https://doi.org/10.7742/jksr.2024.18.3.257

"J. Korean Soc. Radiol., Vol. 18, No. 3, June 2024"

Effect of Human Implantable Medical Devices on Dose and Image

Quality during Chest Radiography using Automatic Exposure Control

Kang-Min Lee'*’

1Department of Radiology, Korea University Anam Hospital

2Depar‘[ment of Medical Physics, Korea University Graduate School of Convergence Science

Received: April 22, 2024.

Revised: June 20, 2024.

Accepted: June 30, 2024.

ABSTRACT

In this study, we applied AEC(Auto Exposure Control), which is used in many chest examinations, to evaluate
whether medical devices inserted into the body affect the dose and image quality of chest images. After attaching
three HIMD(Human implantable medical devices) to the ion chamber, the Monte Carlo methodology-based
program PCXMC(PC Program for X-ray Monte Carlo) 2.0 was applied to measure the effective dose by inputting
the DAP(Dose Ares Product) value derived from the Pacemaker and CRT and Chemoport Additionally, to
evaluate image quality, we set three regions of interest and one noise region on the chest and measured SNR and
CNR. The final study results showed significant differences in DAP and Effective dose. There was a significant
difference between Pacemaker and CRT when AEC was applied and not applied. (p<0.05) When applied, the dose
increased by 37% for Pacemaekr and 52% for CRT. Chemoport showed a 10% increase in effective dose
depending on whether AEC was applied, but there was no significant difference. (p>0.05) In the image quality
evaluation, there was no significant difference in image quality between all HIMD insertions and AEC applied or
not. (p>0.05) Therefore, when the HIMD was inserted into the chest during a chest x ray and overlapped with the
ion chamber sensor, the effective dose increased, and there was no difference in image quality even at a low dose
without AEC. Therefore, when performing a chest X-ray examination of a patient with a HIMD inserted, it is
considered that performing the examination without applying AEC is a method that can be considered to reduce

the patient's radiation exposure.

KeyWords: AEC(Auto Exposure Control), Chest Radiography, HIMD(Human implantable medical devices), Monte-Carlo
Simulation, SNR(Signal to Noise Ratio), CNR(Contrast to Noise Ratio)
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(a) Rando Phantom (b) Pacemaker

(¢) CRT

(d) Chemoport
Fig. 1. Materials used in experimental research.
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Fig. 2. Dose experiment with HIMD attached to
ion chamber sensor.

(c) C Equipment experiment

Fig. 3. Phantom application position for dose experiment.
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Table 1. Parameter using Automatic Exposure Control
mode for x-ray examinations

Table 2. Inspection conditions applied when evaluating
image quality

Parameter A B C Parameter A B C
Tube voltage (kVp) 120 120 120 Tube voltage(kVp) 120 120 120
AEC (Use/Not use) Use Use Use AEC(Use/Not use) Not use Not use Not use

SID (cm) 180 180 180 Tube current(mAs) 2.8 2.9 2.9

Grid 12:1 12:1 12:1 SID(cm) 180 180 180
Collimater size (inch) 17x17 17x17 17x17 Grid 12:1 12:1 12:1
SID: Source to Image receptor Distance Collimater size(inch) 17x17 17x17 17x17

ol
oE
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Fig. 4. SNR, CNR measurement using Image j
program.
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Table 3. DAP value results depending on whether
AEC is applied or not (Uint :
DAP

mQGy- cm2)

AEC A Equipment B Equipment C Equipment

Use Not use Use Not use Use Not use

Non 191 162 211 174 225 218

PM 341 220 323 204 354 214

CRT 488 226 444 234 546 244

Chemo 226 220 274 241 265 214
DAP

0 100 200 300 400 500 600

m Use ™ Notuse

Fig. 5. Average DAP measurement value of
experimental equipment.
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Table 4. Effective dose measurement results depending

on whether AEC is applied or not (Uint : mSv)
Effective Dose
AEC A Equipment B Equipment C Equipment

Use Not use Use Not use Use Not use
Non 0.034  0.029 0.038 0.031 0.041 0.039
PM 0.062  0.040 0.059 0.037 0.064 0.039
CRT 0.089  0.041 0.081 0.042 0.099 0.044
Chemo  0.041  0.040 0.050 0.044 0.048 0.039

Effective Dose

0.037
Non | 0%
0.061
PM 0.038

F 0.089
CRT 0.042
0.046
Chemo 0.041
0 0.02 0.04 0.06 0.08 0.1

mUse ® Notuse

Fig. 6. Average Effective Dose measurement value of
experimental equipment
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Table 5. SNR measurement results depending on
whether AEC is applied or not

SNR

AEC A Equipment B Equipment C Equipment

Use Not use Use Not use Use Not use
Non 8.18 8.26 9.42 9.13 8.20 8.66
PM 8.46 8.77 9.13 9.42 8.28 8.35
CRT 8.58 8.89 9.83 9.83 8.35 8.91
Chemo  8.44 8.78 8.76 9.32 8.11 8.28
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Fig. 7. Average SNR measurement value of
experimental equipment.

Table 6. CNR measurement results depending on
whether AEC is applied or not

CNR
B Equipment

AEC A Equipment
Use Not use Use Notuse Use Not use
Non 8.21 8.08 9.4 8.40 8.06 8.06
PM 8.11 8.42 9.33 8.43 8.28 8.18
CRT 8.42 8.77 9.48 8.44 8.18 8.20
Chemo  8.21 8.21 8.68 8.38 8.2 8.06

C Equipment

7.8 7.9 8 8.1 8.2 8.3 8.4 8.5 8.6 8.7

m Use M Notuse

Fig. 8. Average CNR measurement value of
experimental equipment.
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IV. DISCUSSION
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