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Reduction of radiation exposure in patients and cardiologists using a noise reduction
technique in cardiac catbeterization and percutaneous coronary intervention
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[Abstract]

We examined the effect of reducing radiation exposure in 86 patients who underwent coronary angiography and
percutaneous coronary intervention before and after the introduction of an angiography system equipped with a
noise reduction technique (NRT) based on an algorithm for noise reduction processing. Additionally, we examined the
reduction in the occupational exposure dose over the past 5 years for 50 cardiologists. The incident imaging dose per
frame (nGy/f) and fluoroscopic dose per pulse (nGy/p) to the flat panel detector were able to reduce from 120 nGy/f
and 40 nGy/p to 70 nGy/f and 30 nGy/p using NRT. Dose area product (DAP) and air kerma (AK) per unit time and
unit frame were calculated and compared before and after the introduction of the NRT. Significant effects of reducing
the fluoroscopic dose of 26% and the imaging dose of 40% for the DAP were respectively confirmed (P<0.001).AK also
showed a significant decrease of 28% (P<0.001). Using the NRT, there were significant decreases in the exposure dose of
cardiologists: decreases of 43% in the effective dose (P<0.05) and 48% in the equivalent dose to lens of the eye (P<0.05).
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JARIVE O aVEBRADOT VT ) AAICKDHEEFRM (NRT) ZBH LCOEREY AT ABARRD, BHMEMIRE
PLUOBRENTEREAMNAEES NAEADEBEERREL, BE<BEOERMRICOVWTERNZITo/]. FEEFIC, 50A
DEBRBANEEZNRE LT, MEDBERE<BEICOVTCEESEBROREERNEDOHBCDOVWTHRENZ1To/. Flat Panel
Detector (FPD) ND17 L — A%z DIRFAFHREE(E, NRTEARID120nGy/fH 5EBAKTIF7ONGY/AIERL, BRAGIRE
(3170 RE/=D 40nGy/ph* 530nGy/plTER LTz, BAIREULD B LUHEMT L —LA%L7D DDose Area Product (DAP) & &
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ERMEIERE N (P<0.001). AKEEKRIC28%DHEEMKETHROH SN (P<0.001). MEDHWII<REL, EWRETIE
43%, BROKZEDEMRE CTIF48%E, WINEBRLETHRH 5N/ (P<0.05).
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Table 1 (2, fER: L Hridiis 317 2 EHER (min) -
Mty 7 v — 2% (f), DAP ¥ & P AK O & KR
R, EBIRERIE, EKE0.14, #ik5.657TH
D, MHECHBREIBD b7 (P=0.378)
», 7 —LFul 0, fEkEE1740 fioRf L, Bk
1,651 f EAELAT (P<0.001) #3388 b fcic,
DAPZHAL 7 v— 24729 Of (DAPr rate) T,
AKIEHATHER 36 X VB 7 L — 202572 ) offE (AK
rate) & D TF F b L. DAPr rate (3 HE% 3
3.49Gy - cm’/min 2k L, #i%2.48Gy -+ cm?/min

Table 1 The average (standard deviation) of the
fluoroscopic time (min), the number of
captured frames (f), the DAP and AK in the

conventional method and the new method

are shown.
Decreasing|
Reference New wate (%) p value
Fluoroscopic time (min) | 6.1 (2.40)| 5.6 (0.07) — 0.378
Frame number (f) [1,740(86) [1,651 (151) — <.001
DAPr (Gy-cm?) | 20.8(0.5) | 13.6 (3.7) - <.001
DAPy rate
(Gy+ cm?/min) 3.49(1.20)| 2.48(0.95)| 264 | <.001
DAP: (Gy-cm?) | 43.0(23.1)| 24.8 (4.0) — <.001
DAPs rate
(mGy - cm*/f) 24.5(10.7)| 15.0 (0.7) 40.3 <.001
AK (mGy) 845(100) | 533 (13) — <.001
AK rate
(uGy/min-f) 102 (61) 73 (8) 284 | <.001

Values are given as mean (standard deviation) or number

LAEBRIKT 220 (P<0.001), @k DAP: rate
b Bk 24.5mGy - ecm/fioab L, ¥ 15.0mGy -
em’/fEHERET 2R LI (P<0.001). % 72AK
rate ¥, fERE102uGy/min-fi2kf L, #rik73uGy/
min - f EFRELLTERLIC (P<0.001).

PLREX Y, #iikicsl) 5 DAPIE, BHE— FTIE3%E
WA > 62K 6 NIHIE 2 0 2 7oA 26.4% T
HY, 170 A1) DID DA (25.0%) E1ZIF—
BT R ICHoET— FTWEEIMED SRS b urcH
IEZ N2 IR 40.3% TH Y, 17 —2a472)
OHIIER " DID DA (39.9%) LIF—F L1k

3.1.2 RECEFRESLUOT L —LAKEDHEH

Fig.1A% & U°Fig.1B {2, ik DAPs & B HL I
L OMBERT. N Z BRI TERETIX
0.857, #FrikTi20.820 L I s AELHBEZRL
1z (P<0.001).

Fig.2A % X (°Fig.2B {2, i DAPs & 7 L— 2
BEOMBERT. Zh Z AHBIRE S K T
0.578, #ETIH0.627 LTy HEEHBEZRL
12 (P<0.001).

Fig.3A% & UFig.3B (2, ik AK & % HLI
BEOMBERT. ZhZ AR R T
0.642, FriETIX0.629 L I N AEEMPERL
1z (P<0.001).

Fig.4A% & 'Fig.4Biz, MiEDAKE 7 v — &4
BEOMBERYT. ZhZ AR PR T
0.639, FriETIX0561 LI N AELMBEERL
12 (P<0.001).
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Fig.1B Correlation between DAPr and fluoroscopic time of new method
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3.2.1 BEBIUIVRERDHRE
Fig.5% & U'Table 22, i#2: 5 4ERI O EBIIRE 5

%4 - PCI- CTO - 7 7v—2 3+ - KRBIRIVR -
CTCA % X U'MRCA Q¥ %R ¥, 775 L, PCl%
L CTO D BEIRE A b & T
5. PCI- £FEIVR % & (" CTCA OIEA 2R L
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Fig.5 The number of cases in coronary angiography

examination, PCI, CTO, ablation, peripheral ar-
tery IVR, CTCA and MRCA in the past 5 years

3.2.2 fiiEDHKF<IREDHR

Table 3A(Z, FMITHEF L IAlia i - pFE, 5
RREORE, IMrE47c) L 14700 DY
3L OCRERERRT. 20124F0 1472 ) P H
0.63uSvIZlb L, 20154 T3 0.44uSv, 20164 T
0.36uSv E HELBA 2R L, 20124F12 2016 4F
DIEPEHIL 43% T dH - 72 (P<0.05). Table 3B, [
FZARO KR O SRR DR R, 1T 47CY) &
1472 ) OV % X CBHERAZRT. 20124F0
S H32.94uSvic L, 20144E T3 1.71uSv, 2015
AETIX1.60uSv, 20164ETIX1.52uSv L G E LWL
PiRL, 20124122016 DKIREIL 48% T H

- 712 (P<0.05).
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Table 3A The number of cardiologists continuingly en-
gaged from 2012, the total cases, the average
(standard deviation) of effective dose, and the
average (standard deviation) of effective dose

per a case in each of the year.

Number of |Number Effective Effective Dose
Year RS ~~ |Dose p-value |pera Case | p-value

Cardiologists |of Cases

(mSv) (uSv)

2012 34 5,118 |3.24 (4.31) 0.63 (0.84)
2013 30 4,902 |2.37 (3.19) | 0.152 | 0.48 (0.65) | 0.247
2014 30 4,735 | 2.62 (4.40) | 0.192 |0.55 (0.93) | 0.240
2015 27 4,346 | 1.91 (3.42) | 0.009**| 0.44 (0.79) | 0.020*
2016 27 4,126 |1.50 (2.19) | 0.014* | 0.36 (0.53) | 0.044*

* Shows the significant difference (P<0.05)
* Shows the significant difference (P<0.01)
Values are given as mean (standard deviation) or number

Table 2 Number of cases of catherization and IVR
form 2012 to 2016

Number of Cases
Year 2012 2013 2014 2015 2016
Coronary 4704 | 4,368 | 4,044 | 3,005 | 3,494
Angiography (PCI) | (1,401) | (1,268) | (1,217) | (1,121) | (1,117)
Ablation 276 368 541 484 429
Peripheral IVR 138 166 150 197 203
Toul WV | Fad) | (1500 | (1508 | (1809 | (1729

All IVR : total cases of PCI, Ablation and Peripheral IVR

Table 3B The number of cardiologists continuingly en-
gaged from 2012, the total cases, the average
(standard deviation) of equivalent dose of the
eye lens, and the average (standard deviation) of
equivalent dose of the eye lens per an per a case
in each of the year.

Mean Equiva- Mean Equiva-
Number of |Number qv lent Dose
Year RS lent Dose of|p-value N “|p-value
Cardiologists |of Cases . of Eye per a
Eye (mSv) e
Case (uSv)
2012 34 5,118 |15.02 (18.12) 2.94 (3.54)
2013 30 4,902 |11.71 (17.41) | 0.097 |2.39 (3.55) | 0.197
2014 30 4,735 8.08 (14.67)| 0.004* | 1.71 (3.10) | 0.010*
2015 27 4,340 6.95 (13.90)| 0.003* | 1.60 (3.20) | 0.016*
2016 27 4,126 6.29 (9.20) | 0.016* |1.52 (2.20) | 0.016*
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* Shows the significant difference (P<0.05)
* Shows the significant difference (P<0.01)
Values are given as mean (standard deviation) or number
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Table 4A, Table 4B (2, 10 ADili#H O -3 b jE i
fR7Eds & V1472 Y O3 LR Z Z L 2 HUR
T 1470 Y OFERREO T, 20124E3.3uSv
L T, 201546 1. 7uSy, 20164E1.4uSv E v F i g
BB 2R LIZ(P<0.01). 270114729 OIRD
IR AR D SAMHE R O I9MEIX, 20124F 16.6uSv 2 X
LT, 20144E11.3uSv, 20154£10.2uSv ¥ X 182016
F8.0uSv L TR HELWAE/RLIC (P<0.01).
Fig.812, 4 & OMARELEKO BV E - Pt
OWAEOHER, 10 AOME O VIEFIS T2 Y DFERH
35 & HROIK S RO Sl O 277 3. 2016
X, 201241 H L TSR T BB E 13 25%,
Prro i 1% 29.20% O kARG A HARME & L CHIfE T
& 205, MW D IR 57.5%, IRO K S A D Sk
W1348.2% L HEE & 9 2 MR 2 Ll> Twre.
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Fig.6 The transition of the effective dose in 10 car-
diologists of the past 5 years
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Fig.7 The transition in the equivalent dose of the
eye lens in 10 cardiologists of the past 5
years

Sciences

Table 4A The average (standard deviation) of ef-
fective dose and effective dose per a
case in 10 cardiologists who were con-
tinuingly engaged form 2012 to 2016.

Year 2012 2013 2014 2015 2016
Effective Dose 6.0 5.5 4.8 3.1 2.4
(mSv) (4.2) | (34) | (406) | 25 | (2.0
Median (mSv) 5 5 3.1 2.7 1.8
p-value 0.492 | 0.105 | 0.009** | 0.004**
Effective Dose | 33 | 31 | 25 | 17 | 14
per a Case (uSv) | (2.3) (1.9) (2.4) (1.4) (1.1)
Median (uSv) 2.7 2.8 1.6 1.5 1
p-value 0.625 | 0.084 |0.009**| 0.004**

** Shows the significant difference (P<0.01)
Values are given as mean (standard deviation) or number

Table 4B The average (standard deviation) of
equivalent dose of the eye lens and
equivalent dose of the eye lens per a
case in 10 cardiologists who were con-
tinuingly engaged form 2012 to 2016.

Year 2012 | 2013 | 2014 | 2015 | 2016

Equivalent Dose | 30.1 29.1 21.6 18.4 15.0
of Eye (mSv) (16.8) | (20.4) | (20.4) | (19.3) | (9.5)

Median (mSv) 26.9 24.4 13.6 125 15.4
p-value 0.846 | 0.020* | 0.002** | 0.002**

Equivalent Dose 16.6

of Eye Lens per a . 162 | 113 | 10.2 8.6
Case (uSv) (9.3) | (11.3) | (10.7) | (10.7) | (5.4)

Median (uSv) 14.8 13.6 7.1 6.9 8.8
p-value 0.846 | 0.006**| 0.002**| 0.002**

* Shows the significant difference (P<0.05)
* Shows the significant difference (P<0.01)
Values are given as mean (standard deviation) or number

Fluoroscopic Dose in Total Systems (Df)
®Imaging Dose in Total Systems (De)
60 @ Effective Dose per a Case

8 Equivalent Dose of Eye Lens per a Case

Decreasing Rate (%)

Fig.8 Decreasing rate of fluoroscopic dose (Df)
and imaging dose (De) in total system are
shown from 2013 to 2016 compared with
2012. As contrast of these, decreasing rate
of both effective dose and equivalent dose
of the eye lens per a case are also shown
from 2013 to 2016 compared with those of
2012 in 10 cardiologists.
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