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Optical coherence tomography (OCT) is an imaging 
technology used to evaluate the microstructure of cor-
onary arteries. The axial resolution of OCT is approxi-
mately 10–15 µm (ref.1), which is higher than that of 
intravascular ultrasonography (IVUS), meaning that 
OCT can characterize the superficial structure of the 
vessel wall in greater detail2,3. A consensus document 
dedicated to the methodology of OCT research was pub-
lished a decade ago4, and a huge number of cardiac OCT 
studies have since been published. Consequently, sub-
stantial advances have been made in our understanding 
of in vivo vascular biology, and the benefits of OCT in 
the management of coronary atherosclerosis have been 
established. Although the role of intravascular imaging 
in the management of patients has been described in 
several articles, this Review is the first comprehensive 
summary of the role of OCT as both a research tool and 
a clinical tool.

The utility of OCT depends on the correct acquisi-
tion and interpretation of images, as well as on knowl-
edge of the currently available evidence. In this Review, 
we summarize the state of the art in cardiac OCT and 
facilitate the uniform use of this modality in coronary 
atherosclerosis. The original draft of this Review — on 

optimal image acquisition, accurate image interpreta-
tion, the importance of OCT findings, the role of OCT 
in percutaneous coronary intervention (PCI) and the 
future development of this modality — was prepared 
at Massachusetts General Hospital (Boston, MA, USA). 
Contributions from OCT experts in other countries 
were incorporated, and the final document was circu-
lated to and endorsed by >100 experts in OCT world-
wide. We hope that this Review will be broadly used as 
a standard reference for future research and the clini-
cal application of cardiac OCT. At present, two major 
intracoronary optical-based imaging systems are com-
mercially available: OCT made by Abbott Vascular and 
optical frequency domain imaging (OFDI) made by 
Terumo. Given that image interpretation is identical 
between the two systems, the following descriptions of 
OCT also apply to OFDI.

Foundations of OCT imaging
Physical principles
OCT is a near-infrared, light-based imaging modality that 
generates high-resolution cross-sectional images of tissue 
microstructure1. The penetration depth depends on the 
tissue type and ranges from 0.1 mm to 2.0 mm, which 

Axial resolution
The minimum distance 
between two objects that can 
be resolved along the axial 
dimension.

Near-infrared
Light with wavelengths 
extending from 0.78 µm  
to 2.50 µm.

Cross-sectional images
The traditional mode for 
optical coherence tomography 
(OCT) images that displays a 
cross-section of the vessel with 
a circular shape.
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is less than that of IVUS (8.0–10.0 mm). The physical 
principles of OCT imaging are detailed in BOx 1, and 
OCT equipment is described in BOx 2.

Image acquisition
OCT should be used with caution in patients with a sin-
gle remaining patent vessel, markedly impaired renal 
function or a known allergy to contrast media. In lesions 
with near-complete or total occlusion of the artery, ante-
grade blood flow should be restored by pre-dilatation 
using an under-sized balloon or aspiration thrombec-
tomy before OCT examination, to allow the flushing 
media to clear blood adequately from the artery. If subin-
timal wiring is suspected in cases of chronic total occlu-
sion, OCT should not be performed because injection 
of flushing media can force the progression of coronary 
dissections. OCT catheters are sometimes unable to pass 
through severely narrowed, calcified or tortuous lesions 
or are unable to follow the guidewire in arteries such as 
the left circumflex with a sharp angle from the left main 
coronary artery. The use of a guide extension catheter 
might help to deliver the catheter into the left circumflex 
without prolapse.

If not contraindicated, image acquisition should be 
conducted after the administration of intracoronary 
nitroglycerin to minimize catheter-induced vasospasm, 
with appropriate attention to anticoagulation. OCT 
imaging catheters require careful purging with vis-
cous, undiluted contrast media to remove air or blood 
before the interrogation. The OCT imaging catheter is 
advanced into the distal coronary artery over a standard 
angioplasty guidewire (0.014 inches). Automated OCT 
pullback is performed either during manual contrast 
injection through the guiding catheter using a syringe 
or automatically using a power injector (typical flush rate 
4.0–5.5 ml/s for the left coronary artery and 3.0–4.0 ml/s 
for the right coronary artery at 300–400 psi).

Coaxial positioning of the guiding catheter into the 
coronary ostium is important to obtain optimal blood 
clearance. A ≥6-Fr diameter guiding catheter is reco-
mmended, but OCT imaging catheters also fit 5 Fr 
guiding catheters or 6 Fr guide extensions. A guiding 
catheter without side holes might facilitate blood clear-
ance. OCT acquisition can be performed through guide 
extension catheters, allowing improved target-vessel 
intubation, providing high-quality images for coronary 

ostial lesions and reducing the volume of contrast 
medium required.

Highly viscous contrast solutions provide superior 
results; therefore, iso-osmolar contrast media are used 
for flushing. In patients with impaired renal func-
tion, low-molecular-weight dextran, normal saline or 
diluted contrast media can be used as a substitute for 
iso-osmolar contrast media. Importantly, however, 
low-molecular-weight dextran can also cause renal 
 toxicity and should therefore be used with caution.

Safety data
In a prospective registry of 1,142 OCT procedures 
and 2,476 IVUS procedures, catheter-related compli-
cations were rare and the rate did not differ signifi-
cantly between the two modalities (0.6% versus 0.5%, 
respectively; P = 0.60)5. Complications were either 
self-limiting after retrieval of the imaging catheter or 
easily treatable in the catheterization laboratory. In 
this study, three cases of transient ST-segment eleva-
tion, two cases of bradycardia, one case of coronary 
artery spasm and one case of thrombus formation were 
observed, with no major adverse events, prolongation 
of hospital stay or permanent harm in patients who 
underwent OCT5.

Total contrast volume injected during a pullback 
should be minimized. In a retrospective study with a 
total of 4,467 OCT or OFDI pullbacks performed for 
unselected indications, ventricular fibrillation occurred 
in 31 pullbacks (0.7%)6. On multivariate analysis, con-
trast volume of the individual pullback was the only 
independent factor for predicting ventricular fibrilla-
tion, suggesting prolonged ischaemia as the probable 
cause. Contrast injection should be terminated as soon 
as imaging of the target segment has been completed. 
Given that OCT imaging necessitates the use of an addi-
tional contrast medium compared with IVUS, under-
standing the risk of acute kidney injury is important. 
In the OPINION trial7, the volume of contrast used in 
OCT-guided PCI was significantly greater than that 
used in IVUS-guided PCI (mean 164 ml versus 138 ml; 
P <0.001). No cases of contrast-induced nephropa-
thy, defined as an increase in serum creatinine level of 
0.5 mg/dl or a relative increase of 25% over baseline value 
within 72 h, were recorded for either modality7. In the 
ILUMIEN III trial8, a greater total contrast volume was 
also reported in OCT-guided PCI than in IVUS-guided 
PCI (median 222 ml versus 190 ml; P = 0.004). The 
DOCTORS study9 showed that the incidence of acute 
kidney injury, defined as an absolute increase in serum 
creatinine of 0.5 mg/dl from baseline, was only 1.6% 
with either OCT-guided or angiography-guided PCI 
in patients with acute coronary syndromes (ACS). Of 
note, patients with chronic kidney disease (estimated 
glomerular filtration rate <30 ml/min/1.73 m2 or serum 
creatinine level >1.5 mg/dl) were excluded from these 
studies. Therefore, although the available data indicate 
that the increased volume of contrast used in OCT is not 
clinically relevant in patients without chronic kidney dis-
ease, and the requirement for dialysis is extremely rare, 
preprocedural hydration should be considered before 
OCT-guided PCI as a precaution.

Key points

•	the appropriate use of optical coherence tomography (Oct) depends on the accurate 
interpretation and understanding of the clinical importance of Oct findings.

•	In vivo	diagnosis	of	plaque	erosion	with	OCT	could	lead	to	a	major	shift	in	the	
management	of	patients	with	acute	coronary	syndromes.

•	Detection	by	OCT	of	healed	coronary	plaque	is	important	for	understanding	 
the	mechanism	of	plaque	destabilization	and	healing	with	rapid	progression	of	
atherosclerosis.

•	Accurate	detection	by	OCT	of	findings	after	percutaneous	coronary	intervention	 
that	could	be	missed	by	angiography	has	the	potential	to	improve	clinical	outcomes.

•	OCT	has	become	an	essential	diagnostic	modality	for	patients	with	myocardial	
infarction	and	non-obstructive	coronary	arteries.

•	Insights	from	OCT	into	neoatherosclerosis	could	improve	our	understanding	of	the	
mechanisms	of	very	late	stent	thrombosis.

Penetration depth
The depth within a tissue or 
object at which an OCT image 
signal has been attenuated  
(via scattering or absorption)  
to a level indistinguishable 
from the background noise.
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Image display
Three modes are available for displaying OCT images 
— the traditional cross-sectional image (orthogonal to 
the vessel), the longitudinal (L-mode) view and 3D vis-
ualization (BOx 3). Contemporary OCT systems provide 
co-registration with angiography to allow cross-sectional 
OCT images to be matched with their position on 
angiograms, which facilitates plaque assessment and  
optimization of PCI.

Artefacts
The recognition of artefacts is crucial for the correct 
interpretation of images. Representative images of OCT 
artefacts are shown in fig. 1.

Guidewire. The guidewire blocks the OCT light beam 
and causes a shadow, so that tissue and stents behind 
the wire cannot be seen (fig. 1a). Removal of the guide-
wire before OCT image acquisition can be considered 
when visualization of the area blocked by the guidewire 
artefact is crucial. However, caution should be exercised 
with guidewire removal to avoid trapping the OCT cath-
eter or damaging the vessel wall, particularly in distal  
segments or heavily calcified or tortuous vessels.

Gas bubbles. Inside fluid-filled catheters, gas bubbles 
can be recognized as distinct focal bright regions and 
a diminished signal in the part of the OCT image in 
the path of the affected region of the catheter (fig. 1b). 
Gas bubbles can form inside the OCT catheter if the 

operator does not adequately flush the catheter before 
introduction into the guiding catheter. Gas bubbles can 
also appear in the lumen of the vessel, injected through 
the guiding catheter, causing the appearance of a bright 
outline of the bubble and a shadow on the OCT image 
behind the bubble.

Suboptimal vessel flushing. Amorphous bright features 
can be present in the OCT image when blood is inade-
quately cleared from the field of view because erythro-
cytes scatter light (fig. 1c). When mixed with optically 
transparent flushing media, blood can form many dif-
ferent patterns within the artery lumen. Blood can be 
confused with red thrombus or vessel wall dissections. 
Blood attenuates the OCT signal and can therefore 
prohibit adequate tissue characterization. Automatic 
detection of lumen, strut apposition and calcification is 
especially susceptible to blood artefact.

Thrombi. Red blood cells scatter light; therefore, when a 
red thrombus is positioned between the catheter and the 
arterial wall, a shadow will appear beyond the thrombus, 
diminishing the intensity of the signal from the arterial 
wall (fig. 1d). Shadow effects are greatest for thrombi 
positioned closest to the catheter.

Macrophages. Macrophage accumulations can create 
shadows in the image, potentially causing a plaque to 
appear to be a thin-cap fibroatheroma (TCFA) (fig. 1e).

Ghost lines. Appearing as circular features around the 
OCT catheter (fig. 1f), ghost lines are caused by light 
reflections from interfaces within the catheter or optical 
connections between the OCT instrument and catheter. 
These artefacts should be identified and not interpreted 
as the OCT catheter sheath. If ghost lines are misinter-
preted and used for calibration, measurements will be 
artefactually reduced.

Non-uniform rotational distortion. Variations in the 
rotation rate of the catheter torque cable and distal optics 
cause non-uniform rotational distortion, which appears 
as a blurring or smearing in the lateral (or rotational) 
direction (fig. 1g). Non-uniform rotational distortion is 
normally caused by mechanical rotational resistance in 
the catheter owing to either a tortuous or narrow vessel, 
a tight haemostatic valve, a crimped catheter sheath or a  
defective catheter.

Fold-over artefacts. When the vessel diameter is larger 
than the ranging depth, a portion of the vessel can 
appear to fold over in the OCT image (fig. 1h). Portions 
of the image that contain fold-over artefacts should not 
be interpreted.

Tangential signal dropout. When the catheter is 
located very near to the vessel wall, the optical beam 
can be directed almost parallel to the tissue surface. 
In these situations, the light beam is attenuated as it 
passes along the surface of the artery wall, which can 
appear signal-poor below the luminal surface (fig. 1i). 
This artefact is often confused with the appearance of 

Box 1 | Physical principles of OCT imaging

Optical	coherence	tomography	(OCT)	light	is	in	the	near-infrared	range	(wavelength	
0.78–2.50 µm),	typically	with	a	wavelength	of	approximately	1.3	µm,	which	is	not	 
visible	to	the	human	eye1. Oct measures the time delay of the light that is reflected or 
backscattered	from	tissue	and	collected	by	the	catheter,	using	a	technique	known	as	
interferometry1.	Light	from	the	OCT	system	is	split	so	that	half	travels	to	the	patient	
(sample	arm)	through	a	catheter	and	the	other	half	travels	a	predetermined	distance	
(reference arm). After being reflected from tissue and collected by the catheter, the  
difference	between	the	sample	arm	and	the	reference	arm	is	measured	by	a	detector.	
When	the	distances	that	the	sample	and	reference	arm	lights	have	travelled	are	roughly	
equivalent,	a	pattern	of	high	and	low	intensities	is	detected,	known	as	interference.	This	
interference pattern is analysed by the Oct system to determine the amount of back
scattering	as	a	function	of	delay	in	time	or	depth	within	the	tissue	(A-line).	A	cross- 
sectional Oct image is obtained by recording Alines as the beam is scanned across the 
sample	by	rotating	the	optics	in	the	catheter.	The	axial	range	over	which	an	OCT	image	
can be obtained is termed the ranging depth; this parameter is typically 4–6 mm. 
Penetration	depth	is	a	term	that	defines	how	deeply	within	tissue	that	OCT	image	data	
that are higher than background noise can be obtained. As the light passes through tis
sue, it is attenuated by scattering and absorption. the predominant form of attenuation 
encountered by Oct systems is scattering. Highly attenuating tissue, such as lipid, has a 
low	penetration	depth;	therefore,	OCT	does	not	visualize	as	deeply	in	lipid-containing	
plaques.	Other	tissues,	such	as	collagen	and	calcium,	have	lower	attenuation,	and	OCT	
can	visualize	deeper	into	these	tissues.	Therefore,	the	penetration	depth	in	arteries	
depends on tissue type and usually ranges from 0.1 mm to 2.0 mm using typical Oct 
nearinfrared light. Oct cannot image through blood because blood scatters the Oct 
light	before	it	reaches	the	artery	wall.	As	a	result,	in vivo	acquisition	of	intracoronary	
OCT	images	requires	the	displacement	of	blood	from	the	field	of	view	using	a	flushing	
medium.	OCT	images	are	acquired	using	a	spiral	scan	pattern,	analogous	to	intravascu
lar ultrasonography. the Oct optical components in the catheter are rapidly rotated  
to	acquire	cross-sectional	images,	while	simultaneously	pulling	back	to	volumetrically	
image	a	vessel	segment.	Rotation	and	pullback	interrogation	are	conducted	via	a	
motorized	proximal	unit.

L-mode
The longitudinal mode 
represents an OCT image along 
the longitudinal dimension at  
a particular rotational angle.

Co-registration
The process of registering two 
or more images so that they 
can be viewed and analysed 
together.
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TCFA, intimal disruption or superficial accumulation 
of macrophages.

Seam artefacts. When the catheter moves with respect 
to the vessel during single cross-sectional image acquisi-
tion, an axial discontinuity termed a seam artefact (fig. 1j) 
can appear at the location of the transition between the 
first and the last axial scans.

Beam divergence. When the imaging catheter is very 
near to or touching the arterial wall, the solid angle 
between the backscattered light and pupil of the imaging 
catheter is increased so that the OCT signal level can 
be relatively brighter than the light backscattered from 
tissue regions far from the catheter (fig. 1k). Alternatively, 
when the backscattered light originates from a position 
further than the beam focus, a larger spot size and 
smaller solid angle contribute to the reduced OCT  signal 
intensity.

Blooming. An increase in strut reflection thickness in the 
axial direction of OCT images (fig. 1l) causes the small, 
bright-line segment that represents the leading edge of 
a stent strut to appear thicker than normal, making it 
difficult to locate the true leading edge of the strut.

Saturation. When a high reflector is encountered by 
OCT light, it can be backscattered at too high an inten-
sity to be accurately detected, thereby causing saturation 
artefact (fig. 1m). Structures that exhibit high backscat-
tering commonly include the guidewire, the tissue sur-
face and metallic stent struts. Saturation artefacts appear 
as linear streaks of high and low intensities within the 
image along the axial direction.

Merry-go-round artefacts. Merry-go-round artefacts 
are small, bright-line segments representing stent struts 
that appear elongated in the lateral (rotational) direction 
(fig. 1n). Optical scattering in the lumen (primarily due 
to inadequate blood flushing) between the catheter and 
arterial wall can cause the light backscattered from stent 
struts to appear to originate from a wider arc length than 
the true strut length.

Sunflower artefacts. When the OCT catheter is located 
in an eccentric position in the vessel, metallic stent struts 
can appear to curve towards the OCT catheter (like flow-
ers growing towards the sun) (fig. 1o). This artefact can 
cause a well-apposed stent to appear malapposed in the 
vessel because incident OCT light reflects from only a 
small region of the edge of the strut (not the entire strut) 
back to the catheter.

Morphologies and measurements
Basic measurements
The reproducibility of OCT measurements is report-
edly high10–12. Meaningful measurements require 
good-quality images that contain no or minimal arte-
facts. Although OCT systems provide automatic lumen 
detection, manual correction is required, especially 
when the image quality is suboptimal. To make accurate 
measurements, the image should be correctly calib rated 
for the z-offset (slight variations in optical path length 
within the catheter, which can be adjusted using the 
catheter diameter within an image as a reference) and 
refractive index of the flushing medium. OCT systems 
also offer automated calibration but manual correction 
is sometimes required. Measurements can be inaccu rate 
when the OCT catheter is not coaxial with the vessel 
centreline. However, perfect coaxial alignment is diffi-
cult to achieve in the real world. Proximal or distal 
reference is defined as the site with the largest lumen 
proximal or distal to a stenosis but within the same 
segment (usually within 10 mm of the stenosis, with no 
major intervening branches)4, which might not be the 
site with the least plaque.

The definitions of basic measurements are as follows:
•	Arc: measured using the lumen centroid as the vertex.
•	Depth: the distance between the luminal border and 

the adluminal surface of the plaque feature.
•	Thickness: the thickest distance between the inner 

and outer border of the plaque component (valid only 
if the deep boundary can be identified).

•	Area: the cross-sectional area of the plaque com-
ponent (valid only if the deep boundary can be 
identified).

•	Volume: the sum of areas of each cross-section  
multiplied by the slice thickness over the segment of 
 interest (Simpson rule).

•	Cap thickness: the thickness of a cap present over 
calcium or lipid. Minimum fibrous cap thickness is 
conventionally measured three times at the thinnest 
point in magnified views, and the average value is 
calculated13. The location of minimum fibrous cap 
thickness is searched throughout the plaque by visual 
inspection. This approach involves the risk of selec-
tion bias with intraobserver and interobserver var-
iability. For increased objectivity, semi-automated 
assessment of cap thickness14 or 3D measurement of 
the surface area of the thin fibrous cap15 have been 
proposed.

•	 Lesion length: the distance between the proximal 
and distal reference. Length measurements can be 
obtained in OCT data sets that are acquired using 
automated pullback. The slice thickness (image spac-
ing) in millimetres is the pullback rate (millimetres 

Box 2 | OCT equipment

Two	types	of	optical	coherence	tomography	(OCT)	systems	are	available:	initial	
time-domain	OCT	and	newer,	higher	speed	frequency-domain	OCT	systems	(FD-OCT;	
also	known	as	swept-source	OCT	or	optical	frequency	domain	imaging	(OFDI))	(see	 
the	table).	Time-domain	OCT	was	first	reported	in	1997	(ref.149)	and	FD-OCT	in	2003	
(ref.150).	Only	FD-OCT	is	currently	being	used	for	coronary	evaluation.	Automated	pull
back	speeds	of	current	systems	are	18	or	36	mm/s	for	OCT	and	10,	20,	30	or	40	mm/s	for	
OFDI.	Interrogation	lengths	are	54	or	75	mm	for	OCT	and	up	to	150	mm	for	OFDI.

Parameter OCT OFDI

Basic technology Frequency domain Frequency domain

Size of catheter (Fr) 2.7 2.6

Pullback speed (mm/s) 18 or 36 10, 20, 30 or 40

Pullback length (mm) 54 or 75 Up to 150

Centre of wavelength (µm) 1.3 1.3

Axial resolution (µm) 10–15 <20

Backscattered light
The reflection of light back  
in the direction from which  
it came; usually a diffuse 
reflection due to scattering  
as opposed to specular 
reflection as from a mirror.

Leading edge
The first edge in an object 
that is encountered along  
a vector that is pointing  
away from the catheter;  
by contrast, the trailing edge 
is the last edge that is 
encountered.

Z-offset
Slight variations in optical 
path length within the 
catheter, which can be 
adjusted using the catheter 
diameter within an image  
as a reference.

Refractive index
A property of a material that 
governs the speed of light 
through that material.

Centroid
The arithmetic mean position 
of all the points in the figure; 
also known as the centre  
of mass.

Adluminal
Near or towards the lumen.

Pullback rate
The speed at which an OCT 
catheter is pulled back during 
imaging.
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per second) divided by the frame rate (per second). 
When the vessel is curved, length measurements for 
an object located far from the OCT catheter become 
inaccurate.

Vessel and plaque morphology
Given that OCT acquires multiple sequential images 
during pullback, confirming a finding in more than 
one frame helps to improve diagnostic confidence. The  
following image interpretations are widely accepted.

Normal vessel wall. The media of a normal vessel 
appears as a band of lower signal intensity relative to that 
of the intima and adventitia, providing a three-layered 
appearance (bright–dark–bright) (fig. 2a). The inter-
nal elastic membrane (IEM) is defined as the border 
between the intima and media, and the external elastic 
membrane (EEM) is defined as the border between the 
media and the adventitia. These membranes can be vis-
ualized as highly backscattering, thin structures. Intimal 
thickening occurs during the early phase of coronary 
atherosclerosis16 and is represented as a signal-rich, 

homogeneous, thick intimal band in OCT images 
(fig. 2b). The definition of intimal thickening is limited 
by the lack of an established cut-off value.

Atherosclerotic plaque. Atherosclerotic plaques are iden-
tified as a mass lesion (focal thickening) or by the loss of 
the layered structure of the vessel wall.

Fibrous plaque. Fibrous plaques are homogeneous, 
signal-rich (high-backscattering) regions (fig.  2c). 
Sometimes, the limited penetration depth of OCT 
precludes accurate detection of signal-poor regions 
located deep within the vessel wall, thereby limiting the  
assessment of lipid or calcium behind fibrous tissue.

Calcified plaque. Calcified plaques are signal-poor 
regions with sharply delineated borders and limited 
shadowing (fig. 2d). Light penetrates calcium; there-
fore, unlike IVUS, OCT can be used to quantify both 
the arc and thickness17 of calcification, providing it 
is not positioned at depth in direct contact with the 
adventitia and is not thicker than the penetration depth  

Box 3 | OCT image display techniques

Cross-sectional display
the crosssectional display is the traditional mode for optical coherence tomography (Oct) images and displays a 
cross-section	of	the	vessel	with	a	circular	shape.

L-mode display
the lmode display is a longitudinal section or longitudinal reconstruction of an Oct pullback data set at a particular 
rotational angle (see the figure, panel a).	The	plane	through	which	the	longitudinal	section	is	taken	should	intersect	the	
centre of the catheter. lesion length measurements can be made using lmode images because the frame rate and pull
back	speeds	are	known.	The	severity	of	stenosis	can	be	shown	on	an	L-mode	display.	However,	OCT	catheters	are	not	
always	coaxial	to	the	centre	of	mass	of	the	lumen	and	eccentric	lesions	are	common;	therefore,	L-mode	should	always	 
be	evaluated	with	reference	to	the	cross-sectional	lesions	because	apparent	stenoses	in	the	L-mode	view	can	be	under-
estimated	or	overestimated.	Care	should	be	taken	when	interpreting	L-mode	images	because	motion	artefacts	can	cause	 
the	appearance	of	repeated	structures,	the	disappearance	of	structures	or	oscillation	of	the	artery	wall	microstructure.	
L-mode	image	quality	also	depends	on	frame-to-frame	spacing,	which	affects	the	resolution	along	the	longitudinal	
dimension.	Importantly,	the	L-mode	view	can	provide	a	misleading	impression	of	the	minimum	lumen	area	location,	
depending	on	catheter	localization.

3D visualization
3D	visualization,	including	cutaway	or	flythrough	views	of	volume	renderings	(see	the	figure,	panels	b,c), has been used  
to	display	OCT	data	sets.	These	representations	include	multiple	frames	of	a	pullback,	rather	than	showing	only	one	
cross-sectional	image	at	a	time.	The	implementation	of	strut-detection	algorithms	enables	stent	structures	to	be	visual
ized	in	the	coronary	artery	in	relation	to	the	arterial	wall.	These	methods	of	visualization	are	advantageous	because	they	
can	efficiently	provide	an	overview	of	the	artery	wall	anatomy	and	elucidate	the	anatomy	of	bifurcations.	The	3D	view	
could	be	helpful	in	percutaneous	coronary	intervention	of	bifurcation	lesions	and,	in	particular,	in	the	assessment	of	
recrossing	a	guidewire	to	the	side	branch.	Of	note,	plaque	morphology	should	be	assessed	using	cross-sectional	OCT	
images	rather	than	with	3D	visualization.

a | lmode display. b	|	3D	cutaway	view.	c	|	3D	flythrough	view.	The	asterisks	indicate	a	side	branch.	The	arrows	indicate	the	
guidewire.	The	dagger	indicates	a	guiding	catheter.	Φ, diameter; AS, area stenosis; mlA, minimum lumen area.

a b c

Frame rate
The number of images 
captured per second.
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of light18. Calcification thickness can be measured only 
when both the leading and trailing edges are visible. 
Calcium deposit length is measured on the longitudi-
nal view. Calcium index is calculated as the product of 
calcium arc and calcium length19. In 2018, a novel cal-
cium scoring system was proposed for the prediction 
of stent underexpansion20. Two points are given for a 
maximum angle >180°, one point for maximum calcium 
thickness >0.5 mm and one point for calcium deposit 
length >5 mm. Lesions with a score of four points had 
poor stent expansion20. The European Association of 
PCI (EAPCI) expert consensus document on the clinical 

use of intracoronary imaging states that a calcium arc 
>180° and a calcium deposit thickness >0.5 mm are risk 
factors for stent underexpansion21. These measurements 
can have a bearing on how best to prepare a calcified 
lesion before stent implantation.

Lipid plaque. Lipid plaques are signal-poor regions with 
diffuse borders (lipid pool) and overlying signal-rich 
bands (fibrous caps), accompanied by high signal 
attenuation (fig. 2e). Histopathological validation stud-
ies show a good correlation between signal-poor OCT 
regions with diffuse borders and lipid pools on histology, 

a b c d
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Fig. 1 | Artefacts on optical coherence tomography. a | The guidewire (arrow) causes a shadow (asterisk). b | Gas bubbles 
in the catheter (arrow) cause a shadow (asterisk). c | Suboptimal vessel flushing leads to residual blood in the lumen (aster-
isk), hampering the assessment of the vessel. d | Thrombus (asterisk) casts a shadow, diminishing the intensity of the signal 
from the arterial wall. e | Macrophages mimicking thin-cap fibroatheroma (arrow). f | Ghost lines (arrow). g | Non-uniform 
rotational distortion (asterisk). h | Fold-over artefact (arrow). i | Tangential signal dropout; blue lines indicate the direction 
of light beams tangential to the tissue that appears to have an artefactual light dropout. j | Seam artefact (arrow).  
k | Beam divergence; the tissue near the catheter is very bright, whereas the rest of the area is dimmer; the brighter  
region (9 o’clock) has a higher resolution than the dimmer area (3 o’clock). l | Blooming; stent struts (arrows) appear  
thicker than they actually are. m | Saturation; a high signal intensity artefact (arrows) extends along the axial dimension.  
n | Merry-go-round artefact; artefactual stretching in the lateral (rotational) direction of stent struts (arrows) resulting from 
scatters in the lumen such as residual blood, clots and neointima. o | Sunflower artefact can cause a well-apposed stent 
to appear malapposed in a vessel (white circles).

Attenuation
Loss of light due to scattering 
and/or absorption by flushing 
media, blood or tissue that 
results in a weaker OCT signal.
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corresponding to either a necrotic core or a region within 
pathological intimal thickening that contains extracellu-
lar lipid, proteoglycans or both3,22. Owing to the limited 
penetration depth of OCT in lipid-containing tissues, 
OCT cannot be used to measure the thickness, area or 
volume of lipids. Instead, the circumferential arc is used 
to semi-quantify lipids. Lipid-rich plaque is defined as 
plaque that has a lipid arc of >90° (ref.23). Lipid deposit 
length is measured on the longitudinal view. Lipid index 
is calculated as the product of the mean lipid arc and the 
lipid deposit length24.

Thin-cap fibroatheroma. TCFA is defined as a lipid 
plaque in which the minimum thickness of the fibrous 
cap is less than a predetermined threshold, and lipid 
occupies >90° in circumference (fig. 2f). The most fre-
quently adopted cut-off value for minimal cap thickness 
is 65 µm, derived from histology studies25. However, cau-
tion should be taken when this cut-off value is applied 
directly to OCT because tissue shrinkage can occur dur-
ing histopathological tissue processing and only samples 
from patients who died were assessed. Therefore, the 
true minimum fibrous cap thickness that can predis-
pose plaques to rupture could be >65 µm, and a cut-off 
thickness of 80 µm is sometimes used26. Semi-automated 
assessment of cap thickness14 and 3D measurement of 
the surface area of the fibrous cap15 have been reported. 
Tangential signal dropout (fig. 1i) and macrophages 
(fig. 1e) can falsely create the appearance of a TCFA.

Macrophages. Macrophages are inflammatory cells that 
can be located in the fibrous tissue covering a lipid plaque 
and occasionally in fibrous plaque. Macrophages appear 
in OCT images as signal-rich, distinct or confluent 
punctate regions that exceed the intensity of background 
speckle noise27 (fig. 3a). Owing to their high backscattering 
and attenuation characteristics, macrophages cast a dark 
shadow behind their aggregates. Macrophages frequently 
cluster together, forming a band of highly reflective tis-
sue, which can cause a plaque to appear to be a TCFA 
(fig. 1e). The strong attenuating properties of macro phage 
aggregates cause the casting of a laterally sharp shadow 
and a rapid change in appearance from frame to frame. 
These typical characteristics help to differentiate a band 
of macrophages overlying a fibroatheroma from a true 
TCFA. A detailed classification of macrophages into lines 
or dots has been reported28. Quantification of macro-
phages has been attempted using a parameter termed 
the normalized standard deviation27. Semi-quantification 
(grade 0–4) has also been reported29. Importantly, rig-
orous histological validation of  macrophages on OCT 
imaging has not yet been reported.

Microvessels. With increasing plaque size, nurtur-
ing vessels known as microvessels (or microchannels) 
gradually develop. Microvessels promote the influx of 
lipids and inflammatory or red blood cells into coro-
nary plaques30. Microvessels in the intima can appear in 
OCT images as signal-poor voids that are sharply delin-
eated and can usually be followed in multiple contigu-
ous frames31 (fig. 3b). A cut-off diameter of 50–300 µm 
and a requirement for the extension to be present in at 
least three consecutive frames are sometimes adopted 
to define microvessels31. As microvessels communicate 
with the periadventitial vasculature and eventually with 
the lumen of the coronary artery, their blood content 
is flushed during an OCT pullback. To discriminate 
between larger microvessels and small side branches, an 
inspection of adjacent frames is helpful. The accuracy 
of microvessel detection decreases in lipid-rich plaques, 
in which the penetration of OCT light is hampered. 
Whether microvessels communicate with the luminal 
surface or emanate from the vasa vasorum has not been 
established. Detection and quantification of adventi-
tial vasa vasorum have been attempted32,33, but further  
studies are required to explore this issue.

Cholesterol crystals. Cholesterol expands in volume 
when crystallizing from a liquid to a solid state and can 
cause plaque volume expansion34. Both ex vivo human 
studies and animal studies suggest that sharp-tipped 
cholesterol crystals can perforate the fibrous cap35. 
Cholesterol crystals appear in OCT images as thin, lin-
ear regions of high intensity, usually in proximity to a 
lipid-rich plaque (fig. 3c). In histology studies, the sensi-
tivity of OCT for detecting cholesterol crystals has been 
reported to be 68%36 and 26%37, even after a modifica-
tion to the definition of cholesterol crystals in the latter 
study37. Of note, some cholesterol crystals identified in 
histology are not visualized by OCT, particularly when 
cholesterol crystals are aligned tangentially to the OCT 
light beam.

a b c
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Fig. 2 | Optical coherence tomography images of normal vessel and atherosclerotic 
plaques. a | Normal vessel wall is characterized by a three-layered architecture compris-
ing a high-backscattering, thin intima (i), a low-backscattering media (m), a high- 
backscattering adventitia (a), an internal elastic membrane as the border between the 
intima and media (blue arrow), and an external elastic membrane as the border between 
the media and the adventitia (yellow arrow). b | Intimal thickening occurs during the 
early phase of atherosclerosis in the coronary artery, which is represented as a 
signal-rich, thick intimal band (double-headed arrow). c | Fibrous plaque appears as 
homogeneous, signal-rich (highly backscattering) regions (asterisk). d | Calcified plaque 
appears as signal-poor regions with sharply delineated borders and limited shadowing 
(asterisk). e | Lipid-rich plaque appears as signal-poor regions (asterisk) with diffuse bor-
ders and overlying signal-rich bands (double-headed arrow). f | Thin-cap fibroatheroma 
is a lipid-rich plaque in which the minimum thickness of the fibrous cap (arrows) is less 
than a predetermined threshold, and the lipid deposit occupies >90° in circumference.

Speckle
The grainy pattern that 
appears in OCT images 
because of the interference  
of waves with random phase.
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Thrombi. Destabilization of plaque leading to subsequent 
thrombotic occlusion of the coronary artery accounts 
for the majority of ACS. On OCT images, a thrombus 
appears as a protruding mass attached to the luminal sur-
face or floating within the lumen. OCT can discriminate 
between two types of thrombi: red (erythrocyte-rich) 
thrombi (fig. 3d), which are highly backscattering and 
have high attenuation (resembling blood), and white 
(platelet-rich) thrombi (fig. 3e), which are less backscat-
tering, homogeneous and have lower attenuation. Given 
that red blood cells reflect light, red thrombi typically 
shadow or obscure underlying structures, whereas plate-
let thrombi do not. Spontaneous recanalized coronary 
thrombi can appear as signal-rich, high-backscattering 
septa dividing the lumen into multiple small cavities 
with smooth inner borders, known as a ‘honeycomb’ 
appearance38,39. However, this finding requires histolog-
ical validation. The thrombus score is calculated by sum-
ming the number of involved quadrants (0, 1, 2, 3 or 4)  
in each cross-sectional image through the longitudinal 
length of the thrombus40. The thrombus area is measured 
by tracing outlines of the thrombus on cross-sectional 
images. The thrombus volume is calculated by mean 
thrombus area multiplied by thrombus length41.

Layered plaque. Pathology studies have shown that 
atherosclerotic plaques can destabilize without clinical 
consequences42,43. Whether ACS develops after disrup-
tion of a plaque depends on the severity of stenosis and 
the balance between systemic or local thrombogenic-
ity and endogenous antithrombotic and thrombolytic 

mechanisms. Over the course of days or weeks, a silently 
developed thrombus becomes organized, with connec-
tive tissue deposition of, predominantly, proteoglycans 
and type III collagen44,45. During the healing process, 
type III collagen is gradually replaced by type I collagen, 
which appears as a band of high-backscattering signal on 
OCT images44,45. In a histological validation study, excel-
lent agreement was reported between healed plaques 
on pathology and layered plaques on OCT images46. 
Layered plaque is defined as plaque with one or more 
layers of different optical densities and a clear demarca-
tion from underlying components44 (fig. 3f). Serial OCT 
assessments in large and well-characterized study pop-
ulations are required to better understand the process of 
plaque destabilization and healing.

Intraplaque haemorrhage. OCT has not been validated 
for the diagnosis of intraplaque haemorrhage. Only two 
case reports have been published so far, in which OCT 
images showed a clearly bordered, crescent-shaped, 
low-signal region47,48. Histological validation studies are 
required for this finding.

Aneurysms. Defining aneurysmal or ectatic coronary 
segments angiographically can be challenging, especially 
because most recognized definitions require compari-
son against a ‘normal’ vessel segment. Therefore, when 
uncertainty exists, intravascular imaging can be used to 
clarify the underlying vessel morphology. In aneurysms 
exceeding a diameter of ~5 mm, IVUS is the preferred 
imaging modality owing to its depth of penetration, 
facilitating the evaluation of large vessel dimensions.  
A true aneurysm is a lesion that includes three layers of 
the vessel wall, with an EEM and lumen area >50% larger 
than the proximal reference segment. Pseudoaneurysm 
is identified by disruption of the EEM, usually observed 
after an intervention. OCT can also be used for the evalu-
ation of coronary aneurysms, although constraints 
relating to the limited ranging depth of OCT should 
be considered because the catheter tends to have an  
eccentric position within the lumen.

Transplantation vasculopathy. Cardiac allograft vas-
culopathy (CAV) is a leading cause of long-term death 
after heart transplantation. Intravascular imaging can 
be used to understand the pathophysiology of CAV and 
help to manage patients49. Early CAV takes the form 
of diffuse intimal thickening, whereas atherosclerotic 
changes develop later. OCT, with its capacity to detect 
early intimal changes, is the modality of choice to diag-
nose and monitor the progression of CAV. Cassar et al. 
reported the development of atherosclerosis with vul-
nerable plaque and complex coronary lesions in cardiac 
allografts50. When compared with native atheroscle-
rosis, CAV was found to be associated with previous 
high-grade cellular rejection, and with homogeneous 
coronary lesions that had increased intimal thickening 
and macrophage infiltration51,52. The presence of many 
microvessels has also been observed52,53. Homogeneous, 
signal-rich tissue in a layered pattern is a frequent find-
ing in CAV and has been reported to be a predictor of 
CAV progression54,55.
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Fig. 3 | Qualitative findings from optical coherence tomography. a | Macrophages are 
seen as signal-rich, distinct or confluent punctate regions that exceed the intensity of 
background speckle noise and cast a dark shadow (arrows). b | Microvessels within the 
intima can appear as signal-poor voids that are sharply delineated and can usually be 
followed in multiple contiguous frames (white oval). c | Cholesterol crystals appear as 
thin, linear regions of high intensity (arrow), usually in proximity to a lipid-rich plaque.  
d | A thrombus is seen as an irregular mass protruding into the lumen; red thrombus is 
seen as a high-backscattering protrusion with signal-free shadowing, which diminishes 
the signal intensity originating from the arterial wall (asterisk). e | White thrombus is  
seen as a signal-rich, homogeneous backscattering projection, which does not obscure 
the vessel (asterisk). f | Layered plaque; the double-headed arrow indicates a layer of 
different optical densities.
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Lumen measurements
When the lumen has been traced, the following lumen 
measurements can be made:
•	 Lumen area: the area bounded by the luminal border.
•	Minimum lumen diameter: the shortest diameter 

through the centre of mass of the lumen.
•	Maximum lumen diameter: the longest diameter 

through the centre of mass of the lumen.
•	 Lumen eccentricity: the (maximum lumen diameter 

minus the minimum lumen diameter) divided by the 
maximum lumen diameter.

•	Minimum lumen area: the smallest lumen area along 
the length of the target lesion.

•	 Percent area stenosis: the (reference lumen area 
minus the minimum lumen area) divided by the ref-
erence lumen area, multiplied by 100. The reference 
segment used should be specified (proximal, distal, 
largest or average).

IEM measurements
For plaques in which the IEM can be identified, area 
and diameter can be measured for the IEM. In the pres-
ence of a large plaque burden or lipid deposit, OCT 
cannot visualize the entire circumference of the IEM. 
Consequently, the following IEM measurements can be  
made only for those plaques in which the IEM can  
be identified for ≥180°:
•	 Plaque area: the cross-sectional area of the IEM 

minus the cross-sectional area of the lumen.
•	Maximum plaque thickness: the longest distance 

from the intimal leading edge to the IEM along any 
line passing through the centre of mass of the lumen.

•	Minimum plaque thickness: the shortest distance 
from the intimal leading edge to the IEM along any 
line passing through the centre of mass of the lumen.

•	 Plaque eccentricity: the (maximum plaque thickness 
minus the minimum plaque thickness) divided by the 
maximum plaque thickness.

•	 Plaque burden: plaque area divided by the 
cross-sectional area of the IEM.

•	Remodelling: the cross-sectional area of the lesion 
IEM divided by the cross-sectional area of the  
reference IEM.

These measurements can also be applied to the 
EEM. An attenuation compensation technique, a post-
processing methodology to enhance the EEM, has been 
reported56,57.

OCT for specific investigations
Mechanisms of ACS
OCT can accurately assess vessel and lumen geometry 
and identify the hallmark of a culprit lesion, including 
plaque disruption and thrombus. An improved under-
standing of the mechanisms of ACS has the potential 
to change the management of a subset of patients with 
ACS. figure 4 shows a flow chart of a possible treatment 
algorithm for patients with ACS based on the assess-
ment of microstructures by OCT. Importantly, however, 
many important steps lack evidence from randomized 
controlled trials and are potential avenues for future 
research. Conservative management without stenting 
for patients with plaque erosion is suggested only in 
proof-of-concept studies24–27.

Plaque rupture. Plaque rupture can be identified by a 
disrupted fibrous cap, with communication between the 
lumen and the inner core of the plaque58 (fig. 5a). When 
injected with optically transparent contrast media, 
the disruption can appear as a hollow cavity. Thrombi 

Patients presenting with ACS

Angiography

OCT

Plaque erosion

Medical therapy
Medical therapy

Plaque rupture

PCI

Calcified plaque SCAD Embolization Intraplaque 
haemorrhage

No culprit 
detected

Lack of evidence:
Histology validation for in vivo 
classification of calcified plaque

Lack of 
evidence:
Optimal 
therapy for 
calcified  
plaque-related 
ACS

Lack of evidence:
Optimal therapy for 
SCAD, embolization and 
intraplaque haemorrhage

Lack of evidence:
Randomized 
studies evaluating 
the benefit of 
conservative 
therapy for plaque 
erosion

Lack of evidence:
Superiority of OCT-guided 
PCI over IVUS-guided PCI 
on clinical outcomes

Lack of evidence:
Histology validation for the diagnosis 
of intraplaque haemorrhage by OCT

Diameter
stenosis

<70%

Diameter
stenosis ≥70%

Ongoing ischaemia No ongoing ischaemia

Fig. 4 | Possible treatment algorithm for patients with ACS based on the assessment of microstructures by OCT. 
Note that some important steps lack evidence from randomized controlled trials. ACS, acute coronary syndromes;  
IVUS, intravascular ultrasonography; OCT, optical coherence tomography; PCI, percutaneous coronary intervention; 
SCAD, spontaneous coronary artery dissection.
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are often found overlying the ruptured cap; however, 
thrombi can be absent at the site of an old plaque rup-
ture or with acute rupture treated with antithrombotic or 
thrombolytic therapies. The presence of a large, luminal 
red thrombus obscures the underlying component, ren-
dering a reliable diagnosis of plaque rupture difficult. 
Assessing contiguous frames, rather than a single frame, 
helps to differentiate between plaque rupture and other 
components such as side branches and artefacts.

Plaque erosion. Plaque erosion is the mechanism under-
lying 25–60% of ACS59–61. The pathology definition of 
plaque erosion is endothelial denudation with thrombo-
sis, without evidence of plaque rupture58. The detection 
of an endothelial monolayer (1–5 μm) is below the reso-
lution of the current OCT systems; therefore, plaque ero-
sion remains a diagnosis of exclusion in vivo. Moreover, 
no diagnostic method is currently available to identify 
plaque that is likely to develop superficial endothelial 
denudation and occlusive thrombus formation.

In the algorithm developed for the classification of 
culprit plaques in patients with ACS62, definite erosion 
was defined by the presence of attached thrombus over-
lying an intact and visualized plaque (fig. 5b). Probable 
erosion was defined by luminal surface irregularity at 
the culprit lesion in the absence of thrombus (fig. 5c) or 
attenuation of underlying plaque by thrombus without 
superficial lipid deposition or calcification immediately 
proximal or distal to the site of thrombus. An algo-
rithm for the diagnosis of plaque erosion is presented 
in Supplementary Figure 1. As these criteria lack the 

precision of the pathology definition of erosion, some 
studies refer to this entity as an intact fibrous cap63. 
Plaque erosion is predominantly accompanied by white 
rather than red thrombi. When a large red thrombus 
is present, which attenuates the OCT light, the diag-
nosis of plaque erosion becomes less definite because 
plaque rup ture cannot be excluded. Identification 
of plaque eros ion can facilitate the tailoring of treat-
ment. Proof-of-concept studies have demonstrated 
that plaque erosion associated with a residual diameter 
stenosis <70% can be treated with antithrombotic ther-
apy without stenting64–67. Large randomized controlled  
studies are needed to explore this concept further.

Eruptive calcified nodule. An eruptive calcified nodule is 
characterized by an underlying heavily calcified plaque 
with a distinct nodular mass of calcium that protrudes 
into the lumen and causes dysfunction or loss of the 
overlying endothelial cells68. Eruptive calcified nodules 
appear in OCT images as single or multiple regions of 
calcium that protrude into the lumen with fibrous cap 
disruption, frequently forming sharp, protruding edges, 
and the presence of substantive calcium proximal or dis-
tal to the lesion18 (fig. 5d). The attenuation of OCT light 
from protruding calcium conceals deeper structures, 
rendering differentiation from red thrombus difficult. 
Eruptive calcified nodules are typically found in elderly 
individuals or patients undergoing kidney dialysis, with 
heavily calcified vessels at hinge points. Eruptive cal-
cified nodules are associated with an increased rate of 
target-vessel failure after PCI, highlighting the complex 
nature of this lesion69. A system of in vivo classification 
for calcific plaque-related ACS has been proposed70, 
which includes eruptive calcified nodules, superficial 
calcific sheets (Supplementary Figure 2a) and calcified 
protrusions (Supplementary Figure 2b). In this study,  
a superficial calcific sheet, which was frequently located in 
the left anterior descending coronary artery, was the most  
prevalent type of lesion and was associated with the 
highest levels of post-PCI myocardial damage. However, 
this classification system has not been histologically 
validated.

Spontaneous coronary artery dissection. Spontaneous 
coronary artery dissection (SCAD) is an underdiag-
nosed condition that frequently affects middle-aged 
women without cardiovascular risk factors and can cause 
myocardial infarction and cardiac death71. The hallmark 
appearance of SCAD in OCT images is an accumulation 
of blood or flushing media within the medial space, dis-
placing the IEM inwards and EEM outwards (intramu-
ral haematoma), with or without communication with 
the lumen (intimal tear) (fig. 5e). Overlying thrombi 
are rarely observed in SCAD. OCT can provide greater 
diagnostic clarity than IVUS in assessing the distinc-
tive features of intramural haematoma and intimal tear. 
However, the instrumentation and injection of contrast 
media into a dissected vessel carries the risk of propa-
gation of dissection and vessel closure. Therefore, OCT 
imaging should be reserved for patients in whom diag-
nostic uncertainty persists, particularly angiographic 
SCAD types 3 and 4 (ref.72).
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Fig. 5 | Optical coherence tomography images of culprit lesions in patients with 
acute coronary syndromes. a | Plaque rupture is characterized by the presence of 
fibrous cap discontinuity with a cavity formation (asterisk) within the plaque. b | Definite 
plaque erosion is characterized by the presence of attached thrombus (arrows) overlying 
an intact and visualized plaque. c | Probable plaque erosion is characterized by luminal 
surface irregularity (arrows) at the culprit lesion in the absence of thrombus. d | An erup-
tive calcified nodule appears as single or multiple regions of calcium that protrude into 
the lumen, with fibrous cap disruption frequently forming sharp, protruding edges,  
and the presence of substantive calcium proximal and/or distal to the lesion (asterisk).  
e | Spontaneous coronary artery dissection is seen as a separation of the intima and media 
from the adventitia (intramural haematoma) (asterisk), with or without communication 
with the vessel lumen (intimal tear).
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Myocardial infarction with non-obstructive coronary 
arteries. Myocardial infarction with non-obstructive 
coronary arteries (MINOCA) accounts for 6–15% of 
cases of spontaneous myocardial infarction and fre-
quently affects women73. The pathogenesis of MINOCA 
is varied and includes vascular aetiologies, such as plaque 
rupture, erosion, vasospasm and embolization, SCAD or 
microvascular disease, for which findings are often angi-
ographically inapparent. Incomplete understanding of 
the mechanisms of ACS leads to variable use of diagnos-
tic testing and medical therapies for secondary preven-
tion, with high costs and reduced efficacy. In the absence 
of clinically significant obstructive lesions on angio-
graphy, physicians should consider non-atherosclerotic 
aetiologies, particularly if patients present with atypi-
cal symptoms or unusual demographic or clinical risk 
profiles. OCT is an invaluable tool to detect athero-
sclerotic plaque disruption or non-atherosclerotic 
arterial pathology74,75. In the management of patients 
with MINOCA, targeted therapies based on underlying 
pathology identified by OCT, such as lipid-lowering ther-
apy and potent antiplatelet therapy for atherosclerotic  
plaque disruption, are recommended73.

Detection of vulnerable plaque
Detection of vulnerable plaque has been one of the main 
focuses of OCT research and can help to identify patients 
who will benefit from pre-emptive local treatment or 
aggressive preventative therapies such as PCSK9 inhib-
itors or anti-inflammatory therapies. In a retrospective 
study of OCT in 1,474 patients undergoing PCI, those 
with lipid-rich plaque had a higher incidence of major 
adverse cardiac events at 2 years than those without 
lipid-rich plaque (HR 2.06, 95% CI 1.05–4.04, P = 0.036)76. 
However, repeat revascularization was the main driver of 
the primary end point of this study rather than cardiac 
death or myocardial infarction. In a post hoc analysis of 
this study, 174 TCFAs were identified and, among these, 
only 2 (1.1%) caused acute myocardial infarction during 
the 2-year follow-up77. The prospective CLIMA study78 
expanded the OCT-derived information, pursuing as a 
new goal the identification of simultaneous metrics of 
vulnerability. Four criteria (thin fibrous cap, large lipid 
arc, small lumen area and presence of OCT-detected 
macrophages) identified patients at risk of hard clinical 
events, including cardiac death or myocardial infarction78. 
In an observational study, non-culprit plaques character-
ized by OCT as both lipid-rich and TCFA were associated 
with an increased risk of subsequent ACS at the lesion 
level79. Data to support the use of interventional therapies 
for vulnerable plaques are currently absent. Studies test-
ing the potential value of detecting vulnerable plaque as 
well as studies on the natural history of vulnerable plaque 
are warranted before the routine use of OCT imaging in 
this context can be recommended.

Serial OCT examination
Atherosclerosis was traditionally thought to be a dis-
ease of insidious onset and slow progress secondary to 
smooth muscle cell proliferation80. However, this con-
cept has been challenged by the alternative paradigm of 
rapid, stepwise plaque progression81. This sudden change 

in the arterial lumen occurs when a mural thrombus 
is organized after destabilization of a plaque or by the 
sudden expansion of a plaque secondary to intraplaque 
haemorrhage. Plaque morphology changes dynamically, 
which could invalidate the use of OCT assessment at 
any single time point to predict future events. OCT can 
characterize microstructural details of the coronary wall 
and can therefore be used to evaluate the progression 
or regression of atheroma features such as plaque width 
and length, cap thickness, and macrophage and lumen 
area. Longitudinal studies (baseline versus follow-up) 
can be used to evaluate the progression or regression 
of coronary atherosclerosis and the response to medical 
treatment or stent implantation.

Serial images are co-registered using landmarks 
such as side branches, calcification, coronary ostia and 
stent edges. After co-registration, the plaques or stents 
are compared using qualitative or quantitative meas-
urements. To achieve consistency across serial exami-
nations, care should be taken to ensure optimal image 
quality and the use of the same OCT system, pullback 
speed and flushing medium. Given that OCT is an inva-
sive procedure, it cannot be used as a screening tool, and 
clear justification is needed to perform serial OCT imag-
ing. OCT cannot assess progression or regression of the 
atheroma thickness, area or volume when the EEM can-
not be identified. Combining OCT with other imaging 
modalities, such as IVUS or near-infrared spectroscopy 
(NIRS), could help to characterize the plaque and obtain 
information on deep lesion components.

In a study of OCT findings of non-clinically signif-
icant coronary plaques that subsequently progressed 
at 6–9-month follow-up, OCT-defined TCFA and 
microvessels were associated with plaque progression82. 
Yamamoto et al. compared OCT findings at baseline and 
at 8-month follow-up and reported that OCT-defined 
layered patterns (indicative of clinically silent plaque 
rupture and healing) were involved in subsequent 
plaque progression83. In a study of serial observations of  
517 lesions in 248 patients, OCT-defined lipid-rich 
plaque, TCFA and layered plaque were predictors of sub-
sequent angiographic progression identified by angio-
graphy at 7-month follow-up84. Prospective OCT studies 
are warranted to better understand the mechanism of 
atheroma progression and regression.

Studies with PCSK9 inhibitors
An IVUS study demonstrated that PCSK9 inhibitors 
in combination with statins produce regression of cor-
onary atherosclerosis, with the benefit proportional to 
the extent of LDL-cholesterol lowering85. OCT allows 
characterization of the plaque surface and individual 
components of the atheroma. Although OCT stud-
ies have demonstrated that statin therapy alone can 
increase fibrous cap thickness in patients with coro-
nary artery disease29,86, the effect of PCSK9 inhibition 
on plaque phenotype has not been clarified. An obser-
vational study demonstrated early increases in fibrous 
cap thickness and a reduction in lipid arc in patients 
treated with the combination of a statin and a PCSK9 
inhibitor after ACS87. The prospective HUYGENS trial88 
(NCT03570697), which was completed in 2021, was 
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designed to assess whether PCSK9 inhibition in addition 
to statin therapy favourably modifies coronary plaque 
phenotype.

OCT for optimization of PCI
OCT provides information that can be used to optimize 
stent implantation and minimize stent-related compli-
cations. In the non-randomized ILUMIEN I study89, 
pre-stent OCT imaging changed the PCI strategy more 
frequently than with imaging performed after stent 
implantation (57% versus 27%, respectively). The size 
and length of the balloon and stent are decided on the 
basis of pre-PCI OCT measurements, which are more 
accurate than those obtained by quantitative coronary 
angiography. Plaque morphology should be assessed 
before treatment to guide lesion preparation and stent 
selection. For heavily calcified lesions, a debulking tech-
nique (such as atherectomy or intravascular lithotripsy) 
can be considered for better lesion preparation and to 
avoid underexpansion. OCT is valuable to confirm cal-
cium fracture, which is associated with improved stent 
expansion90. When pre-dilatation or debulking has been 
performed, OCT imaging should be repeated to confirm 
sufficient lesion preparation and optimize stent size.

A normal segment of vessel (or near-normal seg-
ment in the case of a diffusely diseased artery) closest 
to the target lesion can be used as a landing zone for 
the stent. Given that the presence of lipid-rich plaque 
in the landing zone is associated with an increased risk 
of periprocedural myocardial infarction91 and stent 
edge restenosis92, landing in a lipid-rich area should 
be avoided. In the EAPCI document, the use of the 
mean distal lumen diameter with rounding-up the stent 
diameter (for example, 3.76 mm rounded to 4.00 mm) 
or the mean EEM (two orthogonal measurements) 
with rounding-down the stent diameter (for example, 
3.76 mm rounded to 3.50 mm) is proposed21. Practical 
strategies for OCT-based optimization of PCI are 
detailed in the EAPCI document21.

PCI-related findings
Basic stent measurements. Given that metal stent struts 
are opaque to light, only the luminal (leading) surface 
of individual struts is visualized by OCT. The following 
stent measurements can be made:
•	 Stent area: the area bounded by the stent border.
•	Minimum stent diameter: the shortest diameter 

through the centre point of the stent.

•	Maximum stent diameter: the longest diameter 
through the centre point of the stent.

•	 Stent eccentricity: the (maximum stent diameter 
minus the minimum stent diameter) divided by the 
maximum stent diameter in a cross-sectional image.

•	Neointima burden: the (cross-sectional area of the 
stent minus the cross-sectional area of the lumen) 
divided by the cross-sectional area of the stent, 
assuming no malapposition.

Stent underexpansion. Stent expansion describes the 
minimum stent area (MSA) either as an absolute expan-
sion (MSA itself) or a relative expansion (MSA divided 
by the mean of the proximal and distal reference lumen 
areas). A small MSA is known to be a predictor of sub-
optimal post-PCI fractional flow reserve (FFR)93 and 
adverse outcomes94,95. Various targets of stent expansion 
have been adopted in clinical trials assessing the use of 
OCT-guided PCI8,9,96. In the EAPCI document, a rela-
tive expansion of >80% is the recommended target for 
stent optimization21. However, this recommendation 
is controversial because a relative expansion of >80% 
can result in a small MSA in small vessels. Calcification 
has been reported to be a major risk factor for stent 
underexpansion20,21 as discussed in the section on  
calcified plaque in this Review.

Malapposition. OCT enables accurate assessment of appo-
sition of stent struts to the arterial wall. If the axial distance 
between the surface of the strut and the luminal surface 
is greater than the strut thickness (including the poly-
mer, if present), the strut is considered to be malapposed 
(fig. 6a). Differences in strut thickness between different 
stents should be considered. OCT studies have reported 
that malapposition is associated with acute (<1 day), sub-
acute (1–30 days), late (30 days to 1 year) and very late (>1 
year) stent thrombosis97,98. However, malapposition noted 
at the time of stent thrombosis might either have been 
present after the index PCI (persistent malapposition) or 
have developed during follow-up (late-acquired malappo-
sition) owing to thrombus resolution or vascular toxicity 
from the stent. Further studies are required to determine 
whether malapposition is an independent risk factor for 
stent thrombosis. Malapposition increases the risk of acci-
dental abluminal rewiring and deformation of the stent 
in the aorto-ostial segment owing to collision with the 
guiding catheter. In the EAPCI document, correction of 
acute malapposition of <0.4 mm with longitudinal exten-
sion <1 mm is not recommended because spontaneous  
neointimal integration is anticipated21.

Tissue prolapse. Tissue prolapse between stent struts 
towards the lumen can be caused by the protrusion of 
non-calcified plaque or, in the context of ACS, of athero-
thrombotic material (fig. 6b). OCT enables clearer visu-
alization of tissue prolapse than IVUS. Tissue prolapse 
is more frequently observed when the stent is placed 
over a lipid-rich plaque or TCFA. In patients with ACS, 
tissue prolapse has been reported to be a predictor of 
target-lesion revascularization95,99. Insufficient evidence 
exists to support further intervention in cases of tissue 
prolapse.

a b c

Fig. 6 | Optical coherence tomography findings after percutaneous coronary inter-
vention. a | Strut malapposition; stent struts (white arrows) are distant from the luminal 
surface of the artery wall (blue arrows). b | Tissue prolapse; tissue extrusion from inside 
the stent area (arrow). c | Edge dissection (arrow).

Abluminal
Away from the lumen.
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Dissection. Edge dissections are tears of the luminal 
vessel surface that occur at the stent edge. OCT allows 
the visualization of subtle stent edge dissections typi-
cally missed on IVUS (fig. 6c). In the ILUMIEN III: 
OPTIMIZE PCI study8, edge dissections were classi-
fied as major when the dissection extended ≥60° of the  
circumference of the vessel or ≥3 mm in length. In  
the CLI-OPCI II study94, distal edge dissection with a 
width ≥200 µm was a predictor of adverse events. By 
contrast, in a multicentre OCT registry, stent edge dis-
sections were not associated with adverse events95. Minor 
edge dissections are unlikely to be clinically relevant100,101. 
Dissections can lead to intramural haematoma that 
sometimes progresses and can result in acute vessel clo-
sure, particularly when the haematoma is at the distal 
stent edge. In the EAPCI document, the following factors 
are recognized to increase the risk of adverse events: pres-
ence of residual plaque burden, extensive lateral (>60°) 
and longitudinal extension (>2 mm), involvement of 
deep vessel layers (medial or adventitia), and localization  
distal to the stent21.

Comparative studies of OCT-guided PCI
OCT versus angiography. In the CLI-OPCI registry 
study102, a reduced rate of cardiac death and major adverse 
cardiac events was reported in patients who under-
went OCT-guided PCI compared with angiography- 
guided PCI (9.6% versus 14.8%; P = 0.044). Additional 
observational studies have shown that OCT-guided 
primary PCI is associated with increased final in-stent 
minimum lumen diameter103 and a reduction in the 
number of stents used104. In the randomized DOCTORS 
trial9, among 240 patients with non-ST-segment ele-
vation ACS, OCT-guided PCI was associated with an 
improvement in post-procedural FFR compared with 
angiography-guided PCI (0.94 ± 0.04 versus 0.92 ± 0.05; 
P = 0.005). In the OCTACS study96, which included 
100 patients with ACS, OCT guidance resulted in a 
lower proportion of uncovered struts at 6 months com-
pared with angiography guidance (4.3% versus 9.0%; 
P <0.01). In the randomized DETECT OCT study105, 
which included 894 patients with coronary artery dis-
ease, OCT guidance resulted in superior stent cover-
age at 3 months compared with angiography guidance 
(7.5% versus 9.9%; P = 0.009). In the observational 
Pan-London PCI registry106 of 87,166 patients who 
underwent PCI, OCT-guided PCI was associated with 
improved procedural outcomes, reduced in-hospital 
events and improved long-term survival compared 
with standard angiography-guided PCI. In the rand-
omized ILUMIEN III trial8, OCT-guided, IVUS-guided 
and angiography-guided PCI were compared for stent 
expansion in 450 patients. OCT met the primary end 
point of non-inferiority compared with IVUS but was 
not found to be superior to angiography with respect 
to MSA. Nonetheless, OCT guidance led to improved 
relative stent expansion, fewer untreated dissections 
and a reduced rate of persistent major malapposi-
tion compared with angiography guidance. No sig-
nificant differences in clinical outcomes at 1 year 
between the imaging modalities were reported in 
this low-risk patient population; however, this study 

was not powered for clinical outcomes107. The effect 
of OCT-guided versus angiography-guided PCI on  
clinical outcomes is being investigated in three ran-
domized controlled trials that are under way: ILUMIEN 
IV108 (NCT0350777), COCOA109 (NCT03176810) and 
OCTOBER110 for bifurcation lesions (NCT03171311). 
Published studies in which OCT-guided PCI was com-
pared with angiography-guided PCI are summarized in 
Supplementary Table 1.

OCT versus IVUS. The randomized ILUMIEN III107 and 
OPINION7 trials consistently showed that OCT guid-
ance is non-inferior to IVUS guidance with respect to 
the procedural result as well as for mid-term clinical out-
comes. A meta-analysis of data from 17,882 patients who 
underwent stent implantation guided by angiography, 
IVUS or OCT in 17 randomized controlled trials and 
14 observational studies demonstrated that IVUS and 
OCT were both associated with significant reductions in 
major adverse cardiac events and cardiovascular death 
compared with angiography, without significant differ-
ences between IVUS and OCT111. Currently, no data 
support the superiority of OCT over IVUS to improve 
clinical outcomes after PCI. Either modality can be used 
to identify features of optimal stent implantation (expan-
sion and apposition) as well as complications and mech-
anisms of stent failure that cannot be captured using 
angiography alone. However, measurements of lumen 
area derived from OCT have been reported to be smaller 
than measurements derived from IVUS10,112,113.

OCT versus physiology index. PCI for stable angina is 
indicated for haemodynamically significant coronary 
stenoses114,115. Pressure-derived indices are the accepted 
gold standard for invasive assessment of ischaemia114,116. 
A randomized trial that included angiographically inter-
mediate stenosis demonstrated a lower occurrence of 
adverse events in OCT-guided PCI than in FFR-guided 
PCI117. The study was conducted at a single centre and 
included only 350 patients; therefore, further studies are 
required to replicate this finding. The effect of the addi-
tion of OCT to FFR on clinical outcomes is being investi-
gated in the randomized COMBINE (OCT-FFR) trial118 
(NCT02989740). Several studies have reported that 
lumen measurements and plaque morphology assessed 
by OCT correlate with FFR119. A slight superiority of 
OCT over IVUS for the detection of FFR-positive lesions 
has been reported120,121. Optical flow ratio (OFR) is an 
OCT-based method for the functional assessment of 
coronary stenosis based on computational fluid dynamics. 
OFR showed excellent agreement with FFR and was 
superior to minimum lumen area in the detection of 
physiologically significant stenoses122. Post-PCI OFR 
showed good diagnostic concordance with post-PCI 
FFR123. Further studies on this topic are warranted.

OCT for bifurcation lesions. OCT provides useful 
guidance for the treatment of bifurcation lesions. OCT 
depicts an ostial lesion in bifurcation without overlap 
and foreshortening, which frequently occur on angio-
grams. 3D reconstruction can be used to understand 
the geometry and morphology of bifurcation lesions. 

Computational fluid 
dynamics
A branch of fluid mechanics 
that uses numerical analysis 
and data structures to  
analyse and solve problems 
that involve fluid flows.
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After stent implantation, OCT can guide the recross-
ing of guidewires through stent struts jailing the side 
branch ostium (Supplementary Figure 3) and confirm 
optimization of bifurcation segments. The clinical 
importance of this approach is being tested in the ran-
domized OCTOBER trial110 (NCT03171311). Another 
randomized trial demonstrated that 3D-OFDI guid-
ance was superior to angiography guidance in terms of 
acute stent apposition at bifurcation124. In the LEMON 
study125, the feasibility and performance of OCT-guided 
left main stem PCI according to a prespecified proto-
col was reported; OCT guidance modified the operator 
strategy in 26% of patients. The use of OCT for bifurca-
tion lesions is detailed in the joint consensus statement 
from the European and Japanese bifurcation clubs126.

Late stent change
Strut coverage. The low susceptibility of OCT to arte-
facts at the stent strut enables the visualization of tissue 
overlying the struts and the evaluation of the response 
to stent implantation. Struts are termed ‘covered’ if any 
tissue can be identified above the struts (fig. 7a) and 
‘uncovered’ if no evidence of tissue can be visualized 
above the struts (fig. 7b). The coverage thickness can  
be measured as the distance between the adluminal sur-
face of the covered tissue and the abluminal reflective 
edge of the metallic struts. The type of tissue (for exam-
ple, fibrin, endothelium, thrombus or mature neointima) 
cannot be ascertained at present because a single-cell 
endothelial layer is beyond the limits of resolution of 
OCT. Tissue characteristics, such as backscattering 
intensity, can provide some discrimination of tissue 
type127. A threshold of tissue above struts of ≥40 µm 
was reported to help to detect healthy strut coverage128. 
However, this issue needs further investigation because 
the study was small (n = 25). In addition, whether the 
tissue that covers the struts is less thrombogenic than 
the strut or is non-thrombogenic is unknown. As with 
apposition, strut coverage can be reported per strut, per 
cross-section or per stent. The percentage of uncovered 
struts can be measured as the (number of struts without 
distinct overlying tissue, in which the luminal reflec-
tion of the strut surface is directly interfacing with the 
lumen, divided by the total number of analysable struts)  
multiplied by 100.

Evagination. Stent implantation, and the ensuing 
mechanical trauma and inflammatory reactions, can 
lead to vascular positive remodelling causing evag-
ination. Evagination appears in OCT images as an 
outward bulge in the luminal vessel contour between 
apposed struts (fig. 7c). In a retrospective study, evag-
ination was more frequent in first-generation than in 
second-generation drug-eluting stents129. Further studies 
are needed to understand this finding.

Classification of neointima. OCT provides detailed 
morphological information about neointimal tissue 
within stents. Neointimal tissue has historically been 
subdivided into three different patterns by OCT: homo-
geneous, heterogeneous and layered (BOx 4). In a serial 
OCT study, neointimal patterns were reported to have 
changed between 6 months and 12 months in 11% of 
stents130. Further studies are needed to understand 
the mechanisms of these changes and their clinical 
importance. In a histopathology study, seven distinct 
neointimal patterns were identified from OCT images: 
homogeneous (45%), layered (15%), high intensity 
with high attenuation (14%), intraluminal protruding 
masses (8%), peri-strut low attenuation (7%), hetero-
geneous (2%) and honeycomb (1%)131. The homogene-
ous pattern correlated most often with smooth muscle 
cells within collagen–proteoglycan matrix and less 
often with organized thrombus. The layered pattern 
correlated with healed neointimal rupture or erosion, 
peri-strut neovascularization, or smooth muscle cells 
within collagen–proteoglycan matrix. High intensity 
with high attenuation correlated with superficial macro-
phage accumulation in the majority of cases but with 
other histological findings in 30% of cases131. Neointimal 
patterns might offer guidance for the treatment of 
in-stent restenosis132, although this issue requires  
further investigation.

Neoatherosclerosis. Clinical trials have shown a con-
tinuous requirement for target-lesion revascularization 
over time, irrespective of the generation of the stent133. 
Atherosclerotic changes within the neointima have 
an important role in the development of stent-related 
adverse events. Neoatherosclerosis is defined by the 
presence of at least one of the components of a mature 

a b c d

Fig. 7 | Optical coherence tomography images of vascular response to stenting. a | Covered struts; stent struts are 
considered covered when tissue can be identified on the luminal side of the strut. b | Uncovered struts; stent struts  
are considered uncovered when tissue cannot be identified above the strut (struts in white circles). c | Evagination; an 
outward bulge (arrows) in the luminal vessel contour between apposed struts. d | Neoatherosclerosis; a signal-poor region 
with a diffuse border (asterisk) and an overlying signal-rich band (arrows), which correspond with lipid-laden tissue, are 
seen within the stent.

Contour
The boundary of a certain 
object, such as the lumen, 
stent or plaque component.
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atherosclerotic plaque such as lipid-laden tissue or calci-
fication within the stent (fig. 7d). OCT enables the detec-
tion of neoatherosclerosis in vivo. Neoatherosclerosis 
increases with time after stenting and appears ear-
lier in drug-eluting than in bare-metal stents134,135. 
Neoatherosclerosis and subsequent disruption of 
lipid-laden neointima are known to be associated with 
very late stent thrombosis97,98,136.

Cost-effectiveness of OCT
One common barrier to the widespread use of OCT is 
its high cost137, which includes the imaging catheters, the 
introduction of the imaging system to the catheteriza-
tion laboratory, training for staff and extended proce-
dure time. Although IVUS-guided PCI is known to be 
more cost-effective than angiography-guided PCI138,139, 
whether OCT-guided PCI is equally cost-effective as 
IVUS-guided PCI is not known. This issue requires 
study.

Limitations of OCT
Although OCT is a valuable imaging modality that has 
many clinical and research applications, limitations do 
exist. First, OCT light cannot penetrate objects that are 
highly backscattering or rapidly attenuating (such as 
blood, lipid, red thrombus and stent struts), precluding 
the assessment of underlying objects. Owing to its shallow 
penetration depth, OCT sometimes fails to visualize the  
entire circumference of the IEM or EEM. However,  
the assessment of plaque burden and vascular remodel-
ling are not frequently used in clinical practice, and the 
OPINION trial7 showed that lumen size in the reference 
segment can be used for the optimization of OCT-guided 
PCI. Second, the OCT catheter can potentially cause 

injury to the coronary artery. However, this complica-
tion was not observed in a prospective registry of 1,142 
OCT procedures5. Third, contrast media needed for the 
clearance of blood can cause acute kidney injury. As 
described in the section of this Review on safety data, 
this complication is rare in patients without pre-existing 
chronic kidney disease. Other potential flushing media 
have been discussed in the section of this Review on 
OCT image acquisition. Fourth, OCT is associated with 
high costs, which are discussed in the preceding section 
on cost-effectiveness. Fifth, OCT imaging necessitates 
skills for correct acquisition and interpretation of images 
as well as knowledge of the currently available evidence. 
Sixth, data to support the superiority of OCT-guided 
PCI over IVUS-guided PCI are lacking. These limita-
tions could hamper the universal adoption of OCT in 
research and clinical practice in the setting of coronary 
atherosclerosis.

Future directions
OCT as a research tool
With its unprecedented resolution, OCT provides new 
research opportunities. Assessment of detailed plaque 
structures at the microscopic level will improve our 
understanding of the pathobiology of individual plaque 
structures. Combining OCT data with the measurement 
of biomarkers will provide an improved understanding of  
the mechanism of coronary atherosclerosis. Serial OCT 
imaging can be used to perform mechanistic studies; 
however, because OCT is an invasive procedure, a clear 
justification for its use is required. Correlating OCT 
findings to patient data using artificial intelligence 
could help to identify patients at high risk of cardiac 
events.

Box 4 | Classification of neointima by optical coherence tomography

Homogeneous neointima
Homogeneous	neointima	has	a	uniform,	signal-rich	band	without	focal	variation	or	attenuation	(see	the	figure,	panel	a). 
This	pattern	is	frequently	observed	in	bare-metal	stent	neointima	within	1	year	of	stenting	and	indicates	stable,	fibrous	
tissue.

Heterogeneous neointima
Heterogeneous	neointima	has	focally	changing	optical	properties	and	various	backscattering	patterns	(see	the	figure,	
panel b).	This	pattern	and	layered	neointima	are	frequently	observed	in	drug-eluting	stents	and	indicate	the	deposition	 
of	fibrin,	platelets	or	extracellular	matrix	proteoglycans	during	the	acute	phase	of	implantation151.

Layered neointima
Layered	neointima	has	layers	with	different	optical	properties	such	as	an	adluminal	high-scattering	layer	(yellow	arrow)	
and	an	abluminal	low-scattering	layer	(blue	arrow)152 (see the figure, panel c).

a | Homogeneous neointima. b | Heterogeneous neointima. c | layered neointima.
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OCT as a clinical tool
Although several small studies have demonstrated a 
potential role for OCT in the optimization of PCI, no 
robust data exist to show the superiority of OCT over 
IVUS or angiography at improving clinical outcomes. 
The cost-effectiveness of OCT-guided PCI needs to be 
investigated. Automatic interpretation of images, such as 
of plaque erosion, would facilitate the widespread clin-
ical use of OCT. Further studies that assess the value of 
OCT-based management in patients with ACS, secondary 
to plaque erosion or to MINOCA, are warranted.

Deep learning-aided OCT interpretation
Deep learning, which is a form of machine learning 
algorithm, has the potential to transform clinical care 
in medical imaging fields. Deep learning could aid the 
interpretation of OCT images such as tissue characteriza-
tion and guidance in stent sizing and optimization140–142. 
However, currently available deep learning data in OCT 
interpretation are limited and have not been replicated. 
In addition, randomized studies assessing the benefit of 
deep learning-aided OCT interpretation are lacking.

New OCT imaging catheters
Hybrid OCT-based imaging, such as IVUS–OCT143, 
OCT–NIRS144, OCT–near-infrared fluorescence145, OCT–
fluorescence lifetime imaging microscopy146, higher res-
olution OCT (micro-OCT)147 and polarization-sensitive 
(PS) OCT148, are being developed and could provide 
additional insights in the assessment of coronary 
athero sclerosis. IVUS–OCT could overcome the OCT 
limitation of the shallow penetration depth of light and 
enable the assessment of EEM in a lipid-rich plaque. 

OCT–NIRS could provide structural and chemical 
information that would be likely to improve the iden-
tification of lipid-rich plaque. OCT–near-infrared 
fluorescence utilizes photoluminescence to provide 
information on the molecular aspects of plaque, which 
is obtained using a mutual optical fibre and lens with 
OCT. OCT–fluorescence lifetime imaging microscopy 
measures a lifetime of autofluorescence signals, which 
are emitted from the excitation by ultraviolet light, and 
identifies cellular and molecular components of the 
plaque, including macrophages, lipoproteins, collagen 
and elastin. Micro-OCT, which has a spatial resolution 
of 1–2 µm, has the potential to identify the thin layer of  
endothelium. Polarization-sensitive OCT measures 
the birefringence and depolarization of tissue and could 
improve the characterization of plaques.

Conclusions
The rapid growth in publications on cardiac OCT over 
the past decade has provided new insights into the 
pathogenesis of atherogenesis and the pathobiology  
of ACS. However, various analytical methods and a lack of  
defined standards or criteria for OCT use and interpreta-
tion have resulted in inconsistent interpretation and con-
clusions. In this Review, we have summarized the latest 
knowledge and evidence from OCT research and clinical 
use in cardiology, particularly for the in vivo diagnosis of 
plaque erosion, healed coronary plaque, neoatheroscle-
rosis and MINOCA, and for the optimization of PCI. In 
addition, we have proposed standards that can be used 
in future OCT research and clinical application.
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