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MR strategies to solve problems after endovascular aortic repair.
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Endovascular aneurysm repair (EVAR) has become a viable alternative to
conventional surgical open repair owing to its perioperative survival benefit; however, EVAR is
associated with a unique complication called endoleak (EL), which continues to perfuse and
pressurize the aneurysm sac and cause aneurysm enlargement and rupture.

Type I and type 111 endoleak were more detectable with MR angiography and streamline analysis with
4D Flow within the aneurysm. A comprehensive analysis of concurrent multiple T2EL vessels using
4D-flow MRI may enable prediction of the sac expansion after EVAR by larger amplitude of the flow
velocity in the branch arteries.
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TR/TE/FA/NEX, 4.5 to 5.0 ms/1.6 - 2.0 ms/15 degrees/1; FOV, 34 to 48 cm; matrix, 224
-256 x 160 - 224; partition thickness, 1 - 2 mm; 40 - 60 partitions; 12 phases;
approximate imaging time, 5 - 7 minutes; reduction factor 2

2 flova R s Tec iTFlow cardioflow design
MRA segmentation
EVAR MRA segmentation
WSS 0OSlI
0SI  vorticity map energy loss
EVAR
EL1,2,3,4 gold standard EVAR DSA

WSS=M*dv/dx (M ) oSl

oSIl=1-| [Tw !l /[ | Tw |

Tw : Instantaneous WSS vectors



EVAR
WSS  0OSlI
CT
EL2

1 12-23

EL = [D X,

.%(

d

MRA
EVAR

iTFlow

U;
ox

1 EVAR

oSl
WSS 0sl
WSS

2 14 EVAR

3D MRA EVAR
CTA MRI
4D FLOW
3 Type 11
EVAR 155

4D FLOW

(36.4%) type 1l

7 (
( ) 7 , 28 4D FLOW
39 (48.80) 1 flow
( )
velocity amplitude
flow dynamics

FLOW

4 EVAR

EVAR
5 MRA 4D Flow

DSA

0SI

type

107

CTA

)

21

80

(

EVAR

EVAR

au;
)2
t5)0av

28

)

EVAR

(MIL I & DA 1E)

WSS

EL
EL

4D

FLOW

CT angiography CTA

1

1 CTA 4D FL
type 11
41 (51.3%)
peak

type 11

39
ow

flow
flow

4D



Watanabe T, Isoda H, Fukuyama A, Takahashi M, Amano T, Takehara Y, Oishi N, Kawate M, Terada M,
Kosugi T, Komori Y, Fukuma Y, Alley M.

Accuracy of the Flow Velocity and Three-directional Velocity Profile Measured with Three- 2019

dimensional Cine Phase-contrast MR Imaging: Verification on Scanners from Different

Manufacturers.

Magn Reson Med Sci - -
DOl

doi: 10.2463/mrms.mp.2018-0063.

Katahashi K, Sano M, Takehara Y, Inuzuka K, Sugiyama M, Alley MT, Takeuchi H, Unno N. -

Flow dynamics of type Il endoleaks can determine sac expansion after endovascular aneurysm 2019

repair using four-dimensional flow-sensitive magnetic resonance imaging analysis.

J Vasc Surg -
DOl

doi: 10.1016/j.jvs.2018.09.048.

Uchida W, Tokuda Y, Takehara Y, Usui A. -

Mechanical haemolytic anaemia assessed with four-dimensional flow cardiac magnetic resonance. 2019

Eur J Cardiothorac Surg -
DOl

doi: 10.1093/ejcts/ezz031.

Watanabe T, Isoda H, Takehara Y, Terada M, Naito T, Kosugi T, Onishi Y, Tanoi C, lzumi T. 60(5)

Hemodynamic vascular biomarkers for initiation of paraclinoid internal carotid artery aneurysms 2018

using patient-specific computational fluid dynamic simulation based on magnetic resonance

imaging.

Neuroradiology 545-555
DOl

doi: 10.1007/s00234-018-2002-8.




Miyazaki S, Itatani K, Furusawa T, Nishino T, Sugiyama M, Takehara Y, Yasukochi S. 32

Validation of numerical simulation methods in aortic arch using 4D Flow MRI. 2017
Heart Vessels 1032-1044
DOl

10.1007/s00380-017-0979-2

Motoyama D, Ishii Y, Takehara Y, Sugiyama M, Yang W, Nasu H, Ushio T, Hirose Y, Ohishi N, 46
Wakayama T, Kabasawa H, Johnson K, Wieben O, Sakahara H, Ozono S.

Four-dimensional phase-contrast vastly undersampled isotropic projection reconstruction (4D PC- 2017
VIPR) MR evaluation of the renal arteries in transplant recipients: Preliminary results

J Magn Reson Imaging 595-603

DOl
10.1002/jmri.25607

Natsume K, Shiiya N, Takehara Y, Sugiyama M, Satoh H, Yamashita K, Washiyama N. 153

Characterizing saccular aortic arch aneurysms from the geometry-flow dynamics relationship 2017

J Thorac Cardiovasc Surg 1413-1420
DOI

10.1016/j .jtcvs.2016.11.032

8 2 7

Sugiyama M, Takehara Y, Wakayama T, Nozaki A, Alley M, Ushio T, Naganawa S, Sakahara H.

Blood flow measurement using 3D cine PC MRI within the abdominal aortic aneurysm and visceral arteries in pre- and post-EVAR
condition; blood flow in the SMA might be improved after EVAR.

Joint Annual Meeting ISMRM-ESMRMB 2018

2018




Sugiyama M, Takehara Y, Wakayama T , Nozaki A, Alley M, Ushio T, Naganawa S, Sakahara H.

4D-Flow: When and How?

Radiological Society of North America 2018

2018

Sugiyama M, Takehara Y, Alley M, Unno N, Katahashi K, Wakayama T, Nozaki A, Naganawa S, Sakahara H.

Flow volume of the abdominal visceral arteries increase after EVAR treatment

European Congress of Radiology 2019

2019

Takehara Y.

Quality Control in 2D and 4D Flow Imaging

2017 Society for Cardiovascular Magnetic Resonance’ s (SCMR) 20th Annual Scientific Sessions

2017

Takehara Y.

unenhanced MR angiography

The German Roentgen Congress 2017

2017




Sugiyama M, Takehara Y, Alley M, Wakayama T, Nozaki A, Kabasawa H, Ushio T, Ito Y, Sakahara H.

4D-Flow enables depictions and quantitative analysis of the characteristic flow fluctuations in the infrarenal aorta and
diastolic suction flow in renal arteries

ISMRM 25th Annual Meeting & Exhibition

2017

Takahashi M , Takehara Y, Tooyama N, Ichijo K, Amano T , Matsumoto T, Okuaki T, Fukuma Y, Sakahara H.

The assessment of gallstones using three dimensional ultra-short echo time in vivo

ISMRM 25th Annual Meeting & Exhibition

2017

MR Angiography

2017

4D FLOW
https://sites.google.com/view/4dflow/home




(Takasuke Ushio)

(00402313) (13802)
(Naoki Unno)

(20291958) (13802)
(Haruo Isoda)

(40223060) (13901)
(Shinji Naganawa)

(50242863) (13901)
(Keiichi Itatani)

(70458777) (24303)
(Tomohiro Komada)

(80718354) (13901)




