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a b s t r a c t

Background and aims: The aim of this study was to evaluate the accumulation of optical coherence to-
mography (OCT)-macrophages and OCT findings after CoCr everolimus-eluting stent placement, in
addition to coronary risk factors.
Methods: A total of 89 lesions in 89 patients were registered in the 1- and 3-month cohort of the multi-
centre study. Lesion characteristics and post-procedure OCT images were evaluated immediately and 1
and 3 months after stenting. Patients were divided into low and high macrophage grade groups based on
the median macrophage grade.
Results: Low-density lipoprotein cholesterol (LDL-C) levels, the prevalence of diabetes mellitus, HbA1c
and blood glucose levels in the high macrophage grade group were significantly higher than in the low
macrophage grade group (p ¼ 0.025, p ¼ 0.040, p ¼ 0.032, and p ¼ 0.010). Moreover, total lipid arc and
length and number of thin-cap fibroatheromas (TCFAs) in the high macrophage grade group were
significantly higher than in the low macrophage group (p ¼ 0.008, p ¼ 0.002, and p ¼ 0.012). After CoCr
everolimus-eluting stenting, there was a trend towards a greater number, height, and area of irregular
protrusions in the high macrophage grade group compared to the low macrophage grade group
(p ¼ 0.091, p ¼ 0.059, and p ¼ 0.085). Multivariate logistic regression analysis showed that diabetes
mellitus was a significant predictor of high macrophage grades (odds ratio: 2.8, 95% CI: 1.1e7.3,
p ¼ 0.030).
Conclusions: The accumulation of OCT-macrophages was associated with diabetes mellitus in patients
with coronary artery disease. Moreover, macrophage accumulation and diabetes mellitus may be asso-
ciated with irregular protrusions just after stenting.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Previous epidemiological studies have described several coro-
nary risk factors [1e4]. Control of coronary risk factors is important
for primary and secondary prevention in patients with coronary
artery disease (CAD). Patients with CAD develop cardiac events
because of acute coronary syndrome (ACS) that occurrs by coronary
artery occlusion caused by plaque rupture, thrombus formation and
ity, Iwate, 020-8505, Japan.
).
plaque erosion [5,6]. The mechanism of ACS results in progression
of the lipid core with thinning of the fibrous cap and intra-plaque
inflammation [7]. The definition of vulnerable plaque described
by Naghavi et al. [8] includes active inflammation in coronary
plaque (invasion of monocytes, macrophages, and T-cells) and
fissured plaque. Specifically, macrophages have an important role
in plaque rupture of thin-cap fibroatheromas (TCFAs). Moreover,
some studies have reported that induction of macrophages to
plaques in patients with diabetes mellitus is more common than in
patients with non-diabetes mellitus.

Recently, optical coherence tomography (OCT), which has a 10-
fold higher resolution quality than that of intravascular ultrasound
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(IVUS), was shown to be able not only to detect TCFA and strut
coverage after stent implantation, but could also potentially eval-
uate macrophage invasion in coronary plaques [9].

There are several studies on the assessment of OCT-
macrophages in patients with coronary artery disease. However,
these studies have minimally discussed macrophage-like accumu-
lation as visualized by OCT, coronary risk factors and in-stent
response after implantation.

The purposes of this study were to assess the relationship be-
tween the intensity of the OCT-macrophage image before stent
implantation and 1) clinical characteristics, including those of le-
sions, and 2) in-stent response (including irregular protrusions)
after cobalt chromium (CoCr) everolimus-eluting stent implanta-
tion, which is a first line drug-eluting stent.

2. Materials and methods

2.1. Study patients

The MECHANISM Elective (Multicenter Comparison of Early and
Late Vascular Responses to a Everolimus-Eluting Cobalt-CHromium
Stent and Platelet AggregatioN Studies In patients with Stable
Angina Managed as Elective cases (UMINID: UMIN000012616))
study is a multi-centre registry designed to elucidate early and late
vascular responses to EES for stable CAD patients using OCT. In the
present study, 1 and 3-month cohorts were evaluated to elucidate
early vascular responses to EES in stable CAD patients using OCT.

Target lesion characteristics were visualized by OCT. Post-
procedure OCT images were evaluated immediately after stent
implantation and 1 and 3 months after stent implantation of each
stent. Macrophage images were defined according to the consensus
of a previous report [10].

Macrophage accumulation was defined as the median macro-
phage grade [11]. Patients were divided into low and high macro-
phage grade groups.

2.2. Exclusion criteria

Exclusion criteria were defined as follows: clinical difficulties at
a 12-month follow-up, acute myocardial infarctions, cardiogenic
shock, heart failure, left main lesions, reference vessel diameters of
less than 2.0 mm or more than 4.5 mm, in-stent restenosis, chronic
renal failure (serum creatinine of 2.0 mg/dl), haemodialysis, cancer
patients whowere expected to survive for less than 2 years, elective
surgeries requiring cessation of dual antiplatelet therapy, pregnant
patients or scheduled pregnancies, or a prior history of allergies to
aspirin or clopidogrel.

2.3. Definition of endpoint

Patient background characteristics were collected via an on-site
registration system. Coronary risk factors were defined as hyper-
tension, diabetes mellitus, dyslipidaemia, current smoking habits, a
family history of coronary artery disease, and chronic renal failure.
Diabetes mellitus was defined as blood glucose levels �200 mg/dl
2 h after an oral glucose tolerance test, or blood glucose levels
�200 mg/dl, fasting glucose levels >126 mg/dl, or the presence of a
prior clinical diagnosis. Dyslipidaemia was defined as total
cholesterol levels �240 mg/dl, low-density lipoprotein cholesterol
(LDL-C) levels � 140 mg/dl, or high-density lipoprotein cholesterol
(HDL-C) levels < 40 mg/dl, or patients with a statin prescription.
Renal insufficiency was evaluated by estimated glomerular filtra-
tion rate (e-GFR) (for Japanese patients; Japan Kidney Association).
The terminal stage of renal failure was defined as e-GFR < 30 ml/
min/1.73 mm2, and chronic kidney disease was defined as e-GFR <
60 ml/min/1.73 mm2.

2.4. OCT image acquisition

We performed OCT according to the Judkin's technique via the
trans-radial or femoral approach, using a >6-French guiding cath-
eter system. The ILLUMIEN or ILLUMIEN OPTIS™ imaging system
with the Dragonfly or Dragonfly-JP™ imaging catheter (St. Jude
Medical, St. Paul, MN, USA) was used in the present study. After the
insertion of a 0.36 mm intervention guide wire, the imaging cath-
eter was carefully advanced distal to the target lesion under fluo-
roscopic guidance. Motorized pullback OCT imagingwas performed
at a pullback rate of 20 mm/s (ILLUMIEN), 18 mm/s (HD mode;
ILLUMIEN OPTIS™) or 36 mm/s (ILLUMIEN OPTIS™; S mode)
throughout the whole lesion. Contrast medium was flushed
continuously through the guiding catheter during image acquisi-
tion. Ringer's lactate or low weight dextran fluids were available as
needed because of the patient clinical conditions. Pre-dilatation
using a traditional balloon <2.0 mm was approved if the pre-
intervention OCT imaging catheter was not passed distally from
the lesion.

2.5. OCT image analysis

OCT analysis was performed using LightLab OCT imaging pro-
prietary software (LightLab Imaging/St. Jude Medical, Westford,
MA, USA) by experienced observers of the Iwate Core-analysis
laboratory (ICAL) as a central core laboratory staff independent of
PCI. Macrophage grade images were evaluated and interpreted by
discussion between two experienced and blinded observers (Y. T.
and T. I). The target lesion was defined using a stent landing
segment with a 5-mm addition to both the proximal and distal
sides.

2.6. Quantitative OCT measurements

The stent area was identified in reference to a lateral branch and
calcification on the OCT image after stent placement. The lumen
and stent area were automatically measured using proprietary
imaging software and were manually corrected by an experienced
observer. Intimal thickness, mal-apposed (stent vessel distance:
�110 mm) and un-covered struts were evaluated using a thickness
ruler according to a previous report [12].

2.7. Qualitative OCT measurements

The assessment of tissue properties was performed according to
a previous report and consensus [10,13]. The lipid pool was defined
as homogenous and diffusely bordered with signal-poor regions
(Fig. 1). Lipid cap thickness was defined as the thickness of the
fibrous cap covering the lipid pool. Among them, TCFAs were
defined as having a thin-cap thickness of <65 mm (Fig. 1). Plaque
rupture was defined as a disrupted fibrous membrane with an
underlying empty cavity. Intimal laceration was defined as the ir-
regularity or disruption of the superficial intimal lining without
fibrous cap rupture. Maximum lipid angle, maximum calcium
angle, and maximum macrophage angle were measured in a target
lesion around the intersection point of the largest and smallest
diameters of the blood vessel lumen. Macrophage accumulation
was defined as a high-intensity, signal-rich linear regionwith sharp
attenuation (Fig. 1). Macrophage grade was defined according to
previous reports [11,14], and macrophages images were classified
into five groups. Macrophage signals were semi-quantitatively
graded as follows: grade 0, no macrophages; grade 1, localized
macrophage accumulation; grade 2, clustered accumulation in <1



Fig. 1. Representative plaque images visualized by OCT.
(A) Lipid plaque: low OCT signal intensity with attenuated area and poorly delineated
borders and a cap with circumference. (B) Thin cap fibro-atheroma (TCFA): low
backscattering covered by a thin fibrous cap (<65 mm) between the vessel lumen and
plaque. (C) Magnified image of B. (D) Macrophage image: macrophage accumulation
was seen as confluent highly backscattering focal regions within the second quadrant
of the artery wall.
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quadrant; grade 3, clustered accumulation in >1 quadrant but in <3
quadrants; and grade 4, clustered accumulation in >3 quadrants. To
distinguish between grades 1 and 2, the degree of macrophage
extension was defined as 30�. Total macrophage grade was defined
as the summation of macrophage grades in each cross section every
1 mm. Calcification was defined as a signal-poor or heterogeneous
region with a sharply delineated border (leading, trailing, and/or
lateral edges). Thrombi, irregular protrusions and prolapses were
defined as abnormal in-stent tissue (�250 mm) [10,15]. Thrombi
were also defined as a mass attached to the luminal surface or stent
strut or a mass floating within the lumen. Irregular protrusion (IRP)
was defined as the protrusion of material with an irregular surface
into the lumen between stent struts. Prolapse was defined as a
signal-rich mass with a smooth surface with low backscatter. The
maximummal-apposed area, length and number weremeasured at
each mal-apposed area.

2.8. Quantitative coronary angiography

The target lesion was analysed using quantitative coronary
angiography on a quantitative coronary angiography (QCA) system
using the external diameter of the contrast-filled guiding catheter
as the calibration standard. Minimal lumen area, lesion length, %
diameter stenosis, and reference diameter were measured. Percent
diameter stenosis was calculated from theminimal lumen diameter
and the reference diameter. All QCA data were evaluated at the
Japan Cardio-core as the central core laboratory.

2.9. Statistical analysis

Data are presented as the mean ± SD. Statistical comparison of
the differences in categorical data between the two groups was
performed using the Chi-square contingency test. In addition,
comparison of means between the two groups was performed with
a Mann-Whitney U test. Differences were considered statistically
significant for p < 0.05. All statistical analyses were performed with
SPSS for Windows, version 21.0 (Chicago, Illinois, US). Multivariate
logistic regression analysis was performed with age, gender, and
several coronary risk factors (hypertension, body mass index, dys-
lipidaemia, smoking, diabetes mellitus).

3. Results

3.1. Patient characteristics

A total of 89 lesions in 89 patients were registered in the 1 and
3- month cohort group of the present study. The median macro-
phage grade was 13. Patients were divided into low and the high
macrophage grade groups according to their median score. Baseline
patient clinical characteristics are shown in Table 1. There were no
significant differences between the two groups for age, gender, or
body mass index. However, LDL-C levels, the prevalence of diabetes
mellitus, and the presence of elevated HbA1c and blood glucose
levels in the high macrophage grade group were significantly
higher than in the low macrophage grade group (p ¼ 0.025,
p ¼ 0.040, p ¼ 0.032, and p ¼ 0.010, respectively).

3.2. Lesion characteristics

There were no significant differences between the high
macrophage grade group and the low macrophage grade group in
terms of pre-dilatation with a traditional balloon (26 (59%) vs. 22
(49%); p ¼ 0.334). Lesion characteristics evaluated by coronary
angiography and OCT are shown in Tables 1 and 2. Although there
are no significant differences between the two groups for lesion
length and the number of lipid plaques, total lipid arc and length in
the high macrophage grade group were significantly larger than in
the lowmacrophage group (Fig. 2). The number of TCFAs in the high
macrophage grade group was significantly higher than in the low
macrophage grade group (Fig. 2).

Multivariate logistic regression analysis showed that diabetes
mellitus was a significant macrophage grade predictive factor (odds
ratio: 2.8, 95% CI: 1.1e7.3, p ¼ 0.030) and hypertension was a sig-
nificant low macrophage grade predictive factor (odds ratio: 0.2,
95% CI: 0.1e0.9, p ¼ 0.031).

After CoCr-EES implantation, the number and total length of
thrombi in the high macrophage grade group were significantly
higher than in the low macrophage grade group (p ¼ 0.010,
p¼ 0.035, respectively, Fig. 3). Moreover, there was a trend towards
a greater number, height, and area of IRPs in the high macrophage
grade group compared to the low macrophage grade group
(p¼ 0.091, p¼ 0.059, and p¼ 0.085, respectively, Fig. 3). Therewere
no significant differences between the high macrophage grade
group and the low macrophage grade group in regard to incidence
of post-dilatation, balloon diameter, and maximum balloon pres-
sure (Table 1).

4. Discussion

In the present study, macrophage grade was visualized by OCT,
and patients and lesion characteristics were evaluated in patients
with stable coronary artery disease. In the high macrophage grade
group, LDL-C levels, the prevalence of diabetes mellitus and
elevated HbA1c and blood glucose levels were significantly higher
than in the low macrophage grade group. Moreover, diabetes
mellitus was an independent predictor for high macrophage grades
by multiple logistic regression analysis. Lipid plaque arc and length
in the high macrophage grade group were significantly larger than



Table 1
Baseline patient characteristics.

High macrophage grade group (n ¼ 44) Low macrophage grade group (n ¼ 45) p-value

Age, y 71 ± 10 71 ± 8 0.928
Male gender, n (%) 30 (68) 35 (78) 0.308
Body Mass Index, kg/m2 25.0 ± 4.3 24.5 ± 3.9 0.534
Cardiovascular risk factors
Hypertension, n (%) 34 (77) 41 (91) 0.073
Dyslipidaemia, n (%) 35 (80) 38 (84) 0.547
Diabetes, n (%) 30 (68) 21 (47) 0.040
eGFR < 60 ml/min/1.73 mm2, n (%) 16 (36) 11 (24) 0.218
Family history, n (%) 1 (2) 6 (13) 0.053
Smoking, n (%) 16 (36) 17 (38) 0.890

History
PCI, n (%) 11 (25) 18 (40) 0.131
CABG, n (%) 0 (0) 0 (0) N/A
AMI, n (%) 7 (16) 13 (29) 0.142
Heart failure, n (%) 5 (11) 3 (7) 0.439
Stroke, n (%) 4 (9) 5 (11) 0.752
Malignancy, n (%) 1 (2) 4 (9) 0.175
Atrial fibrillation, n (%) 6 (14) 2 (4) 0.130
COPD, n (%) 2 (5) 1 (2) 0.544

Laboratory data
Total cholesterol, mg/dl 189.8 ± 44.0 171.8 ± 35.5 0.058
Low-density lipoprotein cholesterol, mg/dl 116.5 ± 36.8 97.2 ± 32.7 0.025
High-density lipoprotein Cholesterol, mg/dl 48.3 ± 13.9 49.6 ± 14.0 0.693
Blood glucose, mg/dl 143.1 ± 44.4 121.4 ± 36.2 0.010
HbA1c, % 6.7 ± 1.2 6.2 ± 0.8 0.032

Medication use
Statin, n (%) 31 (70) 34 (76) 0.588
EPA, n (%) 2 (5) 2 (4) 0.982
ACE-I or ARB, n (%) 30 (68) 29 (64) 0.709
Beta-blocker, n (%) 22 (50) 16 (36) 0.168
Calcium-channel blocker, n (%) 22 (50) 23 (51) 0.917
Nitrate, n (%) 7 (16) 5 (11) 0.508
Oral hypoglycaemic agent, n (%) 22 (50) 18 (40) 0.343
Insulin, n (%) 4 (9) 0 (0) 0.038

Lesion characteristics by coronary angiography
Culprit vessel, n (%)

LAD/RCA/LCx
20 (46)/15 (34)/9
(20)

19 (42)/16 (36)/10
(22)

0.783

AHA/ACC lesion type, n (%)
A/B1/B2/C

2 (4)/9 (21)/15
(34)/18 (41)

1 (2)/6 (13)/27
(60)/11 (25)

0.110

Bifurcated lesions, n (%) 14 (32) 14 (31) 0.943
Minimum lumen diameter, mm 0.87 ± 0.30 0.78 ± 0.29 0.105
Reference vessel diameter, mm 2.58 ± 0.52 2.54 ± 0.43 0.761
%DS, % 65.5 ± 11.9 69.0 ± 11.0 0.127

Stent
Stent diameter, mm 2.9 ± 0.4 2.9 ± 0.4 0.638
Stent length, mm 24.1 ± 8.1 22.0 ± 7.2 0.270

Post balloon dilatation
Post dilatation, n (%) 34 (77) 34(76) 0.849
Balloon diameter, mm 3.1 ± 0.5 3.1 ± 0.4 0.961
Maximum balloon pressure, atm 15.6 ± 2.9 16.9 ± 3.3 0.152

eGFR, estimated glomerular filtration rate; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; AMI, acute myocardial infarction; COPD, chronic
obstructive pulmonary disease; EPA, eicosapentaenoic acid; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor antagonist; MLD, minimal lumen
diameter; % DS, % diameter stenosis.
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in the low macrophage grade group. The number of TCFAs in the
high macrophage group was significantly higher than in the low
macrophage grade group.
4.1. Diabetes mellitus and macrophages

Previous reports showed a higher incidence of cardiovascular
events in patients with diabetes mellitus than in patients with non-
diabetes mellitus [16,17]. Previous studies demonstrated that
macrophage invasion, lipid arc and length are independent pre-
dictors of plaque vulnerability in patients with diabetes mellitus
[18,19]. Previous pathological studies showed that the intensity of
macrophages and T-cell invasion for coronary vessel walls in pa-
tients with diabetes mellitus are significantly higher than in pa-
tients with non-diabetes mellitus [20,21]. Moreover, the increase of
macrophages was associated with necrotic core expansion, the
thickness of the fibrous cap and plaque vulnerability [20]. In our
present study, the high macrophage grade group showed a high
prevalence of diabetes mellitus and elevated HbA1c levels and
blood glucose levels (but not body mass index), indicating that
diabetes may directly induce macrophage accumulation in Japa-
nese diabetes mellitus patients, especially in patients who are not
obese. Although hypertension was a significant predictive factor of
low macrophage grade in multivariate analysis, the reason for this
result was unclear. This result may reflect early pharmacological
intervention in the study patients with hypertension.

Chia et al. [22] reported that there were no significant differ-
ences between the diabetes mellitus and non-diabetes mellitus
groups in macrophage density as assessed by quantitative analysis.
This could be due to the fact that the number of patients included in



Table 2
Serial quantitative OCT analysis (pre and post-procedure).

High macrophage grade group Low macrophage grade group p-value

Pre-procedure n ¼ 44 n ¼ 45
Lesion length, mm 26.0 ± 9.5 23.9 ± 11.7 0.221
Minimum lumen area, mm2 1.32 ± 0.47 1.57 ± 0.68 0.126
Lipid plaque, n 1.6 ± 0.8 1.4 ± 0.6 0.473
Total lipid arc, � (degree) 381.0 ± 184.2 296.9 ± 117.0 0.008
Total lipid length, mm 19.3 ± 9.8 12.7 ± 7.7 0.002
No. of TCFAs, n 0.3 ± 0.6 0.1 ± 0.3 0.012
No. of thrombus, n 0.6 ± 1.1 0.4 ± 0.9 0.421
Post-procedure n ¼ 42 n ¼ 42
No. of thrombi, n 1.7 ± 1.9 1.0 ± 1.1 0.010
Thrombus area, mm2 0.21 ± 0.20 0.19 ± 0.23 0.306
Total thrombus length, mm 2.42 ± 2.59 1.31 ± 1.93 0.035
No. of irregular protrusions, n 0.38 ± 0.76 0.14 ± 0.42 0.091
Irregular protrusion height, mm 0.10 ± 0.17 0.03 ± 0.10 0.059
Irregular protrusion area, mm2 0.10 ± 0.21 0.04 ± 0.11 0.085
No. of mal-apposed segments, n 4.9 ± 3.1 4.1 ± 3.2 0.240
Mal-apposed area, mm2 0.37 ± 0.20 0.38 ± 0.31 0.667
Mal-apposed depth, mm 0.28 ± 0.11 0.29 ± 0.17 0.350

Fig. 2. Comparison of lipid and thin cap fibro-atheroma (TCFA) visualized by OCT between the study groups.
Total lipid arc, length and TCFA (AeC) in the high macrophage grade group were significantly larger than in the low macrophage group.

Fig. 3. Comparison of thrombus and irregular protrusion visualized by OCT just after stenting between the study groups.
After CoCr-EES implantation, the number and total length of thrombi (A and B) in the high macrophage grade group were significantly higher than in the low macrophage grade
group. Moreover, there was a trend towards a greater number, height, and area of IRPs (CeE) in the high macrophage grade group compared to the low macrophage grade group.
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the study was small. Kato et al. reported plaque characteristics in
triple vessel disease patients with diabetes mellitus and non-
diabetes mellitus (n ¼ 230) [23]. They demonstrated that lipid in-
dex, calcification and the occurrence of thrombi in patients with
diabetes mellitus were significantly higher than in the non-
diabetes mellitus group. Moreover, lipid index, number of TCFAs
and intensity of macrophage invasion in patients with poor glucose
control (HbA1c � 8.0%) were significantly higher than in patients
with adequate glucose control. These data support our present
findings that the presence of diabetes mellitus and the degree of
glucose control are associated with plaque vulnerability.

The EASY-FIT study reported that statin therapy showed an in-
verse correlation between the % change in macrophage grade and
fibrous cap thickness, fibrous cap thickness and LDL-C levels [14].
Specifically, as macrophage grade increased, fibrous thickness
decreased and LDL-C levels increased. These data support our
present findings. Macrophage grades may reflect the efficacy of
pharmacological intervention in patients with dyslipidaemia or
diabetes mellitus. Kühnast et al. reported that treatment with a
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor
improved plaque morphology and decreased macrophage and
necrotic core content in an animal model [24]. PCSK9 inhibitor
treatment may improve vascular inflammation and prognosis after
coronary stenting.

Vulnerable plaques, such as TCFAs, easily produce a no-reflow
phenomenon and distal embolism, a higher incidence of peri-
procedure myocardial infarction and an insufficiency of microcir-
culation [25,26]. A larger lipid arc was an independent predictor of
the no-reflow phenomena in this report [26]. However, macro-
phage grade was not assessed in this report. Although there were
no significant differences in the no-reflow phenomena between the
groups in our present small study, not only lipid arc but also
macrophage grade may be predictors for no-reflow phenomena.
Macrophage grademay be an index for the use of a distal protection
device.

4.2. Post-stenting findings

A previous study demonstrated that the presence of an irregular
protrusion after stenting was an important predictor of long-term
device oriented outcome. In the present study, the number and
total length of thrombi in the high macrophage grade group were
significantly higher than in the low macrophage grade group, and
there was a trend towards a greater number, height, and area of
IRPs in the high macrophage grade group compared to the low
macrophage grade group after CoCr everolimus-eluting stenting.
This result supports the hypothesis that diabetes mellitus induces
macrophage accumulation and intima injury and that diabetes
mellitus after stenting is associated with IRP. Moreover, IRP may be
caused and reflected by the intensity of the intimal injury, and the
underlying plaque characteristics, including macrophage
accumulation.

4.3. Study limitations

There are several study limitations in this study. First, the
number of study patients was small. Further large scale studies are
needed. Second, the OCT-macrophage images were evaluated by a
semi-quantitative assessment. Although there have been several
previous quantitative assessments of macrophages [27], this
controversial problem remains. Moreover, the present study lacked
pathological analysis of, and validation for macrophages. Recently,
Virmani et al. reported that the OCT-macrophage image did not
completely match the pathological validation findings [28]. They
reported that high intensity with high attenuation correlated with
superficial macrophage accumulation in the majority of cases, but
with other histological findings in 30% of cases. Sample numbers for
validationwere small in both studies. However, high intensity with
high attenuation tissue visualized by OCT may correlate with
thrombus and IRP formation without validation. Additional studies
are needed to evaluate the association between clinical implica-
tions and OCT-macrophage images. Third, there are no data about
plaque erosion in this study, although plaque erosion and its rela-
tionship to macrophage accumulation should be explored. Further
studies are needed to evaluate the relationship between the plaque
erosion and macrophage accumulation. Finally, this study was
conducted as a post hoc analysis, and clinical prognosis after CoCr-
EES stenting was not evaluated. Larger study numbers are needed
in the future.

4.4. Conclusion

OCT-macrophage accumulation was associated with diabetes
mellitus in patients with coronary artery disease. Moreover,
macrophage accumulation and diabetes mellitus may be associated
with irregular protrusions after stenting.
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