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Fig. 3. Correlations between rSIand RI (A)/RR (B) were calculated, and significant correlations were found
between both RTand rSI (r = 0.41, p = 0.03), and between RR and rSI (r = 0.50, p = 0.01).

Discussion

This study demonstrated three main findings. Firstly, plaques in the carotid artery with
positive remodeling were associated with a significantly higher stroke prevalence than
plaques with negative remodeling. Secondly, plaques with positive remodeling appeared to
have significantly higher lipid contents than those with negative remodeling in both radio-
logic and histologic analysis. We also demonstrated that levels of biological markers, such
as hsCRP, HbAIC, total cholesterol, LDL-C and HDL-C, were not useful for predicting
stroke events, even though they have been shown to be significantly associated with coronary
events [8].

Extensive vascular remodeling in the coronary circulation may be an indicator of plaque
vulnerability to rupture [4]. Vulnerable plaques may contain a large necrotic lipid core with
a thin or disrupted fibrous cap, with the potential to cause embolization or thrombosis. A
previous report also found that plaques with positive remodeling had significantly larger
lipid cores and higher macrophage counts than negatively or less positively remodeled
plaques, also indicating increased vulnerability of more extensively remodeled plaques using
a combination of functional and morphologic mechanisms [6].

MDCT angiography can clearly depict the various layers constituting the arterial wall.
This technique has previously been used as an accurate method of assessing the percent
luminal narrowing in the carotid artery [19]. The curved multiplanar reconstruction anal-
ysis technique used in the current study has the advantage of being able to evaluate luminal
narrowing throughout the carotid artery, making identification of the point of maximum
narrowing easier. A previous study proposed two potentially useful parameters for dem-
onstrating the degree of arteriosclerosis in the coronary artery. The plaque RI is calculated
as the ratio of CSA at the point of maximal vessel stenosis, measured from the luminal-
intimal boundary to the outer vessel wall, to the mean reference CSA [17]. The plaque RR
is calculated as the ratio of CSA at the point of maximal vessel stenosis to the reference
CSA at the distal portion [18]. RR is similar to the use of NASCET criteria to assess the
degree of luminal narrowing. RI is less likely to be subject to artificial variation (compared
with RR) and might thus represent a more stable and accurate assessment scale. In the cur-
rent study, we calculated correlations using both measures to exclude any discrepancies
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Table 3. Comparison of radiologic parameters between type-VIand non-type-VI groups (means & SD)

Variables Type-VI group Non-type-VI group  p value
Lesions, n 5 5

Age, years 6641532 67.2%5.26 >0.05
NASCET, % 76.5+11.7 749195 >0.05

RI 1.35+0.34 0.88%£0.25 <0.05
RR 2.29%049 1.30£0.33 <0.05
rSlon TIWI 1.50%£0.15 1.07£0.38 <0.05

Table 4, Comparison of biological markers between symptomatic and asymptomatic groups (means * SD)

Markers Symptomatic Asymptomatic p value
n=17) (n=11)

hsCRP, mg/dl 0.18£0.21 0.25£0.30 >0.05

T-Cheol, mg/dl 180.3%37.7 165.9+30.3 >0.05

HDL-C, mg/dl 48.3+£13.6 42.0k11.6 >0.05

LDL-C, mg/dl 105.7+34.2 10422270 >0.05

HbAlc, % 6.2+0.76 7.0x2.18 >0.05

T-Chol = Total cholesterol.

associated with the analytical method, and the results suggested that positive RR and RI
values were both predictive of stroke events, as in coronary arteries. These results are in
accord with those of another recent report, which showed that a positive RR value indi-
cated underlying atherosclerotic plaque vulnerability in carotid arteries using MDCT an-
giography [9].

A previous study of positive remodeling of the internal carotid artery was limited by the
lack of correlations between histologic vessel wall measurements and MDCT values [9].
Complicated and vulnerable plaques are defined by histologic analysis as plaques with sur-
face rupture or intraplaque/intraluminal hemorrhage, indicative of stage VI by histologic
AHA criteria [20]. Previous reports demonstrated that TIWT of carotid arteries may be use-
ful for identifying histologically complicated plaques with hemorrhage or thrombus, because
the formation of methemoglobin is associated with shortening of T} in the acute to subacute
phase of rupture [21]. Furthermore, new MRI techniques may be able to differentiate be-
tween atherosclerotic plaques in terms of the presence of lipid-rich necrotic cores, hemor-
rhage and calcification [22]. In the current study, the qualitative contents of plaques were
estimated using the BB technique, suppressing the signal from flowing blood, based on pulse
sequences designed for vascular imaging [13]. These sequences are ideal for plaque imaging
because the conspicuity of the vessel wall is increased when adjacent to a hypointense lumen,
in which the echo and repetition times can be varied to optimize visualization of specific
plaque components [23]. The ratio of plaque intensity to that of the sternocleidomastoid
muscle was calculated to eliminate variations in intensity among images [14]. Our results
showed that rSI was higher in symptomatic than in asymptomatic plaques. We also con-
firmed that rSI correlated significantly with both RI and RR. These results suggest that
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plaques in positively remodeled internal carotid arteries, indicative of type VI stage by AHA
criteria, may be more vulnerable to stroke than those in arteries with luminal narrowing.
Thus, combined analysis of both RI and RR using MDCT angiography and rSI using BB MRI
may be useful for predicting stroke events. We confirmed the validity of this conclusion by
histologic analysis of plaques obtained by CEA. The indications for surgical interventions,
including CEA and CAS, might be reconsidered on the basis of histologic alterations, repre-
sented by RI, RR or rSI, because low-grade stenosis with vulnerable lesions may result in
cerebrovascular events [24].

Numerous potential risk factors for the development of atherosclerotic plaques in coro-
nary events have been reported [8]. hsCRP, in particular, has been focused on as an indepen-
dent risk factor for ischemic stroke in Japanese men [25]. In the current study, we calculated

the correlations between the degree of positive remodeling and levels of hsCRP, HbA1C, to-.

tal cholesterol, LDL-C and HDL-C; however, the results suggested that these markers were
of little value in predicting future stroke events.

This study had several potential limitations. First, the retrospective design of the study
meant that the parameters being measured could be the results, rather than the causes of the
cerebral events. In addition, although the assessed plaques may have been the source of the
symptoms, imaging only assessed a representative selection of previously ruptured plaques.
These factors imply that it is difficult to draw firm conclusions about the predictive value of
remodeling parameters for future stroke events. Secondly, the number of patients assessed
in this study was small and further prospective studies with more patients are needed to
validate the results of this preliminary study.

Conclusions

In the current series of patients with significant carotid stenosis, the degree of positive
remodeling, represented by both RI and RR, was significantly greater in symptomatic lesions
with cerebral ischemic events than in asymptomatic lesions. In both radiologic and histo-
logic analyses, these lesions were confirmed as vulnerable plaques with underlying surface
rupture or intraplaque/intraluminal hemorrhage, indicative of stage VI according to histo-
logic AHA criteria. These results suggest that the combined analysis of RR, RI and rSI might
help to predict future stroke events.
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