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Neointimal Characteristics after
Everolimus-Eluting Stents Implantation
for Chronic Total Occlusion: An Optical

Coherence Tomographic Study

Abstract

Objectives: We investigated neointimal characteristics after everolimus-eluting
stent (EES) implantation in chronic total occlusion (CTO) using optical coherence
tomography (OCT).

Background: CTO is one of the major risk factors for restenosis and reocclusion
even in drug-eluting stent era, but detailed neointimal characteristics after stent
implantation in CTO is unclear.

Methods: We divided our patients (35 EESs) into three groups: patients with
stenting for non-CTO lesions (non-CTO group), patients with subintimal stenting
(CTO subintima group) and with intra true-lumen stenting for CTO lesions (CTO
true lumen group). We compared OCT parameters included the percentage of
neointimal hyperplasia area obstruction (%NHAQ), mean neointimal hyperplasia
(NIH) thickness, the proportion of uncovered struts, the proportion of malapposed
struts at cross sectional level and at strut level among three groups.

Results: NIH and %NHAO were significantly lowest in CTO subintima group (5 EESs)
and highest in CTO true-lumen group (4 EESs) (CTO subintima vs. CTO true-lumen
vs. non-CTO: 7.4 (4.4-9.8) vs. 11.5 (7.9-19.2) vs. 10.6 (7.3-15.8) and 48 (36-71)
vs. 79 (55-159) vs. 74 (48-117), respectively) while the proportions of uncovered
struts and malapposed struts were significantly highest in CTO subintima group
and significantly lowest in CTO true-lumen group among the three groups (CTO
subintima vs. CTO true-lumen vs. non-CTO: 109 (18.7) vs. 47 (4.7) vs. 375 (7.9) and
36 (6.2) vs. 0 (0) vs. 45 (0.95), respectively).

Conclusions: We revealed by OCT that stents implanted in subintima in CTO lesions
may have more risks related to stent thrombosis such as malapposed struts and
uncovered struts, while stents implanted in true lumen in CTO lesions may have
thicker neointimal coverage that might have occurred restenosis.
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Introduction

Current studies have shown that successful percutaneous
coronary intervention (PCl) for chronic total occlusion (CTO)
improves the quality of life, left ventricular ejection fraction and
survival rate [1-8]. The development of devices such as guide
wires, balloons and stents, and the improvement of operator
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techniques has increased the success rates of PCl for CTO
lesions and decreased the complication rates over time [9,10].
Accordingly, PCI for CTO has been more generally performed. In
addition, drug-eluting stents (DESs) for treatment of CTO lesions
has improved angiographic and clinical long-term outcomes [11-
13]. However, even now, restenosis and reocclusion rate of PCI
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for CTO lesions has been high [14]. Subintimal tracking and re-
entry (STAR) technique is one of methods of PCl for CTO lesions.
It is reported that STAR technique is associated with higher rate
of restenosis and reocclusion than conventional antegrade CTO
recanalization [15,16]. Therefore, we think the way of healing
after stent implantation for CTO lesions may be different by the
stent locations; subintimal stenting or intra true-lumen stenting.
In this study, we investigated the difference of neointimal
characteristics of everolimus-eluting stent (EES) among stent
locations including subintimal stenting and intra true-lumen
stenting for CTO lesions and stenting for non-CTO lesions.

Subjects and Methods

Patient selection and study design

We enrolled consecutive patients who underwent implantation
of EES (XIENCE V™, Abbott Vascular, Santa Clara, CA, USA and
PROMUS™, Boston Scientific Corp., Natick, MA, USA) from
February 2010 to June 2011 at our hospital. Stent placement
was guided by intra-vascular ultrasound systems (IVUS), iLab™
Ultrasound Imaging System (Boston Scientific Corp., Natick, MA,
USA) and Eagle Eye™ (Volcano Corporation, Rancho Cordova,
CA, USA). We excluded patients with in-stent restenosis,
acute myocardial infarction, coronary bypass graft lesion, left
main coronary, ostium of the right coronary artery, extremely
tortuous lesions, and hemodialysis. We first divided our patients
into a CTO group and non-CTO group. In this study, CTO was
defined as a lesion whose occlusion duration was more than 3
months. In addition, we investigated IVUS date obtained when
we performed PCl in detail. In non-CTO lesions, crossing wire
passed through true lumen in all cases. On the other hand, in
CTO lesions, some crossing wires passed through subintima
(Figure 1), and some part of stents were implanted in subintima
in such cases. We defined these cases with subintimal stenting
as CTO subintima group. We defined the patients with crossing
wire passing through true-lumen completely in CTO lesion as CTO
true-lumen group. Therefore, we finally divided our patients into
CTO subintima group, CTO true-lumen group and non-CTO group.
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We used the two OCT systems (TD-OCT and FD-OCT). OCT
examination was performed at 8 (6 to 10, mean 7.8) months after
EES implantation. We performed TD-OCT with a 0.014inch wire-
type imaging catheter (Image Wire, Light Lab Imaging, Westford,
MA, USA). The OCT catheter was inserted through a 6 Fr catheter
into target coronary arteries beyond the implanted EES. After
injecting nitro-glycerine, OCT image was acquired during inflating
occlusion catheter (Helios; Light lab Imaging, Westford, MA, USA)
and injecting ringer lactate to remove the blood cell from the
field of view. An auto pull-back system at 1 mm/sec was used
[16]. We performed FD-OCT with a 2.7 Fr OCT catheter (Dragonfly
imaging catheter, Light Lab Imaging, Westford, MA, USA). During
acquirement of imaging, we injected non-diluted iodine contrast
or ringer lactate at rate of 3 ml/s to 5 ml/s to achieve blood
clearance. Auto pull-back at rate of 20 mm/s was used [17].

We analyzed cross-sectional OCT images at 1 mm intervals. We
excluded the images that had some portion of the lesion out of
screen, a side branch, or poor quality caused by residual blood
cells, artifacts, or reverberation. OCT parameters including the
percentage of neointimal hyperplasia area obstruction (%NHAO),
mean neointimal hyperplasia (NIH) thickness, the proportion of
uncovered struts, the proportion of malapposed struts at cross
sectional level, NIH thickness, proportion of uncovered struts, and
proportion of malapposed struts at strut level were measured.
NIH cross-sectional area was calculated by the following formula:
(stent cross-sectional area) — (lumen cross-sectional area).
Percentage of neointimal hyperplasia area obstruction (%NHAOQ)
was the percentage of NIH area and was calculated as NIH area /
stent cross-sectional area x 100. NIH thickness was the distance
between the luminal surface of the covering tissue and the
luminal surface of the strut. Uncovered struts were defined as
struts on which there was no definite neointima. Malapposed
struts were defined as struts whose distance from the vessel
wall was more than 99 um [7,18-20]. We compared these OCT
parameters among the three groups.

Medical ethics committee of Osaka Rosai Hospital approved this
study and we obtained written informed consent from all study
patients.

/

Figure 1

Intravascular ultrasound (IVUS) finding of wire crossing in pseudo lumen.
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Statistical analysis

Categorical variables are presented as numbers and they were
analyzed by either the chi-square test or Fisher's exact test.
Continuous data in the normally distributed cases are presented
as means t standard deviation and the data between different
groups are compared by ANOVA. Continuous date, that do
not follow the normal distribution, are shown as median (25th
percentile - 75th percentile), and the data between different
groups are analyzed by Kruskal-Wallis test, if the distribution
were skewed. Non-parametric multiple comparison was analyzed
by Steel-Dwass test. A value of P<0.05 was considered to be
statistically significant. Statistical analyses were performed using
JMP version 11.0.0 (SAS Institute Inc., Cary, North Carolina, USA).

Results

Our patients comprised 28 patients with EES implantation. As a
result, in our study, CTO subintima group consisted of 3 patients
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(5 EESs), CTO true-lumen group consisted of 2 patients (4 EESs),
and non-CTO group consisted of 23 patients (35 EESs). We
succeeded PCI by antegrade wiring approach in both 2 cases of
CTO true-lumen group. In CTO subintima group, there were 2
cases succeeded by antegrade wiring approach and the other 1
case was succeeded by retrograde wiring approach. The number
of observed cross sections and stent struts which we could
evaluate were 59 cross sections and 584 struts in CTO subintima
group, 102 cross sections and 997 struts in CTO true-lumen
group, and 495 cross sections and 4747 struts in non-CTO group,
respectively.

Patient characteristics are shown in Table 1. There were no
significant differences of the patient characteristics among the
three groups except age, and left ventricular ejection fraction.
Lesion and stent characteristics are presented in Table 2. The
vessel with target lesion was significantly different but the other
lesion and stent characteristics were similar among the three
groups. The OCT findings are shown in Figure 2 and 3. The results

Table 1 Patient characteristics.

CTO subintima Group (n=3) CTO true-lumen group (n=2) non-CTO group (n=23) P value

Age 63.7+5.1 74.0+2.8 70.4+4.8 0.049
Male (n (%)) 3 (100) 1 (50) 16 (70) 0.569
Diabetes mellitus (n (%)) 0(0) 1(50) 10 (43) 0.361
Hyper tension (n (%)) 2 (67) 2 (100) 21 (91) 0.459
Dyslipidemia (n (%)) 2 (67) 1(50) 17 (74) 0.763
Chronic kidney disease (n (%)) 0(0) 1(50) 3(13) 0.308
Estimated glomerular filtration rate (ml/min/1.73 m?) 83.9+7.7 59.2+4.2 71.6+14.1 0.143
Left ventricular ejection function (%) 70.0£2.6 48.0%+2.8 67.7£9.4 0.018
Prior myocardial infarction (n (%)) 1(33) 0(0) 3(13) 0.568
Prior coronary artery bypass graft surgery (n (%)) 0(0) 0(0) 0 (0) -
Prior percutaneous coronary intervention (n (%)) 0(0) 0(0) 3(13) 1.000
Aspirin (n (%)) 3 (100) 2 (100) 23 (100) -
Clopidogrel (n (%)) 3 (100) 2 (100) 23 (100) -
B-blocker (n (%)) 2 (67) 2 (100) 11 (48) 0.600
Statin (n (%)) 1(33) 2 (100) 19 (83) 0.144
Angiotensin converting enzyme inhibitor (n (%)) 0(0) 0(0) 0(0) -
Angiotensin receptor blocker (n (%)) 2 (67) 2 (100) 12 (52) 0.613
Number of disease vessels 1.7+0.6 1.0+£0.0 1.8+0.8 0.335
CTO, chronic total occlusion

Table 2 Lesion and stent characteristics.

CTO subintima group (n=5) CTO true lumen group (n=4) non-CTO group (n=35) P value
Stent diameter (mm) 3.00+0.41 2.75+0.25 2.84+0.33 0.531
Stent length (mm) 22.8+75 26.0t4.5 21.4+5.0 0.178
Max inflation pressure (atm) 16.3+6.8 140+6.4 16.2+5.2 0.697
Time to OCT examination (months) 8 (8-8) 8 (8-8) 8 (7-8) 0.576
Lesion 0.028
Left anterior descending artery (n (%)) 0(0) 2 (40) 16 (46)
Left circumflex (n (%)) 1(25) 0(0) 11 (31)
Right coronary artery (n (%)) 3 (75) 3 (60) 8(23)
Type of OCT 0.147
Time domain-OCT (n (%)) 4 (100) 3 (60) 32 (91)
Frequency domain-OCT (n (%)) 0(0) 2 (40) 3(9)
CTO, chronic total occlusion
OCT, optical coherence tomography
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of comparison among the three groups at cross sectional analysis  subintima vs. non-CTO: 7.4 (4.4-9.8) vs. 10.6 (7.3-15.8), p<0.0001;
are shown in Figure 2. The %NHAO and mean NIH thickness were  CTO true-lumen vs. non-CTO: 11.5 (7.9-19.2) vs. 10.6 (7.3-15.8),
significantly lowest in CTO subintima group and highest in CTO  p=0.132; CTO subintima vs. CTO true-lumen: 7.4 (4.4-9.8) vs. 11.5
true-lumen group among the three groups (%NHAO (%): CTO  (7.9-19.2), p<0.0001, NIH thickness (um): CTO subintima vs. non-
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CTO: 48 (36-71) vs. 74 (48-117) , p<0.0001; CTO true-lumen vs.
non-CTO: 79 (55-159) vs. 74 (48-117) , p=0.099; CTO subintima
vs. CTO true-lumen: 48 (36-71) vs. 79 (55-159), p<0.0001). On the
contrary, the proportions of uncovered struts and malapposed
struts were significantly highest in CTO subintima group and
significantly lowest in CTO true-lumen group (uncovered struts
(%): CTO subintima vs. non-CTO: 12.5 (0-28.6) vs. 0 (0-9.1),
p<0.0001; CTO true-lumen vs. non-CTO: 0 (0-0) vs. 0 (0-9.1),
p=0.041; CTO subintima vs. CTO true-lumen: 12.5 (0-28.6) vs. 0
(0-0), p<0.0001 and malapposed struts (%): CTO subintima vs.
non-CTO: 0 (0-7.7) vs. 0 (0-0), p<0.0001; CTO true-lumen vs. non-
CTO: 0 (0-0) vs. 0 (0-0), p=0.042; CTO subintima vs. CTO true-
lumen: 0 (0-7.7) vs. 0 (0-0), p<0.0001). The results of comparison
among the three groups at strut-level analysis are shown in
Figure 3. NIH thickness was significantly lowest in CTO subintima
group and significantly highest in CTO true-lumen group (NIH
(um): CTO subintima vs. non-CTO: 40 (20-70) vs. 70 (40-110),
p<0.0001; CTO true-lumen vs. non-CTO: 80 (40-150) vs. 70 (40-
110), p<0.0001; CTO subintima vs. CTO true-lumen, 40 (20-70)
vs. 80 (40-150), p<0.0001). The proportion of uncovered struts
and proportion of malapposed struts were significantly highest
in CTO subintima group and significantly lowest in CTO true-
lumen group (uncovered struts (number (%)): CTO subintima vs.
CTO true-lumen vs. non-CTO: 109 (18.7) vs. 47 (4.7) vs. 375 (7.9),
p<0.0001 and malapposed struts (number (%)): CTO subintima
vs. CTO true-lumen vs. non-CTO: 36 (6.2) vs. 0 (0) vs. 45 (0.95),
p<0.0001).

Discussion

DESs implanted in CTO subintima group were most likely to show
poor apposition and thin neointima, and to remain uncovered
by neointima among the three groups. Accordingly, neointimal
coverage of DESs in subintima may be most delayed. Hong et al.
reported that subintimal passage of guidewire and stenting of
pseudo lumen caused stent malapposition [21]. Recently, Jia et
al. also reported that CTO is associated with a higher incidence
of malapposition and uncovered stent struts according to OCT
findings at 6 months following DES implantation [22]. These
two-data corresponded to our results. On the other hand, DESs
in CTO true-lumen group revealed best apposition, fewest
uncovered struts and thickest neointima among the three
groups. Therefore, neointima in CTO true-lumen may grow
most rapidly. Stent implantation leads to mechanical injury with
vascular inflammation, which involves complex interactions
between endothelial cells, smooth muscle cells, platelets, and
inflammatory cells [23]. These cells produce signalling molecules,
which stimulate mobilization of bone marrow-derived endothelial
progenitor cells, and smooth muscle progenitor cell. The cellular
and molecular processes control vascular healing after stent
implantation in non-CTO lesion [23]. It has been reported
that CTO lesions develop from a total luminal obstruction of
coronary arteries by a thrombus, subsequently are organized
by inflammatory cells followed by infiltrating smooth muscle
cells, and generate proteoglycan matrix as well as calcification
[24,25]. Thus, true-lumen in CTO lesion is pathologically different
from true-lumen in non-CTO lesion. Subintima has completely
different pathological feature from intima. Most importantly,

© Under License of Creative Commons Attribution 3.0 License

2017

ISSN 2471-8157 Vol.3 No.2:14

endothelial cells do not exist in subintima. The difference of
neointimal coverage of stents might be caused by the different
environment where stent implanted, that is to say, subintimal
stenting or intra true-lumen stenting for CTO lesion or stenting
for non-CTO lesions. The delayed neointimal coverage of DES
in subintima leads to more uncovered and malapposed struts,
which are reported to cause stent thrombosis [26,27]. On the
other hand, the thicker neointimal coverage of DES in true-
lumen in CTO lesions might lead to in-stent restenosis. Heeger
et al. reported that significantly delayed DES coverage after CTO-
PCI was observed, but they did not evaluate whether DES was
implanted in subintima or in true-lumen using IVUS or OCT [28].
In addition, their study used different type DESs while we used
only EES. Thus, we believe our study can reveal pure effect of
stenting for CTO lesion on neointimal growth including difference
between subintimal stenting and intra true-lumen stenting.
According to our results, neointimal coverage of DES (EES)
implanted for CTO lesions showed more heterogeneous patterns
depending on subintimal stenting or intra true-lumen stenting as
compared to non-CTO lesions.

Recently, bio resorbable vascular scaffolds (BVS) can be available
in clinical practice. The real-world outcomes of everolimus-
sluting BVS showed acceptable rates of target lesion failure at
6 months and low incidences of cardiac death and reinfarction
[29]. In addition, OCT revealed BVS had disappeared and had
been replaced by connective proteoglycans and occasional
smooth muscle cells with the restoration of normal vasomotor
tone for 2 years after stenting, which is called ‘vascular reparative
therapy’ [30]. Thus, although clinical trials on the effectiveness of
everolimus-sluting BVS in patients with complex coronary artery
disease including CTO have not yet to be completed, BVS may be
a therapeutic option in patients with CTO [31].

It has been reported that EES is one of the best stents among
currently used DESs, showing reduced restenosis and stent
thrombosis [32,33]. However, even using EES, a good clinical
course after stent implantation for CTO lesions is not guaranteed.
To best of our knowledge, this is the first report describing
different neointimal characteristics of stent position including
subintimal stenting and intra true-lumen stenting for CTO lesions
and stenting for non-CTO lesions.

Limitations

The CTO group is limited to only 5 patients and 9 stents. The
number of patients and stents is small. However, the number of
struts which could be evaluated by OCT may be enough to induce
a kind of trend of difference between CTO lesions and non-CTO
lesions. We analysed 1581 struts in CTO group and 4747 struts
in non-CTO group. Post-hoc sample size calculation revealed 444
samples to reach the significance. Thus, we believe the sample
size of our study may be acceptable when we use the struts-
analysis. Second, in CTO subintima group, all parts of stents were
no implanted in subintima; some parts of stents were implanted
in subintima, but the other parts of stents were implanted in true
lumen. We could not distinguish whether the cross section of the
stents were in subintima or true lumen by OCT examination at
the follow-up angiography.
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Conclusions

Observation of EES stents by OCT revealed that stents implanted
in subintima in CTO lesion may have risks related to stent
thrombosis such as malapposed struts and uncovered struts,

while stents implanted in true-lumen in CTO lesion may have
thick neointimal coverage that might occur restenosis. This might
be the one reason of high frequency of stent reocclusion and
restenosis in CTO lesion after stent implantation.

This article is available in: http://interventional-cardiology.imedpub.com/
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