i TR KRR 2014 4E 6 A 55 35 545 6 ) http://www. ajsmmu. cn
Academic Journal of Second Military Medical University, Jun. 2014, Vol. 35, No. 6

DOI:10. 3724/SP. J. 1008. 2014. 00651 * 14} %

S =4 M & #E 4 % 4 %7 Stanford B B j) = B Bk 32 = 1Y 4 45 iz X3 EE MRI

T E A
e F TN B I 5 B A 9 T 570208

(HE] A% W3 =2483D) M4 BB BT U 4 (4D) F8 A7 % L MRICPC-MRD B il I 3 2 %, 40 58 1F % 5 3 bk %
Stanford B?ﬂﬁ@f@ﬂzké&)%ﬁ&%‘mﬁ@ﬂi%%ﬁ F ok FEWA WA 4 BER 9 3D PC-MRI B 3k s b, K BUsh 25 3D %
B, @ AT — R S 525 W AR N S5 15 38 1 76 525 R0 5] — 0T £ 00 T 48 B 15 8, » 76 [8] — 37 a5 40 5 AN (5] s A 17 5

T4 Wik 3l e IR FFJHT@#MH*EXLH:MJVHME NG A BT B A T LR A 4D PC-MRI K BURY 19 44 flt R i AF 7 I
% K 8 ] Stanford B W F5hJe )2 MF MMM sh S22 5. £ 5R A9 35 30 Ik P9 I 3 3 T80 4 R 40 M 2 3 L A AL 20 i
WEE U » 2 TC WA I » 3 30 Kk 4 3 B P BE TR YD 0 ) AR AN HLI AT B PR T LA A A 3 LW I 3 3K I ] 4 AT X
N PRI ] I A L ] 7R 5 T (A B T B A R . BB A I L EEL R A B (MD =54, 3 mL; PU 43 8] JE (TIQR) =
43.2~64.8 mLIE R (M=31. 6 mL; IQR=19. 8~47. 6 mL) & (P<C0. 01) ; ELI& P IfL 37 J5 1) AT 1 g £ (M=91. 4%, IQR=
90. 0% ~94. 2 %) B P9 39 1 I 9 T o LG 9 v (M= 40. 3%, IQR=23. 2% ~53. 3% ; P<<0. 01); N FH i (M =
7.1 em/s, IQR=4.9~9. 8 cm/s) X T E (M =18.0 cm/ss IQR=13.9~20. 6 cm/s; P<C0. 01) s {8 B P W (E 3% 3 T R ¥ )5
166.0 ms(IQR=132. 8~210. 0 ms) F|i5 , B B F T E i 215. 0 ms(IQR=196. 3~249. 0 ms; P<0. 01), & JiE i 3 & H W 7E Uk
4551, R P55 158 ms(IQR=145~249 ms) . $5:4% 306 ms(IQR=217~537 ms) . Ik K e 1 B Ry 820° /4, 4 & m&fﬁﬂs
3D BRI RE M & s 4 T 4D PC-MRI, 3 H AR 5 15 (9 1l 37 2 8005 B » I3 70 ) Ui 328 06 ) 91 38 I ) B M85k 1oy AL B sl e A%

Z 5 F K2 B I kA Rk e
[XEIRA] FZa Rk O MR @R BUR ; i 3 ) %
[(ME4S%ES] R543.16 [xmtrBRmE] A [XEHS] 0258-879X(2014)06-0651-06

Dynamic three-dimensional blood vessel modeling for analyzing 4 dimensional phase contrast MRI of Stanford

B type aortic dissection

GUO Zi-yi, CHEN Jing”
Department of Radiology, People’s Hospital of Haikou, Haikou 570208, Hainan, China

[Abstract] Objective To apply dynamic three-dimensional blood vessel modeling for analyzing the blood flow parameters
obtained by 4 dimensional phase contrast MRI (4D PC-MRI) of Stanford B type aortic dissection, so as to demonstrate the blood
flow characteristics of both healthy controls and patients with Stanford B type aortic dissection. Methods Dynamic 3D models
of blood vessel were captured from 3D PC-MRI with temporal resolution. A reference vascular cross-sectional plane was
defined, and the displacement contour information at the same plane was all used to determine the pulsatility of the target
vascular cross-sectional planes at multiple time points. The pulsatility parameters of target vascular cross-sectional planes were
obtained by temporal tracking. The hemodynamic differences between healthy adults (=19) and patients (n=28) with Stanford
B type aortic dissection were analyzed by comparing 4D PC-MRI data of the two groups. Results Qualitative blood flow
visualization showed laminar flow in the aorta of healthy volunteers, without turbulences or vortex formation, with slight helical
flow pattern found in the ascending aorta; there were little changes in the wall shear stress in the entire thoracic aorta. The
blood flow in the false lumen was multidirectional and complex, with a high incidence of reverse flow, and the true lumens were
dominated by aortic flow direction. The peak velocity of blood flow arrived earlier in the false lumen, not in the true lumen. The
stroke volume was greater in the true lumen (media [M]54. 3 mL, interquartile range [ IQR] 43. 2-64. 8 mL.) compared with the
false one (M 31.6 mL, IQR 19. 8-47. 6 mL, P<C0. 01). The majority of the flow in the true lumen was forward flow
(M 91. 4% ,IQR 90.0%-94.2%), whereas the false lumen had a high proportion of backward flow (M 40. 3% ,IQR 23.2%-
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53.3%). The average velocity of blood flow in the false lumen (M 7.1 cm/s, IQR 4. 9-9. 8 cm/s) was lower than that in the

true lumen (M 18.0 cm/s,IQR 13.9-20.6 cm/s, P<C0.01). The maximum velocity occurred earlier in the false lumen during
the cardiac cycle 166. 0 ms after the R-wave (IQR 132. 8-210. 0 ms) compared with that in the true lumen (M 215. 0 ms, IQR
196. 3-249. 0 ms, P<C0. 01). Helical flow mainly occurred at early-systole stage, at 158 ms (IQR 145-249 ms) after the R-

wave, and lasted for 310 ms (IQR 217-537 ms), with the maximum rotation being 820° per cardiac cycle. Conclusion Dynamic

3D modeling method can effectively analyze the flow parameters obtained from 4D PC-MRI and can provide qualitative blood

flow information. Flow direction, time to peak velocity, and development and changes of helical flow may be involved in the

pathology of aortic dissection.
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by dynamic 3D vascular modeling methods
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Fig 2 Reference chart for selecting aortic reconstruction level

A Schematic diagram of eight consecutive segment levels of the thoracic aorta; the ascending aorta (1-3 layers), aortic arch (4-

6 layer), and descending aorta (7, 8 layer); B: Typical 4D PC-MRI flow diagram of the ascending aorta of a healthy volunteer

(systolic peak flow pattern); C: Velocity variation within a cardiac cycle (1, 2, 3, and 4 were the average flow velocity of 4

consecutive sections with equal interval along the ascending aorta)
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Tab 1 Aortic blood flow parameters of 19 healthy volunteers

MUIQR)
Slice No Flow Section area Mean velocity Time to top velocity Shear stress
: (mL « pulse™ ) A/mm? v/(mes 1) t/ms p/(N+m ?)
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Fig 3 4D flow reconstruction of typical patient with Stanford type B aortic dissection
A 52 years old male patient with Stanford type B aortic dissection. Entrance path analysis clearly displayed the communication
between the true and false lumen. The five consecutive time points in the cardiac cycle flow diagram. A. Dissection begins with
left subclavian artery false lumen entrance, while the systolic blood flows to the true and false lumen were nearly similar (158-
215 ms after the R wave) ; B: Blood flow from the true lumen to the false lumen at proximal thoracic aorta, where the local dis-
tal tear site was visible. The blood was flowing at a high speed, along the extension of false lumens, with significant stenosis of

true lumen. SMA . Superior mesenteric artery

l

A: Helical flow within the whole length of the aortic; B: Local magnification of the helical flow in A; C: Measuring methods of

B4 BRERETSMNE

Fig 4 Helical flow and measurement

the rotation angle; D, E: Different views of the helical flow changes along dissection of the aortic
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