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Fig. 1. Oblique coronal imaging plane which
was perpendicular to the coronary sinus.
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systole
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Fig. 2. Short-axis MR images of
the left ventricle in a healthy volun-
teer obtained with a breath-hold
cine MR sequence. (a) End-systolic
image. (b) End-diastolic image.

Fig. 3. Short-axis MR images of
the left ventricle in a patient with
HCM obtained with a breath-hold
cine MR sequence. (a) End-systolic
image. (b) End-diastolic image.
Note that left ventriculer wall is
hypertrophied.

systole

Fig. 4. Breath-hold velosity-encorded cine MR im-
ages: (a) magnitude and (b) phase image. The
blood flow velocity in the coronary sinus is indicated
as a dark signal intensity on the phase difference im-
age.

Table 1LICIEE R T V77 kU HCM E#HIC
B HEELHER, VU XE—IVARMEI%K
OEMFEE, BMOHEESCD ORMTE,
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i3, EE# (97.1£36.4 ml/min) & HCM #
(103.9+36.6 ml/min) O THEZEIIR DS
Nixfpoc. L LOHERD D OB MTE
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Fig. 5. The blood flow rate in the coronary sinus in
a patient with HCM measured with breath-hold
VENC MR imaging plotted as a function of time in
the cardiac cycle. Biphasic flow pattern, with a first
peak in systole and a second peak in diastole, is ob-

served.

Table 1. Coronary Flow Volume and Myocadial Mass

Normal (n=9) HCM (n=38)
LV msss(g) 124.9433.5 192.8+41.9%*
Flow at rest (ml/min) 97.0+36.4 103.9+36.6
Flow/mass at rest (ml/min/g) 0.78+0.27 0.56+0.23*
Flow after stress (ml/min) 268.9+63.4 182.1+60.0%*
Flow/mass after stress (ml/min/g) 2.22+0.55 0.99+0.38**
CFR ratio 3.11+1.37 1.86+0.56*

V2 IF# 8 (0.78+£0.27 ml/min/g) & H# LT

HCM &% (0.56+0.23 ml/min/g) TiZHF&E
&R 72 (p<0.05). XBIT, AMEOLEY
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+0.38 ml/min/g) TiFEL K<L (9<0.01),
HCM B2 Ok T (1.86+£0.56) 3,

EHLE (3.11+1.37) LHE L THEICET
LTz (p<0.05).
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EVREINTEOYY, BELLHEEDD

+SD, * p<0.05, ** p<0.01
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BHic ) OBMBEEL, FHRFICBWTHIEES
FHEBELTETLTWAZ ERRINZ. &5
oI EFE—VERE L TRDA-HCM A&
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», BB 7-0 ORmRE T EEL LS.
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BT LTWwW/-. Mammola 53R ETLI—%
AWTEHEIL TW 55, SEE A BEBERE
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& VENC-MRI # B\ /- @& Ik i sHEl o

142

AR

MRIC & A EZE£AEO LI MREDFTHEIE
von Roussum S X D WO THEI N Tw
AY. 513, BEEOBMTE % k-space 4
EEAE AW WRERD VENC-MR ¥ —4 /A
TRWTCEHAI L7z, 4 EF « 1T k-space 5-El#H:
T AW/oE®E VENC-MRI Z# FWC, —[EORE
B IE T ICEBROMBEZ N L. &E
VENC-MRI W5 &, T—X =R EIET
TIRET 57280, HRICEAEBEO TN, £
= a VT —FT 77 rOEEOLI B
EREEBLCEPTESL. ILILT—FORE
Refd] 20 25 DB L\ /o), B4 DARED
DM EZFHET 5 Z ERBESHTHD, D
BREIFTZIV, 75/ /DX 5 kEHR
HomEWARES 7 B W BRICEBICER TH 5
LEbNA.

/=3 VENC-MRI 2 & A &8Ik ORI
Ba
VENC-MRI Ti3PER &I T T — 2 E %S
Tix 570, T SRR ER R A TTRE
WRBH 5. ZD7sd VENC-MRI % B\ CEHAI
LicgmiEly, PET &4\ CEBRICR
O EMRE & H TRz A REEE2BE CEk
W FEROHBIRILO § R CAEEIRIFIC
BT AP TiEzwvw. ULa L, Hoods 50D
HEIC INE, LEFBET CTE—HOBIRA
BEELGEICERTAH00, EELHMmMED
R BENTEHIRAICERT 2270, Tk
PRI D ik & % AV TEZOFH I8 % 5HM 4
LI EFFEREREEZOND.

=i VENC-MRI Z# i\ Wik B D ERL%
TO%HEICE, FHRBREORR x5/« DE
HEHEE T A2LERD L. BEROY 7T A
ARMEDOERICK LTHaicha (L1
4) I\ & MEIRIC BT A ERN DAY
DTNV —= v 7R MREDEATHEZ B < .
CORBEIEENR MR CiE K ERIE & 7%
50, SERIRAOERIVY Z7EVT (4 XD4
BEB2 TEY), KEGREEER &3R50




B MRI % i\ 7S FERED

ERbihA. k7, BibdRYAAIEEE SR
FYOEZRTHELZIL COBEMNIC R WO
BRI AL O#IEERKIC ROT & D RE L7228,
ZTOVPHEEITIEYEZRL, 2R ROL %
AW EERERBICHER NSO EE 2.

¥ & O

3£ velocity encoded cine MRI RUE®E Y
FMRI #AWC, BIRE, OCHEEHD
OFMEE, KROELETHEE M L7z,
HCM & Tit, B OHEED D ORI
BIZHRLVETLTRY, BMRFHED
AEOEKT RO LN/ VENC-MRI X, #¢
RBEFECPET R BB L LIcDE
EHDORBMAREY, FFRENICTHANEE &
L, HCM BEomitic B+ 2 REOTIEICE
RATHY, THRRERUEESROHEICHEHER?
HREINS.

X R

1) Cannon RO II, Rosing DR, Maron BJ, Leon
MB, Bonow RO, Watson RM, Epstein SE : My-
ocardial ischemia in patients with hypertrophic
cardiomyopathy : Contribution of inadequate

vasodilator reserve and elevated left ventricular

filling pressures. Circulation, 71 :234-243,
1985.

2) O’Gara PT, Bonow RO, Maron BJ, Damske BA,
van Lingen A, Bacharach SL: Myocardial perfu-
sion abnormalities in patients with hypertrophic
cardiomyopathy : Assessment with thallium-201
emission-computed tomography. Circulation, 76 :
1214-1223, 1987.

3) van Rossum AC, Visser FC, Hofman MBM,
Galijee MA, Westerhof N, Valk J: Glorbal left
ventricular perfusion : noninvasive measure-

ment with cine MR imaging and phase velocity

mapping of coronary venous outflow. Radiology,

182 : 685-691, 1992.

Sakuma H, Blake LM, Amidon TM, O’Sullivan

M, Szolar DH, Furber AP, Berstein MA, Foo

4

~

5)

6)

7

8

g

9

10)

11)

12)

TKF, Higgins CB: Coronary flow reserve : Non
invasive measurement in humans with breath-
hold velosity encorded cine MR imaging. Radiol-
ogy, 198 : 745-750, 1996

Foo TKF, Bernstein MA, Aisen AM, Hernandez
RJ, Collick BD, Berstein T: Improved ejection
fraction and flow velocity estimates using view
sharing and uniform TR excitation with fast
cardiac techniques. Radiology, 195 :471-478,
1995.

Pasternac A, Noble ], Streulens Y, Elie R,
Henschke C, Bourassa MG: Pathophysiology of
Chest pain in patients with cardiomyopathies
and normal coronary arteries. Circulation, 65 :
778-789, 1892.

Nienaber CA, Gambhir SS, Mody FV, Ratib O,
Huang S, Phelps ME, Schelbert HR: Regional
myocardial blood flow and glucose utilization in
symptomatic  patients with  hypertrophic
cardiomyopathy. Circulation, 87 : 1580-1590,
1993.

Gewirtz H, Fischman AJ, Abraham S, Gilson M,
Strauss HW, Alpert NM: Positron emission
tomographic measurement of absolute resional
myocardial blood flow permits identification of
nonviable myocardium in patients with chronic
myocardial infarction. J] Am Coll Cardiol, 23 :
851-859, 1994.

Czernin J, Muller P, Chan S, Brunken RC,
Porenta G, Krivokapich J, Chen K, Chan A,
Phelps ME, Schelbert HR: Influence of age
hemodynamics on myocardial blood flow and
flow reserve. Cerculation, 88 : 62-69, 1993.

de Silva R, Yamamoto Y, Rhodes CG, Iida H, Ni-
hoyannopoulos P, Davies GJ, Lammertsma AA,
Jones T, Maseri A: Preoperative prediction of
the outcome of coronary revascularrization us-
ing positron emission tomography. Circulation,
86 : 1738-1742, 1992.

Mammola C, Ticeto S, Napoli VF, Cavallari D,
Santoro G, Razzon P: Colonary flow dynamics
and reserve assessed by transesophageal
echocardiography in obstructive hypertrophic
cardiomyopathy. Am J Cardiol, 74 : 1147-1151,
1994.

Hood WB: Regional venous drainage of the hu-
man heart. Br Heart J, 30 : 105, 1968.

143



MR Asessment of Absolute Myocardial Blood Flow and
Vasodilator Flow Reserve in Patients with Hypertrophic Cardiomyopathy

Nanaka KAwWADA!, Hajime SAKUMA!, Kan TAKEDAL,
Tsuyoshi NAKAGAWA!, Tetsu YAMAKADO?, Takeshi NAKANO?

1Department of Radiology and 2First Department of Internal Medicine, Mie University School of Medicine
174-2 Edobashi, Tsu, Mie 514

Absolute coronary blood flow per myocardial mass and coronary flow reserve for the entire left
ventricle were evaluated in normals and in patients with hypertrophic cardiomyopathy (HCM) by
using fast cine MR imaging and fast velocity encoded cine (VENC) MR imaging. Nine healthy volun-
teers and 8 patients with HCM were studied with a 1.5 T imager. Breath-hold cine MR images
encompassing the whole left ventricle were acquired on short axis imaging planes in order to evalu-
ate myocardial mass. A fast VENC MR images were obtained to measure blood flow volume in the
coronary sinus before and after dipyridamole administration (TR/TE=15/5 ms, FOV=28 x 22 cm,
slice thickness=5 mm). Coronary flow reserve was calculated as a ratio of hyperemic to baseline
coronary flow volumes. In the baseline state, coronary blood flow per myocardial mass was sig-
nificantly lower in patients with HCM than in normal myocardium (0.56+=0.23 vs. 0.78+0.27 ml/
min/g, p<0.05). After dipyridamole administration, coronary blood flow per myocardial mass in
patients with HCM increased substantially less than that in healthy subjects (0.99+0.38 vs.
2.22+0.55 ml/min/g, p<0.01), resulting in the significantly decreased coronary flow reserve ratio
in HCM in comparison with that in normal myocardium (1.86+0.56 vs. 3.11+1.37, p<0.05). In con-
clusion, breath-hold velocity encoded cine MR imaging is a noninvasive technique which can provide
assessments of altered coronary blood flow volume per myocardial mass and vasodilator flow reserve
in patients with HCM.
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