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Changes of the Arterial Transit Artifact of the Petrous Internal
Carotid Artery Following Carotid Artery Stenting on 1.5-Tesla
Pulsed Arterial Spin Labeling Perfusion Image
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Abstract

Purpose : We investigated the relationship between the arterial transit artifact (ATA) of the petrous
portion of the internal carotid artery (pICA) on 1.5-T pulsed arterial spin labeling (ASL) perfusion
images and hemodynamic changes on digital subtraction angiography (DSA) before and after carotid
artery stenting (CAS) in patients with ICA stenosis.

Method : ASL images were taken with postlabeling delay (PLD) of 1.5 s and 2.0 s before and after
CAS, and these findings were compared with those of DSA in nine patients.

Results : On pre-CAS ASL, ATA of the pICA was visualized both on PLD 1.5 s and 2.0 s in six cases,
in which DSA demonstrated stagnation of contrast medium in the pICA and delayed visualization of
the distal MCA. Immediately after CAS, DSA showed improvement in these findings : pICA was either
visualized or not visualized on ASL images at 1.5 s, and disappeared at 2.0s.

Conclusion : The presence of ATA of the pICA both on PLD 1.5 and 2.0 s suggests stagnation of blood
flow within pICA with delayed visualization of the MCA and its disappearance after the CAS
demonstrates improvement of these findings.

Key words : arterial transit artifact, petrous internal carotid artery, carotid artery stenting, pulsed
arterial spin labeling, carotid stenosis
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Arterial spin labeling (ASL) (&3E# CEYARIM
DAY Y ZWAMICE#RL, & 25— EkH&%
(postlabeling delay : PLD) Z#xf% LT, fdfHiskic
AT B S N2 MMt & (cerebral blood
flow ; CBF) % £/R§ 2 E G TH 2V,
ASL ToOfEi#T7 313, FRIR M IZ13 pulsed ASL
(PASL) &, pseudocontinuous ASL (pCASL) (2
KElsn sV PASL i, pCASL IZHATH

P )7ET, % O MR BEEFIZFEETRETH 595,

SRE AR DS R R WO T, EE xS LK
WIS L 23S e v, fEo TBIRERITIE ASL
I2& % CBF OFHililid, 3-tesla (T) MR Z£i#1Z
£ 5 3-TpCASL # Wb Z LRI N TW
YV Fad, BIEMRIIEEEY Y B
BIREY, TERSEDERIRAEY 2 & bk 4 7 BRI
[ 5E > 2 o B4t i o i A BREF A 12, 3-T pCASL
BEDLOTHHTHLILERELTCEL. 2D
B, ASL i arterial transit time (ATT) D522
ZFRTVOT, #@EHVS5NS PLDL.S B,
L ViEWVPLD2.5 B CToWGEEMT % dual
PLD 2 5% 2 & C, MATEIREE X 1) BHEIC
WITE 2 Z LR L T2 P02 3
i, PLD1.5® T ASLE57%, 2.5 TEHIC
AT TRV MR A, #2 PLD2.5 B Tid ¥
MWEHE MR 2 ER T 5. £72, PLDL.5® &
2.5 %12 & % dual PLD kD24, EEHNE
Atk 158 e 25 ool s ik
(digital subtraction angiography ; DSA) Ar & & It
By 52 LIl Lo TR SN T 3871019,
T, WHEHHIR (internal carotid artery ; ICA)
SRAE NS B HEIIR A 7~ MHE (carotid artery
stenting ; CAS) Hif2® CBF R IffTEIAEE D21
ML Co#EDOWES, 1.5-T 7212 3-T MR %
EO#EWIEH 5 A, pCASL #HW 72 DN T &
AETHZWTY Larl, pCASL ZBSN7:
MR ZEEIZ L AFEETRETIE 2 {, $723-T MR
KELITRTOBMEIZER L TWLRTIE%
WO ke i, SR TIA S AT RE 7
1.5-T PASL % W, IR TA D ABEERE
DI B T O MATENRE L D W TG L 72Y,
Z OB 1.5-T PASL IZBWTIiE, #3&5 PLD
TILME A ¥ D287 T1 AN & o TE#RRD

13209 %

EAWFET LI DS, EWPLD X 2.5 TR
<, 20 EBBIRLTWEYDY, 2o R,
1.5-T PASL TiZR13 0 AN OfE5 L ) L8
ENFHEIROMENIES, 7745 arterial
transit artifact (ATA) OIEDTEHETH - 722,
COEFEIRD D B, F AL RMBIIR (middle
cerebral artery ; MCA) (27KF# (M1) = B#)
(M2) #1Z Lo, EMOFHEL (M3) £ HEHH
(M4) ® ATA bHith &N 275, ICA OHfREE
(petrous ICA ; pICA) @ ATA 75i&< fiili & h s
TEIRIFEALRERL b o72Y. 4, ICA SR
ZIEBNCBWT1.5-TPASL #f w5 &, LIFL
I pICA D ATA DX bO T ENS Z &
IZIEH L7z, 20 pICA @ ATA Hil o FgEm 2
FIZOWT, CASHI%® PLD1.5#E 2.0H0
ASLATR &, BEAFEABZLILSBE 20H0
DSA it R & 2 etk s 5 3071019 2
WTHGE L7z THiE 9 5.

¥R EFE

F5E 2021 4F- 4 H 225 2022 4% 3 H O IZ TR
—fii# (MY) 12X D iThh7z CASILEBID S &,
AT £ 12 time-of-flight 12 £ % magnetic reso-
nance angiography (MRA) B X ¥ ASL # & &
MR imaging (MRI) &, 99mTc-ethyl cysteinate
dimer |2 & % single photon emission tomography
(ECD-SPECT) %11 -> 72901 Td 5. Finid
55~86 % (‘P 71.37i%) T, &BHEMETH - 7.

ASL O#if%1% 1.5T-MR #%%: (MAGNETOM
Aera ; Siemens, Erlangen, Germany) % /T,
B OWED L FEBIAT o7 ASL O R
REMIE LT @0l ) - phase encoding in the z
direction=24, time to repeat (TR)=3,000 msec,
TE=17.18 msec, FOV=220 mm, matrix=64 X 52,
slice thickness=3 mm, and number of slices=48.
Aol b B EOHEDD L E#EZ, PLD X 1.58
(1,500 msec) & 2.0% (1,999 msec) % EIRL 7.
EH 50 PLD THEEREIZZENLEN 245 30
wThHo7.

MRI AT 3~17 H (P39 10.8 H) 12, fifkid
TRTHFEHIZITV, ECD-SPECT (& 4frai 1~17 H
(F¥H5.7H) 12, hikl~4H (PH24H) I
1To7z.

MRA 2B W T, FEFMMIC R TFM M
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ICA & MCA OFffIDA R b D& MIEAR (+)
AL D% (<) & L7z ASLIZBWTIE,
MZNEhno pICA » ATA #iti% PLD1.5 &
2080 T, BT T —FRTHVIRE
THi SN2 boxmbptt (++), Heki, &
) L ikl sns b oxmik (+),
Hanzwbozlii (-) THEL 72, F
M MCA @ ATA $iHEAIEFATHNIZ R TR
bD% MCA @ ATA HiHGRIE (+) &, Fiiril
MCA IO DS IEFM BN IR TARELR S O
% MCA I OHHA R (+) &z L7
ECD-SPECT 2 & % iy I it = @ 5 A 12 1% Pat-

lak plot % T, A oM % kgL 7z,

T ET DSA Ti&, T O FHED IR 12 687 H
PIEATR, 1 pICA WOBERANREN 1.5 8H 56
20 LW o T ZEEHRL, Shxa
Y hu—jpe L7z RIZFRROREBIREE T
North American Symptomatic Carotid Endar-
terectomy Trial (NASET) 12X ) ICA fhea=k
REM L2 F72, FEFMME LT, &
AR pICA NIZIZ 1.5 8, 2.0 8 & dEHlig
ERER LT TOL0EERAER (1) &L
7o, F72, T MCA oz LT, T
M & ERTEWD D% B IE (+) ZHEL
7. F 7z, MO DSA T, MiET L [FARO FHI
B T, pICA NosEgHIEw & MCA OF
HHEBIED A 2DV CHIE L 72,

25 ASL, MRA, ECD-SPECT, DSA ®FF
X ERRFT R A S Shcwiawv2 4 (AT, T
M.) OHERFHIIZ & > TITo 728, FBRELT
2% DFHMIZ AT A SN h o7,

7B, JEART A O IR VU I © 100~140
mmHg &AL 1caryra—nvLi Fi,
AW I E 5 = A5 0 B A B 2R B & o K F (No.
2021-10) L WEREOKFEEZHB TN D,

i R

1. KREFIZ2R
FEB] 4 69 T

PERR A S 0, FHENRT— 2 — T ICA $kxe%
fefi i L7z, MRI CHEZERIE 2 h o 72,
MRA T3/ pICA 75 MCA O A2~
TZL»o7: (Fig. 1A). ECD-SPECT Cld/ixii
MEIZH PR AL &R o7z (Fig 1B).

ASL @ PLD1.5#Tl&, /£® pICA @ ATA (34
e i s (Fig 1D ®/mKED), 2.0
BTIXADPERITHE LD LT, Eidlize
A EBALD o 72 (Fig 1D B, BHEN
Ti¥, /£MCA ® M3 & M4 @ ATA 1%, HiZk
RCI5MIzBWTHl»ZL < (Fig 1CHf
JED), 2.0 CTENCHIE Sz (Fig 1D Hfa
JEN). MCA #HIB O 1.5 B TIEETET

LTV, 2.0 TIEWs 2R EA%1E %L
oz,

DSA TlX, 7c ICA EIHEIZ 80% DIRZED D V),
— R & o T/ (Fig 1E REEE). Eo
pICA PIZIZ 1.5 8, 2.0 B & b 1R h &
L (Fig. 1IF ZRf&HD, 70 M3 205 M4 O 5
PHEMHIIZ 2.0 % E L (Fig 1F). —F, f&
o4 pICA NOEFZANEE L 1.5, 2.08&
W o Tworz (Fig 1GRmER). /2, H
DO M3 256 M4 E 1.5 BEICERZ S (Fig 16),
HOICA 2 5l OFI KINEIIR (anterior cere-
bral artery; 3 ACA) & MCA ¥ &7 (Fig
1G).

CASPER™ 8x20 TCAS #4f7o 72 & 2%
(Fig. 1H), DSA TIXHEHZA 5 E5H] OB IET 5,
DUFEDSHR LN Thabb, EO pICA D
RIREIL 2.0 CHid 20 (Fig 11 AR GEH),
FED M3 25 MAFRIZ 1.5 BHBICEEINS L)
272 o7z (Fig 1T HE@EEN). F72, KD ICA »
D ACA Bl EN L X912k o7z,

M H o MRA Tld pICA 205 MCA Oz
EhAZEEALNG L ko7 (Fig 1]). ECD-
SPECT T & iy [l AR (2 it = (2 /2 G 22 1 7
Ao 72 (Fig 1K). ASL E, il pICA ® ATA
15 Tire gt snis (Fig 1L #f
JEN), 2.0 TIRIFEAEHELE (Fig IM).
A D MCA O ATA OF IS ELAZE %R,
MCA SO AT % { ko7 (Fig
1L, M).

2. CAS Ei®D MRA, ASL, DSAFTR (Table
1)

CAS §i® ASL T, FEF4#ifl ® pICA ®
ATA X PLDL.5, 2.0 & b IcHi s v
4 %), 1.5 THEEINTH 2.0 TIIHEL
72 GBI, L L, Bl o pICA i, 6 6l
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Fig. 1 Case 4 as a representative case

A-G : Preoperative images of carotid artery stenting (Pre-CAS) including magnetic resonance
angiography (MRA) (A), single photon emission tomography with %™ Tc-ethylcysteinate
dimer (SPECT) (B), 1.5-Tesla pulsed arterial spin labeling perfusion images (ASL) at
postlabeling delay (PLD) of 1.5 seconds (s) (C) and 2.0 s (D), lateral view of left common carotid
angiography (Lt CAG) (E), and serial AP views of Lt CAG (F) and right CAG (Rt CAG) (G) at 0
s, 1.5s, and 2.0 s following the injection of contrast medium (CM).

H-M : Postoperative images of CAS (Post-CAS) including lateral view of Lt CAG (H), serial
AP views of Lt CAG(I)at0s, 1.5 s, and 2.0 s following the CM injection (I), MRA (J), SPECT
(K), and ASL at PLD of 1.5 s (L) and 2.0 s (M). See details in the text.
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(66.7%) 1ZBWT1L5HTHECHB SN (++),
2.0 THHERETIFEA LA (+) (Fig 1C, D
WO, 2A, BEMKED). o664 A#L
L, 1.5 B CTHi &7z pICA 27 2.0 T L
7236% Bi#EE L7

A FEIIERNED 4 6, BERMED 261TH o 7.

F 72, BRAEEDIBY L TH o 72IEHIH 26 (E
BI1, 2), 80%EA2H GEF 3, 4), 70%EDS2
BITHo7z . —J7, BEIISAEED 80%ED 2
TIESEMEVE T o 7285, A 63% D 161 GEBI
6) ITIEBMETH - 7.

A #ED MRA TiL 6 Bl 5T ICA OFfiiiL
RETH-72 (Fig. 1A). F72, DSA Tid 6 B4
BT pICA N TOEEH OEGE 1A LN (Fig
1D ARED). —7J7, BH#IZ3BIL b MRA TD
ICA OHiHIZRIFTH Y, DSA Tid pICA AT
DEFHIEHE XA SN o 7o,

F7-MCA LT, AFED ASL Tl 614
BT MCA @ ATA OFHZELXFED, ZD9H b
4 BITIE MCA IO AR b 7207225, BB
TINS5 OFFRIE % >7. MRA Tlx A B
D5 HNZB T MCA OB AETH - 7228
BEETIXZomRIZASN o7z, 72, DSA
IZBWTIE, A BETIIIEFAMENIZ T MCA
RLER O IR IEAS A S 7-A, B EETIZZ O
SN ho7z.

3. CAS #® DSA, MRA, ASL Fr R (Table
1)

CAS 2\ H 72 %t AR J & 52 L 725 61
AN olz. CASEHED DSA TIE A #EO
6 Bl 41T pICA W TOEEANE LA SN2k <
20, ZAUIHES CTHEE MCA OfHHEBIED A5
N otz FRAERPBWLLLETH - 72ER 1
2128w (Fig 2C REEH), ThbHD%

LI T, 1.58 T pICA &AL H < %D,

M2-4 EEASHHBR ICHi S, 2.0 iz s
L AEHERL (Fig 2F), “#¥ X5 (Flow
too fast)” & HIE L7z,

MFHDO MRA I2BWTIE, A BED %5 TRl
ICA DHHEPARBETH o725 BET XTI D
AAALNLL ot

[ U< AMDASL Tid, pICA ® ATA &
PLD1.5, 2.0 & b icfitisnnl b h 4

13209 %

Bl), 15T EINTL 2.0 TIIMELL
Q260). AB®D6BIH 36FITIE MCA ® ATA
HHBIEIZA SN o7z, Lo, Y D 34
(EBI 1, 2, 6) Tld, MCA ® ATA IZMAT L v 3
S PITHHAMET LTz, 209 bikzess)s
B ETH-ER 1 & 212BWTid, MCA
S ORI BIFTH - 72 (Fig 2G, H). L L,
£\ stent (Carotid WALLSTENT 10x 31, Bos-
ton Scientific, Marlborough, MA, USA) % fw
7-9ERB) 6 Tlx (Fig. 3A, D #Rt&HD), #iai (Fig.
3B, C) LT, £ICA OHIHIZET LTz
(Fig. 3E, F). &512, MCA @ ATA filH 4% T
L, MCA #i o AR TH -7 (Fig 3E,
F).

—77, BH#®D CAS ORI, CASHIOHTA
EEAIZ R o 7.

% £

3-T pCASL (2 3B\ T, B R i 45 s 2 7
T MNICE < L 72 ASL £ 5 % blight
vessel appearance 7% & ATA & L THiBE S
B ENHHDY, LE721.5-T PASL Tli,
i ORMIEER I BT b Willis iR 2> 5 MCA
BAEO ATA FLIZLIER S Y™, L
L, pICA ® ATA 25 i SN2 Z L IT#F
1XH T VR L WY S0 9EBICBE VT,
JETFA M pICA (& PLD1.5, 2.0 8 & & I2#iH
SN, 15 THERHEINTD 2.0 TIEE
SZHE L7z —J5, A BE6 Bl T4l pICA I,
15Tl En, 2.0 TLHEETIH
L7z, pICAIE, ASLIEESOHMAEENE, L
b MRI O /KW EIE AT 2 FEBIRE N % 58
fTLTCWAH DT, pICA D ATA EES IZ[HE &
7. &512, pICA ® ATA #iltid MCA @
ATA S ORBIEZ > T/, 2 b D ASL
AT IE DSA OfEFR LY, MCA O EIE % £
5 pICA N MFE =% HR$ 5 2 EAURIE S L
7z.

O ASLFTR AR L7 A BRI DT 905%
UETHo7 200 % G, 6614 4655 80% LI 1
DIRAEFTH Y, AR EE R OF AN A
SN REN. L, ABDH B 26
X 70% B DRERTHY), 1-BREIFIDOH L 2
Bl 0B DEVERERTH ), o rix Willis
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Pre-
CAS

Post-
CAS

Fig. 2

Case 1 in whom blood flow in the middle cerebral artery became too fast after placement of CAS.
A-D : Pre-CAS images including ASL at PLD of 1.5 s (A) and 2.0 s (B) and lateral view (C) and
serial AP views of Lt CAG at 0s, 1.5 s and 2.0 s following the CM injection (D).

E-H : Post-CAS images including lateral view (E) and serial AP views of Lt CAG at0s, 1.5s and
2.0 s following the CM injection (F) and ASL at PLDs of 1.5 (G) and 2.0 s (H). See details in the text.
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Pre-
CAS

Post-
CAS

Lt
CAG

Fig. 3

Case 6 in whom appropriate ASL were not obtained probably due to insufficient labeling affected

by the placement of long CAS.

A-C: Pre-CAS images including lateral view of Lt CAG (A) and ASL at PLD of 1.5s(B)and 2.0 s

(©.

D-F : Post-CAS images including lateral view of Lt CAG (D) and ASL at PLD of 1.5s(E)and 2.0 s
(F). Distance between the two red arrows on (D) represents the length of the stent. See details in

the text.

BiikEG = /v L7 fEIAT 2 & & OBE S &5, &
BREGIZERATHSPIZ LTV LESH L.
72, MRA TIZ A D 66IH 56T ICA H» 5
MCA OHiiREAA SNz Lard CAS 4
ASL T R ot Ik -> T, 2N bH o MRA TR D
WELZZ NS, ASL L OE WM IURIE X
nir.

CAS % ®» A # ASL TiZ, pICA @ ATA I&
PLDL.5 2.0 &b Icfitisnzl{nsn, 1.5
BefbsnTd 2.0 TIIHELE. £72, 6
B 351 CTld MCA @ ATA filiHiZIED A 57k
{p o7z, CASHEHED DSA T3 4T pICA W
TOWEHHEFIIALN R RD, TUfEoT
MCA OHiHBIE b 2% LT 7z SRIOERFIE
T CAS Hi#£® ECD-SPECT T CBF 121t
EARSNL 572D T, ASL FTROZEIL ATT
DEAIZE B LDEEZ NS,

L2 L, %Yo 36Tk, MCA ® ATA 14
LD SHLPLIHEP AR TH 72, ZDH 5

AR B ETH o 725EF 1 & 2128\ T
\X, ASL I MCA #Hi i RIFCH 72 =
D 2B CAS E# DSA T, ICA 205 MCA 1
MY KL A B L END, ZDD
MCA @ ATA fili 28 7% v E 12, MCA fHE A
WmasnzdbostE2zoNs. 72, EF6 TII,
pICA & MCA @ ATA, %7z MCA o3t b
ET & R TTRTAETH -7z, #\» plane T
k9% pCASL Tld, FRIZHHBIR D5 IR
¥y, AT ¥ PO & D TS T
FFUCEAF % ASL W55 & L7 Wl REMEAYHR
EERTWABY2 —FT 15~20 cm DFE W
slab N Z &9 % PASL TlZ 2o & ) =l getk
EPnEEZLENLED, EFI6D LI IRV
TN ERE LG, R TR
R WITREE D BT RE L EbN S,
SEIOMFERIZINC L OPOBRANH L. T§, F
LIZ9 B EERBD L R THE TH S 2
LS, MEMAIC T AR w2 & T
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Hb. H212, DSA THEAZFEAT HEIE, K
F7E LIRS injector Z W T —ED &% —ED

EAGEEE CTF - TW29710 L, BAETIE,

R O FRE R AR I L 2 B REOH
T, fii#& ® hand injection # iV T W 5 728,
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