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A Study on the Isodose Distribution in a Vascular Characterization Room
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Abstract

  As applications of radiation grow wider from use in the early detection of lesions and preventive 

diagnosis purposes to the treatment of diseases, the possibilities for patients and working professionals 

to be exposed to radiation are becoming greater than ever. This can not only directly bring about an 

increase in patient’s individual radiation exposure, but also brings about an increase in the annual 

radiation dose of working professionals. Therefore, research and countermeasures to reduce radiation 

dosage are required. In this study, space dosimetry has been divided into two separate measuments with 

an understanding of the increasing number of angiography procedures: front perspective and side 

perspective. According to the results of the isodose curve, a way to minimize radiation exposure in 

working professionals has been suggested. This was made possible by workers through awareness of 

suitable working positions.
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Ⅰ. Introduction

  As applications of radiation grow wider from 

use in the early detection of lesions and 

preventive diagnosis purposes to the treatment of 

diseases, the possibilities for patients and 

working professionals to be exposed to radiation 

are becoming greater than ever.
1
 This can not 

only directly bring about an increase in patient’s 
individual radiation exposure, but also brings 

about an increase in the annual radiation dose of 

working professionals. Therefore, research and 
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countermeasures to reduce radiation dosage are 

required. In this study, space dosimetry has been 

divided into two separate measurements with an 

understanding of the increasing number of 

angiography procedures: front perspective and 

side perspective. According to the results of the 

isodose curve, a way to minimize radiation 

exposure in working professionals has been 

suggested. This was made possible by workers 

through awareness of suitable working positions.

Ⅱ. Subject and Method

  The measurement device was the Phillips Allura 

Xper FD 20. Using an abdominal tissue equivalent 

phantom in Figure 1 perspective conditions were 

set in automatic mode and at 80 kVp 24 mAs in 

the front perspective, while in the side perspec- 

tive, at 84 kVp 55 mAs. For dose measurement, 
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Fig. 1.  Abdominal tissue equivalent phantom Fig. 2.  Survey meter & Reader

Fig. 3.  In the front perspective 

case(the reference point)

Fig. 4.  Measurement of isodose 

distribution

Fig. 5.  Measurement of isodose 

distribution 

the survey meter(model 20 x 4 1800) in Figure 2 

was used and for the reader; radiation monitor 

controller model 2026 was used.

  In the front perspective case, measurement 

device setup was carried out under the general 

conditions of the process: 80 cm height, 100 cm 

SID, and 42 cm scan field. Positions for dose 

measurement were set at 30, 60, 90, 120, 150, 

180 cm from the center of penetration to the 

operation table as shown in Figure 3. For each 

position, 5 measurements were performed and 

averaged to determine the dose. The measurement 

position of the survey meter was set at 125 cm 

which is the average height of the operant’s 
chest. 

  In order to find the safest position from the 

rise and fall of the dose by angle variation and 

from the scattered rays, 5 distance measurements 

for each angle of 30, 60, 90, 120, 150˚ with a 30˚ 
step from the operation table (the reference point) 

having the same dose as the reference point were 

performed as shown in Figure 4, 5. Measured 

distances have been averaged and isodose curves 

have been plotted for the coordinates with 

coordinates with the same dose as the reference 

point using the Auto CAD 2008 program. Under 

the assumption that the dose for 210˚~330˚ is 

similar to that of 30˚~150˚, the isodose curves 

were drawn using a dose distribution of 30˚∼150˚.
  5 distance measurements for each angle of 30, 

60, 90, 120, 150, 180, 210, 240, 270, 300, 330˚ 
with a 30˚ step from the operation table having 

the same dose as the reference point were 

performed. Measured distances were averaged and 
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1.48 R/h 770 mR/h 460 mR/h 290 mR/h 190 mR/h 134 mR/h

0˚ 30 60 90 120 150 180

30˚ 48 95 142 189 240 286

60˚ 99 148 198 258 - -

90˚ 117 170 223 - - -

120˚ 120 169 223 - - -

150˚ 115 168 219 271 - -

Table 1.  Isodose distribution of front                                              (unit : cm)

Fig. 6.  Isodose curve of front Fig. 7.  Isodose curve of lateral 

isodose curves plotted for the coordinates with 

the same dose as the reference point using the 

Auto CAD 2008 program.

Ⅲ. Result

  From Table 1 and Figure 6, it can be seen that 

the dose is lowest at 0˚ which is at the position 

of the operation table, regardless of the direction 

of the perspective, and that the dose increases at 

30˚~150˚ compared with 0˚. The results also 

showed that the dose dramatically increased at 30˚ 
~60˚ and that the dose was highest at the 90˚~ 

150˚ range. Measurement of distance at 60˚~150˚ 

was sometimes not possible because of structural 

effect of the location. The dose was lower than 

the 90˚~150˚ range which is the operant’s position. 

However, the value appeared higher than the dose 

of at reference point 0˚.
  From Table 2 and Figure 7, it can be seen that 

the dose is lowest at the rear of the equipment 

among the perspective directions. This was 

because the scattered rays were blocked by the 

equipment structure. Among the isodose curves, 

the left side of the center point refers to the 

direction of the X-ray tube and the right side of 

the center point refers to the direction of the 

detector. t can be seen that among the directions 
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30.54 R/h 7.35 R/h 3.31 R/h 1.72 R/h 1.04 R/h 720 mR/h

0˚ 30 60 90 120 150 180

30˚ 46 88 128 182 233 276

60˚ 53 99 125 160 182 243

90˚ 56 70 76 85 89 94

120˚ 46 88 99 106 115 121

150˚ 43 84 98 109 112 117

210˚ 21 50 83 103 114 120

240˚ 21 48 61 65 84 105

270˚ 21 42 50 53 59 62

300˚ 20 43 49 55 68 98

330˚ 18 47 70 105 140 173

Table 2.  Isodose distribution of lateral                                                              (unit : cm) 

for the X-ray tube, the dose is highest at a 

distance without any interference. The highest 

dose in a 30˚~60˚ direction means that there are 

lots of scattered rays near the subject. The dose 

lower at 300˚ and 330˚ than at 60˚ and 30˚ is 

because of the difference in the dose that has 

been absorbed when penetrating the The dose 

lower at 300˚ and 330˚ than at 60˚ and 30˚ is 

because of the difference in the dose that has 

been absorbed when penetrating the abdominal 

tissue equivalent phantom. In most cases, the 

dose on the right side which is the direction of 

the detector appeared lower.

Ⅳ. Discussion

  In a vascular characterization room, not only 

patients, but also medical workers are subject to 

a radiation dose. However, the risk is hardly 

recognized. In particular, if the equipment is not 

designed for interventional radiology, the dose to 

medical workers can be equally high. Some 

countries limit the number of processes because 

of accumulation of radiation doses in the hands, 

eyes and thyroid glands of the operant in 

interventional radiology.
2
 The effects of radiation 

exposure in the human body are largely cate- 

gorized into two areas: the effect in somatic cells 

and in genetic inheritance. Effects in somatic 

cells include leukemia, lymphoma, skin cancer, 

lung cancer, bone marrow cancer and cataracts. 

The cataracts require special attention by working 

professionals in a radioactive environment and the 

onset of cataracts is known to be most likely due 

to radiation exposure of greater than 2 Gy with 

different latent periods.
3
 Genetic effects can be 

caused by exposure of the genital organs whose 

effect is not directly seen in the generation 

exposed; rather, the next generation has to 

suffer. This, therefore can cause more severe 

problems.
4~7

  Medical radiation exposure always has a certain 

possibility to have impact in working profe- 

ssionals and interventional procedures involve 

long term radiation exposure, and therefore 

minimal exposure in line with the medical benefit 

should be allowed. As practical countermeasures, 

lead skirts should be worn, shields should be 

utilized and the best position for equipment and 

worker should be chosen in order to minimize 

exposure.
8~10

  If the beam is horizontal or close to the 
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horizontal line, the operant needs to be standing 

at the image intensifier tube side and if the beam 

is vertical or close to the vertical line, X-ray 

tube should be placed underneath the patient. In 

the results of the measurements, there were some 

findings from the isodose distribution drawn for 

the effect of the scattered rays generated during 

the front and side perspectives. First, it was 

found that the dose dramatically increased at 30˚
∼60˚ and that the dose was highest in the 90˚~ 

150˚ range for the front perspective. The position 

where the dose was lowest was the operation 

table.

  Second, it was found that for the front 

perspective, the dose was highest at 30˚~60˚ and 

that the dose generally appeared lower in the 

direction of the detector. Working professionals 

should try and minimize exposure by positioning 

themselves at suitable locations based on the 

results from the isodose distribution

Ⅴ. Conclusion

  Workers in a vascular characterization room 

should be aware that during an operation with a 

front perspective, positioning themselves in the 0˚ 
~60˚ range is the best way to minimize exposure. 

On the other hand, for the side perspective, they 

need to be positioned in the 270˚~330˚ range as 

the dose is highest in the 0˚~60˚ range. Working 

professionals should always bear the isodose 

distribution diagram in mind and wear protective 

gear with lead equivalent to over 0.5 mmPb so 

that they minimize radiation exposure.
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