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MRI TUONG PHAN PHA

Nguyén ly va trng dung trong dinh lwong dong chay
dich nao tuy
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— Pha va dich pha trong hé quy chiéu quay
— Z|BO Attimewzel;o/: o e N
A

0° phase shift

oA U

After 1 second:

’y R w: = 90°s &. = 90° & + ¢. = 90°

90° ph shift
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. NGUYEN LY GHI HINH ‘(@)"

Gradient lwdng cuwc

Bipolar gradient « Gradient lw&ng cuc la 1 cap gradient c6 dd 1én bang
. nhau nhwng ngwgc huéng.

« CO tdc dong khac nhau véi cac proton tuy thuéc vao
chuyén déng clia ching daoc theo hwéng cla gradient.

= G * V@i proton dirng yén: khong co s dich pha (b6 qua
: phan ra T2%)

iF sigrelghass « \/&i proton di chuyén:
o Gradient lwdng cwe tao ra mot t trwdng thay doi
theo hwéng cua gradient.

I o D0 dich pha cla proton sé ty Ié thuan véi van

toc, cwong do cua gradient va binh phwong khoang
roe th&i gian di chuyén trong gradient do.

QD

gradient strength

o

phase

time
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. NGUYEN LY GHI HINH

RSHCM

Twong quan gitra dich pha va van toc

Nuclei precess at the Larmor frequency
w = yBy
Phase (¢) is the time integral of frequency (w), i.e.
¢ = Jw dt

In a magnetic field gradient along the x axis, for
example, G,, this phase shift becomes

b= yJ(Bg+Gx-x) dt

For spins moving at a constant velocity v along the x
direction, the phase shift is

¢:yJ(Bo+Gx-(x+vr))dt

If we consider a single gradient pulse of amplitude G
and duration T then the phase shift due to velocity
alone will be

T 1 T
¢ = yJ vGt dt = {— varZ] = —yvGT?
- 2 o 2

The product Gl is usually called the ‘first moment’ of
the gradient, M,, so we can write

1
= —ywM
¢ 2]"/ 1

If a second gradient of the same duration (7) but
opposite amplitude (-G) immediately follows the first
then we have a bipolar gradient pulse with a total

phase shift of

)

If we repeat the acquisition with the polarity of the
bipolar pulse reversed and subtract the phases, then
we have the phase difference A¢, which can be
expressed as the difference in the two moments of
the bipolar pulses AM,

ﬁl;ﬁ = ]»'V./_\M1

The velocity encoding or ‘venc’ parameter is defined
as the velocity that produces a phase shift of m
radians or 180°

m=y-venc-AM,

therefore,

T

venc —
Y- ﬁM1

MRI From Picture to Proton: 2nd ed. AJNR Am J Neuroradiol. 2008 Jun
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Twong quan gitra dich pha va van toc

« Cac proton dirng yén khdng co suw dich pha.

« Cac proton di chuyén co sw dich pha ty & thuan véi van toc cua proton theo
hwéng cua gradient lwvdng cuc

- Hwéng clia gradient lwdng cuc goi 1a “hwdng ma hoa van toc”

- Dich pha do chuyén ddng chi khi cac proton di chuyén theo hwdng ma hoa van
toc.
Cac gradient chuyén ddng vudng goc v&i hwdng nay sé khéng cé sv dich pha.

« Ban d6 dich chuyén pha c6 thé dwoc chuyén dbi thanh ban dd van toc.

RSHCM 2025
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Dung 2 cap gradient lwéng cwc dé hiéu chinh pha

< Néu chi dung 1 cap gradient lwéng

cwe duy nhat, dé do van toc dua trén o S A
do dich pha, thi tt ca sy dich chuyén e O] fteseme ks = i T
pha chi dwoc quy cho van toéc. Dan - o —] :
dén tw tredng phai dong nhat va cac . e som e

gradient phai tuyén tinh.
o Cén Sur dl.Jng 2 Cép gradient nguoc Markl, M. (2006). 1 Velocity Encoding and Flow Imaging.

nhau, thu 2 bd di¥ liéu. Giup loai bd

anh hwong cua tw treong khong

dong nhat.
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. NGUYEN LY GHI HINH *'(0)

—— Gradient bu dong va Gradient ma héa van toc

—— + Dung 2 bd di liéu dé loai bé tinh khédng ddng nhat .

——  cUa tl trrong, nhuwng khong nhat thiét phai dung 2 g o~

— Cép gradlent |UJ6’ng CU’C_ Static Spins \ Static Spins ]
—— + Co thé duoc tao bdi voi gradient ma hoa van toc B/ T /\\ ,
——  va gradient bu dong. — Y
——  (Flow Encoding va Flow Compensation) R e,
—— < Gilp gidm s0 lan thu nhan tin hiéu. e
—— ‘\.\.'%,}\/:T) ///:/\\\\n rephasing :
——— A -0
—— e
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. NGUYEN LY GHI HINH

Hinh anh dworc tai tao

- Rephase image: dong chay co tin hiéu cao, nén dwoc nhin thay.
- Magnitude image: dong chay c6 tin hiéu cao bat ké hudng, nén bij triét tiéu.
 Phase image: tin hiéu dong chay phu thudc vao hwdng, nén co tin hiéu trung binh.

RSHCM 2025



RSH

* Tao hinh anh phan anh van
cua cac voxel.

toc

« Van toc dwoc tinh tir van toc
theo tirng hudng.

« Cwong do tin hiéu voxel duoc
tinh theo cong thurc:

Rephase image S = \/vf 3 vﬁ . 1;:22

Through plane

Nguén: Khoa CBHA BV PHYD

« Cwdong do tin hiéu ludon dwong,
bat ké hudng.

- D6 I&n van toc tao ra cwdng dd
tin hiéu va thong tin vé hwdng
dong chay dwoc bd qua.

RSHCM 2025



« |t dwoc str dung trong I1Am sang, chud yéu
dwoc st dung trong chup mach than
va nao.

. Puwoc thay thé bang TOF hoac MRA

VO gadollnlum chi yéu la do han ché vé
thot gian chup.

« Tuy nhién, phase contrast c6 1 so lgi thé:

= Do chi phu thudc vao van toc de tao ra
tin hiéu nén cd kha nang xda nén tuyét
VO'l.

= Venc cung cap mire dd linh hoat va do
nhay bd sung trong chup mach mau.

RSHCM 2023
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Khoa CBDHA BV DHYD 12/2024

Xac dinh hwédng cua dong chay?
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lll. PINH LUONG DONG CHAY

—%Dong chay trong hau hét cac ddng mach la dao ddng, van téc
mau thay dbi lién tuc va co tinh chu ki theo chu ky tim.
Dé tinh lwu lwgng va van toc can phan giai thoi gian dya trén
dién tam d6. Nhiéu hinh anh dwoc thu dwoc trong moi chu ky
tim.
Ban do van tdc dwoc tao bang cach st dung dd léch pha
cua spin:
= Cwdng do tin hiéu ty 1é thuan vdi db 1éch pha.
= Hinh cwdng dd dung lam anh tham chiéu giai phau.
= Dich pha ducyng c6 do sang tang dan, dich pha am
cO do toi tang dan. Cac proton dirng yén c6 mau xam
& murc trung binh.

AT L

RSHCM 2023



M3 hod van toc (Venc) va xao anh Aliasing

* DO léch pha ty |& v&i van toc clia cac proton.
Nhwng bi gi¢i han trong khodng tlr -180° dén
+180°.

« Néu proton di chuyen nhanh hon Venc va co do :
léch pha 181°, s& dworc hiéu la do léch pha -179° vty
twong ng v&i van toc cao theo hwdng nguoc lai.
biéu nay dwgc goi la xao anh Aliasing. 7S omiee

« Xao anh allasmg bleu hién dwoi dang vung soemsee Wi
tin hiéu cwe sang lién ké vung tin hiéu cwc toi. #100 amisec/ | 180"

» Xac dinh xao anh Aliasing bang cach kiém tra
trec quan hinh pha. C6 thé khac phuc bang cach 3
str dung Venc cao hon.

measured
(for Venc = 100 cm/sec)

~-25 cm/sec

0 cm/sec

+75 cm/sec +25 cm/sec

RSHCM 2023



lll. PINH LUONG DONG CHAY Lot
Chon Venc

< Venc la tham s6 do nguoi
dung xac dinh. May sé diéu
chinh bién dé va khoang thoi
lweng cua gradient ma hoa _ TaK
dong chay, sao cho mot proton ¢ S dlﬁeren?é o
chuyén déng véi van tbc ma SR |
hoa sé gay ra s dich pha 180°.

% Venc ly twdng phai I&n hon
mot chat so véi van toc téi da
dw kién.

VENC = 300 cm/s
S A

AL

?11

RSHCM 2023



lll. DINH LUONG DONG CHAY 0
Retrospective gating | |

Cardiac cycle Cardiac cycle
« ECG Signal: la tin hiéu dién tam d6, may MRI Fee Av«p ~A/‘ «%

phat hién séng R theo th&i gian thwce trong qua Pl Ware

trinh thu nhan hinh anh va ghi lai pha twong rng M
Cfla ChU ky tlm E’ft#}s;e\:\)/ave

Diastolic blood pressure  Systolic blood pressure
* Pulse Signal: dung may do SpO ghi lai cac thay

o)

ECG and pulse wave

doi theo nhip cla lwu lwgng mau, dwong cong
tin hiéu dwoc theo dai lién tuc trong qua trinnthu -, | | | 1
ahan hinh anh. T T

» D@ liéu hinh anh dwoc sap xép hdi ctvu dya trén | Llw QAL L |
thdi gian song R hoac dinh cua dwdng cong tin L
hiéu xung va hinh anh dworc tai tao cho cac giai ]LH;},;_';jj;j:_'_:_jf-j:ﬂ/,/'

doan tim cu thé. M MA

Ngudn: imaios.com

RSHCM 2023



lll. PINH LUONG DONG CHAY

(a)
J 1200 ms /\ 800 ms /\ 1000 ms V_/\

AEEEN |

RSHCM 2023

1

VI’ du V‘é XGJ |y h(‘lji CL’Pu ®) Time © Fixed R-R interval
(Retrospective gating ) 1111111 1141 FED

b |

d)123456789



lll. PINH LUONG DONG CHAY

RSHCM

Single slice
at multiple
points in the
cardiac cycle

T ' H\ » | y O v 4 cardiac

Flow Encoding Gradients / -A = w phases

to encode flow in the -'-—'-— —'-——'.—'-—'-— shown
‘slice’ direction ,m 1‘ 4“* ,m‘ w‘ ﬂ‘—
(through-plane flow) .
Feart Phase Actual TR

Interval or ‘TR’

Flow sensitivity 1
Magnitude Phase map

Flow Sensitivity 2 0°

Magnitude Phase map
2 “»
+180°

-180°
-VENC +VENC

Magnitude, M and Mapping of phase
phase, @, calculated aqd ve_loaty_to
from M, and M, il B Flow pixel intensity
components Magnitude L velocity
image mep

Chubi xung PC déng bd hoé v&i ECG theo kiéu retrospective

RSHCM 2023



Dich nao tdy (CSF) 1a mét chat 16ng trong sudt,
c6 nwdc, lap day cac nao that va khoang duoi

nhén xung quanh ndo va tuy song.

CSF chay qua cong ndo va 16 chdm c6 tinh chat

“qua lai” theo nhip.

P& danh gia dong chay dich nao tuy can st dung 2

chudi xung PC v&i 2 mat cat khac nhau.

= Mat cat axial v&i m& hda van toc xuyén mat
phang (through-plane) dé dinh lwong dong

chay

= Mét cat sagital voi ma hda van toc trong mat
phang (in-plane) dé danh gia dinh tinh.

RSHCM 2023
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IV. DINH LWUONG DONG CHAY DICH NAO TUY d ‘e )

Protocol tham khao

- CSF_FLOW 250X203 256x208  Toi wu hoa Pulse/ Pon huéng, 5cm/s

- INPLANE (min TR/TE)  prospective inplane

% FLOW_SCOUT 340X200 192x115 Toi wu hoa Pulse/ 25 Pon hwdng,

= (min TR/TE)  retrospective through-

= plane

= CSF_FLOW 140X140 256x256  Toi wu hoa Pulse/ 25 Pon hwéng, Dwa vao
- PULSE (min TR/TE)  retrospective through- flow scout
= plane

RSHCM 2023



IV. DINH LWUONG DONG CHAY DICH NAO TUY

RSHCM

Pinh vi mat cat

CSF_FLOW
PULSE

CSF_FLOW
INPLANE
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IV. DINH LWUONG DONG CHAY DICH NAO TUY

|ate

# M
STUDYAID. R

Tra=Sag(11)=2Cor(10). s 0 Trass
GECIEC T2 108 hrough

Xac dinh Venc
vei Flow scout

ra>Sag(11)=Cor(10)
Ih2 PRETRO/DIS20 204through 2 PRETROL 5ithrough
N Zaom|7i 1]

(VT

fl2a1 8v020in 120

RSHCM 2025



IV. DINH LWUONG DONG CHAY DICH NAO TUY L@ )"

U'ng dung lam sang

CSF Flow la mot cong cu gia tri trong viec chan doan va danh gia cac tinh trang
anh hwdng dén san xuat, lwu thdng hodc hap thu dich nao tay (CSF) bén trong
nao.

“* Nao ung thuy Bang cach do lwu lwgng va van toc dong chay CSF co thé xac
dinh chinh xac ndo Ung thuy do céac tac nghén hodc do suy gidm hap thu CSF
gay ra.

<+ Di dang Chiari: BDanh gia dong chay CSF bang MRI giup phat hién cac dong
Chay CSF bat thwérng do di dang Chiari gay ra, hé tro’ chan doan.

“+ Nao ung thuy ap lwc binh thu’o’ng (NPH): gilip xac dinh cac van dé vé dong
lwc hoc dong chay CSF gop phan gay ra NPH.

<» U nang mang nhén: danh gia co sv thong ndi gitka CSF va u hay khdng, ho tro
chan doan.

RSHCM 2023



IV. DINH LWUONG DONG CHAY DICH NAO TUY

RSHCM

 Ca minh hoa 1: Gian ndo that trén léu, tdng van toc va lwu lwong dong chay qua cong
nao, dac diém phu hop véi NPH

- Van toc dinh: 14 cm/s.

- Thé tich dong xudng: 0.152 ml.

- Thé tich dong lén: 0.145 m|

- Dién tich cong nédo vi tri do trung binh: 0.092 cm?

Yelocily vs Time

Time
(ms)

0.007
0.004 mirm*2

Naximum Are

Check contours. Caomputer generated contours may not correspond to anatomy correspond ta anatomy

Hinh anh chup tai khoa CBHA, BV BHYD TP HCM
RSHCM 2025



—— Caminh hoaso 2

—— Gian ndo that trén va dwéi leu, khong
—— hep cong nao.

—— Dong chay dich nao tdy qua céng néo:
—— - Van téc dinh # 11,46 cm/s

—— « Thé tich dong xudng # 0,06 mi

milisec

.,
3 | N, Time
lirmin f * {ms)

=" Thé tich dong Ién # 0,08 ml. | e

mi

mi

mbim*2

Slice Position: SP P24.8  Venc Adjustment-15:15

Hinh anh chup tai khoa CBbHA, BV PHYD TP HCM
RSHCM 2025



W & o -0.000%5

Welocity

Caminh hoa3: , ,
Gian nao that trén léu, goi y do hep cong nao, van toc va lwu
Average Flow Over Range: -0.0M mlfsec IuJo’ng d(\)ng Ch éy qua Céng néo g'ém

Average Flow Per blinute: -0.000 Wrmin

o0t mi - Bwong Kinh cho hep nhé,t cta cong ndo d# 1,5-1,6mm.
ey L - Giam van toc dinh, van toc trung binh, lwu lwgng dong [én,

valiria: -0.001  ml , ) o - X ~ ~ £
Nt Forwara Volume /B 0000 2 dong xudng. Dong chay dich néo tdy qua cong néo: van toc
dinh # 1,5 cm/s, I lwgng # 0,001 ml

Minin ArEa cm*2

Maximum Area: cm*2

Hinh anh chup tai khoa CbHA, BV bHYD TP HCM RSHCM 2075



IV. DINH LWUONG DONG CHAY DICH NAO TUY

- . Peak Yelocilies ¥s Time-egen : -
f 3\ 2 é"' ‘,' . ’A\ \ 0 e t__a §F:(I?u {(+ 1)
Ca minh hoa 4: S )l l!’.“ it .
R . N N RyA ; ',"'( : -\"-\ ] 7
% Ton thwong nghi cavernoma vung thuy \ 4 4 M

nhong tiéu n&o, cé dinh v&i ndo that tw
gay hep vi tri nay, chwa tac. | 7
Gian ndo that trén 18u, phil chat tring  Eirkes 4 SssuRemei "“Eﬁ i . e
quanh ndo that khdng dang ké. TR | E L{}FB
Dong chay dich nao tuy qua cdng nao

-1.0

Welocity

v&i van toc thap: * o9l e
R e S 2 ; . (% Average velocity: 242 cmisec

Van téc dinh # 1.14 cm/s,thé tich dong ) 31 Fiow
; E%«'é Average Flow Over Range: 0110 mlfsec

4 R 4 N PN
Xuong # 0-081 ml, the tICh dong Ien £ s 4 p_‘!, Yoy ’i’ Average Flow Per Minute: 0.006 I¥min
#0001 mI A3 ._'.’_,_"‘\""t{‘w:‘f’:‘qﬁd_ SN ’*.',ff Forward Volume: o081t ml
@ .; ‘. o ’ < ,

?ﬁ‘_"‘: by Reverse Volume 0.001 mi

i g

s, Met Forward Volume 0.080 ml
bt 1

. P

Yl o SRR Mot Fonward Volume fBSA: 0.042  mim"2
“ 24 . A A o
e "‘j : ‘qﬁﬂ Area

o
A
beH

SR es BN Ul Average Area: 0322 cm*2
S ‘e_-:_rl&‘. Mininum Area: 0.300 cm*2
R o1 A

e Maximum Area: 0.345

i L

Hinh anh chup tai khoa CBHA, BV PHYD TP HCM

cm#l
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Tai liéu tham khao ‘(e 7

* MRI From Picture to Proton: 2nd ed. AJNR Am J Neuroradiol. 2008
Jun;29(6):e50. doi: 10.3174/ajnr.A0980. PMCID: PMC8118846.

* Velocity Encoding and Flow Imaging Michael Markl, Ph.D. University Hospital
Freiburg, Dept. of Diagnostic Radiology, Medical Physics, Freiburg, Germany

« Cardiac MRI: Phase-contrast Velocity Imaging: E-MRI. IMAIOS. (n.d.).
https://www.imaios.com/en/e-mri/cardiac-mri/phase-contrast-velocity-imaging

 Elster AD. MRI Questions and Answers in MRI. MRIQUESTIONS.com
website. https://mriguestions.com/index.html. Accessed January 21, 2019

 Themes, U. (2016, June 7). Phase contrast MRI: Flow guantification and MRA.

Thoracic Key. https://thoracickey.com/phase-contrast-mri-flow-guantification-and-
mra/

« Phase-contrast MRI: Physics, Techniques, and clinical applications. (n.d.).
https://pubs.rsna.org/doi/full/10.1148/rg.2020190039
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