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Hemodynamic Analysis of
Pulsatile Blood Flow in Arteries by MRI

Kagen Miyauchi

The purpose of this study was to analyze the hemodynamics
of pulsatile blood flow in arteries by MRI.

The blood flow velocity was caiculated by dividing the
traveled distance of blood bolus by the echo time obtained
from DBI images. Pulsatile water flow in the phantom and
blood flow in abdominal aorta of 27 volunteers were esti-
mated by means of both the DBI image and an approximate
equation of flow velocity.

The measured flow well agreed with the actual flow in the
flow phantom study. Three-dimensional flow velocity pro-
files calculated using the approximate equation were simi-
lar to the DBI images and had the characteristics of pulsa-
tile flow. The negative flow velocity near the aortic wall could
be expressed in the flow velocity profiles by the approxi-
mate equation. The maximum flow velocities at the center
of the abdominal aorta and the time-averaged wall shear stress
calculated by the approximate equation decreased with ag-
ing(r = -0.78 P < 0.0001 and r = —0.64 P < 0.0003,
respectively). The present results suggest that the DBI method
and analysis based on the approximate equation proposed
here will be valuable to analyze the hemodynamics of pul-
satile blood flow.
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] L 7Z2MRIZHE (3 B RETSMTS0 (0.5T) T, i
7€ %3 Direct Bolus Imaging#: (L1 FDBI)¥ Tdh 4. DBI
EEA I | T 7 T T GRS L, T2 — KR (TE) £ 121
AT R TR T 5. SN ADBIEIL, Higfge
7z B EhETH & 8 L 72 A Dbolus T 5. ABNH DA,
1 LEBID I3 5E L2 TEWZIE U Tl EREIEM» & —5
R EODBUED SN, ZNENOHE{E Tholus D FE)
FEEEZSE L, TETET LI S N5 (Fig.1). e
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BbE == o F 2 — 71238 % 4 U Sblood pump
(sarns 7400) # AWV TR ZH T 77 ¥ P A2 {EM L 7-
(Fig.2). F2—7DMFHER (cm) #0.45, 0.60, 0.75& L,
JEQ (I/min) %0.42, 0.85, 1.83&24Ls¥, 254 A&
10mm TDBUE %4z L 7=, 81 E 12 1000msec & L 7=,

MRIZE 8 O %52 230 E E I & [ & & 5 72 o TRIZ
1000msec & L7z, TEIZ50msec, FOVIE350mm x 350mm,
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Fig.1 Animage of blood flow in abdominal aorta obtained by the DBI
method. The image showed a traveling blood bolus from a base line. The
blood flow velocity (V)was calculated by dividing the traveled distance of

T

blood bolus (d)by the echo time (TE).
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Fig.2 A shematic illustration of a pulsatile flow phantom. Pulsatile water flow created
by a pulsatile blood pump had a cycle of 1000msec. Blood bolus images were obtained
at the base line on which a bottle of nickel chloride (NiCl:) solution was placed as the
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Fig.3 Relationship between the measured flow and the actual
flow. The measured flow was comparable with the actual flow with

a good correlation coefficient (r = (0.999).
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Fig.4 A flow velocity profile during one cardiac cycle at the center of abdominal
aorta, started from the R peak of electrocardiogram. The solid curve by f(t)was

well fitted to the velocities measured by the DBI method. There were two peaks
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att=0.12 and 0.52sec on the curve.
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Fig.5 Representative velocity profiles, calculated by the approximate equation, and
super imposed on the DBl images of aldominal aorta. The profiles were drawn at 0.14sec
(A), 0.21sec(B), 0.28sec(C), and 0.63sec(D)from R peak.
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ZiR L7z (Fig.5). iEAKE(t, y) 12 & 5
FET AT IIDBIR & BeB 1AL T & 2o e
Stz FThbBEMR £, y) TldmEd
LAl HBE D (2o T, #ET D
THRIECERE LA, £080R 1., y)
TRONZEBET { OIS 2 EESAIE
DBUE T SN Ad o7z,

[A]—JEBI OIS (¢, y) O 1 CIE RS
DAFRFRYZETE (Fig.6 A) &, MU .LEIT
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TN RO EE 5 AR % 78 L7 (Fig.6 B). #
FEALE R (85 —l) 120k, M o s
A C I A A S ERE S A 2 R L
MERER  TIIAMAERERTZRL
7o, DRV QR (5 ) (12
1, MEFCEBTIIFR @D S HED
MR THS, MERER Tl d 538
FARDRE sz,

[F—SEFI D | LJEHE O f O BE-& A BTG
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7S THEH ARFIG D IE (LT 2,
5 DR~ D D B (EEORSY) 750
T L, DD Bear (A DR A

2R (I
AEE L BN DWW T S s
TP R % Table 112 F L &7z,

Fig.6 The three dimensional profiles of f(t, y). A:
The time course of f(t, y)at a cross-section of ab-
dominal aorta during one cardiac cycle started from
the R peak of electrocardiogram. B: The maximum
(left)and the minimum (right) flow velocity profiles
in abdominal aorta. The velocity profiles were
blunted at the center of abdominal aorta, but the
velocity was sharply reduced near the wall at the
first peak. Negative velocity was observed near the
wall at the minimum velocity.
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Fig.7 An example of the pulsatile change of wall shear stress in
abdominal aorta during one cardiac cycle, started from the R peak
of electrocardiogram.
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THEEAMIEHOETT 2 EAbhhor.
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Table 1 Rhelogical and hemodynamic data in 27 volunteers
age 35+9
Radius (mm) 8.6+ 0.1
heart rate (/min) 62+7

blood density (g/em?) 1.057 £ 0.003

blood viscosity (poise)’ 0.038 +0.005

flow (I/min) 1.93+0.35
a 116x1.6
Re 669 + 115
Rec 2890 £ 390
wall shear stress (dyne/cm?)™ 2.17 £0.49

a: Womersley parameter

Re: Reynolds number Rea: critical
Reynolds number #: shear rate is 375 57! ##: time-averaged value
The values are expressed as mean £ 8. D.

£ B

1. DBUG &ERERIC & 2 EEL O

AHFFETlE, MRLIZTDBLETIMHEEDEELE 1TV,
FHAI L 7B & B CERE L 7 s THAshit @ 475
SN A AT o 7, S TRE T & 58S A6 1L, DBIE
# L CRIBUA, Tbl, WECHITOEE 2 RdIT
WX ()1, 7=V x5 2 LT, JEEGRY (ZEEE
G % fllE L9 A2DBIETORMIMEL BEICHIAL . F
7z, MEREETTT A ORE S 2R TIEPR (L y) I2Bw»
Th, DBUEDOH M & (EB LA 25D, M+ .ERT

120
\ O y=-1.51x+138
\ o r=-0.78 (P <0.0001)
. 0o o O n= 27
< 100
[}]
K] C]
= ]
)
>
S 80 - 8
[
>
E
=
E a
e
£ 60 - .
[m] \
a
40 . T T !
20 30 40 50
age

y =-0.037x + 3.5

& 0 r=-0.64(P <0.0003)
S 4 n=27
§ § m]
2 N\ 0O o
w \ ]
& N o
= 0 N\ 0O O
= [u] . @O
3 o\
£ u]
= \g] ]
= 5]
g = D\QK
g_ Cl h
© | N
2 g U N
i o\
g N
E = N

1 T T T T

20 30 40 50
age

Fig.8 Age-dependent changes of maximum flow velocity at the center of abdominal aorta(left)and time-averaged wall shear stress (right)
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