Optical coherence tomography:
research applications, potential clinical
utility and future directions

Optical coherence tomography presents a quantum leap in intravascular imaging. Its user-friendliness and
sheer ‘beauty’ of captured images have often been reasons for this being ubiquitous in conferences and
meetings around the world. Despite this, like all new technologies, optical coherence tomography remains
a tool waiting for an indication. This article will summarize the background and critically evaluate currently
available evidence in this rapidly changing field.
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Optical coherence tomography (OCT) is an intra-
vascular imaging modality akin to intravascular
ultrasound (IVUS). It utilizes near-infrared fre-
quency (1300 nm) light waves instead of sound
waves for image acquisition and consequently pro-
vides a quantum leap in coaxial resolution. The
first scientific proof of concept was described in
1991 in the retina and its application in ophthal-
mology is well established beyond that in cardi-
ology (1. OCT, unlike IVUS, requires a blood-
less field as erythrocytes produce severe scatter
of the light source. In its original iteration (i.e.,
time domain-OCT [TD-OCT]), OCT generally
required proximal vessel occlusion and injection
of Ringer’s lactate solution for image acquisition.
Subsequently, a nonocclusive TD-OCT technique
with contrast injection [2.3] was developed, which
was associated with a significantly reduced inci-
dence of transient ischemic electrocardiographic
changes [3]. However, due to the slow pullback
of the TD-OCT system, almost 30 ml of con-
trast [2] was needed per acquisition (see Taste 1).
The current generation of commercially available
OCT, namely Fourier domain-OCT (FD-OCT),
obviated the need for proximal occlusion and can
be performed with contrast injection. The main
advantage of the FD-OCT over TD-OCT is
the faster pullback speed (20 mm/s), and hence
much less contrast volume, with clearer images [4].
This significantly improved the user-friendliness
of OCT and was critical in its widespread adop-
tion. The characteristics of IVUS, TD-OCT and
FD-OCT are detailed in Tasie 1.

Procedural detail

The currently available OCT catheter is a
rapid-exchange catheter compatible with a 6 Fr
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guiding catheter or above. Larger guiding cath-
eters can be used and may theoretically provide
better contrast flushing, but would entail more
contrast and hence, for the pure purpose of per-
forming an OCT, are not necessary. The OCT
catheter has several markers and the position of
the imaging optical lens should be noted to be
proximal to the radio-opaque transition. Test
image acquisition and depth calibration should
be performed prior to image acquisition. We
advocate injecting contrast and waiting for the
lumen to be completely clear of blood before the
initiation of OCT pullback. As such, manual
activation of pullback may be preferable. With
an automated contrast injection system, a setting
of 3—4 ml/s should suffice. For manual injection,
usually 10 ml contrast at reasonably sustained
injection pressure will be sufficient to opacify the
vessel. Ischemic electrocardiographic changes are
not infrequent but almost always self-limiting;
arthythmia is rare and less frequent than with
occlusive TD-OCT. Other complications, such
as those with guiding catheters and coronary
wires, are not attributable to OCT per seand are
almost definitely due to operator inexperience.
The safety and feasibility of FD-OCT has been
widely reported [4-6].

Histopathological correlation

The first study on the use of OCT in the assess-
ment of coronary plaques came in 1996 from
the Fujimoto group [7]. An extensive body of
crucial data in the early 2000s addressed the
fundamental prerequisite for the use of OCT
in clinical applications — that is, correlation
of OCT appearances with histopathology.
Multiple studies based on TD-OCT compared
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IVUS
Axial resolution (um) 100
Wavelength Ultrasound
Frame rate (frames/s) 30
Maximum scan diameter (mm) 10
Proximal occlusion No
Pullback rate (mm/s) 0.5-1

TD-OCT FD-OCT
10-15 10-15
Near-infrared Near-infrared
20 100

6.8 9.7

Yes No

1-3 20

FD-OCT: Fourier domain-optical coherence tomography; IVUS: Intravascular ultrasound; TD-OCT: Time domain-optical

coherence tomography.

OCT images [8-11] with cadaveric specimens,
including coronary arteries, aortae and carotid
arteries, focusing on arterial wall definition.
Arterial plaques, the composition of which
were defined as lipid, fibrous and calcific,
were identified histologically and OCT find-
ings were then compared, and sensitivities and
specificities established. The overall accuracy of
TD-OCT approached 90% in this early itera-
tion of the technology. However, these studies
also highlighted the difficulty of differentiat-
ing Ca?* from lipid cores, and this continues
to be a challenging aspect in OCT interpreta-
tion [12]. Another point of contention has been
the characterization of lipid plaques under a
fibrous cap with variable scattering, potentially
confounding the accuracy of fibrous cap depth
measurement and plaque characterization [13).
In addition, recent data suggest a discrepancy
between the traditional autopsy cut-off (65 pm)
for a thin cap, derived from the seminal work
from Burke ez al. (14], and on OCT (80 pm) [15).
Most of the histological correlation with OCT
had been performed with TD-OCT; however,
FD-OCT has been shown to produce clearer
images with fewer artifacts [4]. FD-OCT is
assumed to be as accurate in its depiction of
histopathology as its predecessor.

Current application: an
investigational tool

The ability to visualize coronary arteries and
pathologies in vivo with ten-times the resolu-
tion of IVUS had opened a floodgate of research
possibilities. The current phase of OCT research
is somewhat reminiscent of that initial introduc-
tion of IVUS to clinical use. Multiple studies had
already demonstrated the superiority of OCT
over IVUS in definition [16-22]. The availability
of OCT in many catheterization laboratories
means a lot of invasive cardiologists have become
familiar with the OCT procedure and image
interpretation. Nevertheless, it must be stressed
that the clinical application of OCT at this stage
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remains less than evidence guided. There are
currently two expert review documents mostly
based on data derived from case reports and case
series of observational findings [23,24].

As with any technology, the procedure/device
must be safe, feasible in a wide variety of clini-
cal situations or patients and provide reproduc-
ible results with tolerable interobserver accuracy
[25-28]; OCT in its current iteration appears to
have achieved these goals. However, perhaps
more importantly, its use should improve patient
outcomes.

Current application: understanding
pathology in vivo

The main strengths of OCT relate to the near-
histological resolution and the possibility of
in vivo assessment of disease. This enables a
whole spectrum of opportunities in terms of
longitudinal assessment of preclinical disease
(i.e., vulnerable plaques), assessment of plaques
and their response to treatment, and elucidation
of processes previously only possible postmor-
tem, findings beyond the resolution of IVUS. To
date, many observational studies have been pub-
lished pertaining to this important application

of OCT.

B Assessment of de novo
atherosclerotic coronary artery disease
Ever since the first in vivo assessment of CAD
in 2002 [29] with TD-OCT, with its illustration
of the trilaminar structure of a normal coronary
artery and characterization of atherosclerosis,
this continues to be an evolving field with many
innovative iz vivo studies. Particular pathologi-
cal entities (Ficure 1) had been characterized on
OCT, including the differentiation of fibrous,
fibro-calcific and lipid-rich plaques; thrombi,
differentiating white from red thrombi; extensive
studies of thin-capped fibroatheroma (TCFA);
characterization of plaque rupture and plaque
erosion; and even surrogate identification of
intralesional macrophages 30]. Whilst data exists
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Figure 1. Examples of various atherosclerotic (A) and in-stent (B) pathology. (A) (left to right,
see arrows) Calcium — low intensity, well-demarcated border; lipid — low intensity, diffuse, irregular
borders; red thrombus — high back scatter; white thrombus — low back scatter; fibrous plaque —
homogenous high-intensity. (B) Neoatherosclerotic tissue within stent; homogeneous circumferential
instent restenosis; complex calcific neoatherosclerotic instent restenosis with sharply demarcated
borders; neovascularization within instent restenotic tissue; another example of calcium within

neoatherosclerosis.

for TD-OCT correlation with identification of
macrophages, there exists only extrapolation of
such for FD-OCT.

These pathological processes had been cor-
related with various clinical presentations and
their differences were highlighted (Ficuze 2).
Jang et al. first highlighted the characteristic
plaque differences between patients with acute
coronary syndromes (ACS) as compared with
those with stable angina, with significant dif-
ferences in fibrous cap thickness and frequency
of TCFA [31]. Kubo et a/. extended these find-
ings by demonstrating, in a cohort of ACS
patients, that OCT was superior to both IVUS
and angioscopy in detecting TCFA, throm-
bus, plaque rupture, fibrous cap erosion and
in thickness assessment [19]. The same group,
led by Akasaka, was successful in remarkably
demonstrating that plaque rupture sites dif-
fered significantly depending on the mode of
ACS presentation (rest vs exertion initiated)
(32], culprit lesion differences between types of
ACS (non-ST elevated myocardial infarction vs
ST-elevated myocardial infarction [STEMI])
(33]. and even between differing degrees of
unstable angina [34]. Toutouzas et a/. also dem-
onstrated morphology differences between
non-STEMI and STEMI culprit plaques — the
former exhibiting greater minimal luminal area,
less lipid with shorter culprit rupture sites [35].
Similarly, Tian et al. found that plaques dif-
fered depending on the mode of presentation
and whether they were of culprit lesions, cor-
relating neovascularization with more vulner-
able features only in ACS culprit lesions [36).
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OCT has also been used to assess differences
in ACS plaque morphology between diabetic
and nondiabetic patients [37]. OCT had signifi-
cantly furthered the understanding of ACS by
providing such timely data simply not attain-
able with postmortem time-delayed histology
samples (FIGURE 1).

B Assessment of vulnerable plaques
OCT has also been used to assess the morphol-
ogy of nonculprit lesions (NCL) in ACS. The
idea of a ‘paninflammatory’ process in ACS was
examined in several studies [38,39] in which non-
culprit lesions in ACS patients appeared more
‘inflamed’ than lesions in non-ACS patients —
with more macrophages, thinner fibrous cap
and more lipid-rich plaques. The management
of nonculprit lesions in STEMI remains con-
troversial. The traditional paradigm had been
generally symptom- or ischemia-driven, usually
via noninvasive imaging.

The unrivalled resolution of OCT to delin-
eate TCFA, the central pathological process for
ACS elucidated by Burke ez al. [14], lends itself
to an explosion of studies on TCFA with OCT.
Studies on vulnerable plaques potentially form
a path to the holy grail of CAD management:
the ability to prevent acute coronary syndrome,
myonecrosis and its sequelae, by identifying
and treating vulnerable plaques. An important,
exhaustive study utilizing IVUS [40] revealed
longitudinal data on NCL event rates and high-
lighted at-risk features such as TCFA. In a small
study using a cap thickness cutoff of 200 pm,
‘vulnerable’ NCL were found in 26% of study
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“ALangth (35.5mm)

Figure 2. Culprit plaque assessment in non-ST elevated myocardial
infarction. (A) Normal trilaminar structure of a coronary artery (see inset).
Longitudinal assessment of optical coherence tomography showing length of lesion
and intended stent length. Note plaque rupture in (B) (*) at shoulder of lipid-laden
plaque, likely thin-capped fibroatheroma. Lipid (X) with diffuse border in (C). This
figure highlights some challenges associated with optical coherence tomography.
The diameter of stent needed can only be deduced from normal vessel proximal or
distal to lesion, unlike intravascular ultrasound. Also, there is potential difficulty in
measuring thin-capped fibroatheroma thickness, and hence a learning curve in
optical coherence tomography interpretation for research purposes. Its use in the
clinical setting, however, appears intuitive.

712

subjects [41]. Distribution of TCFA was found
to cluster in the proximal segments of major
epicardial arteries (42.43]. Longitudinal data was
assessed in a similar fashion in an OCT study
(44, focusing on NCL at 7 months post-ACS,
which demonstrated that the presence of TCFA
and microchannels may be predictors for sig-
nificant, though nonclinical, progression. It is
likely that OCT will continue to play a crucial
role in the management of preclinical vulner-
able plaques and NCL in ACS patients. Purely
speculatively speaking, OCT may shed light on
an ‘inflammatory profile’ of a particular lesion,
which may then be correlated with future clini-
cal events, and possibly guide management in
the future.

B Assessment of other pathologies

Several OCT studies assessed in vivo saphenous
vein graft (SVG) pathologies [45-47). Given
the poor outcomes with SVG interventions,
any effort to better understand this entity is
clinically relevant; unfortunately, the studies
to date have not been conclusive in addressing
intravascular factors that may quantify risk for
distal embolization. Nonetheless, these studies
suggest that OCT in frequently large-caliber
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vein grafts may be more feasible than previously
perceived.

Another interesting application had been
towards cardiac allograft vasculopathy (CAV).
Previous IVUS studies had demonstrated
increased accuracy of CAV diagnosis when com-
pared with angiography. The first study on the
use of OCT in CAV [48,49] demonstrated lower
interobserver variability in the diagnosis and
better plaque characterization, compared with
IVUS. This application of OCT is currently the
subject of two ongoing trials (NCT01527344;
NCT01403142). These will be important in
characterizing the as-yet-undetermined OCT
appearance of CAV, and this will hopefully
enable earlier, more accurate diagnosis and
possibly eatlier institution of antiproliferative
medications.

Given its ability to delineate the trilaminar
arterial structure, OCT had also been studied
in the relatively rare condition of spontaneous
coronary artery dissection (SCAD) [s0]. Two
large case series [s51,52] had been reported con-
cerning the use of OCT in SCAD. OCT appears
to improve the diagnosis of SCAD, although
the clinical ramification for this remains to be

clarified.

Assessment of stent pathology

Along with its arguably gold-standard status for
strut-level analysis in stent trial follow-up (see
later), the enhanced resolution from OCT had
been applied to stent pathology characteriza-
tion such as stent thrombosis and in-stent reste-
notic tissue characterization (Fieure 1). Despite
widespread clinical use and publication, there
had been little data correlating FD-OCT find-
ings with actual histopathology until a recent
important study by Nakano ez al. [53), which
correlated FD-OCT and IVUS findings with
postmortem histological examination of stents.
Previous histopathological studies on stents had
only been performed on animals [s4]. Nakano
et al. demonstrated that FD-OCT was signifi-
cantly superior to IVUS for characterization
of neointimal thickness assessment and strut
coverage, and also for specific histological find-
ings such as fibrin, hypersensitivity and mac-
rophages. This atlas of identified histological
pathologies will provide an important bench-
mark for interpreting FD-OCT findings for all

future research.

B Stent thrombosis
OCT provides incremental and complemen-
tary data to that from [VUS when used in stent
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thrombosis mechanistic analysis [55-57). These
studies compared IVUS with OCT in patients
with stent thrombosis. OCT provides unique
insights into strut-level coverage, and both
modalities provided information on malapposi-
tion. However, IVUS provided unique informa-
tion on positive remodeling not visible on OCT.
Rupture of neointima, particularly when associ-
ated with lipid-laden neointima, appears to be
a frequent finding with late or very late stent
thrombosis.

B [n-stent restenosis

Perhaps the most interesting finding thus far
in the OCT assessment of stent pathology had
been the presence of neoatherosclerosis in in-
stent restenotic tissue, which is beyond the
resolution of IVUS, seen previously only on
postmortem [58-61]. A decade ago it was noted
that in-stent restenosis may be less benign than
previously thought and could present with ACS
(62]. The presence of neoatherosclerosis and neo-
intimal disruption on OCT provides a unify-
ing theory. Another interesting observation is
that neoatherosclerosis is found at different
time-points between bare-metal stents (BMS)
and drug-eluting stents (DES); with the for-
mer more likely to develop neoatherosclerosis
later (after 5 years of implantation [63], 3 years
in another study [64]), While evidence so far
suggest the earlier development of neoathero-
sclerosis in DES, with more lipid-rich plaques
in DES in the early phase than BMS (65, and
factors such as smoking, kidney disease and
stent age identified as predictors of neoatheros-
cloerosis [6¢]. This difference in time-course of
neoatherosclerosis had been supported in a post-
mortem analysis — DES 420 days versus BMS
2160 days [60]. Neoatherosclerosis is likely to be
an important factor in late stent thrombosis and
OCT has been critical in this research area. To
speculate, this may have implications for ces-
sation of antiplatelet therapy, for example, for
perioperative management.

B Assessment of response to
pharmacotherapy: statins

The resolution of OCT had also been capital-
ized in assessing histological responses to phar-
macotherapy, such as statin therapy. Patients
who had been on prior statin therapy were
found to have reduced plaque ruptures [67],
and in longitudinal studies such ‘pacifying’
effects of statins were further demonstrated,
with a reduction in the inflammatory nature
of plaques, such as production of thicker
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TCFA and reduced total atheroma volume
(68.69]. Whilst such measures are surrogate end
points, these studies are important in further-
ing understanding of pharmacotherapy, and
OCT may be used in this manner for other
pharmacotherapy.

Gold standard in stent follow-up
Given the strut-level resolution available with
OCT (10-20 pm), it has quickly established
itself as the gold standard in stent trial follow-
up, particularly with reference to stent healing
and neointimal coverage. Multiple published
and ongoing studies have adopted the use of
OCT (e.g., ABSORB [70], LEADERS 711,
OCTAMI (727, ENDEAVOUR OCT [73]) to
assess for stent coverage and vascular response
to stent placement. OCT will allow comparative
data between different stent designs, polymers
and drug delivery systems. Its use was demon-
strated well in bioabsorbable stent trials [70,74],
as well as drug eluting balloon trials [75]. The
presence of endothelization (<15 pm), however,
cannot be determined by OCT [5354]. Further
technological advances may address this,
although the translation to clinical utility will
be some time yet.

One of the most pressing issues has been
the need for standardized definitions [7¢].
Definitions for malapposition and strut cover-
age are important. Two recent expert consensus
documents [23.24] provided some recommenda-
tions on such definitions as protruding and
embedded apposition, and OCT strut cover-
age. It is foreseeable that core lab image analysis
will eventually develop, as had been the case for
IVUS to ensure impartial, standardized, expert
analysis.

Potential application: defining a
clinical role

The application of OCT in the clinical arena
is yet to be defined. There is emerging, but far
from conclusive, data on its clinical use. Purely
seen as a tool to overcome limitations in 2D
luminogram, to define angiographic uncertain-
ties, the use of OCT appears to be intuitive.
Indeed, such use for IVUS has been advocated in
the American College of Cardiology/American
Heart Association guidelines, and it is foresee-
able that the same may happen in due course
for OCT.

A question often arises as to whether OCT is
ready to replace IVUS in routine clinical appli-
cations. In most situations, OCT is applicable
and possesses advantages over IVUS: speed,
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resolution, overall user-friendliness and less inter-
observer variability. Some have even managed to
overcome theoretical limitations, such as depth
of penetration, particularly in vein grafts and left
main lesions [77]. One area of limitation that will
be difficult, if not impossible, to overcome will
be true ostial lesions. This is particularly per-
tinent in left main interventions where the use
of intravascular imaging to optimize acute out-
comes may be best justified [78]. If a laboratory is
limited to acquire only one intravascular modal-
ity, the director and interventional cardiologist
must be aware of this.

The overriding question is whether OCT,
with all the exquisite beauty of its images, can
improve clinical outcomes. One observational
study remarkably suggested improved clini-
cal outcomes [79]. If OCT can indeed achieve
such lofty goals then its enthusiastic uptake
will be well justified and indeed the idea of
‘OCT-guided percutaneous coronary inter-
vention (PCI)’ may be a new paradigm. As yet
however, OCT should be viewed as purely a
research tool.

Several theoretical applications are being
actively investigated and observational data has
already surfaced. From a theoretical perspective,
in current practice, OCT information should
be used: to guide reference diameter and lesion
length [17); for plaque characterization proximal
and distal to the lesion, which may be used to
predict risk of stent edge dissection; and for
lesion characterization to guide strategy (e.g.,
calcified plaque — predilatation with a non-
compliant balloon or rotational atherectomy
lesion preparation; versus soft plaque — direct
stenting strategy). All of these remain specula-
tive and hypothesis generating — the next phase
of OCT clinical research will be exciting. For
now, the currently available published data will
be analyzed.

Assessment of lesions prior to
interventions

B Diagnostic uncertainty — overcoming
limitations with 2D luminology

Some case report experience had been published
using OCT to better define haziness, tortuos-
ity and calcification in coronary vessels [20].
One such use is exemplified in the diagnosis

of SCAD.

B Aiding decision-making

IVUS had previously been proposed as an
anatomical guide for coronary interventions,
based on minimal luminal area. This had been
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a controversial area, and recent data suggest a
revamping of the IVUS threshold for interven-
tions [80]. Several studies had applied this idea of
OCT to define correlation between IVUS and
fractional flow reserve (FFR) [81-83].

The idea of functional angioplasty may chal-
lenge the use of minimal luminal area (MLA)
data to guide PCI. Data from physiology or FFR
is particularly robust in prognostic implications
[84-86]. The decision that a lesion should be
revascularized should, one would hope, come
down to clinical acumen and adequate history-
taking, possibly with noninvasive functional
data. In the current era of appropriateness for
interventions, this may be particularly perti-
nent. FFR is an excellent on-table tool in the
absence of such data. The use of MLA, however,
benchmarked to FFR, would hence appear to be
a second best option. One suspects OCT may
be equally appropriate to IVUS as a surrogate
marker for FFR, if FFR was not available.

B Predicting adverse periprocedural
outcomes

In a similar fashion to using IVUS to gauge
degree of calcification to guide the need for
rotablation, a novel concept had been exam-
ined with OCT with regards to lipid content.
The first study to use OCT to predict potential
adverse outcomes demonstrated a correlation
between lipid arc in the culprit lesions and no-
reflow in patients presenting with non-STEMI
(87). The degree of preintervention lipid content
and plaque characteristics, such as TCFA [ss],
had been correlated with procedural outcomes,
such as coronary flow and biomarkers [89.90].

Application during PCI

B Assessment of immediate PCl
outcomes

Acute effects of stent placement were character-
ized well [91]. Not surprisingly, tissue prolapse and
dissection were better-appreciated than IVUS
[91,92]. This had been known since 2001 with
TD-OCT 193]. The relevance of such detailed
findings (Ficure 3), whilst gratifying to identify,
remains to be defined. One study suggests these
findings almost resolved completely at 6-month
follow-up [94]. In addition, the management of
such subtle and ubiquitous findings [91) (97.5%
of stents with tissue prolapse, 87.5% with intra-
stent dissection) is unclear and it is inconceiv-
able that additional treatment would be needed
in this situation. The clinical implications of
all of these findings require significant further
research.
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W Using OCT to optimize immediate
results

One of the most difficult lessons to reconcile
from IVUS had been the overall lack of clinical
benefit in using IVUS to guide PCI. A recent
meta-analysis of an IVUS-guided strategy of
PCI with BMS [95] failed to demonstrate reduc-
tion in death (2.4 vs 1.6%, p = 0.18) or even
myocardial infarction (3.6 vs 4.4%, p = 0.51).
Target vessel revascularization, however, was
significantly reduced with IVUS (13 vs 18%,
p < 0.001). With regards to DES, several
underpowered studies [96,97] failed to provide
conclusive evidence of improved restenosis rates
despite higher postdilatation rates and presum-
ably better stent expansion. Like IVUS, OCT
can be applied to assess PCI results (Ficure 3),
and some data had been published regarding
this. No impact on outcomes has yet been pub-
lished. One paper evaluated the utility of OCT
in optimizing acute procedure appearance in
unprotected left main stenting [77]. Only 69%
+ 20% of the stent inner area was suitable for
analysis. The limitations of the current itera-
tion of OCT technology were cited as a reason,
particularly given that the study was based on
TD-OCT. The clinical implications of using
OCT to optimize left main stenting remain to
be seen.

W Bifurcation lesion

OCT has been used to analyze bifurcation
lesions. One group demonstrated, by using
OCT to isolate a distal cell recrossing, that the
number of malapposed stent struts was signifi-
cantly lower than with angiography alone [98].
Such result was replicated with a 3D model [99].
These applications harvest the in vivo strength
of OCT, mimicking what had been learnt from
micro-CT, but the clinical implications of such
strategies remain to be defined.

Several observational studies assessed the
fate of side branch ostia, particularly the
outcomes of malapposed stent struts; one
suggested different neointimal hyperplasia
between different types of DES [100]; another
suggested impaired strut coverage on malap-
posed struts compared with apposed struts on
the same side branch stent [101]. This appears
to be more of an issue with DES than with
BMS [102].

Future development

The current iteration of FD-OCT has taken
several years to translate into widespread
clinical use since commercialization. Various
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Figure 3. Acute effects of coronary intervention and stent thrombosis.

(A) (left to right) Dissection after predilatation; immediate post stent placement
— fully apposed stent; malapposed stent struts (arrow); malapposed stent struts

with white thrombus (arrow). (B) (left to right) Tissue prolapse between

otherwise well-apposed stent struts; white thrombus distal to newly placed stent
in culprit lesion for an acute coronary syndrome; grossly malapposed stent struts

in a patient presenting with ST-elevated myocardial infarction due to stent

thrombosis.

refinements had already been developed and
applied to the current FD-OCT system, includ-
ing 3D reconstruction and automated interpre-
tation. Technically, the next iteration will allow
up to 100,000-200,000 axial scans, essentially
leading to quicker pullback speed and a longer
segment to be imaged. Even more interestingly,
micro-OCT [103] will provide an even higher
resolution, although there is currently little
clinical data. A cellular level of detail appears
interesting, but one suspects this may remain
in the research arena and be unlikely to have
a clinical impact in the foreseeable future.
Polarization-sensitive OCT [104] focuses on
the identification of collagen and is actively
investigated in other areas of medicine, such
as orthopedics.

Aside from technical advancements, sev-
eral pertinent issues will need to be addressed
going forward. Definitions for malapposition
and strut coverage are important. Two recent
expert consensus documents provided some
recommendations on such definitions as pro-
truding and embedded apposition, and OCT
strut coverage. A consensus on OCT measur-
able parameters and accuracy of measurements
is critical for the validity of multiple observa-
tional in vivo studies in the pipeline. As many
studies are forthcoming, fundamental ques-
tions on histological correlation have surfaced.
It is foreseeable that core lab image analysis
will eventually transpire as had been the case
for IVUS, to ensure impartial, standardized,
expert analysis.
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Perspectives on clinical use

The exquisite imagery available from OCT has
arguably opened a floodgate of findings previ-
ously not available. It is often the case that the
cardiologist wonders, “what does that mean?”.
This perhaps summarizes the current state of
OCT for clinical use: in the research setting,
OCT has become the gold standard for under-
standing 77 vivo pathology and has advanced
our understanding significantly on many dis-
ease processes. The incorporation of OCT in
the clinical arena is encouraging, but caution
should be exercised. Data on how the newly
gained information from OCT may translate
to improved diagnosis and outcome is eagerly
awaited. Maybe a sobering lesson can be taken
from the development of IVUS — an important
tool used for almost two decades. Its evidence-
based use has only been better formulated in
the recent past. Still, its use has yet to be associ-
ated with a statistically robust reduction in hard
end points such as mortality, apart from a small
subset of lesions.

Indeed, it is difficult to quantify how the use
of OCT has already enhanced interventional
practice. An angiographically ‘perfect’ PCI result
often appears less than so on OCT, and interven-
tional cardiologists experienced in OCT would
have learnt this from previous experience and
would perhaps frequently be more aggressive in
balloon and stent sizing. Robust double-blinded
randomized controlled studies on the clinical
benefits of OCT will be difficult to undertake.
Large-scale international registries, such as the
Massachusetts General Hospital, OCT registry,
coupled with rigorous follow-up to correlate with
clinical end points, may be the most important
mode of research going forward.

An expensive procedure with additional risks
but no impact on clinical outcomes will forever
be relegated as a research tool and, particularly
in the current economic environment, unaccept-
able from a cost-effective perspective. The next
phase of OCT research in cardiology — find-

ing an indication, formulating guidelines, using

OCT to improve outcomes — is perhaps the most
exciting in intravascular imaging research in the
foreseeable future. Investigators and clinicians
in this area are strongly encouraged to continue
to collaborate, share findings and participate
in multicenter registries, such that the answer
to the question, “what does that mean?”, may
be resoundingly answered in the future with
evidence-based outcome data.

Conclusion & future perspective

A decade has passed since the publication of the
in vivo characterization of atherosclerosis with
OCT, providing a ‘live microscope’ in human
coronary arteries. Significant research findings
have been published in areas such as plaque
characterization in a whole variety of clinical
scenarios and anecdoctal findings on OCT. This
light-based intravascular imaging modality is
now the gold standard for research applications.
Its use in the clinical arena had been enthusiasti-
cally adopted by OCT protagonists worldwide
and anecdotally appears very useful based on
observational data. Over the next few years, its
role in clinical applications will be defined, stan-
dardized definitions for lesion characterization
and stent analysis will be developed and widely
applied in the research arena. More information
will become available from observational data,
generated from its widespread use, and this will
enhance our understanding of atherosclerotic
disease, particularly that of vulnerable plaques.
It is hoped that OCT can avoid the pitfalls of
IVUS and data will demonstrate that its use
improves clinical outcomes.
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Commercially available Fourier domain-optical coherence tomography has been widely adopted as a clinical tool in many laboratories
around the world after a decade of basic research development.

Optical coherence tomography is now arguably a gold standard for intravascular imaging, having provided revolutionary insights in
atherosclerotic plaque characterization, stent assessment and follow-up, in the research arena.

Clinical scientists, however, should be aware of some of its limitations in plaque characterization.

Its value as a clinical tool remains to be defined. Preliminary data suggest usefulness as a diagnostic tool, and possibly the potential to
improve clinical outcomes.

The next decade will likely see further pathophysiology research, its dominance in stent follow-up in research, establishment of
guidelines and standardized definitions, and, hopefully, data on improved clinical outcomes in percutaneous coronary interventions.
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