
RESEARCH ARTICLE Open Access

A post-market, multi-vessel evaluation of
the imaging of peripheral arteries for
diagnostic purposeS comparing optical
Coherence tomogrApy and iNtravascular
ultrasound imaging (SCAN)
Edward Pavillard1* and Luke Sewall2

Abstract

Background: Intravascular imaging plays an important part in diagnosis of vascular conditions and providing
insight for treatment strategy. Two main imaging modalities are intravascular ultrasound (IVUS) and optical
coherence tomography (OCT). The objective of this study was to prove non-inferiority of OCT imaging to IVUS
images in matched segments of peripheral vessels in patients with suspected peripheral vascular disease.

Methods: The SCAN study was a prospective, non-inferiority clinical study of matched IVUS and OCT images
collected along defined segments of peripheral vessels from twelve subjects (mean age 68 ± 10.3 years; 10 men)
displaying symptoms of vascular disease. Luminal diameters were measured by both imaging systems at the distal,
middle, and proximal points of the defined segments. Three blinded interventional radiologists evaluated the
quality of both imaging modalities in identifying layered structures (3-point grading), plaque (5-point grading),
calcification (5-point grading), stent structure (3-point grading), and artifacts (3-point grading) from 240 randomly
ordered images. Mean grading scores and luminal diameters were calculated and analyzed with Student’s t-Test
and Mann-Whitney-Wilcoxon testing. Intrareader reproducibility was calculated by intraclass correlation (ICC)
analysis.

Results: The mean scoring of plaque, calcification, and vascular stent struts by the three readers was significant
better in terms of image quality for OCT than IVUS (p < 0.001, p = 0.001, p = 0.004, respectively). The mean scores of
vessel wall component visibility and artifacts generated by the two imaging systems were not significantly different
(p = 0.19, p = 0.07, respectively). Mean vessel luminal diameter and area at three specific locations within the vessels
were not significantly different between the two imaging modalities. No patient injury, adverse effect or device
malfunction were noted during the study.

Conclusions: Imaging by OCT provides the physician with better visualization of some vessel and plaque
chacteristics, but both IVUS and OCT imaging are safe and effective methods of examining peripheral vessels in
order to perform diagnostic assessment of peripheral vessels and provide information necessary for the treatment
strategy of peripheral artery disease.

Trial registration: NCT03480685 registered on 29 March 2018.
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Background
Intravascular imaging has been used for many years in
visualization and characterization of coronary vessel
morphology and presence of atherosclerotic plaque,
resulting in improved success in treatments and clinical
outcome due to better risk stratification [1, 2]. For ex-
ample, the evaluation of stent position and appropriate
sizing of coronary stents by OCT imaging can determine
stent malposition so that further dilation can be accom-
plished to improve stent placement at the time of the
procedure [3].
Drawing on the utility in coronary vessels, intravascu-

lar imaging has become much more frequently utilized
as an adjunct to angiography in the treatment of periph-
eral artery disease (PAD). The ability to visualize internal
vessel architecture provides clinicians with information
useful in the evaluation of stenosis, dissection and
plaque morphology. Intravascular imaging can therefore
assist in the development or modification of a treatment
strategies [4]. Such imaging has also shown utility in
post-treatment assessments, which can result in in-
creased treatment success and a reduction in patient
morbidity [5, 6].
The two primary modalities of such imaging are intra-

vascular ultrasound (IVUS) and optical coherence tomog-
raphy (OCT). As the name denotes, IVUS interprets high-
frequency sound waves that rebound off vessel walls and
are collected by a processing system. The intensity of the
sound waves varies depending on the tissue encountered
and the operating system processes the signals in order to
create a cross-sectional image [7]. IVUS can be used to
measure plaque extent, morphology and distribution, but
it has low spatial resolution (150 μm) and calcium deposits
in the vessel walls can reduce penetration of the sound
waves [8, 9]. In contrast, OCT imaging measures the in-
tensity reflected near-infrared light that is captured by a
system to develop images of tissue and structures [10].
OCT images have higher resolution (10 μm) and faster
imaging acquisition than IVUS [11], but such imaging re-
quires management of blood flow that can interfere with
light transmission [12].
IVUS and OCT imaging in peripheral vessels has been

noted to have comparable utilities in peripheral vessels
to their use in coronary arteries through assessing vessel
characteristics and morphology, such as vessel and
lumen diameter, area of stenosis, and plaque location
and extent (Fig. 1) [13, 14]. By utilizing intravascular
visualization, the physician is able to diagnosis the pa-
tient’s specific vascular condition and develop a treat-
ment strategy to a level of refinement not possible with
angiography [15]. The only previous comparative study
of IVUS and OCT imaging in peripheral arteries was
conducted with an OCT imaging catheter indicated for
use in coronary vessels consisting in subjects with short

lesions, low level of ischemia, and without thrombosis
[11], all conditions that do not reflect the majority of pa-
tients presenting to peripheral vascular interventionalists
for treatment. The purpose of this study was to prove
non-inferiority of OCT imaging with a device indicated
for peripheral vessels to IVUS images of the same segment
of peripheral arteries of a clinically relevant patient popu-
lation in order to assess real-world presentation of periph-
eral artery disease with the two imaging modalities.

Methods
The evaluation of the imaging of peripheral arteries for
diagnostic purposeS comparing optical Coherence tomog-
rAphy and iNtravascular ultrasound imaging (SCAN)
study was a two-center, prospective, non-inferiority study
comparing the quality of IVUS and OCT imaging in the
assessment of vessel characteristics for diagnosis and to
support treatment strategy. The protocol was reviewed
and approved by an institutional review board. All subjects
signed an informed consent document prior to enroll-
ment. The informed consent document provided to sub-
jects followed guidelines outlined by Good Clinical
Practices (GCP), the Declaration of Helsinki, and the
International Conference on Harmonization (ICH). The
study was registered on the National Institutes of Health
website ClinicalTrials.gov (NCT03480685).
Subjects included in this study were adults (≥18 years

old) with symptomatic peripheral arterial disease (Ruth-
erford Class 2 or greater) that were scheduled for revas-
cularization of a diseased vessel. Prior to any
intervention, the subject was included if angiography de-
termined that the reference vessel was of sufficient size
to accommodate either imaging device and contained
sufficient volume of plaque to treat with either atherec-
tomy or other method of revascularization. Subjects
were excluded only if female and pregnant or breast
feeding or unwilling to give informed consent in order
to provide plaque and other anatomic characteristics
that reflect real-world cases. The procedures were per-
formed on patients with common co-morbidities with-
out acute hemodynamic instability.
Based upon the inclusion/exclusion criteria, twelve (12)

subjects diagnosed with peripheral arterial disease of the
lower extremities were enrolled, with the goal to acquire
at least 120 matched images for analysis. With a sample
size of 120 images by both the OCT and IVUS catheters, a
two-group 0.05 one-sided matched t-test will have 90%
power to reject the null hypothesis that the OCT and
IVUS imaging modalities are not equivalent in favor of the
alternative hypothesis that the two are equivalent.

Imaging systems used
All OCT images were captured with the Pantheris cath-
eter (Avinger, Inc.) and all IVUS images were captured
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with the Visions PV 0.014P catheter (Royal Philips
Corp.). Both devices have marketing clearance by the
United States’ Food and Drug Administration (FDA)
for use in diagnostic imaging within peripheral ves-
sels. Neither device is considered investigational nor
experimental for this indication and, in this study,
both were used in accordance with their FDA-
cleared indications for use.

The Pantheris catheter is a monorail 7 French device
with a working length of 110 cm. It contains a 155 μm
optical laser fiber on the shaft of the catheter utilizing
frequency domain for image capture. The catheter is
connected to a console that displays the images. The de-
vice was designed for atherectomy in peripheral vessels,
but the OCT-imaging capability of the catheter allows
the physician to assess the burden and location of plaque

Fig. 1 Morphologies and characteristics of peripheral vessels noted with either IVUS or OCT imaging. a Layered structures of the vessel wall
shown with OCT (left) and IVUS (right) imaging. IEL – internal elastic lamina; EEL – external elastic lamina. b Plaque (stars) present in the vessel
wall denoted by IVUS imaging. c Plaque (stars) present in the vessel wall presented by OCT imaging. d Calcium present in the vessel imaged by
IVUS (arrows). e Calcium as imaged by OCT (arrows). f Vascular stent struts noted with IVUS (arrows). g OCT imaging of vascular stent
struts (arrows)
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within a vessel, as well as vessel morphology, prior to tis-
sue excision so that the physician can diagnose the pa-
tient’s condition and plan the treatment strategy. In
addition, the imaging allows the physician to monitor
tissue excision in order to avoid healthy tissue and then,
using measuring tools in the system’s software, measure
vessel lumen diameter to determine appropriate sizing
for a balloon or stent to be used in adjunctive treat-
ments. Blood management is accomplished by inflation
of a balloon proximal to the laser fiber. The catheter is
provided sterile and is for single use only.
The Visions PV 0.014P IVUS catheter (Visions cath-

eter) has an outer diameter of 5 Fr and a working length
of 150 cm. It also is advanced through an indwelling vas-
cular sheath following an 0.014″ guide wire. The cath-
eter is connected with an imaging system that displays
the vascular images. The IVUS catheter permits the clin-
ician to assess disease markers, such as plaque burden
and lesion location and morphology, as well as provide
measurements of the lumen of the vessel. It is provided
sterile and for single use only.

Image acquisition
After providing informed consent, the subject was pre-
pared for the diagnostic procedure according to the in-
stitution’s and investigator’s standard procedures.
Demographic information was recorded for each subject
and a radiopaque ruler (Glow N′ Tell, LeMaitre Vascu-
lar, Inc. Burlington, MA) was applied to the subject’s leg
to provide reference marks for the starting and stopping
points of the “target segment” to be imaged by the two
devices. The ruler also provided reference points for the
angiography cine.
Percutaneous access of the contralateral common fem-

oral artery was obtained and a 7-French vascular sheath
inserted up-and-over the aortic bifurcation and to the
region of interest of the artery under fluoroscopic guid-
ance. Next an 0.014 in. guide wire was advanced via the
lumen of the sheath until its tip was distal to the target
segment.
All images captured for review were contained within

areas of interest in vessel segments containing disease or
anatomical abnormalities within the markings of the
radiopaque ruler. First an IVUS catheter was loaded
onto the wire and advanced until its imaging transducer
resided at the distal end of the target region (the starting
point). Using the radiopaque ruler as a reference of the
starting point (distal end) and stopping point (proximal
end) of the target region, the IVUS catheter was ener-
gized for imaging and retracted by the physician through
the target segment capturing images within that seg-
ment; no pull-back device was used. Following this im-
aging run, the IVUS catheter was again advanced to the
distal point of the area of interest and a snapshot image

of the vessel taken (Fig. 2), not only as a known point
for comparison but also for measurement of the luminal
diameter and area. Next the IVUS catheter was retracted
to the mid-point of the target segment, which was within
the region of disease, and another snapshot taken,
followed by withdraw to the proximal point of the run
for the final snapshot. Using the software of the IVUS
console, shortest and longest diameter and area of the
lumen at these three points were measured and re-
corded. After all images were captured on the IVUS sys-
tem, the IVUS catheter was removed.
Next, using the same radiopaque ruler markings as a

reference, the OCT-imaging catheter was advanced over
the 0.014 guide wire until its imaging window was at the
same starting point (distal end) of the target segment
that had been used by the IVUS catheter. With the de-
vice energized, the OCT catheter was retracted through
the exact same target segment of the vessel and the
OCT images captured on the Lightbox system on a cine
loop. As was performed with the IVUS catheter, the
OCT catheter then was re-advanced to the distal point
of the lesion or area of interest and a snapshot taken of
the vessel, followed by subsequent snapshots at the mid-
dle and proximal points of the lesion. Vessel diameter
and luminal area were determined from these snapshots
using the measuring software of the Pantheris system.
When all imaging with the IVUS and OCT catheters
was complete, the subject exited the study.
Data procurement added less than 5min to the ex-

pected procedural time and there were no adverse events
as a result of capture of these images. The rate of man-
ual pull-back of the OCT-imaging catheter averaged 23 s
(SD 2.7 s) for one investigator and 27 s (SD 1.9 s) for the
other. Over the same distances (proximal to distal cap-
ture endpoints), the IVUS catheters captured a mean of
1239 images (SD 298 images).
The IVUS images were downloaded from the system

onto a DVD and transferred to a computer hard-drive
for processing. The OCT images were captured on the
Lightbox and downloaded to a memory stick prior to
transfer to a computer hard-drive. The fluoroscopic im-
ages taken during each case were downloaded to a DVD
by the hospitals’ radiology departments.

Study endpoints
The primary efficacy of imaging endpoint was met when
OCT imaging had the equivalent or higher ranking of
IVUS imaging of the visualization of vessel morphology
and disease for:

� Structure of the vessel wall – intima, media, external
elastic lamina, and adventitia;

� Non-layered structure—presence of disease (plaque)
in the vessel structure;
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� Abnormal physiology— presence of calcification;
and

� Obscuring of the image by artifacts.

The primary safety endpoints were freedom from diag-
nostic imaging procedure-related and device-associated
adverse events at the time of the imaging, as reported by
the physician.
Subject participation lasted the duration of the diag-

nostic imaging procedure. No follow-up images were
collected after the procedure.

Image analysis
The IVUS and OCT images were reviewed for suitability
of use in the study by a consultant with over twenty
years of experience in the interpretation of angiography
and IVUS and OCT images of peripheral arteries. For
each run of the target segments, the start, middle, and
stop locations of the target segments in both the IVUS
and OCT image files were identified from distinct points
on the angiographic ruler and from the procedure notes.

To gain additional images for review, IVUS and OCT
images were matched to locations along the entire target
segment to within 1 mm, using the fluoroscopic images
as a reference. The imaging series resulted in over 1000
imaging pairs, but for each subject the matched images
that best displayed the characteristic to be assessed were
chosen for use in the study library.
The images were anonymized and given a unique

identification number prior to assessment by the readers.
Since the presentation of IVUS and OCT images are vis-
ibly different, the readers could not be blinded as to
which imaging device was used to generate the image,
but it was important that the images not be presented as
matched images in sequence. Therefore, the images were
provided in a random sequence so that the reader could
not match a specific IVUS image to a specific OCT
image at the time of the review. For example, Fig. 3
shows IVUS and OCT images from the same location in
a peripheral artery of one subject in the study. The IVUS
image was identified in the series of images as number
228 and the OCT image was identified as image number

Fig. 2 Example of distal, middle, and proximal image sampling points for (a) IVUS and (b) OCT imaging catheters
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14. In this example, after viewing the OCT image, the
readers would have viewed 214 other images between
seeing the IVUS image from that same subject at that
same point in the vessel, which reduced the chance that
the reader would recognize the two images as coming
from the same vessel location. This resulted in 120 im-
ages matched to each imaging catheter for a total of 240
images to be reviewed. Within these 120 images, the
characteristic to be ranked appeared either singly on the
image or in conjunction with other characteristics,

which resulted in 309 scores from each reader and a
total of 927 scores (Table 1).
The images were reviewed by three independent

readers, who were experienced interventional radiolo-
gists. The readers were not present during the cases
at which the images were captured nor were they as-
sociated, professionally or otherwise, with the hospi-
tals at which the images were collected. All of the
readers had experience in the interpretation of IVUS
and OCT images. Prior to the image assessment
stage, representative images were reviewed with the
readers in order to create a consistent nomenclature
when identifying different tissue types with both im-
aging catheters and to standardize the image review
process.
The images were provided in eight blocks of 30 images

and the readers ranked each for clarity (using a visual
analogue scale or VAS) in the diagnosis of vessel condi-
tion and presence of plaque pre-procedure. Qualitative
interpretation of OCT and IVUS images were ranked
using the convention of Eberhardt et al. [11] as follows:

� Layered structure – intima, media, external elastic
lamina and adventitia (ranked as 1- clear
differentiation of all the vessel wall layers, 2-
differentiation of at least three vessel wall layers, 3-
differentiation of at least two vessel wall layers, and
4-no differentiation of any vessel wall layer);

� Non-layered structure —presence of plaque in the
vessel structure (1- excellent histology-like image
quality to 5- unacceptably poor image quality);

� Abnormal physiology—calcification (1- excellent
histology-like image quality to 5- unacceptably poor
image quality); and

Fig. 3 Matched images of the nonlayered structures at the same location in a peripheral artery from IVUS imaging (a) and OCT imaging (b). The
IVUS image was displayed as number 228 in the series of images provided to the readers and the OCT image was displayed as number 14

Table 1 Patient and vessel characteristics

No. of patients 12

Mean age, years (range) 68 (55–87)

Sex Male 10 (83%). Female 2
(17%)

Race Caucasian 92%. African-
American (8%)

Mean weight, kg (range) 82 (69–92)

Mean height, cm (range) 176.8 (167.6–187.9)

Leg of the vessel accessed Left 9 (75%). Right (25%)

Vessel imaged SFA (64%) Popliteal (36%)

Mean length of target segment of vessel,
cm (range)

24 (10–60)

Number of images containing a specific
vessel characteristic to be scored

Layered structure 24

Nonlayered structure 104

Calcification 40

Stent 21

Artifact 120
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� Effect of artifacts on reading the images (1- no
artifacts present, 2- present and tolerable but not
limiting diagnostic image quality, 3- intense and
does limit diagnostic image quality).

The results of all readings of both imaging modalities
were used for intrareader comparison to evaluate the re-
producibility and reliability of the respective imaging
modality.

Statistical analyses
Statistical analyses were carried out using StatView software
(SAS Institute, Cary, NC). A p value < 0.05 was considered
statistically significant. Matched Pairs t-Test were per-
formed to compare means and on paired samples to com-
pare procedural data and complications associated with the
imaging techniques. The Mann-Whitney-Wilcoxon test
was applied for statistical comparison of the scores of all
three readers. A two-way intraclass correlation (ICC) was
calculated to assess intra-reader reproducibility.

Safety reporting
Incidence and severity of procedure-related and device-
related adverse events (e.g., vessel spasm, thrombosis,
distal embolism, etc.) were evaluated following each scan
and documented over the course of the study.

Results
Demographics of the twelve subjects who met the inclu-
sion/exclusion criteria are reported in Table 1. Images
were taken primarily within superficial femoral arteries
(SFA) of the left leg. The mean length of the selected
vessel segments was 16 cm, ranging from 5 to 30 cm.

Safety and catheter performance
Of the twelve subjects in the study in which both IVUS
and OCT catheters were placed, no periprocedural or
post-procedure adverse events occurred. Intraoperative
monitoring of heart rate and blood pressure prior to in-
sertion of and during image capture by each catheter
had no clinically relevant fluctuations or deviations.
The time required for scans by either system was com-

parable (mean of 83 s for IVUS and a mean of 94 s for
OCT), with no repeated vessel segment runs required in
order to capture the images. All cases of imaging were
performed with a single IVUS or OCT catheter, with no
catheter malfunctions. Images were recorded fully on
both systems and available for image extraction at the
time needed.

Qualitative image analysis
The OCT and IVUS images displayed comparable levels
of clarity at the 3 specific points of the target vessel seg-
ments imaged. While the scores for IVUS imaging were

positive for all vessel characteristics, indicating that the
readers could distinguish vessel characteristics suffi-
ciently, the OCT images scored statistically higher for
the overall visual quality of the non-layered structures
(plaque), calcification, and stent struts. The two imaging
modalities were not significantly different in scoring of
the layered structure or any artifacts obscuring the
image. The location of specific images within the vessel
segment imaged did not affect the rankings; although,
the acceptability of the imaging to the three readers
scored significantly different between the IVUS and
OCT images (Table 3). The statistical difference in
image quality between the two modalities is supported
by rounding the mean scores in Table 2 to whole num-
bers or when viewed as the median scores for each elem-
ent. The median score for layered structures was 1 for
IVUS imaging and 1 for OCT imaging; for plaque differ-
entiation the IVUS had a median score of 3 verusus a
median of 2 for OCT images; calcium and artifacts had
median scores of 2 for both imaging modalities, while
the median score for stent structure recognition was 1
for OCT imaging verusus 2 for IVUS.
The intrareader reproducibility for the quality of im-

ages measured were over 0.70 for both OCT and IVUS
images (Table 3).

Quantitative image analysis
Lumen diameters as measured with OCT and IVUS at
distal, middle, and proximal points of the vessel target
segments were comparable between the two imaging
catheters in all measurements other than the shortest
diameter in the middle of the targeted vessel segment
(Table 4).

Discussion
This is the first study comparing the quality of IVUS
and OCT images in peripheral vessels in patients in the
United States. The quality of the two modalities were
comparable for differentiation of vessel wall layers and
the amount of artifact present in the images, while OCT
imaging was ranked as significantly better for imaging
luminal plaque, calcium, and foreign body sturctures,
such as stent struts. Even though some of the vessel
characteristics were significantly better visualized by
OCT than with IVUS, this study was designed to deter-
mine the characteristics of both imaging modalities to
assist physicians in the diagnosis of and development of
treatment strategy for patients with peripheral arterial
disease. OCT imaging was comparable to imaging by
IVUS technology for visualizing layered structures and
having insufficient interference from artifacts to obscure
the field of view, both of which provide important infor-
mation to the physician during a procedure. While the
OCT scores for identifying plaque, calcium deposition in
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the wall, and indwelling devices (vascular stents) were
significantly higher than those of the IVUS catheter, the
scores given to the IVUS images were within the ranking
levels that equate to the image quality of IVUS as “very
good” and provided sufficiently clear imaging to allow
the physician to complete diagnostic review and treat-
ment strategy for PAD.
IVUS imaging has enabled peripheral arterial assess-

ment of vessel luminal dimensions, plaque distribution,
morphology, aneurysmal disease, plaque vulnerability,
and stent malapposition [16, 17]. Based on similar phys-
ical principles of IVUS, intravascular OCT imaging sub-
stitutes light waves for ultrasound waves. The usage of
near-infrared light in OCT imaging supports subsurface
imaging and enables a substantial (10X) increase in reso-
lution over conventional IVUS imaging. The enhanced
visualization provided by OCT imaging allows physicians

to more clearly interpret and discern among structures in
healthy and diseased tissues [18, 19]. However, intravascu-
lar OCT imaging is a challenge in vessels of large luminal
diameter due to a lower depth of tissue penetration by
light rather than sound waves and in the presence of high
level of blood that can obscure the light waves, both con-
ditions that are not a challenge for intravascular IVUS. Re-
cently, high-definition IVUS (HD-IVUS) machines have
become available for clinical use to not only address ana-
tomical and physiological challenges for OCT imaging but
also to provide higher spatial resolution and faster image
acquisition than conventional IVUS devices [20]. These
HD-IVUS devices have been reported to have significantly
better imaging of anatomical and indwelling vascular de-
vices, such as vascular stents, in both bench top and clin-
ical use in comparison to conventional IVUS catheters,
but not in comparison to intravascular OCT imaging in

Table 2 Mean ranking of the image quality of layered structure, non-layered structure, calcification, stent structure, and artifacts as
rated by three readers of matched images captured by OCT and IVUS systems

Vessel Characteristic Mean score for IVUS images Mean score for OCT images Student’s t-Test Mann-Whitney-Wilcoxon test

Layered structurea 1.61 1.49 p = 0.19 z = 0.82
p = 0.41

Non-layered structureb 2.70 1.82 p < 0.001 z = 11.04
p < 0.001

Calcificationc 2.45 2.11 p = 0.001 z = 2.80
p = 0.005

Stent structured 1.79 1.43 p = 0.004 z = 2.67
p = 0.007

Artifactse 1.87 1.79 p = 0.07 z = − 1.52
p = 0.12

Scoring: a Layered structure (1- clear differentiation of vessel wall layers, 2- differentiation of 3 wall layers, 3-differentiation of 2 wall layers, 4- no differentiation
visible); b Non-layered structure (1- excellent histology-like image quality to 5- unacceptably poor image quality); c Calcification (1- excellent histology-like image
quality to 5- unacceptably poor image quality); d Stent structure (1 excellent image, 2 – acceptable image, 3 – unacceptably poor image); and e Artifacts (1-none,
2- tolerable/not limiting, 3-is intense and limits image quality)

Table 3 Mean ranking of the image quality of layered structure, non-layered structure, calcification, stent structure, and artifacts as
rated by three readers of matched images captured by OCT and IVUS systems

Reader Layered Structurea Non-Layered Structureb Calcificationc Stent Structured Artifactse

IVUS OCT IVUS OCT IVUS OCT IVUS OCT IVUS OCT

1
1.58 1.12 2.97 2.08 2.28 2.05 2.00 1.48 2.15 1.68

p = 0.002 p < 0.001 p < 0.001 p < 0.001 p < 0.001

ICC intrareader 0.82 0.91 0.89 0.91 0.77 0.83 0.82 0.93 0.85 0.81

2
1.42 1.04 2.55 1.54 2.15 1.60 1.81 1.14 1.73 1.51

p = 0.02 p < 0.001 p < 0.001 p < 0.001 p < 0.001

ICC intrareader 0.70 0.83 0.73 0.81 0.91 0.85 0.84 0.88 0.92 0.83

3
1.83 2.29 2.58 1.84 2.95 2.68 1.52 1.67 1.22 2.33

p = 0.005 p < 0.001 p = 0.19 p = 0.52 p < 0.001

ICC intrareader 0.84 0.75 0.89 0.77 0.92 0.87 0.83 0.86 0.92 0.81

Scoring: a Layered structure (1- clear differentiation of vessel wall layers, 2- differentiation of 3 wall layers, 3-differentiation of 2 wall layers, 4- no differentiation
visible); b Non-layered structure (1- excellent histology-like image quality to 5- unacceptably poor image quality); c Calcification (1- excellent histology-like image
quality to 5- unacceptably poor image quality); d Stent structure (1 excellent image, 2 – acceptable image, 3 – unacceptably poor image); and e Artifacts (1-none,
2- tolerable/not limiting, 3-is intense and limits image quality)
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the same models [20–22]. While intravascular IVUS im-
aging has a predominant position in hospitals and office-
based laboratories, the characteristics and dimensions of
plaque deposition in peripheral artery disease are amen-
able to OCT imaging due to the smaller luminal dimen-
sions and the necessity of avoiding inadvertent injury to
adventitial tissue, which is associated with re-stenosis of
peripheral vessels. However, both imaging modalities are
important to clinicians to not only assess the condition of
the peripheral vessel in order to develop a treatment strat-
egy but also to monitor the progress of the intervention
and to identify areas that either require further treatment
or that no longer require intervention.
Both IVUS and OCT catheters have the option of be-

ing retracted within vessels manually or with the use of

a motorized pull-back accessory. A major reason for mo-
torized or automatic pull-back is to facilitate accurate
measurement of the length of the area of interest and to
capture images that are equidistant within the imaging
run [23, 24]. Measuring the length of time that the im-
aging spanned when set at a specific retraction speed on
a motorized accessory can provide the user with an ac-
curate measure of the lesion length in the absence of
angiography. However, research has noted that when
used in tortuous vessels uniform image capture is not
obtained reliably and can cause images to become elon-
gated or foreshortened with the use of a motorized pull-
back accessory [25] without improving accuracy against
angiography [26]. In this study, both imaging catheters
were withdrawn through the vessel manually; however,

Table 4 The longest and shortest luminal diameter of vessels at the distal, middle, and proximal portions of the target segments of
vessels and the resultant luminal area as measured by the Pantheris OCT or Visions PV IVUS systems

Proximal Location Middle Location Distal Location

Patient Imaging
Modality

Longest
Diameter
(mm)

Shortest
Diameter
(mm)

Luminal Area from
Longest Diameter
(sq mm)

Longest
Diameter
(mm)

Shortest
Diameter
(mm)

Luminal Area from
Longest Diameter
(sq mm)

Longest
Diameter
(mm)

Shortest
Diameter
(mm)

Luminal Area from
Longest Diameter
(sq mm)

P1 IVUS 5.4 4.3 22.9 5.1 4.6 20.43 3.5 3 9.62

OCT 6.1 3.9 29.22 5.7 4.2 25.52 3.8 3.3 11.34

P2 IVUS 4.3 4 14.52 3.8 3.2 11.34 2.9 2.5 6.6

OCT 3.9 3.3 11.95 4.2 3 13.85 3.2 3 8.04

P3 IVUS 3.9 3 11.95 4.4 4 15.2 3.1 2.6 7.54

OCT 4.2 2.9 13.85 4.6 4.3 16.62 3.2 2.7 8.04

P4 IVUS 6.4 5.9 32.17 5.2 4.7 21.24 3.4 3.3 9.08

OCT 5.7 5.3 25.52 4.8 4.4 18.09 3.1 2.9 7.55

P5 IVUS 6.7 5.8 35.26 5.9 5.1 27.34 5.9 5.4 27.34

OCT 5.7 5 25.52 5.5 4.8 23.76 5.5 5.1 23.76

P6 IVUS 4.8 4.1 18.09 3.8 3.1 11.34 3.3 2.8 8.55

OCT 5.4 4.1 22.9 3.6 2.8 10.18 3.5 3 9.62

P7 IVUS 5.3 4.3 22.06 4.6 4 16.62 3.2 2.8 8.04

OCT 4.6 4 16.62 4.2 3.5 13.85 3 2.6 7.06

P8 IVUS 5.3 4.3 22.06 5.4 4.8 22.9 4.6 4.2 16.62

OCT 5.6 4.7 24.63 5.1 4.3 20.43 4.9 4.3 18.86

S1 IVUS 3.5 3 9.62 3.6 2.5 10.18 3 2.3 7.07

OCT 3.8 3.2 11.34 3.8 2.6 11.34 3.1 2.4 7.55

S2 IVUS 2.9 2 6.6 2.2 1.8 3.8 2.3 2.1 4.15

OCT 2.8 2.5 6.16 2.4 2 4.52 3.2 2.4 8.04

S3 IVUS 3.7 2.9 10.75 3.9 3.4 11.94 3.3 2.7 8.55

OCT 4.1 2.4 13.2 3.4 2.6 9.08 3 2.5 7.07

S4 IVUS 4.6 4.2 16.62 3.9 3.4 11.94 3.1 2.8 7.55

OCT 4.3 3.9 14.52 3.7 3.1 10.75 2.8 2.5 6.16

MEANS IVUS 4.7 3.9 18.55 4.3 3.7 15.36 3.5 3 10.06

OCT 4.7 3.8 17.28 4.2 3.4 14.83 3.5 3 10.26

p = 0.80 p = 0.10 p = 0.39 p = 0.54 p = 0.02 p = 0.52 p = 0.60 p = 0.96 p = 0.74
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both physicians had experience with manual retraction
of imaging catheters, so the catheters moved through
the vessel at comparable speeds with each investigator.
In addition, the majority of the images for third-party as-
sessment were captured with the imaging element of
each catheter adjacent to the same distance marker on a
radiopaque ruler visualized by angiography. With each
image used for review and scoring associated with a
static mark on the ruler, the variation between the IVUS
and the OCT images was minimized. This is demon-
strated with the minimal difference in ranking between
and among the paired images by the three readers.
Intravascular imaging to support diagnosis and treat-

ment of peripheral artery disease is becoming an im-
portant factor in new and evolving endovascular
interventions. Use of such imaging can help form the
treatment strategy, size the vessel so that the appropriate
diameter of balloons or stents being placed is chosen,
and guide and direct treatments such as angioplasty and
atherectomy to minimize vessel wall injury [6, 27–31].
Intravascular imaging also permits assessment of tissue
in the region of the procedure in order to determine
whether further treatment is necessary to address re-
gions with incomplete treatment or injury resulting from
the treatment [30, 32, 33].
An important variable in the outcome of revascularization

procedures is the type and extent of calcium in coronary
and peripheral lesions since the incidence of revasculariza-
tion and treatment success decreases as calcium burden in
plaque increases [34–36]. Intravascular imaging to assess
calcium in peripheral lesions provides information on the
characteristics of calcium present in peripheral lesions as
well as burden within the tissue [6, 37–40]. Use of either
IVUS or OCT imaging to diagnose and guide treatment of
calcified lesions in peripheral vessels has been associated
with improved treatment outcomes since they either deter-
mine the appropriate path around such deposits or the ap-
propriate treatment method to be used. In this study,
diagnosis of calcium within the vessel walls was ranked as
close to histology-like for both OCT and IVUS imaging,
which would provide the interventionalist with sufficient in-
formation to develop treatment options [41]. In this study,
both imaging modalities identified the location and extent of
calcium in the vessel at levels of clarity that were clinically
beneficial.
OCT imaging has a long history in coronary vessels in

the assessment of vessel injury following treatment [42–44],
and is used in peripheral vessels for not only diagnosis of
conditions in the vessels [45] but also has been shown to be
capable of characterizing different types of atherosclerotic
plaque [14]. In coronary vessel disease, OCT imaging has
caused the change in treatment strategy and assessment of
the treatment. In the ILUMIEN I study, the information
gained from OCT imaging prior to treatment changed the

pre-imaging plan in 55% of patients in up to 80% of the
cases, primarily in selection of vascular stent length, diam-
eter, and number used [46]. After stent implantation in cor-
onary vessels, OCT imaging is used to assess the stent
position and dilatation, which, when corrected, results in
better clinical outcomes [46, 47].
OCT imaging in peripheral vessels has been integrated

into clinical practice since 2012, with the early results
demonstrating assessment of calcium deposition and in-
jury to the vessel wall from previous treatments [41].
With increased use of intravascular OCT imaging, inter-
ventionalists are able to review the vessel lumen, wall
components, and abnormal physiology in peripheral ves-
sels preoperatively [11, 13–15, 30, 45, 48], which are im-
portant conditions to identify in making a diagnosis and
choosing procedural options [49]. Intravascular OCT
imaging of peripheral vessels containing stents has
allowed interventionalists to determine the extent of
neointimal tissue growth resulting in in-stent resten-
osis [31] and the extent of stent revascularization in
peripheral vessels following an interventional proced-
ure [31, 33, 50, 51].
OCT-guided atherectomy has clinical benefits of tissue

excision with minimal injury to healthy tissue, reduction
in the use of contrast agents or radiation, and focused
treatment following the identification of plaque distribu-
tion and morphology [31]. Schwindt et al. [6] noted that
OCT-guided directional atherectomy resulted in 62% of
lesions being removed with no disruption or contact
with adventitia and 82% of lesions having less than 1%
adventitia in excised tissue, which may have contributed
to the 92% freedom from target lesion revascularization
rate noted at six months post-procedure. Non-radiation
imaging such as OCT provides physicians as well as pa-
tients with an option of visualization of intravascular
conditions with minimal or no contrast or radiation.
Contrast use in patients with chronic kidney disease car-
ries risk but use of OCT imaging can be used to meas-
ure lesions in lower extremities without use of iodinated
contrast agents [49]. OCT imaging provides information
on the diameter of peripheral lesions that can direct the
physician to choose the correct size of vascular stent or
balloon angioplasty, which is associated with longer pe-
riods of patency [52]. In contrast, atherectomy relying
solely on angiographic guidance can result in suboptimal
volumes of plaque excised and injury to the adventitia
[30], resulting in restenosis within a shorter period of
time than desired [49, 53].
In a similar manner, IVUS imaging prior to and fol-

lowing vascular procedures have been reported to differ-
entiate plaque morphology, assist in stent and balloon
sizing, and identification of procedure-related injuries,
such as dissection [4, 54, 55], which result in improved
clinical outcomes. IVUS-directed percutaneous coronary
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interventions has been demonstrated to have lower inci-
dence of stent thrombosis [56], while use of IVUS in
peripheral vessels can monitor treatment efficacy in real-
time, which is associated with lower target lesion revas-
cularization rates up to one year post-procedure [5, 49].
A limitation to this study is the number of subjects en-

rolled, which may not have provided the breath of
physiological and pathological presentations associated
with peripheral arterial disease. However, the twelve
subjects included in this study did have varying levels of
vascular disease, which is more relevant to clinical pro-
cedures than previous imaging studies carried out on
healthy peripheral vessels.

Conclusion
From the results of this study, OCT and IVUS imaging
are safe and effective methods of examining peripheral
vessels in order to diagnose and maximize the clinical
benefit of treatment of peripheral artery disease. OCT
imaging of peripheral vessels in vivo was comparable to
IVUS imaging in the detection of layered structures,
treatment zones, and artifacts. OCT was found to be su-
perior to IVUS imaging in the differentiation of plaque,
the presence of calcium in the vessel wall, and the pres-
ence of vascular stents. Use of intravascular imaging
prior to a procedure can direct treatment strategy due to
its high resolution of vascular tissue and anomalies in
the vessel wall and measuring of lumens to direct choice
in appropriate stent sizes. Use of intravascular imaging
after an intervention can guide the need for addition
intervention such as stent placement or further expan-
sion of poorly implanted stents. Both IVUS and OCT
imaging have moved out of the research stage of clinical
procedures and into daily use in order to increase the ef-
ficacy of vascular interventional procedures without in-
creasing risk.

Abbreviations
IVUS: Intravascular ultrasound; OCT: Optical coherence tomography;
PAD: Peripheral artery disease; SFA: Superficial femoral artery; VAS: Visual
analogue scale

Acknowledgments
The authors wish to thank Dr. Xuanmin He for preparing the images for
review, and Dr. Aryafar, Dr. Deipolyi, and Dr. Sudheendra, the three readers.

Authors’ contributions
EP and LS designed the study, performed the procedures, analyzed the
results, and contributed to statistical analyses. Both authors contributed to
writing and editing the manuscript and both approved the final manuscript.

Funding
This study was supported by an unrestricted research grant from Avinger,
Inc. Funding was used to support research staff at both institiutions in
collection of data and images and to compensate the time of the three
independent radiologists who reviewed and scored the images. The funder
identified the readers used in this study, none of whom had a previous
association with the funder.

Availability of data and materials
The data collected during this study are available from the corresponding
author upon reasonable request.

Ethics approval and consent to participate
This study was approved by the Western Institutional Review Board and
conducted according to the Declaration of Helsinki. All patients signed
informed consent before enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Pennsylvania Vascular Institute, 420 W. Linfield-Trappe Road Suite 3200,
Limerick, PA 19468, USA. 2AMITA Health, 911 N. Elm Street Suite 128,
Hinsdale, IL 60521, USA.

Received: 26 August 2019 Accepted: 30 January 2020

References
1. Kubo T, Akasaka T, Shite J, et al. OCT compared with IVUS in coronary lesion

assessment: the OPUS-CLASS study. JACC Cardiovasc Imaging. 2013;6:1095–
104.

2. Okamura T, Gonzalo N, Gutierrez-Chico JL, et al. Reproducibility of coronary
Fourier domain optical coherence tomography: quantitative analysis of
in vivo stented coronary arteries using three different software packages.
EuroIntervention. 2010;6:371–9.

3. Gudmundsdottir I, Adamson P, Gray C, et al. Optical coherence tomography
versus intravascular ultrasound to evaluate stent implantation in patients
with calcified coronary artery disease. Open Heart. 2015;2:e0002225.

4. Hachinohe D, Mitomo S, Candilio I, Latib A. A practical approach to
assessing stent results with IVUS and OCT. Methodist Debakey Cardiovasc J.
2018;14:32–41.

5. Krishnan P, Tarrisone A, K-Raman P, et al. Intravascular ultrasound guided
directional atherectomy versus directional atherectomy guided by
angiography for the treatment of femoropopliteal in-stent restensosis. Ther
Adv Cardiovasc Dis. 2018;12(1):17–22.

6. Schwindt AG, Bennett JG, Crowder WH, et al. Lower extremity
revascularization using optical coherence tomography-guided directional
atherectomy: final results of the evaluation of the Pantheris optical
coherence tomography imaging atherectomy system for use in the
peripheral vasculature (VISION) study. J Endovasc Ther. 2017;24(3):355–66.

7. Makris GC, Chrysafi P, Little M, et al. The role of intravascular ultrasound in
lower limb revascularization in patients with peripheral arterial disease. Int
Angiol. 2017;36:505–16.

8. Singh T, Koul D, Szpunar S, et al. Tissue removal by ultrasound evaluation
(the TRUE study): the Jetstream G2 system post-market peripheral vascular
IVUS study. J Invasive Cardiol. 2011;23(7):269–73.

9. Kashyap VS, Lakin RO, Feiten LE, et al. In vivo assessment of endothelial
function in human lower extremity arteries. J Vasc Surg. 2013;58(5):1259–66.

10. Farooq M, Khasnis A, Majid A, Kassab MY. The role of optical coherence
tomography in vascular medicine. Vasc Med. 2009;14:63–71.

11. Eberhardt KM, Treitl M, Boesenecker K, et al. Prospective evaluation of
optical coherence tomography in lower limb arteries compared with
intravascular ultrasound. JVIR. 2013;24:1499–508.

12. MacNeill BD, Lowe HC, Takano M, et al. Intravascular modalities for
detection of vulnerable plaque: current status. Arteroscler Thromb Vasc Biol.
2003;23:1333–42.

13. Prati F, Guagliumi G, Mintz GS, et al. Expert review document part 2:
methodology, terminology, and clinical applications of optical coherence
tomography for the assessment of interventional procedures. Eur Heart J.
2012;33:2513–20.

14. Meissner OA, Rieber J, Babaryka G, et al. Intravascular optical coherence
tomography comparison with histopathology in atherosclerotic peripheral
artery specimens. J Vasc Interv Radiol. 2006;17:343–9.

Pavillard and Sewall BMC Medical Imaging           (2020) 20:18 Page 11 of 12



15. Stefano GT, Mehanna E, Parikh SA. Imaging a spiral dissection of the superficial
femoral artery in high resolution with optical coherence tomography—seeing
is believing. Catheter Cardiovasc Interv. 2013;81:568–72.

16. Andrews J, Puri R, Kataoka Y, Nicholls SJ, Psaltis PJ. Therapeutic modulation
of the natural history of coronary atherosclerosis: lessons learned from serial
imaging studies. Cardiovasc Diagn Ther. 2016;6(4):282–303.

17. Ma T, Zhou B, Hsiai TK, Shung KK. A review of intravascular ultrasound-
based multimodal intravascular imaging: the synergistic approach to
characterizing vulnerable plaques. Ultrason Imaging. 2016;38(5):314–31.

18. Gudmundsdottir I, Adamson P, Gray C, et al. Optical coherence tomography
versus intravascular ultrasound to evaluate stent implantation in patients
with calcific coronary artery disease. Open Heart. 2015;2(1):e000225.

19. Su M, Chen CY, Yeh HI, Wang KT. Concise review of optical coherence
tomography in clinical practice. Acta Cardio Sin. 2016;32(4):381–6.

20. Chen CY, Maehara A, Fall K, et al. Imaging comparisons of coregistered
native and stented coronary segments by high-definition 60-MHz
intravascular ultrasound and optical coherence tomography. JACC
Cardiovasc Interven. 2016;9(12):1305–6.

21. Ataka R, Saito N, Tsujimura A, et al. Direct comparison of optical coherence
tomography and high-definition 60-MHz intravascular ultrasound imaging
of intra-procedural stent thrombosis in a patient with acute coronary
syndrome. Cardiovasc Revasc Med. 2019;20(4):365–7.

22. Okada K, Kitahara H, Mitsutake Y, et al. Assessment of bioresorbable scaffold
with a novel high-definition 60 MHz IVUS imaging system: comparison with
40 MHz IVUS referenced to optical coherence tomography. Catheter
Cardiovasc Interv. 2018;91(5):874–83.

23. Koganti S, Kotecha T, Rakhit RD. Choice of intracoronary imaging: when to
use intravascular ultrasound or optical coherence tomography. Intervent
Cardiol Rev. 2016;11(1):11–6.

24. Rathod KS, Hamspere SM, Jones DA, Mathur A. Intravascular ultrasound
versus optical coherence tomography for coronary artery imaging—apples
and oranges? Interv Cardiol. 2015;10(1):8–15.

25. Evans JL, Ng KH, Wiet SG, et al. Accurate three-dimensional reconstruction
of intravascular ultrasound data. Circulation. 1996;93(3):1–5.

26. Giannoglou GD, Chatzizisis YS, Sianos G, et al. In vivo validation of spatially
correct three-dimensional reconstruction of human coronary arteries by
integrating intravascular ultrasound and biplane angiography. Coron Artery
Dis. 2006;17:533–43.

27. Dohad S, Shao J, Cawich I, et al. Diagnostic imaging capabilities of the
ocelot optical coherence tomography system: ex vivo evaluation and clinical
relevance. BMC Med Imaging. 2015;15:57.

28. Maehara A, Matsumura M, Ali ZA, et al. IVUS-guided versus OCT-guided
coronary stent implantation. JACC Cardiovasc Imaging. 2017;10:1487–503.

29. Mori S, Hirano K, Nakano M, et al. Intravascular ultrasound measurements
after drug-eluting stent placement in femoropopliteal lesions: determining
predictors of restenosis. J Endovasc Ther. 2015;22:341–9.

30. Negi SJ, Rosales O. The role of intravascular optical coherence
tomography in peripheral percutaneous interventions. J Invasive Cardiol.
2013;25:E51–3.

31. Lichtenberg MK, Carr JG, Golzar JA. Optical coherence tomography: guided
therapy of in-stent restenosis for peripheral arterial disease. J Cardiovasc
Surg (Torino). 2017;58:518–27.

32. Kuku KO, Garcia-Garcia HM, Koifman E, et al. Intravascular ultrasound
assessment of the effect of laser energy on the arterial wall during the
treatment of femoro-popliteal lesions: a CliRpath excimer laser system to
enlarge lumen openings (CELLO) registry study. Int J Cardiovasc Imaging.
2018;34:345–52.

33. Kozuki A, Shinke T, Otake H, et al. Optical coherence tomography study of
chronic-phase vessel healing after implantation of bare metal and
paclitaxel-eluting self-expanding nitinol stents in the superficial femoral
artery. J Cardiol. 2016;67:424–9.

34. Jia H, Abrahian F, Aguirre AD, et al. In vivo diagnosis of plaque erosion and
calcified nodule in patients with acute coronary syndrome by intravascular
optical coherence tomography. J Am Coll Cardiol. 2013;62:1748–58.

35. Fanellli F, Connavale A, Gazzetti M, et al. Calcium burden assessment and
impact on drug-eluding balloons in peripheral arterial disease. Cardiovasc
Intervent Radiol. 2014;37:898–907.

36. Kim RJ, Smith JB, Vogel TR. Preoperative assessment of computerized
tomography angiography to predict success for crossing long trans-Atlantic
inter-society consensus D lesions using optical coherence tomography
catheter. Vascular. 2018;26:362–7.

37. Spiliopoulos S, Kitrou P, Katasanos K, Karnabatidis D. FD-OCT and IVUS
intravascular imaging modalities in peripheral vasculature. Expert Rev Med
Devices. 2017;4:127–34.

38. Selmon MR, Schwindt AG, Cawich IM, et al. Final results of the chronic total
occlusion crossing with the ocelot system II (CONNECT II) study. J Endovasc
Ther. 2013;20:770–81.

39. Horimatsu T, Fujii K, Fukunaga M, et al. The distribution of calcified nodule
and plaque rupture in patients with peripheral artery disease: an
intravascular ultrasound analysis. Heart Vessels. 2017;32:1161–8.

40. Sewall LE. Treatment of chronic total occlusions using the Avinger ocelot
crossing catheter. Semin Intervent Radiol. 2015;32:370–3.

41. Marmagkiolis K, Lendel V, Cawich I, Cilingiroglu M. Ocelot catheter for the
recanalization of lower extremity arterial chronic total occlusion. Cardiovasc
Revasc Med. 2014;15:46–9.

42. Antonsen L, Thayssen P, Hansen HS, et al. Optical coherence tomography
assessment of incidence, morphological characteristics, and spontaneous
healing course of edge dissections following percutaneous coronary
intervention with stent implantation in patients with non-ST segment
elevation myocardial infarction. Int J Cardiol. 2016;223:466–74.

43. Araki M, Lee T, Mural T, Kakuta T. Serial examinations of right coronary
artery directly injured by radiofrequency catheter ablation with optical
coherence tomography and intravascular ultrasound. Cardiovasc Interv Ther.
2017;32(1):62–5.

44. Yonetsu T, Kakuta T, Lee T, et al. Assessment of acute injuries and chronic
intimal thickening of the radial artery after transradial coronary intervention
by optical coherence tomography. Eur Heart J. 2010;31(13):1608–15.

45. Karnbatidis D, Katsanos K, Paraskevopoulos I, et al. Frequency-domain
intravascular optical coherence tomography of the femoropopliteal artery.
Cardiovasc Intervent Radiol. 2011;34:1172–81.

46. Wijns W, Shite J, Jones MR, et al. Optical coherence tomography imaging
during percutaneous coronary intervention impacts physician decision-
making: ILUMIEN I study. Eur Heart J. 2015;36:3346–55.

47. Kochman J, Pietraski A, Rdzanak A, et al. Comparison between optical
coherence tomography and intravascular ultrasound in detecting
neointimal healing patterns after stent implantation. Kardiol Pol. 2014;72:
534–40.

48. Kendrick DE, Allemang MT, Gosling AF, et al. Dextran or saline can replace
contrast for intravascular optical coherence tomography in lower extremity
arteries. J Endovasc Ther. 2016;23(5):723–30.

49. Babaev A, Zavlunova S, Attubato MJ, et al. Orbital atherectomy plaque
modification assessment of the femoropopliteal artery via intravascular
ultrasound (TRUTH study). Vasc Endovascular Surg. 2015;49:188–94.

50. Huisman J, Hartmann M, von Birgelen C. Ultrasound and light: friend or foe?
On the role of intravascular ultrasound in the era of optical coherence
tomography. Int J Cardiovasc Imaging. 2011;27:209–14.

51. Sakamoto N, Nakazato K, Misaka T, et al. Very late stent thrombosis and
neointimal plaque rupture after implantation of sirolimus-eluting stents:
observations with angiography, IVUS, and OCT. Cardiovasc Interv Ther. 2011;
26:263–8.

52. Marmagkiolis K, Lendel V, Leesar MA, et al. Use of optical coherence
tomography during superficial femoral artery interventions. J Invasive
Cardiol. 2014;26(5):220–3.

53. Tarricone A, Ali Z, Rajamanickam A, et al. Histopathological evidence of
adventitial or medial injury is a strong predictor of restenosis during
directional atherectomy for peripheral artery disease. J Endovasc Ther. 2015;
22:712–5.

54. Waller BF, Pinkerton CA, Slack JD. Intravascular ultrasound: a histological
study of vessels during life. Circulation. 1992;85:2305–10.

55. Krishnan P, Terricone A, Ali Z, et al. Intravascular ultrasound is an effective
tool for predicting histopathology-confirmed evidence of adventitial injury
following directional atherectomy for the treatment of peripheral artery
disease. J Endovasc Ther. 2016;23:672–3.

56. Maehara A, Mintz GS, Weissman NJ. Advances in intravascular imaging. Circ
Cardiovasc Interv. 2009;2:482–90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Pavillard and Sewall BMC Medical Imaging           (2020) 20:18 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Imaging systems used
	Image acquisition
	Study endpoints
	Image analysis
	Statistical analyses
	Safety reporting

	Results
	Safety and catheter performance
	Qualitative image analysis
	Quantitative image analysis

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

