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those without.12 Therefore, it is important to detect high-risk 
LRCPs that remain unstable after OMT at non-culprit 
lesions.

Coronary computed tomography angiography (CCTA) 
is a useful non-invasive tool for the detection of vulnerable 
plaques. Several studies have demonstrated a relationship 
between cardiovascular events and plaque features detected 
on CCTA.15–19 Positive remodeling (PR), low attenuation 
plaques (LAP), napkin-ring sign (NRS), and spotty calci-
fication were recognized as high-risk plaque features 
(HRPFs), which are independent predictors of adverse 
cardiac events.15,17 The non-invasive assessment of LRCP 
after OMT by CCTA is thought to be useful in preventing 
future coronary events. However, it is unknown which 
patients with LRCP should undergo CCTA follow-up 
after OMT.

The aims of this study were to explore the relationship 
between LRCP on baseline OCT and HRPFs on CCTA 10 
months after OMT and to identify high-risk LRCPs.

R ecent studies have shown the efficacy of optimal 
medical therapy (OMT) in patients with advanced 
coronary artery disease.1,2 Several guidelines and 

clinical trials have emphasized the importance of secondary 
prevention, especially with lipid-lowering therapy.3–6 
Despite aggressive OMT, cardiovascular events were 
documented in 10–20% of cases with advanced coronary 
artery disease.6–8

Studies using intravascular ultrasound (IVUS) and optical 
coherence tomography (OCT) demonstrated that lipid-rich 
coronary plaques (LRCPs) and thin-cap fibroatheromas 
(TCFA) were precursors of future cardiovascular events, 
including cardiac death, acute coronary syndrome (ACS), 
or unplanned percutaneous coronary intervention (PCI).9–13 
An OCT study showed that the presence of TCFA and 
microchannels at non-culprit lesions was correlated with 
the subsequent progression of coronary atheromatous 
plaques.14 The incidence of future cardiovascular events is 
twice as high at lesions with non-culprit LRCPs than at 
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Background: The aim of this study was to evaluate optical coherence tomography (OCT)-detected lipid-rich coronary plaques 
(LRCPs) with coronary computed tomography angiography (CCTA) 10 months after optimal medical therapy (OMT).

Methods and Results: Baseline OCT detected 28 LRCPs in non-culprit lesions. High-risk plaque features (HRPFs), such as positive 
remodeling, very low attenuation plaques, napkin-ring sign, and spotty calcification, were observed in 67.9%, 67.9%, 21.4%, and 
64.3% of LRCPs, respectively, at the 10-month follow-up CCTA. Lesions with ≥3 HRPFs were defined as high-risk LRCPs (n=12); 
the remaining were defined as low-risk LRCPs (n=16). The maximum lipid arc on baseline OCT was larger in high- than low-risk 
LRCPs (221±62° vs. 179±44°, respectively; P=0.04). Receiver operating characteristic curve analysis indicated that a maximum lipid 
arc >154° on baseline OCT was the optimal cut-off value to predict high-risk LRCPs 10 months after OMT. Patients with high-risk 
LRCPs had worse clinical outcomes, defined as a composite of cardiac death, target lesion-related myocardial infarction, and target 
lesion-related revascularization, during follow-up than those with low-risk LRCPs (33.3% vs. 0%; P=0.01).

Conclusions: A high-risk LRCP at follow-up CCTA was correlated with a larger maximum lipid arc on baseline OCT. Further 
aggressive treatment for patients with large LRCPs may reduce vulnerable plaque features and prevent future cardiac events.
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maximum lipid arc (measured on the cross-sectional image 
with the largest amount of lipid), lipid length (mm; calcu-
lated by the number of cross-section images with lipid 
pool), the lipid index (defined as the sum of the lipid arc in 
each 1-mm cross-section), minimum fibrous cap thickness 
(μm; measured at the thinnest part of the LRCP), and the 
presence of TCFA, macrophages, microchannels, choles-
terol crystals, calcification, thrombus, and layered plaque 
(defined as plaques with ≥1 layers of different optical density 
and a clear demarcation from underlying components).20,21 
Cross-section analyses were performed at 1-mm intervals.

OCT images were analyzed using offline software at 
Nara Medical University by 2 investigators (A.K. and T.N.) 
familiar with OCT analysis. Disagreements on analysis 
were settled by a consensus reading from a third indepen-
dent investigator (A.O.).

CCTA Procedure and Analysis
The CCTA was performed using a dual-source CT scanner 
(Somatom Definition; Siemens, Forchheim, Germany). The 
detailed scan protocol is described in the Supplementary 
Methods.

CCTA analysis was performed using SYNAPSE 
VINCENT version 5.1. Images were independently evalu-
ated by 3 investigators (J.S., T.S. and K.N.) familiar with 
CCTA analysis; disagreements were settled by consensus. 
CCTA studies were performed for each lesion detected by 
baseline OCT. The lesion was analyzed from the proximal 
normal region (plaque thickness <600 μm) to the distal 
region, except for in-stent lesions and lesions within 5 mm 
of the implanted stent. Coronary plaques were defined as 
structures with a minimum area of 1 mm2 within or adjacent 
to the arterial lumen, clearly distinguishable from the vessel 
lumen, and surrounded by pericardial tissue; tissue with a 
signal intensity below −30 Hounsfield units (HU) was 
considered pericardial fat and was excluded from the 
analysis. Each tissue was classified by its CT value: less 
than −30 HU, pericardial fat; between −30 and 50 HU, 

Methods
Study Population
Patients with LRCP on baseline OCT who underwent 
CCTA a mean of 10±2 months after baseline OCT at Nara 
Medical University between February 2012 and January 
2021 were enrolled in the study. Of the 664 patients who 
were screened, 58 (n=58 vessels) were found to have with 
analyzable CCTA at the 10±2-month follow-up. Of these, 28 
patients (n=28 vessels) with LRCP detected by baseline 
OCT were included in the present study (Figure 1). Patient 
characteristics were collected from medical records. Blood 
test results were collected within 3 months of baseline OCT 
or follow-up CCTA.

The study protocol was approved by the Ethics Committee 
of Nara Medical University (ID #1759-2) and the study 
was performed in accordance with the 1975 Declaration of 
Helsinki guidelines for clinical research protocols. All 
patients provided informed consent.

OCT Study and Analysis
OCT was performed at the operator’s discretion for PCI 
guidance or for follow-up of a previously implanted stent 
with a frequency-domain OCT system (Illumien C7-XR, 
Illumien Dragonfly OPTIS, or Illumien Dragonfly 
OPSTAR [Abbott Vascular, Santa Clara, CA, USA] or 
LUNAWAVE [Terumo, Tokyo, Japan]). The OCT imaging 
technique has been described previously.20

OCT was performed at the non-culprit lesion including 
the LRCP and at each lesion between 2 normal regions or 
between the normal region and a region 5 mm from the 
implanted stent. The “normal region” was defined as a 
lesion with a lipid arc <90°. In-stent lesions were excluded. 
LRCP was defined as a signal-poor region with diffuse 
borders, a lipid arc ≥90°,20 and a fibrous cap thickness 
<200 μm based on a previous study that reported that few 
plaque raptures occurred in lesions with fibrous caps 
thicker than 200 μm.21 For each lesion, we evaluated the 

Figure 1.  Study flow chart. CCTA, coronary computed tomography angiography; LRCP, lipid-rich coronary plaque; OCT, optical 
coherence tomography.
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Figure 3.  Representative images of each high-risk 
plaque feature (HRPF) on computed tomography 
angiography (CCTA). (A) Positive remodeling 
(blue arrowheads). The remodeling index was 1.26. 
(B) Very low attenuation plaque (blue arrowheads). 
The minimum CT value within the low-attenuation 
area was –10 HU. (C) Napkin-ring sign (blue 
arrowheads). (D) Spotty calcification (blue 
arrowheads). Left upper panels show curved 
multiplanar reconstruction images, whereas right 
upper panels show cross-section images of the 
areas indicated by the blue arrowheads. Lower 
panels show straight multiplanar reconstruction 
images.

Figure 2.  Representative images of baseline optical coherence tomography (OCT) and follow-up coronary computed tomography 
angiography (CCTA) findings. (A) Representative image of lipid-rich coronary plaque (LRCP) showing high-risk LRCP at follow-up. 
The OCT image shows a large lipid core with a thin fibrous cap. The maximum lipid arc is 320° (asterisks) and the minimum fibrous 
cap thickness was 50 μm (white arrowheads). The CCTA image of the same lesion shows high-risk plaque features (HRPFs) with 
positive remodeling (remodeling index 1.2), very low attenuation plaque (minimum CT value −2 HU), napkin-ring sign (blue 
arrowheads), and spotty calcification (red arrowhead). (B) Representative image showing low-risk LRCP at follow-up. The OCT 
image shows a maximum lipid arc of 100° (asterisks) and a minimum fibrous cap thickness of 120 μm. The CCTA image at follow-up 
showed no HRPF (remodeling index 1.04 and minimum CT value 45 HU).



Circulation Reports Vol.4, January 2022

32 SUGIURA J et al.

and patient characteristics were compared for each HRPF.
In a previous report, lesions with ≥3 HRPFs were 

significantly associated with low fractional flow reserve 
and target vessel events.23 Therefore, in the present study 
we calculated the total number of each HRPFs for all 
lesions, and high-risk LRCPs were defined as lesions with 
≥3 HRPFs, whereas low-risk LRCPs were defined as lesions 
with <3 HRPFs. Patients with high-risk LRCPs were 
compared to those with low-risk LRCPs. Other morpho-
logical plaque features were assessed, as described in the 
Supplementary Methods. Representative images of LRCPs 
and each HRPF are shown in Figures 2 and 3.

LAP; 51–200 HU, fibrous plaque; 201–500 HU, enhanced 
media; 501 HU, calcification.15,22

Previous studies showed that HRPFs in lesions, such as 
PR, very (v) LPAs, NRS, and spotty calcifications, are 
predictive of cardiac events.15,17 In the present study, PR 
was defined as a lesion with a remodeling index ≥1.1, vLAP 
was defined as a minimum CT value ≤30 HU, NRS was 
defined as a central low-attenuation portion surrounded by 
ring-like higher attenuation, and spotty calcification was 
defined as small calcification that had ≤3-mm calcification 
on curved multiplanar reformation images and occupied 
only 1 side on cross-sectional images. Baseline OCT findings 

Table 1. Clinical Characteristics, Medication at Discharge and Laboratory Findings in Patients With Low- and High-Risk LRCPs

All patients  
(n=28)

High-risk LRCP  
(n=12)

Low-risk LRCP  
(n=16) P value

Age (years)   68±12 67±9   69±14 0.67

Male sex 22 (78.6) 11 (91.7) 11 (68.8) 0.14

BMI (kg/m2) 24.0±3.8 24.0±4.3 24.1±3.4 0.94

Hypertension 20 (71.4) 10 (83.3) 10 (62.5) 0.23

Dyslipidemia 26 (92.9) 11 (91.7) 15 (93.8) 0.83

Diabetes 7 (25)　   2 (16.7)   5 (31.3) 0.38

CKD   6 (21.4)   2 (16.7)   4 (25.0) 0.59

Hemodialysis 1 (3.6) 0 (0)　　　 1 (6.3) 0.38

Prior MI 19 (67.9) 10 (83.3)   9 (56.3) 0.13

Brinkman index  550 [0–1,198]  500 [0–1,500]    550 [13–1,050] 0.89

Family history of coronary artery disease   6 (21.4)   3 (25.0) 3 (18.8) 0.69

Medications at discharge

  Aspirin 25 (89.3) 10 (83.3) 15 (93.8) 0.38

  Thienopyridine 27 (96.4) 12 (100)　 15 (93.8) 0.28

  Oral anticoagulant   5 (17.9)   3 (25.0)   2 (12.5) 0.39

  β-blocker 23 (82.1) 11 (91.7) 12 (75.0) 0.25

  RAS blocker 22 (78.6) 11 (91.7) 11 (68.8) 0.14

  Statin 27 (96.4) 12 (100)　 15 (93.8) 0.38

  Ezetimibe 12 (42.9)   5 (41.7)   7 (43.8) 0.91

  Evolocumab 1 (3.6) 0 (0)　　　 1 (6.3) 0.38

  Fibrate 0 (0)　　　 0 (0)　　　 0 (0)　　　 –

  EPA/DHA 2 (7.1) 1 (8.3) 1 (6.3) 0.83

  Oral hypoglycemic agents 4 (1.4)   2 (16.7)   2 (12.5) 0.76

  Insulin 2 (7.1) 1 (8.3) 1 (6.3) 0.83

Laboratory findings

  LDL-C (mg/dL)

    At baseline 106±46   93±35 115±51 0.22

    At follow-up   65±20   67±22   63±20 0.63

  HDL-C (mg/dL)

    At baseline   50±10 47±8   52±11 0.21

    At follow-up 53±9 51±9 54±9 0.37

  Triglyceride (mg/dL)

    At baseline 132 [71–179] 132 [85–178] 130 [65–202] 0.76

    At follow-up 122 [87–185] 146 [94–193] 122 [85–183] 0.45

  HbA1c (%)

    At baseline   6.2±0.8   6.0±0.6   6.3±1.0 0.48

    At follow-up   6.5±0.6   6.4±0.6   6.5±0.6 0.81

  Creatinine at baseline (mg/dL)    0.82 [0.73–0.96]    0.82 [0.73–0.99]    0.82 [0.71–0.93] 0.43

  eGFR at baseline (mL/min/1.73 m2)   67.3±17.5   67.9±12.2   66.8±21.0 0.87

Unless indicated otherwise, data are given as n (%), mean ± SD, or the median (interquartile range). BMI, body mass index; CKD, chronic 
kidney disease; DHA, docosahexaenoic acid; eGFR, estimated glomerular filtration rate; EPA, eicosapentaenoic acid; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LRCP, lipid-rich coronary plaque; MI, myocardial infarction; RAS, 
renin-angiotensin system.



Circulation Reports Vol.4, January 2022

33OCT-Detected LRCPs After OMT

arteriosclerosis, such as dyslipidemia and diabetes, were 
considered to be well treated in both groups.

Baseline OCT Findings and Follow-up CCTA Findings
Baseline OCT findings showed that patients with high-risk 
LRCP had a significantly larger maximum lipid arc than 
those with low-risk LRCP (221±62° vs. 179±44°, respec-
tively; P=0.04; Table 2), but there were no significant 
differences in TCFA or macrophages between the 2 groups. 
The CCTA findings are presented in Table 3. Patients with 
high-risk LRCP had a significantly higher incidence of PR, 
vLAP, NRS, and spotty calcification. There were no differ-
ences in other CCTA findings between the 2 groups. The 
presence of implanted stents did not affect the CCTA 
analysis.

Patient Characteristics and Baseline OCT Findings for Each 
HRPF
Patients with PR were predominantly male. Lesions with 
PR had a significantly larger maximum lipid arc on baseline 
OCT but no significant difference in lipid index or TCFA 
compared with lesions without PR (Supplementary Table 1).

Patients with vLAP were significantly younger and had 
significantly higher triglycerides (TG) at follow-up than 
those without vLAP (Supplementary Table 2). There were 
no significant differences in characteristics and baseline 
OCT findings between patients with and without NRS 
(Supplementary Table 3). Ezetimibe was more commonly 
prescribed for patients with than without spotty calcifica-
tion, and high-density lipoprotein cholesterol (HDL-C) 
levels were lower at follow-up in patients with spotty 
calcification (Supplementary Table 4).

Clinical Outcomes
The median follow-up duration after follow-up CCTA 
was 22 months (IQR 7–37 months). During follow-up 
after CCTA, the incidence of primary outcomes was 
significantly higher among patients with high-risk LRCP 

Clinical Outcomes
Clinical outcomes after follow-up CCTA were obtained 
from medical records, and the association between each 
HRPF and clinical outcomes was evaluated. The primary 
outcome was defined as a composite of cardiac death, target 
lesion-related myocardial infarction, and target lesion-
related revascularization, and individual outcomes were 
recorded as secondary outcomes.

Statistical Analysis
Categorical variables are presented as numbers and percent-
ages, whereas continuous variables are presented as the 
mean ± SD or the median with interquartile range (IQR) 
depending on their distribution. Student’s t-test was used 
for comparisons of continuous variables that were normally 
distributed. The Wilcoxon test was used for comparisons 
of continuous variables that were not normally distributed. 
Categorical variables were examined by the Chi-squared 
test. Receiver operating characteristic (ROC) curve analysis 
was performed to determine the optimal cut off value of 
maximum lipid arc for the prediction of high-risk LRCP. 
All tests were 2-sided and P<0.05 was considered significant. 
Statistical analysis were conducted using JMP version 14 
(SAS Institute, Cary, NC, USA).

Results
Patient Characteristics
Twenty-eight patients were included in this study. Among 
the 28 lesions with LRCPs on baseline OCT, 19 (67.9%) 
were observed to have PR, 19 (67.9%) were observed to 
have vLAP, 6 (21.4%) were observed to have NRS, and 18 
(64.3%) were observed to have spotty calcification on 
CCTA at the 10-month follow-up. High-risk LRCP was 
observed in 12 lesions (42.9%). Patient characteristics and 
laboratory findings are presented in Table 1. There were no 
significant differences between the low- and high-risk 
LRCP groups. Major coronary risk factors for advanced 

Table 2. Baseline Optical Coherence Tomography Findings in the Low- and High-Risk LRCP Groups

High-risk LRCP  
(n=12)

Low-risk LRCP  
(n=16) P value

Maximum lipid arc (°) 221±62 179±44 0.04

Lipid length (mm)   5.3 [3.4–8.5]   6.4 [4.9–9.9] 0.34

Lipid index    1,033 [679–1,481]       971 [817–1,622] 0.96

Minimum FCT (μm)  62 [47–79]    64 [50–122] 0.58

TCFA 6 (50.0) 8 (50.0) 1.00

Macrophages 11 (91.7)　　 13 (81.3)　　 0.44

Microchannels 4 (33.3) 9 (56.3) 0.23

Cholesterol crystals 2 (16.7) 6 (37.5) 0.23

Calcification 9 (75.0) 11 (68.8)　　 0.72

Thrombus 2 (16.7) 0 (0)　　　　　 0.09

Layered plaque 6 (50.0) 5 (31.3) 0.31

Lesion 0.58

  RCA 5 (41.7) 3 (18.8)

  LMT 1 (8.3)　　 2 (12.5)

  LAD 5 (41.7) 10 (62.5)　　
  LCX 1 (8.3)　　 1 (6.3)　　

Unless indicated otherwise, data are given as n (%), mean ± SD, or median (interquartile range). FCT, fibrous cap 
thickness; LAD, left anterior descending; LCX, left circumflex artery; LMT, left main trunk; LRCP, lipid-rich coronary 
plaque; RCA, right coronary artery; TCFA, thin-cap fibroatheroma.
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Discussion
Recent studies have shown the efficacy of OMT alongside 
blood pressure control, intensive lipid-lowering therapy, 
and diabetes control for advanced coronary artery disease.1,2 
However, 27% of patients with OMT died or experienced 
ACS during a median follow-up of 4.6 years.1 Previous 
invasive imaging studies showed that the presence of 
LRCP was a precursor of future coronary events.10–13 
Thus, detecting high-risk LRCPs that remain unstable 
after OMT is essential to prevent future cardiac events. 
The aim of this study was to show the relationship between 
LRCP on baseline OCT and HRPF at follow-up CCTA 
after OMT. The main findings of this study are that: (1) 
42.9% of OCT-detected LRCP remained vulnerable at the 
10-month follow-up CCTA; (2) lesions with high-risk 

than among those with low-risk LRCP (33.0% vs. 0%, 
respectively; P=0.01; Table 4; Figure 4). The incidence of 
primary outcomes was also significantly higher among 
patients with spotty calcification than those without 
(Supplementary Table 5).

Discriminator of High-Risk LRCP on 10-Month Follow-up 
CCTA
Based on ROC curve analysis of the association between 
maximum lipid arc and LRCP, the optimal cut-off value 
for predicting high-risk LRCP on CCTA was a maximum 
lipid arc >154°. The accuracy of this cut-off was 64.3%, 
with sensitivity, specificity, positive predictive and negative 
predictive values of 100%, 37.5%, 54.5%, and 100%, 
respectively.

Table 3. Follow-up Computed Tomography Angiography Findings in the Low- and High-Risk LRCP Groups

High-risk LRCP  
(n=12)

Low-risk LRCP  
(n=16) P value

Follow-up duration (months)  10 [8–11]    9 [8–11] 0.92

Positive remodeling 12 (100)　   7 (43.8) <0.001

vLAP 11 (91.7)   8 (50.0) 0.01

Napkin-ring sign 6 (50)　 0 (0)　　　 <0.001

Spotty calcification 11 (91.7)   7 (43.8) 0.01

Large calcification   4 (33.3) 10 (62.5) 0.13

Plaque length (mm) 21.5±8.9 19.7±9.8 0.63

Total plaque volume (mm3)      346 [215–592]      304 [188–517] 0.58

LAP volume (mm3)      127 [103–202]      94 [61–170] 0.16

LAP volume/total plaque volume (%) 39.0±6.5 36.0±9.2 0.34

Maximum LAP area (mm2)   8.7±2.7   7.5±3.0 0.28

Total plaque area (mm2) 20.3±6.7 19.7±7.7 0.82

Maximum LAP area/total plaque area (%) 43.9±9.0   39.9±11.1 0.31

Area stenosis 0.78

  Mild (1–39%)   7 (58.3)   8 (50.0)

  Moderate (40–69%)   3 (25.0)   6 (37.5)

  Severe (70–99%)   2 (16.7)   2 (12.5)

  Total occlusion 0 (0)　　　 0 (0)　　　
Total no. HRPFs

  0 0 (0)　　　 1 (6.3)

  1 0 (0)　　　   8 (50.0)

  2 0 (0)　　　   7 (43.8)

  3   8 (66.7) 0 (0)　　　
  4   4 (33.3) 0 (0)　　　

Unless indicated otherwise, data are given as n (%), mean ± SD, or median (interquartile range). HRPFs, high-risk 
plaque features; LAP, low attenuation plaque; LRCP, lipid-rich coronary plaque; vLAP, very low attenuation plaque.

Table 4. Clinical Outcomes

High-risk LRCP  
(n=12)

Low-risk LRCP  
(n=16) P value

Primary outcome   4 (33.3) 0 (0) 0.01

Secondary outcomes

  Cardiac death 0 (0)　　　 0 (0) NA

  Target lesion-related MI 1 (8.3) 0 (0) 0.24

  Target lesion-related revascularization   4 (33.3) 0 (0) 0.01

Unless indicated otherwise, values are presented as n (%). The primary outcome is a composite of cardiac death, 
target lesion-related myocardial infarction (MI), and target lesion-related revascularization. LRCP, lipid-rich coronary 
plaque; NA, not assessed.
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larger remodeling index indicates the presence of a large 
lipid core and PR, and PR is also one of the features of 
vulnerable plaque.15 Thus, large lipid arc in cross-section 
become vulnerable LRCPs even after OMT. Based on ROC 
curve analysis, the optimal cut-off to predict high-risk 
LRCP on 10-month follow-up CCTA was a maximum 
lipid arc of 154°. An OCT study reported a maximum lipid 
arc ≥185° at the non-culprit lesion as a good predictor of 
ACS.10 A larger maximum lipid arc at the non-culprit 
lesion is thought to be a sensitive discriminator for both 
high-risk LRCP on follow-up CCTA and future ACS. The 
CCTA findings in this study showed a larger LAP volume 
suggestive of the presence of a large lipid core in patients 
with high-risk LRCP.

We could not find a relationship between high-risk 
LRCP and TCFA, probably because the patients in our 
study underwent intensive lipid-lowering statin therapy. 
Previous studies have confirmed the increase in fibrous cap 
thickness with intensive statin therapy.27,28 A thin fibrous 
cap may be modified by further intensive statin therapy. 
Although TCFA detected by baseline OCT is associated 
with future cardiovascular events, TCFA stabilizing into 
low-risk LRCP by OMT must be low risk for future 
cardiovascular events. Conversely, despite intensive statin 
therapy, it is not easy to decrease a larger lipid volume. 
Thus, only the maximum lipid arc is a discriminator of 
high-risk LRCP on CCTA.

LDL-C and LRCP
The mean LDL-C at follow-up was 67 mg/dL in patients 
with high-risk LRCP. This suggests that LDL-C <70 mg/dL 
may not effectively reduce lipid volume in patients with a 
large LRCP. Although the PRECISE-IVUS study indicated 
that percentage plaque volume regressed in ACS patients 
with LDL-C <80 mg/dL after 1-year of lipid-lowering 
therapy, the study did not show the presence of LRCP or 
fibroatheromas.29 A CCTA study reported that the 

LRCP at follow-up had a larger maximum lipid arc on 
baseline OCT; (3) patients with high-risk LRCP had worse 
clinical outcomes; and (4) spotty calcification at follow-up 
CCTA was associated with the primary outcome.

LRCP and Plaque Vulnerability After OMT
Several studies reported that TCFA, LRCP, and micro-
channels in non-culprit lesions on OCT were predictors of 
subsequent target lesion progression and ACS.10–14,24 The 
cumulative risk of ACS was estimated to be approximately 
10-fold higher in patients with than without LRCP or 
TCFA in non-culprit lesions.10 In addition, patients with 
LRCP in non-culprit lesions had double the incidence of 
non-culprit lesion-related cardiac events.12,13 However, 
those studies did not detail the medication at follow-up or 
how risk factors were controlled. The patients in the present 
study underwent OMT following current guidelines for 
advanced atherosclerosis and showed well-controlled lipid 
and diabetic profiles at follow-up. However, 42.9% of 
patients with OCT-detected LRCP remained unstable at 
the 10-month follow-up CCTA. A study investigating 
non-culprit coronary plaques with virtual histology–IVUS 
reported that 65% of TCFA changed to thick fibroatheroma, 
but more than 90% of fibroatheromas stayed fibroatheromas 
after 1 year of follow-up.25 These findings suggest that 
lesions with a lipid or necrotic core in the non-culprit artery 
still have a lipid or necrotic core at the 1-year follow-up. 
Therefore, the sustained plaque vulnerability of LRCP 
may be still left even after OMT.

This study showed that the maximum lipid arc was 
correlated with high-risk LRCP on follow-up CCTA. 
However, we could not find a relationship between high-risk 
LRCP and the lipid index, which is correlated with lipid 
volume. When lipid length increases, the lipid area in a 
cross-section becomes smaller and vice versa. It has been 
reported that a larger OCT-derived lipid arc was signifi-
cantly correlated with a greater remodeling index.26 A 

Figure 4.  Kaplan-Meier curves for 
the cumulative incidence of primary 
outcome in the low- and high-risk 
lipid-rich coronary plaque (LRCP) 
groups. The primary outcome was 
defined as a composite of cardiac 
death, target lesion-related myocardial 
infarction, and target lesion-related 
revascularization.
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Conclusions
High-risk LRCP at follow-up CCTA was correlated with 
a larger maximum lipid arc on baseline OCT. Our results 
suggest that aggressive treatment for patients with large 
LRCP may reduce vulnerable coronary plaque features 
and prevent future cardiac events.
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