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Fig. 1. A flow phantom consisted of a bag and
a tube for intravenous drip. The reservoir bag
was filled with water and was hanged up with a
hook on the MR apparatus. The mean inner di-
ameter of the tube was 2.25 mm. The volume
of the water flowed out in a unit time was meas-
ured with a measuring cylinder.

F*—"J— K flow velocity, velocity-encoding, snapshot FLASH, MRI
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Fig. 2. Pulse Scheme. 1) Velocity-encoding pulse
train. Nonselective rectangular radiofrequency (RF)
pulses were used. 2) Composite 180° RF pulse in ord-
er to reverse longitudinal components of magnetiza-
tion. 3) Spoiler gradient. 4) Snapshot FLASH se-
quence with centric phase reordering.
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—>| T 7>

tramp tramp

Fig. 3. Precession of magnetization in response to 90°x-Gs-180°%-Gs-90°y pulse train. The first 90
pulse tips spins to y axis. After the velocity encoding gradients and refocusing 180° pulse, Gs-
180°%-Gs, spins have phases, ¢(v) = —yvgi (tump+t1) (ta+2tump—+11), in the transverse plane in
proportion to their velocities, » (y, gyromagnetic ratio ; g1, magnitude of velocity encoding
gradient ; famp, ramp time ; f1, plateau time ; fa, interval between two gradient pulses). The last
90°y pulse tips spins into the y-z plane where they have longitudinal components of magnetization
proportional to —sin {¢(v)}.

DRSS T bbb
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FRH—mEOEE L, MEOTND & LTE Fig. 4. Images of flowing water through a

BICANTz. RDOSNTz vw OG5 HFHIE tube. Encoding velocity (Venc : the velocity in
o ) which a phase shift of flowing spin equals to
&L 180°) was 12 cm/s (a), 16 cm/s (b), 30 cm/s

(c), 40 cm/s (d), and 60 cm/s (e), respective-
ly. Mean velocity measured from outflow rate

&= 3 was 7.1 cm/s in these cases. (f) An image with
the flow velocity of 32 cm/s (Venc=100 cm/s).
B )V AD Vene OMEIZIL U TELT 5 A ghost artifact was seen on the image.

BEEEL. WESES LS L, BRORTH
g U7 (Fig. 4).
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Fig. 5. Flow signal intensity averaged over cross
section of tube versus Venc of the velocity-encoding
pulse sequence. Solid line shows a fitted curve
based on a mathematical model on the assumption
of a laminar flow, na?{1—cos ¢ (vm)}/p(vm), where
a is the radius of the tube and vw is the maximum
velocity in the flow. Mean flow velocity was 7.1 cm/
s.
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Fig. 6. Mean flow velocities derived from MR sig-
nal intensity versus those from outflow rate.
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Flow Measurements Using a Turbo-FLASH Sequence with
a Velocity-Encoding Pulse Train

Hajime TAMURA!, Shoki TAKAHASHI!, Shuichi HIGANO!,
Noriko KURIHARA!, Susumu FURUTA!, Tadashi ISHIBASHI,
Shin MARUOKA!, Shogo YAMADA?!, Osamu TAKIZAWAZ?

Department of Radiology, Tohoku University School of Medicine
1-1 Seiryo-machi, Aoba-ku, Sendai 980-77
2Siemens-Asahi Medical Technologies, Litd.

Background : Ordinary phase-contrast techniques in MRI for velocity quantification requires long
data measurement times in order to acquire images. A snapshot FLASH sequence with velocity-en-
coding pulses was evaluated for velocity measurement utilizing a specifically designed phantom.

Methods : A velocity-encoding (90°x-Gs-180°%-Gs-90°y) pulse train was added prior to a standard
Turbo-FLASH sequence with centric phase reordering where Gs is a velocity-encoding gradient.
Water flow through a tube ($=2.25 mm) was imaged with this sequence implemented ona 1.5 T
MR unit. Flow signal intensities were acquired with several magnitudes of the velocity-encoding
gradient. A mathematical model in which flow was considered to be laminar was fitted to these data
and the flow velocity was obtained from a parameter of the model.

Results : The measurement time for a single image was about 2 seconds. In order to calculate
velocity, several images had to be acquired. When the maximum flow velocity in the tube was less
than 30 cm/sec, calculated velocities were in good agreement with mean flow velocities obtained
from outflow rates and the cross-sectional area of the tube. Above that velocity, a ghost artifact ap-
peared on the image.

Conclusions : Turbo-FLASH sequence with a velocity-encoding pulse train is an efficient means
for measuring the velocity of slow flow rates in a short time.
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