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Abstract

Optical coherence tomography (OCT)-angiography coregistration during stent implantation may be useful to avoid geographi-
cal mismatch and incomplete lesion coverage. Untreated lipid-rich plaque at stent edge is associated with subsequent stent
edge restenosis. The present study sought to compare the frequency of untreated lipid-rich plaque at the stent edge between
OCT-guided percutaneous coronary intervention (PCI) with and without OCT-angiography coregistration. We investigated
398 patients who underwent OCT-guided stent implantation (n=198 in the coregistration group, and n =200 in the no coreg-
istration group). In OCT after PCI, untreated lipid-lich plaque was identified by the maximum lipid arc > 180° in the 5-mm
stent edge segment. The PCI-targeted lesion characteristics and stent length were not different between the coregistration
group and the no coregistration group. The frequency of untreated lipid-rich plaque in either proximal or distal stent edge
segment was significantly lower in the coregistration group than in the no coregistration group (16% vs. 26%, P=0.015).
The frequency of stent-edge dissection (5% vs. 6%, P=0.516) and untreated stenosis (2% vs. 3%, P=0.724) was low and
without significant differences between the two groups. In OCT-guided PCI, the use of OCT-angiography coregistration
was associated with a reduced frequency of untreated lipid-rich plaque at stent edges. OCT-angiography coregistration has
a positive impact on PCI results.
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Abbreviations Introduction
OCT Optical coherence tomography
PCI  Percutaneous coronary intervention Intravascular optical coherence tomography (OCT) is used

to guide percutaneous coronary intervention (PCI). Recently,
a novel system that enables real-time coregistration of OCT
images with angiography has become available in clinical
practice [1]. OCT-angiography coregistration can display
the exact localization of the acquired OCT cross-section on
the angiogram. Using OCT-angiography coregistration, the
operator can accurately recognize the planed stent implanta-
tion location by OCT on the angiogram [2]. Therefore, the
use of OCT-angiography coregistration in the guidance of
PCI may potentially reduce longitudinal geographic mis-
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geographic mismatch may increase the frequency of
untreated lipid-rich plaque at the stent edge.

The present study sought to compare the frequency
of untreated lipid-rich plaque at the stent edge between
OCT-guided PCI with and without OCT-angiography
coregistration.

Methods
Study population

This is a retrospective single-center study at Wakayama
Medical University. The OCT-angiography coregistration
system (Fig. 1) became available in our hospital since
November 2015. We screened 300 consecutive patients
with PCI during the period when the OCT-angiography
coregistration system was routinely used (between October
2018 and December 2019) and 300 consecutive patients
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Fig.1 OCT-angiography coregistration. The OCT imaging was per-
formed before stenting. The location corresponding to the displayed
OCT cross-sectional view (i.e. the location corresponding to the
OCT imaging core) is projected directly onto the angiogram as a

with PCI during the period when this system was unavail-
able (between May 2014 and October 2015). We had a
total of 531 patients who underwent OCT-guided stent
implantation for de novo native coronary artery lesions. Of
these, 133 patients (including 23 inadequate OCT images,
22 low molecular weight dextran use for OCT image
acquisition, 8 OCT-angiography coregistration failure, 37
diffuse atherosclerosis without appropriate reference seg-
ment for stent edge landing, 7 ultra-long [48 mm] stent
use, 16 planned multiple overlapping stents, and 20 stent-
ing for ostial lesions) were excluded. Thus, 398 patients
(n=198 in the coregistration group, and n =200 in the no
coregistration group) constituted the final study popula-
tion. The present study was approved by the institutional
review board, and written informed consent was waived by
the institutional review board because of the retrospective
design of the study. The present study was performed in
accordance with the Declaration of Helsinki.
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locations are shown automatically on the angiogram as blue bars and
a yellow bar, respectively. OCT =optical coherence tomography.
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Patient clinical characteristics

Patient clinical data were collected by reviewing all the
available medical records. Patient clinical data included
age, sex, hypertension (defined as systolic blood pres-
sure > 140 mmHg, diastolic blood pressure >90 mmHg, or
antihypertensive medication use), diabetes mellitus (defined
as hemoglobin Alc >6.5% or antidiabetic medication use),
dyslipidemia (defined as low-density lipoprotein choles-
terol > 140 mg/dL or antidyslipidemic medication use),
acute myocardial infarction (defined as ischemic discomfort
presenting with new ST-T segment changes on the electro-
cardiogram and elevated troponin levels), angina pectoris
(defined as stable or unstable [e.g. resting, new-onset, or
increasing] ischemic chest discomfort), PCI-targeted ves-
sel, PCI-targeted lesion location, bifurcation lesion (defined
by angiographically identifiable side-branches greater than
2.0 mm in diameter), severe calcification (identified by radi-
opacities compromising both sides of the arterial lumen),
and long disease (defined by a lesion length of >28 mm on
angiogram) [4].

OCT-guided PCI

OCT was performed using ILUMIEN OPTIS (Abbott Vas-
cular, Santa Clara, California, USA). Intracoronary isosorb-
ide dinitrate (2 to 3 mg) was administered before the OCT
procedure. An OCT image catheter was inserted into distal
coronary artery over a 0.014-inch conventional angioplasty
guidewire. To remove blood from the coronary artery, con-
trast media was flushed through the guiding catheter at a rate
of 2—4 mL/s for approximately 3—6 s using an injector pump.
The blood-free OCT images were acquired while the OCT
imaging core was withdrawn at a rate of 18 or 36 mm/s using
an automated pullback device.

The PCI-targeted lesion was evaluated by OCT before
stenting. Pre-dilatation and/or thrombus aspiration before
the OCT imaging were performed in the total or subtotal
occlusion. OCT-guided stent implantation was performed
according to local standard practice [4]. Proximal and dis-
tal reference sites adjacent to the lesion were determined
at coronary segments with normal-looking lumen and no
lipid-rich plaque (defined below). Stent length was deter-
mined by measuring distance from distal to proximal refer-
ence site. Stent diameter was determined to be 0-0.25 mm
larger than distal reference lumen diameter. Goal of stent
optimization included minimum stent area greater than
90% of the average (proximal and distal) reference lumen
area. All operators were skilled in the OCT-guided stent
implantation, and at least one experienced OCT specialist
helped operators during the procedure. Stents included 239
XIENCE (Abbott Vascular, Santa Clara, California, USA),
87 SYNERGY (Boston Scientific, Natick, Massachusetts,
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USA), 36 NOBORI (Terumo, Tokyo, Japan), 26 ULTIMAS-
TER (Terumo, Tokyo, Japan), 3 RESOLUTE (Medtronic,
Santa Rosa, California, USA), 2 ORSIRO (Biotronik, Biil-
ach, Switzerland), or 5 VISION (Abbott Vascular, Santa
Clara, California, USA).

In the coregistration group, the angiogram during the
OCT pullback was obtained from a projection which pre-
sented the least foreshortening of the stenosis and minimum
overlap of the main vessel and side-branches using an X-ray
system (Allura Xper FD10/10, Philips Healthcare, Best, The
Netherlands) at 15 frames/s [2]. The angiogram during the
OCT pullback was recorded together with the OCT image
on the online OCT workstation. OCT-angiography coregis-
tration system semi-automatically captured the location of
the OCT imaging core on the angiogram. The operator per-
formed stent implantation using an angiographic roadmap
showing markers of the planned proximal and distal stent
edge locations determined from the OCT lumen profile view
(Fig. 1).

In the no coregistration group, the operator performed
stent implantation based on OCT findings using angiography
alone.

After stenting, post-dilatation was performed to achieve
adequate stent expansion as needed, and the stented seg-
ments were evaluated by OCT in both groups.

OCT analysis

The OCT images were analyzed by an independent investi-
gator (Y.I) using a dedicated off-line review system (Abbott
Vascular, Santa Clara, California, USA). Lipidic plaque
was defined as a signal-poor region with diffuse border
[5]. Lipid-rich plaque was defined as a lipidic plaque with
maximum lipid arc > 180° in at least one cross-section [3]
(Fig. 2).

In OCT before stenting, the analysis was performed on
every cross-section in the lesion plus proximal and distal ref-
erence segments. The definitions of lesion and reference seg-
ments are shown in Fig. 3a. Reference lumen area, minimum
lumen area, percent area stenosis, lesion length, and lipid
length were measured. The presence of lipid-rich plaque was
evaluated in the proximal and distal reference segments and
proximal and distal lesion segments.

In OCT after stenting, the analysis was performed on
every cross-section in the stent plus stent edge segments.
The definitions of stent edge sites and stent edge segments
are shown in Fig. 3b. Lipid length was measured across the
stent and edge segments. The presence of untreated lipid-
rich plaque was evaluated in the proximal and distal stent
edge segments. The presence of dissection (defined as flap
angle > 60° of the circumference of the vessel at the site of
dissection and/ or >3 mm in length) and untreated stenosis
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Fig.2 Representative OCT image of lipid-rich plaque.Aster-
isk=lipid. Lipid arc=200°. Star=guidewire shadow. OCT = optical
coherence tomography.

(defined as percent area stenosis >40%) were also evaluated
in the proximal and distal stent edge segments [6].

Statistical analysis

Statistical analysis was performed using JMP 13.0 (SAS
Institute, Cary, North Carolina, USA). Categorical vari-
ables were presented as frequencies, with comparison using
chi-square statistics or Fisher exact test (if there was an
expected cell value < 5). Continuous variables were pre-
sented as mean + 1 standard deviation and were compared
using unpaired Student’s ¢ test. A p value <0.05 was consid-
ered statistically significant.

Results

Patient and lesion characteristics are shown in Table 1. Age,
gender, coronary risk factor, clinical presentation, serum
creatinine concentration, PCI-targeted vessel, lesion loca-
tion and lesion complexity were not different between the
coregistration group and the no coregistration group.

OCT findings before stenting are shown in Table 2.
Approximately half of patients in either group underwent
pre-dilatation and/or thrombus aspiration before OCT
imaging (55% vs. 51%, P=0.418). Reference lumen area,
minimum lumen area, percent area stenosis, lesion length,
and lipid length were not different between the two groups.
There were no lipid-rich plaques in the proximal and distal

reference segments in both groups. In the proximal and distal
lesion segments, lipid-rich plaques were found to be similar
between the two groups (60% vs. 61%, P=0.854; and 43%
vs. 44%, P=0.989; respectively).

PCI procedural characteristics are shown in Table 3.
Direct stenting was rarely performed in either group (5% vs.
6%, P=0.663). Stent diameter and length were not different
between the two groups. The difference between the stent
length and the lesion length was similar in the two groups
(4+3 mm vs. 4+2 mm, P=0.744). Post-dilatation was per-
formed frequently in either group (97% vs. 98%, P=0.552).
Maximum balloon diameter, maximum inflation pressure,
and amount of contrast media used in PCI were not different
between the two groups.

OCT findings after stenting are shown in Table 4. Lipid
length in the stent plus stent edge segments was not different
between the two groups. Change in lipid length before and
after stenting was similar in the two groups. The frequency
of untreated lipid-rich plaque in the proximal stent edge seg-
ment was significantly lower in the coregistration group than
in the no coregistration group (12% vs. 21%, P=0.016). The
frequency of untreated lipid-rich plaque in the distal stent
edge segment was not different between the two groups (4%
vs. 5%, P=0.645). The frequency of untreated lipid-rich
plaque in either proximal or distal stent edge segment was
significantly lower in the coregistration group than in the no
coregistration group (16% vs. 26%, P=0.015) (Fig. 4). The
frequency of dissection and untreated stenosis in the stent
edge segments was low and without significant differences
between the two groups.

Discussion

The major finding of the present study was that the fre-
quency of untreated lipid-rich plaque in the stent edge seg-
ments after stenting was significantly lower in the coregis-
tration group than in the no coregistration group. The use
of OCT angiography coregistration was associated with
accurate stent coverage of lesions with less longitudinal
geographic mismatch.

The difficulty of matching cross-sectional OCT images
to angiography limits the use of OCT in clinical practice.
OCT-angiography coregistration can accurately translate
the planed stent landing zone by OCT to angiogram. The
use of OCT-angiography coregistration changes PCI strate-
gies such as stent length and stent positioning in almost half
of the procedures compared with OCT imaging alone [7].
The benefit of OCT-angiography coregistration is significant
in diffuse disease or coronary segment without anatomical
landmarks where accurate stent implantation may be hin-
dered [7]. In addition, OCT-angiography coregistration
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Fig-3 Definitions of lesion A Distal reference site Proximal reference site

and stent segment. a Lesion.

Proximal and distal refer- ¢ ‘b

ence sites were defined as the 1
sites adjacent to the lesion I
proximally and distally with
normal-looking lumen and no
lipid-rich plaque. Proximal and
distal reference segments were
defined as the 5-mm segments
adjacent to the reference sites
and outside the lesion. Proximal
and distal lesion segments were
defined as the 5-mm segments
adjacent to the reference sites
and inside the lesion. b Stent.
Stent edges were defined by

the most proximal and most
distal OCT cross-sections where
stent struts were seen in all 4
quadrants of the image. Stent
edge segments were defined as
the 5-mm segments adjacent to
the stent edges and outside the
stent. OCT = optical coherence \L
tomography.

I 5mm

segment

I 5mm |

/]\

Distal stent edge

segment

might be especially helpful for less experienced operators
in OCT-guided PCI.

OCT-angiography coregistration leads to accurate stent
implantation with respect to longitudinal geographic loca-
tion in coronary arteries. A previous study demonstrated that
the distance discrepancy between the planned stent location
and the actual implanted stent location was significantly
shorter in the coregistration group than in the no coregistra-
tion group (1.9+ 1.6 mm vs. 2.6 +2.7 mm, P=0.03) [8]. In
addition, the long-distance discrepancy of >5 mm tended
to be less frequent in the coregistration group than in the
no coregistration group (4% vs. 12%, P=0.07) [8]. These
results formed the basis of our study.

OCT-angiography coregistration influences PCI results.
Koyama et al. demonstrated that the frequency of dissection
(defined as a dissection flap>60°) in the distal stent edge
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segment tended to be lower in the coregistration group than
in the no coregistration group (11.1% vs 20.8%, P=0.07)
[8]. The OPTICO-integration II trial demonstrated that the
frequency of untreated stenosis (defined as a minimal lumen
area <4.5mm?) in the stent edge segment was significantly
lower in the coregistration group than in the no coregis-
tration group (4.2% vs. 17.0%, P=0.04) [9]. In addition,
the present study revealed that the frequency of untreated
lipid-rich plaque in the stent edge segment was significantly
lower in the coregistration group than in the no coregis-
tration group. Dissection, untreated stenosis and untreated
lipid-rich plaque in the stent edge segment are associated
with an increased risk of adverse clinical events such as stent
thrombosis and edge restenosis. [10-12] Although clinical



Heart and Vessels (2022) 37:200-207 205
Table 1 l.)at.ient and lesion Coregistration No coregistration P
characteristics (n=198) (n=200)
Age,y 70+13 71+11 0.408
Male sex 132 (67) 136 (68) 0.863
Hypertension 153 (78) 168 (84) 0.116
Diabetes mellitus 93 (47) 84 (42) 0.371
Dyslipidemia 137 (69) 130 (65) 0.435
Clinical presentation 0.699
Acute myocardial infarction 108 (55) 114 (57)
Angina pectoris 90 (45) 86 (43)
Serum creatinine concentration, mg/dl 0.88+0.28 0.85+0.31 0.312
Vessels 0.674
LAD 104 (53) 108 (54)
LCX 33(17) 27 (14)
RCA 61 (31) 65 (33)
Lesion location 0.831
Proximal 99 (50) 94 (47)
Mid 76 (38) 82 (41)
Distal 23 (12) 24 (12)
Lesions
Bifurcation lesion 60 (30) 64 (32) 0.791
Severe calcification 25 (13) 28 (14) 0.791
Long disease (> 28 mm) 42 (21) 44 (22) 0.849

Values are presented as number (%) or mean=+standard deviation. LAD left anterior descending artery;
LCX left circumflex artery; RCA right coronary artery

Table2 OCT findings before stenting

Table 3 PCI procedural characteristics

Coreg- No coregistra- P Coreg- No coreg- P
istration tion (n=200) istration istration
(n=198) (n=198) (n=200)
Pre-dilatation and/or thrombus 109 (55) 102 (51) 0.418 Direct stenting 9(5) 11 (6) 0.663
aspiration before OCT Stent diameter, mm 290+040 2.88+037  0.605
Reference lumen area, mm? 6.33+247 6.27+2.15 0.796 Stent length, mm 2549 26+8 0.242
Minimum lumen area, mm? 1.28+0.50 1.33+0.51 0.324 Stent length minus lesion 443 442 0.744
Percent area stenosis, % 77+9 76+12 0.348 length, mm
Lesion length, mm 22+8 22+7 0.792 Post-dilatation 192 (97) 195 (98) 0.552
Lipid length, mm 17+6 16+6 0.744 Max. balloon diameter, mm 296+041 2.94+0.40 0.623
Presence of lipid-rich plaque Max. inflation pressure, atm 16+2 15+2 0.213
Proximal reference segment 0 (0) 0(0) NS Contrast volume, ml 129 +57 133+61 0.500
Distal reference segment 0(0) 0(0) NS ..
. . Values are presented as number (%) or mean +standard deviation.
Proximal lesion segment 118 (60) 121 (61) 0.854 PCI percutaneous coronary intervention
Distal lesion segment 86 (43) 87 (44) 0.989

Values are presented as number (%) or mean + standard deviation. NS
not significant; OCT optical coherence tomography

follow-up data were not available in the present study, the
reduction in these inadequate stent edge findings achieved

by the use of OCT-angiography coregistration may have a
positive impact on long-term outcomes after PCI.

Limitation
There are several limitations that should be acknowledged.

First, this was a retrospective study. Hence, there might
be a selection bias. Second, since OCT cannot identify
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Table4 OCT findings after stenting

Coreg- No coreg- P
istration istration
(n=198) (n=200)
Stent plus stent edge segment
Lipid length, mm 177 17+6 0.880
Change in lipid length before  1+1 1+1 0.443
and
after stenting, mm
Stent edge segment
Untreated lipid-rich plaque
Proximal 23 (12) 41 (21) 0.016
Distal 8(4) 10 (5) 0.645
Either proximal or distal 31 (16) 51 (26) 0.015
Dissection
Proximal 5@03) 6(3) 0.773
Distal 4(2) 6(3) 0.751
Either proximal or distal 9(5) 12 (6) 0.516
Untreated stenosis
Proximal 2(1) 3(12) 1.000
Distal 1(1) 2(1) 1.000
Either proximal or distal 3(12) 503) 0.724

Values are presented as number (%) or mean=standard deviation.
OCT optical coherence tomography

P=0.015
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Fig.4 Untreated lipid-rich plaque in stent edge segment. The fre-
quency of lipid-rich plaque in either proximal or distal stent edge seg-
ment was significantly lower in the coregistration group than in the no
coregistration group.

vessel boundary of the lipid plaque due to signal attenua-
tion, the lipid angle was measured from the center of the
lumen rather than the vessels. This may have caused a bias
in the lipid angle due to the lumen area and eccentric plaque.
Third, the OCT-angiography coregistration failure occurs
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when angiography during OCT pullback is not appropri-
ate. However, the failure rate was low (4%) in the present
study. Finally, during implantation, stents move longitudi-
nally between systole and diastole by 1.5 mm (mean, range
0.5-5.5 mm) [13]. This is an insurmountable problem that
hinders accurate stent implantation.

Conclusion

In OCT-guided PCI, the use of OCT-angiography coregistra-
tion was associated with a reduced frequency of untreated
lipid-lich plaque at stent edges. OCT-angiography coregis-
tration has a positive impact on PCI results.
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