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Abstract: This article is a perspective responses to the “Mechanisms and Patterns of Intravascular

Ultrasound In-Stent Restenosis Among Bare Metal Stents and First- and Second-Generation Drug-Eluting

Stents” by Goto er al., The above mentioned article outlines the use of intravascular ultrasound (IVUS) in

visualizing the patterns and mechanisms of in-stent restenosis (ISR) post percutaneous coronary intervention

(PCI). Although IVUS is an appropriate method of choice for this scenario, IVUS has certain limitations

which can be overcome by using optical coherent tomography (OCT). OCT is not only able to overcome

[VUS’s limitations but is also able to provide additional information to enhance the understanding of in-stent

restenotic lesions. This article also outlines the future directions for OCT both in clinical and investigation

settings.
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Introduction

In-stent restenosis (ISR) is a histologically distinct
pathological process after balloon angioplasty with bare
metal stents (BMS), first generation drug-eluting stents
(DES), second generation drug-eluting stents (DES),
occurring through various mechanisms such as: neointimal
hyperplasia, neoatherosclerosis, stent under expansion,
and other complications. “Mechanisms and Patterns of
Intravascular Ultrasound In-Stent Restenosis Among
Bare Metal Stents and First- and Second-Generation
Drug-Eluting Stents” by Goto et 4l., demonstrates the
value of intravascular ultrasound (IVUS) in visualizing
the mechanisms and patterns of ISR after implanting
BMS and first and second generation DES. Although
presented through this paper that IVUS is suitable for
evaluating and inspecting in stent restenosis, optical
coherence tomography (OCT) may provide greater
benefit and insight in inspection, and understanding of the
mechanisms of ISR.
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History of ISR visualization

Coronary angiography has been a gold standard
investigation for ISR lesions, especially in providing
angiographic classifications for prognostic importance, and
therefore can provide appropriate and early patient triage
for clinical and investigational purposes (1). Although
coronary angiography is commonly used to evaluate ISR
lesions, it is limited in its ability to assess ISR in detail. It
fails to show differences in the lumen, stent or restenotic
tissue area and restenotic tissue. Use of CT coronary
angiography allowed reliable detection and quantification
of ISR with low radiation exposure (2). Although the results
showed high overall diagnostic accuracy, the CT coronary
angiography is compromised by several factors; severely
calcified arteries, high body mass index, and high heart rates
decrease diagnostic accuracy of multidetector CT because
of beam-hardening artifacts, excessive image noise, and
limited temporal resolution (3). The visualization of the
in-stent neointimal hyperplasia with multidetector CT is
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additionally slowed down by metallic stent struts, because
of their high attenuation characteristics and limited spatial
resolution of standard-resolution multidetector CT scanner,
coronary artery stents are susceptible to partial volume and
beam-hardening artifacts. Although decreased collimator
width and use of dedicated convolution kernels have been
shown to improve stent visualization at multidetector
CT, these advances did not overcome artifacts owing to
multidetector CT limitations in spatial resolution.

IVUS for ISR

According to the article by Goto et 4l., IVUS was performed
after 0.1-0.2 mg intracoronary nitroglycerine, followed by
quantitative IVUS analysis performed using computerized
planimetry (4). The IVUS measurements included
cross-sectional areas of the external elastic membrane,
lumen, stent and NIH. The study was able to confirm
the importance of both NIH and chronic stent under
expansion as the mechanisms of ISR. The main limitation
to the study included inability to evaluate the frequency
of neoatherosclerosis because grayscale IVUS is not the
technique of choice to assess this phenomenon.

IVUS can be compared to black-and-white TV, where
definite imaging is not present therefore does not show as
much detail. A situation where IVUS is a suitable choice is
a patient with very severely compromised renal function,
PCI is planned and aim is trying to minimize contrast usage.
Especially if multiple OCT runs are required for vessel sizing
or to assess stent expansion then IVUS is a great choice.

OCT for ISR

OCT provides high-definition color images and is a leap
forward in assessing coronary vessels from an anatomic
standpoint. It has much better resolution, with 10x the
axial and lateral resolution of IVUS. OCT has a much
faster rotational and pullback speed, and data acquisition
only takes 2.5 seconds. This results in obtaining necessary
images, and interpreting them with confidence. OCT is
easier and faster to set up and use as well. However, OCT
requires additional contrast use which is not suitable in case
of patients with severe renal dysfunction.

OCT is also superior for guided stent implantation (5).
The ILUMIEN system is the first integrated diagnostic
technology that combines OCT and FFR in one platform.
physiologic and anatomic assessment all in the same system.
Reports also show a clear advantage over FD-OCT guided
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PCI in randomized study (6). OCT provides a 15 um axial
resolution, yielding detailed images of his vessel lumen,
neointimal tissue and strut distribution (7-12).

OCT patterns of ISR

The high resolution imaging is able to show clear layered
appearance of the restenotic tissue, suggesting that the
restenosis may be composed of different tissues (13).
Pathologic examinations of human atherectomy specimens
have demonstrated that restenosis is DES can consist
of heterogeneous components including proteoglycan-
rich tissue, organized thrombus, atheroma, inflammation
and fibrinoid (14). The inner luminal border, the smooth
muscles are more compact therefore show a homogeneous
concentric orientation, whereas the cell density decreases
and appears heterogeneous in the tissue located far from
the lumen. Atheromatous material, organized thrombus
and inflammatory cells can be observed around the stent
struts where the smooth muscle cells are usually oriented
in a longitudinal fashion (15). These differences in tissue
composition, cell density and orientation comprise in the
layered appearance observed. OCT is also successful at
identifying structures suggestive of micro vessels in the
restenosis, which corresponds to postmortem histology
data where the presence of neovascularization in DES
restenosis has been described (16,17). The presence of
neoatherosclerosis as a cause of late stent failure (18-20) and
observation regarding the relationship between lack of stent
strut tissue coverage and late/very late stent thrombosis,
can be indicted by OCT (21). OCT findings in stent
thrombosis may however depend on whether aspiration
thrombectomy is performed before or after OCT imaging,
due to aspiration’s effect on removing not only thrombus
but also fragments of atherosclerotic plaques such as foamy
macrophages, cholesterol crystals and thin fibrous cap (22).

IVUS and OCT in comparison

Both systems offer an anatomic assessment of the
vasculature and allow visualization into the living,
beating hearts. Both of these techniques are used to make
measurements for lesion length and lumen size, but OCT
is being shown in studies to be more accurate. Intravascular
ultrasound (IVUS) is a useful technique to evaluate the
extent and distribution of the neointima tissue within the
stented segment but is limited to visualize its complex tissue
structure as can be documented by histopathology (1,23).
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Figure 1 Common presentations of in-stent restenosis by IVUS and CTO. (A) Coronary angiogram shows LM instent restenosis,

previously a culottes two stents technique was performed for left main bifurcation lesions; (B) IVUS shows instent tissue growth; (C) OCT

shows two layers of stents and homogenous instent fibrosis lesion; (D) IVUS shows that two layer stents are not clearly visible; (E) OCT

shows tissue growth between the two layers of stents. LM, left main; IVUS, intravascular ultrasound; OCT, optical coherent tomography.

Both technologies are analogues as they send out energy
waves, OCT uses light and IVUS emits sound waves into
the vessel wall and that energy is sent back to the catheter
to reconstruct an image, the wavelength of light is much
shorter and much faster than sound waves. For this reason,
the OCT is able to produce a resolution 10 times greater
than IVUS and is able to show much more information.
OCT allows us to determine vessel sizing, stent under-
expansion, dissection, thrombus, and gives us a good look
at intermediate lesions, which on coronary angiography
sometimes are hard to determine.

FD-OCT generates similar reference lumen dimensions
but higher degrees of disease severity and NIH, as well
as better detection of malapposition and tissue prolapsed
compared with IVUS (Figure 1). First-generation TD-OCT
was associated with smaller reference vessel dimensions
compared with IVUS (24). However, an advantage of
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IVUS is its penetration of 4-8 mm inside the vessel wall.
The light-based OCT technology can only penetrate
about 2-3 mm. As well as IVUS superior role in contrast
limitations and to assess aorto-ostial lesions. The resolution
of OCT is far better than IVUS for determining the vessel’s
luminal diameter and cross-sectional area. The ability of
OCT to provide more detailed visualization of intrastent
tissue opens new avenues for tissue characterization and
permits establishment of new classification systems for
ISR. Moreover, OCT-derived FCT is a good discriminator
between ruptured plaque and nonruptured T'CFA, while
IVUS-derived plaque burden and lumen area had good
performance in discriminating RCP from RNCP and
TCFA (25). The high-resolution imaging technique is able
to evaluate the hyperplastic tissue, demonstrating variation
in structure, backscatter and composition (13) that is missed
by IVUS in the past (26).
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Future of intracoronary imaging

OCT has become a key intracoronary imaging modality
capable of overtaking some of the limitations of
angiography and intravascular ultrasound. OCT’ imaging
with high resolution has given unique insight into not
only atheroscclerotic plaque, but also to understanding of
tissue responses underlying stent implantation. Further
developments with faster OCT pullback speeds will further
simplify the procedural requirements and eventually
eliminate the need for proximal vessel balloon occlusion
during image acquisition. The future developments in
OCT technology will see this unique imaging modality
become a key player in both the clinical and research
arena for the interventional cardiologist. Firstly, an area
requiring further exploration, includes widening the clinical
indications; for example settings of increased neointima
(NI) formation, such as pulmonary hypertension (27), or
post-transplantation vasculopathy. Secondly, technological
advances currently under investigation are expected to yield
improved imaging times and image quality for intravascular
OCT. Moreover, the use of various macrophage or other
cellular targeting agents labeled with fluorophore, such
as annexin A5 and other compounds, may allow better
characterization of fibrous cap characteristics using hybrid
optical systems (28). However, routine clinical use of OCT
will require further clinical trials to validate the technology,
establish standard definitions/measurements, and to test its
safety and utility in improving clinical outcomes.

Conclusions

Although IVUS is an appropriate choice for assessment
of ISR post PCI, IVUS faces certain limitations when
comparing the images to OCT; which is able to produce
images with higher definition and therefore show more
detail. With this evidence, the physician is able to gain a
better understanding of the pattern and mechanism of the
in-stent restenotic lesions. Moreover, any physician who
uses IVUS at the present time has no problem placing
the OCT Dragonfly catheter (St. Jude Medical). It’s very
small, 2.7 French at the tip, and is very flexible. It is easy to
move around curves and significant angulation. Placing the
device is not a problem for any interventional cardiologist.
Only learning curve is with image interpretation.
Interventionalists have to learn how to interpret edge
dissection, stent malapposition, vessel sizing, and identify
different types of plaque. Although OCT is able to identify
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differential patterns of restenotic tissue after stenting. This
information is helpful in understanding the mechanism of
stent restenosis and is useful in further studying of the ISR
in the future.
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