.010 mGy/h without it.
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Figure 2: Dose mapping for 8 positions represent average measured dose rate (mGy/h) at 1 meter and 2 meter 
respectively except for position number 6 (control panel). The dose rate for position number 6 is at 2.18 meter 
without protective lead glass.

Figure 3 : Measured scattered radiation (mGy/h) versus distance (m) graph shows that doses reduced by distance. 
The graph represents all the position except position 6 which is control panel area.
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Based on table 1, the scattered radiation for position number 2 is the highest with 0.10 mGy/h and position number 6 
is the lowest with 0.01 mGy/h. It is understood that control panel area (position 6) is blocked by c-arm itself and the 
distance is more than 2 meter to make it less risk to scattered radiation. The measured dose rate for position 4 and 8 
are actually unnatural due to the footer and header of the phantom that block the scattered radiation. Position 1, 2, 3, 
5, 6 and 7 are naturally occurred and considered to simulate the real situation during clinical procedure.

Comparison between measured and calculated dose rate at 2 meter appears to be about the same exceptional for 
position 4, 6 and 8. Only position 3 the deviation of calculated is -12.5 % compared to measured dose rate, the other 
position 1, 2, 5 and 7 are about the same (in two decimals).

Figure 3 shows clearly that doses reduced by distance. Keep the distance is very important on reducing scattered 
radiation risk during interventional fluoroscopy along the use of proper shielding and shorten the exposure time. 
Position 4 and 8 are outliers due to the footer and header of the phantom that block the scattered radiation. Position 2 
has the highest scattered radiation compared to the rest positions.

THE WAY FORWARD

This study is continued to wider scope covering the use of over-couch tube which more scattered radiation is 
exposing the upper body of staff standing within the patient. The study on different angle of beam including the 
screening of other part of patient body is also important to understand the profile of scattered radiation. The 
integration of data which is simulated the real clinical procedure is necessary to strengthen the research in this field.

CONCLUSION

The scattered radiation is mapped and shows clearly the safest and less risk position of scattered radiation during 
interventional fluoroscopy is at control panel of the C-arm system. The open area which is opposite to control panel 
is the riskiest with highest dose rate. The distance factor does contribute on reducing scattered radiation risk, 
doubling the distance will reduce to about % of original dose.

Calculated dose compared to measured dose of scattered radiation is up to -12.5 % deviation. This deviation is 
expected due to non-ideal condition in the experimental laboratory. The position and arrangement of equipment and 
material inside the laboratory will affect the scattered radiation profile.
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