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의학적 방사선 노출량과 자연 방사선 노출량 
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급성 방사선 장해,  오심 및 구토 

근로자의 5년간 또는 긴급작업 
노출량 한계, 암 발생 증가 역치 

근로자의 연간 
노출량 한계 

일반인의 연간 자연방사선 노출량 

일반인의 연간 인위방사선 노출량 한계 

원자력발젂소 연간노출량 한계 

USA AMI 환자 입원당 노출량*** 

USA CV imaging 환자의 3
년간 누적노출량** 

Chest X-ray 

흉부/복부 CT, 위장관조영술 

* Einstein, JAMA 2010 
** Chen, JACC 2010 

*** Kaul, Circulation 2010 
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브라질 Guarapari 
연간 자연방사선  

260 이란 Ramsar 연간 자연방사선  

0.001 원자력발젂소 연간 평균노출량 

121 Columbia Univ Medical Center 에서 2회 이상 
SPECT 시행받은 환자의 3년간 누적 방사선량 * 

SPECT 



작업 종사자 일반인 

유효선량한도 
연간 50mSv 넘지 않는  

범위에서 5년간 100mSv 
연간 1mSv 

등가선량 
한도 

수정체 연간 150mSv 연간 15mSv 

손, 발, 피부 연간 500mSv 연간 50mSv 

ICRP 103 

Group mSv/yr 

Physicians 2 ~ 60 

Nurse 8 ~ 16 

Technologists 2 

More 



Medical radiation contributes the half of whole radiation exposure in USA 
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Background - terrestrial

Background - internal
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Background - Radon and thoron

Industrial

Occupational

Consumer

Medical - conventional radiography and 

fluoroscopy
Medical - interventional fluoroscopy

Medical - nuclear medicine

Medical - computed tomography

National Council on Radiation Protection and Measurements (NCRP), 2009-3-3, http://NCRPpublications.org 
http://web.princeton.edu/sites/ehs/osradtraining/backgroundradiation/background.htm 

3.6 mSv /year 

Natural source 

Medical source 

3.0 mSv /year 

2.8 mSv /year 

If smoker, 
additional 



0

5

10

15

20

Radiation dose (mSv)

Coronary CT 

Cardiac studies 
other than CT 

Modified from Fazel, NEJM 2009 



Models for the health risks from exposure 
to low levels of ionizing radiation 
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100 mSv = approximate the lowest acute 
dose known to cause cancer 

Dose (above background) 

Hypersensitivity 

LNT (linear non-threshold) 
Threshold 
Hormesis 
Epidemiological data 

Canadian Nuclear Safety Commission, http://nuclearsafety.gc.ca 



Mismatch between US cancer rate and 
radon concentration 

National Cancer Institute, 
http://ratecalc.cancer.gov/ 

Cancer mortality rates 
(county-basis, age-adjusted 2000 US population, all cancers, all ethnicity, all ages, 

both sexes, 1970 – 1994) 

Radon concentration 
Predicted median annual-average living-area 

concentration, by county 

Lawrence Berkeley National Laboratory, 
http://eetd.lbl.gov/ 



Predicted Fluoro AK Rate 

Remaining time at predicted rate 
until 2Gy limit is reached 
Note: Each bar is 10% of the 2Gy limit. 

Accumulated Total 



What kind of Dose 

 Dose Area Product (DAP – Gycm2)  
 Air Kerma (AK – Gy) 
 Exposure dose (X – R or C/kg)) 
 Absorbed dose (D - Gy)  
  
 Diagnostic radiology : Kerma and Absorbed dose (D) are equal. 
 D [mGy]. = f (air). X R [C kg-1]   f= 8.69 
 Dose in soft tissue = 1.06 X Dose in air 

 



X-Ray Tube 

Entrance Surface  
Dose 

Air Kerma 

DAP 

Organ dose 



22 of 26 cases (85%) 







Precautions to Minimize Exposure to Paitent and Operator 

Precautions to Minimize Exposure to Patient and Operator 



Precautions to Minimize Exposure to Patient and Operator 

If the intensity of kV increases by 15%, mA is doubled. 

View Dose(relative increase) 

RAO 30~60º 1 

LAO 30º 1 

LAO 60º 3 

LAO 90º 9 



Precautions to Minimize Exposure to Patient and Operator 



A reduction of the fluoroscopic pulse rate from 
15frame/sec to 7.5 frames/sec reduces the radiation 
exposure by 67%. 

Precautions to Minimize Exposure to Patient and Operator 
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Precautions to Minimize Exposure to Patient and Operator 



DAP cut in ½!! 
Reduces statistical 

risk. 

Precautions to Minimize Exposure to Patient and Operator 



Precautions to specifically minimize Exposure to Operator 

Precautions to specifically minimize Exposure to Operator 



Precautions to specifically minimize Exposure to Operator 











EURO PCR 
2014년  



Result 

 A median value of the fluoro time was obtained 

180 seconds  targeting from patients with 654 

people  

   Exposure protocol 



Result 

   Exposure protocol 

  Coronary Angle Time SID 

Fluoroscopy   LAO 400 180sec 100Cm 

  
Cine Angiography 

RCA 
LAO 400 Cranial 100 5sec 100Cm 

RAO 300 Cranial 100 4sec 100Cm 

LCA 

RAO 300 Cranial 200  5sec 100Cm 

RAO 300 Caudal 200  5sec 100Cm 

LAO 100 Cranial 400 6sec 110Cm 

LAO 450 Caudal 250 4sec 105Cm 





Methods 
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Result 

P = 0.666 P =0.964 
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ECR 2017년 (VIEN)  



 

 





Characteristics 
7.5 frames/sec 

(n=40) 
15 frames/sec 

(n=40) 
p value 

Sex(male) 17 (42.5%) 8 (20%) 0.03* 

Age(year) 44.8±12.3 46.5±11.2 0.51 

Weight(㎏) 63.5±9.1 59.3±10.9 0.06 

Height(㎝) 164.3±7.7 161.4±7.0 0.08 

BSA(㎡) 1.69±0.15 1.62±0.16 0.05 

*Chi-square tet for nominal variables 



Characteristics 
7.5 frames/sec 

(n=40) 
15 frames/sec 

(n=40) 
p value 

Qp/Qs 2.72±0.9 2.58±0.7 0.44 

Device (㎜) 17.7±5.5 18.6±5.2 0.46 

‡ICE guided 38명 (95%) 38명 (95%) 1.0* 

Balloon assist 1명 (2.5%) 2명 (5%) 1.0* 

‡ICE : Intra cardiac echography 
*Fisher’s exact test 



Variable 
7.5 frames/sec 

(n=40) 
15 frames/sec 

(n=40) 
p value 

Fluoro time (sec) 557.4±231.7 607.7±170.8 0.27 

Cumulative fluoro DAP  
(mGy㎠) 

7757.3±2802.4 7579.8±2874.9 0.78 

Cumulative cinefluoroscopy 
DAP (mGy㎠) 

1428.7±896.45 4518.5±4173.4 0.000 

Total DAP(mGy㎠) 9186.0±3097.4 12098.32±4843.1 0.000 

Total number of acquired 
 images 

52.2±24.5 161.2±124.8 0.000 

Exposure time (sec) 6.9±3.3 10.7±8.3 0.08 



sec frames/sec Lt. Lens Rt. Lens Lt. Thyroid Rt. Thyroid Chest p value 

2 

7.5 6.75 ± 1.138 6.50 ± 0.904 6.25 ± 0.452 6.25 ± 0.866 6.00 ± 0.738 0.264 

15 7.50 ± 0.522 6.50 ± 0.522 6.50 ± 0.522 6.66 ± 0.492 6.25 ± 1.356 0.002 

4 

7.5 7.00 ± 1.044 6.75 ± 0.452 6.16 ± 0.577 6.25 ± 0.621 6.25 ± 0.753 0.020 

15 7.91 ± 0.668 7.75 ± 0.452 6.91 ± 0.288 6.75 ± 0.452 6.50 ± 0.522 0.000 

6 

7.5 7.25 ± 1.544 7.00 ± 0.738 6.25 ± 0.452 6.25 ± 0.866 6.33 ± 0.492 0.018 

15 8.25 ± 0.452 8.25 ± 1.138 7.33 ± 0.492 7.08 ± 0.514 6.75 ± 0.452 0.000 

8 

7.5 7.75 ± 0.452 7.33 ± 0.492 6.75 ± 0.452 6.50 ± 0.674 6.75 ± 0.621 0.000 

15 8.75 ± 1.138 8.25 ± 0.866 7.33 ± 0.651 7.08 ± 0.514 7.08 ± 0.668 0.000 

10 

7.5 8.16 ± 0.452 7.66 ± 0.651 6.50 ± 1.167 6.50 ± 0.522 6.58 ± 0.514 0.000 

15 9.00 ± 0.738 8.75 ± 0.866 7.25 ± 0.452 7.25 ± 0.452 6.83 ± 0.389 0.000 

Data was analysed by ANOVA. Scheffe multiple comparision test. 

단위 : μGy 







Operator Assist 
Radiological 
Technologist 

Nurse 



  operator assist radiological technologist nurse 

  AK DAP mR/min mGy AK DAP mR/min mGy AK DAP mR/min mGy AK DAP mR/min mGy 

100Cm 37 6120 15.55 0.135 37 6110 2.95 0.025 37 6121 0.365 0.003 37 6114 0.305 0.002 

 
 
 
 
 

  AK DAP mR/min mGy AK DAP mR/min mGy AK DAP mR/min mGy AK DAP mR/min mGy 

165Cm 37 6109 4.03 0.035 37 6107 2.73 0.023 38 6101 0.528 0.004 37 6091 0.375 0.003 



Thank you  
for your attention! 


