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C
ardiovascular optical coherence tomography

(OCT) uses light and its reflection to generate

high-resolution images of the arterial wall.

Although this technology has been available out-

side of the United States for some time, the recent US Food

and Drug Administration approval of the C7-XR OCT

device (LightLab Imaging Inc., a St. Jude Medical company,

St. Paul, MN) has brought this new technology into the

hands of interventional cardiologists across the United

States. Thus, OCT is poised to provide a new perspective on

intravascular imaging and lesion assessment in the United

States. This article elucidates the basic principles of OCT,

defines possible calibration and imaging artifacts with OCT,

and identifies potential clinical applications of this technolo-

gy for operators who are unfamiliar with its use.

PRINCIPLES OF OCT

OCT was developed from concepts of light reflectome-

try, initially in one dimension and then in two dimen-

sions.1,2 The technique was adopted in a variety of bio-

medical applications including high-resolution retinal

scanning.3 Intravascular OCT was subsequently developed

with a fiber optic wire that both emits near-infrared light

(1,250–1,350 nm) and records its reflection while rotating

360°.4 At these wavelengths, tissue penetration ranges

between 1 to 3 mm, in contradistinction to the 4- to 8-mm

penetration achieved with intravascular ultrasound (IVUS).5

Despite the lower penetration depth, OCT has an axial reso-

lution of 12 to 18 µm compared to 150 to 200 µm for IVUS,

with a lateral resolution of 20 to 90 µm compared to 150 to

300 µm for IVUS.5 The biophotonics and physics of OCT

are well reviewed elsewhere, but it is generally held that,

in a typical human coronary artery, the use of OCT

results in a gain in resolution when compared to IVUS

(Figure 1).1,5-9

To obtain these images, blood must be cleared from

the vessel and replaced with a solution with a known

index of refraction. Typically, saline or contrast must be

injected into the artery to obtain a clear image. Early ver-

sions of OCT imaging required balloon occlusion of an

artery for up to 30 seconds during image acquisition.

However, subsequent generations of OCT technology

with faster pullback speeds have reduced image acquisi-

tion times to < 3 seconds per artery, which is approxi-

mately the same duration as that of a standard coronary

injection for diagnostic angiography.5,10 Naturally, this

advance in image acquisition speed obviates the need for

long ischemic times to obtain OCT images. 
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Figure 1. Graphical representation of tissue penetration versus

spatial resolution of OCT compared with other imaging meth-

ods.The solid boxes represent the maximal resolution and

depth achieved with current technologies.The larger, open

boxes represent the range of resolution and tissue penetration

for each of the technologies.The dashed box illustrates the

hypothetical capabilities of future OCT systems. Resolution

requirements to accurately detect neointimal hyperplasia

observed after drug-eluting stent deployment usually exceed

the capabilities of IVUS. Similarly, fibrous cap thickness can only

be assessed in vivo by OCT. Atherosclerosis = early and

advanced stages of the process; endothelium = single intimal

cell layer; fibrous cap = thickness range related to thin-cap

fibroatheroma. Reprinted from JACC Cardiovasc Interv,Vol. 2,

Bezerra HG, et al. Intracoronary optical coherence tomography:

a comprehensive review: clinical and research applications.

1035–1046, Copyright (2009), with permission from Elsevier.5
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COMMERCIAL OCT SYSTEMS AVAILABLE 

IN THE UNITED STATES

Although earlier-generation, time-domain OCT systems

have been available in Europe, Asia, and South America, the

first OCT system approved by the US Food and Drug

Administration (granted on May 5, 2010) is the frequency

domain C7-XR, with its companion C7 Dragonfly catheter.

The C7-XR system acquires images at a rate of 100 frames/s

at a pullback speed of up to 10 to 20 mm/s, with the poten-

tial to scan up to a 5-cm length of a coronary artery in

under 3 seconds.10,11 Rapid pullback speeds enable short,

low-volume bolus injections of contrast to sufficiently clear

the selected coronary artery for high-resolution OCT image

acquisition. The C7-XR is used with the Dragonfly imaging

catheter, a monorail 2.7-F catheter system that is compatible

with standard 6-F guide catheters and has a light source in

an optical fiber that is encased in a rotating torque wire. 

Image acquisition is accomplished after coaxial engage-

ment of the guide catheter, advancement of a standard

0.014-inch coronary guidewire into the distal coronary

artery, and advancement of the OCT catheter beyond the

area of interest in the vessel. Typically, automated power-

injection of contrast (14 mL in the left coronary circulation

and 10 mL in the right coronary circulation, as is the proto-

col in our catheterization laboratory) over 3 seconds will

sufficiently clear blood from the vessel to adequately image

the vessel with OCT. Contrast is preferred to saline because

its viscosity more effectively clears blood from the vessel.

Once armed, the C7-XR console will automatically sense

clearance of blood from the vessel and will initiate an auto-

mated pullback at 10 mm/s.10 Images will then be displayed

on the console unit for consideration by the operator.10

TABLE 1.  PHYSICAL CHARACTERISTICS 
OF OCT VERSUS IVUS

OCTa IVUSb

Energy source Near-infrared light Ultrasound 
(20–45 MHz) 

Wavelength, µm 1.3 35–80 

Resolution, µm 10–15 (axial),
40–90 (lateral) 

100–200 (axial),
200–300 (lateral) 

Frame rate,
frames/s 

100–200 30

Pullback rate,
mm/s 

10–20 0.5–1 

Maximum scan
diameter, mm 

11 15

Tissue penetration,
mm 

1–2.5 10

aBased on specifications of the C7-XR frequency-domain OCT
imaging system.
bBased on specifications of the current generations of Volcano
Corporation (San Diego, CA), Boston Scientific Corporation
(Natick, MA), and Terumo Interventional Systems (Somerset,
NJ) IVUS systems.
Adapted from Prati F, et al. Expert review document on methodolo-
gy, terminology, and clinical applications of optical coherence
tomography: physical principles, methodology of image acquisition,
and clinical application for assessment of coronary arteries and
atherosclerosis. Eur Heart J. 2010;31:401–415 with permission from
Oxford University Press.7

TABLE 2.  GENERAL CHARACTERISTICS OF
DIFFERENT TISSUES BY OCTaa

Tissue Backscattering Attenuation General Aspects

Calcium + + Sharp borders,
low signal with
heterogeneous
regions

Lipids ++ +++ Irregular borders,
superficial high sig-
nal followed by
very low signal

Fibrotic ++ + Homogeneous
bright tissue

Red 
thrombus

+++ +++ Superficial signal
rich, low penetra-
tion, signal-free
shadowing 

White 
thrombus

+++ + Signal rich, more
penetration than
for red thrombus

Media layer + + Low-signal region,
limited by two
signal-rich bands
(IEL/EEL)

IEL/EEL +++ + High-signal band
(~ 20 µm) 

Abbreviations: IEL/EEL, internal elastic lamina/external 
elastic lamina.
a+ = low; ++ = moderate; +++ = high.
Reprinted from JACC Cardiovasc Interv., Vol. 2, Bezerra HG, et al.
Intracoronary optical coherence tomography: a comprehensive
review: clinical and research applications. 1035–1046, Copyright
(2009), with permission from Elsevier.5
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Previous generations of OCT have proven to be safe and

comparable to IVUS in clinical evaluation.12-14 However, as

with IVUS, the OCT catheter can cause transient occlusion

of the vessel in areas of tight stenosis and cause ischemia or

injury to the vessel. In addition to the C7-RX system,

Terumo Interventional Systems and Volcano Corporation

are also developing OCT systems.5 The differences between

OCT and IVUS are depicted in Figure 1 and Table 1.

OCT IMAGE INTERPRETATION: CALIBRATION

AND IMAGING ARTIFACTS

Although intravascular imaging principles are familiar to

most interventional cardiologists given the prevalence of

IVUS, several key features are unique to OCT and should be

understood by practitioners who are considering its use.

One term that may be new to those uninitiated in OCT

imaging is the “Z-offset,” which is an operator-adjustable

manual image calibration. This parameter is particularly

important for obtaining accurate measurements. In the C7-

XR system, four crescent-shaped marks in the OCT image

delineate the outer boundary of the OCT catheter in situ,

and proper alignment of these markers coincident with the

catheter image will ensure accurate intravascular measure-

ments.5 Calibration by adjusting the Z-offset is critically

important—previous work in our OCT imaging core lab-

oratory has shown that 1% differences in Z-offset calibra-

tions resulted in 12% to 14% differences in vascular area cal-

culations.5 Thus, during the initial training period with OCT,

particular attention must be paid to this parameter.7

In addition to calibration concerns, there are several pos-

sible imaging artifacts that may be observed in OCT imag-

ing. As with IVUS, there are no substitutes for experience

and training. We list some common imaging artifacts for

reference here and depict them in Figure 2:

• Residual blood is the most common artifact and can

obscure imaging of the vascular wall.

• Nonuniform rotational distortion is a result of rotation-

al bias of the imaging system with resultant image dis-

tortion similar to that seen with IVUS.

• Sew-up artifact results in misalignment of subsequent

images from pullback. 

• Saturation artifact is observed when particularly dense

objects, such as stent struts, are imaged and appear

bright or “bloom” on OCT imaging.

Figure 2. Cross-sectional image of the human coronary artery.

Most frequently observed artifacts: incomplete blood displace-

ment resulting in light attenuation (A); an eccentric imaging

wire can distort stent strut reflection orientation (note that

struts appear to be perpendicular to the lumen, this is known

as the “sunflower”or “merry-go-round”effect) (B); saturation

artifact, some scan lines have a streaked appearance (C); sew-

up artifact: result of rapid wire or vessel movement along one

frame formation, resulting in misalignment of the image (D);

air bubbles formed inside the catheter produce an attenuated

image along the corresponding arc. Detail reveals the bubbles

(bright structures) between 5 and 9 o’clock (E); fold-over arti-

fact (Fourier-domain OCT system), the longitudinal view shows

that the cross section is located at the level of a side branch

(blue line) (F). Reprinted from JACC Cardiovasc Interv.,Vol. 2,

Bezerra HG, et al. Intracoronary optical coherence tomography:

a comprehensive review: clinical and research applications.

1035–1046, Copyright (2009), with permission from Elsevier.5

TABLE 3.  VESSEL MEASUREMENTS 
THAT CAN BE MADE WITH OCT7

Stenosis Obstructive lesion comprising > 50%
reduction in lumen area

Minimal lumen area Smallest lumen area within a lesion

Reference lumen area Lumen area of a proximal 
or distal segment

Maximum lumen
diameter

Largest lumen diameter measured from
intimal edge to intimal edge across a
target lesion

Minimum lumen
diameter

Smallest lumen diameter measured
from intimal edge to intimal edge
across a target lesion

Lesion length Measured from longitudinal view with
automated pullback

Luminal area stenosis Decrease in luminal area by a stenosis
compared to a reference segment in
the same vessel (minimal lumen area
divided by reference lumen area)

Adapted from Prati F, et al. Expert review document on method-
ology, terminology, and clinical applications of optical coherence
tomography: physical principles, methodology of image acquisition,
and clinical application for assessment of coronary arteries and
atherosclerosis. Eur Heart J. 2010;31:401–415 with permission from
Oxford University Press.7
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• Bubble artifact occurs when tiny bubbles form inside

the catheter, distorting the image.

• Fold-over artifact results in signal dropout at the sites of

side branches or vessels larger in diameter than the

dynamic range of OCT.

Vascular measurements with OCT are similar to those

made via IVUS. Some common measurements are listed in

Table 2. Although real-world validation has not yet been

performed, typically, a minimal luminal area of 4 mm2

found in an epicardial coronary artery (not the left main) is

thought to represent a significant stenosis when OCT imag-

ing is undertaken, as it would be with IVUS.15

POTENTIAL CLINICAL 

APPLICATIONS OF OCT

The images obtained with OCT are often breathtaking.

However, from a clinical perspective, these high-resolu-

tion images have very practical applications in both prein-

terventional assessment of atherosclerosis and in guiding

interventions. Thus, it is in these two areas that OCT is like-

ly to gain a foothold in clinical practice.

IMAGING OF ATHEROSCLEROSIS

Given the extremely high-resolution of OCT images,

diagnostic lesion assessment with this technology can

provide startling images of the atherosclerotic plaque.

Imaging the various biological components of active ath-

erosclerotic plaque has been reported by many investiga-

tors, with each constituent element of the plaque having

particular imaging characteristics on OCT (Table 3).16-22 A

great deal of investigation has assessed the role of the

thin-capped fibroatheroma in the pathogenesis of acute

coronary syndromes.6,19,23-25 These lesions typically consist

of a thin fibrous cap, an inflammatory cell infiltrate at the

margins of the cap, and a lipid core.6 Although OCT can-

not always penetrate very deeply into the vascular wall, its

luminal resolution provides extremely reliable imaging of

the thin fibrous cap, which may identify a vulnerable

lesion that is at risk for rupture. Although the definition of

vulnerable plaque is controversial, OCT can identify rup-

tured plaques with high degrees of accuracy (Figure 3).5,17,26

Vascular inflammation with macrophage-rich infiltrates

have previously been identified with OCT; however, it

remains unclear if quantitative assessment of an inflam-

matory cell burden may be imputed from an OCT

image.11,19,22 Unlike IVUS, the penetration of vascular calci-

um by light results in images with well-defined bound-

aries of calcium (Figure 3), and sensitivity and specificity

for identification of calcium have been determined to be

96% and 97%, respectively.17 Finally, although some oper-

ators claim to be able to differentiate red from white

thrombus, our experience with this is less definitive.5,27

To summarize, OCT provides extremely high-resolution

images of atherosclerotic plaque, particularly the fibrous

cap with possible plaque rupture and the presence of cal-

cium, thrombus, and a lipid core. For lesion assessment,

these characteristics will demonstrate superior image clar-

ity and accuracy when evaluating coronary stenoses,

which should improve decision making when planning

percutaneous coronary intervention (PCI) or an alternate

therapy.
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Figure 3. OCT histology correlation. Fibrotic plaque: character-

ized by high signal (high backscattering) and low attenuation

(deep penetration) (A). Predominantly calcified plaque: calci-

fied regions have a sharp border, low signal, and low attenua-

tion permitting deeper penetration (B). Lipid-rich plaque: the

lipid core has a diffuse border. High levels of light attenuation

result in poor tissue penetration (in contrast to calcified

regions).The overlying fibrotic cap can be readily measured;

in this case a thick cap (> 200 µm) is present (C). ‡Calcified

region; *lipid core. Reprinted from JACC Cardiovasc Interv.,Vol.

2, Bezerra HG, et al. Intracoronary optical coherence tomogra-

phy: a comprehensive review: clinical and research applica-

tions. 1035-1046, Copyright (2009), with permission from

Elsevier.5
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OCT-GUIDED PCI

During PCI, OCT imaging can be particularly helpful in

lesion sizing (both diameter and length), and the added res-

olution of OCT can identify culprit plaque rupture and

stent malapposition, as previously discussed. Better lumen

quantification remains the primary advantage of intravascu-

lar imaging over angiography in PCI because the sharp con-

trast between the lumen and the vessel wall obtained with

OCT has practical advantages over IVUS. The images are

often easier to interpret, and fully automated lumen seg-

mentation reduces guesswork in lesion length determina-

tion. The measurements previously mentioned (Table 3) will

generally facilitate correct selection of stent diameter and

length in PCI. OCT has substantial advantage over IVUS in

PCI in its ability to image individual stent struts, both for

apposition in the setting of performing an intervention or

for reviewing stent coverage after stent placement in the set-

ting of restenosis or thrombosis. Figure 4 depicts a common

scenario in interventional cardiology in which a stented seg-

ment has both an edge dissection and malapposed struts,

both of which were missed on angiography. Further postdi-

lation in this case ensured proper stent apposition and seal-

ing of the edge dissection, which was not previously visible

on angiography. In fact, in clinical trials, OCT imaging has

increasingly been used to assess stent apposition and indi-

vidual strut coverage as a safety endpoint.5,7,28-31 Whether

these correlations will further enhance our understanding of

the biology of the vascular response to injury remains to be

seen.26,31

FUTURE APPLICATIONS OF 

CARDIOVASCULAR OCT

In addition to the research applications of OCT in clinical

trials, it is hoped that future applications of OCT will focus

on enhanced imaging of atherosclerotic plaque constituents

via image processing algorithms. Practically speaking, the

advent of bioabsorbable stents will likely mandate the use of

OCT because IVUS does not have the resolution or capabili-

ty of imaging entire polymeric stent struts.5,32-36 Moreover,

contrast-enhanced and molecular OCT remain areas of

LESION ASSESSMENT

Figure 4. Coronary imaging acquired with a Fourier-domain OCT system. A longitudinal reconstruction (lower panel) and cross-

sectional images (upper panels) acquired with a frequency or the C7-XR OCT system at 20 mm/s immediately after stent

implantation. Note that a 5-cm coronary segment was imaged with a 3-second contrast injection. Distal edge dissection with

corresponding longitudinal view (arrows) (A). Well-expanded and well-apposed stent struts with corresponding longitudinal

view (B). Malapposed struts between 11 and 1 o’clock with corresponding longitudinal view (arrows) (C). Proximal calcified

plaque with minimal fibrous coverage with corresponding longitudinal view (arrows) (D). Reprinted from JACC Cardiovasc

Interv., Vol. 2, Bezerra HG, et al. Intracoronary optical coherence tomography: a comprehensive review: clinical and research

applications. 1035–1046, Copyright (2009), with permission from Elsevier.5



active investigation at our institution and others. Finally, the

combination of physiologic with anatomic imaging, such as

Doppler-like signal processing from the OCT catheters, may

well be available in the future.5 This potent combination of

physiology with high-resolution lesion morphometry will

likely again transform our understanding of interventional

lesion assessment.

CONCLUSION

Given the current state of OCT technology, there appear

to be clear advantages over IVUS in the assessment of ather-

osclerotic plaque morphology and the outcomes of PCI

with respect to stent apposition. However, like any new

technology, OCT will require a learning curve, and consis-

tent experience with multiple imaging modalities will fur-

ther improve our ability to reliably obtain and interpret

OCT images and optimize treatment of our patients. We

welcome OCT into our armamentarium for lesion assess-

ment and look forward to the evolution of this technology

and its clinical application. ■
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