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New proposal for reduction of patient exposure dose in carotid artery stenting.
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[Abstract]

IVR without contrast medium using ultrasound has been tried in recent years. In the carotid artery stenting at our center,
US is used in combination with patients with renal dysfunction.

There are some papers that describe the reduction of patient exposure dose by combined use, but there is no paper
that specifically describes the reduction rate. Therefore, we investigated past dose information this time and examined the
reduction rate by combined use.

As a method, the amount of DRL was compared by the method (C-CAS) in which the contrast medium was administered
as usual and the method (U-CAS) used in combination.

As a result, U-CAS could be safely performed in all cases, and the patient exposure dose could be significantly reduced
compared to C-CAS.
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Patient Info:

Name:

17 DSA FIXED Rt-CAG LD
A 70kv 167mA  39.0ms 0.1CL micrec 0.
18 DA FIXED Rt-CAG 1D
A T2EV 1T74mA 45.4ms  0.1CL micro 0.
19 DSA FIXED Rt-CAG 1D
A 72kv  175mA  45.5m&  0.1CL micre 0.
20 DSA FIXED Rt-CAG 1D
A T2kV  1T74mA 45.5me¢ 0.1CL micro 0.
21 DSA FIXED Rt-CAG LD
A 74kv  171mA  45.5ms  0.1CL micrec 0.

**:pccumulated exposure data***
Performing Physician:
Fluore: 00:19:10

A 814.70pGym*

Exam Protocoel
Sex ID:
6F/s
1Cu 32cm 73.87pGym*  5.2mGy S9RAO  GCAU 25F
10s 6F/s
1Cu 42cm 327.60pGym* 13.2mGy T4RAO 4CRA  61F
4s  6F/s
1cu 22em 59.09pGym*  8.3mGy T74RAO  4CRA  26F
3s EF/s
icu 22¢nm 42 . 43pGym*  6.0mGy T4RAO 4CRA  19F
10s  &F/s
iCu 42cm  338.02pGym* 13.8mGy 74RAO  4CRA  64F
Exposures: 21
Total: 4076.0uGym? 233.0mGy
27.2mey Total: 4076.0pGym? 233.0mGy

Total Fluorc: 00:19:10 Max.8kin Entrance Dose: 177mGy

Fig.1

fii (air kerma at the patient entrance reference
point : Ka, o) SRS — A (air kerma-
area product : Pxa) 2 U L LIcHEICET
533 I NEMAHBMICRSESINL LI IIL -
127 20, EEELEELSH (International
Electrotechnical Commission : IEC) (&, PE#EH¥
fr A — 71— (ZIVR 23 JE it v] hg 7 MU BRp 268 75 £
B BRI 2 BB 10T AR 5
Mg (DICOM Secondary Capture : SC)
D—HEFIg1IIRTH, Ky P PaDfiliz d 3 &
3 LMENEROPA SRR T H 5. AWIETILSCH
SUELBET — 2 WAL, FHMCHEEAEYD S
DR 24T 5 72 AT Y 7 b U 27X IBM SPSS
Statistics Ver.27 ZfiH L, A EKER 5% A0 E L,
i % & O Mann-Whitney O U #17- 72.
IVRIZECT7 — 2 Bl H IR S ¢ TSI 2 2 L 2%
<o BEREFED AT 2 B IR 4 2L 5. Koo
(X PERP TOZR A — < MA LI L L TERS N
TV a1, Ko (3B G RE 2 S 5 72012
HEEFL 2 0 U7 S L OIRRE M £ 3R 2 HE T
H2%. HEMOIVR TIREHIN L Y EBBR 21T
LENZeIcH, XBOART 5 EEH RS NS
HIE Y, AEPRERKE 5 KRB 5%
SN —~ ORI, KOERRS TCT —oMES
HRETHIPH 228 2 3 MiAT L 7S A 2RO TR BT O
fEE 7% %. K&, MAESRGEEEDNiRHLL 5 Xt
EHERE R I5SemBEN CIbE R E RS 1, TEEN
BT D 5 ORI R REE AR 2 R 2 L 3R S
NTe2™ LoTKe &, USEHHT AL T

-
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Screen capture of RDSR acquired from our center angiography

BEWE L ORI FS L IciftiT 2 ET—o0fk
Bz s EbibiudE 27 (Fig.2).
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WHETH Y, ERTOFMIMMMEL S CIRETH 2L 2k
5, [RECEERIE (30T MR L AE
E DRI BT 5727, P BEHRDADK,, R Pra
DfEilE, FEOTFTEAPI S WAL 2K
S LENEHHT S HWTHHLI.

SCH L RUSTRERME & LT, WMALBEZ £ OREE
GRENX K, LMD, HAREIZIEE S L O
WHHL X Pra LD R E SRTL 2%,

Fig.2 About patient entrance reference point
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1-4. USHADEEICERT DREDEVNS KU
DRLs 2020 & DL#

TR D FEARER D —> T d 2 PO b #
WiBhd 2 v —nt LT, BMEHELvh%EL DR
MEHEbETHEESNTE 2 KTk, HA

DFWi L% L v (Japan Diagnostic Reference
Levels 2020 : DRLs 2020) »R & T H Y7,
IVRTIEDRLE £ L TK. P RA S T v
5. Z2T:T, BMBZ LV~ =2 7 VIichiE
WY ORISR TIUE L 7K. 36 & O Pra Ol 2 B
Jigcofit LCHEMB L. fvTHiIROE &£ DRLs
2020 Z Mg L 1e.

iz £ b, C-CASIZH L U-CAS THHEHEL 23
LV T & 7200, % TCHEEN B RER B &

HeRT9 2 BERE (LLUF, CAREmonitor) Ths. Yt
v & —T1320164F & b CAREmonitor %V Fl v G
LoleOT, ZhLEDRER (MR C-CAS24 4,
U-CAS1161) =25 TMSED Dk #47 5 72

Ki, (¥ PERP IZF5F 5 &2 TORR I —~PRE LI
HTH 25, MSEDEFHEHIH4 L2LT5CT—
LDT ¥ 2L —2a s EEERTVS. Lo TH
WO FE 3517 2 BEESMKS NIAETH Y, &
KEBZ L EHRPHET 2 LT b EACITBLL 7ol
MEONALLEEZOLNS. IVRIZIZE 8% ofieEfl
WhHHOT, BHBUHHEIREOF S ERODE - 2
PR LY B DD B,

Dib®z x, USHFHOAE ST 5K, - Pra
MSED (2l %, Eghla - FHMRH I D v T Hoi

OB R 5. 2 107 Bz o TG L 7e.

& GAIAREE D SC 2 b IR AR #iE (Max
Skin Entrance Dose : MSED) %W?%Wﬁ%’ﬁi)é
C D S ATEHR D O USRS R TEHRTH D,

SRS HE - RESAN LG

WIS T S 0w, ﬁﬁ-‘

BN ES SR EAED O BHEOREE FRIL, 1k
FI O B i The K & 75 5 5O B A ST &

FLICOT, ZORHPELCOCTHET S,

2. & X

C-CASEU-CASIZO WV T, 2N ZFNpiadL 7
FZHEEIZOVCTHIEKEL KR 2RT (Table 1-3,

Fig.3-4).

Table 1 Results of procedure dose and time, contrast medium dose for the CAS with and without of

ultrasound at our center

C-CAS U-CAS
p value
number 46 16
) ) Mean=+SD 31£13 28+7
Time (minute) - 0.822
Fluoro Median [range] 29 [15—78] 27 [16—43]
Mean=®SD 65+88 47+22
Ka,r (mGy) ; 0.584
Median [range] 34 [17—-547] 46 [21-95]
) ) Mean=+SD 26+9 11+6
Time (times) - 0.000
Median [range] 25 [8—53] 10 [4—-28]
Exposure
Mean=®SD 390297 79+£125
Ka,r of exposure (mGy) - 0.000
Median [range] 284 [26—1409] 15 [1—398]
Mean=+SD 454+£368 126134
Kar (MGy) —Local DRL - 0.000
Median [range] 319 [51—1,795] 75 [28—464]
” Mean=®SD 72£45 28+30
Pxa (Gy - cm?) —Local DRL - 0.001
Total Median [range] 60 [13—259] 16 [7—117]
. Mean=+SD 109+41 1424
contrast medium dose (ml) - 0.000
Median [range] ~ 100 [20—200] 0 [0—90]
. . Mean=+SD 166+34 18237
procedure time (minute) 0.159

Median [range]

162 [102—253]

177 [131—2641]

Table 2 Results of MSED with and without ultrasound at our center CAS

08

C-CAS U-CAS
p value
number 24 11
Mean+SD 235+143 9781
MSED (mGy) , 0.005
Median [range]l 195 [46—631] 66 [27—276]

¥ il @ 39 (375)
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Table 3 Comparison of DRLs 2020 with and without
ultrasound at our center CAS

Kar (MGy)  Pwa (Gy:cm?)
DRLs 2020 75%tile 816 146.1
DRLs 2020 50%tile 572 97.6
C-CAS 319 60.4
U-CAS 75 15.9

Comparison of K, . (mGy) by procedure
2000 mccAs
1800 . O U-CAS
1600 °
1400
>
& 1200 .
€ 1000 H
=
< 800
4
600
°
400 e
200 °
[——|
0
Comparison of Py, (Gy=cm?) by procedure
300 mccAs
ou-cas
250
/N_E\ 200
£ .
. 150 $
o
bt °
<
Di( 100 .
50 i
0
Comparison of MSED (mGy) by procedure
700 mCCAs
600 O U-cAs
.
500
&
400
1S
% 300
>
200
100
0

Fig.3 Results of procedure dose for the CAS with
and without of ultrasound at our center

2-1. K, DHER

C-CASD #Ka, 1%, & /MESIMGy 2> b i K fil
1,795mGy TH H, I 319mGy Th - 72, —
J5 U-CAS D # K, &, #/MH28MGy 2 & i Kl
464mGy ThH Y, HRAHIZ75SmGy Th - Fo. He
%tk 5 £, U-CASIXC-CAS & iR L TK., %
K7W REThH » 70, P<O.0STHY, FEAEN
bHote.
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Compare K, ,(mGy) with DRLs 2020
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Compare Py, (Gy*cm?) with DRLs 2020

160

140
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. 1

DRLs 2020 75% DRLs 2020 50% C-CAS U-CAS

Pya(Gy*cm?)

Fig.4 Comparison of DRL amount (Ka,r * Pka) with
DRLs 2020 with and without ultrasound at
our center CAS

2-2, PxaDLER

C-CASD#Pratd, H/ME13Gy + cm’ 2 b e KAl
259Gy - cm* THH, HIRAHEIX60Gy - cm® ThH - 1.
—Ji U-CASD#Pxald, H/METGy « cm’® 2 & e K
117Gy - ecm®> Tdh Y, Iz 16Gy - cm’® ThH -
P2 thyMiie IR $ % L, U-CASIZ C-CAS & iR L
TPxa 2R 73% K ITBETH - 72, P<O.OSTH Y,
HEENRD 1.

2-3. MSEDDLE

C-CAS (3 /Ml 46mGy 2 b e K 631mGy T H
b, HHiE 195mGy Th 72 —J7U-CASI, i
AME27TMGy 7 & A 276mGy TH D, il
66mGy Th » 2. hREZ KT % L, U-CASIZ
C-CAS & B L T Pra % 9 66%KIK 1T HE T H - 72,
P<0.05THYH, ARENDH T

2-4. DRLs 2020 & D&

DRLs 2020 (IVRD#%8) OFWzEL vl L
T50% 7 4 ~ &, Ka572mGy ¥ & ' Pxa97.6Gy -
C*HIRENT VS, Bt v & —0DC-CASDHRD
HLfilild 50% 4 >k L T - 72,
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2-5, EFHIEDLE

75 A & O gLl 13 C-CAS T 100ml, U-CAST
Oml TH - 72, U-CASIZ CAS & b b 3EEHIE % KiiF
ARET 372, P<O.05STHY, FREVD-IC

2-6. BERFEIOLLE

RIS L TSI O i gl 1 C-CAS T 16247,
U-CAS T 1824 Td - 72. U-CASI3 C-CAS & H#&
L TR 11% FHR P IER LI, P>0.05THY, A
B o1

3 & E
3-1. Ko DHH

— M IVRIE, FEFIOBES FEIC & - THRFHILC
DIRWECSL 2 2 LMo N Ty 5. AT K,
¥ & UPradliz, HR/ME L R 10650 Lo
R oM TN THROWREZEE ML T2 LE
Zbire. Kz, EPD #B/MEL 72 Flow Reversali
PHO L FHIX, HHROLEMEEZ RS G5 ), i
TOWFHP LR E ¥ 5 3 TOTRENPIEE BT D
%. C-CASIZ¥ ) 5 MLk O W iihEae T, B
P & D MGIET 5 7o ERUE C S migA = 2 B
L3, U-CASOHEAC-CAS & b b AP K
Wt & O REEAI IR AR L BN T, DU
BT 5.

HA N7 A4 Y =S EBIRCFET 5, C-CAS
e —F=y 7263 %72, DSA (Digital
Subtraction Angiography) #GE 74 FHEEIZ 6

J2EMIC LY BERIE B X OERARES AT
%. —JiU-CASI, BE— FOMillf§s & K Eiflifg
YUY B2 OHHBIIR~FE T 5 70, —UIBIE
L BED T OMER b G TICTFHEITI LD
WEETH S (Fig.5).

& 52 U-CASK, IO M2 USD N7 7 Mg
DATHERTE 5720, C-CASD L I ioSv—r %
WET 24 > 7 v — MEOWERE T L CHE R Y R
TREVLCICS, BEHE RS & O H =
mIZOuNMoEFEZ6NS (Fig.6).

Lo THEBBRECTENE T 7 — 27 151 TR
Flow Reversali:#® F\ 2 841, 46, W%
BT THROATE USRIFHT2E8HE VDL LEZ
LMD, PRI TSNV — TN, 22 BT 5B,
C-CASTEDSALZLYHRLIcn—F=y T2 5%
(2, TN AT B B XERAEM~ — 7 — DRI
PAN=LTOL2HERL TH Y, BERI KRG
L OERRIRB R IO 25 05, U-CAS TILEL
L7z (Fig.7).

—Ji TU-CASIX, m— F~v 7T & 4%
HPH 2 ZBIRC A L 12 wice, AT v M ERIRRC
BeredBie 73— LT 2 DKM A L I D
B, NV R ARLIEEAS AT Y, 1k
SRIY B N — U DIED Y Y § I O DA
LE2oN, YFBEo P ANI=—ETH LT,
Berei P REE S A N—LIc AT~ MREESREE R
%,

27 v MREK, C-CASIXDSA TIEEDILENY
LMFIEIE DA B2 fEFRT 5 3, U-CASIZ B

s B mode long axis image
=

(b)

Fig.5 Differences in the procedure for guiding the guidewire to the external carotid artery
(a) : C-CAS (Check on the roadmap) (b) : U-CAS (Confirmed with the long-axis image and short-axis image in B mode)

% 4 ¢ 41 377)
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DSA image

(a)

Color Doppler long axis image

Retrograde

(b)

Fig.6 Difference in confirmation method of internal carotid blood flow regurgitation by Palodi method

(a) :C-CAS (Confirmed by backflow of contrast medium)

X-ray opaque marker |

(a)

(b) :U-CAS (Confirm by changing the color of the color Doppler)

(b)

Fig.7 Difference in confirmation method when deploying devices
(a) : C-CAS (Check on the roadmap) (b) : U-CAS (Check with the Fusion image and the spread of the balloon)

WA —OHCT AT P AT v b L EREE
DA BARMTEEDIT ZHI TS 2720, B
FHAL IR X OTEAEIRE DL 5 1Y
TS, HEMARAS XY EmmICRHliT e L & 5.
MEHE &R BB LR D 2 DT, D
RSN AMD 2 L TIHE I CHEELREL L
%% Fig.8, 913, 27> MEMERHIZ325.9cm/sec
T H - 72 WA W & KL # B2 (Peak Systolic
Velocity : PSV) 23 % 7 > b #1i# % 67.4cm/sec (2
KFLTw 2 2L 2FHAAE S T 3 1R T
bH5.

U-CAS TTFHHiR L Vo, Jasiie o3 —

42 (378) & HARBHIGTEARE 2022, vol.69 no.834

UICHESER AT~ MEBZITOHEMTH 5. g,
27V MABBOZBEICL T, USEBHOAT
W73 A DEHt AR & ESERL Tva. X
LTC-CASTWdr— =y 722570, U-CAS
EHBL TAT v PR E AN =L TV 200D
BB FHMIASTRETH 5. D bd S WP ORI -
RIEEZHE LA, CASIZ BV TREIR L 3E-G 2
AR e TR O KT % &8+ & OCHiog Tl
CUSIIESIRZ 22 LT, HgHRSEEa 2 vk
PP RECHATT A 2 EWTRETHL EEL LN
5. N

8 LIZCASTW, MWeiin 75— 27n27 2 b %
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Before stent placement. mage

Guidewire B mode short axis image. 1 3 ‘ N

Mobileplaques

Before stent placement.
B mode long axis image.

Mobileplaques

After stent placement PSV 67.4 cm/sec
(b)

Fig.8 Usefulness of U-CAS not found in C-CAS

(a) : U-CAS (Avoid interference between mobile plagues and devices)
(b) : U-CAS (Intraoperative confirmation of improvement in blood flow velocity)

=]
| Blood vessel wall

re ! >
J‘ After treatment |

i,rBefore treatment

i 2

(a)

Fig.9 Differences in methods to confirm improvement in stenosis after stent placement

(a) : C-CAS (Confirmed by the flow of contrast medium)
(b) 1 U-CAS (Check the crimping condition of the stent and the blood flow velocity)

% i @ 43 (379)
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FZ o b OWH BB AREEREEDER L L
Plaque Protrusion (PP) 23UFEHMZAPHEL L T
A ST 2 Y. USIZHRERRLIR D /5 RE 23
LR NI IEGEIEHT A 2 LT, DSA TIHEEE
KPPRIHT A2 LN TER0, LV RENDR
CTREESWRELE 5. oI MAE TGS S
T, WEOEHEEHOBEE IR T v A (Fr—
L) L= IR (Zr—24) MY O E
(REESNTHY, SREOP TEHME L T
EREO LD L HENL L RN H L. Kt
K —DFERT & C-CAS TRIFHZHEDILEA K S
5, U-CASIZBIL Tzl Tv 5. 2% Y U-CAS
LB BEEE, =R T U RIRE ¥R
D17V — 2R L 05 eI ic & 2 B
WAL, IT—=TnEEDT A AR 58
BT LR LT, M Ao b TEHE
DHEVPRELS RS IEVREREEZEZONS. &5
V=26 2 2B AT MERKRL EAT
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Fig.10 Radiation protection for radiation workers

(a) : U-CAS (Standing position when ultrasound is used together during fluoroscopy)
(b) : U-CAS (Wear radiation protection gloves and scan ultrasound)
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Fig.11 Advantages and disadvantages of using ultrasound together
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