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Background: Asians have a much lower incidence of adverse coronary events than Caucasians. We sought
to evaluate the characteristics of coronary lipid-rich plaques (LRP) in Asian patients with acute coronary
syndrome (ACS) and stable angina (SA). We also aimed to identify surrogate markers for the extent of LRP.
Methods: We evaluated 207 patients (ACS, n = 75; SA, n = 132) who underwent percutaneous coronary
intervention under near infrared spectroscopy intravascular ultrasound (NIRS-IVUS). Plaque characteris-
tics and the extent of LRP [defined as a long segment with a 4-mm maximum lipid-core burden index
(maxLCBI4mm)] on NIRS in de-novo culprit and non-culprit segments were analyzed.
Results: The ACS culprit lesions had a significantly higher maxLCBI4mm (median [interquartile range
(IQR)]: 533 [385–745] vs. 361 [174–527], p < 0.001) than the SA culprit lesions. On multivariate logistic
analysis, a large LRP (defined as maxLCBI4mm � 400) was the strongest independent predictor of the ACS
culprit segment (odds ratio, 3.87; 95% confidence interval, 1.95–8.02). In non-culprit segments, 19.8% of
patients had at least one large LRP without a small lumen. No significant correlation was found between
the extent of LRP and systematic biomarkers (hs-CRP, IL-6, TNF-a), whereas the extent of LRP was posi-
tively correlated with IVUS plaque burden (r = 0.24, p < 0.001).
Conclusions: We confirmed that NIRS-IVUS plaque assessment could be useful to differentiate ACS from
SA culprit lesions, and that a threshold maxLCBI4mm � 400 was clinically suitable in Japanese patients. No
surrogate maker for a high-risk LRP was found; consequently, direct intravascular evaluation of plaque
characteristics remains important.

� 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction coronary events [1]. In autopsy studies, vulnerable plaques had a
The term ‘‘vulnerable plaque” was first proposed in the 1980s,
and described plaques that were prone to rupture and triggered
specific phenotype, which was characterized by an increased pla-
que burden and a large lipid core [2]. Rupture of the lipid-rich pla-
que (LRP) causes approximately two-thirds of adverse coronary
events, including myocardial infarction and death [3]. Near-
infrared spectroscopy (NIRS) can detect LRP on the basis of absorp-
tion patterns of the near-infrared light by cholesterol molecules
[4]. NIRS intravascular ultrasound (NIRS-IVUS) imaging is dual-
modality intravascular imaging system which combines NIRS and
IVUS, and allows the simultaneous assessment of plaque morphol-
ogy and information regarding the cholesterol content in the arte-
rial wall. Several studies have reported the ability of NIRS to
identify histological features of LRP, with over 90% sensitivity
and specificity for the identification of characteristic features sug-
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gesting LRP [5,6]. Recent clinical studies have demonstrated that
LRP detected by NIRS can predict the risk of further major coronary
events [7,8]. In these clinical studies using NIRS, the lipid core bur-
den index (LCBI) cutoff value is set to 400, which is based on the
relatively small and limited population investigated in America
and Sweden [9]. However, the incidence of acute myocardial
infarction in the Asian population including Japan is significantly
lower than that of the Western population [10]. Therefore, lipid-
rich vulnerable plaque characteristics may differ between ethnici-
ties, and the characteristics of LRP in Asians is unclear. In addition,
the circulating surrogate biomarkers associated with LRP detected
by NIRS assessment is not known.

The aim of this study was to investigate the clinical characteris-
tics of LRP in the Asian population and we also aimed to distinguish
the characteristics of an acute coronary syndrome (ACS) culprit
lesion and a stable angina pectoris (SA) culprit lesion. Furthermore,
we evaluated the association between LCBI and cardiovascular risk
factors, lipid profiles, and inflammatory biomarkers, as determined
in vivo by NIRS-IVUS imaging in patients undergoing percutaneous
coronary intervention (PCI).
2. Material and methods

2.1. Study population

In this prospective, single-center, observational study, we
enrolled consecutive patients who underwent successful PCI under
NIRS-IVUS guidance at Juntendo University Hospital (Tokyo, Japan)
fromMarch 2017 to March 2020. The inclusion criteria were as fol-
lows: (1) patients who underwent PCI to treat a de-novo culprit
lesion and (2) patients who underwent NIRS-IVUS imaging of the
culprit segment and a non-culprit segment within a native coro-
nary artery. The exclusion criteria were as follows: (1) patients
who underwent PCI for an in-stent restenosis lesion and (2)
patients in whom adequate IVUS images or NIRS analysis could
not be obtained.

Demographic data, coronary risk factors, and medication use
were collected on admission from our institutional database. ACS
was defined as ST-elevation myocardial infarction (STEMI) or
non-ST elevation ACS (NSTE-ACS) [11]. Laboratory data were mea-
sured at the time of just before undergoing PCI. The doses of high-
intensity statin therapy defined in the European Society of Cardiol-
ogy guidelines and the American College of Cardiology/American
Heart Association guideline are not approved in Japan. According
to approved doses in Japan, we defined high-intensity statin ther-
apy as use of rosuvastatin dose of 10–20 mg/day, atorvastatin
20 mg/day, or pitavastatin 4 mg/day. Our definition of moderate
or low intensity statin therapy included a prescription for rosuvas-
tatin dose of 5 mg/day, atorvastatin 10 mg/day or pitavastatin
2 mg/day, or rosuvastatin dose of 2.5 mg/day, atorvastatin 5 mg/-
day or pitavastatin 1 mg/day, respectively.

This study was approved by the Juntendo University Ethnic
Committee and was performed in accordance with the Declaration
of Helsinki. All participants provided written informed consent.
2.2. NIRS-IVUS image acquisition and analysis

In all study participants, the culprit plaque lesion was imaged
pre-intervention by NIRS-IVUS pullback. Combined NIRS and
grayscale IVUS image acquisition was performed using the NIRS-
IVUS system (TVC Imaging System, Infraredx, Massachusetts, USA
or Makoto Imaging System, Infraredx, Massachusetts, USA). Before
imaging, 0.1–0.2 mg of intracoronary nitroglycerin was adminis-
tered. The NIRS-IVUS catheter was inserted distal to the culprit
lesion and pulled back at a rate of 0.5 mm/s to the ostium of the
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coronary artery or guiding catheter. If the NIRS-IVUS catheter could
not cross the target lesion, pre-dilatation (using a balloon of
2.0 mm or less) was allowed. All measurements were taken at
the end of this study.

All culprit and non-culprit segments in the culprit vessel were
analyzed for quantitative and qualitative assessment by IVUS,
and the maxLCBI4mm and lesion segment LCBI was assessed by
NIRS. A culprit lesion segment was defined as the lesion that was
stented by comparing pre- and post-PCI IVUS images. A non-
culprit lesion segment was defined as the segment that was prox-
imal or distal to the culprit segment in the culprit vessel. Non-
culprit lesions less than 4 mm length were excluded. When the
NIRS-IVUS pullback was performed, the pre-stent image was
selected for the culprit segment analysis, and the post-stent pull-
back image was selected for the non-culprit segment analysis.
Quantitative and qualitative IVUS analyses were performed
according to the criteria of American College of Cardiology Clinical
Expert Consensus Document on Standards for Acquisition, Mea-
surement and Reporting of Intravascular Ultrasound Studies and
Clinical expert consensus document on standards for measure-
ments and assessment of intravascular ultrasound from the Japa-
nese Association of Cardiovascular Intervention and Therapeutics
[12,13].

NIRS data were analyzed to provide a quantitative estimate of
the amount of LRP within both the culprit and non-culprit lesion
segments. Raw NIRS data were processed by an NIRS algorithm
developed using histological data as the standard for LRP detection
[4,14]. LCBI is calculated as fraction of pixels with the probability of
LRP > 0.6 divided by all pixels with sufficient spectroscopic infor-
mation, within the region of interest, multiplied by 1000 [14].
MaxLCBI4mm was defined as the maximum LCBI within any 4-
mm long segment and lesion-LCBI was defined as the total LCBI
throughout each entire segment. In this study, non-culprit high-
risk LRP was defined as LRP having a maxLCBI4mm � 400 [9,15].
A representative case is shown in Fig. 1.
2.3. Statistical analysis

All data were analyzed using JMP version 12.0 (SAS Institute,
Inc., NC, USA). Continuous variables are represented as mean
(SD) or median [interquartile range]. Categorical data are pre-
sented as numbers and ratios (%). Paired data were compared using
the Student’s t-test or the Kruskal–Wallis test. Pearson correlation
coefficient and scatter plots were used for continuous variables.
Receiver operating characteristic curves were used to determine
the cut-off values of maxLCBI4mm to distinguish the ACS culprit
lesion with a SA culprit lesion. Multivariate logistic regression
analysis controlling for potential confounders was used to calcu-
late the odds ratio (OR) of the ACS culprit lesion such as age, sex,
body mass index, hypertension, diabetes, chronic kidney disease
(CKD), and plaque burden at the minimum lumen area (MLA). In
addition, univariate linear regression analysis was performed to
detect the independent effect of the extent of LRP in the culprit
lesion. To investigate predictors of high-risk LRP in non-culprit seg-
ments, multivariate logistic regression analysis was performed. A
p-value of <0.05 was considered to be statistically significant.
3. Results

3.1. Study population and baseline clinical characteristics

Between March 2017 and March 2020, NIRS-IVUS imaging was
performed in 251 patients. Of these, a total of 43 patients were
excluded because 12 patients had a black chemogram on NIRS
examination and 31 patients had an in-stent restenosis lesion.



Fig. 1. A representative case of NIRS-IVUS-detected LRP in a culprit lesion and non-culprit lesion. The findings of a 72-year-old man with unstable angina pectoris are shown.
On the coronary angiogram, severe coronary stenosis was detected at the LAD proximal portion (B), and mild coronary stenosis was observed at LMT distal portion (A). A
Culprit segment was defined as the segment that was stented by comparing pre- and post-PCI IVUS. A non-culprit segment was defined as the segment proximal to that of the
culprit segment. Red brackets indicate the culprit segment, and yellow brackets indicate the non-culprit segment. On IVUS examination, an attenuated plaque was observed
in the culprit segment and non-culprit segment (PB 76%, MLA 5.8 mm2 (A), PB 89%, MLA 1.4 mm2 (B), respectively). NIRS chemogram demonstrated an LRP (maxLCBI4mm 470)
at the culprit segment and (maxLCBI4mm 422) the non-culprit segment. PCI, percutaneous coronary intervention; NIRS-IVUS, near infrared spectroscopy and intravascular
ultrasound; LCBI, lipid core burden index; PB, plaque burden; MLA, minimum lumen area; LRP, lipid rich plaque; LAD, left descending artery; LMT, left main trunk artery. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Finally, PCI culprit and non-culprit lesion segment analysis was
performed in 207 patients in this study.

Table 1 describes the baseline characteristics of the ACS and SA
patients. The mean age was 65.0 (11.2) years old, 82.6% of patients
were male, and 36.2% presented with ACS. There were no signifi-
cant differences in the prevalence of hypertension, dyslipidemia,
diabetes, CKD, and multivessel disease between the ACS and SA
groups. Patients with ACS had higher levels of low-density lipopro-
tein cholesterol (LDL-C), malondialdehyde-modified LDL (MDA-
LDL), high sensitive C reactive protein (hs-CRP), and interleukin-6
(IL-6) (p < 0.001, respectively). Patients with ACS were more likely
to be taking statins than with SA (p = 0.025).
3.2. NIRS and IVUS findings in PCI culprit lesions

Overall, 239 PCI culprit lesions were analyzed. IVUS and NIRS
findings at the lesion level are summarized in Table 2. In the culprit
lesion segments, the median total lesion length, MLA, and plaque
burden at the MLA were 23.4 [17.7–31.0] mm, 2.2 [1.7–2.6]
mm2, and 81 [76–86] %, respectively. Total lesion length (25.3
[18.0–32.9] mm vs. 23.0 [17.3–29.9] mm, p = 0.14) and MLA (2.1
[1.5–2.6] mm2 vs. 2.2 [1.7–2.6] mm2, p = 0.48) were similar
between the ACS and SA culprit lesions. However, the ACS culprit
lesions had a significantly larger plaque burden at the MLA than
the SA culprit lesion segment (84 [78–88] % vs. 81 [75–84] %,
p = 0.002).

In the overall qualitative assessment of culprit lesions, 43.2%
and 10.0% of the plaques were described as soft and calcified pla-
ques, respectively. ACS culprit lesions had significantly higher soft
plaques and a greater maximum attenuation angle (60.4% vs.
34.3%, p < 0.001; 200 [140–278] degrees vs. 120 [0–190] degrees,
p < 0.001, respectively) compared to SA culprit lesions. NIRS find-
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ings showed that the maxLCBI4mm was significantly higher in the
ACS culprit lesions than in the SA culprit lesions (533 [385 –
745] vs. 361 [174–527], p < 0.001).

Receiver-operating characteristic analysis showed that the NIRS
maxLCBI4mm could distinguish the ACS culprit segment from the SA
culprit segment, with a sensitivity of 73% and a specificity of 69%
(c-statistic = 0.69; p < 0.001, cut-off value of max LCBI4mm = 408)
(Fig. 2). A plaque burden at the MLA by IVUS could predict lesions
with an maxLCBI4mm � 400, with a sensitivity of 73% and a speci-
ficity of 68% (c-statistic = 0.63; p = 0.001, cut-off value of plaque
burden = 82%).

3.3. NIRS and IVUS findings in PCI non-culprit segments

Overall, 202 PCI non-culprit lesions were analyzed. In the non-
culprit segments, 101 (51.5%) segments with a plaque burden at
the MLA of over 50% were observed, and 23 (11.7%) segments of
with a plaque burden of over 70% were observed. The prevalence
of non-culprit segments with LRP, defined as maxLCBI4mm � 400,
was 19.8% without a small lumen (MLA 4.9 [3.4–7.3] mm2), and
with a high plaque burden (plaque burden 61 [56–74] %). In con-
trast to the culprit lesion, there was no significant difference in
the maxLCBI4mm, and other qualitive and quantitative IVUS assess-
ments such as the MLA, plaque burden at the MLA, and maximum
attenuation angle � 180�between the ACS and SA non-culprit seg-
ments (Table 2).

3.4. Association between LCBI and cardiovascular risk factors, lipid
profiles, and inflammatory biomarkers

Pearson correlation coefficient was calculated to ascertain the
relationship between the extent of LRP by NIRS maxLCBI4mm and



Table 1
Baseline characteristics of the study population.

Overall patients (N = 207) Patients with ACS (N = 75) Patients with SA (N = 132) p

Age, mean (SD) (years) 65.0 (11.2) 65.9 (12.1) 64.5 (10.6) 0.43
Male, n (%) 171 (82.6) 66 (88.0) 105 (79.5) 0.11
BMI, mean (SD) (kg/m2) 25.0 (3.8) 24.4 (3.3) 25.4 (4.1) 0.05
Hypertension, n (%) 136 (65.7) 47 (62.6) 89 (67.4) 0.48
Dyslipidemia, n (%) 164 (79.2) 54 (72.0) 110 (83.3) 0.05
Diabetes mellitus, n (%) 88 (42.5) 27 (36.0) 61 (46.2) 0.15
Chronic kidney disease, n (%) 50 (24.1) 22 (29.3) 28 (21.2) 0.19
Current smoking, n (%) 99 (48.5) 35 (48.6) 64 (48.4) 0.98
Family history of CAD, n (%) 45 (22.7) 31 (24.4) 14 (19.7) 0.44

Clinical presentation <0.001
STEMI, n (%) 40 (19.3) 40 (53.3) N/A
NSTE-ACS, n (%) 35 (16.9) 35 (46.6) N/A
Stable angina, n (%) 132 (63.7) N/A 132 (100.0)

Multivessel disease, n (%) 105 (51.2) 40 (53.3) 65 (50.0) 0.64

Medication
Statin, n (%) 97 (46.8) 27 (36.4) 70 (52.6) 0.025
High intensity dose, n (%) 12 (5.7) 2 (2.7) 10 (7.5)
Moderate intensity dose, n (%) 42 (20.2) 13 (17.5) 29 (21.8)
Low intensity dose, n (%) 43 (20.7) 12 (16.2) 31 (23.3)
Glucose-lowering drugs, n (%) 67 (32.3) 20 (26.6) 47 (35.6) 0.18

Baseline laboratory findings
eGFR, median [IQR] (ml/min/m2) 73.1 [60.4, 85.0] 73.4 [58.3, 85.0] 72.4 [62.6, 84.5] 0.96
HbA1c, median [IQR] (%) 6.1 [5.8, 6.8] 6.2 [5.7, 6.7] 6.1 [5.8, 6.8] 0.59
TG, median [IQR] (mg/dL) 113 [80, 162] 102 [69, 154] 114 [83, 172] 0.14
HDL-C, median [IQR] (mg/dL) 46 [38, 53] 47 [37, 54] 45 [38, 53] 0.70
LDL-C, median [IQR] (mg/dL) 87 [71, 110] 110 [85, 126] 80 [68, 96] <0.001
Lp (a), median [IQR] (mg/dL) 15 [7, 33] 16 [7,28] 14 [7, 36] 0.70
MDA-LDL, median [IQR] (U/L) 112 [142, 90] 133 [100, 174] 102 [83, 128] <0.001
Non-HDL, median [IQR] (mg/dL) 113 [95, 133] 107 [94, 124] 134 [108, 158] <0.001
LDL-C / Apo B, median [IQR] 1.08 [0.98, 1.18] 1.07 [0.97, 1.16] 1.15 [1.06, 1.35] <0.001
hs-CRP, median [IQR] (mg/L) 0.6 [0.3, 1.9] 5.3 [0.7, 15.9] 0.5 [0.3, 1.4] <0.001
TNF-a, median [IQR] (pg/mL) 0.51 [0.36, 0.70] 0.52 [0.43, 0.69] 0.49 [0.32, 0.72] 0.31
IL-6, median [IQR] (pg/mL) 2.4 [1.4, 4.7] 1.7 [1.2, 2.9] 3.2 [2.1, 6.9] <0.001

Values are presented as mean (SD) or median [interquartile range].
ACS, acute coronary syndrome; SA, stable angina pectoris; BMI, body mass index; CKD, chronic kidney disease; CAD, coronary artery disease; LVEF, left ventricular ejection
fraction; TG, triglyceride; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; Lp(a), lipoprotein (a); MDA-LDL, malondialdehyde-
modified LDL; Apo B, apolipoprotein B; TNF-a, tumor necrosis factor a; IL-6, interleukin-6; hs-CRP, high sensitive C-reactive protein; eGFR, estimated glomerular filtration
rate.
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clinical biomarkers as systemic risk factors. No significant correla-
tion was found in the study population between the extent LRP and
lipid profiles such as LDL-C (r = 0.05, p = 0.52), log Lp(a) (r = 0.06,
p = 0.35), and MDA-LDL (r = 0.07, p = 0.28). Among patients with
SA, log hs-CRP levels showed a weak correlation with the extent
of LRP (r = 0.30, p < 0.001). In patients with diabetes, MDA-LDL
levels showed a weak correlation with the extent of LRP
(r = 0.23, p = 0.022).

During lesion level analysis, a linear regression model showed
no significant correlation between the extent of LRP and cardiovas-
cular risk factors, including HT (coefficient �5.1, 95% confidence
interval (CI) �38.2–28.0, p = 0.76), diabetes (coefficient 14.2, 95%
CI �17.6–46.0, p = 0.37), and CKD (coefficient 8.3, 95%CI �28.6–
45.2, p = 0.65), whereas the plaque burden at the MLA and the
maximum attenuation angle showed a significantly linear correla-
tion with the extent of LRP (coefficient 82.3, 95%CI 36.6–127.9,
p < 0.001; coefficient 13.0, 95%CI 10.7–15.4, p < 0.001,
respectively).
3.5. Independent predictors of ACS culprit lesion

The univariate logistic regression analysis showed that the
presence of maxLCBI4mm � 400 (odds ratio (OR), 3.76; 95%CI,
2.12–6.38; p < 0.001) and plaque burden at the MLA (OR 1.88,
95%CI 1.22–3.01, p < 0.001) was significantly associated with ACS
culprit lesions. The presence of diabetes (OR 0.59, 95% CI 0.34–
1.03, p = 0.06) and CKD (OR 1.55, 95% CI, p = 0.15) tended to be
4

associated with ACS culprit lesions. After adjustment for classical
coronary risk factors and plaque burden at the MLA, maxLCBI4mm-
� 400 was an independent predictor of the ACS culprit segment
(adjusted OR, 3.87; 95%CI, 1.95–8.02; p < 0.001) (Table 3).
3.6. Independent predictors of non-culprit high risk LRP segment

In the non-culprit segment, 36 (19.8%) patients had at least one
high-risk LRP segment, defined as a maxLCBI4mm � 400. Lipid pro-
files such as LDL-C, non-HDL-C, MDA-LDL, and Lp(a) were similar
between patients with at least one high-risk LRP segment and
patients with no high-risk LRP segments (all p > 0.05). Similarly,
in terms of inflammatory markers such as hs-CRP, TNF-a, and IL-
6, there was no significant difference between patients with at
least one high-risk LRP segment and patients with no high-risk
LRP segments (all p > 0.05) (Supplemental Table 1).

We performed a univariable logistic regression analysis to eval-
uate predictors of non-culprit high-risk LRP. Age, male sex, and
classical coronary risk factors such as hypertension, diabetes, and
CKD did not predict high-risk LRP, whereas only plaque burden
at the MLA and maximum attenuation angle predicted high-risk
LRP. After adjustment for clinically important variables, indepen-
dent predictors of high-risk LRP in non-culprit segments were pla-
que burden at the MLA (OR 1.52, 95%CI 1.01–2.39, p = 0.040) and
the maximum attenuation angle (OR 1.14, 95%CI 1.08–1.22,
p < 0.001) (Supplemental Table 2).



Table 2
Angiographical, IVUS and NIRS findings.

Culprit segment Non-culprit segment

Overall
(n = 239)

ACS (n = 82) SA (n = 157) p Overall
(n = 202)

ACS (n = 69) SA (n = 133) p

Culprit vessel 0.37 0.50
LAD, n (%) 104 (43.8) 29 (35.8) 75 (48.0)) 90 (44.5) 26 (37.6) 64 (48.1)
RCA, n (%) 88 (37.1) 33 (40.7) 55 (35.2) 76 (37.6) 28 (40.5) 48 (36.0)
LCX, n (%) 37 (15.6) 16 (19.7) 21 (13.4) 34 (16.8) 14 (20.2) 20 (15.0)
LMT, n (%) 4 (1.6) 2 (2.4) 2 (1.2) 2 (0.9) 1 (1.4) 1 (0.7)

IVUS findings
Quantitative parameters
Segment length, median [IQR] (mm) 23.4 [17.7,

31.0]
25.3 [18.0,
32.9]

23.0 [17.3,
29.9]

0.14 27.7 [17.7,
40.8]

28.2 [17.9,
42.6]

26.9 [17.6,
40.8]

0.66

MLA, median [IQR] mm2 2.2 [1.7, 2.6] 2.1 [1.5–2.6] 2.2 [1.7, 2.6] 0.48 6.9 [4.4, 9.7] 7.4 [4.9, 10.2] 6.7 [4.3, 9.3] 0.31
Plaque burden at MLA, median [IQR] (%) 81 [76, 86] 84 [78, 88] 81 [75, 84] 0.002 52 [39, 62] 52 [38, 61] 52 [39, 63] 0.76

Qualitive assessment and parameters
Culprit plaque type <0.001 0.80
Soft, n (%) 103 (43.2) 49 (60.4) 54 (34.3) 28 (17.6) 10 (18.1) 18 (17.3)
Fibrous, n (%) 53 (22.2) 11 (13.5) 42 (26.7) 68 (42.7) 26 (47.2) 42 (40.3)
Calcific, n (%) 24 (10.0) 2 (2.4) 22 (14.0) 19 (11.9) 6 (10.9) 13 (12.5)
Mixed, n (%) 58 (24.3) 19 (23.4) 39 (24.8) 44 (27.6) 13 (23.6) 31 (29.8)
Maximum attenuation angle, median [IQR]

(degree)
150 [65, 230] 200 [140,

278]
120 [0, 190] <0.001 0 [0, 130] 45 [0, 132] 0 [0, 126] 0.30

Maximum attenuation angle � 180�, n (%) 98 (41.8) 48 (60.0) 50 (32.4) <0.001 18 (11.6) 6 (11.3) 12 (11.7) 0.93
Maximum calcium angle, median [IQR]

(degree)
105 [45, 180] 97 [41, 173] 105 [50, 180] 0.38 80 [25, 135] 70 [17, 137] 85 [35, 135] 0.47

Maximum calcium angle � 180�, n (%) 65 (26.3) 19 (23.7) 43 (27.7) 0.50 20 [12.9] 5 (9.6) 15 (14.5) 0.37

NIRS findings
MaxLCBI4mm, median [IQR] 413 [20., 585] 533 [385,

745]
361 [174,
527]

<0.001 207 [46, 347] 246 [52, 342] 185 [37, 350] 0.48

Lesion LCBI, median [IQR] 142 [56, 245] 191 [111,
270]

119 [43, 222] <0.001 57 [8, 113] 58 [11, 119] 57 [7, 112] 0.74

ACS, acute coronary syndrome; CCS, chronic coronary syndrome; LAD, left anterior descending artery; RCA, right coronary artery; LCX, left circumflex artery; LMT, left main
trunk; IVUS, intravascular ultrasound; MLA, minimum lumen area; LCBI, lipid core burden index.

Fig. 2. Receiver-operating characteristic curve for the discrimination of ACS culprit
segments by NIRS and IVUS. MaxLCBI4mm by NIRS, and PB at MLA by IVUS
significantly discriminate ACS culprit from SA culprit lesion (p < 0.001, p = 0.001,
respectively). ACS, acute coronary syndrome; NIRS, near infrared spectroscopy;
IVUS, intravascular ultrasound; LCBI, lipid core burden index; PB, plaque burden;
MLA, minimum lumen area; SA, stable angina pectoris.

Table 3
Multivariate Logistic Regression Analysis for Predicting ACS Culprit Lesion.

Odds Ratio| 95% CI p

Max LCBI4mm � 400 3.87 1.95–8.02 <0.001
Plaque burden at MLA, 10% increase 1.58 0.99–2.60 0.06
Chronic kidney disease 1.88 0.85–4.17 0.11
Diabetes mellitus 0.64 0.32–1.27 0.20

ACS indicates acute coronary syndrome; CI, confidence interval; LCBI, lipid core
burden index; MLA, minimum lumen area.
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4. Discussion

The major findings of this study were: (1) compared with SA
culprit lesions, ACS culprit lesions had a higher maxLCBI4mm, which
5

substantiates that the maxLCBI4mm threshold to predict ACS
was � 400 in the Japanese population; (2) Almost 20% of patients
had at least one high-risk LRP, defined as maxLCBI4mm � 400 with-
out a small lumen and with a large plaque burden in the non-
culprit segments; (3) In overall study population, there was no sig-
nificant association between NIRS maxLCBI4mm and circulating
lipid profiles and inflammatory markers in both the culprit and
non-culprit lesion segments; (4) the IVUS plaque burden and max-
imum attenuation angle were significantly associated with high-
risk LRP in non-culprit segments.

4.1. NIRS-derived LRP and IVUS lesion morphology in ACS culprit lesion

The present study demonstrates the potential clinical utility of
intravascular imaging for diagnosing the ACS culprit lesion. Histo-
logical validation studies revealed the efficacy of IVUS imaging and
the advantage of these modalities in assessing plaque burden and
morphology [16,17]. Hong et al. revealed that the culprit lesion
in patients with ACS are typically composed of a lipid core plaque
[18]. Inaba et al. reported that a plaque burden � 69% by IVUS and
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a maxLCBI4mm � 323 by NIRS predicted histopathological thin-cap
fibroatheroma [19]. In the PROSPECT (Providing Regional Observa-
tions to Study Predictors of Events in Coronary Tree) study, an
MLA < 4 mm2 and a plaque burden � 70% were predictors of sub-
sequent lesion-related major adverse coronary events [20]. The
efficacy of IVUS was limited due to limitations in the modality to
detect plaque composition and the presence of lipids [21].

In the present study, no significant difference in MLA was
observed between the ACS and SA culprit lesions. However, we
confirmed that the maxLCBI4mm could better identify the ACS cul-
prit segments than the plaque burden, and that an maxLCBI4mm-
� 400 by NIRS could identify ACS culprit lesions with a relatively
high specificity in the Asian population. Our current study showed
that the maxLCBI4mm threshold may be similar regardless of eth-
nicity, and the validity of using an maxLCBI4mm of 400 as a cut-
off can be assessed in future prospective studies in the Asian pop-
ulation. We also demonstrated that plaque burden at the MLA by
IVUS indicated the presence of LRP by NIRS.

4.2. Relationship with NIRS derived maxLCBI4mm and clinical factors

MaxLCBI4mm by NIRS has been demonstrated to be associated
with plaque vulnerability and adverse coronary events; however,
whether surrogate markers such as lipid profiles and inflammatory
markers predict LCBI has not been well investigated. Inflammation
plays a central role in atherogenesis, from plaque formation to rup-
ture [22,23]. We investigated the association of LCBI with patient
coronary risk factors, lipids, and inflammatory markers that were
reported to be associated with coronary events. However, no sig-
nificant correlation was found between LCBI and systemic factors
as lipids and inflammatory predictors, which were reported to be
associated with plaque vulnerability. MDA-LDL is an oxidized
LDL, which was shown to be elevated in patients with ACS [24].
Fujihara et al. reported that circulating MDA-LDL was associated
with coronary stenosis in type 2 diabetes [25]. In our study,
MDA-LDL levels showed a weak correlation with the maxLCBI4mm

in patients with diabetes. Future large-scale studies are warranted
to determine whether circulating biomarkers would be useful as a
diagnostic marker for ‘‘vulnerable” patients with high-risk LRP by
NIRS.

4.3. Predictors for the high risk LRP in non-culprit segments

Determining the plaque vulnerability of non-culprit segments is
becoming increasingly important for predicting adverse cardiac
events. The LRP (Lipid Rich Plaque) study revealed that the rates
of non-culprit- and culprit-related major adverse cardiovascular
events were similar, that 9% patients had subsequent non-
culprit-related events within two years, and that LRP was an inde-
pendent predictor for lesion-related cardiac events [7]. The current
study surveyed systemic factors previously reported in vulnerable
patients, and no predictors were found to be associated with the
presence of LRP in non-culprit segments. In our study, only plaque
burden at the MLA and the maximum attenuation angle by IVUS
measurements in the non-culprit segment were significantly asso-
ciated with non-culprit high-risk LRP. Despite significant advances
in diagnostics from blood testing, identification of patients at a
higher risk of future coronary events remains limited. We therefore
believe that plaque evaluation by an invasive approach still
remains an important element for the identification of high-risk
LRP.

4.4. The rational for identification of plaque characteristics

The significance of identifying vulnerable plaques has not yet
been established. It had been reported that the most of high-risk
6

vulnerable plaques such as lipid-rich plaque remained quiescent
and the positive predictive value of coronary imaging remained
relatively low for clinical relevance [20,26,27]. On the other hand,
optimal medical therapy such as lipid-lowering therapy has been
established to decrease adverse clinical events in both primary
and secondary prevention. However, it remains unclear for which
patients and for how long costly drugs, including proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) inhibitor, should be used.

Detection of vulnerable plaques may help in patient stratifica-
tion and in guiding pharmacotherapy (its intensity and duration).
Identification of vulnerable plaque may facilitate optimal assign-
ment of more aggressive and costly treatment strategies such as
PCSK9 inhibitor and anti-inflammatory agents. In addition, PRO-
SPECT ABSORB study (Providing Regional Observations to Study
Predictors of Events in the Coronary Tree Ⅱ Combined with a Ran-
domized, Controlled, Intervention Trial) demonstrated PCI for vul-
nerable plaque with angiographically mild stenotic lesion was
associated with favorable long-term clinical outcomes [28].

This study revealed the characteristics of lipid rich plaque in
Japanese patients with acute coronary syndrome and stable angina
who has fewer adverse cardiovascular events than Caucasians. It is
necessary to investigate whether more aggressive lipid-lowering
therapy using PCSK9 inhibitor, anti-inflammatory therapy, and
revascularization to vulnerable plaques are effective for East
Asians.
4.5. Limitations

The present study has several limitations. First, because the
sample size was relatively small and this was a single-center study,
unknown confounding factors might have affected outcomes. Sec-
ond, because NIRS-IVUS imaging was performed after aspiration
thrombectomy (n = 26, 10.8%) if a thrombus was suspected from
angiography, and/or balloon angioplasty (2.0 mm or less) (n = 33,
13.0%), if thrombolysis in myocardial infarction flow grade of 3 is
not obtained, it may affect the measured IVUS parameters and
LCBI. Third, stented segment which is definition of culprit lesion
in current study might be affected and longer by operator’s discre-
tion who knew the result of NIRS-IVUS chemogram.
5. Conclusions

We confirmed that NIRS-IVUS plaque assessment could be use-
ful to differentiate ACS from SA culprit lesions, and that a threshold
maxLCBI4mm � 400 was clinically suitable in Japanese patients.
Further larger studies are needed to confirm the findings in Asian
population. No systemic surrogate markers were found to be asso-
ciated with the extent of LRP by NIRS in culprit and non-culprit
segments. Consequently, we believe that direct intravascular eval-
uation of coronary plaque characteristics remains important for
identification of high-risk LRP.
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