Simply, linear correction could be applied to convert
to the apparent k value as has been performed in this
study. CMRO, values calculated using BM approach
for the RW separation, were in good agreement with
those determined with the direct measurement of
RW as shown in Table 3.

The current method with modeling approach and
simplified procedure provided consistent results in
terms of time-dependent RW component, and con-
sequently metabolic product of *O, was separated
from arterial whole blood for the CMRO,, assessment
in PET examination. The modeling approach to
separate metabolite from authentic tracer has been
showed previously for 6-[**Flfluoro-L-dopa study
(fdopa) (Huang et al, 1991). We expect that the
modeling approach in conjunction with the simpli-
fied method showed in our study could be applied
for various kinds of tracers, which require the
separation of metabolic product such as fdopa. This
approach enables us to assess parametric images for
those tracers by eliminating the laborious procedures
and by avoiding the amount of blood samplings,
particularly for smaller animals.

In conclusion, the present RW model was feasible
to reproduce RW TAC from a whole radioactivity
concentration curve obtained after *°0, inhalation,
and for a wide range of species. The simplified
procedure to predict the RW TAC is of use to
calculate CMRO, in smaller animals as well as
clinical patients.
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Slowly progressive neuronal death associated with
postischemic hyperperfusion in cortical laminar necrosis
after high-flow bypass for a carotid intracavernous aneurysm

Case report
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The authors report a rare case of slowly progressive neuronal death associated with postischemic hyperperfu-
sion in cortical laminar necrosis after radial artery/external carotid artery-middle cerebral artery bypass graft surgery
for an intracavernous carotid artery aneurysm. Under barbiturate protection, a 69-year-old man underwent high-flow
bypass surgery combined with carotid artery sacrifice for a symptomatic intracavernous aneurysm. The patient be-
came restless postoperatively, and this restlessness peaked on postoperative Day (POD) 7. Diffusion-weighted and
FLAIR MR images obtained on PODs 1 and 7 revealed subtle cortical hyperintensity in the temporal cortex sub-
jected to temporary occlusion. On POD 13, #[-jomazenil (*ZI-IMZ) SPECT clearly showed increased distribution
on the early image and mildly decreased binding on the delayed image with count ratios of the affected-unaffected
corresponding regions of interest of 1.23 and 0.84, respectively, suggesting postischemic hyperperfusion. This was
consistent with the finding on '?I-iodoamphetamine SPECT. Of note, neuronal density in the affected cortex on the
delayed P’I-IMZ image further decreased to the affected/unaffected ratio of 0.44 on POD 55 during the subacute
stage when characteristic cortical hyperintensity on T1-weighted MR imaging, typical of cortical laminar necrosis,
was emerging. The affected cortex showed marked atrophy 8 months after the operation despite complete neuro-
logical recovery. This report illustrates, for the first time, dynamic neuroradiological correlations between slowly
progressive neuronal death shown by '?I-IMZ SPECT and cortical laminar necrosis on MR imaging in human stroke.

(DOI: 10.3171/2009.9.JNS09345)

Key Worps  *  laminar necrosis
delayed neuronal death  »

ORTICAL laminar necrosis is a permanent brain in-

jury radiologically characterized by T1-weighted

MR imaging-documented high-intensity cortical
lesions that follow the gyral anatomy of the cerebral cor-
tex.”171% Tt has been associated with hypoxia, metabolic
disturbances, drugs, infections, status epilepticus, and
ischemic stroke.”® The neuropathological correlations,
however, between neuronal loss and an emerging corti-
cal T1 hyperintensity signal in human stroke remain un-
known. Intracavernous CA aneurysms are usually treated
by trapping with/without EC-IC bypass based on pre-
sumed tolerance to CA sacrifice.5® Flumazenil and ioma-
zenil are markers of central benzodiazepine receptors,
part of the GABAergic complex,? and are ideal markers

Abbreviations used in this paper: CA = carotid artery; EC-IC =
extracranial-intracranial, ECA = external carotid artery; 'PI-IMP =
123]_jodoamphetamine; '*I-IMZ = ZI-iomazenil; MCA = middle
cerebral artery; POD = postoperative day; RA = radial artery.
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of periinfarct tissue and incomplete brain infarcts.'® This
is the first report illustrating slowly progressive neuronal
death, shown by 2I-IMZ, during emerging cortical lami-
nar necrosis on MR imaging after temporary occlusion
at high-flow bypass for an intracavernous CA aneurysm.

Case Report

History and Examination. This 69-year-old man
developed double vision and ptosis due to left oculomo-
tor palsy. Angiograms obtained at the previous hospital
showed bilateral large intracavernous CA aneurysms
(Fig. 1A). After balloon test occlusion showing intoler-
ance on temporary occlusion of the left CA, the patient
was referred to our institution.

Operation. The patient’s left large CA aneurysm
was trapped by RA/ECA-MCA bypass grafting without
causing any neurological deficit. Temporary occlusion of
the inferior trunk of M, was performed for 52 minutes
under thiopental brain protection. Postoperative MR dif-
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fusion weighted imaging demonstrated no abnormality.
Two months later, the patient presented with contralat-
eral oculomotor palsy due to progressive growth of the
contralateral aneurysm. He underwent virtually the same
operation, except with a shorter duration of temporary oc-
clusion (47 minutes) and except for the observation that
back flow from the distal M, was slower and dark when
the distal clip was first declamped after anastomosis, sug-
gesting that the territory of the recipient artery had been
subjected to ischemic insult due to insufficient collateral
flow.

Postoperative Course. The patient awoke from anes-
thesia relatively soon without apparent neurological defi-
cit. Diffusion weighted and FLAIR imaging on POD 1
showed slight cortical hyperintensity in the right tempo-
ral region (Fig. 1C and D). Angiograms obtained on POD
5 showed no opacification of the aneurysm and good
bypass patency, but the patient gradually became rest-
less. Diffusion weighted and FLAIR imaging repeated
on POD 7 revealed similar findings (Fig. 1E and F). Be-
cause the signal change on diffusion weighted imaging,
however, remained subtle, the cause of such MR imaging
abnormality remained uncertain. Subtle Gd enhancement
was noted in the temporal cortex. On POD 18, 2*[-IMZ
SPECT showed increased distribution on the early im-
age (15 minutes) and decreased binding on the delayed
image (3 hours) in the temporal region corresponding to
the hyperintensity area on diffusion weighted and FLAIR
images (¥Fig. 2). Because early and delayed images of **]-
IMZ SPECT represent the cerebral perfusion state and
neuronal viability, respectively, these results clearly in-
dicated that ischemic neuronal loss and postischemic hy-
perperfusion occurred as a result of ischemic insult by
temporary occlusion during bypass surgery.

Chronological count ratio changes of the affected to
the unaffected corresponding regions of interest on *I-
IMZ and '2I-IMP SPECT scans are shown in Fig. 3. In
the temporal region subjected to temporary clipping, the
affected/unaffected ratio on 'Z’I-JMZ scans decreased
during the subacute period between PODs 18 (ratio 0.84)
and 55 (ratio 0.44), and then it leveled off later (ratio 0.43
on POD 239), whereas it remained relatively constant in
other regions. We did not obtain 'Z’I-IMZ SPECT scans
before the operation. On '2I-IMP SPECT, the affected/
unaffected ratio transiently increased during PODs 13
(ratio 1.21) and 26 (ratio 1.23), and it progressively de-
creased on PODs 53 (ratio 0.84) and 236 (ratio 0.67) in
the temporal region, although virtually no changes were
noted in other areas.

Correlation of SPECT and MR Imaging Findings.
Serial FLLAIR images showed cortical hyperintensity,
which appeared on POD 1, peaked during PODs 7 and
13, almost returned to normal on POD 56, and demon-
strated atrophy in the right temporal lobe on POD 237
(Fig. 4). During transient hyperperfusion and chronic hy-
poperfusion stages, '’I-iodoamphetamine FLLAIR dem-
onstrated marked cortical edema and chronic atrophic
change of the affected region, respectively. Subtle diffu-
sion weighted imaging hyperintensity in the affected area
was shown between PODs 1 and 7 but disappeared on

2
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POD 35, despite slowly progressive neuronal death docu-
mented on Z’I-IMZ in the subacute phase (PODs 18-55),
during which T1 cortical hyperintensity became promi-
nent (PODs 35--56). The hyperperfusion state of the af-
fected cortex was also confirmed by '2*I-IMP SPECT on
POD 12. Hyperperfusion of the affected cortex gradually
improved and returned to normal, as shown by »*I-IMP
SPECT on POD 53. Follow-up MR images showed unique
chronological changes such that cortical hyperintensity of
the affected cortex appeared on POD 35 and persisted at
least until POD 56. Of note, cortical hyperintensity on
FLAIR peaked on POD 7 and then gradually decreased
in intensity and appeared almost normal on POD 56. In
the late chronic stage on POD 237, cortical atrophy with
secondary degeneration of the underlying subcortical
white matter was noted. No hemorrhagic transformation
was noted in the affected regions on CT scans throughout
the observation period.

Follow-Up. The patient’s cranial nerve TII palsy and
restlessness gradually improved and he resumed his pre-
vious lifestyle 5 months after the second surgery. Eight
months after surgery, his Mini-Mental State Examination
status returned to normal.

Discussion

We have presented, for the first time, dynamic neu-
ropathological correlations between slowly progressive
neuronal death during postischemic hyperperfusion, as
shown on 'ZI-IMZ and '#1-IMP SPECT scans, and emerg-
ing cortical laminar necrosis, as shown on T1-weighted
MR images, after RA/ECA-MCA bypass grafting for an
intracavernous CA aneurysm.

Intracavernous CA aneurysms are usually treated by
trapping with/without EC-IC bypass based on presumed
tolerance to CA sacrifice.® If the CA does not tolerate the
balloon test occlusion, a high-flow bypass is indicated
when CA sacrifice is performed. Creation of an RA/
ECA-MCA bypass graft is a common method of high-
flow bypass, and the technical standards and pitfalls have
been reported previously>? The incidence of ischemic
complications has been reported to be ~ 10%° as a result
of early graft occlusion and other causes, but the underly-
ing etiological force, most of which has been considered
thromboembolic, remains unproven in most cases.5?

Cortical laminar necrosis is a permanent brain injury
characterized on T1-weighted MR images by high-inten-
sity cortical lesions that follow the gyral anatomy of the
cerebral cortex. Histopathological and experimental ani-
mal studies have demonstrated much more vulnerability
of the gray matter than white matter to ischemic necrosis
due to hypoperfusion.”” Previous studies have reported
characteristic MR imaging findings of cortical laminar
necrosis caused by hypoxic or ischemic brain damage "
Cortical enhancement on postcontrast Tl-weighted im-
ages in the subacute stage, suggesting breakdown of the
blood-brain barrier, and hyperintense cortical lesions on
unenhanced T1-weighted images during the late subacute
and early chronic stages were reported to be distributed in
the laminae. Cortical laminar necrosis is usually reported

J Neurosurg / October 30, 2009
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Fic. 1. A: Three-dimensional rotational CA angiogram showing a large infracavernous aneurysm that was treated with radial
artery/ECA-MCA bypass grafting.  B: Postoperative angiogram.  C and D: Diffusion weighted {C) and FLAIR (D) images ob-
tained on POD 1, showing only subtle hyperintensity in the right temporal cortex subjected to temporary clipping. E and F: Dif-
fusion weighted {E) and FLAIR (F) images obtained on POD 7 when the patient became restless. Both of the hyperintensities fol-
lowing a gyral pattern appear slightly increased and well demarcated. Arrows indicate the affected region in the temporal lobe.

to be associated with volume loss of the affected cortex in
the chronic stage.?® Weiller and coworkers? have report-
ed finding atrophy of the opercular cortex overlying the
subcortical infarct on follow-up MR images ~ 1 year after
the insult, suggesting that neuronal loss progresses over
time.!>? In the present case we observed similar chrono-
logical changes of MR imaging signals on Tl-weighted
and FLAIR images and clearly illustrated the dynamic
process of slowly progressive neuronal death associated
with postischemic hyperperfusion in the affected cortex,
where cortical hyperintensity was emerging in the sub-
acute phase, following subtle diffusion weighted imag-
ing—documented abnormalities in the acute phase.
Hyperperfusion is defined as a significant increase in
cerebral blood flow relative to the homologous area of the
contralateral hemisphere,”© and it is known to occur after
carotid endarterectomy, EC-IC bypass, and giant aneu-
rysm clipping in patients with chronically impaired cere-
brovascular reserve. Previous studies that involved the use
of PET or SPECT scanning suggest that hyperperfusion
may sometimes be associated with incomplete infarction
or selective neuronal loss.*!? Flumazenil and '#I-IMZ are
markers of central benzodiazepine receptors, part of the
GABAergic complex,? and ideal markers of periinfarct
tissue and incomplete brain infarcts.!® Sette et al.'® have
reported marked hyperperfusion in the affected territory
in ischemic stroke, together with mildly reduced binding
of 'C-flumazenil in the acute stage, followed by reduced
1C-flumazenil binding and reduced cerebral metabolic
rates of glucose despite unaltered MR imaging findings

J Neurosurg / October 30, 2009

124

in the subacute stage. Nakagawara and colleagues!® have
also reported using '»*I-IMZ SPECT in 2 patients with
extensive hyperperfusion in the acute stage who exhibit-
ed reduced binding of '**I-iomazenil in these areas in the
chronic stage despite normal CT findings. The degree and
duration of moderate ischemia in the present case was
probably in the narrow range, which caused slowly pro-
gressive neuronal death without the development of frank
infarction involving subcortical white matter, as reported
in transient ischemia in animal models.! In internal ca-
rotid artery occlusive disease, selective neuronal damage
was reported to occur beyond the regions of infarcts by
hemodynamic ischemia in the chronic stage, as demon-
strated on "C-flumazenil PET scans.?

The diagnostic significance of diffusion weighted
imaging deserves some mention. Diffusion weighted im-
aging is considered an accurate predictor of the extent
of infarction during the acute or early subacute phase of
cerebral ischemia. Heiss et al.* compared the probability
of cortical infarction by examining flumazenil binding
on PET and diffusion weighted images in early ischemic
stroke; they concluded that these modalities are compa-
rable in predicting the probability of ischemic cortical
infarction. Benzodiazepine receptor activity is a reliable
marker of neuronal integrity in the cortex, but movement
of water molecules in the extracellular space may be a
more variable indicator of tissue damage, such that the
false-positive volumes not included in the final infarct
were larger for diffusion weighted imaging.¢ Subtle corti-
cal hyperintensity on diffusion weighted imaging of the
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POD2wk POD2mo POD 8 mo

IMP

Fic. 2. Chronological changes in |-IMP and early and delayed '#|-IMZ SPECT images. lodine-123-labeled iodoamphet-
amine (A-C) and early '?|-IMZ (D-F) images similarly showing a transient increase in the subacute stage (POD 2 weeks [POD
2 wk; A and DJ), followed by progressive decrease in the early and late chronic stages (POD 2 months [POD 2 mo; B and E]
and 8 months [POD 8 mo; C and F]) of uptake in the affected regions. Delayed images of 2I-IMZ (G-I) demonstrating delayed
decrease of binding of the affected regions between subacute (G) and early chronic (H) stages, which levels off in the late chronic
stage (1). Arrows indicate the affected region in the temporal lobe.

affected cortex on PODs 1 and 7 in this case, as reported ter transient ischemia.!’® In the present case, however, the
in global ischemia,!" disappeared thereafter, despite on- rate of decrease of the affected/unaffected ratio, as seen
going neuronal loss during the subacute stage. In animal on the delayed '2I-IMZ images, remained constant until
models, modest signal intensity changes on diffusion POD 55 before and after the first postoperative '2I-IMZ
weighted imaging precede delayed neuronal necrosis af- image, if the affected/unaffected ratio before surgery in

12 14
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Fic. 3. Line graphs depicting chronological changes of the affected/unaffected count ratio and corresponding regions of
interest on delayed "I-IMZ (left) and '#I-IMP (right) SPECT images. The count ratio of the affected/unaffected corresponding
regions of interest of 'I-IMZ in the different areas (temporal, precentral, occipital, and cerebellar regions) are plotted against
PODs. The affected/unaffected ratio of »I-IMP was plotted only for the affected temporal region.
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POD 2 wk

POD 1 mo

POD 2 mo

Fie. 4. Chronological changes demonstrated on follow-up MR images. Sagittal T1-weighted images (A-D) showing emerging
cortical hyperintensity of the affected cortex between 2 weeks after surgery (POD 2 wk; A) and 1 month after surgery (POD 1 mo;
B); the hyperintensity becomes more prominent at 2 months (POD 2 mo; C). Cortical laminar necrosis indicates atrophic change

in the late chronic stage (D).

E--H: On FLAIR images, cortical hyperintensity gradually decreases from 2 weeks after surgery

(POS 2 wk; E) to 1 month after surgery (POD 1 mo; F) postoperatively and almost disappears by 2 months (POD 2 mo; G). In the
|ate chronic stage, cortical atrophy with secondary degeneration of the underlying subcortical white matter is noted (H).

the affected cortex was assumed to be 1.0, as in the other
areas on the first postoperative 'PILIMZ image. These
findings suggest that neuronal loss may not be of delayed
onset, but rather slowly progressive after surgery, and
diffusion weighted and »’I-IMZ imaging may differ in
predicting the probability of slowly progressive neuronal
death in cortical laminar necrosis, depending on the in-
terval from the moderate ischemic insult. Iodine-123-la-
beled IMZ SPECT is useful for examining the dynamic
process of slowly progressive neuronal loss, especially in
the subacute phase after moderate ischemia. Precise un-
derstanding of temporal profiles of neuronal death under-
lying emerging cortical laminar necrosis should require
further accumulation of evidence using 2’I-IMZ SPECT.

Previous studies discussed the time permitted for
temporary occlusion of the parent artery for aneurysm
surgery, especially for an MCA bifurcation aneurysm ®!>1
In radial artery/ECA-MCA bypass grafting, however, the
time permitted for temporary occlusion of the M, segment
remains unclear, although the anastomotic time has been
recommended to be less than 45 minutes.!? Obviously, the
time threshold for temporary occlusion may depend on
multiple factors, such as the use of various neuroprotec-
tive agents,»" brain temperature,” and extent of collateral
flow and cerebrovascular reserve. During the previous 6
years, neither isolated cortical laminar necrosis nor frank
infarction due to temporary occlusion had been docu-
mented in the other 21 cases treated by high-flow bypass,
including 10 patients in whom temporary occlusion lasted
more than 45 minutes. In the present case, extremely slow
backflow from the distal side of the clamped artery was
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a key intraoperative finding, underlying the development
of slowly progressive neuronal death. Although previous
studies have reported possible preventative measures of
ischemic complications related to temporary occlusion,
such as excimer laser—assisted nonocclusive anastomo-
sis,'® the development of small intravascular shunts,”? and
double insurance bypass,’ there are no widely accepted
methods for this purpose.

Conclusions

We have discussed a rare case of slowly progressive
neuronal death during postischemic hyperperfusion in
cortical laminar necrosis associated with radial artery/
ECA-MCA bypass grafting for intracavernous CA an-
eurysms. We have illustrated the diagnostic importance
using of ZI-IMZ SPECT in the subacute phase before
emerging characteristic MR imaging findings. Moderate
ischemia during temporary occlusion due to poor collat-
eral flow may cause this rare ischemic complication.
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Hyperintense Plaque With Noncontrast T1-Weighted
Magnetic Resonance Coronary Plaque Imaging Leading to
Acute Coronary Syndrome

Atsushi Tanaka, MD; Tomohiro Kawasaki, MD; Teruo Noguchi, MD; Shoichi Koga, MD;
Yoshihiro Hiramatsu, MD; Takaya Fukuyama, MD; Nobuhiko Koga, MD

73-year-old diabetic man underwent multislice computed

tomography (MSCT) and noncontrast T1-weighted (TIW)
magnetic resonance imaging (MRI) for the evaluation of atypi-
cal chest discomfort after an exercise ECG was nondiagnostic.
The MSCT demonstrated a low-density positive remodeling
plaque and spotty calcification without significant stenosis in the
proximal segment of the right coronary artery (Figure 1A and
1B). Noncontrast TIW MRI, using a 1.5-T MR system (Intera,
Philips Medical Systems, Best, the Netherlands), revealed a
hyperintense plaque (HIP) in the right coronary artery in an area
corresponding to the plaque visualized by MSCT (Figure 1C and
1D). With clear evidence of atherosclerotic disease, the patient

Figure 1. Multislice computed tomography (A, curved multipla-
nar reconstruction; B, horizontal) demonstrates low-density
plaque (—36 Hounsfield units, remodeling index 1.6, arrow-
heads) with spotty calcification (arrow) in the proximal segment
of the right coronary artery. On the corresponding noncontrast
T1-weighted magnetic resonance imaging (C, oblique image; D,
horizontal), this low-density plaque was visualized as a hyperin-
tense lesion (arrowheads).

_ 8.2 me, ¥ menddiv

Figure 2. Right coronary angiography revealed an occlusion of
the proximal segment of the right coronary artery (A). On intra-
vascular ultrasound examination (B), a near-circumferential
attenuation (arrowheads) was observed at the culprit lesion, cor-
responding with the plaque observed both by multislice com-
puted tomography and by noncontrast T1-weighted magnetic
resonance imaging.

was given glimepiride and voglibose with recommendations for
strict diet therapy for treatment of diabetes mellitus; he contin-
ued to take aspirin. One year after these examinations, the patient
presented with sudden-onset crushing chest pain at our emer-
gency room. Despite the modifications to his medications, his
coronary risk factors had not improved (hemoglobin A, 7.1-
6.4%, low-density lipoprotein cholesterol, 124110 mg/dL;
high-density lipoprotein cholesterol, 34-32 mg/dL). On admis-
sion, an ECG showed ST-segment elevation in leads II, III, and
aVe. Emergent coronary angiography revealed an obstructive
lesion in the proximal segment of the right coronary artery in a
region corresponding to the HIP previously identified by MRI
(Figure 2A). Intravascular ultrasound confirmed extensive atten-
uation (Figure 2B) at that segment, and a bare metal stent was
successfully implanted with a distal protection device. After
stent implantation, a large amount of debris was collected.
Recently, Kawasaki et al' reported that the presence of HIP
on noncontrast TIW MRI is associated with positive coro-
nary remodeling, low CT density, and ultrasound attenuation
by MSCT or intravascular ultrasound. However, it is un-
known whether HIP has a greater potential for plaque rupture
and subsequent acute coronary syndrome. To our knowledge,
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Characterization of Hyperintense Plaque With
Noncontrast T,-Weighted Cardiac Magnetic
Resonance Coronary Plaque Imaging

Comparison With Multislice Computed Tomography and Intravascular Ultrasound

Tomohiro Kawasaki, MD,* Shoichi Koga, MD,t Nobuhiko Koga, MD,*

Teruo Noguchi, MD,# Hidenori Tanaka, MD,* Hisashi Koga, MD,* Takeshi Serikawa, MD,*
Yoshiya Orita, MD,* Shinsuke Ikeda, MD,* Takahiro Mito, MD,* Yoshitaka Goto, MD,*
Yoshiaki Shintani, MD,* Atsushi Tanaka, MD,} Takaya Fukuyama, MD*

Kurume, and Suita, Japan

OBJECTIVES This study sought to characterize coronary hyperintense plaques (HIP) using
noncontrast T,-weighted imaging (TTW) in cardiac magnetic resonance, which was then compared with
multislice computed tomography and intravascular ultrasound.

BACKGROUND Carotid plaque components such as intraplaque hemorrhages and/or lipid-rich
necrotic cores can be detected as HIP by noncontrast TIWI. Although coronary HIPs have been
successfully detected using this technique, the properties of hyperintense signals in coronary plaques
have not yet been systematically evaluated.

METHODS Thirty-eight lesions from 37 patients with angina pectoris who demonstrated >70%
coronary stenosis on multislice computed tomography were evaluated by noncontrast TIWI using a
1.5-T magnetic resonance imager, and 25 lesions were evaluated by intravascular ultrasound. Signal
intensity of coronary plaque to cardiac muscle ratio >1.0 was defined as HIP. We divided 25 lesions into
the 2 groups, according to the presence or absence of HIP: HIP (n = 18) and non-HIP (n = 7) groups.

RESULTS In comparison with the non-HIP group, the HIP group demonstrated significantly higher
coronary plaque to cardiac muscle ratio (1.7 = 0.7 vs. 0.9 % 0.1, p < 0.01), higher frequency of positive
remodeling as observed by both multislice computed tomography (89% vs. 0%, p<0.0001) and
intravascular ultrasound (94% vs. 14%, p < 0.001) and ultrasound attenuation (100% vs. 14.3%, p <
0.0001). The frequency of spotty calcification tended to be higher in HIP (89% vs. 50%, p = 0.079). The
HIP group also exhibited a significantly lower computed tomography density (~23.2 = 20.7 Hounsfield
units [HU] vs. 9.6 = 20.5 HU, p < 0.01). In addition, the incidence of transient slow-flow phenomena was
significantly higher in the HIP group than in the non-HIP group (83% vs. 14%, p < 0.01).

CONCLUSIONS The typical HIP case was associated with ultrasound attenuation, positive
remodeling, remarkably low computed tomography density, and a high incidence of slow-flow
phenomena. Noncontrast TIW! in cardiac magnetic resonance imaging may be useful for the assessment
of coronary plaque characterization in patients with coronary artery disease. (J Am Coll Cardiol Img
2009;2:720-8) © 2009 by the American College of Cardiology Foundation
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ardiac magnetic resonance (CMR) imag-
ing (1-3) and multislice computed tomog-
raphy (MSCT) (4-7) are attracting atten-
tion as new noninvasive imaging
techniques for coronary plaque visualization. Non-
contrast T;-weighted imaging (TIWI) in CMR
enables the identification of the thickened coronary
wall (1-3). In addition, contrast-enhanced CMR
allows us to identify areas of delayed enhancement
that correlate with the severity of atherosclerosis as
measured by MSCT and quantitative coronary

angiography (8).

See page 729

In carotid plaques, high signals on inversion
recovery-based 3-dimensional T1WI are associated
with complicated plaques (type VI as proposed by
the American Heart Association) (9) and with recent
ischemic cerebrovascular events (10,11). Thus, CMR
with T1WI is able to successfully identify vulnerable
carotid plaques. Although coronary plaque imaging by
noncontrast- and contrast-enhanced T1IWI has been
successfully demonstrated, and coronary plaques
can be visualized as hyperintense signal areas, the
properties of hyperintense signals in coronary
plaques detected by T1WI have not yet been
systematically evaluated.

To address this, we sought to characterize hyper-
intense coronary plaques visualized by noncontrast
T1WI in CMR to compare findings obtained by
MSCT and intravascular ultrasound (IVUS).

METHODS

Study population. Thirty-seven consecutive angina
pectoris patients with a total of 38 lesions were
enrolled. In all of these patients, significant
coronary stenosis (>70%) was detected on
MSCT; all were scheduled for elective percuta-
neous coronary intervention (PCI) between Feb-
ruary 2007 and November 2007. All 38 lesions
(37 patients) had been evaluated by noncontrast
T1WI in CMR before PCI. Twenty-eight lesions
from 27 patients contained areas with hyperin-
tense signals, corresponding to the target lesions
on MSCT (defined as hyperintense plaque
[HIP]). In contrast, 10 lesions from the remain-
ing 10 patients contained areas without hyperin-
tense signals (defined as non-HIP). We excluded
13 lesions from 13 patients, 10 HIP and 3
non-HIP, who had not undergone IVUS exami-
nation during PCIL. Thus, 25 lesions from 24

Kawasaki et al.
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patients (18 HIP and 7 non-HIP) were examined
in this study (Fig. 1). Both MSCT and CMR
were performed within a month before the IVUS
examination. The study protocol was approved by
the Institutional Board on Clinical Investigations
at Shin-Koga Hospital. Information regarding
this study was provided either orally or in written
form to all subjects, and written informed consent
was obtained from each subject.

CMR coronary plaque imaging. Coronary plaque im-
aging was obtained with a 1.5-T MR imager
(Intera, Philips Medical Systems, Best, the Neth-
erlands) using 5-element cardiac coils. When heart
rates were more than 65 beats/min, the rates were
adjusted by administration of 20 to 40 mg of
metoprolol 30 min before imaging. Nitroglycerin
(0.3 mg) was also administered sublingually imme-
diately before taking images to obtain high-quality
CMR images. The survey images were focused
around the heart, and the reference images
were taken under free breathing to im-
prove the sensitivity of parallel imaging.
Coronary plaque images were obtained

the use of a 3-dimensional, T1W
inversion-recovery gradient-echo sequence
with fat-suppressed and radial k-space

ms, echo time: shortest = 1.37 ms, flip

to 45, SENSE factor: 2.5, number of
excitations: 2, navigator gating window: 5
mm, no drift correction, field of view: 300
X 270 X 112 mm, acquisition matrices:
224 X 224, reconstruction matrices: 512
X 512 X 140). Spatial resolution was 1.34 X 1.34
X 1.6 mm. The same value was set for the acqui-
sition window as in the coronary CMR. The
acquisition window was set, according to the move-
ment of the heart, for the time during the diastolic
phase at which the heart moves the least. The
movement of the heart was confirmed using
cine-MR images that had been taken previously.
The cine-MR images were obtained with a steady-
state sequence as the patient was free breathing
(repetition time: 2.6 ms, echo time: 1.3 ms, flip
angle: 60°, field of view: 360 X 324 X 7 mm,
acquisition matrix: 192 X 192, cardiac phases: 50,
SENSE factor: 3.0, imaging time: 2 s).

A coronary CMR image analysis was performed
by 2 technicians who were blinded to the plaque
information obtained by MSCT. In the coronary
CMR, jymage obtained, if the areas that corre-
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Patients with >70% stenosis
on MSCT underwent non-contrast T1WI
38 lesions / 37 patients

Hyperintense signal
28 lesions / 27 patients

IVUS not perfomed

were excluded

—* 10 lesions/ 10 patients

l

Non-hyperintense signal
10 lesions / 10 patients

IVUS not perfomed
— 3 lesions/ 3 patients
were excluded

Hyperintense signal
18 lesions / 17 patients

Non-hyperintense signal
7 lesions / 7 patients

Figure 1. Flow Chart of Inclusion Criteria

A total 38 lesions from 37 patients with significant coronary stenosis (>70%) underwent noncontrast T1W cardiac magnetic resonance;
overall, 24 patients (a total of 25 lesions; 18 lesions with hyperintense signal and 7 with nonhyperintense signal) were enrolled in this
study. IVUS = intravascular ultrasound; MSCT = multislice computed tomography; TIWI = T,-weighted image.

sponded to the target lesion on MSCT were con-
firmed, then the signal intensity of coronary plaque
to muscle ratio (PMR) (PMR was defined as the
signal intensity of the coronary plaque divided by
the signal intensity of the cardiac muscle) was
calculated. Areas with PMR >1.0 were defined as
HIP, whereas areas with PMR =1.0 were defined
as non-HIP. The representative cases with HIP and
with non-HIP are shown in Figure 2. The signal
intensity of the myocardium was measured at a site
of the left ventricle near the coronary plaque.

Coronary Computed Tomography (CT) angiography.
Coronary CT angiography was performed using
MSCT (LightSpeed Volume CT, GE Health-
care, Milwaukee, Wisconsin). A coronary image
was acquired with 64 X 0.625-mm slice collima-
tion, a gantry rotation time of 0.35 ms, table feed:
7.2 to 8.2 mm/rotation, tube energy: 120 kV, and
effective tube current: 280 mA. The total amount
of contrast media (50.1 * 5.1 ml iopamidol, 370
mgl/ml) (Schering AG, Berlin, Germany) was
injected intravenously at a rate of 3.5 to 4.0ml/s.
Transaxial images were reconstructed using a
medium sharp conventional kernel/standard
smooth kernel (B25F) and sharp kernel (B46F).
The image matrix was 512 X 512 pixels, with a
slice thickness of 0.75 mm and an increment of
0.4 mm using an electrocardiography-gated half-
scan algorithm with a resulting temporal resolu-
tion of 165 ms in the center of rotation. Image
reconstruction was retrospectively gatedyfo the

electrocardiogram. The patients with a heart rate
>70 beats/min received 20 mg of metoprolol
orally 60 min before scanning, and almost all of
the patients received 0.3 mg of nitroglycerin
sublingually just before scanning. Image recon-
struction was performed using a 3-dimensional
workstation (Advantage Workstation version 4.2,
GE Healthcare). A focal multiplanar reconstruc-
tion image and cross-sectional image at the lesion
were used for the assessment of coronary plaque
morphology, including vessel remodeling index
(RI), the minimum CT density of the plaques
(expressed by Hounsfield units [HU]), and spotty
calcification. The RI on MSCT was calculated by
dividing the cross-sectional vessel area at the
lesion by the mean of the 2 reference areas, which
were obtained within 5 mm proximal to and 5
mm distal to the lesion. Positive remodeling was
defined as RT >1.10 (12). Spotty calcification was
defined as features <3 mm in size on a focal
multiplanar reconstruction image and cross-
sectional image in the lesion (13,14). An MSCT
image analysis was performed by 2 technicians
who were blinded to the plaque information
obtained by CMR and IVUS.

IVUS image. The IVUS image was obtained before
the PCI within 1 or 2 weeks after the CMR and
MSCT. The IVUS system used a commercially
available 40-MHz IVUS catheter (Atlantis Pro
2.9-F, Boston Scientific, Natick, Massachusetts)
with 0.5 mm/s auto-pullback. The manual con-
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Figure 2. Representative Case With and Without HIP

(A) Representative case with hyperintense area (white arrow) at distal right coronary artery (left panel). In this case, the intensity of cor-
onary plaque to cardiac muscle ratio (PMR) was 1.76 and it was classified as a hyperintense plaque (HIP) (right panel). (B) Representative
case without hyperintense signal area (arrowhead) at proximal right coronary artery (left panel). The PMR was 0.89 and it was classified

as non-HIP (right panel).

tour detection of the external elastic membrane
was performed at the lesion and at the proximal
reference site, and the RI was then calculated as
the external elastic membrane of the lesion di-
vided by the external elastic membrane of the
proximal reference site, as previously described
(15,16). Positive remodeling was defined as RI
>1.05 (17). In addition, the plaque was checked
to determine whether ultrasound attenuation was
present. Ultrasound attenuation was defined as
backward attenuation of signals behind the cor-
onary atheroma without echogenic deposits or
calcium within the plaque (18). The grade of
ultrasound attenuation was classified into 3 cat-
egories according to the arc of the attenuation as
follows: — = no attenuation; + = attenuation
<180° ++ = attenuation =180°(18).

Statistical analysis. Continuous data were summa-
rized as mean * SD. Categorical data were sum-
marized as counts and percentages. The comparison
of the plaque characteristics between the HIP and
non-HIP groups was made using an unpaired # test
in continuous data and Fisher exact tests in cate-
gorical data. All interpretations of CMR, MSCT,
and IVUS imaging were performed in a blinded
manner. Interobserver agreement was calculated

using kappa statistics. A value of p < 0.05 was
considered statistically significant.

RESULTS

Of all 25 lesions used in the study, 18 lesions
(72%) were classified as HIP and 7 lesions (28%)
were classified as non-HIP. The baseline charac-
teristics of those 25 lesions (from 24 patients) are
shown in Table 1. Other than in target coronary
vessel involvement, there was no statistically sig-
nificant difference in patient clinical characteris-
tics between HIP and non-HIP lesions. The
relationship between the HIP/non-HIP lesions
on noncontrast TIWI and the plaque morphol-
ogy obtained by MSCT and IVUS is shown in
Table 2 and is summarized in Table 3. The
averaged PMR in HIP lesions was significantly
higher than in non-HIP lesions (1.70 * 0.71 vs.
0.90 = 0.08, p < 0.001). Positive remodeling on
MSCT was observed in 16 (89%) of the 18
patients with HIP as opposed to 0 (0%) of the 7
patients with non-HIP. In addition, minimal CT
density was significantly lower in HIP lesions
(-23.25% 20.7 HU vs. 9.6 = 20.5 HU, p < 0.01).
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Table 1. Baseline Clinical and Angiographic Characteristics
HIP Non-HIP P
(n=17) (n=7) Value
Age, yrs, mean = SD 66 =+ 9 66 = 12 NS
Sex, male/female 14/3 4/3 NS
Diagnosis
AP/UAP 14/3 5/2 NS
Number of CAD
SVD/MVD 9/8 3/4 NS
Coronary risk factors, n (%)
Hypertension 14 (82.4%)  3(42.9%) NS
Hypercholesterolemia 13(76.5%)  4(57.1%) NS
Diabetes mellitus 7 (41.2%) 2(28.6%) NS
Current smoking 4 (23.5%) 3(42.9%) NS
Target vessel, n (%) 0.047
LAD 11(61.1%) 4(57.1%)
LCX 0(0%) 2(28.6%)
RCA 7 (38.9%) 1(14.3%)
AP = angina pectoris; CAD=coronary artery disease; HIP = hyperintense
plaque; LAD = left descending artery; LCX = left circumflex artery; MVD =
multivessel disease; NS = not significant; RCA = right coronary artery; SD =
standard deviation; SVD = single vessel disease; UAP = unstable angina
pectoris.

The frequency of spotty calcification tended to be
higher in HIP lesions (89% vs. 50%, p = 0.079).
Positive remodeling based on IVUS examinations
was observed in 17 (94%) of the 18 patients with
HIP, which is significantly higher than in non-
HIP patients (14%, p < 0.0001). The frequency
of ultrasound attenuation was significantly higher
in HIP lesions (100% vs. 14%, p < 0.0001). The
kappa statistics for interobserver agreement for
ultrasound attenuation was 0.87 (substantial
agreement). Transient coronary slow-flow phe-
nomena were observed immediately after either
first balloon dilation or stent implantation in 15
(83%) of the 18 patients with HIP, which is
significantly higher than in non-HIP patients
(14%, p < 0.01). Comparisons of CMR with
both MSCT and IVUS of representative cases
with HIP are shown in Figures 3 and 4.

DISCUSSION

This is the first report to systematically evaluate the
components of HIP detected by noncontrast TIWI in
CMR using both MSCT and IVUS examinations.
Our findings demonstrate that typical coronary HIP is
associated with a high frequency of ultrasound atten-
uation and positive remodeling, remarkably low CT
density, and a high incidence of transient slow-flow
phenomena. These results indicate that noncontrast
T1WI in CMR is a useful technique for characteriza-
tion of coronary plaque components. 134
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Coronary plaque imaging with noncontrast

T1WI was first reported by Maintz et al. (19) and
Yeon et al. (8). These investigators speculated
that a hyperintense signal in coronary plaques on
noncontrast T1WI indicates the presence of mu-
ral or intraplaque thrombus containing methe-
moglobin. However, these investigators did not .
systematically evaluate the properties of hyperin-
tense signals in coronary plaques. In our study,
the properties of the HIP on noncontrast TIW
CMR were examined by using both MSCT and
IVUS imaging obtained before PCI. We used
noncontrast T1W inversion-recovery and fat-
suppressed 3-dimensional black-blood gradient-
echo sequence on a 1.5-T MR system. This
technique has successfully yielded a description of
HIP similar to those observed in the carotid
artery (9,20). Recently, our group showed that by
using this technique HIP could be observed in
the area corresponding to the low-density coro-
nary plaques with positive coronary remodeling
observed by MSCT.
Comparison between CMR images and MSCT and
IVUS. Using MSCT, HIP has a significantly
higher frequency of positive remodeling and
lower CT density in comparison with non-HIP.
The frequency of spotty calcification tended to be
higher in HIP. Noncalcified plaques <30 HU on
MSCT correlated with the presence of a lipid-
rich necrotic core (21); the presence of 3 features
of coronary plaque on MSCT (positive remodel-
ing, noncalcified plaque <30 HU, and spotty
calcification) provided a high level of confidence
for the characterization of vulnerable plaques
associated with acute coronary syndrome (14). In
the present study, all 18 HIP cases displayed
significantly lower CT values, and 80% of them
presented on MSCT with the aforementioned 3
typical features; in contrast, none of the non-HIP
cases exhibited those 3 features. These findings
suggest that observation of HIP on noncontrast
T1WI may reflect the potential for plaque
vulnerability.

In comparisons with IVUS images, HIP also
has a significantly higher frequency of positive
remodeling and ultrasound attenuation than non-
HIP. In this study, positive coronary remodeling
was observed with a higher frequency in HIP on
both MSCT and IVUS. Positive remodeling
associated with a plaque is thought to reflect a
compensatory enlargement to avoid the decrease
of the coronary lumen (22). On the other hand,
Varnava et al. (23) performed a pathological
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Table 2. Lesion Characteristics and Clinical Results of HIP/Non-HIP on CMR, MSCT, and IVUS
MSCT IVUS
Minimum CT Spotty Slow
Lesion Target PMR PR RI Density (HU) Calcification UA* PR Rl Flow
HIP
1 LAD Seg 6 393 Yes 130 -50 Yes Sy Yes 1.18 Yes
2 LAD Seg 6 2.63 Yes 1.27 -32 No ++ Yes 1.29 Yes
3 LAD Seg 6 2.09 Yes 1.18 -19 Yes ++ Yes 1.15 Yes
4 RCA Seg 3 2.03 Yes 117 -66 Yes + Yes 113 Yes
5 LAD Seg 6 1.98 No 1.03 -26 Yes + Yes 1.14 No
6 RCA Seg 1 1.78 Yes 1.27 -19 Yes ++ Yes 1.1 No
Z RCA Seg 3 1.78 Yes 1.15 -7 Yes ++ Yes 1.13 Yes
8 RCA Seg 3 1.76 Yes 1.24 -44 Yes + Yes 1.1 Yes
9 LAD Seg 6 1.67 Yes 1.24 -3 No + Yes 1.15 Yes
10 RCA Seg 3 1.56 Yes 1.27 -12 Yes + Yes 1.26 Yes
n LAD Seg 7 1.45 Yes 112 -42 Yes + Yes 1.08 Yes
12 RCA Seg 2 1.27 Yes 1.20 -16 Yes ++ Yes 1.19 Yes
13 RCA Seg 1 1.24 Yes 1.10 -18 Yes ++ Yes 1.16 Yes
14 LAD Seqg 7 1.14 No 1.04 0 Yes + No 1.02 Yes
15 LAD Seg 6 112 Yes 1.27 -4 Yes + Yes 1.21 Yes
16 LAD Seg 6 1.05 Yes 1.13 =37 Yes ++ Yes 1.09 No
17 LAD Seg 6 1.05 Yes 1.26 2 Yes + Yes 117 Yes
18 LAD Seg 6 1.01 Yes 1.19 12 Yes ++ Yes 1.08 Yes
Non-HIP
1 LAD Seg 6 0.98 No 1.07 =21 Not + Yes 1.09 Yes
2 RCA Seg 2 0.97 No 0.96 28 Yes - No 0.85 No
3 LAD Seg 7 0.94 No 0.97 8 No - No 0.93 No
4 LAD Seg 7 0.94 No 0.99 12 Yes - No 0.82 No
5 LCX Seg11 0.89 No 0.99 37 Yes - No 0.95 No
6 LAD Seg 6 0.86 No 0.97 15 No - No 0.88 No
7 LCX Seg 15 0.74 No 0.92 -12 No - No 0.73 No
*Ultrasound attenuation category: — = no ultrasound attenuation, + = arc of attenuation <180°, ++ = arc of attenuation =180°. tLarge calcification was observed.
CMR = cardiac magnetic resonance; CT = computed tomography; HU = Hounsfield unit; IVUS = intravascular ultrasound; MSCT = multislice computed tomography; PMR = intensity of
coronary plaque to cardiac muscle ratio; PR = positive remodeling; Rl = remodeling index; Seg = segment; UA = ultrasound attenuation; other abbreviations as in Table 1.

examination of positive remodeling plaques and
reported that they have higher lipid content and
macrophage count; these 2 findings are recog-
nized pathological markers for plaque vulnerabil-
ity. Furthermore, positive remodeling plaques
have a larger fibro-fatty component according to
the IVUS radiofrequency data (24,25); these
positive remodeling plaques are observed fre-
quently in patients with acute coronary syndrome
(14-16). Therefore, positive coronary remodeling
is thought to have a potential for plaque vulner-
ability. In this study, the rate of positive remod-
eling was very high. However, in previous studies,
the rate of positive remodeling of lesions sub-
jected to elective PCI has not been very high
(15,26,27). This discrepancy may relate to the
characteristics of HIP. As we have already men-
tioned, HIP is strongly associated with a remark-
ably low CT density and a high frequency of

Table 3. Characteristics in Hyperintense and Normointense Plaque
HIP Non-HIP
(n = 18) (n=7) p Value
PMR 170 £0.71  0.90 +=0.08 0.0081
MSCT
Positive remodeling, yes/no 16/2 0/7 <0.0001
RI 1.19+0.08 098+0.05 <0.0001
Minimal CT density, HU -23.2+207 9.6 + 20.5 0.0016
Spotty calcification, yes/no 16/2 3/3* 0.079
IVUS
Positive remodeling, yes/no 171 1/6 <0.001
RI 1.15+0.07 089+0.11  <0.0001
Ultrasound attenuation, yes/no 18/0 1/6 <0.0001
Slow flow phenomenon, yes/no 15/3 1/6 0.003
*One excluded because of large calcification.
Abbreviations as in Tables 1 and 2.
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Figure 3. Representative Case of HIP in the Proximal LAD

A 60-year-old patient with a severe coronary stenosis in the proximal left descending artery (LAD) is shown. Multislice computed tomog-
raphy (MSCT) (A: horizontal, B: sagittal) demonstrates the low-density positive remodeling plaque (-32 Hounsfield units, remodeling
index: 1.27) (arrow) with severe coronary stenosis in the proximal LAD. On the corresponding cardiac magnetic resonance (CMR) (C: hori-
zontal, D sagittal), this low-density plaque was visualized as a “hyperintense spot” (dashed arrow). On the coronary angiography, severe
coronary stenosis was observed (E) (arrowhead), and on IVUS examination (F), positive remodeling plaque (remodeling index: 1.29) with
ultrasound attenuation (arrowheads) was observed in the proximal LAD, corresponding with the plaque observed by both MSCT and
CMR. HIP = hyperintense plaque; IVUS = intravascular ultrasound.

Figure 4. Representative Case of HIP in the Mid-RCA

A 60-year-old patient with a severe coronary stenosis in the mid-right coronary artery (RCA) is shown. Multislice computed tomography
(MSCT) (A: horizontal, B: sagittal) shows the low-density positive remodeling plaque (-66 Hounsfield units, remodeling index: 1.15,
arrow) with severe coronary stenosis in the mid-RCA. On the corresponding cardiac magnetic resonance (CMR) (C: horizontal, D: sagittal),
a hyperintense plaque (HIP) can be observed by MSCT in the region with a low-density positive remodeling plaque (dashed arrow). On
the coronary angiography, severe coronary stenosis was observed (E). On intravascular ultrasound examination (F), positive remodeling
plaque (remodeling index: 1.13) with ultrasound attenuation (white arrowheads) was observed in the mid-RCA, corresponding with the
plaque observed both by MSCT and CMR.
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positive remodeling. These factors are recognized
surrogate markers for vulnerable coronary plaques
(14). Thus, the present findings—that in stable
angina patients with HIP the rate of positive
remodeling was high and similar to those for
cases of acute coronary syndrome (15)—may be
explained by the possibility that HIP may repre-
sent vulnerable coronary plaque. In other words,
HIP itself may reflect positive remodeling, which
represents a large volume of lipid content.

The mechanism of ultrasound attenuation is

thought to involve the existence of microcalcification,
thrombus, cholesterol crystals with expansive positive
arterial remodeling (20,28), and large lipid-rich ne-
crotic core (29,30). Furthermore, in histological IVUS
examination, the necrotic core is significantly larger in
plaques with ultrasound attenuation (20). On the
other hand, it is well known that slow-flow/no-reflow
phenomena may occur with high frequency during
PCI treatment of ultrasound-attenuated plaques
(18,28,29,31). In our study, transient slow-flow phe-
nomena occurred in 15 (83%) of the 18 lesions with
ultrasound attenuation in HIP, in contrast, only 1
(14%) of the 7 lesions without ultrasound attenuation
in non-HIP behaved this way. Thus, HIP is thought
to represent a great potential for high-risk plaque,
which induces transient slow-flow phenomena during
PCI.
Clinical impact of HIP on noncontrast TIW CMR. In the
studies of the carotid artery using magnetic resonance
imaging, HIP on T1WI has been reported with a
histological correlation with methemoglobin in in-
traplaque hemorrhage (9,10). Because intraplaque
hemorrhage is a criterion for complicated plaque
(American Heart Association type VI) and patients
with this type of carotid plaque exhibited ischemic
cerebrovascular events and were therefore recognized
as cases of vulnerable carotid plaque (10,11), noncon-
trast TIWI in CMR may enable noninvasive detec-
tion of advanced coronary plaque stages, such as
carotid plaque. Based on carotid artery studies and our
findings from MSCT and IVUS in this study, we
speculate that the observed high signals in coronary
plaque generated by noncontrast TTWI may represent
intraplaque hemorrhage or lipid-rich necrotic cores
and, therefore, may have potential as markers for
plaque vulnerability.

Although the characterization of atherosclerotic
plaque with a noninvasive imaging modality is still
challenging, our findings detected by noncontrast
T1WI may be informative findings to identify the
plaque characteristics. Noninvasive, easily repeatable,
and inexpensive methods that detect instability of

Kawasaki et al.
Noncontrast TIW CMR Coronary Plaque Imaging

coronary lesions are needed for the management of
patients with high-risk coronary artery disease. In this
regard, coronary plaque imaging using noncontrast
T1WI may provide clinically important information
regarding plaque vulnerability and clinical outcome.
Further prospective studies are warranted to elucidate
whether HIP has potential as a marker for vulnera-
bility and clinical outcomes.

Study limitations. The number of subjects in this
study was small. In addition, recruiting patients
with significant coronary stenosis might have
resulted in a certain bias, because IVUS exami-
nation is an invasive technique with associated
non-negligible risks, and it is permitted only
during PCI. Therefore, patients without signifi-
cant coronary stenosis were excluded. However,
IVUS is the current in vivo gold standard for
coronary plaque assessment and is the only way to
differentiate plaque characterization. Thus, we
have chosen a group of selected patients with
significant coronary stenosis. Because no compar-
ison with histopathological data was performed
in this study, precise characterization of HIP
remains unknown. From the knowledge of ca-
rotid plaque evaluation using magnetic resonance
imaging and pathological examination, the ob-
served high signals generated by short T plaques
may represent intraplaque hemorrhage or ne-
crotic lipid cores. These assumptions remain to
be investigated in subsequent studies, and histo-
logical correlation is required for verification.
Furthermore, only TIWI was used in this study.
The time-of-flight image was considered to be a
useful method for distinguishing intraplaque
hemorrhage from lipid-rich necrotic cores (30).
Another limitation of this study is that study
patients presented with stable angina pectoris but
not acute coronary syndrome; therefore, it re-
mains unknown whether HIP detected by T1WI
represents really vulnerable coronary plaques.

CONCLUSIONS

Hyperintense plaque on noncontrast T1WI is
strongly associated with positive coronary remodel-
ing, remarkably low CT density, and ultrasound
attenuation. Thus, the data suggest that HIP de-
tected by noncontrast TIWI may have potential for
identifying vulnerable coronary lesions.
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