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Abstract: In Interventional Cardiology, dose received by the patient is relatively higher, while
the occupational would receive scattered radiation dose whose quality is relatively lower.
However, the occupational received accumulative doses of all cardiovascular procedures were
done over the years. Therefore, the purpose of this paper will focus to estimate the distribution of
scattered dose to occupational without any protective shielding in the Cath Lab. The scattered
dose rate was measured by using survey detector of Unfors Xi. The detector was placed at 6
different positions around the phantom. Each measurement position has eleven points from 25 to
175 cm above the floor with increment of 15 cm as the illustration of partial height of
occupational organ. Experimentally a Rando phantom was irradiated by automatic pulsed
fluoroscopy with condition varies in the range of 88-93 kV and 5.7-9.4 mA depend on gantry tilt
and field size. The Philips C-arm gantry tilt was varied at 0° PA projection, 20° and 30° Caudal,
20° and 30° Cranial, and 40° and 50° Left Anterior Oblique, and also Flat Panel Detector (FPD)
was varied at 20 X 20 and 25 x 25 cm?. Generally, the greatest dose rate was known at level
corresponding to the waist (100 cm) of occupational and the lowest at head areas (175 cm) of
occupational which is 2.49 mGv/h and 0.02 mGy/h, respectively. The given data showed that the
scattered fractions are in the range of 0.001-0.060% from its primary dose at isocenter. The
scattered doses tend to increase with gantry tilt for all positions. Increasing field size of FPD will
decreased the scattered fraction from its dose at isocenter, and also it affects the scattered dose
rate.
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Interventional ~ cardiology  involves  fluoroscopy s Lok of Phestom
diagnostic which requires a long time with a low radiation Position § e T 15em
intensity to guide the catheter, and cine radiography which i o B
requires a short time with high radiation intensity for ‘ i
documentation of actions. The numbers of percutaneous Position 2 = Position T 15em
50 em |- 100 cm

interventional procedures using radiation have continually 50cm, 150° 30°
increased since the 1960s [1]. In general, both workers and
patients in interventional cardiology procedure room are .
exposed to ionizing radiation. Personnel should be aware of 3 it
different types of ionizing radiation exposure: the primary x-

[—85cm

—70em

ray beam, scattered x-rays, and leakage x-rays. The radiation
dose received by the patient is relatively higher because
patients are in the primary beam, while the workers would
receive scattered radiation dose whose quality is relatively
lower and spread in every direction. However, different from
the patients, the clinical workers received a cumulative dose
of all cardiovascular measures were done over the years.
Scattered radiation levels in the room are in the range 0.2 -
4.5 mSv/h during the procedure [2].

Based on the ICRP recommendations No. 60 (1990),
The maximum annual dose allowed for radiation workers is
20 mSv averaged over 5 years, with no more than 50 mSv in
a year. For the lens of the eye it is 150 mSv per year and 500
mSv for the skin, hands, and feet. Therefore, the occupational
should be more vigilant at position that has a high scattered
radiation. The discussion of the dose distribution in
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Figure 1. Simulation of (left) position and (right) Height of
occupational

interventional cardiology procedures to determine the
scattered radiation is very important.

Il. MATERIALS AND METHODS

Rando phantom which is assumed as the body of the
patient, is placed on the patient table to be irradiated with the
radiation field wide 25 c¢cm X 25 cm. Furthermore, the
scattered dose rate was observed at six different positions
around the patient, as in Figure 1 (left), using Unfors-Xi
survey detector. Occupational position is set at a distance of
50 cm away from isocenter. Each measurement position has
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eleven points from 25 to 175 cm above the floor with
increment of 15 cm as the illustration of partial height of
occupational. The gantry tilt was varied at 0° PA projection,
20° and 30° caudal , 20° and 30° cranial, 40° and 50° LAO.
The measurement was performed with the patient table
height and SID (Source to Intensifier Distance) 102 cm and
100 cm, respectively.

Table 1. Dose rate at isocenter for different angles and FPD

based on kV and mAs
(i;lz)) Gantry Tilt kV  mA T:;')'e D(‘:zzl;/z;e
20x20 0 93 94 180 1.170
25x25 0 89 62 180 1.062
25x25 20 CAU 91 68 180 1217
25x25 30 CAU 93 77 180 1.440
25x25 20 CRA 88 58 180 0.971
25x25 30 CRA 89 60 180 1.027
25x25  40LAO 88 57 180 0.954
25x25 50 LAO 88 59 180 0.988

The results will be showed as a percentage where the
scattered dose rate is divided by the value of the primary
dose rate at isocenter and is multiplied by 100%. This result
represents the number of relative scattered doses from its
primary beam.

Figure 2. Simulation of gantry tilt of (a) cranial, (b) 0° PA
Projection and (c) caudal

lll. RESULTS AND DISCUSSION

In this study, the measurement result of air dose rate at
the primary beam with a distance of 98 cm from the X-ray
tube is obtained as in Table 1. To find out the air dose rate at
the isocenter, which is at a distance of 50 cm from the X-ray
tube, is using inverse square law formula. Thus, the value of
the air dose rate at isocenter is 17.43 puGy /s.

i Patient

Figure 3. Simulation of gantry tilt of LAO
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The Philips C-arm is used specifically for interventional,
therefore being not equipped with kV and mAs settings, so
the value of the dose rate at the isocenter point should be
adjusted as at the time of measurement, using the following
Equation 1, where D = absorbed dose rate, kV = energy in
kilovoltage, mA = current in milliamps, and s = time in
second. The air dose rate at isocenter at the time of
measurement is showed in Table 2.

2
: kv, mAs :
D, =| 2| x 2 |xD, (1
kV, mAs,
Tabel 2. Air dose rate at a distance of 98 cm from the X-ray
tube

FPD (cm?) KV mA Time (s) nGy/s

20x20 71 4.7 6 2.959

25x25 74 4.7 6 4.537

Generally, the distribution of scattered radiation from a
height of 25 ¢cm to 175 c¢cm follows a Gaussian distribution.
This scattered results is obtained without any protective
shielding in place. Scattering distribution lowest value was
found in the head of the occupational (175 cm from the
floor). Percentage scattering of these area of the occupational
has been hindered by the patient table and the phantom.
Additionally, the foot of the occupational (25 cm from the
floor) also get scattered radiation with relatively small value
because the area is under the x-ray tube collimator.
Meanwhile, the largest value obtained in areas with height 85
cm and 100 cm from the floor. The highest value obtained for
the scattering of radiation that accumulates on the patient was
at table height (102 cm from the floor); at that height,
additional backscatter of the patient table and the floor exists.

A. Field Size Variation

For FPD variation, the scattering fraction increased with
the decrease of field size for all positions and heights. This is
due to the interaction of radiation (photons) with materials
that will happen less in the smaller FPD. So the smaller FPD
has a scattering that is greater than larger FPD. In addition,
the small size of the selected FoV will increase the value of
kV on ABC (Auto Brightness Control) fluoroscopy, thereby
increasing the radiation dose. This can be seen in Figure 4
through Figure 9, that the FPD 20 x 20 cm? has a scattering
fraction that is greater than FPD 25 x 25 cm?. In other words,
the scattered dose rate received by occupational would be
higher on the use of small FPD. It can also be observed that
scatter faction for greater heights (130 to 175 cm from the
floor) has a smaller values, especially at the height of 175
cm, where the scattering fraction for both FPD matches. It
might happen because at the table height radiation has been
scattered by the patient, or very little radiation penetrates
through, so that this area tends to be safe.

B. Gantry Tilt Variation

When the gantry tilt of 30° and 40° CAU was applied,
scattering distribution on the right and left phantom positions
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were not symmetrical. Position 1, 2, and 3 simultaneously
has a maximum value at 100 cm height, then decrease at a
height of 85 cm. While the position 4, 5, and 6 has maximum
value at the height of 85 cm. Percentage distribution of
scattering radiation was increased with the gantry tilt of
caudal (Figures 10-15). This applies to positions 1, 2, 5 and
6. As for the position 3 and 4, the greatest percentage
scattering is actually obtained for gantry tilt of 20 CAU,
because positions 3 and 4 are on the caudal phantom and far
from the x-ray tube.

C. Cranial Gantry Tilt Variation

For variation of cranial gantry tilt, the percentages
scattering at positions 2, 3, 4, and 5 increased in line with
increasing gantry tilt (as seen on Figures 16-21). However, at
positions 1 and 6, on the contrary, the percentage scattering
decreased with gantry tilt increase. This is because the x-ray
tube is further away from the position of the 1 and 2.

D. LAO Gantry Tilt Variation

Position 4 which has a lower radiation scattering is
typically safer than position 3 for the gantry tilt of 40° and
50° LAO. This is because position 3 is very close to x-ray
tube, while position 4 received scattering that has been
hindered by the patient table. Thus, position 3 tends to get
more backscattered radiation. In the Figure 4, position 3
explains that the smaller the gantry tilt of LAO, the smaller
percentage value of scattering radiation was obtained.
Inversely proportional to the position 4, i.e. in Figure 5, the
value of the percentage distribution of the scattering was
greater for small gantry tilt. The value of which is inversely
proportional to the position 3 and 4 is due to the position 4
being at a position close to the x-ray tube.
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Figure 4. Graph of scattered fraction vs. the height from the
floor at position 1 of field size variation
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Figure 5. Graph of scattered fraction vs. the height from the
floor at position 2 of field size variation
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Figure 6. Graph of scattered fraction vs. the height from the
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Figure 7. Graph of scattered fraction vs. the height from the
floor at position 4 of field size variation
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Figure 8. Graph of scattered fraction vs. the height from the
floor at position 5 of field size variation
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Figure 9. Graph of scattered fraction vs. the height from the
floor at position 6 of field size variation
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Figure 10. Graph of scattered fraction vs. the height from the
floor at position 1 of caudal gantry tilt variation
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Figure 11. Graph of scattered fraction vs. the height from the
floor at position 2 of caudal gantry tilt variation
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Figure 12. Graph of scattered fraction vs. the height from the
floor at position 3 of caudal gantry tilt variation
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Figure 13. Graph scattered fraction vs. the height from the floor
at position 4 of caudal gantry tilt variation
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Figure 14. Graph of scattered fraction vs. the height from the
floor at position 5 of caudal gantry tilt variation
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Figure 15. Graph of scattered fraction vs. the height from the
floor at position 6 of caudal gantry tilt variation
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Figure 16. Graph of scattered fraction vs. the height from the
floor at position 1 of cranial gantry tilt variation
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Figure 17. Graph of scattered fraction vs. the height from the
floor at position 2 of cranial gantry tilt variation
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Figure 18. Graph of scattered fraction vs. the height from the
floor at position 3 of cranial gantry tilt variation
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Figure 19. Graph of scattered fraction vs. the height from the
floor at position 4 of cranial gantry tilt variation

0.045 |
3 0040 —4—0CRA [
c 0035 —4—20CRA [
S
'S 0.030 j/-, —B—30CRA [
[ 5]
© 0025 ’ ~ ™~
e, L] N
- o
L oois / “
] ‘
£ 0010 %.
S
2 o005 h
0.000
0 50 100 150 200

Height from The Floor (cm)

Figure 20. Graph of scattered fraction vs. the height from the
floor at position 5 of cranial gantry tilt variation
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Figure 21. Graph of scattered fraction vs. the height from the
floor at position 6 of cranial gantry tilt variation

IV.CONCLUSION

The scattered dose tend to increase with gantry tilt for all
positions. Greater FPD size would lower the value of the
scatter fraction of the dose and will minimize its scattered
dose rate. The given data shown that the scattered levels are
in the range of 0.001 (0.021 mGy/h) - 0.057% (1.954 mGy/h)
from its primary dose at isocenter. From risk point of view,
the genital organ of occupationals obtained highest scatter
radiation during interventional procedures.
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Figure 22. Graph of % relative scattering vs. the height from
the floor at position 3 of LAO gantry tilt variation
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Figure 23. Graph of % relative scattering vs. the height from
the floor at position 4 of LAO gantry tilt variation
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