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Abstract

Microvessels within neoatherosclerosis are associated with vulnerability and increase from the early to the very late phase
after drug-eluting stent implantation. Microbubble contrast agents have been suggested to enhance tissue microvasculature
for optical coherence tomography (OCT) imaging. The present study investigated whether OCT signal intensity of neoin-
tima within stented segments was enhanced after intracoronary administration of microbubble contrast agents. A total of
40 patients who underwent follow-up coronary angiography after drug-eluting stent implantation were enrolled. At the
time of follow-up coronary angiography, OCT images of the stented segments were recorded before and after intracoronary
administration of microbubble contrast agents. Mean OCT signal intensity of neointima after microbubble administration
significantly increased [95.5 (85.7, 106.2) vs. 96.5 (88.7, 109.9), p=0.001]. Multivariate analysis demonstrated the relation-
ship between diabetes and greater neointima enhancement. The change in the OCT signal intensity of neointima following
microbubble administration tended to be higher in diabetic patients than in non-diabetic patients [4.6 (0.6, 8.5) vs. 1.4 (— 1.1,
3.0), p=0.05]. These findings suggest that this methodology may allow identification of neovascularization in neointima
and evaluation of vulnerability of neoatherosclerosis. Microvessels in neointima may be a future target of pharmacological
and interventional innovations for preventing stent failure.
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Abbreviations neointima [2]. Previous pathological studies have reported

CSA Cross-sectional area that the incidence of in-stent neoatherosclerosis increased

IQR Interquartile range with time and that microvessels within in-stent neoathero-

OCT Optical coherence tomography sclerosis also increased from the early to the very late phase
NIH Neointimal hyperplasia after drug-eluting stent implantation [2—4].

Optical coherence tomography (OCT) is considered

feasible for the detection of microvessels due to its high

Introduction resolution [4-6]. However, even with OCT, it is impossible

Coronary plaque neovascularization and subsequent intra-
plaque hemorrhage are associated with plaque vulnerability.
In-stent neoatherosclerosis is an important substrate for late
stent failure, including late/very late stent thrombosis and
in-stent restenosis [1]. It is histologically characterized by
an accumulation of lipid-laden foamy macrophages with or
without necrotic core formation and/or calcification within
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to detect coronary plaque neovascularization that induces
subsequent hemorrhage. Microbubble contrast-enhanced
ultrasound has been used to detect carotid plaque neovas-
cularization [7, 8]. Recently, microbubble contrast agents
have been shown to be useful to enhance tissue microvascu-
lature in OCT imaging [9—11]. It may be possible to detect
coronary plaque neovascularization using microbubble con-
trast-enhanced OCT. The present study investigated changes
in OCT signal intensity of neointima after intracoronary
administration of microbubble contrast agents and evalu-
ated clinical factors that were associated with the degree of
signal intensity changes.
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Materials and methods
Study design and population

The present study was a single center, prospective, non-
randomized study. Routine follow-up coronary angiog-
raphy 9 months after intravascular ultrasound-guided
drug-eluting stent implantation [12] is performed at
Chiba University Hospital. All patients who underwent
9-month follow-up coronary angiography after drug-elut-
ing stent implantation were screened from August 2012
to December 2014. Exclusion criteria were (1) estimated
glomerular filtration rate <50 ml/min/1.73 m?, (2) left
ventricular ejection fraction <30% or NYHA class III or
IV, (3) ostial lesion of the left or right coronary artery,
(4) patients treated with at least 1 bare metal stent at the
index percutaneous coronary intervention, and (5) patients
who were enrolled in another investigational trial. A total
of 47 patients were enrolled. Of these, 7 patients were
excluded due to the following reasons: poor OCT images
(n=15), unsuccessful guidewire passage (n=1), and with-
drawal of consent (n=1). Finally, 40 patients were eligible
for the final analysis. Clinical characteristics and settings
of each participant were collected, and the definitions of
each term were as follows. Hypertension was defined as
blood pressure > 140/90 mmHg, or taking antihyperten-
sive drug at index PCI hospitalization. Diabetes mellitus
was defined as fasting blood glucose > 126 mg/dl or hemo-
globin A,.>6.5%, or taking diabetes treatment at index
PCI hospitalization. Dyslipidemia was defined as fasting
blood low-density lipoprotein cholesterol > 140 mg/dl
or fasting blood high-density lipoprotein <40 or fasting
blood triglyceride > 150 mg/dl. The status of each drug
use was recorded at the time of index PCI and follow-up
coronary angiography.

This study was approved by the Chiba university ethi-
cal committee and was conducted in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all participants.

OCT image acquisition

Optical coherence tomography imaging was performed
after routine follow-up coronary angiography. Immediately
after intracoronary isosorbide dinitrate administration, an
OCT catheter (Dragonfly JP, St Jude Medical, St. Paul,
MN, USA) was introduced distal to the stented lesion, and
contrast media were injected via the guiding catheter dur-
ing pull back. An ILUMIEN OPTIS OCT imaging system
(St. Jude Medical) was used for OCT image acquisition
at 180 frames/s at a pullback speed of 18 mm/s. Sonazoid
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(Daiichi-Sankyo, Tokyo, Japan) consists of microbubbles
that are micrometer-sized perflubutane gas spheres sta-
bilized by a membrane of hydrogenated egg phosphate
serine with a 2-3-pm diameter. The 2nd OCT imaging
was performed 5 s after intracoronary administration of
2 ml of Sonazoid. OCT images were digitally stored for
offline analysis.

Conventional OCT analysis

All analyses were performed by an experienced cardiolo-
gist using an off-line proprietary analysis program (St.
Jude Medical) according to previous consensus standards
and reports [13-15]. Quantitative OCT measurements
were done for all available slices including the stented seg-
ment and 5-mm-long proximal and distal references. Stent
cross-sectional area (CSA) and lumen CSA were manually
measured at 1.0-mm intervals. Inadequate images includ-
ing poor quality images and cross sections with major
branches (> 90° of vessel wall or diameter > 2.0 mm)
were excluded. Neointimal hyperplasia (NIH) CSA was
calculated as the stent CSA minus the lumen CSA. The
percent NIH CSA was defined as the NIH CSA divided by
the stent CSA. NIH thickness was defined as the distance
between the luminal surface of neointima and the strut.
Microchannels were defined as signal-poor tubuloluminal
structures located within neointima that were recognized
on 3 consecutive cross-sectional images.

OCT signal intensity analysis

Neointima and microchannels were manually contoured on
OCT images (Fig. 1a). Since it was difficult to visually rec-
ognize OCT signal intensity change, we utilized ImageJ soft-
ware (National Institute of Health, Bethesda, MD, USA) to
quantify OCT signal intensity. OCT signal intensity within
the region of interest (ROI) at the frame level was calculated
as the sum of OCT signal intensity per pixel within the ROI
divided by the number of pixels within the ROI. OCT signal
intensity within each ROI at the frame level was analyzed
at 1.0-mm intervals for neointima, and at 0.1-mm intervals
for microchannels. At the patient level, mean OCT signal
intensity was calculated as the average of all the OCT signal
intensities within each ROI at the frame level. OCT signal
intensity change was calculated as the mean OCT signal
intensity after microbubble administration minus that before
microbubble administration. Measurement of OCT signal
intensity in 10 randomly selected participants by 2 observers
and by 1 observer at 2 separate sessions showed an interob-
server correlation coefficient of 0.966 and an intraobserver
coefficient of 0.998.
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Fig.1 a Representative optical coherence tomography images of
neointima before and after intracoronary administration of micro-
bubble contrast agents. Neointima of stented segments were manu-
ally contoured using ImageJ software (yellow lines). Left and right
images showed example of frame before and after intracoronary
administration of microbubble contrast agents. Optical coherence
tomography (OCT) signal intensity was 105.0 and 113.3, respectively.
OCT signal intensity per pixel within the region was analyzed at 1.0-
mm intervals for neointima, and at 0.1-mm intervals for microchan-
nels. At the patient level, mean OCT signal intensity was calculated
as the average of all the OCT signal intensities within each ROI at
the frame level. In this case, mean OCT signal intensity of neoin-

Statistical analysis

Categorical variables were presented as counts and percent-
ages and compared using Chi-square tests or Fisher’s exact
tests as appropriate. Continuous variables were presented
as median [interquartile range (IQR)] and compared using
Mann—Whitney U test. Comparisons of OCT signal intensity
before and after microbubble administration were performed

tima increased after intracoronary administration of microbubble
contrast agents. b. Optical coherence tomography signal intensity of
neointima before and after microbubble contrast administration. Note
increase of optical coherence tomography signal intensity of neoin-
tima after microbubble administration. ¢ Optical coherence tomog-
raphy signal intensity of microchannels within neointima before and
after microbubble contrast administration. Note increase in optical
coherence tomography signal intensity of microchannels after micro-
bubble administration. d Optical coherence tomography signal inten-
sity change of neointima in diabetic and non-diabetic patients. Note
higher change in optical coherence tomography signal intensity of
neointima in diabetic patients

using Wilcoxon’s signed rank test. To evaluate clinical factors
related to Aintensity of neointima (defined as the intensity
increase after microbubble administration), Aintensity =5 was
set as the cutoff value. To identify predictors of Aintensity of
neointima <5, multivariate logistic regression analyses were
used. Univariate variables with p <0.20, and variables clini-
cally supposed to be related to neoatherosclerosis were entered
into the multivariate logistic models. All statistical analyses
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were performed using SPSS version 23.0 software (SPSS Inc.,
Chicago, IL, USA). Two-sided p values <0.05 were consid-
ered statistically significant.

Results
Patients and procedural characteristics

Patient and procedural characteristics are presented in Table 1.
Follow-up coronary angiography was performed at a median
of 387.5 days (IQR 317.8-487.5).

OCT findings

OCT analysis showed a homogeneous pattern and no lipid,
macrophage, or calcium in the neointima area of each stent.
The mean NIH CSA and thickness were 1.1 (0.8, 1.4) mm?
and 112.1 (90.3, 153.0) um, respectively (Table 2). The per-
centage of cross sections with microchannels was 3.0 (1.6,
7.2)%. Mean OCT signal intensity of neointima significantly
increased after microbubble administration [95.5 (85.7, 106.2)
vs. 96.5 (88.7, 109.9), p=0.001] (Fig. 1b). There was a signifi-
cant increase in mean OCT signal intensity in microchannels
following administration of microbubble [27.4 (17.5, 32.0) vs.
32.5(25.3, 35.0), p=0.002] (Fig. 1c).

Clinical factor relative to greater intensity increase

Logistic regression analysis demonstrated diabetes mellitus
as a significant factor of greater intensity increase (Table 3).
None of the other risk factors, including hypertension, dyslipi-
demia, smoking, and family history of coronary artery disease,
were associated with OCT signal intensity increase of neoin-
tima after microbubble administration. Tables 4 and 5 show
patient and procedural characteristics and OCT findings that
are divided into 2 groups according to diabetic or non-diabetic
patients. The difference in mean OCT signal intensities neither
before nor after microbubble administration was significant
between diabetic and non-diabetic patients. Baseline mean
OCT signal intensity measured before microbubble adminis-
tration was similar between diabetic patients and non-diabetic
patients [98.6 (80.3, 106.1) vs. 94.6 (83.2, 113.3), p=0.66].
However, the change in OCT signal intensity of neointima by
administration of microbubble tended to be higher in diabetic
patients than in non-diabetic patients [4.6 (0.6, 8.5) vs. 1.4
(- 1.1, 3.0), p=0.05] (Fig. 1d).

Discussion
The present study demonstrated that intracoronary admin-

istration of microbubble contrast agents enhanced OCT sig-
nal intensity of neointima area of the stent. In addition, the
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Table 1 Patient and procedural characteristics

Variable Overall (n=40)
Age (years) 70.0 (61.0, 77.0)
Men 30 (75.0)
Body Mass Index (kg/m?) 22.8 (21.5,25.1)
Current smoker 6 (15.0)
Hypertension 31(77.5)
Diabetes mellitus 18 (45.0)

Insulin treated 2(5.0
Dyslipidemia 34 (85.0)
Prior MI 10 (25.0)
Previous PCI 15 (37.5)
Previous CABG 1(2.5)
Clinical presentation

ST-segment elevation MI 4 (10.0)

Non ST-segment elevation MI 5(12.5)

Unstable angina 5(12.5)

Stable angina 26 (65.0)

Time to follow-up (days)

Medication at follow-up

387.5(317.8,487.5)

Aspirin 36 (90.0)
Clopidogrel 38 (95.0)
Statin 37 (92.5)
f blocker 25 (62.5)
ACEI or ARB 25 (62.5)
Ca channel blocker 20 (50.0)

Laboratory data at follow-up
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglyceride (mg/dl)
Hemoglobin A (%)

Estimated GFR (ml/min/1.73 m?)

Target vessel

161.0 (134.8, 173.0)
88.0 (74.0, 98.8)
52.0 (40.0, 68.0)

122.0 (86.0, 168.0)

6.2(5.6,7.1)
71.2 (62.3, 82.0)

Left main 3(7.5)

Left anterior descending artery 15 (37.5)

Left circumflex artery 10 (25.0)

Right coronary artery 15 (37.5)
Lesion type

A or Bl 18 (45.0)

B2orC 22 (55.0)
Stent type

Everolimus-eluting stent 36 (90.0)

Zotarolimus-eluting stent 2(5.0)

Biolimus-eluting stent 2(5.0)
De novo lesion 36 (90.0)
Number of stents () 1(1,2)
Minimum stent diameter (mm) 3.0(2.8,3.5)
Maximum stent diameter (mm) 3.25(3.0,3.5)

Total stent length (mm)

31.5 (23.0, 40.3)

Values are median (interquartile range) or n (%)

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II
receptor blocker, CABG coronary artery bypass graft surgery, GFR
glomerular filtration ratio, HDL high-density lipoprotein, LDL low-
density lipoprotein, MI myocardial infarction, PCI percutaneous coro-
nary intervention
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Table 2 Optical coherence tomography findings

Variable Overall (n=40)
Patients with microchannels 13 (32.5)
Cross-sectional analysis
Total cross sections analyzed (n) 1122
Mean stent CSA (mm?) 8.2 (6.4,10.1)
Mean lumen CSA (mm?) 6.7(5.2,9.3)
Mean NIH CSA (mm?) 1.1(0.8, 1.4)

Percent NIH CSA (%)

Uncovered struts (%)

13.2 (9.0, 16.8)
12.7 (2.9, 40.8)

Malapposed struts (%) 0(0,5.2)

Microchannels (%) 3.0(1.6,7.2)
Strut-level analysis

Total struts analyzed (n) 9974

Uncovered struts (%) 3.0 (0.6, 17.1)

Malapposed struts (%) 0(0, 1.0)

Mean NIH thickness (um) 112.1 (90.3, 153.0)

Values are median (interquartile range) or n (%). CSA: cross-sectional
area

NIH neointimal hyperplasia

changes in OCT signal intensity of neointima tended to be
higher in diabetic patients than in non-diabetic patients.
Several ultrasound studies have shown the enhancement
of intraplaque microvessels in carotid arteries using intra-
venous microbubble administration [7, 8]. Previous studies
have shown that microchannels defined as a no-signal tub-
uloluminal structure in coronary plaque identified by OCT
are associated with plaque vulnerability [16]. On the other
hand, from the pathological perspective, neoangiogenesis is
closely associated with plaque progression and vulnerability
and invisible microvessels even by OCT may be more impor-
tant for intraplaque hemorrhage [1, 17, 18]. Virmani et al.

showed that intraplaque microvessels were immature vessels
with leaky structure and the primary source of intraplaque
hemorrhage [17]. Another pathological study showed that
the contents of necrotic core were derived from erythro-
cyte membrane, suggesting that the network of immature
microvessels provided erythrocyte-derived phospholipids
and free cholesterol [18]. These findings indicate that micro-
vascular disruption or leakiness may promote lesion progres-
sion by providing erythrocyte-derived phospholipids and
free cholesterol. Furthermore, Otsuka et al. demonstrated
that hemorrhage within neoatherosclerotic plaque resulted
from leaky microvessels [1]. In the present study, plaque
enhancement by intracoronary microbubble administration
indicates the possibility of neovascularization in neointima
after drug-eluting stent implantation. Therefore, microbub-
ble contrast-enhanced OCT imaging may be more useful
to detect invisible microvessels and to identify vulnerable
plaques. Moreover, our results suggest that microvessels
within neointima should be a new target of pharmacological
and interventional innovations for preventing stent failure.
To the best of our knowledge, this is the first study to dem-
onstrate the increase of OCT signal intensity in coronary
vessel wall using microbubble contrast agents.

Diabetes mellitus is a major risk factor of cardiovascu-
lar events. Previous studies reported that utilizing OCT,
microvessels were observed more frequently in in-stent
restenotic tissue in diabetic patients and suggested that the
formation of microvessels within in-stent restenosis may
involve a unique pathophysiological factor in neoatheroscle-
rosis in diabetic patients [6, 19]. It supports the results of the
present study that showed a greater OCT intensity change
of neointima after microbubble administration in diabetic
patients compared to non-diabetic patients.

Pathological and clinical studies have shown that neo-
atherosclerosis after drug-eluting stents implantation

Table 3 Factors relative to

. e Variable Univariate analysis Multivariate analysis
greater intensity increase
OR (95% CI) pvalue  OR (95% CI) p value
Age 0.993(0.933-1.058) 0.836 - -
Male 1.714 (0.302-9.719) 0.543 - -
Follow-up duration of OCT 0.997 (0.990-1.003) 0.394 - -
Diabetes mellitus 10.000 (1.786-55.976)  0.009 10.000 (1.786-55.976)  0.009
Dyslipidemia 2.083 (0.215-20.170)  0.526 - -
Statin use 0.741 (0.060-9.094) 0.815 - -
Acute coronary syndrome 0.713 (0.154-3.297) 0.665 - -
Chronic total occlusion lesion 2.800 (0.160-49.103)  0.481 - -
Right coronary artery lesion 0.531(0.116-2.426) 0.414 - -
De novo lesion 0.333 (0.041-2.722) 0.305 - -
Minimum stent size 3.077 (0.461-20.531)  0.246 - -
Stent length 0.983 (0.943-1.025) 0.423 - -

OR odds ratio, CI confidence interval, OCT optical coherence tomography
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Table 4 Patient and procedural
characteristics in diabetic and
non-diabetic patients
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Variable Diabetic (n=18) Non-diabetic (n=22) p value
Age (years) 64.5 (60.0, 74.0) 73.5 (64.0, 81.3) 0.10
Men 12 (66.7) 18 (81.8) 0.23
Body Mass Index (kg/mz) 23.4 (22.2,25.0) 22.7 (21.2,25.6) 0.42
Current smoker 4(22.2) 2(9.1) 0.24
Hypertension 15 (83.3) 16 (72.7) 0.34
Dyslipidemia 17 (94.4) 17 (77.3) 0.14
Prior MI 5(27.8) 5(22.7) 0.50
Previous PCI 7 (38.9) 8 (36.4) 0.56
Previous CABG 0 1(4.5) 0.55
Clinical presentation
ST-segment elevation MI 2(11.1) 2(9.1) 0.62
Non ST-segment elevation MI 2(11.1) 3 (13.6) 0.60
Unstable angina 1(5.6) 4(18.2) 0.24
Stable angina 13(72.2) 13 (59.1) 0.39
Time to follow-up (days) 428.0 (314.0, 493.5) 378.5 (324.3, 486.0) 0.80
Medication at follow-up
Aspirin 16 (88.9) 20 (90.9) 0.62
Clopidogrel 17 (94.4) 21 (95.5) 0.70
Statin 17 (94.4) 20 (90.9) 0.58
f blocker 10 (55.6) 15 (68.2) 0.41
ACEI or ARB 11 (61.1) 14 (63.6) 0.87
Ca channel blocker 9 (50.0) 11 (50.0) 1.00
Laboratory data at follow-up
Total cholesterol (mg/dl) 162.0 (149.0, 171.0) 154.0 (130.5, 175.0) 0.71
LDL cholesterol (mg/dl) 91.0 (74.0, 100.0) 88.0 (72.3,99.0) 0.62
HDL cholesterol (mg/dl) 53.0 (40.0, 77.5) 52.0 (40.0, 68.0) 0.74
Triglyceride (mg/dl) 141.0 (97.5, 183.5) 121.0 (81.5, 146.8) 0.17
Hemoglobin A (%) 7.1(6.7,7.8) 5.6(5.4,5.9) <0.001
Estimated GFR (ml/min/1.73 m?) 72.1(62.2, 84.7) 70.1 (61.8, 82.5) 0.80
Target vessel
Left main 1(5.6) 2(9.1) 0.58
Left anterior descending artery 8(44.4) 7 (31.8) 0.41
Left circumflex artery 4(22.2) 6(27.3) 0.50
Right coronary artery 6(33.3) 9 (40.9) 0.62
Lesion type
A orBl 9 (50.0) 9 (40.9) 0.57
B2orC 9 (50.0) 13 (59.1) 0.57
Stent type
Everolimus-eluting stent 15 (83.3) 21 (95.5) 0.23
Zotarolimus-eluting stent 1(5.6) 14.5) 0.70
Biolimus-eluting stent 2(11.1) 0 0.20
De novo lesion 16 (88.9) 20 (90.9) 0.62
Number of stents (1) 1(1,2) 1(1,2) 0.88
Minimum stent diameter (mm) 3.0 (2.9, 3.5) 3.0(2.7,3.5) 0.94
Maximum stent diameter (mm) 3.0 (3.0, 3.5) 3.5(.0,3.5) 0.50
Total stent length (mm) 33.0 (27.5,42.5) 25.5(21.8,43.5) 0.41

Values are median (interquartile range) or n (%)

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, CABG coronary artery
bypass graft surgery, GFR glomerular filtration ratio, HDL high-density lipoprotein, LDL low-density lipo-
protein, MI myocardial infarction, PCI percutaneous coronary intervention
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Table 5 Optical .coherenc.e . Variable Diabetic (n=18) Non-diabetic (n=22) p value
tomography findings in diabetic
and non-diabetic patients Patients with microchannels 6 (33.3) 7(31.8) 0.92
Cross-sectional analysis
Total cross sections analyzed (n) 538 584
Mean stent CSA (mm?) 8.1(6.4,11.6) 8.2(6.7,9.6) 0.96
Mean lumen CSA (mm?) 6.9 (5.7,10.2) 6.7 (4.8,8.7) 0.43
Mean NIH CSA (mm?) 1.0(0.8,1.2) 1.1(0.8, 1.7) 0.36
Percent NIH CSA (%) 114 (8.4,16.3) 14.3 (11.0, 20.5) 0.33
Uncovered struts (%) 25.1 (9.1, 52.0) 8.7 (0, 30.8) 0.07
Malapposed struts (%) 3.0 (0, 12.7) 0(0,0.9) 0.04
Microchannels (%) 2.7(1.5,8.5) 33(1.4,9.6) 0.67
Strut-level analysis
Total struts analyzed (n) 4645 5329
Uncovered struts (%) 9.2 (1.4,25.0) 1.5(0,5.2) 0.02
Malapposed struts (%) 0.4 (0,2.5) 0(0,1.2) 0.049
Mean NIH thickness (um) 103.9 (74.2, 135.2) 125.4 (99.7, 165.3) 0.17

Values are median (interquartile range) or n (%)

CSA cross-sectional area, NIH neointimal hyperplasia

is observed earlier compared to bare metal stents. The
development of neoatherosclerosis occurs in months to
years following drug-eluting stent implantation, whereas
atherosclerosis in native coronary arteries develops over
decades [1]. In the present study, neovascularization in the
early phase after drug-eluting stent implantation may have
been identified, because follow-up OCT was performed at
a median time of 387.5 days.

Vulnerable neoatherosclerosis may cause late stent
thrombosis. Further studies are required whether neoin-
tima enhanced by intracoronary microbubble administra-
tion causes cardiovascular events during follow-up.

Limitations

This study had several limitations. First, the number
of enrolled patients was relatively small. Secondly, the
optimal time interval from stent implantation to follow-
up OCT is unknown. Microvessels within in-stent neo-
atherosclerosis have been reported to increase with time.
The present study showed that the median of %NIH CSA
was 13.2%. However the rate was not much different from
results in recent studies [13, 20, 21], the degree of neoin-
tima might not be enough to be analyzed. Third, the posi-
tion of the imaging catheter used to estimate OCT signal
intensity of neointima should be uniform in all cases.
The degree of neointimal OCT signal intensity could be
affected by the position of the imaging catheter in the
lumen. Lastly, pathological validation of neovasculariza-
tion in neointima was not performed.

Conclusions

Intracoronary administration of microbubble contrast
agents enhanced OCT signal intensity of neointima in
patients treated with drug-eluting stents. The present study
suggested that microbubble contrast enhancement in OCT
imaging may be useful to identify neovascularization in
neointima and evaluate vulnerability of neoatherosclerosis.
Microvessels in neointima may be a future target of phar-
macological and interventional innovations for preventing
stent failure.
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