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Abstract

Purpose: Unrecognized myocardial infarction (UMI) detected by cardiac magnetic resonance (CMR) imaging is associ-
ated with adverse outcomes in patients with acute and chronic coronary syndrome. This study aimed to assess the pre-
dictors of optical coherence tomography (OCT) and coronary computed tomography angiography (CCTA) findings for
non-infarct-related (non-IR) territory UMI in patients presenting with non-ST-elevation acute coronary syndrome (NSTE-
ACS). Methods: We investigated 69 patients with a first clinical episode of NSTE-ACS who underwent pre-percutaneous
coronary intervention (PCI) 320-slice CCTA, uncomplicated urgent PCI with OCT assessment within 24 h of admission,
and post-PCI CMR. UMI was assessed using late gadolinium enhancement to identify regions of hyperenhancement with
an ischemic distribution pattern in non-IR territories. Results: Non-IR UMI was detected in 11 patients (15.9%). Lower
ejection fraction, higher Gensini score, higher Agatston score, high pericoronary adipose tissue attenuation (PCATA),
OCT-defined culprit lesion plaque rupture, and OCT-defined culprit lesion cholesterol crystal were significantly associated
with the presence of non-IR UMI. On dividing the total cohort was divided into five groups according to the numbers of
two OCT-derived risk factors and two CCTA-derived risk factors, the frequency of non-IR UMI frequency significantly
increased according to the number of these relevant risk features (p <0.001). Patients with all of the non-IR UMI risk
factors showed 50% prevalence of non-IR UMI, compared with 2.2% of patients with low risk factors (<2). Conclusions:
Integrated CCTA and culprit lesion OCT assessment may help identify the presence of non-IR UMI, potentially providing
prognostic information in patients with first NSTE-ACS episode.

Keywords Acute coronary syndrome - Optical coherence tomography - Coronary computed tomography angiographic -
Cardiac magnetic resonance - Unrecognized myocardial infarction

Introduction

A non-negligible proportion of myocardial infarctions (MI)
occur in the absence of clinical manifestations. Unrecog-
nized myocardial infarction (UMI) is increasingly rec-
ognized as an important contributor to the rising risk of
adverse cardiac events in patients with both acute coronary
syndrome (ACS) and chronic coronary syndrome (CCS)
[1-3]. Late gadolinium enhancement (LGE) using cardiac
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episodes of plaque rupture could be associated with healed
MI [6]. Culprit plaque vulnerability in patients was associ-
ated with pancoronary vulnerability and advanced athero-
sclerosis [7]. Previous reports showed that the vulnerability
of non-culprit plaque was consistent with the culprit plaque
vulnerability in patients with ACS [8, 9]. However, the asso-
ciation between the presence of non-infarct-related territory
(non-IR) UMI and in vivo coronary plaque characteristics
of the culprit vessel in patients with ACS remains elusive.

Recent reports support the clinical potential of predict-
ing the existence of non-IR UMI using coronary computed
tomography angiography (CCTA) in patients with non-ST-
segment elevation acute coronary syndrome (NSTE-ACS)
[10, 11], whereas predictors of non-IR UMI using optical
coherence tomography (OCT) findings of culprit lesions
remain unknown. Furthermore, the association between
the presence of UMI and multimodality coronary imag-
ing findings, including CCTA and OCT, remains unknown.
Therefore, the aim of the present study was to assess the
predictors of OCT and CCTA findings for non-IR UMI eval-
uated by delayed enhancement-CMR (DE-CMR) in patients
presenting with a first episode of NSTE-ACS without a his-
tory of MIL.

Methods
Study design and patient population

This study was a retrospective subgroup analysis of pro-
spectively, but non-consecutively, enrolled patients in the
institutional NSTE-ACS CCTA research registry at Tsuchi-
ura Kyodo General Hospital, as previously described [12,
13]. From this registry, we included 69 patients with a first
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clinical episode of NSTE-ACS between January 2013 and
May 2020, who underwent pre- percutaneous coronary
intervention (PCI) 320-slice CCTA, uncomplicated urgent
PCI with OCT assessment within 24 h of admission, and
post-PCI CMR at the median of 8 days (5-12) from PCI.
We included patients with NSTEMI and unstable angina
pectoris when a single culprit lesion was identifiable and
was considered suitable for PCI. NSTEMI was defined as
ischemic symptoms in the absence of ST-segment elevation
on electrocardiography with elevated cardiac biomarker
levels (14). Unstable angina pectoris was defined as newly
developed or accelerating chest symptoms on exertion or
rest angina within 2 weeks without biomarker release.

In cases of multivessel disease, DE-CMR imaging was
performed before staged non-IR lesion revascularization
to exclude staged non-IR PCI related MI in the analysis of
non-IR UMI. Patients treated with multivessel PCI for not
only culprit but also non-culprit territory lesions during the
index emergent PCI were excluded from the final analysis.
A representative case of emergent PCI with multimodal-
ity coronary imaging (preprocedural OCT, preprocedural
CCTA, and postprocedural CMR) is shown in Fig. 1. The
study protocol was in accordance with the Declaration of
Helsinki and was approved by the Institutional Ethics Com-
mittee (TKGH-IRB 2022FY50). All patients provided writ-
ten informed consent before enrollment in the institutional
registry for future investigation.

Emergent coronary angiography and PCI

Invasive coronary angiography (CAG) and revasculariza-
tion of the IR lesion were performed by ad hoc PCI via the
routine use of drug-eluting stents using a 6-French system.
All patients subsequently underwent uncomplicated PCI

PCATA= -60.45 HU

Fig. 1 Representative cardiac images of the patient with unrecognized
myocardial infarction. A 61-year-old man with non-IR UMI who
underwent successful PCI with multimodality coronary imaging to
culprit lesion in RCA. (A) RCA PCATA = -60.45 HU. PCATA was
defined as the mean CT attenuated value within a radial distance equal
to the diameter of the vessel. Voxel histograms of CT attenuation were
plotted and the mean CT attenuation of all voxels between —190 to
—30 HU. Agatston score=280.6. (B) Culprit vessel cross-sectional
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image of the culprit coronary artery, showing OCT-PR (white arrow),
and OCT-CC (red arrow) (C) Short axis view of delayed-enhance-
ment cardiac magnetic resonance imaging with inferior gadolinium
enhancement (red arrow). Non-IR, non-infarct-related; UMI, unrec-
ognized myocardial infarction; PCI, percutaneous coronary interven-
tion; RCA, right coronary artery; PCATA, pericoronary adipose tissue
attenuation, OCT, optical coherence tomography; PR, plaque rupture;
CC, cholesterol crystal; CT, computed tomography
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with an early invasive strategy within < 24 h after admission
[14]. Coronary angiograms were analyzed quantitatively
using the QAngio XA system (Medis Medical Imaging Sys-
tems, Leiden, the Netherlands). The IR lesion was identified
by a combination of CCTA findings, electrocardiography
(ECG), echocardiography, coronary angiography, and OCT
findings by two expert interventionalists. The stent type and
procedure strategy were selected at the operator’s discretion.

CMR Examination: CMR acquisition and assessment
of IR (ACS Culprit) scar and non-IR UMI

Images were acquired on a 1.5-T scanner (Philips Achieva,
Philips Medical Systems, Best, the Netherlands) with
32-channel cardiac coils within 14 days after the IR lesion
PCI and before the staged PCI of significant non-IR lesions.
A detailed description of the CMR acquisition is presented
in the Supplementary Materials, as previously reported [15].
LGE with a subendocardial segmental distribution was
defined as UMI. The infarcted myocardium was quantified
on the LGE images as myocardium with a signal intensity
exceeding the mean signal intensity of the remote myocar-
dium by >5 standard deviations (SDs) using a semi-auto-
matic algorithm. Non-IR UMI was defined as the absence
of MI/PCl/coronary artery bypass graft surgery history in
medical records, and without the presence of LGE in the
non-IR territories. This was confirmed by a consensus of
two experienced cardiologists (K.S. and M.H.) and con-
trolled by an expert reader (T.K.), masked to the patient
data. All CMR images were analyzed using dedicated offline
software (AZE Virtual Place, Canon Medical Systems Cor-
poration, Japan).

Coronary CT-angiography acquisition and analysis

CCTA was performed exclusively using a 320-slice CT
scanner (Aquilion ONE; Canon Medical Systems Corpora-
tion, Otawara, Tochigi, Japan), in accordance with the Soci-
ety of Cardiovascular Computed Tomography guidelines, as
previously reported [16]. Details are described in the Sup-
plementary Material. Plaque assessment of the target lesions
on CCTA was independently performed by two experienced
readers (M.H. and T.M.) using the reconstructed CCTA
images, transferred to an offline workstation (Ziostation2;
Ziosoft Inc., Japan), as previously reported [17]. Coronary
lesions were evaluated for the presence of high-risk plaque
features (HRPF) [18].

Analysis of pericoronary adipose tissue and
epicardial fat

Pericoronary adipose and tissue attenuation (PCATA) analy-
ses were performed using semiautomated software (Aquar-
ius iNtuition Edition version 4.4.13; TeraRecon Inc., Foster
City, CA, USA) as previously described [19]. Pericoronary
adipose tissue was defined as all voxels with attenuation
between — 190 HU and —30 HU within a radial distance
from the outer vessel wall equal to the diameter of the coro-
nary vessel. PCATA analysis was performed as the average
CT attenuation of adipose tissue within the defined region of
interest. PCATA was measured in the proximal 40-mm seg-
ment of the left anterior descending (LAD) coronary artery
and left circumflex (LCx) coronary artery in the proximal
10- to 50-mm segment of the right coronary artery [20]. To
evaluate the importance of inflammation in the culprit ves-
sel for the presence of non-IR UMI, both PCATA in culprit
vessels and PCATA in non-culprit vessels were measured,
regardless of whether the vessel had UMI or not. We also
calculated the mean PCATA score of the three major coro-
nary arteries in each patient.

Epicardial fat volume (EFV) and attenuation (EFA) were
quantified offline on non-contrast CT images in all patients
using semiautomatic software equipped with a dedicated
workstation (AZE Virtual Place, Canon Medical Systems
Corporation, Japan). The region of interest (ROI) was
drawn by manual tracing of the pericardium in axial planes
from the takeoff of the right pulmonary artery to the apex of
the heart. Then, epicardial fat volume and attenuation were
automatically calculated from the sum of all pixels within a
window of -190 and —30 HU in the ROI.

Optical coherence tomography image acquisition
and analysis

CT imaging was performed prior to PCI for the cul-
prit lesion. OCT imaging was performed as previously
described [21, 22]. OCT examinations were performed
using Abbott’s OCT (Ilumien Optis, Abbott Vascular, Santa
Clara, CA, USA) or Terumo’s optical frequency-domain
imaging system (Lunawave, Terumo Corporation, Tokyo,
Japan). OCT pullback was performed automatically by a
dedicated device during the injection of flushing agents,
either contrast medium or low-molecular-weight dextran
with Ringer’s lactate solution, at a flow rate of 3—4 mL/s
via the guiding catheter using an automated power injec-
tor pump. All OCT images were analyzed using an offline
review workstation by two independent investigators who
were blinded to the clinical and CMR data. Briefly, a 30-mm
segment of the culprit lesion (15-mm proximal and 15-mm
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distal to the most stenotic lesion site) was examined in all
culprit vessels.

Cross-sectional OCT images were analyzed at 1-mm
intervals. The minimal lumen area (MLA) was defined as
the smallest lumen area within the plaque length. Plaque
rupture (PR) was identified by the presence of fibrous cap
discontinuity with communication between the lumen and
inner core of the plaque or with cavity formation within the
plaque. Plaque erosion (PE) was defined as the presence of
an attached thrombus overlying an intact plaque or lumi-
nal surface irregularity at the culprit lesion. A thrombus was
defined as an irregular mass with a minimal diameter of
> 250 pm, adherent to the vessel wall or floating within the
lumen (15). Culprit lesions were divided into the following
three categories according to OCT findings: lesions char-
acterized by PR, lesions characterized by PE, and lesions
with massive thrombi precluding the assessment of plaque
morphology over 90° of circumferences. Lesions in the MT
group were excluded from the final analysis because of the
difficulty in identifying a plaque as PR or PE. Lipids were
defined as signal-poor regions with poorly defined or diffuse
borders, and the degree of lipid arc was measured in lipid
plaques. The fibrous cap thickness (FCT) overlying a lipid
plaque was measured three times at its thinnest part, and
the average value was calculated. Lipid-rich plaques were
defined as those with a maximal lipid arc of >90°. Thin-
cap fibroatheroma (TCFA) was defined as a plaque with a
maximal lipid arc of >90° and its thinnest FCT <80 pum
[23]. Macrophage accumulation was defined as the pres-
ence of highly scattered focal regions within a fibrous cap.
Microvessels were defined as signal-poor structures with
vesicular or tubular shapes. Cholesterol crystals were identi-
fied as thin, linear regions of high signal intensity with high
backscattering within a plaque. Calcification was defined
as signal-poor or heterogeneous regions with sharply delin-
eated borders, and the degree of the calcification arc was
measured in calcified plaques. Layered plaques were identi-
fied by the presence of one or more signal-rich layers of
different optical densities and a clear demarcation from the
underlying plaque components [24].

Statistical analysis

Statistical analysis was performed using SPSS version 25.0
(SPSS, Inc., Chicago, IL, USA) and R version 4.0.3 (The
R Foundation for Statistical Computing, Vienna, Austria)
software. Categorical data were expressed as absolute fre-
quencies and percentages and were compared using y> or
Fisher’s exact tests. Continuous variables were expressed as
mean =+ standard deviation for normally distributed variables
or as median (25th—75th percentile) for non-normally dis-
tributed variables and were compared using Student’s ¢-tests
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and the Mann-Whitney U-test, respectively. The patients
were divided into two groups: those with and without non-
IR UMLI. Clinical, pre-PCI angiographic, OCT, CCTA, and
post-PCI DE-CMR data were compared between the two
groups. A univariate logistic regression model was used to
identify the independent predictors of UMI. Receiver oper-
ating curves (ROC) were analyzed to assess the best cut-
off values of PCATA in the culprit vessel and the Agatston
score for predicting the presence of non-IR UMI. The opti-
mal cutoff value was calculated using the Youden index. A
two-sided p < 0.05 was considered statistically significant.

Results

Baseline patient characteristics and angiographical
findings

Between January 2013 and May 2020, 99 patients who pre-
sented with NSTE-ACS underwent complete clinical, pre-
PCI angiographic, OCT, CCTA, and post-PCI DE-CMR
assessments and were initially identified and enrolled in this
study. From these patients, 9 patients were excluded because
of unidentified culprit lesions. Of the remaining patients, 21
patients were further excluded from the final analysis for the
following reasons: 8 patients with underlying mechanisms
other than plaque rupture or plaque erosion (6 patients, mas-
sive thrombus; 2 patients, calcified nodule); 2 patients with
culprit lesions located in the left main artery, and 11 patients
with poor imaging quality. Thus, a total of 69 patients were
included in the final analysis.

In the total cohort, non-IR UMI was detected in 11
patients (15.9%). The baseline characteristics of the patients,
divided according to the presence or absence of UMI, are
presented in Table 1. The median age of the 69 patients was
63.0 (59-72) years, and 84.1% were men. Compared with
patients without UMI, those with UMI had a lower ejec-
tion fraction (EF). The location of the culprit vessel was not
significantly different between the two groups (p=0.096).

Multimodality coronary imaging findings for the
presence of non-IR UMI

CCTA and CMR findings are presented in Table 2. The
Agatston score and prevalence of high PCATA values in the
culprit vessels (>-71.3) were significantly higher in patients
with non-IR UMI. LV mass volume, EFV, and EFA were
not significantly associated with the presence of non-IR
UMILI. No significant difference in the prevalence of HRPF
was detected between patients with UMI, compared with
those without UMI. ROC analysis revealed that the optimal
cut-off values of the Agatston score and PCATA value in
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Table 1 Baseline characteristics

Total Patients with non-IR UMI Patients without non-IR P value

UMI

(n=69) (n=11) (n=58)
Age, (years) 63 (59-72) 69 (62-77) 63 (58-69) 0.131
Male, n (%) 58 (84.1%) 10 (90.9%) 48 (82.8%) 0.679
Hypertension, n (%) 46 (66.7%) 6 (54.5%) 40 (69.0%) 0.487
Diabetes mellitus, n (%) 21 (30.4%) 11 (36.7%) 39 (30.5%) 0.519
Hyperlipidemia, n (%) 37 (53.6%) 4 (36.4%) 33 (56.9%) 0.356
Smoker, n (%) 34 (49.3%) 5 (45.5%) 29 (50.0%) 1.000
LDL-cholesterol (mg/dl) 120 (108-151) 111 (97-139) 122 (109-152) 0.215
eGFR (ml/min/1.73m2) 73.8 (65.2-83.6) 69.6 (62.4-76.4) 75.5 (65.9-84.6) 0.309
Ejection fraction (%) 62.0 (55-66) 55.0 (51-60) 63.0 (58-66) <0.001
Troponin I (ng/1) 130.0 (38.0-465.0) 86.0 (56.5-271.5) 133.5 (32.0-482.3) 0.896
CRP (mg/dl) 0.09 (0.03-0.33) 0.20 (0.08-0.36) 0.09 (0.03-0.32) 0.435
GRACE score 112 (102-142) 142 (108-154) 112 (102-132) 0.173
Quantitative Coronary Angiography
Diameter stenosis (%) 87.0 (79.6-92.4) 87.2 (77.8-88.5) 87.0 (81.1-92.4) 0.539
Reference diameter (mm) 2.84 (2.39-3.22) 2.77 (2.52-3.08) 2.88 (2.36-3.25) 0.787
Minimum lumen diameter (mm) 0.34 (0.22-0.56) 0.41 (0.31-0.56) 0.33 (0.21-0.60) 0.398
Culprit lesion location 15/38/16 0/9/2 15/29/14 0.096
(RCA/LAD/LCx)
Gensini score 20 (12-32) 20 (18-68) 20 (12-32) 0.297

Non-IR, non-infarct-related; UMI, unrecognized myocardial infarction; LDL, low density lipoprotein cholesterol, eGFR, estimated glomerular
filtration rate, CRP, C-reactive protein, GRACE, Global registries of acute coronary events, RCA, right coronary artery, LAD, left anterior
descending artery, LCx, left circumflex coronary artery

Table 2 CCTA and CMR findings

Total Patients with non-IR UMI  Patients without non-IR UMI P

(n=69) (n=11) (n=58) value
High risk plaque features
Low attenuation plaque, n (%) 43 (62.3%) 7 (63.6%) 36 (62.1%) 1.000
Napkin ring sign, n (%) 13 (18.8%) 4 (36.4%) 9 (15.5%) 0.199
Spotty calcification, n (%) 36 (52.2%) 8 (72.7%) 28 (48.3%) 0.192
Positive remodeling 2> 1.10, n (%) 41 (59.4%) 7 (63.6%) 34 (58.6%) 1.000
Agatston sore 162.8 (45.1-538.0) 424.1 (295.3-982.0) 111.3 (18.2-422.7) 0.007
Left ventricular mass (mm?®) 94.6 (92.4-97.9) 94.4 (92.7-96.8) 94.8 (92.5-98.1) 0.439
Epicardial fat
Epicardial fat attenuation (HU) -78.2 (-81.6 to -74.0) -78.3 (-82.6 to -75.1) -78.1 (-80.7 to -73.8) 0.528
Epicardial fat volume (cm3) 29.7 (28.5-32.1) 29.4 (28.8-30.5) 29.8 (28.4-32.4) 0.682
Pericoronary fat
PCATA in culprit vessel (HU) -69.4 (-74.3 to -64.8) -65.6 (-69.7 to -63.6) -70.5 (-74.9 to -65.3) 0.121
PCATA in culprit vessel >-71.3 39 (56.5%) 10 (90.0) 29 (50.0) 0.018
Mean PCATA in non culprit vessel -69.0 (-73.9 to -64.7) -67.6 (-73.1 to -63.3) -69.2 (-74.0 to -65.1) 0.436
Mean PCATA in three vessels -69.0 (-74.9 to -66.0) -67.3 (-71.3 to -62.6) -69.3 (-75.0 to -66.1) 0.238
LGE volume by DE-CMR
Total LGE volume (mm3) 0.7 (0.0-4.3) 42 (3.5-7.1) 0.0 (0.0-3.6) 0.002
Non-IR LGE volume (mm3) 0.0 (0.0-0.0) 5.4(2.7-7.1)

CCTA, coronary computed tomography angiography, PCATA, pericoronary adipose tissue attenuation, DE-CMR, delayed-enhancement car-

diac magnetic resonance, LGE, late gadolinium-enhancement. Other abbreviations are shown in Table 1

the culprit vessel for predicting non-IR UMI were 205.22
and —71.3, respectively. PCATA in culprit vessels tended
to be associated with the presence of non-IR UMI, whereas
PCATA values in non-culprit vessels and the mean PCATA
value in the three vessels were similar. In 11 patients with

non-IR UMI, the median LGE volume was 5.4 (2.7-7.1)
g. The OCT findings are shown in Table 3. Patients with
non-IR UMI had higher prevalence of OCT-PR and OCT-
CC than those without UMI. Compared with OCT-defined
culprit lesion plaque erosion, the prevalence of high PCATA
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Table 3 OCT findings

Total Patients with non-IR UMI Patients without non-IR UMI P value
(n=69) (n=11) (n=58)

Plaque rupture 39 (56.5) 10 (90.0) 29 (50.0) 0.018
Plaque erosion 30 (43.5) 19.1) 29 (50.0) 0.018
Lipid-rich plaque 61 (88.4) 11 (100) 50 (86.2) 0.338
Thin-cap fibroatheroma 35(50.7) 8(72.7) 27 (46.6) 0.188
Macrophage 60 (86.8) 10 (90.9) 50 (86.2) 1.000
Microvessel 36 (52.2) 6 (54.5) 30 (51.7) 1.000
Cholesterol crystal 23 (33.3) 7 (63.6) 16 (27.6) 0.034
Layered plaque 41 (59.4) 7 (63.6) 34 (58.6) 1.000
Thrombus 49 (71.0) 10 (90.0) 39 (67.2) 0.157
Red thrombus 24 (34.8) 6 (54.5) 18 (31.0) 0.172
Max lipid arc 267.1(221.7-319.9) 250.0 (223.0-321.0) 272.0 (219.0-318.0) 0.779
Lipid index 1757.4 (1062.6-2482.5) 1865.0 (1175.0-2658.0) 1493.0 (1007.0-2147.0) 0.195
OCT, optical coherence tomography; non-IR, non-infarct-related; UMI, unrecognized myocardial infarction
Fig. 2 Prevalence of lesions with
high inflammation according 80
to culprit plaque morphology.
Compared with plaque erosion in 70
the culprit vessel, the prevalence P=0.007
of vessels with high PCATA 60
(=-71.3) was significantly higher
in the plaque rupture phenotype 50
PCATA, pericoronary adipose
tissue attenuation 40

30

20

10

(%) 0

Plaque rupture

in culprit vessels (>-71.3) was higher in patients with OCT-
PR (71.8% vs. 36.7%, p=0.007) (Fig. 2).

Determinants of the presence of non-IR UMI

Lower EF, higher Gensini score, PCATA of >-71.3 in the
culprit vessel, Agatston score of >205.22, OCT-defined cul-
prit lesion plaque rupture (OCT-PR), and OCT-defined cul-
prit lesion cholesterol crystal (OCT-CC) were significantly
associated with the presence of non-IR UMI (Table 4).
When the total cohort was divided into four groups
according to the presence of two OCT-derived risk fac-
tors (OCT-PR and OCT-CC), patients with all of the non-
IR UMI risk factors showed a 37.5% (6/16) prevalence of
non-IR UMI, whereas none of 23 patients without these fac-
tors showed non-IR UMI (Fig. 3). According to the pres-
ence of two OCT-derived risk factors using the cutoff values
of the Agatston score (>205.22) and PCATA in the culprit
vessel (>-71.3), patients with these risk factors showed a
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Plaque erosion

40.9% (9/22) prevalence of non-IR UMI, whereas none of
21 patients without these risk factors showed non-IR UMI
(Fig. 4).

The prevalence stratified by the number of the significant
two OCT predictors (OCT-PR and OCT-CC) and two CCTA
predictors (PCATA in culprit vessel of >-71.3 and Agatston
score of >205.22) are presented in Fig. 5. When all patients
were stratified by the number of these four relevant OCT
and CCTA predictive features of non-IR UMI, the frequency
of non-IR UMI increased according to the number of these
factors (p<0.001), compared with 2.2% (1/46) of patients
with low risk factors (<2).

Discussion

The present study evaluated potential predictors of the
presence of non-IR UMI using urgent pre-PCI CCTA and
OCT findings in patients with a first clinical episode of
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Table 4 Univariate logistic regression analysis of predicting patients with non-IR UMI

Univariate analysis

OR 95%CIl P value

Age 1.04 0.98-1.10 0.236
Ejection fraction 0.92 0.86-0.99 0.026
Napkin ring sign 3.11 0.75-12.90 0.117
Grace score 1.02 0.99-1.04 0.150
Gensini score 1.04 1.01-1.07 0.021
Agatston score 1.00 1.00-1.00 0.021
PCATA in culprit vessel 10.0 1.2-83.2 0.033
>-71.3

OCT plaque rupture 10.0 1.2-83.2 0.033
OCT cholesterol crystal 4.6 1.2-17.8 0.028

Non-IR, non-infarct-related; UMI, unrecognized myocardial infarction; PCATA, pericoronary adipose tissue attenuation, OCT, optical coher-
ence tomography; OR, odds ratio; CI, Confidence interval

Fig. 3 Prevalence of patients

with non-IR UMI according to 40 6/16
the presence of OCT-derived risk
factors. The patients were divided 35
into four categories according
to the presence of two OCT- 30
derived risk factors (OCT-PR and !
OCT-CC). When culprit lesions 25 P=0.010
showed all of these non-IR UMI
risk factors, the prevalence of
non-IR UMI was 37.5% (6/16), 20 4/23
whereas none of 23 patients with-
out these factors showed non-IR 15 17
UMI. Non-IR, non-infarct-
related; UMI, unrecognized 10
myocardial infarction; OCT, opti-
cal coherence tomography; PR,
plaque rupture; CC, cholesterol 3
crystal
ry ©) o 0/23
OCT-PR + /OCT-CC + OCT-PR + /OCT-CC - OCT-PR-/OCT-CC+ OCT-PR -/OCT-CC -
Fig.4 Prevalence of patients with 45

non-IR UMI according to the
presence of CCTA-derived risk 9/22
factors. Patients were divided 40

into four categories according to 35
the presence of two OCT-derived

risk factors, using the cutoff P=0.001

values of the Agatston score 30

(>205.22) and PCATA in the cul- 25

prit vessel (>-71.3). When culprit

lesions showed all of these risk 20

factors, the prevalence of non-IR -

UMI was 40.9% (9/22), whereas 15

none of 21 patients without these 1/9

risk factors showed non-IR UMI. 10

Non-IR, non-infarct-related; 17

UML, unrecognized myocardial 5

infarction; PCATA, pericoronary 021

adipose tissue attenuation, OCT, (%) o
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NSTE-ACS. Our results demonstrated that the prevalence  of non-IR UMI was 15.9%, and the median size of non-IR

@ Springer



2058 The International Journal of Cardiovascular Imaging (2023) 39:2051-2061
60
P for trend <0.001
5/10
50
0 5/13 P<0.001
The non-IR UMI risk score. (score, 0—4)
a OCT-plaque rupture
OCT-cholesterol crystal
20 Agaston score >205.22
PCATA in culprit vessel >-71.3
10
1/19
2
oo oz o [
Score 0 Score 1 Score 2 Score 3 Score 4

Fig.5 Prevalence of patients with non-IR UMI according to the non-IR
UMI risk score. According to the number of multimodality coronary
imaging risk factors of non-IR UMI, OCT-derived risk factors (OCT-
PR and OCT-CC), and CT-derived risk factors using the cutoff values
of the Agatston score and PCATA in the culprit vessel, the non-IR UMI

UMI was 5.4 g. Lower EF and higher Gensini score were
significantly associated with the presence of non-IR UMI.
Importantly, both culprit lesion OCT-PR and OCT-CC were
important predictors of the presence of non-IR UMI as well
as CCTA-derived risk factors, including a high Agatston
score and a high PCATA value in the culprit vessel. The
frequency of non-IR UMI significantly increased accord-
ing to the number of multimodality coronary imaging risk
factors. When culprit lesions showed OCT-PR, OCT-CC,
high Agatston score, and high PCATA in the culprit ves-
sel, approximately half of these patients were likely to have
non-IR UMI, suggesting a high risk of subsequent adverse
events.

Recently, we reported that the Agatston score and mean
PCATA in three vessels were independent CCTA predictors
of vessels with non-IR UMI in NSTE-ACS [12]. Our results
are in line with those of a previous study and extend the
relationship between non-IR UMI and urgent preprocedural
OCT findings. This study is the first study to demonstrate
the efficacy of culprit lesion OCT findings in discriminat-
ing the presence of non-IR UMI in NSTE-ACS requiring
PCI by integrating CCTA features, non-contrast CT-derived
calcium score, and the CCTA-derived inflammation status
of pericoronary adipose tissue.

Association between the presence of non-IR UMI
and multimodality coronary imaging findings

A previous 3-vessel OCT study in patients with ACS
showed that plaque rupture in culprit lesions, compared

@ Springer

risk score was calculated (score, 0—4). As the non-IR UMI risk score
increased, the prevalence of non-IR UMI also significantly increased.
Non-IR, non-infarct-related; UMI, unrecognized myocardial infarc-
tion; PCATA, pericoronary adipose tissue attenuation, OCT, optical
coherence tomography; PR, plaque rupture; CC, cholesterol crystal

with erosion, had a higher prevalence of vulnerable plaque
features (plaque rupture, macrophage accumulation, and
microvessels) in non-culprit plaques [9]. Pathological stud-
ies have shown that subclinical episodes of plaque rupture
are associated with pathological MI [6]. Thus, plaque rup-
ture in culprit lesions may be a signature of silent myocar-
dial infarction in non-IR due to high-risk plaque features,
which may lead to a higher incidence of non-IR UMI. Fur-
thermore, compared with plaque erosion, plaque rupture at
the culprit site with ACS represents a higher level of peri-
coronary inflammation [13], as shown in Fig. 2. Non-culprit
vessel high-level inflammation may be associated with the
presence of UMI in the non-culprit territory. In addition,
OCT enables the in vivo visualization of cholesterol crys-
tals and is associated with features of plaque vulnerability
and pericoronary inflammation [25]. A recent study showed
a potential association between OCT-CC and non-culprit
plaque vulnerability in ACS [26]. Since culprit vulnerable
plaques in patients with ACS are associated with systemic
advanced atherosclerosis, these high-risk plaques may lead
to asymptomatic plaque rupture, which could result in UMI
[27].

The Agatston score—derived CAC quantification pro-
vides independent and incremental information in addition
to traditional risk factors for the prediction of cardiovascular
events [28]. Since the Agatston score could be a signature of
advanced atherosclerotic burden and pericoronary inflam-
mation [12], the presence of non-IR UMI might represent
the inter-relationship of the high-risk patient characteristics
[29] associated with these features. However, no significant
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association was observed between the presence of OCT-PR
and Agatston score (p=0.40). Therefore, measuring the
Agatston score could provide independent and additional
information over OCT assessments to identify the presence
of non-IR UML.

Notably, even when patients showed high PCATA and/or
high Agatston scores, the prevalence of non-IR UMI, with-
out high-risk culprit lesion OCT findings including OCT-
PR and OCT-CC, was extremely low, suggesting that both
increased pericoronary inflammation and calcium score
when combined with high-risk OCT plaque features could
indicate the occurrence of UMI (Fig. 5). These findings,
including measurement of PCATA and Agatston score inte-
grated with culprit lesion OCT-based plaque analysis, may
enhance the identification of non-culprit UMI. The high-risk
plaques linked with the progression of atherosclerosis, rep-
resented by CAC and inflammation, may lead to asymptom-
atic and systemic plaque ruptures and thrombosis, which
could result in UML.

Potential clinical implications

The presence of an unrecognized myocardial scar detected
by LGE in patients presenting with the first NSTE-ACS has
been reported to be associated with worse outcomes [1-3].
Our results demonstrated that preprocedural OCT-based
plaque analysis provides additional information over CTA
assessments to predict the presence of DE-CMR defined
non-IR UMI, using OCT-PR, OCT-CC, Agatston score,
and PCATA in the culprit vessel. Given that patients with
UMI detected by DE-CMR are not likely to be identified
by routine clinical work-up, our results highlight the clini-
cal utility of CCTA and OCT in patients with NSTE-ACS.
Although the current study lacks prognostic information,
our findings implied that the detection of those vulnerable
features on preprocedural OCT and CCTA may help iden-
tify high-risk patients accompanied by the presence of UMI,
which may lead to worse cardiac outcomes. Further studies
are warranted to test whether early preventive intervention
following detection of UMI by DE-CMR and/or CCTA-
and OCT-derived information could reduce the subsequent
occurrence of UMI and adverse outcomes.

Limitations

First, this was a retrospective observational study from a
single center and therefore has an intrinsic risk of selection
bias. Second, a ruptured plaque phenotype may be difficult
to differentiate from other plaque components such as lip-
ids, calcifications, macrophage accumulation, or residual
thrombus. Although extreme caution was exercised when
reading the underlying structure by the two expert reviewers

in this study, massive thrombi or calcified plaques were
excluded from the final analysis because of the difficulty
in judging the plaque phenotype. Third, long-term clinical
outcomes were not evaluated. Fourth, patients were enrolled
with contraindications to CMR, leading to further selection
bias because there were no patients with metallic device
implants, bronchospasm, claustrophobia, or atrioventricular
block.

Conclusions

Comprehensive culprit lesion OCT assessments, including
PR and CC, as well as CCTA-derived risk factors, includ-
ing high Agatston score and high PCATA in the culprit ves-
sel, may help identify non-IR UMI in patients with a first
clinical episode of NSTE-ACS. Integrated CCTA and OCT
assessment may help identify the presence of non-IR UMI,
potentially providing prognostic information in patients
with first NSTE-ACS episode.
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