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Figure 3 12 lead electrocardiogram. ST—T segments in leads V,, Vi, V3 and V, are elevated during episodes of chest

pain.

Troponin T and creatinine phosphokinase were not
increased. Aspirin and ticlopidine hydrochloride
were given and the negative T waves gradually
resolved. A left coronary angiogram four days after
admission revealed 50% stenosis at the branching
portion of segment 6 (Fig. 2 left lower, right). The

wall motion in the left ventriculogram was within
normal limits, and the left ventricular ejection
fraction was 66%. In an ergometer test, no perfusion
defects were detected on radioisotope myocar-
dial perfusion imaging. Significant ST-T changes
were not detected at those electrocardiograms.

Figure 4 The findings of 16-slice multidetector-row computed tomography. Left, Intimal thickening is present at seg-
ment 6 of the left anterior ascending artery in multiplanner reconstruction imaging. Right, a small area of calcification
in the aorta close to orifice of the left coronary artery is present.
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However, she had discomfort in her shoulder imme-
diately after the exercise. Isosorbide mononitrate
(ISMN), nicorandil and aspirin had been adminis-
tered after the discharge. Two months later, she
had forgotten to take her medicine and had chest
pain while sleeping. She visited the hospital. An
electrocardiogram revealed ST elevation in Vi, Vs,
V3 and V4 (Fig. 3). Her pain disappeared after tak-
ing ISMN. It was diagnosed as vasospastic angina.
A few weeks later she complained of chest pain
at rest, when she had again forgotten to take her
ISMN. Her attacks have been treated with ISMN and
nicorandil. She has had no chest pain since that
attack.

She visited our hospital because she had a his-
tory of Kawasaki disease, which developed in 1976
when she was 20-month-old. Fever persisted for
about a week; however, acute treatment for KD
was not given because the diagnosis of KD was
not confirmed at that time. She underwent cardiac
catheterization and selective coronary angiograms
at the age of 4 years in our hospital, and the coro-
nary arteries were judged to be normal (Fig. 2
left upper), although the right coronary artery
was hypoplastic. Although she was followed up
every two years by electrocardiogram and two-
dimensional echocardipopgraphy in our hospital
until the age of 20 years, no abnormalities were
observed. Regarding coronary risk factors, she had
a two-year history of smoking at the age of 20 years
and her mother had a family history of hyperten-
sion.

Sixteen-slice  multidetector-row  computed
tomography (MDCT) demonstrated coronary wall
thickening at segment 6 of the left anterior
descending artery (LAD), but no plaque and no
coronary artery calcification (Fig. 4 left). A small
amount of calcification in the aorta, close to the
orifice of the left coronary artery, was detected
(Fig. 4 right). There was no plaque and change
due to atherosclerosis in other coronary arteries
or systemic arteries. Coronary flow reserve of the
LAD estimated by transthoracic echocardiography
was 2.5 by adenosine triphosphate administered
intravenously.

Discussion

Vasospastic angina occurred in a young female
patient with a history of KD, although coronary
artery lesions caused by KD had not been previously
detected. There is no evidence supporting that the
cause of vasospastic angina relates to acute KD and
coronary artery lesions caused by KD in this patient.
However, she had no apparent coronary disease risk

factors, and'she had angina at an earlier age than
the usual Japanese population.

Interestingly, her CAG two years after the acute
episode of KD revealed apparently normal coronary
arteries, but this does not necessarily exclude coro-
nary artery lesions secondary to the KD. Even if
coronary aneurysms occur in the acute phase of KD,
they regress in most cases in the first several years
[5,6]. It was not estimated whether coronary artery
lesions in the acute phase of KD existed in her case
or not.

Usually intimal thickening of the coronary artery
wall due to KD results from regression of coronary
aneurysms [6]. The existence of coronary artery
calcification would imply severe acute vasculitis or
large coronary aneurysms caused by KD [7]. How-
ever, whether the localized stenosis in our patient
was caused by KD vasculitis remains uncertain. Also
noteworthy is the small patch of coronary calci-
fication in the aorta close to the orifice of the
left coronary artery, despite the absence of appar-
ent atherosclerosis. There have been no previous
reports of calcification in the ascending aorta in
patients with the history of KD. Even when coro-
nary aneurysms regress, intimal involvement and
coronary wall thickening persist [8], a situation
that is difficult to evaluate by CAG alone. Acute
myocardial infarction has been reported in young
adult patients with apparently normal coronary
arteries after regressed coronary giant aneurysms
[4,9]. Regressed coronary aneurysms with intimal
thickening may be associated with endothelial dys-
function with aging [10—13].

The occurrence of angina is rare given the inci-
dence of acute myocardial infarction in patients
with coronary artery lesions caused by KD. There
have been no reports of typical vasospastic angina
in this population until now. Most patients needing
coronary revascularization because of the presence
of ischemic changes did not complain of chest pain.
The development of pain may relate to endothe-
lial dysfunction in this population of patients with
characteristic coronary artery lesions caused by
KD. Our patient remained free of cardiac events
for about 30 years after her acute illness. This
long latent period supports the idea that the late
appearance of problems may relate to develop-
ing atherosclerosis with aging [13,14]. Interactions
among coronary endothelial dysfunction after KD,
aging and vasospasm should be further investi-
gated.

It is important to determine whether the pathol-
ogy underlies intimal involvement and coronary
wall thickening or not after acute KD vasculitis.
When atherosclerotic risk factors are added to the
intimal abnormalities after KD vasculitis, prema-
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ture cardiac events would be expected in young
adults of this population, The existence of coro-
nary artery lesions caused by KD is a factor in
ischemic heart disease in young adults [2,4,7,9].
Even if there are no apparent coronary risk factors,
this association may become more significant with
advancing age.

Until the mid-1980s, it was difficult to estimate
precisely whether or not coronary artery lesions
existed in the acute phase of KD in most of this
population because of the limited methods avail-
able to evaluate the coronary arteries [7]. As these
post-KD patients age, acute coronary syndromes
may accur in those patients whose coronary artery
lesions were originally unconfirmed. Most of this
population has yet to reach 40 years. The occur-
rence of acute coronary syndromes in patients with
a history of KD should be investigated carefully from
now on, especially the time and incidence of acute
coronary syndromes in patients who had no coro-
nary aneurysms in the acute phase.

Conclusion

A young female with a history of KD had vasospastic
angina at an earlier age than the usual Japanese
population. The endothelial dysfunction with aging
in coronary artery lesions after acute KD vasculitis
may contribute to the cause of the angina.
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Preoperative Visualization of the Artery of
Adamkiewicz by Intra-Arterial CT Angiography

BACKGROUND AND PURPOSE: CT and MR angicgraphies have been reponed 1o visualize the artery of
Adamkiewicz (AKA) noninvasively 1o prevent spinal cord ischemia in surgery of thoracic descending
aortic aneurysms, The purpose of this work was to compare the usefulness of CT angiography (CTA)
with intra-anerial contrast injection (IACTA] with that of conventional CTA with intravenous contrast
injection (IVCTA).

MATERIALS AND METHODS: We enrolled 32 consecutive patients with thoracic or thoracoabdominal
aortic aneurysms whao were scheduled for surgical repair or endavascular stent-graft treatment. All of
the CTA images were obtained using a 16-detector row CT scanner and 100 mL of contrast material
(370 mg/mL) injected st a rate of 5 mL/s. Contrast was injected via the antecubital veins of 15 patients
and via a pig-tail catheter placed at the proximal portion of the descending aorta in 17 patients who
underwant IVCTA and IACTA, respectively. Two datesets were reconstructed from 2 consecutive
scans. The AKA was identified as a characteristic hairpin curved vessel in the antefior midsagittal
surface of the spine and by the absence of further enhancement in the sacond rather than in the first
phase, Continuity between the AKA and aora was confirmed when the vessel could be traced
continuously by paging the oblique coronal multiplanar reconstruction or oniginal axial images.

RESULTS: |mra-arterial contrast injection was significantly more sensitive in identifying the AKA than
IVCTA: 16 (94.1%) of 17 versus 9 [80.0%) of 15 (P = .033). Continuity between the AKA and aorta
through intercostal of lumbar artery was confirmed in 14 (87.5%) of 16 8nd 5 (55.6% of 9 of the IACTA
and IVCTA groups, respectively.

CONCLUSION: |ntra-arterial contrast injection detected the AKA st a high rate and venfied continuity

from the aorta to the AKA.

Pa.raplegja and paraplesis secondary to spinal cord ischemia
remain serious complications of surgical repair or of en-
dovascular treatment for descending thoracic aortic aneurysm
(TAA) or thoracoabdominal aortic aneurysm (TAAA). The
incidence ranges between 5% and 11% of thoracoabdominal
surgeries.'™ The great anterior radiculomedullary artery (the
artery of Adamkiewicz [AKA]) is the dominant feeder of the
spinal cord One possible cause of spinal cord ischemia during
surgery is failure to reestablish the spinal cord blood supply,
and many reports have stressed the importance of reattaching
theintercostal or lumbar arteries related to the AKA.* Preop-
crative AKA identification and display of intercostal and lum-
bar arteries help surgeons to determine the appropriate range
of aortic lesions that require graft replacement and intercostal
or lumbar arteries requiring reconstruction.’

The most reliable way to visualize the AKA is selective in-
tercostal arterial angiography, the detection rate of which is
43%-86%.%'* However, selective angiography is time con-
suming, and complications including spinal cord injury can
develop.'®'! Recently, MR angiography (MRA)'** and CT
angiography (CTA)'"' have been used to visualize the AKA
less invasively with reported detection rates of 67%—93% and
68%—-90%, respectively. However, these rates could be further
improved.

Received June 20, 2007, accepted she: revision July 31,

The AKA is a small vessel with a diameter of 0.5-1.5
mm?*** that is surrounded by osseous structures, In addition,
intercostal or lumbar arteries and dorsal branches run very
close to the osseous structures (Fig 1). Due to these anatomic _
features, the contrast-to-noise ratio (CNR) in the spinal canal
isdecreased, and the AKA and its continuity with the aorta can
be obscured. Robust aortic contrast enhancement is necessary
to detect small vessels, but CTA with intravenous contrast in-
jection (IVCTA) has limitations with respect to elevating aor-
tic enhancement, because contrast material is diluted in the
circulation of the right side of the heart. Nojiri et al** showed
that CTA with intra-arterial contrast injection (IACTA) could
track the AKA to the aorta because of high contrast. The
present study compares the abilities of IACTA and IVCTA to
detect the AKA.

Methods

Patients

Between March 2005 and September 2006, 32 consecutive patients
with TAA or TAAA who were scheduled for surgical repair or an
endovascular stent-graft underwent CTA to visualize the AKA. The
patient group was composed of 22 men and 10 women aged 22-87
years (mean, 68.1 years). Twenty patients had TAAA and 12 had TAA.
Of these, 11 had dissecting aneurysms. One patient had a background
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of Takayasu disease, and ancther had Malfan syndrome.

The patients were assigned to 2 groups according to whether the
injection method was IVCTA (n = 15) or [ACTA (n = 17; Table 1).
Thirteen patients underwent [VCTA before July 25, 2005, when
IACTA was initiated. From then until September 2006, 17 patients
underwent IACTA. After July 25, 2005, 2 patients with insufficient
renal function (serum creatinine >1.5 mg/dL) underwent IVCTA 3
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Fig 1. Anatomic course of the AKA. Right anterosuperiot view of 8 30 volume-rendered CT
image of LACTA with semitransparent skeletal system. Intercostal and lumbar rteries { 1]
orginate from the aora, and dide into posteno’ |2 and antenor |3 branches. Anterior
branches run thicugh the intercostal groove. Posténor branches subdivide into the radicu
lomadultary anery |4) and muscutar branch {5 Rodiculomedullsry orery courses to the
spine and emers the vertebval foramen. The AKA (8] is the largest amterior radiculomed-
ullary artery and joing the anterior spinal anary {7 in a chamcieristic haipin curve

Variable IVCTA IACTA P

No, of patients 15 17

Age (range], years 70.6154-87) £5.9(22-83) 168

Male:female 96 134 450

TAATAAA 32 98 125

Dissecting:true 18 413 .266

AKA detection, n/N (%] 8/15 (60.0) 1617 (34.1) 0313

Confirmatian of continuity, 5/3(5586) 1416 (87.5) 147
W (%)

CT value of aoma, mean 3522 450 565.4 = 8341 ooz
= S0, HU

Note:—IVCTA indicates mtmumus CT angiography; iACTA. Intra-armerial CT 3nu=u:rlr:‘h\r

TAA, thoracic aortic MWFZYI\. tharac

unit, AKA, artery of

or more days afier coronary angiography to avoid a large amount of
contrast medium in a single day. Thus, 15 patients underwent IVCTA.

This study was concordant with our institutional ethics guide-
lines, and all of the patients provided written informed consent to
participate in the study.

Scanning Protocol

We obtained CT images from the levels of the seventh thoracic and
the third lumbar vertebrae in the craniocaudal direction using 2 16-
detector row multisection CT (Brilliance16; Philips Medical Systems,
Best, the Netherlands). Scanning was consecutively repeated 10 obtain
early and late-phase images. Scanning variables were composed of
0.75 seconds per rotation, 0.75-mm collimation, 0.666—-0.875 pitch,
120 kV, and 300~ 400 mA (according to individual physique).

Injection Protocol and Scan Timing

IVCTA. The contrast material, iopamidol (lopamiron; Schering,
Berlin, Germany), was injected (100 m1; 370 mg/mL; 5 mLJs) viaa
20-gauge plastic intravenous catheter placed in the antecubital vein
and followed by a 30-mL saline flush, The start time of the scan was
determined by using conventional real-time monitoring (Bolus

Tracking, Phillips Medical Systems). Regions of interest were placed
on the descending aorta at the level of the seventh thoracic vertebra
Low-dose dynamic monitoring scanning (120 kV; 100 mA) started 15
seconds after the intravenous contrast material injection started, and
| image per second was obtained. The trigger threshold was set at 100
Hounsfield units (HU) above the baseline (absolute value, 140-160
HU). Scanning automatically started 4 seconds after reaching the
threshold.

IACTA. Patients underwent LACTA after coronary angiography as
aroutine preoperative ion of coronary After coronary
angiography (radial or brachial arterial approach), a SF Pigtail Cath-
eter (Terumo, Tokyo, Japan) was advanced to the proximal portion of
the descending aorta under fluoroscopy, and visualization of inter-
costal arteries was confirmed by manual injection of contrast mate-
rial. Patients were then transferred to the CT room, and 100 mL of the
same contrast material was injected via the catheter ata rate of 5 mLJs.
The CT scan started 4 seconds after starting the injection.

Image Procession and Diagnosis

Two datasets were recanstructed from the 2 consecutive scans with a
section width of 0.8 mm, a reconstruction interval of 0.4 mm, and
200-mm FOV. Image datasets were transferred to a workstation (Zio
M900; Ziosoft, Tokyo, Japan). From the first phase image, an oblique
corona! multiplanar reconstruction (MPR; 0.8-mm thickness,
0.8-mm intervals) fitting the curvarure of the AKA was obtained.
Exactly the same MPR sections were obtained from the second phase
to distinguish the AKA fram the radiculomedullary vein, which can
be similarly shaped. Curved planar reformation (CPR) and 3D vol-
ume rendering were applied to display continuity between the AKA
and the sorta.

The AKA was identified by the cc of 2 exp ed radiol-
ogists (K.U. and A.K.) who specialize in cardiac and vascular imaging.
The analytical criteria of the AKA comprised detection of the AKA
and confirmation of continuity between the AKA and aorta.'™'® The
detection criteria of the AKA were the presence of a characteristic
hairpin curved vessel ascending from the intercostal foramen to the
anterior midsagittal surface of the spine and the absence of further
enhancement in the second phase compared with the first phase (Figs
2 and 3). Continuity was confirmed when the vessel could be contin-
uously traced via the intercostal or lumbar artery by paging cblique
coronal MPR or original axial images. To compare the contrast bolus
between the 2 groups, the CT value of the aorta was measured in
sections of the midlevel of the scan range (approximately the 10th or
11th tharacic vertebra). A region of interest was placed in the dorsal
portion of the aorta from which the intercostal or lumbar artery arose.
To assess differences in the features of the contrast bolus between the
2 groups, we visually evaluated sagittal partial maximum intensity
projection (MIP) images to determine whether contrast material was
dorsally concentrated or homogeneously distributed.

Statistical Analysis

Data were processed using StatMate (ATMS, Tokyo, Japan). Vari-
ables were compared between the IVCTA and IACTA groups using
the 2-sided Fisher exact test for proportions and a 2-tailed rtest for the
means of CT values and patient ages.

Results
No complications were associated with the angiographic pro-
cedure or CT imaging. Table 1 summarizes the results. The
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AKA was detected more sensitively by
IACTA than IVCTA: 16 (94.1%) of 17
versus 9 (60.0%) of 15 (P = .033). Cont-
nuity between the AKA and aorta
through the intercostal or lumbar artery
was confirmed in 14 (87.5%) of 16 and in
5 (55.696) of 9 of the IACTA and IVCTA
groups, respectively. The CT value of the
aorta was significantly higher in IACTA
than in IVCTA (965.4 634.1 versus
352.2 * 46.0 HU; P = .002). Contrast
material concentrated in the dorsal por-
tion of the aorta in IACTA but homogeneously enhanced the
aorta in IVCTA. The intercostal and lumbar arteries were dis
played more clearly by IACTA than by IVCTA (Fig 4). The
AKA originated from a left intercostal or lumbar artery in 72%
of the patients and at the level of the ninth to 12th intercostal
arteries in 84% (Fig 5). We found hairpin curved vessels that
were visible in the first phase images but were enhanced stron-
ger in the second phase images in 10 patients of the IACTA
group and 9 of the IVCTA group. They were identified as
radiculomedullary veins that may mimic the AKA in the first
phase image.




Scan Duration

Detection Rate, Confirmation Rate, Datactors Injection Rate

Meathod (Referance) % (/) % (WM Row Phase Seconds : ml/s
IVCTA ['9) 90 (63/70) 32 [20/63) 4 1 a0 is
IVCTA [®) 0(3/10) 83 (8/3) 8 1 a0 40-45
IVCTA ('] 83 (25/30) 72(18/25) 16 i NA s
IACTA () 100 (39/39) 90(35/39] 4orf 1 NA 4.0-70
IVCTA (present study) B0 (9N15) 56 [5/9) 16 1 25 50
IACTA (present study) 94(16/17) BA(14/16] 16 2 5 50

Note:—{\VCTA indicates intravenous CT angiography: IACTA, intra-artarial CT angiography: NA, not assessad.,

Discussion

The detection rates of the AKA and the confirmation rates of
continuity were higher with JACTA compared with those of
previous reports using IVCTA (Table 2). The AKA and its
anatomic course from the intercostal or lumbar arteries to the
anterior spinal artery are very thin, and the artery runs close 1o
osseous structures, which frequently reduce the CNR of the
spinal vasculature and complicate vessel tracking.'* We ap-
plied a slower rotation speed and smaller helical pitch than
usual to obtain higher mAs and, thus, elevate the CNR. Fur-
thermore, contrast material is diluted in aortic aneurysins,
which reduces the CNR. To obtain sufficient arterial opacifi-
cation, rapid injection (4.0-4.5 mL/s) and a relatively high
dose (130-150 mL) of contrast material are considered neces-
sary to visualize the AKA by using [VCTA *® Acrtic visualiza-
tion is enhanced by IACTA because contrast material is di-
rectly injected without dilution in the circulation of the right
heart. Similar to the report of Nojiri et al,** we injected 100 mL
of contrast material at a rate of 5.0 mL/s through a Pigtail
catheter placed in the proximal portion of the descending
aorta and started CT scanning with a 4-second delay after the
injection start, The dorsal portion of the aorta and intercostal
or lumbar arteries tended to have extremely high attenuation
values in IACTA (Fig 4) because of the high specific gravity of
the contrast marterial (1.405 at 370 mg/mL of Topamidol;
37°C). High z-axis (craniocaudal) resolution is also important
to visualize thin arteries. Collimation of | mm improved the
spatial resolution and arterial tracking compared with 2-mm
collimation.?® When IACTA was applied using 0.75-mm col-
limation and intra-arterial contrast injection, the detection
rate of the AKA was 94%, and continuity was confirmed at a

Fig 6. A, PR image of the AKA obtsined from IACTA A
hairpin curved vessel ascends to the midsagittal surface of
the spinal cord, but continuity wath the left 11th intercostal
artery |amow) s disturbed by a vertebrad pedicle [amowhead,
8 Selecive angiography of the lef 11t inercosml anery
demonstrates the AKA originating from this location

rate of 88%. We could not detect the AKA
by using TACTA in |1 patient despite suf-
ficient enhancement of the aorta and in-
tercostal arteries. The large anterior ra-
diculomedullary artery might not have
been located within the scan range of this
patient. One of 2 parients in whom the
AKA was detected but continuity was not
confirmed underwent selective intercos-
tal angiography in the course of stent-
graft deployment, and the AKA originat-
ing from the 1ith intercostal artery
visualized by using IACTA was con-
firmed by selective spinal arterial angiography (Fig 6).

A few points should be considered when performing
IACTA. The catheter tip should be advanced to a suitable po-
sition 1o visualize the intercostal and lumbar arteries when a
dissecting ascending aortic aneurysm is associated with a
patent false lumen. We placed the catheter tip immediately
proximal to the entry to enhance both true and false lumens in
patients with dissection and confirmed visualization of inter-
costal and lumber arteries by test injections of contrast mate-
rial. None of the patients studied here had dissection of the
ascending aorta or aortic arch. Patients with Stanford type A
dissection had undergone total arch replacement before
IACTA. Collateral circulation from branches of the subclavian
artery, such as the internal thoracic artery, might not have
been visualized when contrast material was injected from the
proximal descending aorta.

Radiculomedullary veins can have a similar shape to the
AKA, and they can run close to the radiculomedullary arteries
at the level of the vertebral foramen. Thus, they can be en-
hanced in the first phase image because of a scan duration of
20-25 seconds, whereas the estimated interval between the
arterial and venous phases is 10-15 seconds.'® Some vessels
with a hairpin curve configuration in the first phase image that
were more enhanced in the second were regarded as radicu-
lomedullary veins (Fig 3). Without multiphase dynamic scan-
ning, such vessels might be misdiagnosed as arteries if conti-
nuity with intercostal or lumbar arteries is not confirmed.
Thus, confirmation of continuity between the aorta and the
AKA by multiphase scanning is critical to avoid misdiagnosis.

Selective spinal arterial angiography is the “gold standard”

AJNA Am J Neuroradiol 2931418 | Feb 2008 | www.ajnr.ong 37
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for diagnosing the AKA. However, previous diagnoses of the
AKA by using CTA and MRA did not have a “gold standard”
probably because of the risk of selective angiography. Only 1
report has proved that MRA can be diagnostic in a subgroup of
3 patients who underwent selective spinal angiography.'®
Thus, the true detection rates of the AKA by MRA and CTA are
unknown. The detection rate of the AKA by using IVCTA in
the present study was not as high as in previous reports (Table
2). One possible cause of this variance is that diagnostic crite-
ria were not identical among the studies. Multphase dy

ies. We believe that IACTA is a suitable preoperative means of
investigating patients with TAA and TAAA.
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Summary

Adventitial late enhancement of thrombosed type aortic
dissection

Thrombosed type aortic dissection is diagnosed by
nonopacified crescentic area of aortic wall. However.
adventitial late enhancement of pseudolumen (Rim
Enhancement :RE) is often noted with enhanced CT.
RE was recognized in 68% (47/69) of patients with
thrombosed type acute aortic dissection. RE was rarely
depicted within 24 hours after onset, and demonstrat-
ed in most patients over two weeks.

Masahiro Higashi et al

Department of Radiology
National Cardiovascular Center
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Table 1 Measurement conditions.
Image size 256 x 192 pixel
Image resolution | 1.25mm % 1.25 mm /pixel
Time resolution 60 ms
Slice thickness S mm
Slice interval 5mm
Image depth signed 13 bit
Velocity encoding 25cm/s
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B1 #BELd MR 7T—7, (a)~(c) SWbimoane
&, (d)~(f) WrilMAS T E 0 RSN T R4
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HER, (a)(d)(g) WEGFIE, (b)(e)(h) MM,
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Fig.1 A pair of the MR data used in this stduy,
(a)-(c) intensity images which are displayed
as usual MR images, (d)-(f) phase-shift im-
ages which represent the velocity distribution
in left-right direction, (g)-(i) phase-shift im-
ages which represent the velocity distribution
in bottom-top direction, (a)(d)(g) early sys-
tole, (b)(e)(h) end systole, (c)(£)(i) end dias-
tole.
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Fig.2 Compressional strain in the regional myocardium.
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Fig.3 Shearing strain in the regional myocardium.
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Fig.4 Results by median filtering and histogram,

(a) Filtering result from the MR intensity
image which corresponds to the phase-shift
image of bottom-top direction, (b) Filtering
result from the MR intensity image which
corresponds to the phase-shift image of left-
right direction, (c) Intensity histogram for (a),
(d) Intensity histogram for (b).
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Fig.5 Results by automatic classification of my-
ocardium, (&) Classification result from Fig. 4 (a),
(b) Classification result from Fig. 4 (b).
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6 IHmPABREEOER (o) SR, (b) HEEM
Fig.6 Composite velocity on the short-axis slices,
(a) early systole, (b) early diastole.

HEWRE A EEENREERT S I L TELE
HMICBITAEMEERY RO B, 7L, T
8w T MR SHERO.LRBASIOE CITREL
TVWAEESOMELEFEL IS, EEOHEIEN
2lem/s *BAZBLICHEENFHLTWAZER
5, ABYLTH, HEOBNEA 0cem/s $BALE
SFIOWTRESOIFELILEIAT—F777 &
LTwa & LAEEA L L.

6z, WEPLREREmE EKESICD LR
STERRALAbVOL, 3.2.2 TROALGEE DR
BERETRT. AF/ALI8H3 12BE07—¥
BWT, 7—=F 777 FEHELRZY 2 BV
BRI ED2EE1E, BA3.2%, B 0.4%, FH
1.0%TH o1,

3.3.2 RAUHESRUT ADEH

3.2.2 CROLEZLHPERI2WT, 8.8.1T
kO -HEARESY b LB LBEROTAEER
B35,

E7iBnT, 3.2.1 TR LESAEHRLUE
(Center position of LV cavity) £H2EHE p 8
FEML CHERZL, »o8p 2 ELEMRIL TEZD.
ZOEMI Eicdh, BEEEp hLEE /2 ZTHE
N2 MICBAHEAS Loy, v ¥FHEFRE
Wl EEL, BERLLAY PV oy, v DELHE
ERCEBITAERUTAOE R Az, LT 5. £
LT, EMUTAHAOKEE Az./z %, BEBEpIZE
W ABFTLHERS - MREE LTS, EEAOEE 2
SMOESE 7 13 5.0mm (dpixel ) &L, HHIS
BULEENS Ly, v FEDABFEINLLOR
FAmMIc L bk,

3.3.3 BALLEET Y OTAOE

H8icBnT, EHUTHOBESLFERIC, EHRL
EHMIL EELD, BERL LV EES p D LE

1822
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Fig.7 Calculation of the compressional strain in
the regional myocardium, (a) Settings of the
calculation poi ighbar the target point,
(b) Projection of velocities on the ci fer-

ential direction.
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Fig.8 Calculation of the shearing strain in the re-

gional myocardium, (a) Settings of the cal-
culation points neighbor the target point,
(b) Projection of velocities on the transmural
direction.
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