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The information described in this Online Supplementary Material augments the print
version of the IVOCT consensus document (JACC Vol. 59, No. 12).
. This online material includes supplemental information on:
1) Levels of evidence bibliography for image interpretation
2) Equipment for IVOCT imaging
3) IVOCT artifacts
4) IVOCT image display techniques
5) Image acquisition protocols
6) Qualitative assessment
7) Quantitative measurement
8) IVOCT validation
9) Specialized OCT techniques
10) Reporting of IVOCT studies
A number of appendices to the consensus document are also provided here:
A.
B.
C.
D.

Technical glossary
Figure credits
Names and affiliations of the Writing Committee (WC)
Disclosure of financial interests for the WC

"!       
As of the writing of this document, over 600 peer-reviewed manuscripts have been
written on the topic of vascular OCT. Different groups have published more than 20
papers describing the correlation between OCT images and histology of normal and
atherosclerotic blood vessels (1-25), providing much of the basis for image interpretation
Levels of Evidence. Other papers that were considered by the IWG-IVOCT included
clinical correlations with IVOCT features. In Online Table 1, we list different IVOCT
image features, Levels of Evidence, and some representative accompanying references.

#!   
     
IVOCT catheters scan a focused beam of light circumferentially around the vessel and
longitudinally along the vessel using mechanical systems. An IVOCT catheter contains a
rotating single-mode optical fiber that is terminated at its distal end by a lens that
focuses the beam and a reflector element, to direct it sideways to the vessel wall(107).
The catheter is connected to a rotary junction that utilizes a motor unit to rotate the
optical fiber in the catheter. The rotary junction also couples light from the stationary
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optical fiber, from the IVOCT system console, to the rotating optical fiber in the catheter.
The rotary junction is mounted on a translation stage or sled for motorized, automated
pullback. Rotation and translation of the fiber in the catheter, actuated by the rotary
junction and pullback motor units, is transmitted to the distal imaging tip by the optical
fiber itself, or by a flexible drive cable encapsulating the fiber. For most IVOCT catheters,
the drive cable, fiber, and optics are encapsulated in a transparent imaging sheath. For
TD-OCT, the currently available imaging probe (ImageWire™ St. Jude Medical/LightLab
Imaging Inc., Westford, MA, USA) has a maximum outer diameter of 0.019″ (with a
standard 0.014" radiopaque coiled tip) and contains a single-mode fiber optic core within
a translucent sheath. For FD-OCT, the imaging probes are integrated in a short monorail
catheter (profile varies currently from 2.4 Fr to 3.2 Fr) compatible with conventional
0.014” angioplasty guide wires and 6 Fr or larger guiding catheters.
     
The console of the IVOCT system provides NIR light to, and collects light backscattered
from, the vessel wall through the catheter and rotary junction. Within the console, the
reflected light signals are detected and converted to digital signals, which are used to
generate IVOCT images. The console additionally displays and archives IVOCT images.
The console may also be used to control the rotational and pullback speed of the
catheter. Rotational speed determines both the rate at which individual circular crosssectional images are obtained and in conjunction with the A-line rate of the IVOCT
system, the number of A-lines per image. Similarly, the pullback speed determines the
pitch of the helical scan or frame-to-frame spacing and therefore the spatial resolution
along the longitudinal dimension of an L-mode IVOCT image.
The optical signal registered by the IVOCT console is mapped to a display value using
either a pseudo-color or grayscale lookup table (Online Fig. 1). Console settings for the
gain and dynamic range are used to determine this mapping and therefore control the
quality of the displayed image. Controlling the gain causes the IVOCT signal to be
amplified, which can be useful for improving the visualization of structures deep within
the artery wall. However, gain values that are too high may saturate areas of higher
backscattering, potentially making these regions difficult to interpret. Changing the
dynamic range alters the range of minimum-to-maximum OCT signal values that are
mapped into the range of gray scale values. A dynamic range that is too narrow will not
display a sufficient number of gray scale values to accurately represent the image,
resulting in an image that has high noise and less information content.
The Z-offset is an additional control that the console provides in order to ensure the
fidelity of the spatial representation of the image that is required to make accurate
measurements. Z-offset refers to slight variations in the optical path length of the optical
fiber within the catheter, which manifests as incorrect image diameters and axial spatial
calibration. Calibration can be accomplished by adjusting the optical path length in the
sample and/or reference arm, which can be performed automatically, semiautomatically, or manually before each IVOCT examination. Also, the fiber length can
change during a single pullback, resulting in a varying Z-offset across the IVOCT
dataset. It is recommended that images be evaluated to ensure that the Z-offset is
correct, and adjusted if necessary, before analysis.
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Online Figure 1. IVOCT images displayed using different look up tables (left upper – gray
scale; right upper – inverse gray scale; left lower – sepia; right lower – thallium). Green arrow
points to a focal calcific nodule that can be visualized in all of the images. * denotes guide wire
artifact. Scale bar represents 500 µm. IVOCT technology, image contributor and institution,
and commercial IVOCT vendor for each Figure is provided in Online Appendix B.

 

A standard for storing and transferring digital IVOCT images and information is critical to
ensure interoperability between different IVOCT imaging systems and PACS (Picture
Archive and Communication System). DICOM (Digital Imaging and Communication in
Medicine) is a standard for exchanging medical images and other information, between
medical imaging devices.
Support for IVOCT is present in DICOM Supplement 151. Supplement 151 passed letter
ballot in June of 2011 and is now part of the DICOM standard. Supplement 151 contains
the Information Object Definitions required to document a DICOM IVOCT image. It
introduces two new service-object pair (SOP) classes for IVOCT imaging. One SOP
Class is used FOR PRESENTATION, the other used FOR PROCESSING. FOR
PROCESSING IVOCT images are stored in polar coordinates, and contain all the
information needed for conversion to Cartesian coordinate images. FOR
PRESENTATION IVOCT images are scan converted with the appropriate corrections
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applied for accurate measurements and display. The acquired images are monochrome.
Since IVOCT images resemble IVUS images, a tint or pseudo-color look-up table is
sometimes applied to differentiate IVOCT from IVUS. The Supplemental Palette Color
Lookup Table (LUT) is used to convey tint information. Different pseudo-color
presentation information may be applied through the use of a Palette LUT at a viewing
station.

    
  
     
Non-uniform rotational distortion (NURD) is a consequence of mechanical catheter
systems that arises from binding of the drive cable or rotating optical components during
image acquisition. The artifact, also seen by mechanical IVUS systems with rotating
transducers (108), appears as a smearing of the IVOCT signal in the rotational or
circumferential direction (Online Fig. 2). This artifact can occur because of a defective
catheter or increased friction on the rotating components. For example this artifact can
be caused by tortuous vasculature; a constriction of the imaging sheath, including a tight
hemostatic valve; a crimped imaging sheath; or passage of the catheter through a
narrow stenosis.

Online Figure 2. Non-uniform Rotational Distortion (NURD). Yellow arrow points to area that
is smeared along the circumferential direction (inset, 2x), which results in a distortion of the
lumen contour (white arrow). Scale bar represents 500 µm. IVOCT technology, image
contributor and institution, and commercial IVOCT vendor for each Figure is provided in
Online Appendix B. Abbreviations as in Online Figure 1.
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For some catheters that have reflecting surfaces, the reflections may bounce off of
multiple facets of the catheter, creating one or more circular lines within the image
(Online Fig. 3). These artifacts should be identified and not interpreted as real tissue
structure.

Online Figure 3. Multiple reflections. Arrows delineate a circular line that is likely caused by
multiple reflections from the catheter. Scale bar represents 500 µm. IVOCT technology, image
contributor and institution, and commercial IVOCT vendor for each Figure is provided in
Online Appendix B. Abbreviations as in Online Figure 1.


 
A blooming artifact occurs in IVOCT images where excess intensity, commonly seen at
stent strut surfaces, creates the appearance of a bright reflector that is enlarged and
smeared along the axial direction (Print Fig. 9B, green inset).
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When a high reflector is encountered by IVOCT light, it may be backscattered at too high
an intensity to be accurately detected by the detector, thereby causing artifacts in the
affected A-lines (Online Fig. 4). Structures that exhibit high backscattering commonly
include the guide wire, the tissue surface, and metallic stent struts. Saturation artifacts
appear as linear streaks of high and low intensities within the image along the axial
direction.



Online Figure 4. Saturation. Arrows point to high signal intensity artifacts that extend along
the axial dimension. Scale bar represents 500 µm. IVOCT technology, image contributor and
institution, and commercial IVOCT vendor for each Figure is provided in Online Appendix B.
Abbreviations as in Online Figure 1.
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Motion of the artery with respect to the catheter occurs in several dimensions and can
cause multiple types of artifacts, affecting the cross-sectional and/or L-mode images.
Changes in vessel dimensions during cardiac cycle can be observed. Typically, the
lumen area is larger in end-diastole as compared to systole. If the catheter has moved
with respect to the vessel during the time of a single cross-sectional image acquisition,
an axial discontinuity termed a seam line (Online Fig. 5), may appear at the location of
the transition between the first and the last A-line. This is best observed in crosssectional image reconstructions. Longitudinal motion can result in disruption of the
continuity of the pullback and results in the repeated appearances of similar anatomic
features within the pullback. Motion artifacts also affect L-mode images, giving rise to
oscillations that coincide with the cardiac cycle. Of note, FD-OCT systems have fewer
motion artifacts caused by cardiac motion during the heart cycle than TD-OCT systems,
as the pullback speed of FD-OCT is higher, enabling complete pullback imaging within a
small number of cardiac cycles. The high pullback speed of FD-OCT systems may make
it difficult to gate the images to the cardiac cycle post-hoc, however.

Online Figure 5. Seam Line. Arrow points to an apparent discontinuity in luminal surface that
is caused by artery motion that occurs during the time between the first and last A-line of a
cross-sectional image. Scale bar represents 500 µm. IVOCT technology, image contributor
and institution, and commercial IVOCT vendor for each Figure is provided in Online Appendix
B. Abbreviations as in Online Figure 1.
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In FD-OCT systems, when the vessel is larger than the ranging depth, a portion of the
vessel may appear to fold over in the image (Online Fig. 6). These portions of the image
data that contain foldover artifact should not be interpreted.

Online Figure 6. Foldover artifact. IVOCT image of a large vessel showing regions where the
artery appears to fold over onto itself (arrows). Scale bar represents 500 µm. IVOCT
technology, image contributor and institution, and commercial IVOCT vendor for each Figure
is provided in Online Appendix B. Abbreviations as in Online Figure 1.

  
Speckle is grainy noise that appears on IVOCT images that is a consequence of the way
in which the image is formed. It is important to recognize the presence of speckle, which
has a size scale on the order of the spatial resolution, so as to not interpret it as
structure within the tissue.
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A variety of objects can create shadows that appear as drops in signal intensity on the
abluminal side of the objects in the IVOCT image. Shadows can completely occlude or
may diminish the image intensity of deeper structures (Online Figs. 7-9). Common
objects that create shadows in the IVOCT images are opaque, such as the guide wire
and metallic stent struts. Air bubbles or defects in the sheaths of some catheters or
blood in the catheter may also cause shadows. Blood in the catheter (Online Fig. 7) or
the lumen (Online Fig. 8), or thrombus (Online Fig. 9) may create shadows in the image,
making it difficult to visualize the underlying sector of artery wall. Macrophage
accumulations may also create shadows in the image, potentially causing a plaque to
appear as if it is a necrotic core.

Online Figure 7. Shadowing caused by blood inside of catheter. Left panel shows low IVOCT
signal within the catheter (white arrow) and good visualization of the artery wall. Right panel
shows a high IVOCT signal from within the catheter (yellow arrow) and a relatively low IVOCT
signal and blurred image features from the artery wall. Scale bar represents 500 µm. IVOCT
technology, image contributor and institution, and commercial IVOCT vendor for each Figure
is provided in Online Appendix B. Abbreviations as in Online Figure 1.




   



When blood is inadequately cleared from the field of the view, the lumen can have a high
IVOCT intensity (Online Fig. 8, upper left panel). Sometimes, when suboptimal vessel
flushing occurs, the IVOCT image of the artery wall is of sufficient quality to allow
interpretation (Online Fig. 8, upper left panel). In other cases, suboptimal vessel flushing
diminishes the signal from the artery, resulting in unacceptable image quality (Online
Fig. 8, lower left panel). Care should be taken when interpreting image data when blood
within the lumen significantly affects the quality of the IVOCT image data from the artery
wall.
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Scattering or imaging away from the focus diminishes the IVOCT image intensity and
decreases lateral resolution. For this reason, objects such as stent struts that are far
from the focus or that are imaged through blood (Online Fig. 8, lower left panel) or other
tissue may appear dimmer and/or larger than expected.

Online Figure 8. Suboptimal flushing. Top row – suboptimal flushing with acceptable image
quality. Suboptimal flushing (upper left) with high signal intensity within the lumen, compared
with improved but not perfect flushing (upper right) from the same location in the coronary
artery. Bottom row – suboptimal flushing with unacceptable image quality. Suboptimal flushing
(lower left) demonstrating decreased resolution, as evidenced by blurring and enlargement of
stent struts, and lower image intensity, compared with improved flushing (lower right) from the
same location in the coronary artery. The yellow arrow points to a side branch. Scale bars
represent 500 µm. IVOCT technology, image contributor and institution, and commercial
IVOCT vendor for each Figure is provided in Online Appendix B. Abbreviations as in Online
Figure 1.
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Online Figure 9. Shadowing. Tissue adherent to the catheter (red arrow), likely a small
thrombus, attenuates the IVOCT signal at greater depths (yellow arrow). Scale bar represents
500 µm. IVOCT technology, image contributor and institution, and commercial IVOCT vendor
for each Figure is provided in Online Appendix B. Abbreviations as in Online Figure 1.

  
Occasionally when the catheter is very near to or touching the artery wall, the IVOCT
image gray scale values may be higher when the tissue is closer to the catheter. The
physical mechanism that causes this phenomenon is presently unknown.
      
When the catheter is located near the vessel wall, the optical beam can be directed
nearly parallel to the tissue surface. This artifact is more likely to occur when the
catheter is against the artery and the vessel wall is flat or is raised adjacent to the
catheter. In these situations, the light beam is attenuated as it passes along the surface
of the artery wall and the resultant artery wall may appear signal poor below the luminal
surface (Online Fig. 10, arrows). Whenever the catheter is situated in this manner, one
should consider this artifact before evaluating the pathology of the artery wall.
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Online Figure 10. Tangential signal dropout. Arrows point to a region with low IVOCT signal
intensity that is likely caused by attenuation of light as it propagates tangentially to the luminal
surface. Scale bar represents 500 µm. IVOCT technology, image contributor and institution,
and commercial IVOCT vendor for each Figure is provided in Online Appendix B.
Abbreviations as in Online Figure 1.

     
Sometimes, when the catheter is near a stented artery wall, stent struts form a pinwheel
pattern, appearing to face the catheter (Online Fig. 11). This artifact has also been
termed as the “sunflower” artifact or the “merry-go-round” artifact due to its distinctive
appearance.
          
Similar to IVUS, when the catheter is not parallel to the longitudinal axis of the vessel
wall or the optical beam is not at a 90° angle with respect to the artery wall, the image
may undergo elliptical distortion, making measurements less accurate.
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Online Figure 11. Strut orientation artifact. Stent struts appear to always face the catheter, an
effect that is more pronounced when the catheter is located towards one side of the vessel.
Scale bar represents 500 µm. IVOCT technology, image contributor and institution, and
commercial IVOCT vendor for each Figure is provided in Online Appendix B. Abbreviations as
in Online Figure 1.

       
Also, like IVUS, there is no frame of reference for the spatial orientation (anterior,
posterior, left, right) of IVOCT images. This lack of spatial orientation may make it
difficult to register and compare other imaging modalities such as angiography to the
IVOCT dataset. When present, landmarks such as side branches, presence of
adventitial fat, visualization of the adjacent coronary vein, etc. may aid in determining the
spatial orientation of IVOCT data and registering IVOCT with images from other imaging
modalities.

  

  

Intensity scaling
Because the dynamic range of the IVOCT signal is often too large to be displayed by
conventional display monitors, IVOCT image intensities are commonly shown as the
logarithm of the IVOCT signal. A logarithmic scaling compresses the range of the data
for display, bringing weaker features within the dynamic range of an observer at a
computer screen. Alternatively, more general linear or nonlinear transformations (i.e.
gamma curves) may be used to map the measured signal to displayed intensity. Caution
should be applied when interpreting data using any scaling scheme other than
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logarithmic, as most OCT analysis criteria have been developed and validated using a
logarithmic scaling scheme.
Color mapping
The visualization of an IVOCT image requires a mapping of the OCT signal intensity to a
color space that can be displayed on a monitor (Online Fig. 1). The simplest choice is
grayscale (low is black, high is white) or inverted grayscale; this is also a safe option for
colorblind users. A popular color map is the “sepia” scale, ranging from black (low OCT
signal) through brown, gold, yellow and white (high OCT signal). The darkened
environment of a catheterization laboratory favors light-on-dark color scales, but specific
analysis, post-processing tasks, and user preferences may lead to different color
mapping choices. Certain color mappings (e.g. rainbow-like) can bring out faint details in
an image, but also strongly influence the shape-perception of the visualized data, and
hence, measurements made in the image.
L-mode display
An L-mode view is a longitudinal section or longitudinal reconstruction of an IVOCT
pullback dataset at a particular rotational angle. As with IVUS, the plane through which
the longitudinal section is taken should intersect the center of mass of the artery or the
lumen. Distance measurements can be made using the L-mode images when the frame
rate and pullback speeds are known. Distance measurements in the longitudinal
direction are more accurate when obtained through the center of the catheter. Care
should be taken when interpreting L-mode images, as motion artifacts can cause the
appearance of repeated structures, disappearance of structures that exist, or oscillation
of the artery wall microstructure. L-mode image quality also depends on the frame-toframe spacing, which affects the resolution of the L-mode imaging along the longitudinal
dimension.
Three-dimensional visualization
3D visualization including cutaway or flythrough views of volume renderings have been
utilized to display IVOCT datasets. These representations encompass multiple frames of
a pullback, rather than showing only one cross-sectional image at a time. These
methods of visualization may be advantageous as they can efficiently provide an
overview of the artery wall anatomy. There are many different parameters such as
pitch/frame-to-frame spacing, segmentation, opacity tables, shading, and color maps,
which can affect how these visualization formats appear to the end user. At present,
there are no standards for 3D visualization for IVOCT, and as a result, definitive artery
wall diagnoses should only be made using cross-sectional IVOCT image data.

   


 



   
 

  

Proximal balloon occlusion technique: A 6 Fr or greater diameter guiding catheter can
accommodate the TD-OCT imaging probe (ImageWire™, St. Jude Medical/LightLab
Imaging, Westford, MA) and the proximal occlusion balloon system (Helios™, St. Jude
Medical/LightLab Imaging, Westford, MA). Lactated Ringer’s warmed to a temperature of
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37° is the recommended flushing media since it causes less arrhythmia and myocardial
ischemia compared to saline. The occlusion balloon catheter is advanced a few
millimeters beyond the target site under the guidance of a 0.014” angioplasty wire. The
guide wire is then removed and the IVOCT imaging probe is inserted through the central
guide wire lumen (over-the-wire lumen) of the occlusion balloon. With the ImageWire™
held in place, the occlusion balloon is withdrawn until it is proximal to the target. To clear
blood from the imaging site, the occlusion balloon is inflated at very low pressure (0.30.5 atm) by a dedicated inflation device. Lactated Ringer’s solution is infused into the
coronary artery from the distal tip of the occlusion balloon at a flow rate of 0.5-1.0 ml/s.
Flush is administered typically via a power injector connected to the end-hole of the
balloon occlusion catheter. Infusion should start a few seconds prior to balloon inflation
to get clear images of the artery wall when the IVOCT image recording starts. The length
of the target site is typically imaged with an automatic pullback device that translates at a
rates ranging from 0.5-2.0 mm/sec. Images are typically acquired at a speed of 15.4
frames/sec. Imaging should be terminated earlier if any signs of patient intolerance,
arrhythmia, or hemodynamic instability are encountered.
Non-occlusive flushing technique: A 6Fr or greater diameter guiding catheter is
recommended for TD-OCT imaging with a non-occlusive flushing technique. Viscous isoosmolar contrast media(109) or a mixture of low molecular weight dextrose and lactated
Ringer’s solution(110) has been successfully utilized for non-occlusive flushing. The
IVOCT ImageWire™ can be advanced directly through the guiding catheter distal to the
region of interest. As the IVOCT imaging wire can be difficult to maneuver, the
ImageWire™ may alternatively be directed distally to the region of interest using a single
lumen micro-catheter. Once the IVOCT ImageWire™ is positioned distally to the region
of interest, and the guiding catheter is coaxially and deeply positioned within the
coronary ostium, correct guide catheter position allowing for efficient blood clearing can
be tested by manual injection of a small flush bolus through the guide catheter prior to
imaging, if needed. Automated IVOCT pullback (pullback speed is typically between 2–4
mm/sec) is performed during either manual contrast injection through the guide catheter
using a syringe or automatically using a power injector (typical flush rate 3.0 ml/s),
connected to the standard Y-connector of the guiding catheter. A pullback duration limit
(e.g. 30 s) may be set by default on the console, but imaging should be terminated
earlier if any signs of patient intolerance, arrhythmia or hemodynamic instability are
observed. After completion of pullback, flushing should be stopped immediately to limit
the injected flush volume.
 
  
A 6Fr or larger diameter guiding catheter is recommended for FD-OCT imaging.
Lactated Ringer’s solution(54), viscous iso-osmolar contrast media(111), and mixtures of
lactated Ringer’s and contrast media or low molecular weight dextrose can be used for
non-occlusive flushing, although higher viscosity solutions have been found to provide
superior results. The IVOCT imaging catheter is advanced distally into the coronary
artery via a standard angioplasty guide wire (0.014”). As with the non-occlusive TD-OCT
technique, care should be taken to position the guide catheter coaxially and deeply into
the coronary ostium. Correct guide catheter position can be confirmed by manual
injection of a small flush bolus through the guide catheter prior to imaging, if needed.
Automated IVOCT pullback is performed during either manual contrast injection through
the guide catheter using a syringe or automatically using a power injector (typical flush
rate 3.0 ml/s) connected to the standard Y-piece of the guiding catheter. Automated
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IVOCT pullback speeds for FD-OCT systems typical ranges from 10–40 mm/sec.
Flushing should be terminated when the region of interest has been imaged, blood reenters the image, or the IVOCT catheter optics enter the guide catheter.

       
   
Dissections. Because of the similarity of IVOCT and IVUS appearance of dissections
(Evidence Level: High), definitions are adopted from JACC IVUS Consensus Document.
For completeness, these definitions are presented below:
“The classification of dissections into five categories is recommended:
Intimal: Limited to the intima or atheroma, and not extending to the media.
Medial: Extending into the media.
Adventitial: Extending through the EEM.
Intramural hematoma: An accumulation of [blood or] flushing media within the medial
space, displacing the internal elastic membrane inward and EEM outward. Entry and/or
exit points may or may not be observed.
Intra-stent: Separation of intima or neointimal hyperplasia from stent struts.
The severity of a dissection can be quantified according to: 1) depth into plaque; 2)
circumferential extent (in degrees of arc) using a protractor centered on the lumen; 3)
length using motorized transducer pullback; 4) size of residual lumen (CSA); and 5) CSA
of the luminal dissection. Additional descriptors of a dissection may include the presence
of a false lumen, the identification of mobile flap(s), the presence of calcium at the
dissection border, and dissections in close proximity to stent edges.”
Additionally, the severity of a dissection can be furthermore quantified by length of the
mobile dissection flap. Because of the 10-µm resolution of IVOCT, small intimal
dissections, also termed small intimal disruptions, are frequently seen by IVOCT. The
clinical significance of these smaller intimal defects is not known.
 !     "
IVOCT definitions for aneurysms, pseudoaneurysms, true vs. false lumen are adopted
from JACC IVUS Consensus Document, with the caveat that these definitions only apply
when the EEM can be identified (Evidence Level: Low). For completeness, these
definitions are presented below, as they appear in the JACC IVUS Consensus
Document:
“True aneurysm: A lesion that includes all layers of the vessel wall with an EEM and
lumen area >50% larger than the proximal reference segment.
Pseudoaneurysm: Disruption of the EEM, usually observed after intervention.
True versus false lumen: A true lumen is surrounded by all three layers of the vesselintima, media, and adventitia. Side branches communicate with the true, but not with the
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false lumen. A false lumen is a channel, usually parallel to the true lumen, that does not
communicate with the true lumen over a portion of its length.”(112)
        
Serial examination of atheroma progression/regression. Owing to its capability to
characterize the microstructural detail of the coronary wall, IVOCT may be used to
evaluate the progression/regression of specific atheroma features. Progression and
regression can be considered an increase or decrease, respectively, in necrotic core and
macrophages, and a decrease or increase, respectively in cap thickness, fibrous tissue
or calcium (Evidence Level: Low). IVOCT cannot assess progression/regression of the
atheroma thickness, area, or volume when the IEM or EEM cannot be identified.
Progression/regression of such features has not been prospectively studied in large
randomized trials.
Interventional target lesion assessment. Because the capability of IVOCT to interrogate
the structure of the arterial wall is superior to angiography, this technology may be used
to obtain additional information prior to angioplasty or stent implantation (Evidence
Level: Low). However, the clinical significance of this additional information needs to be
further established in randomized controlled trials.
Serial examination of stents. Longitudinal studies (pre/post-intervention vs. follow-up)
can be used to evaluate the tissue coverage response of the artery to stent implantation
(94,113,114). For these studies, stents are typically imaged at baseline using automated
pullback at multiple time points. The IVOCT stent datasets are then registered using
landmarks such as the stent edges and side branches. Following registration, the stents
are compared using qualitative or quantitative measurements. At present the clinical
significance of follow up stent findings of increased coverage or malapposition is not
known. As with IVUS, IVOCT can be utilized to evaluate restenosis (as per JACC IVUS
Consensus Document). It is important to note that in order to achieve optimal
consistency across multiple serial examinations, care should be taken to use the same
IVOCT system type (TD-OCT or FD-OCT), IVOCT catheter type, guide catheter
diameter, and image acquisition method (i.e. occlusive or non-occlusive) and flush
settings.

     
 

 

   

Lumen border. The vessel lumen can be traced at the boundary between the lumen and
the leading edge of the intima using automatic, semiautomatic, or manual means. Care
should be taken to avoid interpreting artifacts such as shadowing as being part of the
artery lumen.
IEM border (intima-media border). For atheroma in which the IEM can be identified, it
can be traced at the boundary between the intima and media using automatic,
semiautomatic, or manual means. For atheroma in which the IEM cannot be identified
due to the diminished penetration of the IVOCT light through the plaque, the IEM border
cannot be delineated. It is therefore recommended that the intima-media border not be
evaluated in these plaques.
EEM border (media-adventitia border). For plaques in which the EEM can be identified, it
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can be traced at the boundary between the media and adventitia using automatic,
semiautomatic, or manual means. For atheromas in which the EEM cannot be identified,
due to the diminished penetration of the IVOCT light through the plaque, the EEM border
cannot be delineated. It is therefore recommended that the media-adventitia border not
be evaluated for these plaques.
Stent contour. The stent area can be delineated by tracing the contour of the stent.
Investigators have used the leading edge of the stent strut surface reflection or the axial
center of the stent to trace this contour. Contour interpolation, such as polynomial and
spline interpolation of the lines between the strut anchors have been used.
Strut borders. Since light cannot penetrate metallic structures, the surfaces of struts are
seen in IVOCT images with subsequent outer shadowing of the IVOCT signal in the
image. When struts are present, artifacts frequently seen include saturation and
blooming artifacts. When struts are covered by a significant amount of tissue, the
surface reflection of the strut may not be identified and the presence of the strut can only
be determined by visualization of the shadow deep to the strut. Furthermore, the strut
reflection may not be parallel to the lumen surface but may be at an angle. Because of
these issues, identification of the leading edge of the strut can sometimes be difficult.
Preferred approaches for strut segmentation is a topic of future investigation and
discussion.
Plaque and plaque component borders. Delineation of plaques and plaque components
have been accomplished using qualitative IVOCT image interpretaion criteria and
manual computer tracing. Due to the limited penetration depth of IVOCT for lipidcontaining tissues, the deep border of plaques and lipid-containing regions cannot be
clearly identified in many cases. The number of quadrants that a plaque subtends has
been used to estimate the plaque size, but the relationships between this parameter and
plaque thickness and area have not been determined.
Thrombus. Red or white thrombus borders may be delineated automatically,
semiautomatically, or by manual tracing. Red thrombi attenuate light and as a result, it
may be difficult to identify the deep border of red thrombi.
Macrophage accumulation borders. Macrophage accumulations can be traced using
automatic, semiautomatic, or manual tracing means. Since the presence or absence of
macrophage accumulations has only been evaluated in plaques, macrophage
accumulations should not be traced in areas of normal artery wall, intimal hyperplasia, or
side branches. Care should be taken so that features such as elastic laminae,
cholesterol crystals, and saturation artifacts not be interpreted as macrophages.
          
Length measurements can be obtained in IVOCT datasets that are acquired using
automated pullback. The slice thickness (image spacing) in millimeters is the pullback
rate (mm/s) times the frame rate (s). When the vessel is curved, it should be noted that
length measurements are only accurate when accomplished in the center of the image
displayed in Cartesian coordinates. Motion artifacts can decrease the accuracy of length
measurements. Volume measurements can be made using Simpson’s rule where the
areas of each cross section in a pullback multiplied by the slice thickness (frame-frame
spacing) are added over the segmented volume of interest.
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IVOCT images acquired ex vivo appear similar to those acquired in vivo, even though
postmortem changes may result in different arterial optical properties. The extent to
which temperature, freezing, fixation, or time from excision/death affects the arterial
optical tissue properties, and therefore the IVOCT signal, is not well understood. Until
studies are conducted to demonstrate no changes, it is recommended that
histopathologic correlation studies be on arterial tissue that is as fresh as possible and at
physiological temperature (37° C). Most ex vivo studies have also been conducted while
the tissue is at least partially in buffered saline to avoid morphological changes caused
by osmotic flow. Accurate registration can be accomplished by applying fiducial ink
marks on the specimen in a manner such that the ink marks can be visualized on both
the OCT image and the corresponding histologic slide. When comparing OCT and
histology measurements, OCT and histology images should be corrected for estimates
of refractive index and tissue shrinkage, respectively.
Known challenges with histopathologic correlation studies include the lower penetration
depth of IVOCT, especially through lipid-containing tissue, which may decrease
accuracy of IVOCT for delineating some structures deep within the arterial wall. Mixed
plaques may artificially diminish measured IVOCT accuracies when only one
histopathologic diagnosis is rendered.


   

Studies have described the utilization of IVOCT to investigate architectural arterial
features in wild type and ApoE knockout mice(11,115). Studies in normal and
cholesterol-fed balloon-injured New Zealand and Watanabe rabbit carotids, abdominal
aortas, and iliac arteries have been used to confirm the ability of IVOCT to investigate
stent healing, assess vessel morphology, and identify lipid-containing plaques in
vivo(12,18,116,117). Imaging in swine in vivo enables the interrogation of a coronary
tree that is very similar to that of humans. Recognized differences between normal swine
and human coronary arteries include a greater susceptibility to motion artifact and
absence of atherosclerosis for native swine. Swine models for atherosclerosis are also
emerging that may be appropriate for IVOCT studies (118,119). Studies in both animal
models have demonstrated very high correlation between IVOCT images of superficial
arterial structures in vivo and histology. In swine, IVOCT has been shown to be able to
correctly identify all of the vessel wall layers, dissections, thrombus, and stent tissue
coverage when it is greater than axial resolution of the IVOCT system. Animal models
may potentially be used to assess IVOCT’s accuracy for quantifying plaque
progression/regression longitudinally. Additional studies need to be conducted in order
to validate the capability of IVOCT to monitor progression/regression.
       

    

Correlation between IVOCT images and other existing modalities is considered an
important area of research for evaluating the potential role of IVOCT clinically. Since
histopathology cannot be conducted reliably in human coronaries in vivo, IVOCT has
also been utilized in some correlative imaging studies as a surrogate for histopathology
in vivo. Typically, registration between IVOCT and other imaging modalities is
accomplished using landmarks such as side branches and stent edges. Accurate
registration between imaging modalities may be challenging, due to problems with
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aligning image orientations and the dynamic nature of the coronary arteries in vivo.
Furthermore, the depth and volume of IVOCT images are different from other imaging
modalities, making it difficult to compare image features that rely on the identification of
the IEM or EEM. When using IVOCT as a surrogate for histopathology, it is important to
take into account the reported accuracies of IVOCT, to recognize that some histologic
features have not been determined to be distinguished by IVOCT, and that there is not a
one-to-one relationship between terminologies used by pathologists and IVOCT
researchers.
  
A standardized phantom model for IVOCT calibration would serve to enhance the
reproducibility and reliability of future findings. Analysis software could make use of well
tested, standardized phantoms to minimize systematic errors and variability in
measurements induced by different IVOCT systems and catheters. Research into
developing phantoms with varying compositional and mechanical properties that mimic
the normal and pathologic human arterial wall is ongoing.

     

 

       
Light has a property termed polarization that can be changed by interaction with many
materials, including some kinds of biological tissues that are highly organized and
oriented, such as collagen, muscle, or connective tissue. These types of tissues exhibit
birefringence, which modifies the polarization state of light in a predictable way. A
conventional OCT system is vulnerable to image artifacts due to this effect: as the signal
will wax and wane as the polarization state of the signal light evolves into and out of
alignment with the polarization state of the reference light. This polarization-fading
artifact can be eliminated by use of methods developed for fiber-optic
telecommunications. However, the polarization signal can also be measured to
determine the birefringence of the tissue under examination. This measurement provides
additional information about the composition of the artery wall. Birefringence
measurement can be accomplished with a number of methods, collectively known as
polarization-sensitive OCT (PS-OCT). These methods commonly involve making OCT
measurements while probing the tissue with multiple polarization states.
 
OCT is capable of detecting blood flow in a way closely analogous to Doppler
ultrasound. When the OCT probe light is backscattered from moving blood cells, it
acquires a frequency shift due to the well-known Doppler Effect. This Doppler shift can
be detected as a modulation of the phase of the OCT signal. Therefore, in addition to the
conventional OCT image, encoded in the amplitude of the signal, one can obtain a flow
image by decoding the phase changes in the OCT signal. As with Doppler ultrasound,
the signal phase encodes the velocity of the scatterers, but only that component of the
velocity that is in the direction of the OCT beam. Therefore, absolute velocity can only be
determined if the relative angle of the OCT beam to the velocity direction is known.
Doppler OCT data are commonly displayed in false color (red to blue) overlaid on the
conventional OCT image, in a manner similar to the conventional Color Doppler
ultrasound display method.
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Reporting of IVOCT studies is identical to the recommendations of the reporting of IVUS
studies as per JACC IVUS Consensus Document and is presented (modified) from this
reference for completeness.
“Recommended Format and Minimum Content of Coronary [IVOCT] Reports
A written report for the [IVOCT] examination should be generated. The report helps to
communicate relevant information and becomes an important part of the patient’s
medical record where it may pertain to clinical, legal, or fiscal issues. Although the length
and complexity of the report will vary greatly depending on the needs of different
operators and institutions, the minimum content should include:
1) Appropriate patient demographic information and date—reference to the
accompanying angiographic and/or interventional report;
2) The reason for the [IVOCT] procedure;
3) A brief description of the [IVOCT] procedure, including the equipment used, the flush
media, route of administration (e.g. manual vs. power injector and flow volume, flow
rate), guide catheter used and the level of anticoagulation achieved, and the coronary
arteries imaged;
4) The basic findings of the [IVOCT] pullback, including any measurements that were
performed such as minimum lumen diameter, minimum stent area, plaque burden (when
the IEM or EEM can be measured), or minimum cap thickness;
5) Any notable morphological plaque features such as [necrotic core, OCT-TCFA],
dissection, calcium, or thrombus;
6) Changes in therapy that resulted from the information provided by [IVOCT]; and
7) Any [IVOCT]-related complications and any consequent therapy.
A more complete report should also include the analysis of three cardinal image slices—
a distal reference segment, a worst target site, and a proximal reference segment.
Lumen areas should be reported. IEM/EEM areas, calculated plaque area, plaque
burden, and area stenosis should be reported if the IEM/EEM is visible. If a stent is
present, minimum stent area, and a description of strut apposition should be included.”
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Online Tables
Online Table 1
Feature

Evidence Level

Representative References

Normal vessel wall
Atheroma
Fibrous plaque
Fibrocalcific plaque
Lipid pool*
Necrotic core

High
High
High
High
High
Low

(1-5)
(1-5)
(5,6,26) (4,6-8,22,23,26,27)
(4-10,26)
(4-9,11,12)
(5,28,29) (29-39)

Fibrous cap
Fibroatheroma
OCT thin-capped fibroatheroma
(OCT-TCFA)
Macrophage accumulations
Intimal vasculature
Cholesterol crystals
Erosion
Dissections
Ruptured Plaque
Ulceration
Thrombus
Stent
Prolapse
Apposition
OCT Strut Coverage

High
High
High

(13,14,40-42)
(4-9,11,12) (5,28,29) (26,29-39)(43,44)
(29,30,32-35,38-41,43-45) (29,3134,36,38,40,46-49) (32,34,50)
(15,51)
(52,53)
(16,54)
(30)
(55-59)
(32,46,50,60-63)
(64,65)
(18) (17,66-69) (17,66-71) (72)

Medium
Low
Low
Low
High
High
Medium
High

Restenosis
Bioabsorbable stents/scaffolds

High
High
High

(73-75)
(76-79) (75)
(19,20,71,80-96)

High
High

(21,97)
(98,99) (100) (101) (102)

Online Table 1. Levels of evidence for different IVOCT image features and associated representative
references. RBC – red blood cell. *Note: a lipid pool is defined histologically as a necrotic core or a region
within pathological intimal thickening that contains extracellular lipid or proteoglycans.

Online Table 2
Feature
Whole blood
Normal vessel wall
Fibrous plaque
Fibrocalcific plaque
Lipid pool*
Necrotic core
Macrophage accumulations
Red thrombus (RBC-rich)
White thrombus (platelet-rich)

Penetration Depth
Low
High
High
High

Representative References
(103-105)
(5,106)
(5-8,26)
(4-10,26)

Low
Low
Low
Low
High

(4-9,11,12)
(5,28,29)
(15,51)
(17)
(17)

Online Table 2. Relative IVOCT penetration depths for different tissue types. RBC – red blood
cell. *Note: a lipid pool is defined histologically as a necrotic core or a region within pathological
intimal thickening that contains extracellular lipid or proteoglycans.
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Absorption: A process whereby light energy is transferred to matter. Absorption can
contribute to attenuation of the IVOCT light beam and the resultant IVOCT signal.
A-line: One line of an IVOCT image, representing the amount of reflected light or
backscattering along the axial (depth) dimension.
A-line rate: The rate at which A-lines are acquired by the IVOCT system, usually
specified in A-lines/second.
Attenuation: Loss of light due to scattering and/or absorption by flushing media,
blood, or tissue, which results in a weaker IVOCT signal.
Axial dimension: The dimension of the IVOCT image that is collinear with the IVOCT
catheter’s light beam. Values along the axial dimension are equivalent to the data along
the depth coordinates of the image.
Axial resolution: The minimum distance between two objects which can be resolved
along the axial dimension.
Backscattered light or backscattering: The light that is reflected back (from tissue,
blood, catheter sheath, guidewire, etc.) and collected by the IVOCT catheter. The IVOCT
signal is proportional to the amount of backscattered light. Another term for
backscattered light is reflected light.
Birefringence: A property of some tissues wherein refractive index (see below) differs
for two orthogonal polarization states of light.
Cartesian coordinates: A rectangular coordinate system. IVOCT images are acquired
in polar coordinates (see below) and then scan converted to be displayed in Cartesian
coordinates.
Center of mass: The point (in Cartesian coordinates) that represents the location
where the object is centered. May apply to intensity-weighted image or contour.
Circumferential or rotational dimension: The dimension of the IVOCT image that is
perpendicular to the IVOCT catheter’s light beam and in the direction tangential to
catheter rotation.
Color Lookup Table (LUT): A table that matches the IVOCT image intensity value to
a certain color that is displayed. A color LUT is also sometimes referred to as a color
map.
Contour: The boundary of a certain object, such as lumen, stent, or plaque
component.
Contour interpolation: Interpolation between points used to delineate a contour or
boundary. The interpolation may be computed by fitting the points to a polynomial,
spline, or other function.
Contrast: The difference in backscattered intensities that distinguish one object from
other objects and the background.
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Depth of focus: The axial distance over which the IVOCT intensity is collected from a
spot that has a diameter that is ≤ 2d0 , where d0 is the minimum spot diameter.
Detector: See Photodetector
DICOM: (Digital Imaging and Communication in Medicine) is a standard for
exchanging medical images and other information, between medical imaging devices.
Doppler Effect: A change in frequency of radiation (i.e. light wavelength) that occurs
when the radiation is scattered off of a moving object.
Drive Cable: A rotating cable that resides inside the catheter’s sheath, runs the length
of the catheter, and transmits torque from the proximal end to optical elements at the
distal end of the catheter.
Dynamic range: The difference between minimum and maximum reflected signals
that can be detected or visualized by the IVOCT system. A large dynamic range is a
desired characteristic. The typical dynamic range of IVOCT images ranges from 30-50
dB (103 – 105).
Edge: The location in an image where there is a relatively large transition from one
IVOCT signal to another. Leading (trailing) edge refer to the first (last) such edge in an
object that is encountered along a vector that is pointing away from the catheter. Lateral
edge refers to an edge that is along the lateral or transverse dimension of an object.
Gamma curves: Linear or nonlinear transformations that map the IVOCT signal to
displayed intensity.
Helical scan: The typical scan pattern used to generate 3D IVOCT datasets, created
by rapidly rotating catheter optics during slower translation along the catheter’s long
axis.
Focus or Focal Point: The point at which the IVOCT light emanating from the
catheter converges to a spot with the smallest diameter.
Frame-to-frame spacing: The distance between adjacent image frames along the
catheter’s longitudinal dimension. The frame-to-frame spacing is also referred to as
helical Pitch.
Frequency-Domain OCT (FD-OCT): A form of OCT that uses a light source that
rapidly changes its wavelength as a function of time. Interference between the reference
and sample arms is detected as a function of optical frequency (inversely proportional to
the optical wavelength). Backscattering of light as a function of depth in tissue (A-lines)
is computed from the wavelength-dependent interference using a Fourier Transform.
Other terms for Frequency-Domain OCT include Swept Source OCT (SS-OCT) and
Optical Frequency Domain Imaging (OFDI).
Fourier-Domain OCT: A class of OCT technologies that includes Frequency-Domain
OCT (see above).
Gain: A multiplicative factor that can be used to adjust the IVOCT intensity values.
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Interferometry: A technique whereby light from a sample is combined with light from a
reference. Under conditions where the sample and reference arm path lengths match to
within the coherence length of the light source, interference between the sample and
reference arms may be detected. In OCT, analysis of the detected interference pattern
provides information on the intensity of light that has been reflected from different depths
within the artery wall.
Interference: Amplitude modulation observed when multiple coherent light waves are
combined and detected.
Lateral or transverse resolution: The minimum distance between two resolvable
objects along the circumferential dimension and in the plane of a single cross-sectional
IVOCT image.
Longitudinal dimension: The dimension in an IVOCT 3D dataset that is parallel with
the catheter’s long axis and along the direction of pullback motion.
Longitudinal resolution: The minimum distance between two resolvable points along
the longitudinal (pullback) dimension. This term is synonymous with Pitch. The Pitch
determines the longitudinal resolution when the Pitch is larger than the spot diameter.
L-mode image: A longitudinal-mode represents an IVOCT image that has been
generated by reconstructing a 3D IVOCT dataset along the longitudinal dimension at a
particular rotational angle. L-mode images are also sometimes referred to as
longitudinal sections or longitudinal reconstructions.
Near infrared (NIR) light: Light with wavelengths extending from 0.7 – 3 µm. IVOCT
light is typically within the NIR range, centered around 1.3 µm.
Normalized Standard Deviation (NSD): A parameter that has been used for
macrophage quantification. The NSD refers to the standard deviation of a region of
interest, divided by the difference between the maximum and minimum IVOCT image
values.
Opacity Tables: A table that is used to map IVOCT pixel values to various degrees of
opacity or transparency, used in 3D volume rendering and visualization.
Optical Path Length: The physical length that light travels in a medium multiplied by
the refractive index of the medium. For example, light traveling a physical distance of
2 mm in water (n = 1.33) will travel an optical path length of 2 x 1.33 = 2.66 mm.
PACS: (Picture Archive and Communication Systems) A computer system for storing,
displaying, managing, and distributing medical images.
Penetration Depth: The depth within a tissue or object at which an IVOCT image
signal has been attenuated (via scattering or absorption) to a level indistinguishable from
the background noise.
Phase: A characteristic of a light wave that specifies the position of the wavefront at a
given point in time and space. Phase changes may be used to estimate the motion of
scatterers (flow) in tissue via the Doppler Effect. Relative phase changes between
polarization states may be used to estimate tissue birefringence.
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Photodetector: A semiconductor device that converts light into and electrical signal.
Polarization: A property of light described by the magnitude, orientation, and
precession of its electric field. In a certain form of OCT, termed Polarization-Sensitive
OCT (PS-OCT), measurement of the polarization state of the light backscattered from
within the tissue may be used to detect tissue birefringence and thus give additional
compositional information.
Polar Coordinates: An r-θ coordinate system, where r is along the axial or depth
dimension and θ is along the Circumferential dimension. IVOCT images with helical scan
patterns are naturally acquired in Polar Coordinates but then are scan converted for
display in Cartesian Coordinates.
Ranging depth or Scan Depth or Depth range: The total distance from the
beginning to the end of an A-line.
Reference arm: The light path of an interferometer that provides the reference light..
Reflected light: The light that is returned from an object, which depends on refractive
index mismatch and the shape of the interface between the object and the surrounding
tissue or media. IVOCT measures reflected light that is collected by the catheter.
Another term for reflected light is backscattered light.
Refractive index: A property of a material that governs the speed of light through the
material.
Resolution: The minimum distance between closely spaced objects that can be
independently distinguished by the imaging system.
Rotary Junction or Rotary Joint: A device that is configured to couple light from a
non-rotating optical fiber (from the IVOCT system) into a rotating optical fiber that
resides within the catheter. The Rotary Junction is frequently attached to a linear
translation actuator that pulls or pushes the rotating optics of the catheter to create a
helical scan of the vessel wall.
Sample arm: The light path of an interferometer that illuminates the sample (vessel
tissue).
Saturation: A condition whereby the IVOCT signal strength exceeds an upper limit of
the detector or detection electronics. This condition can result in a saturation or blooming
artifact in the IVOCT image.
Scan Conversion: The process of converting an IVOCT image in polar coordinates to
an IVOCT image in Cartesian coordinates.
Scattering: Redirection of of light by interaction with tissue. This process includes
backscattering, which directs light back to the catheter where it can be collected to
contribute to the IVOCT signal. Scattering in other directions causes attenuation or
distortion of the IVOCT beam emanating from the catheter.
Segmentation: The process of delineating an object on an IVOCT image.
Segmentation may be accomplished by drawing a contour around the object manually or
by semi-automatic or automatic means.
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Sensitivity: The minimum backscattered signal that is detectable by an OCT system.
Service-object pair (SOP): The fundamental functional element of a DICOM
standard.
Single-mode optical fiber: A thin, flexible conduit or waveguide for the IVOCT light of
well-defined optical path length that makes up the interferometer. It is also part of the
catheter.
Shading: A change in the intensity of a volume rendering at a given location on the
volume intended to provide depth perception, given certain illumination features, object
and viewer perspectives, and simulated surface characteristics.
Shadow: Loss of IVOCT signal caused by something in the light path (e.g. stent struts,
blood, macrophages, or other object) that attenuates the light deeper within the tissue.
Speckle: Grainy pattern that appears in IVOCT images due to interference of waves
with random phase.
Spectral bandwidth: Total range of wavelengths produced by the IVOCT light source
over an entire wavelength sweep. The axial resolution is inversely proportional to the
spectral bandwidth.
Spot size: The diameter of the beam at any given axial or depth location.
Time-Domain OCT: A form of OCT that uses a broad bandwidth light source.
Interference between the reference and sample arms is detected as a function of time as
the optical path length of the reference arm is changed. The intensity of reflected light as
a function of depth within tissue (A-lines) is derived from the envelope of the interference
pattern.
Velocity of light: The speed at which light travels through a medium. The speed of
light in air is cair = 3.0 x 108. The speed of light is lower in tissue ctissue = cair/ntissue where
ntissue is the refractive index, which ranges from approximately 1.33 – 1.5.
Volume Rendering: A three-dimensional representation of an IVOCT pullback
dataset.
Z-offset: A difference in reference and sample arm path lengths that makes the scan
converted IVOCT image appear to be expanded or contracted. Correction of the Z-offset
is important for determining accurate dimensional measurements.
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Print Figures
Figure 1. FD-OCT; Giulio Guagliumi, Bergamo; LightLab/St. Jude C7 system.
Figure 2A. FD-OCT; Guillermo Tearney, MGH and Giora Weisz, CUMC, MGH prototype
system.
Figure 2B. FD-OCT; Guillermo Tearney, MGH and Evelyn Regar, ERMC; MGH
prototype system.
Figure 2C. FD-OCT; Nieves Gonzalo Hospital Clinico San Carlos; LightLab/St. Jude C7
system.
Figure 2D. FD-OCT; Guillermo Tearney, MGH and Giora Weisz, CUMC; MGH prototype
system.
Figure 3A. FD-OCT; Evelyn Regar, ERMC, Nieves Gonzalo, Hospital Clinico San
Carlos ; LightLab/St. Jude C7 system.
Figure 3B. FD-OCT; Tom Adriaenssens, Leuven; LightLab/St. Jude C7 system.
Figure 3C.TD-OCT; Takashi Akasaka, Wakayama; LightLab/St. Jude M2 system.
Figure 3D. TD-OCT; Giulio Guagliumi, Bergamo; LightLab/St. Jude M2 system.
Figure 4. FD-OCT, Guillermo Tearney, MGH and Evelyn Regar, ERMC; MGH prototype
system.
Figure 5A. TD-OCT; Takashi Akasaka, Wakayama; LightLab/St. Jude M2 system.
Figure 5B. FD-OCT; Guillermo Tearney, MGH and Sergio Waxman, Lahey Clinic; MGH
prototype system.
Figure 6A. FD-OCT; Tom Adriaenssens, Leuven; LightLab/St. Jude C7 system.
Figure 6B. FD-OCT; Evelyn Regar, ERMC; Terumo prototype system.
Figure 7A. FD-OCT; Evelyn Regar, ERMC; LightLab/St. Jude C7 system.
Figure 7B. TD-OCT; Takashi Akasaka, Wakayama; LightLab/St. Jude, M2 system.
Figure 8A. FD-OCT; Guillermo Tearney, MGH and Evelyn Regar, ERMC; MGH
prototype system.
Figure 8B. FD-OCT; Evelyn Regar, ERMC; Terumo prototype system.
Figure 8C. FD-OCT; Evelyn Regar, ERMC, Nieves Gonzalo, Hospital Clinico San
Carlos; LightLab/St. Jude C7 system.
Figure 8D. FD-OCT; Evelyn Regar, ERMC; LightLab/St. Jude C7 system.
Figure 9A. FD-OCT; Evelyn Regar ERMC; LightLab/St. Jude C7 system.
Figure 9B. FD-OCT; Guillermo Tearney, MGH and Sergio Waxman, Lahey Clinic; MGH
prototype system.
Figure 9C. TD-OCT; Giulio Guagliumi, Bergamo; LightLab/St. Jude M2 system.
Figure 9D. FD-OCT; Guillermo Tearney, MGH and Evelyn Regar, ERMC; MGH
prototype system.
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Online Figures
Online Figure 1. FD-OCT; Evelyn Regar, ERMC; LightLab/St. Jude C7 system.
Online Figure 2. FD-OCT; Nate Kemp, Volcano Corporation; Volcano Corporation
prototype system.
Online Figure 3. FD-OCT; Tom Adriaenssens, Leuven; LightLab/St. Jude C7 system.
Online Figure 4. FD-OCT; Nate Kemp, Volcano Corporation; Volcano Corporation
prototype system.
Online Figure 5. FD-OCT; Tom Adriaenssens, Leuven; LightLab/St. Jude C7 system.
Online Figure 6. FD-OCT; Guillermo Tearney, MGH and Evelyn Regar, ERMC, MGH
prototype system.
Online Figure 7. FD-OCT; Tom Adriaenssens Leuven; LightLab/St. Jude C7 system.
Online Figure 8. Top row: FD-OCT; Evelyn Regar, ERMC, LightLab/St. Jude C7
system. Bottom row: FD-OCT; Guillermo Tearney, MGH and Sergio Waxman, Lahey
Clinic, MGH prototype system.
Online Figure 9. FD-OCT; Guillermo Tearney, MGH and Sergio Waxman, Lahey Clinic,
MGH prototype system.
Online Figure 10. FD-OCT; Guillermo Tearney, MGH and Evelyn Regar, ERMC, MGH
prototype system.
Online Figure 11. TD-OCT; Marco Costa, Case Western, LightLab/St. Jude M2 system.
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