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Hemodynamic comparison of carotid
before and after endarterectomy using 4D MRI

Seungbin Ko, Doosang Kim~, Sang Hyung Lee™, Simon Song

Abstract : Hemodynamic characteristics are compared in carotids before and after
carotid endarterectomy (CEA) using 4D MRI that enables a simultaneous acquisition of
time-resolved, 3-dimensional, 3-component velocity field and carotid anatomy
information. Two patients were involved: one who underwent the CEA with patch
repair and the other without a patch (primary closure). Real-size, rigid carotid phantoms
including contralateral carotids as control cases, pre-operative, and post-operative carotids
were fabricated using a 3D printer and served as flow phantoms for an in-vitro
experiment. As a result, a clear contrast of normalized time-averaged wall shear stress
(NTA|WSS|) and oscillatory shear index (OSI) was found before and after CEA. In
addition, the carotid with the patch has an abnormal region larger than the carotid with
no patch. The abnormal region is defined by a region of continuous high shear or a
stenosis-prone region. It is also found that an over-expanded internal carotid artery bulb
due to patch causes a large recirculation zone, which hinders a flow to the internal

carotid artery.

A0 %48 & e

o
©9Eort. Harloff et al®e

AE e84 % (Carotid endarterectomy, CEA)S  in-vivo 4D MRIE ©]8-3}¢] eversion CEA H%¥ A&
Zz AEWHN2S zsle HA oot A4 WolM HwHd w33 (wall shear stress, WSS)# %1%
Eao Ay g 528 Iasls Zeas 44 A9EAF(oscillatory shear index, OSD W3t& #zat
37 Wi 5% & 88 520 depdr) A, £330 WSS OSIF % #ZAadtE AplS

B ATE 3 7K hemodynamics)? 97 AsHATE ARt ofd 744 4D MRIE  ©]-&-3ho]
3l==(atherosclerosis) Atole] BA7}F g ts o] gr}l?,  eversion CEAZ}F oFd conventional CEA %9 4%

ol AT Fg A =7 A Wkl Azs W dFYGE WaE AR AT A ok
A aE Ag o] 27 EwAs uda Bl B AFo = 4D MRIE ©]83}9] conventional

Qb= Zolth i, MRI 7]& wdo 9ol 339  CEA A% As™ AFFes vluerg 2345 27
st d3 Ui %% 38 patchE HEo|& patch

«  Seprfeta 7)A e repair CEAS 433t } 183 &7 795 e
o FAREYY F7o3 BHehs CEAZ 598 34 199 2598 o
e A grhsh Wb el 21793}



2 319oH; in-vitro 2EL 98] 3D ZHEE o]
sted  Fzo] MAst  HEwe
5
%

Fig. 1= A7t I+ WSS Z7]2 common carotid
artery(CCA)ollA419] dynamic pressure® normalizedt
NTAIWSS|E YeEdY, % A, &85 ICAAA =

g

< NTAIWSSI7F #ZEflen, o= & F
control &%} H|52g FOF tholx
A7) deldel WSS W wsE Jeh

Lol

OSI= NTAIWSS|¢h miojs= 43 2otk 59,
I T 8597 ICA bulbolA =2 %2 OSIZ} v
sk

NTAIWSS|9} OSIE %§3te] abnormal regions:
Aotk Abnormal region continuous high
shear region(High NTAIWSS| & Low OSD¥}
stenosis—prone region(Low NTA|IWSS| & High OSI)
og o]Fox otk oulE, FAE ICAdAE
continuous  high  shear regiono]  BZF Itk
Patch/post 4592 7%, patchZ 3] HoJx ICA
bulbell  stenosis—prone  region®] T ESoH,
no-patch/post 20t ] H& G GejA FZE AL

ICA bulbol M €] stenosis—prone region H©] 2}o]i=
Patch AF&22 ICA7} #EshAl HojAla o2 23]
A<=k o H(recirculation zone)o] =LA AAsl7)o %=

Of

23 B0 A7 Aotk AL AAHE Hol
S el A%dA v A, o 2 A

BollA Aeer ‘A7|7F Ao o] A&HA uiyE
Ak el Ag-ateh wEkA Al
5 A ZHrestenosis)o] A
A+E 53 long-term 23}

1 o

e

9ol M in-vitro 4D MRIZ ©]&3to] CEA

A ifreS Al skt Patch CEA $hztet

primary closure CEA 3xE o2 patchet

toch o 43, Wsseh
&

of Fed Yulg

Fig. 1. Normalized time-averaged wall shear stress
(NTAIWSS]).
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