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BACKGROUND: The impact of high-risk coronary artery plaques identified using optical coherence tomography on late luminal 
narrowing and clinical events remains poorly understood.

METHODS AND RESULTS: This multicenter prospective study included 176 patients who underwent percutaneous coronary 
intervention and serial optical coherence tomography at baseline and 1-year follow-up to investigate nontarget regions with 
angiographically intermediate stenosis. At 1 year after percutaneous coronary intervention, the coronary artery lumen area de-
creased significantly from 6.06 (95% CI, 5.60–6.53) mm2 to 5.88 (95% CI, 5.41–6.35) mm2 (difference, −0.18; 95% CI, −0.22 to 
−0.14 mm2; P<0.001), particularly in thin-cap fibroatheromas, thick-cap fibroatheromas, mixed plaques, and fibrous plaques. 
The prevalence of fibroatheroma decreased from 38% to 36% (P<0.001), whereas calcified plaque increased from 31% to 34% 
(P<0.001), accompanied by a significant increase in calcium thickness and angle. Diabetes and current smoking habits were 
independently associated with increasing calcium prevalence. Patients with thin-cap fibroatheroma had a significantly higher 
3-year risk of ischemia-driven nontarget vessel revascularization (hazard ratio, 2.42 [95% CI, 1.03–5.71]; P=0.04), primarily due 
to revascularization in the imaged region. No significant association was observed between coronary artery calcium preva-
lence and clinical outcomes within 3 years.

CONCLUSIONS: The coronary artery lumen area significantly decreased over a 1-year interval, particularly in thin-cap fibroath-
eromas, thick-cap fibroatheromas, mixed plaques, and fibrous plaques. Although thin-cap fibroatheroma prevalence was as-
sociated with higher risk of ischemia-driven nontarget vessel revascularization, no significant association was noted between 
coronary artery calcium prevalence and clinical outcomes within 3 years. The interaction between calcium progression and 
long-term clinical events necessitates further investigation.
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Recurrent coronary artery events following per-
cutaneous coronary intervention (PCI) remain a 
significant clinical concern, particularly for long-

term clinical adverse events, including cardiovascu-
lar death, acute myocardial infarction, and coronary 
artery revascularization.1 Among the various patho-
logical plaque phenotypes, thin-cap fibroatheromas 
(TCFAs) have emerged as pivotal precursors for cor-
onary artery events occurring in nontarget regions.2,3 
The PROSPECT (Providing Regional Observations 
to Study Predictors of Events in the Coronary Tree) 
study reported that the presence of TCFAs, reduced 
minimal lumen area, and increased plaque burden, 
as assessed using virtual histology intravascular ul-
trasound, were associated with major adverse events 
following acute myocardial infarction.4,5 More re-
cently, the prognostic significance of a large lipid-rich 
core with a large plaque burden was unveiled by the 
integration of near-infrared spectroscopy with intra-
vascular ultrasound.6,7

Optical coherence tomography (OCT), with its 10-
fold higher spatial resolution than intravascular ul-
trasound, allows for meticulous scrutiny of high-risk 
plaque features, including the presence of TCFAs. 
Previous OCT studies have revealed that the presence 
of TCFA and reduced minimum lumen area at base-
line were associated with clinical events in nontarget 
regions.8–12 Nevertheless, the dynamic changes within 
plaque components including fibroatheroma and cor-
onary artery calcium and their potential consequences 
for luminal narrowing and subsequent clinical events 
were largely unknown. This study aimed to investigate 
the prognostic impact of plaque characteristics in non-
target regions assessed by using OCT on subsequent 
luminal narrowing and the occurrence of future clinical 
events.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Population
The PREDICTOR (Predicting Long-Term Clinical 
Outcomes by OCT Assessment of Plaque 
Characteristics in the Nonrevascularized Coronary 
Artery) study is a multicenter prospective observa-
tional study. Detailed inclusion and exclusion criteria 
are provided in Data S1. In brief, we enrolled patients 
who underwent PCI for target lesions and had at least 
1 de novo nontarget region with intermediate stenosis 
(visually estimated percent diameter stenosis between 
30% and 90%). Nontarget regions were defined as re-
gions including intermediate stenosis in either nontar-
get vessels or within the target vessel but >5 mm apart 
from the culprit lesions. OCT image acquisition for 
nontarget regions was performed either before or after 
OCT-guided PCI for target lesions using the commer-
cially available OPTIS OCT system (Abbott Vascular) 
with continuous intracoronary injection of contrast or 
low-molecular dextran. In cases where low-molecular-
weight dextran was used, quantitative measurements 
were corrected via a flush media setting available to 
the region (Japan and European Union).13 OCT image 
acquisition for nontarget regions was performed 
during the last PCI in cases of planned staged PCI. 
Follow-up OCT assessments for nontarget regions 
were performed either at the 1-year follow-up (330 to 
390 days) or at the time of any unplanned coronary 
revascularization before the scheduled 1-year follow-
up. The dual antiplatelet therapy duration was deter-
mined at the discretion of the operators. Standard 
medical therapy was recommended following current 
guidelines. However, in the study protocol, the specific 

CLINICAL PERSPECTIVE

What Is New?
•	 Coronary artery plaques assessed by optical 

coherence tomography, including thin-cap fi-
broatheromas, thick-cap fibroatheromas, mixed 
plaques, and fibrous plaques, were associ-
ated with luminal narrowing during the 1-year 
follow-up.

•	 There was a significant increase in calcium 
thickness and angle, particularly in patients with 
diabetes and current smokers, indicating a dy-
namic change in plaque composition.

What Are the Clinical Implications?
•	 The presence of thin-cap fibroatheromas was 

associated with an increased risk of ischemia-
driven revascularization in nontarget regions, 
highlighting the need for close monitoring and 
potential preventive strategies in these patients.

•	 Despite the observed increase in coronary ar-
tery calcium during the 1-year follow-up, there 
was no clear association with adverse clinical 
outcomes within 3 years, suggesting the need 
for further long-term follow-up studies to clarify 
the impact on clinical outcomes.

Nonstandard Abbreviations and Acronyms

TCFA	 thin-cap fibroatheroma
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timing for initiating standard medical therapy was not 
explicitly outlined.

OCT Image Analysis
The ILUMIEN OPTIS offline review workstation or 
Ultreon 1.0 Software (Abbott Vascular) was used for 
OCT image analysis, which was performed by ex-
perienced investigators at the Kyoto University core 
laboratory (K.Y. and K.I.) and at the Kokura Memorial 
Hospital core laboratory (K.Y., K.Kanenawa, and T.M.). 
Preliminary screening of all OCT images was per-
formed before commencing the analysis to ensure 
their image quality. Matched image pairs for baseline 
and 1-year follow-up were determined by using refer-
ence landmarks, including side branches and longitu-
dinal center of calcifications with spline interpolation. 
We systematically analyzed all of the images in the 
baseline OCT pullbacks and corresponding regions of 
interest between the matched landmarks in the follow-
up OCT pullbacks. Because OCT was not able to visu-
alize plaque burden in lesions with fibroatheromas or 
dense calcium, lesions in the nonculprit vessels were 
not robustly determined using OCT, because we in-
cluded moderately diseased vessels with luminal irreg-
ularity with low adaptive intimal thickening or normal 
vessel prevalence. Therefore, we did not assess OCT 
with lesion level but with patient level or image level. 
We assessed the mean lumen area within the imaged 
region rather than establishing reference and minimum 
lumen areas.

OCT image classification followed the international 
consensus statement in the following hierarchical 
order.14 TCFA was identified on the basis of the pres-
ence of lipid pool, which is characterized by a region 
with reduced signal intensity and a diffuse boundary, 
along with the thinnest part of the fibrous cap thick-
ness of ≤65 μm. In images with TCFAs, we assessed 
the total extension of lipid arc per image. Using Ultreon 
1.0 Software (Abbott Vascular) powered by artifi-
cial intelligence technology, the maximum thickness 
and total angle of coronary calcium were automat-
ically measured.15 In cases wherein a lipid pool was 
observed along with the thinnest part of the fibrous 
cap thickness of >65 μm, we classified the plaques as 
thick-cap fibroatheromas when calcium was absent or 
as mixed plaques when calcium was present. For the 
remaining images, the plaques were categorized as 
fibrocalcific plaques if calcium was detected. Images 
with a homogeneous OCT signal with a high backscat-
ter measuring >600 μm were categorized as fibrous 
plaques, those with >300 μm were classified as adap-
tive intimal thickening, and those with ≤300 μm were 
classified as normal vessels. In regard to patient-level 
analysis within the matched regions of interest, we cal-
culated the mean lumen area (square millimeters) and 

the mean calcium area index. The calcium area index 
was calculated as the maximum calcium thickness 
(micrometers) multiplied by the total calcium angle 
(degree) and divided by 360°. The maximum calcium 
thickness and total calcium angle were considered 0 
in cases wherein coronary artery calcium was not de-
tected. We assessed eruptive or noneruptive calcified 
nodules, defining eruptive nodules as an accumulation 
of small calcium fragments protruding and disrupting 
the overlying fibrous cap, and noneruptive nodules as 
an accumulation of small calcium fragments protruding 
into the lumen with a smooth intact fibrous cap without 
an overlying thrombus.16,17

End Points and Definitions
The primary outcome measure in the present study 
was luminal narrowing over a 1-year period within the 
matched regions of interest in the nontarget regions. 
The secondary outcome measures included all-cause 
death, cardiac death, nonfatal myocardial infarction, 
and ischemia-driven coronary artery revascularization 
within 3 years. The safety outcome measures included 
any adverse events related to OCT procedure, amount 
of contrast used, radiation time, and intervention time.

Clinical follow-up information was obtained at post-
procedure, at discharge, and annually up to 3 years. 
Unless clear evidence of noncardiac causes was 
identified, deaths were attributed to a cardiac origin. 
Nonfatal myocardial infarctions were adjudicated con-
sistent with the fourth universal definition of myocardial 
infarction.18 Any coronary revascularization was further 
categorized into target vessel revascularization, target 
lesion revascularization, nontarget vessel revascular-
ization, imaged vessel revascularization, and imaged 
region revascularization. Target vessel revasculariza-
tion, target lesion revascularization, and nontarget 
vessel revascularization were adjudicated according to 
the ARC-2 (Academic Research Consortium 2) defini-
tion.19 Target lesion and vessel were indicated in those 
treated at the baseline procedure. Imaged region re-
vascularization was defined as the revascularization 
of lesions located within the regions of interest in the 
baseline OCT pullbacks for nontarget regions. Imaged 
vessel revascularization was defined as the revascular-
ization of the imaged vessel. Furthermore, any coro-
nary revascularization was considered ischemia driven 
if it met ≥1 of the following criteria: (1) typical ischemic 
symptoms attributable to the target lesion with percent 
diameter stenosis of ≥50%, (2) percent diameter steno-
sis of ≥70%, (3) fractional flow reserve of the target le-
sion was ≤0.80, or (4) evidence of myocardial ischemia 
assessed using noninvasive tests, such as nuclear im-
aging, and stress echocardiography.19

This study was conducted in compliance with ei-
ther the latest version of the Declaration of Helsinki or 
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the Ethical Guidelines for Medical and Health Research 
Involving Human Subjects (Public Notice of the Ministry 
of Education, Culture, Sports, Science and Technology 
and the Ministry of Health, Labor and Welfare No. 3 
dated December 22, 2014, whichever maximizes the 
protection of patients). Institutional review board ap-
proval was obtained from each participating institute. 
Written informed consent was obtained from all study 
patients.

Statistical Analysis
This study represents a pilot investigation aiming at 
addressing the predictive capability of baseline plaque 
characteristics assessed using OCT for subsequent 
late luminal changes. Considering the absence of prior 
studies providing plausible assumption for the calcula-
tion of study sample size, we included patients until the 
total number of angiographically intermediate lesions 
reported from each participating center reached 200 
lesions. Categorical variables were presented as abso-
lute values and percentages and compared using the 
Fisher exact test. Continuous variables were expressed 
as median values and interquartile ranges (IQRs) and 
compared using the Wilcoxon rank sum test. In regard 
to image-level OCT outcomes, we used generalized 
linear mixed models, wherein patients were included 
as random intercepts to account for the nonindepend-
ence of assessments from the same patients. For 
patient-level OCT outcomes, a paired Student t test 
was used for assessing differences between baseline 
and 1-year follow-up measurements. We constructed 
univariate and multivariable linear regression models, 
with the multivariable models incorporating explana-
tory variables listed in Table 1, to identify patient-level 
independent predictors for changes in the mean lumen 
area and mean calcium area index. Cumulative inci-
dences of clinical events were estimated using the 
Kaplan-Meier method. We constructed univariate Cox 
proportional hazard models to evaluate the association 
of per patient OCT findings with clinical outcomes. The 
profile likelihood method was used for calculating 95% 
CIs. All analyses were performed using R software 
version 4.3.2 (R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS
The study flowchart is shown in Figure  1. Between 
May 16, 2018 and May 31, 2019, a total of 176 patients 
were enrolled from 15 participating centers (study or-
ganization in Data S1). Among them, the study popula-
tion comprised 164 patients (172 imaged vessels) who 
underwent baseline OCT with sufficient image quality. 
Among 172 imaged vessels with intermediate stenosis, 
functional testing was conducted in 22 vessels (13%) 

and nuclear imaging was performed in 6 vessels (3.5%); 
the operators deemed the remaining 144 vessels 
(83.7%) as nonsignificant. The baseline characteristics 
and medication status at discharge are presented in 
Table 1. The median age of patients was 76 (IQR, 71–
81) years, and 77% were men. Clinical presentations 
included non–ST-segment–elevation acute coronary 
syndrome and stable coronary artery disease in 10% 
and 90% of the patients, respectively, with no patients 
presenting with ST-segment–elevation myocardial in-
farction. In regard to comorbidities, 77%, 74%, and 
46% of the patients had hyperlipidemia, hypertension, 
and diabetes, respectively, and 61% of patients were 
either current or former smokers. At 1 year, follow-up, 
OCT was conducted in 128 patients (134 imaged ves-
sels) with sufficient image quality. No significant differ-
ences were observed in the baseline characteristics 
between the patients who underwent follow-up OCT 
and those who did not, except for the prevalence of 
malignancy (12% versus 31%, P=0.01). Medication sta-
tus at 1, 2, and 3 years are shown in Tables S1 through 
S3. Notably, 88% of the study patients were prescribed 
statins at the time of discharge, and this percentage in-
creased to 94% at 1-year follow-up.

OCT Outcomes
There were no complications attributable to OCT image 
acquisition including slow flow or no reflow, perforation, 
dissection, and embolization. The median procedure 
time was 58 minutes, with a median radiation exposure 
time of 18 minutes. Matched image pairs were identi-
fied using 7 (IQR, 5–9) reference landmarks per pa-
tient. Within the baseline OCT images, the analyzable 
length per patient was 51.4 (IQR, 37.2–65.5) mm, of 
which 33.2 (IQR, 21.6–45.3) mm corresponded to the 
matched regions of interest. Compared with the entire 
baseline OCT pullbacks, high-risk plaque phenotypes, 
such as TCFAs, thick-cap fibroatheromas, and mixed 
plaques, were more frequently observed, and fibrocal-
cific plaques, fibrous plaques, adaptive intimal thicken-
ing, and normal vessels were less commonly observed 
in baseline OCT pullbacks within the matched regions 
of interest (Table S4).

For the image-level analysis, the 1-year changes 
in plaque phenotypes within the matched regions 
of interest are summarized in Table  2 and Figure  2. 
Prevalence of each plaque phenotype per patient 
remained stable for 1 year (Table  S5). There was a 
decrease in the prevalence of fibroatheromas (over-
all, 38% versus 36%; P<0.001; TCFAs, 3.4% versus 
3.3%; P=0.82; thick-cap fibroatheromas, 35% versus 
33%; P<0.001), and normal vessel (4.7% versus 3.8%, 
P<0.001), whereas there was an increase in the prev-
alence of calcified plaques (overall, 31% versus 34%; 
P < 0.001; mixed plaques, 22% versus 24%; P<0.001; 
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Table 1.  Baseline Characteristics Compared Between Patients With and Without Follow-Up OCT

Characteristic Overall (N=164)
With follow-up  
OCT (N=128)

Without follow-up 
OCT (N=36) P value

Patients’ characteristics

Age, y* 76 (71–81) 77 (70–81) 76 (72–83) 0.57

Men* 127 (77%) 99 (77%) 28 (78%) 1.00

Presentation 0.32

ST-segment–elevation myocardial infarction 0 (0%) 0 (0%) 0 (0%)

Non–ST-segment–elevation myocardial infarction 15 (9.1%) 10 (7.8%) 5 (14%)

Stable angina pectoris 149 (91%) 118 (92%) 31 (86%)

Body mass index, kg/m2* 24.1 (21.9–26.4) 24.1 (22.1–26.8) 23.9 (21.3–25.9) 0.77

Hyperlipidemia* 126 (77%) 100 (78%) 26 (72%) 0.50

Hypertension* 121 (74%) 95 (74%) 26 (72%) 0.83

Diabetes* 75 (46%) 59 (46%) 16 (44%) 1.00

Smoking* 0.07

None 64 (39%) 55 (43%) 9 (25%)

Former smoker 71 (43%) 54 (42%) 17 (47%)

Current smoker 29 (18%) 19 (15%) 10 (28%)

Prior myocardial infarction 35 (21%) 25 (20%) 10 (28%) 0.36

Prior percutaneous coronary intervention* 70 (43%) 53 (41%) 17 (47%) 0.57

Prior stroke* 21 (13%) 18 (14%) 3 (8.3%) 0.57

Atrial fibrillation* 18 (11%) 14 (11%) 4 (11%) 1.00

Malignancy* 26 (16%) 15 (12%) 11 (31%) 0.01

Left ventricular ejection fraction, %* 62 (55–67) 62 (56–67) 61 (51–66) 0.45

Laboratory data at baseline

Total cholesterol, mg/dL 161 (135–197) 161 (135–198) 160 (136–196) 0.75

LDL cholesterol, mg/dL 90 (69–118) 91 (68–119) 90 (73–116) 0.87

HDL cholesterol, mg/dL 47 (40–57) 46 (40–57) 50 (37–56) 0.55

Triglyceride, mg/dL 117 (80–164) 116 (79–159) 130 (84–170) 0.57

Hemoglobin A1c, % 6.1 (5.6–6.6) 6.1 (5.6–6.6) 6.1 (5.5–6.7) 0.94

Estimated glomerular filtration rate, mL/min per 1.73 m2 77 (66–92) 76 (66–90) 80 (64–102) 0.47

Estimated glomerular filtration rate <60 mL/min per 
1.73 m2

146 (89%) 116 (91%) 30 (83%) 0.23

Procedure data

Procedure time, min 58 (44–81) 58 (43–78) 62 (49–84) 0.30

Contrast media, mL 126 (100–160) 126 (99–160) 122 (100–175) 0.66

Radiation exposure time, min 18 (13–27) 18 (13–26) 20 (13–28) 0.52

Target vessel

Left anterior descending coronary artery 104 (63%) 81 (63%) 23 (64%) 1.00

Left circumflex coronary artery 35 (21%) 29 (23%) 6 (17%) 0.50

Right coronary artery coronary artery 34 (21%) 25 (20%) 9 (25%) 0.49

Imaged vessel

Left anterior descending coronary artery 57 (35%) 42 (33%) 15 (42%) 0.33

Left circumflex coronary artery 55 (34%) 46 (36%) 9 (25%) 0.24

Right coronary artery 63 (38%) 49 (38%) 14 (39%) 1.00

Imaged region in the target vessel 60 (37%) 45 (35%) 15 (42%) 0.56

Imaged region distally to the target lesion 29 (18%) 23 (18%) 6 (17%) 1.00

Medication status at discharge

Dual antiplatelet therapy 153 (93%) 121 (95%) 32 (89%) 0.26

Aspirin 155 (95%) 122 (95%) 33 (92%) 0.41

 (Continued)
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and fibrocalcific plaques, 8.4% versus 9.3%; P<0.001). 
Within the matched regions of interest, lipid arc in 
images with TCFA significantly decreased from 186° 
(95% CI, 181°–190°) to 166° (95% CI, 161°–171°), with a 
difference of −20° (95% CI, −26° to 13°; P<0.001). The 
majority of plaque phenotypes remained stable over 
the course of 1 year; However, it was noteworthy that 
12.7% of the thick-cap fibroatheromas transitioned to 
mixed plaques, whereas 6.0% of the fibrous plaques 
progressed to fibrocalcific plaques (Figure 2).

The coronary artery lumen area significantly de-
creased from 6.06 (95% CI, 5.60–6.53) mm2 at base-
line to 5.88 (95% CI, 5.41–6.35) mm2 at the 1-year 
follow-up, with a difference of −0.18 (95% CI, −0.22 
to −0.14 mm2; P<0.001). The decrease in coronary ar-
tery lumen area varied across the baseline pathological 
plaque phenotypes, whereas the baseline lumen area 
was substantially smaller for TCFAs (4.37 [95% CI, 3.7–
5.01] mm2) compared with fibrous plaque (6.79 [95% 
CI, 6.20–7.39] mm2) (Figure  3). The lumen area sig-
nificantly decreased in TCFAs (−0.23 [95% CI, −0.36 
to −0.10] mm2; P < 0.001), thick- cap fibroatheromas 

(−0.21 [95% CI, −0.28 to −0.14] mm2; P<0.001), mixed 
plaques (−0.15 [95% CI, −0.22 to −0.068] mm2; 
P<0.001), and fibrous plaques (−0.30 [95% CI, −0.37 
to −0.23] mm2; P<0.001). Conversely, no or marginally 
significant decrease was noted in fibrocalcific plaques 
(−0.027 [95% CI, −0.14 to 0.087] mm2; P=0.64), 
adaptive intimal thickening (−0.086 [95% CI, −0.16 
to −0.0085] mm2; P=0.03), and normal vessels (0.04 
[95% CI, −000027 to 0.080] mm2; P=0.052).

Coronary artery calcium was present in 6704 im-
ages at the baseline and in 7337 images at the 1-year 
follow-up. In a subset of 5158 matched pairs wherein 
coronary artery calcium was present both at the base-
line and 1-year follow-up, the maximum thickness of 
coronary artery calcium significantly increased from 
605 (95% CI, 577–634) to 636 (95% CI, 607–664) μm 
(P<0.001). Additionally, the total angle of coronary cal-
cium increased from 64.1° (95% CI, 59.5°–68.7°) to 
72.1° (95% CI, 67.5°–76.6°; P<0.001). Consequently, 
the calcium area index increased from 112.5 (95% CI, 
109.8–135.0) to 144.6 (95% CI, 131.9–157.1; P<0.001). 
At baseline, eruptive calcified nodules were observed 

Characteristic Overall (N=164)
With follow-up  
OCT (N=128)

Without follow-up 
OCT (N=36) P value

P2Y12 receptor blockers 162 (99%) 127 (99%) 35 (97%) 0.39

Clopidogrel 89 (54%) 67 (52%) 22 (61%) 0.45

Prasugrel 73 (45%) 60 (47%) 13 (36%) 0.26

Oral anticoagulants 19 (12%) 14 (11%) 5 (14%) 0.57

Warfarin 5 (3.0%) 5 (3.9%) 0 (0%) 0.59

Non-vitamin K antagonist oral anticoagulants 14 (8.5%) 9 (7.0%) 5 (14%) 0.19

Statins 142 (87%) 113 (88%) 29 (81%) 0.27

Ezetimibe 36 (22%) 32 (25%) 4 (11%) 0.11

Omega-3 acid ethyl esters 16 (9.8%) 13 (10%) 3 (8.3%) 1.00

Fibrates 3 (1.8%) 2 (1.6%) 1 (2.8%) 0.53

Proprotein convertase subtilisin/kexin type 9 inhibitors 2 (1.2%) 2 (1.6%) 0 (0%) 1.00

Biguanides 14 (8.5%) 11 (8.6%) 3 (8.3%) 1.00

Sulfonylureas 10 (6.1%) 8 (6.2%) 2 (5.6%) 1.00

α-Glucosidase inhibitors 9 (5.5%) 6 (4.7%) 3 (8.3%) 0.41

Dipeptidyl peptidase-4 inhibitors 31 (19%) 24 (19%) 7 (19%) 1.00

Sodium-glucose transport protein 2 inhibitors 12 (7.3%) 11 (8.6%) 1 (2.8%) 0.47

Pioglitazone 2 (1.2%) 2 (1.6%) 0 (0%) 1.00

Insulin 4 (2.4%) 3 (2.3%) 1 (2.8%) 1.00

Calcium channel blockers 82 (50%) 68 (53%) 14 (39%) 0.19

Angiotensin-converting enzyme inhibitors 30 (18%) 23 (18%) 7 (19%) 0.81

Angiotensin receptor blockers 63 (38%) 51 (40%) 12 (33%) 0.56

Diuretics 18 (11%) 13 (10%) 5 (14%) 0.55

β-Blockers 55 (34%) 41 (32%) 14 (39%) 0.43

α1-Blockers 6 (3.7%) 6 (4.7%) 0 (0%) 0.34

Data are shown as number (percentage) or number (interquartile range). Values are missing for total cholesterol in 1 patient and for hemoglobin A1c in 1 
patient. HDL indicates high-density lipoprotein; LDL, low-density lipoprotein; and OCT, optical coherence tomography.

*Included as explanatory variables in the multivariable models.

Table 1.  Continued

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 18, 2024



J Am Heart Assoc. 2024;13:e034458. DOI: 10.1161/JAHA.123.034458� 7

Yamaji et al� Serial OCT Assessment of Coronary Atherosclerosis

in 8 patients, whereas noneruptive calcified nodules 
were observed in 12 patients. Within the matched re-
gions of interest, 3 patients showed eruptive calcified 
nodules, and 5 patients showed noneruptive calcified 
nodules at baseline, persisting in the same patients at 
the 1-year follow-up.

The results from the patient-level analysis were 
mostly consistent with those from the image-level anal-
ysis. Among the overall 164 patients, 53 (32.3%) had 
TCFAs within the baseline OCT pullbacks, whereas 41 
out of 128 patients (32.0%) had TCFAs within the OCT 
pullbacks at 1-year follow-up (Figure  S1). Within the 
matched regions of interest, 32 patients had TCFAs at 
both baseline and the 1-year follow-up, whereas 10 pa-
tients had TCFAs only at baseline and 8 patients only 
at the 1-year follow-up. The mean lumen area signifi-
cantly decreased from 6.09 (95% CI, 5.58–6.59) to 5.90 
(95% CI, 5.42–6.37) mm2, representing a difference of 

−0.18 (95% CI, −0.051 to −0.33 mm2; P=0.008). The 
decrease in the mean lumen area from the baseline to 
1-year follow-up was significantly greater in patients with 
a larger mean lumen area at baseline (Figure S2). The 
mean calcium area index significantly increased from 
43.2 (95% CI, 33.9–52.4) to 52.4 (95% CI, 41.8–63.1), 
with a difference of 9.2 (95% CI, 5.6–12.9; P<0.001). In 
both univariate and multivariable analyses, no significant 
associations were observed between the baseline clin-
ical characteristics and the 1-year changes in the mean 
lumen area (Table 3). Conversely, the calcium area index 
significantly increased in patients with diabetes in the 
univariate analysis (estimates, 8.42 [95% CI, 1.22–15.62]; 
P=0.02). After adjusting for baseline characteristics, 
the calcium area index significantly increased in pa-
tients with diabetes (estimates, 7.47 [95% CI, 0.11–14.8]; 
P=0.049) and in those with a current smoking habit (es-
timates, 15.5 [95% CI, 3.15–27.9]; P=0.02) (Table 3).

Figure 1.  Study flowchart.
OCT indicates optical coherence tomography.
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Clinical Outcomes
The 3-year clinical follow-up rate was 97.0%. The cumu-
lative 3-year incidences of all-cause death, myocardial 
infarction, target vessel revascularization, and nontarget 
vessel revascularization were 1.8%, 3.1%, 6.2%, and 
11.8%, respectively (Table  4). Notably, among the 10 
patients who underwent imaged vessel revasculariza-
tion, 8 were treated for lesions within the imaged region. 
All of these revascularizations were deemed ischemia 
driven according to the criteria (Figure S3). Of note, pa-
tients with TCFA were more likely to undergo nontarget 
vessel revascularization (hazard ratio [HR], 2.42 [95% CI, 
1.03–5.71]; P=0.04), predominantly driven by a higher 
revascularization risk within the imaged region (HR, 
15.8 [95% CI, 1.94–128]; P=0.01) (Figure 4 and Table 4). 
Similarly, the higher prevalence of fibroatheroma (ei-
ther TCFA or thick-cap fibroatheroma) was associated 
with a numerically increased risk of imaged region re-
vascularization (HR per 10%, 1.38 [95% CI, 0.97–1.97]; 
P=0.07) (Table  5). The percentage of coronary artery 
calcium and mean lumen area were not associated with 
clinical events within 3 years. In patients with TCFA, the 
minimal lumen area within the TCFA at baseline was 
comparable between patients with and without imaged 
region revascularization (Table 5 and Figure S4).

DISCUSSION
The PREDICTOR study, a multicenter prospective ob-
servational study with serial OCT assessments enroll-
ing mostly patients with stable coronary artery disease, 
showed the following salient findings:

	 1.	 At 1 year after PCI, the coronary artery lumen 
area in nontarget regions significantly decreased 

from 6.06 (95% CI, 5.60–6.53) to 5.88 (95% 
CI, 5.41–6.35) mm2, with a difference of −0.18 
(95% CI, −0.22 to −0.14 mm2; P<0.001). This 
decrease was pronounced in TCFAs, thick-
cap fibroatheromas, mixed plaques, and fibrous 
plaques. Notably, patients with larger baseline 
lumen areas had a more significant decrease, 
indicating that smaller luminal areas were not 
necessarily indicative of propensity for further 
luminal narrowing.

	 2.	 The prevalence of fibroatheroma decreased from 
38% to 36% (P<0.001), whereas that of calcified 
plaque increased from 31% to 34% (P<0.001). 
Patients with TCFAs had a significantly higher 
ischemia-driven nontarget vessel revasculariza-
tion risk (HR, 2.42 [95% CI, 1.03–5.71]; P=0.04), 
primarily due to revascularization in the imaged 
region. The higher prevalence of fibroatheromas 
was associated with a numerically increased 
risk for imaged region revascularization (HR per 
10%, 1.38 [95% CI, 0.97–1.97]; P=0.07).

	 3.	 Coronary artery calcium prevalence, automati-
cally assessed using artificial intelligence tech-
nology, significantly increased from 31% at 
baseline to 34% at 1-year follow-up (P<0.001), 
accompanied by a significant increase in cal-
cium thickness and angle. Diabetes and current 
smoking habits were independently associated 
with increasing calcium prevalence. No sig-
nificant association was observed between the 
prevalence of coronary artery calcium and clini-
cal outcomes within 3 years.

Previous OCT studies consistently demonstrated 
an association between the presence of TCFAs and 
clinical events in nontarget regions.9–12 We reaffirm the 

Table 2.  Number and Percentages of Images for Each Plaque Phenotype Within the Matched Regions of Interests at 
Baseline and at 1-Year Follow-Up

Plaque phenotype
At baseline  
(N=21 873)

At 1-year follow-up 
(N=21 873)

Odds ratio  
(95% CI) P value

No. of patients 128

No. of analyzable images per patient 166 (IQR, 108–226.2)

Analyzable length per patient, mm 33.2 (IQR, 21.6–45.3)

Fibroatheroma 8366 (38%) 7875 (36%) 0.89 (0.85–0.93) <0.001

Thin-cap fibroatheroma 735 (3.4%) 727 (3.3%) 0.99 (0.88–1.10) 0.82

Thick-cap fibroatheroma 7631 (35%) 7148 (33%) 0.89 (0.85–0.93) <0.001

Calcified plaque 6704 (31%) 7337 (34%) 1.19 (1.14–1.25) <0.001

Mixed plaque 4858 (22%) 5299 (24%) 1.16 (1.10–1.22) <0.001

Fibrocalcific plaque 1846 (8.4%) 2038 (9.3%) 1.16 (1.08–1.26) <0.001

Fibrous plaque 4641 (21%) 4619 (21%) 0.99 (0.94–1.04) 0.78

Adaptive intimal thickening 1142 (5.2%) 1214 (5.6%) 1.08 (0.99–1.19) 0.09

Normal vessel 1020 (4.7%) 828 (3.8%) 0.74 (0.66–0.82) <0.001

Data are shown as number (percentage). Odds ratios and their 95% CIs were calculated using generalized logistic regression models accounting for the 
nonindependence of assessments from the same optical coherence tomography pullbacks. IQR indicates interquartile range.
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predictive ability of the presence of TCFAs for luminal 
narrowing during a 1-year interval and for subsequent 
ischemia-driven revascularization within the imaged re-
gions over 3 years. Although a majority of imaged region 
revascularization developed during the scheduled fol-
low-up coronary angiography, we confirmed that all of 
these revascularizations were driven by myocardial isch-
emia, highlighting their clinical relevance. Furthermore, 
some patients experienced typical ischemic symptoms 
but were hesitant to seek medical attention owing to 
concerns about COVID-19 transmission until the 1-year 
scheduled follow-up.20

In the PROSPECT study, lesions in the nonculprit 
vessels, wherein >3 consecutive slices had >40% 
plaque burden, and those with minimal lumen areas 
of ≤4.0 mm2 were identified as significant predictors for 
late clinical events.4,5 Intriguingly, a significant associa-
tion between the baseline mean lumen area and clinical 
events was not observed. Furthermore, patients with 
smaller baseline lumen areas exhibited even smaller lu-
minal narrowing, suggesting that smaller luminal areas 
per se were not necessarily indicative of subsequent 
further luminal narrowing. These findings align with 
previous pathological studies that have shown that the 

Figure 2.  Image-level changes in coronary artery plaque phenotypes from baseline to 1-year 
follow-up.
OCT indicates optical coherence tomography.
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majority of coronary artery events related to vulnerable 
plaques developed in lesions with nonsignificant ste-
nosis.2,3 In patients presenting with acute myocardial 
infarction, those with TCFAs and minimal lumen areas 
of <3.5 mm2 assessed using OCT carried a higher 
risk of the composite of cardiac death and nonculprit 
lesion-related nonfatal myocardial infarction than those 
without (17.4% versus 3.9%, P<0.001).12 In contrast, in 
our study, which predominantly included stable pa-
tients, a significant difference in minimal lumen areas 
within TCFA images between patients with and with-
out subsequent clinical events was not observed. To 
evaluate whether smaller lumen areas are a precursor 
to late clinical events in low-risk stable patients, larger 
observational studies with longer follow-up duration 
are needed.

In the prospective IBIS-4 (Integrated Biomarker 
Imaging Study-4), patients with ST-segment–elevation 
myocardial infarction who received statin therapy ex-
hibited a noticeable increase in the percentage of fi-
brocalcific plaques from 49.7% to 54.5% over 1 year.21 

Another retrospective observational study underlined 
the independent associations of diabetes and chronic 
renal failure with rapid coronary artery calcification 
progression.22 In our study using artificial intelligence-
derived assessments for coronary artery calcium, we 
observed a significant increase in coronary artery 
calcium prevalence in stable patients without chronic 
renal failure. Notably, this increase was particularly 
pronounced in patients with diabetes and those with 
a current smoking habit. We observed that thick-cap 
fibroatheromas were the primary sources of increas-
ing coronary artery calcium prevalence, indicating the 
transition of lipid-rich regions into calcified regions 
even within a short-term period of 1 year. The serial 
intravascular ultrasound analysis of coronary ather-
oma demonstrates that, despite the association with 
plaque regression, statins possessed procalcific ef-
fects.23 Recent randomized trials evaluating the impact 
of PCSK9is (proprotein convertase subtilisin/kexin type 
9 inhibitors) on fibroatheroma stabilization demon-
strated that patients treated with PCSK9is showed a 

Figure 3.  Image-level changes in the lumen area from baseline to 1-year follow-up according to 
the coronary artery plaque phenotypes.
Data are shown as values (95% CIs).
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significantly greater increase in minimal fibrous cap 
thickness and reductions in percent atheroma volume 
than those without.24–26 In our study, the lumen area 
was stable in regions with coronary artery calcium, 
whereas no significant associations were observed be-
tween calcium prevalence and imaged region-related 
events within 3 years. Fibroatheroma stabilization into 
coronary artery calcium may explain the reduced 
risk of clinical events following lipid-lowering therapy. 
Nevertheless, further longer-term study is warranted to 
evaluate the impact of the increase in coronary artery 
calcium prevalence on long-term clinical outcomes be-
yond 3 years.

Limitations
This study had a relatively small sample size, which 
could limit the generalizability of the findings to a 
broader population of patients with coronary artery dis-
ease. The follow-up duration was limited to 1 year for 
OCT assessments, which may not capture longer-term 
changes in plaque characteristics or clinical outcomes. 
Patient characteristics, such as the high prevalence of 
diabetes, might be different from those outside the 
Japanese population, but they were aligning with those 
observed in the contemporary Japanese nationwide 
registry.27 Notably, our study revealed that 45% of pa-
tients, predominantly with stable coronary artery dis-
ease, were prescribed potent P2Y12 inhibitors. In the 
latest data sets from the J-PCI registry, potent P2Y12 
inhibitors were prescribed in 56.9% of patients with 
stable coronary artery disease and in 74.6% of patients 
with acute coronary artery disease treated in 2022. 
This rate is comparable with the Japanese nationwide 
registry but higher than reported rates in other coun-
tries. It is important to acknowledge that it may not 
fully represent the diversity of patients with coronary 
artery disease, particularly those outside the Japanese 
population. Additionally, although the study protocol 
did not explicitly exclude patients with acute coronary 
syndrome including ST-segment–elevation myocardial 
infarction, their absence in the enrollment implies the 
possibility of selection bias. Follow-up OCT was per-
formed only in 76.6% of the patients, partly because 
some of them were reluctant to undergo follow-up 
OCT during the COVID-19 pandemic.20 The exclusion 
of those patients could introduce selection bias, de-
spite there were no significant differences in patients’ 
characteristics except for the prevalence of malignancy 
between patients with and without OCT follow-up. In 
our study, we noted a significant decrease in lumen 
area over a 1-year interval; however, it remains uncer-
tain whether this reduction is attributable to de novo 
plaque progression or negative remodeling. Although 
we sought to identify matched image pairs using as 
many landmarks as possible, variations in longitudinal Ta
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A

C D

B

Figure 4.  Kaplan-Meier curves for clinical outcomes compared between patients with and without TCFA in the imaged 
vessels.
Clinical outcomes included (A) all-cause death, (B) myocardial infarction, (C) any coronary revascularization, (D) target vessel 
revascularization, (E) nontarget vessel revascularization, and (F) imaged region revascularization. Target vessel revascularization refers 
to the revascularizations performed in the coronary vessels treated during the baseline procedure. Nontarget vessel revascularization 
refers to the revascularizations performed in the nonintervened vessels. Imaged region revascularization refers to the revascularizations 
of lesions located within the regions of interest in the baseline OCT pullbacks. HR indicates hazard ratio; OCT, optical coherence 
tomography; and TCFA, thin-cap fibroatheroma.
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positioning between baseline and follow-up might 
exist. Additionally, the wire position, leading to wire ar-
tifacts, could be different in the baseline and follow-up 

assessments. In our study, coronary artery calcium 
was automatically assessed using artificial intelligence 
technology, whereas the evaluation of fibroatheroma 

Table 5.  Association of Per Patient Optical Coherence Tomography Findings With Clinical Outcomes

Outcome

Increase in 
fibroatheroma, 10% Increase in calcium, 10%

Increase in mean lumen 
area, 1 mm2

Increase in minimal lumen 
area among TCFA images, 
1 mm2*

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

All-cause death 1.16 (0.64–2.10) 0.63 0.98 (0.59–1.63) 0.93 0.76 (0.44–1.32) 0.33 1.11 (0.40–3.10) 0.84

Cardiovascular death 1.16 (0.64–2.10) 0.63 0.98 (0.59–1.63) 0.93 0.76 (0.44–1.32) 0.33 1.11 (0.40–3.10) 0.84

Sudden death 1.16 (0.64–2.10) 0.63 0.98 (0.59–1.63) 0.93 0.76 (0.44–1.32) 0.33 1.11 (0.40–3.10) 0.84

Noncardiovascular death NA NA NA NA

Myocardial infarction 1.07 (0.67–1.70) 0.78 1.17 (0.83–1.66) 0.36 1.01 (0.73–1.39) 0.96 1.24 (0.63–2.41) 0.54

Any coronary intervention 1.09 (0.91–1.32) 0.34 1.05 (0.91–1.22) 0.50 1.01 (0.89–1.15) 0.85 1.11 (0.83–1.48) 0.49

Target vessel 
revascularization

0.93 (0.66–1.30) 0.66 1.18 (0.92–1.50) 0.19 0.97 (0.77–1.22) 0.80 1.05 (0.57–1.94) 0.88

Target lesion 
revascularization

0.92 (0.64–1.32) 0.64 1.11 (0.85–1.45) 0.43 0.98 (0.77–1.25) 0.85 1.14 (0.56–2.32) 0.71

Nontarget vessel 
revascularization

1.18 (0.95–1.48) 0.14 0.98 (0.82–1.19) 0.87 1.03 (0.89–1.20) 0.66 1.11 (0.80–1.55) 0.53

Imaged vessel 
revascularization

1.31 (0.96–1.80) 0.09 0.95 (0.71–1.26) 0.70 0.98 (0.78–1.23) 0.86 1.21 (0.82–1.79) 0.35

Imaged region 
revascularization

1.38 (0.97–1.97) 0.07 0.83 (0.58–1.20) 0.32 1.01 (0.79–1.29) 0.94 1.21 (0.82–1.79) 0.35

HR indicates hazard ratio; NA, not applicable; and TCFA, thin-cap fibroatheroma.
*Models are constructed using data from 53 patients with TCFA.

E F

Figure 4.   Continued
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was conducted manually in the core laboratory. It is 
important to highlight that interobserver variability 
was not negligible in the assessment of TCFA and 
thick-cap fibroatheroma, even within established core 
laboratories.28 Advancements in artificial intelligence 
technology are necessary to minimize variability in 
the identification of high-risk plaque phenotypes.29–31 
Although we identified independent predictors for in-
creasing coronary artery calcium prevalence, the un-
derlying mechanisms driving this increase were not 
thoroughly explored.

CONCLUSIONS
The coronary artery lumen area significantly decreased 
over a 1-year interval, particularly in TCFAs, thick-cap 
fibroatheromas, mixed plaques, and fibrous plaques, 
whereas the baseline lumen area was substantially 
smaller for TCFA. The presence of TCFAs was associ-
ated with a significantly higher risk of clinical events in 
patients mostly presenting with stable coronary artery 
disease. Although no significant association was noted 
between coronary artery calcium prevalence and clini-
cal outcomes within 3 years, the interaction between 
calcium progression and long-term clinical events re-
quired further investigation.
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