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Association hetween Signal Hyperintensity on
T1-Weighted MR Imaging of Carotid Plaques and

ORIGINAL ) )
researcH | Ipsilateral Ischemic Events
N. Yamada BACKGROUND AND PURPOSE: To investigate associations between cerebral ischemic events and
M. Higashi signal hyperintensity in T1-weighted MR imaging (T1WI) of carotid plague according to stenosis
R. Otsubo severity and to estimate persistence of T1WI signal hyperintensity.
T. Sakuma METHODS: A total of 222 patients {392 atherosclerotic carotid arteries) underwent plaque imaging
N. Oyama using 3D inversion-recovery-based T1WI {magnetization-prepared rapid acquisition with gradient-echo
) IMPRAGE]). Carotid plaque with intensity on MPRAGE of >200% that of adjacent muscle was
R. Tanaka categorized as “high signal intensity” and correlated with ipsilateral ischemic events within the
K. lihara previous 6 months. A total of 58 arteries (35 patients) underwent repeat MR imaging a total of 70 times
H. Naritomi at a median interval of 279 days (range, 10-1037 days).
K. Minematsu RESULTS: Ipsilateral ischemic events were more frequent in patients with MPRAGE high signals than
H. Naito in patients with low signals in the 0%-29%, 30%-69%, and 70%~98% stenosis groups: Relative risk

(95% confidence interval) was 2.50 (0.96-6.51), 7.55 (1.84-31.04), and 1.98 (1.01-3.90), respectively.
In the 70 cases of repeat MR imaging, 29 of 30 cases with high signals on the preceding MR imaging
maintained high signals. Of the 58 arteries that underwent repeat MR imaging, 4 of 22 carotid arteries
with high signals developed ipsilateral subsequent ischemic events within 1 year, whereas none with
low signals developed subsequent events.

CONCLUSIONS: Carotid plaque signal hyperintensity on T1WI is strongly associated with previous
ipsilateral ischemic events, persisting over a period of months, and may indicate risk of subsequent
events. Larger clinical trials are warranted to clarify associations between signal hyperintensity and risk

Atherosclerotic carotid plaque represents a major cause of
cerebral ischemia.' Superiority of carotid endarterectomy
to medical treatment has been confirmed for symptomatic
carotid artery with severe stenosis (70%-99%) by the North
American Symptomatic Carotid Endarterectomy Trial
(NASCET) and the European Carotid Surgery Trial (ECST),
but =7 operations were performed to avoid 1 stroke.®* At the
same time, symptomatic patients with 50%-69% stenosis
have been shown to benefit from moderate reduction of stroke
risk by surgery, whereas patients with <50% stenosis do not

of subsequent cerebral ischemic events.

events,” and was related to complicated plaques (type VI as
proposed by the American Heart Association).®?

We have performed carotid plaque imaging using
MPRAGE since December 2001 for patients with suspected or
confirmed carotid artery stenosis. The present study investi-
gated associations between ischemic events and MPRAGE sig-
nal hyperintensity according to severity of stenosis in the ca-
rotid artery, and estimated persistence of MPRAGE signal
hyperintensity as a potential risk factor for ischemic events.

benefit from surgery.>? However, cerebral ischemic episodes ~ Methods
are not restricted to severe stenosis of the carotid artery,z'4 and
a substantial fraction of ischemic strokes in the territory of the ~ Population

carotid artery are unrelated to carotid stenosis.' Methods of
noninvasively identifying “at risk” plaques are thus required.
Many studies have focused on MR imaging to characterize
carotid plaques by using various imaging sequences. However,
standardized sequence parameters and evaluation criteria to
identify “at risk” plaques in MR imaging have not yet been
established. Signal hyperintensity of carotid plaque in inver-
sion recovery-based 3D T1-weighted imaging (alternatively
known as magnetization-prepared rapid acquisition with gra-
dient echo [MPRAGE])® was associated with recent ischemic
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Since December 2001, MR imaging of the carotid artery has been per-
formed for patients with suspected or confirmed atherosclerosis of the
carotid artery after provision of oral informed consent on admission to
the Departments of Neurology or Neurosurgery of our hospital. We re-
viewed the medical records of 222 consecutive patients who underwent
MR imaging between December 2001 and June 2004. This study was
performed in accordance with the ethics guidelines of our hospital. Of the
444 carotid arteries, 45 occluded arteries (at origin of the internal carotid
artery, n = 39; common carotid artery, n = 1; top of the internal carotid
artery or horizontal portion of the middle cerebral artery, #n = 5) and 7
surgically treated carotid arteries (endarterectomy, n = 5; stent grafting,
n = 2) were excluded from the study. A total of 392 carotid arteries from
222 patients were thus enrolled in this study.

Patient characteristics were recorded retrospectively by reviewing
medical records. Ischemic events ipsilateral to the carotid artery within
the previous 6 months were recorded, including cerebral infarction, tran-
sient ischemic attack, and retinal ischemia (amaurosis fugax and retinal
artery occlusion). Emboligenic cardiac diseases (including persistent and
paroxysmal atrial fibrillation, mitral valve stenosis, implantation of pros-
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thetic heart valves, dilated cardiomyopathy, endocarditis, and acute

myocardial infarction within the previous 6 months) were also recorded.
Recorded risk factors of atherosclerosis included hypertension, diabetes
mellitus, hyperlipidemia, and cigarette smoking,

MR Imaging

MR imaging was performed using a Magnetom Sonata 1.5T system (Sie-
mens, Erlangen, Germany) with standard neck array and spine array coils
(Fig 1). Plaque imaging was performed using MPRAGE in transaxial
section with null blood condition (effective inversion time, 660 ms; TR,
1500 ms) and the water excitation technique to suppress fat signals. TR
was defined as the interval between successive inversion pulses. Other
imaging variables were: TE, 5.0 ms; FOV, 180 X 180 mm; matrix, 256 X
204; section thickness, 1.25 mm; 56 partitions; covering 70 mm around
the carotid bifurcation; data acquisition time, 5 minutes. Multislab 3D
time-of-flight (TOF) MR angiography (MRA) was also performed to
facilitate delineation of lumen shape and plaque morphology (TE, 4.4
ms; TR, 35 ms; same spatial resolution as MPRAGE). Contrast MRA was
performed after MPRAGE and 3D TOF MRA using rapid infusion of 0.1
mmol/kg body-weight gadolinium-diethylene-triaminepentaacetic acid
(Gd-DTPA) at a rate of 2.0-3.0 mL/s after a test bolus of 1 mL Gd-DTPA
for timing evaluation at the same rate. Typical imaging variables com-
prised: TR, 3.2 ms; TE, 1.3 ms; section thickness, 1.0 mm; 64 partitions;
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Fig 1. Volume of plague imaging.

A, Maximum intensity projection for contrast MRA of the '
cervical arteries. Volume of plaque imaging with MPRAGE
is indicated between the 2 transverse bars.

8, Near-coronal multiplanar recanstruction of MPRAGE.

€, Source image of MPRAGE 3 mm cranial to the right
carotid bifurcation shows relatively homogeneous signal
intensity in the neck.

D, Zoomed source image of MPRAGE demonstrates dark
lumen of the right internal carotid artery (ICA) and the
external carotid artery (ECA). Circle indicates region of
interest placed in the SCM.

E, Zoomed source image of TOF MRA at the same position
demonstrates bright lumen of the carotid arteries. Plaque
of the ICA (asteriskl demonstrates signal hyperintensity.
SCM, sterocleidomastoid muscle.

FOV, 360 X 200 mm; matrix, 512 X 208; data acquisition time, 14 sec-
onds; near coronal section.

Follow-Up MR Imaging

Ofthe 222 patients, 28 patients underwent one repeat MR imaging and 7
patients underwent 2 repeat MRIs for follow-up of carotid atherosclero-
sis up to June 2005, depending on clinical demands. Among the 28 pa-
tients with one repeat MR imaging, 4 carotid arteries were excluded be-
cause of occlusion and 6 arteries were excluded as a result of surgical
treatment before initial MR imaging (# = 1) and between initial and
repeat MR imaging (n = 5). Among the 7 patients with 2 repeat MRIs, 2
arteries were excluded because of occlusion. MPRAGE signals from
plaques were thus compared a total of 70 times in 58 arteries from 35
patients. For arteries that underwent 2 repeat MRIs, first repeat MR im-
aging was compared with initial MR imaging, and the second repeat MR
imaging was compared with the first repeat MR imaging.

Evaluation of MR Imaging

Carotid stenosis was measured using contrast MRA according to the
methods defined by the NASCET'® and categorized into 3 groups:
mild or no stenosis (0%—29%), moderate stenosis {30%—69%), and
severe stenosis (70%-99%). One observer evaluated signal intensity
of plaques on MPRAGE relative to signal intensity in adjacent muscle



Fig 2. Examples of classic carotid plagues.

A, An example of low signal intensity plague. Top and bottom rows show 3 corresponding sections with 2.5-mm intervals of TOF MRA and MPRAGE, respectively. A 76-year-old man has
left carotid artery stenosis and no history of ipsilateral ischemic events. The carotid plaque {arrows) displays no signal hyperintensity relative to the adjacent muscle.

B, An example of high signal intensity plaque. Top and bottom rows show 3 corresponding sections with 2.5-mm intervals in initial and follow-up MR imaging. A 58-year-old man experienced
cerebral infarction in the territory of the right middle cerebral artery 12 days before initial MR imaging, which reveals a right caratid plaque with heterogeneous MPRAGE signal
hyperintensity {top row). At 4 months after initial MR imaging, the patient again developed cerebral infarction in the right middle cerebral artery territory. Follow-up MR imaging at 5 months
after initial MR imaging {bottom row} shows mild increase of MPRAGE high signal intensity region.

(typically the sternocleidomastoid muscle) as measured by placing a
round region of interest 5-8 mm in diameter on a standard console of
the clinical MR system (Fig 1D). If the plaque displayed signal inten-
sity >200% of muscle intensity at any place or section in the plaque,
that plaque was categorized as “high signal intensity.” Otherwise, the
plaque was categorized as “low signal intensity” (Fig 2).

For carotid plaque with high signal intensity, volume of the region
with signal intensity >200% of the muscle intensity was calculated

using Dr. View/PRO version 5.2 software (Asahi Kasei Information
Systems, Tokyo, Japan) on a stand-alone workstation.

Statistical Analysis

Two-tailed ¢ tests or Mann-Whitney tests were used for comparison
of means, 2-sided Fisher exact tests for comparison of proportions,
paired  tests for comparison of paired variables, and x* tests for linear
trends of ischemic events according to stenosis severity. Associations
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Table 1: Baseline characteristics of carotid arteries according to
symptoms ) : S e

Symptomatic ~ Asymptomatic

(n = 74) {n = 318) P
Age lyears) 69.9 + 8.3* 700786 8872
Female sex 14.9(11/74) 17.3{55/318} 7309
AF and prosthetic heart valve 5.4 (4/74) 6.9(22/318) 7982
Hypertension 79.7 (59/74) 83.3 (265/318) 4957
Diabetes mellitus 39.2 {29/74) 39.9(127/318) 1.0000
Hyperlipidemia 62.2 (46/74) 56.0 (178/318) .3630
Cigarette smoking 29.7(22/74) 23.3(74/318) .2930

Note:—AF indicates atrial fibrillation, Valugs for age represent mean % SD; other values
represent percentage of carotid arteries, with raw numbers provided in parentheses.

between MPRAGE signal intensity and ipsilateral ischemic events
were analyzed by considering each artery independently. All analyses
were performed using Prism version 4.0 software for Windows
(GraphPad Software, San Diego, Calif).

To calculate interobserver variability in categorization of carotid
plaque as high or low signal intensity, a second observer categorized
carotid plaque signals for the first 100 arteries after completing con-
sensus reading of the last 10 carotid plaques as training between first
and second observers, For calculation of intracbserver variability, the
first observer repeated categorization of plaque signals for the first 100
arteries at >1 month after first observation. All interpretations of MR
imaging were performed in a blinded manner. Interobserver and in-
tracbserver agreement was calculated using « statistics.

Results

Association between Signal Hyperintensity and Previous
Ischemic Events

A total of 74 carotid arteries were associated with ipsilateral isch-
emic events within the previous 6 months (cerebral infarctions,
n = 45; transient ischemic attack, n = 20; retinal ischemia, n = 9).
Patients displaying carotid arteries with and without ipsilateral
ischemic events exhibited no significant differences in age, sex,
hypertension, diabetes mellitus, hyperlipidemia, or cigarette
smoking status. A total of 24 carotid arteries were present in pa-
tients with atrial fibrillation, whereas 2 carotid arteries were from
a single patient with a prosthetic aortic valve (Table 1). No pa-
tients were diagnosed with mitral stenosis, dilated cardiomyopa-
thy, endocarditis, or acute myocardial infarction.

MPRAGE high signal intensity was assigned to 170 of 392
carotid plaques (Fig 2). The « values for interobserver and in-
traobserver agreement were 0.729 and 0.792, respectively (good
agreement). After excluding carotid arteries from patients with
atrial fibrillation or prosthetic heart valves, a total of 370 carotid
arteries were included in evaluation of association with previous
ischemic events. Relative risks (95% confidence interval) of ca-
rotid arteries with MPRAGE high signals compared with carotid
arteries with MPRAGE low signals for 0%—29%, 30%—69%,
70%-99% stenosis groups were 2.50 (0.96-6.51), 7.55 (1.84—
31.04), and 1.98 (1.01-3.90), respectively (Table 2). In addition,
risk of high signal intensity carotid arteries with 0%-29% and
30%-~ 69% stenoses resembled risk of low signal intensity carotid
arteries with 70%—~99% stenosis: relative risks (95% confidence
intervals [CI]) were 0.87 (0.34-2.24) and 1.34 (0.65-2.78), re-
spectively. Frequency of ischemic events in MPRAGE high signal
intensity plaques increased with stenosis severity (P = .0133).
Median interval between MR imaging and previous ischemic
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events for MPRAGE high and low signal intensity groups was 20
days (range, 0~180 days) and 51 days (range, 6-179 days), re-
spectively. Mann-Whitney tests revealed no significant differ-
ences between the 2 intervals (P = .0854).

In MRPAGE high signal intensity plaques, volume of the
high signal intensity region was larger in symptomatic plaques
than in asymptomatic plaques. Mean ( SD) volume for 0%~
29%, 30%-—69%, and 70%-99% stenosis groups in symptom-
atic plaques was 249 * 301, 186 * 327, and 166 % 331 mm?,
respectively—Ilarger than in asymptomatic plaques at 48 £ 72,
123 * 169, and 115 % 200 mm?, respectively. Mann-Whitney
tests revealed a significant difference for 0%-29% stenosis
(P = .0247) but not for 30%—-69% (P = .5102) or 70%~99%
stenosis (P = .3177).

Follow-Up MR Imaging

A total of 70 comparisons in 58 arteries were performed be-
tween successive MRIs at a median interval of 279 days (range,
10-1037 days). Initial status of high or low signal intensity was
maintained on repeat MR imaging for most comparisons; only
4 of 40 low signal intensity carotid arteries changed to high
signal intensity, and only 1 of 30 high signal intensity carotid
arteries changed to low signal intensity (Table 3). Volume of
the region with signal intensity >200% of muscle intensity
tended to be similar between successive MRIs (P = .690) (Fig
3). Mean stenosis did not change significantly in the 70 com-
parisons, at 44.2 = 30.0% for the preceding MR imaging and
45.0 = 30.2% for follow-up MR imaging (P = .487).

For investigation of subsequent events, 6 arteries from pa-
tients with atrial fibrillation and 2 arteries with ipsilateral middle
cerebral artery occlusion at the horizontal portion were excluded
from the 58 arteries. Among the remaining 50 carotid arteries, 4
of 22 carotid arteries with high signals displayed subsequent
events, compared with 0 of 28 arteries with low signals (P =
.0473) (Table 4). Repeat MR imaging of the 4 carotid arteries with
subsequent events was performed at 9, 16, 16, and 27 days after
subsequent events. Volume of the 4 arteries did not reveal any
specific features compared with the other arteries (Fig 3).

Discussion
More ischemic events occurred in patients with high signals on
MPRAGE than in those who showed low signals in each of the
subgroups of patients with mild, moderate, and severe steno-
sis. Volume of high signal intensity was significantly larger in
symptomatic plaque than in asymptomatic plaque for patients
with mild stenosis. We also demonstrated in a subgroup that
underwent multiple MR imaging that hyperintensity was
maintained over a period of months, and MPRAGE high sig-
nals may offer an indicator of risk for subsequent events.
MPRAGE is a TIWI and displays intraplaque components
that have short T1 as high signal intensity. Mechanisms of the
short T1, however, are complex. Many previous studies have
shown that lipid-rich necrotic cores display signal hyperinten-
sity on TIWL'""'* Other studies have shown that intraplaque
hemorrhage or thrombus exhibit high signal intensity on
TIWI.>*1¢ Although methemoglobin is considered to be a
cause of high signal intensity, the duration of methemoglobin
in carotid plaques remains unclear. Lipid signals are very weak
in advanced plaques.'’ Signal hyperintensity in this study was
not attributable to lipids, as fat-suppression technique was



Table 2: Risk of ipsilateral ischemia dccording to MPRAGE signal intensity and stenosis after excluding patients with atrial fibrillation and

prosthetic heart valves

0%—29% {n = 152)

30%-69% (n = 114)

70%-99% (n = 100) Total (n = 366)

Stenosis N A F (%) S A F (%) S A F (%) S A F {%)
MPRAGE
High signal intensity 6 26 18.8 18 44 29.0 27 36 42.9 51 106 325
Low signal intensity 9 1M1 15 2 50 3.8 8 29 216 18 180 . 91
P 0.0889 0.0004 0.0498 <0.0001

Relative risk {95% Cl) 2.500 (0.9603-6.508)

7.548 (1.836-31.041)

1.982 (1.008~-3.900) 3.573 (2.201-5.801)

Note:—MPRAGE indicates magnetization-prepared rapid acquisition with gradient echo; S, symptomatic within previous 6 months; A, asymptomatic within previous 6 months; F, frequency
of carotid arteries in patients with ipsilateral symptom; Cl, confidence interval. Pvalues were calculated using the Fisher exact test between MPRAGE high and low groups for symptoms
{S} in each stenosis group. Relative risk of ischemic events was calculated for MPRAGE high carotid arteries compared with low caratid arteries in each stenosis group.

Table 3: Number of carotid arteries displaying MPRAGE high and
fow signal intensity according to interval hetween repeat and the
preceding MRI, and signal intensity change on repeat MRI

Number Associated with

Number on Signal Intensity Change
Preceding MRI on Repeat MRI
: High to Low to
Interval High Low Low High
<90 days 5 9 1 0
90-179 days 8 7 0 1
180364 days 9 8 0 0
= 365 days 8 16 0 3
Total 30 49 1 4
900 7
800 7
700 ] »_4:
600 e —
52 -4
£ 500
£ 400 T .

300 7
200 7
100 7

initial

Fig 3. Comparison of high signal intensity volume between successive MR imaging.
Comparison was done 34 times between 2 successive MR imagings with high signal
intensity in both or either of the 2 MR images. Median interval was 279 days {range,
10-1037 days). High signal intensity volume {mean * SD} was 143 + 182 mm® at the
initial MR imaging and 144 = 217 mm® at the repeat MR imaging. Paired t test displayed
no significant change (P = .690). Broken lines indicate 4 carotid arteries associated with
subsequent events within 1 year after initial MR imaging.

used. Protein-rich viscous tissue can form another cause of
signal hyperintensity.'”'® The actual cause of TIW1 signal hy-
perintensity should thus be investigated further.

In the follow-up study, signal hyperintensity was repeatedly
observed (Table 3), and high signal intensity volume did not
change significantly. Repeat MR imaging of 4 carotid arteries with
subsequent events that was performed 9-27 days after these
events exhibited no specific change in volume compared with the
other arteries (Fig 3). These results may be attributable to contin-
uous or recurrent intraplaque hemorrhage. However, we cannot
conclude that signal hyperintensity is due to recent hemorrhage

in this study. Erythrocyte membranes and iron have been shown
to be present within the necrotic cores of human atherosclerotic
coronary plaques even in the absence of recent hemorrhage, and
intraplaque hemorrhage is related to progression and instability
of such lesions.** If this is the case in carotid plaque, as in coronary
plaque, the necrotic core of a carotid plaque can be at least par-
tially formed by intraplaque hemorrhage, and thus no clear bor-
der would exist between intraplaque hemorrhage and necrotic
core.

Size and location of high signals may be important for vul-
nerability. In the coronary artery, “at risk” plaques can be
morphologically characterized by a large lipid-rich core and
thin fibrous cap.?' In the case of the carotid artery, however,
numerous authors have stressed the importance of in-
traplaque hemorrhage.*** Conversely, other authors have re-
ported no significant differences in frequency of hemorrhage
between symptomatic and asymptomatic patients.**?¢ The
real causes of carotid plaque vulnerability thus remain contro-
versial. Volume of the high signal intensity region was signif-
icantly larger in symptomatic carotid plaque than in asymp-
tomatic plaque for the 0%—29% stenosis category, but not for
the 30%—69% or 70%-99% categories. Carotid plaques with
subsequent events did not display extremely large volumes for
high signal intensity regions (Fig 3). Assessment of fibrous cap
thickness and integrity is also important when evaluating
plaque vulnerability and has been achieved using T2-weighted
imaging and TOF MRA.'**® Some authors have reported
higher percentages of symptomatic patients for ruptured caps
(70%) compared with thick caps (9%) using multicontrast
MR imaging.*® Plaque ulceration may be related to stroke
risk.***! Better prediction of vulnerability may be achieved by
combining MPRAGE with these techniques.

This study was performed using a commercially available
clinical machine and standard neck- and spine-array coils
without additional hardware. Image acquisition time was
short (5 minutes for MPRAGE). MPRAGE with fat suppres-
sion and null blood condition suppresses background signals
and highlights signal hyperintense tissues with short T1, so
image interpretation is relatively simple.”*** Although mo-
tion artifacts were present to various degrees, predominantly
attributable to respiration and swallowing, these were insuffi-
cient to result in the exclusion of any patients from the present
study. 3D data acquisition is essential for visualizing the en-
tirety of irregularly shaped plaques.

This study examined suspected and confirmed atherosclerotic
carotid stenosis that may be related to cerebral ischemia depend-
ing upon clinical demands. Some biases in the study population
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Table 4; Subséquent ipsilateral - events according to stenosis severity ‘an‘d MPRAGE signals: results of 1 year foll_dw-ﬁp after initial MRI

Subsequent Events

Stenosis Number at Initial MRI Ischemic Events Surgical Treatment Censored
Number of low signal intensity carotid arteries
0%—28% Stenosis 5 0 0 1
30%—69% Stenosis 13 0 0 0
70%-939% Stenosis 6 0 3 0
Total 28 0 3 1
Number of high signal intensity carotid arteries
0%-29% Stenosis 6 0 0 0
30%-69% Stenosis 7 1 1 0
70%—99% Stenosis 9 3 5 0
Total 22 4 6 0

Note:—MPRAGE indicates magnetization-prepared rapid acquisition with gradient echo. Ischemic events include ischemic stroke and transient ischemic attack. Surgical treatment includes

carotid endarterectomy and endovascular stenting.

may thus be present. Reasons for MR imaging of the carotid ar-
tery varied, including screening of cervical artery stenosis, suspi-
cion of complicated plaque on ultrasonography, inconclusive ul-
trasonography results due to calcification and high position of
stenosis, refusal of conventional angiography by patients, and
preoperative evaluation of carotid artery stenosis. Potential em-
bolic sources, such as complicated plaque in the aortic arch and
persistent foramen ovale, were not surveyed.

Conclusion

We conclude that carotid plaque hyperintensity on MPRAGE,
a heavy 3D T1WT technique, is associated with previous cere-
bral ischemic events. MPRAGE hyperintense signals persist
over a period of months, and may represent a potential indi-
cator of risk for subsequent cerebral ischemia. Longitudinal
studies with large subject populations are required to clarify
whether MPRAGE hyperintense signals indicate risk of subse-
quent cerebral ischemic events.
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Case Reports

Revascularization of Malignant Coronary Instent
Restenosis Resulting From Takayasu's Arteritis Using
Sirolimus-Eluting Stents

Hidetsugu SAKAL! MD, Naotsugu OYAMA,”> MD, Noriaki KISHIMOTO,! MD,
Masashige TAKAHASHI,! MD, Kazushi URASAWA,> MD,
and Hiroyuki TsuTtsul,®* MD

SUMMARY

A 37 year-old female who had suffered from arteritis for 20 years underwent a Bentall
operation. Since severe stenosis was observed in her left main coronary artery (LMCA)
the following year, a minimally invasive direct coronary artery bypass (MIDCAB) oper-
ation was performed. Unfortunately, she again complained of angina about 6 months after
the second surgery and coronary angiography (CAG) revealed that her left internal tho-
racic artery graft was totally occluded. Although a 4.0 x 15 mm S670 stent was placed in
her LMCA, the LMCA restenosed every 3 months and she underwent reintervention 8
times. We placed 2 sirolimus-eluting stents for treating the LMCA using the culottes
stenting technique. CAG 6 months after the index procedure showed no stenosis at her
LMCA. Sirolimus-eluting stents were effective for treating stenosis resulting from arteritis
as well as that caused by atherosclerosis. (Int Heart J 2006; 47: 795-801)

Key words: Arteritis, Restenosis, Sirolimus, Stent

SIROLIMUS has an antiproliferative effect against vascular smooth muscle
cells, and many investigators have already reported that sirolimus-eluting stent
(SES) placement is more effective for treating atherosclerotic coronary artery
narrowing than conventional bare metal stent placement. However, there have
been very few reports on whether SES placement is effective against coronary
artery stenosis caused by arteritis.

‘We report herein the case of a young female patient suffering from arteritis
in whom malignant instent restenosis was treated successfully with an SES. This
is a rare case showing the efficacy of SES for treating LMCA stenosis caused by
arteritis.
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CASE REPORT

A 37 year-old female was referred to our institution by another hospital in
order to treat her transluminally. She had suffered from Takayasu's arteritis for 20
years, and received an aortic valve replacement (AVR) using a bioprosthetic
valve when she was 27 years old. In the following year, complete atrioventricular
block appeared, and she underwent permanent pacemaker implantation. Since an
aortic root aneurysm appeared when she was 34 years old, a Bentall operation and
reAVR were performed. That is, her aortic valve was exchanged to a mechanical
prosthetic valve and her LMCA was reconstructed using the Piehler technique."
Another year later, she complained of chest pain and coronary angiography
(CAGQG) revealed that her native LMCA was severely stenosed. Her left internal
thoracic artery (LITA) was grafted onto her left anterior descending coronary
artery (LAD) with a minimally invasive direct coronary artery bypass (MID-
CAB) operation. She again complained of angina about 6 months after the MID-
CAB operation and CAG revealed that her LITA graft was totally occluded
(Figure 1). A 4.0 x 15 mm S670 stent (Medtronic AVE) was placed onto the

Figure 1. Angiography of left internal thoracic artery.

* . Anastomosis of left internal thoracic artery graft was occluded.
** : Jmplanted permanent pacemaker

#¥% : Replaced prosthetic aortic vaive
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stenosed LMCA and it was adequately postdilated using a 6.0 x 20 mm Maver-
ick-XL balloon catheter (SciMed, Boston Scientific). After this stenting, how-
ever, her stented LMCA restenosed about every 3 months, and conventional or
cutting balloon angioplasty was performed to compress the intrastent neointima
to the exterior of the stent struts on all such occasions. She underwent a total of 8
transcatheter target lesion revascularizations.

Figure 2. Preprocedural spider view of left coronary angiography: Figure 3. Postprocedural spider view of left coronary angiography:
left main coronary artery (LMCA) was severely stenosed. LMCA bifurcation lesion was dilated with the culottes stenting tech-
nique using 2 Cypher stents.

Figure 4. Chronic phase angiography of left coronary artery: No
restenosis was observed.
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The Cypher stent (Johnson & Johnson, Cordis), approved in Japan in
August 2004, was used to treat her. When she was admitted to our hospital, she
again complained of chest pain on effort and CAG revealed severe narrowing had
reappeared at her LMCA (Figure 2). We electively planned to dilate her LMCA
lesion with the culottes stenting technique by using 2 Cypher stents and electively
treated her 3 days later.? After the LMCA was engaged with a 7Fr JL4.0ST Brite-
tip guiding catheter (Johnson & Johnson, Cordis) via her right femoral artery, a
0.014" Runthrough-NS floppy guidewire (Terumo) and a 0.014" Hi-torque bal-
ance middleweight guidewire (Guidant) easily crossed the lesion toward her
LAD and left circumflex coronary artery (LCX), respectively. Preprocedural
intravascular ultrasonography (IVUS) with a 2.5Fr Atlantis-SR Pro imaging cath-
eter (SciMed, Boston Scientific) was performed. IVUS images revealed that the
previously implanted S670 stent was fully expanded and the stent diameter was-
about 5.8 mm, and that the intrastent lumen was occupied by a massive amount
of hyperplastic neointima. Without predilatation, a 3.5 x 23 mm Cypher stent was
delivered and placed onto the native LMCA extending over her proximal LCX.
The Hi-torque balance middleweight guidewire inserted into her LCX was par-
tially removed and advanced to her LAD through the stent cell. The Runthrough-
NS floppy guidewire was completely removed and advanced to her LCX. We
advanced a 3.0 x 20 mm Maverick-2 balloon catheter (SciMed, Boston Scien-
tific) along the Hi-torque balance middleweight guidewire, positioned it across
the stent cell, and dilated it to expand the cell. Next, we delivered a 3.5 x 18 mm
Cypher stent across the expanded stent cell toward the LAD and placed it onto her
native LMCA extending over the proximal LAD. Again, the Hi-torque balance
middleweight guidewire inserted into the LAD was partially removed and
advanced to the LCX through the stent cell. The Runthrough-NS floppy
guidewire was completely removed and advanced to her LAD. Then, we again
advanced the previously used 3.0 x 20 mm Maverick-2 balloon catheter toward
the LCX, positioned it across the stent cell, and dilated it. In order to perform ade-
quate postdilatation with an alternative kissing balloon technique, we advanced a
5.0 x 20 mm Maverick-XL balloon catheter and dilated it within her LMCA,
proximal LAD, and proximal LCX. Finally, full expansion of the 2 Cypher stents
was confirmed with both CAG and IVUS to complete the procedure (Figure 3).

She was discharged the day following the procedure and has not complained
of any angina since. Another CAG performed 6 months after the procedure
showed no restenosis of the stented segments (Figure 4).

DISCUSSION

Takayasu's arteritis or pulseless disease is a chronic and progressive inflam-



Vol 47
No's PREVENTION OF RESTENOSIS BY SES IN ARTERITIS 799

matory vasculitis that usually occurs in young women and is characterized by
stenosis or obliteration of large and medium sized arteries, and its early morbidity
and/or mortality results from ischemia of vital organs.*» Coronary artery disease
is not a rare involvement of arteritis and its incidence has been reported to be 9-
10%,*» however, the ratio is usually derived from autopsy studies. The actual
clinical manifestation appears to be relatively unappreciated because coronary
artery disease is not evident in most cases until the occurrence of angina or myo-
cardial infarction.>® Matsubara and colleagues classified coronary lesions
involved in arteritis into 3 types on the basis of pathological features and reported
that stenosis or occlusion of the ostia and proximal segments of the coronary tree
were most commonly seen.” In those diseased vessels, the extension of the
inflammatory processes of the intimal proliferation and contraction of the fibrotic
media and adventitia from the ascending aorta cause luminal narrowing.” In our
patient, a significant narrowing occurred at her LMCA even after it was separated
from her native ascending aorta due to the Bentall operation. The aforementioned
classification of Matsubara, ef al includes focal coronary arteritis, so-called skip
lesions, therefore, her LMCA lesion possibly corresponded not to typical extend-
ing disease from the aorta but to the skip lesion.”

There have been few reports regarding transcatheter treatment of coronary
artery disease resulting from arteritis. The most likely reason is that lesion loca-
tion is usually ostial or proximal coronary segments like the LMCA, which are
unsuitable for percutaneous angioplasty. Moreover, blood access sites would be
limited in many cases if morbid changes occur at main branches of the aorta such
as the iliac, subclavian, and innominate arteries. Aortic disease itself, like aneu-
rysm, might disturb intraaortic catheter manipulation.

We encountered a young patient enduring considerable suffering who
received LMCA stenting after a failed MIDCARB operation and many transcathe-
ter revascularizations. We successfully treated her using sirolimus-eluting stents
with the culottes stenting technique and obtained satisfactory chronic phase
patency of the treated vessels. During the procedure, IVUS revealed that the stent
deployed at her LMCA was fully expanded. That is, the stent prevented vessel
contraction of the fibrotic media and adventitia. However, adequate steroid ther-
apy unfortunately could not prevent intimal proliferation, which is one of the
main causes of coronary narrowing resulting from arteritis.

Chronic phase restenosis is one of the weak points of percutaneous coronary
intervention therapy. Every improvement in the interventional procedure and oral
systemic pharmacological intervention have failed to achieve satisfactory results
regarding the chronic phase patency of treated vessels after transcatheter coro-
nary intervention. Recently, local drug delivery using drug-eluting stents has
been proven to have encouraging results with respect to the prevention of instent
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restenosis. Many investigators have already reported that SES, which is one of
the better known drug-eluting coronary stents, is quite effective for not only the
treatment of simple coronary narrowing like Stress/Benestent lesions but also that
of complex stenosis like LMCA-stenosis, bifurcation lesions, and diffuse long
stenosis.”'> However, all of these lesions treated in previous clinical studies were
caused by atherosclerosis.

Takayasu's arteritis often afflicts young Asian women, and the number of
white patients afflicted is small.'® This most likely accounts for the reason there
have been few reports on whether SES placement is effective against coronary
artery stenosis caused by arteritis. As discussed by Furukawa and colleagues, the
pathological features of diseased vessels in Takayasu's arteritis is predominant
infiltration of various kinds of immunocytes.'? It is well known that sirolimus has
potent immunosuppressive effects although it was originally developed as an
antibiotic agent. Therefore, this pharmacological function of SES brings excel-
lent short- and mid-term vessel patency after its placement, however, it is
unknown whether this good mid-term finding can extend to a long-term effect
after sirolimus coated on the stent struts is completely diffused in the same way
as its placement to treat simple atherosclerosis.

We have described a case of LMCA disease resulting from arteritis, and SES
was quite efficacious against the intimal hyperplasia. However, long-lasting
observation is essential since most patients with Takayasu's arteritis are young
and the arteritis is a progressive disease in nature. We are able to conclude, how-
ever, that SES placement is a potent candidate for revascularization whose aim is
to free arteritis patients from myocardial ischemia.
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