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Abstract

Optical coherence tomography (OCT) offers unique advantages as a high-res-
olution real-time imaging tool for interventional therapies. It can be used to
assess the characteristics of vascular and stents, guide interventional treat-
ments, and provide clinicians with complete real-time imaging, all of which
can improve surgical safety and efficacy. OCT is widely used in percutaneous
coronary interventions with favorable outcomes. However, its application in
peripheral vascular treatment is relatively limited, and sufficient trials to pro-
vide adequate clinical evidence to support its functionality are lacking. In this
review, we outline the fundamental principles of OCT and discuss its potential
use in interventions of the peripheral arteries, providing information for fu-
ture research in this domain.
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1. Introduction

With a globally aging population, the incidence of peripheral artery disease (PAD)
has been steadily increasing every year, becoming a significant challenge in cardi-
ovascular medicine. [1] Endovascular intervention remains the main approach to
treating peripheral artery disease. Optical coherence tomography (OCT), as a high-
resolution real-time imaging technique, has an axial resolution of up to 10 - 20

um, which is approximately 10 times higher than that of intravascular ultrasound
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(IVUS). [2] OCT can clearly show the microscopic details of the vessel lumen and
provides a more accurate description of the lesion from a more comprehensive
dimension, which facilitates the diagnosis and treatment of diseases. OCT has been
widely used in the coronary artery, [3] ophthalmology, [4] neurology, [5] derma-
tology, [6] and other clinical domains. Several studies have indicated that OCT of
the peripheral vasculature is safe and feasible. [7] [8]

Principles

OCT uses near-infrared light as the light source and a Michelson interferometer as
the core optical structure to generate optical interference signals for imaging. Light
is emitted by a low-coherence source (broadband light source), a superluminescent
diode (SLD), which is coupled to a single-mode optical fiber. The light is divided
into two parts at the optical fiber coupler: the reference light, which is collimated by
a lens and reflected by a flat mirror, and the sample light beam, which focuses onto
the tested sample via a lens. The backscattered light from the tested sample and the
reference light reflected by the mirror converged on the detector. Interference oc-
curs when the difference in the optical path length is within the coherence length of
the light source. The output signal of the detector reflects the intensity of the
backscattered light from the medium. [9] [10]

First-generation time-domain optical coherence tomography (TD-OCT) creates
interference by adjusting the position of the reference arm to generate optical path
length differences corresponding to depth, thereby providing depth information.
Lateral scanning is performed by moving or rotating the samples horizontally. Owing
to the uneven movement speed of the mechanical structure, the sample must remain
stationary for an extended time during the collection process, leading to significant
errors. New-generation frequency domain-OCT (FD-OCT) is an improved version
of TD-OCT. It replaces the mechanical scanning structure of the reference arm with
a spectrometer, and the depth information is obtained by Fourier transformation of
the collected interference patterns. Signals from different depths within tissues can
be acquired by adjusting the distance of the reference arm. In addition, signals from
different depths can be obtained by emitting light waves of different wavelengths
from the light source while keeping the reference mirror fixed. This eliminates the
need for a mechanical arm to move, allowing scanning to be completed in a fixed
position. Three-dimensional images of the samples are obtained by two-dimen-
sional lateral scanning. FD-OCT systems offer faster acquisition times with a pull-
back speed of 20 mm/s, allowing the scanning of 50 mm of arteries in approximately
3 s. Furthermore, FD-OCT provides an increased penetration depth, a higher sam-
ple line density per frame, and a wider scanning range. [11]-[13] Overall, FD-OCT,
while maintaining the same high resolution as TD-OCT, has achieved an exponen-
tial increase in imaging speed through technological innovation, thus replacing TD-

OCT as the mainstream in clinical practice.

2. Assessing Atherosclerotic Plaque

Atherosclerosis of the intima in the lower extremity arteries is a significant cause
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of peripheral artery atherosclerotic occlusive disease. The degree of atheroscle-
rotic narrowing in the lower-extremity arteries is closely associated with the clin-
ical progression of the disease. Intravascular OCT can effectively identify the mor-
phological characteristics of atherosclerotic plaques in lower extremity arteries
and serves as an ideal tool for assessing plaque characteristics.

On the OCT images, the calcified plaque regions appear as well-defined inho-
mogeneous low signals, the fibrotic plaque regions appear as homogeneous high
signals, and the lipid plaque regions appear as diffuse low signals with a signal-
rich fibrous cap covering them. [3] The more calcification and fibrous tissue a
plaque contains, the higher the grayscale median value of the plaque is. In a ret-
rospective study, Hartwig et al [14] included 140 patients who underwent lower
limb revascularization with an Ocelot catheter. The median grayscale plaque value
in the proximal cap of occlusive lesions effectively predicted the success rate of
catheter passage through chronic occlusions of the superficial femoral artery by
comparing plaque morphology in the proximal cap, midpoint, and distal cap of

the lesion.

3. Evaluation of Thrombus Morphology Characteristics

Thrombosis is a critical factor that influences patient prognosis after stent implan-
tation. Studies have indicated that intrastent thrombosis can cause intrastent reste-
nosis, affecting long-term patency. [15] Intravascular OCT not only provides abun-
dant information about plaque characteristics, but also effectively assesses intrastent
thrombosis and its morphological characteristics. In OCT images, thrombi are de-
picted as prominent masses that adhere to the luminal surface or float within the
lumen. They are categorized as red and white thrombi, with the former showing
high-attenuation areas and the latter showing low-attenuation areas. Hideaki et a/
[16] reported a case of follow-up after implantation of a paclitaxel-coated nitinol
drug-eluting stent (Zilver PTX); the results revealed that the coverage of the stent
strut increased, but some mural thrombi remained within the stent, which may
guide the optimal duration of dual antiplatelet therapy for patients treated with
drug-eluting stents (DES); however, the relationship between them still needs to be
further explored.

4. Femoral Artery Lesion

Endovascular OCT not only effectively identifies balloon-induced dissections, but
may also help avoid the risk of implantation of a stent in the false lumen during
surgery and can achieve full coverage of dissections. [17] [18] Furthermore, intra-
vascular OCT has been used for real-time assessment of post-treatment condi-
tions in the femoral artery. Using its high axial resolution, strut malapposition and
tissue prolapse can be clearly visualized after stent placement. Strut malapposition
is defined as the axial distance from the strut surface to the lumen surface of >200
pum or the axial distance from the strut surface to the lumen surface greater than

the thickness of the stent. Tissue prolapse is defined as any visible tissue protrud-
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ing into the lumen between the stent struts. These factors are closely associated
with the progression of ISR of in-stent restenosis. [7]

Digital subtraction angiography (DSA) remains the gold standard for diagnosing
lower extremity arterial stenosis. However, intravascular OCT, as an adjunct to
DSA, can effectively identify components that may not be adequately visualized us-
ing conventional DSA. Gregory et al [19] described a patient who underwent per-
cutaneous endovascular angioplasty for femoral artery restenosis, and whose imme-
diate postoperative OCT revealed a restrictive dissection that was not adequately
visualized using DSA, accurately measuring the extent and depth of the dissection.
Karnabatidis et al [7] reported that in 20 patients with atherosclerotic diseases of
the femoropopliteal artery after balloon angioplasty, five cases of severe dissections
with significant luminal damage were identified by intravascular OCT, and three of
them were not visualized by DSA. This suggests that the combination of intravas-
cular OCT and DSA can improve the detection rate of vascular dissections.

OCT can also be used to assess directional atherectomy (DA). Konstantinos et al
[20] reported a case in which directional atherectomy with Silver Hawk, followed
by balloon angioplasty, was performed using intravascular OCT, which yielded
optimal vascular imaging and OCT results. Chi et a/ [21] demonstrated that OCT
after DA provides high-resolution images of baseline plaque burden and offers
insight into the effects and complications of directional atherectomy, including
microscopic dissections, residual clots, and suboptimal minimal lumen areas.

OCT can also be used for the long-term follow-up of patients after stent im-
plantation. OCT can accurately measure neointimal thickness [22] and provides
visual observation of postoperative restenosis. Tomoi et a/. [23] used OCT to ob-
serve neointimal thickness and apposition on each strut, the incidence of extra-
stent lumen (ESL), peristrut low-intensity area (PLIA), and neovascularization at
1-mm intervals. They compared vascular responses at 6 and 12 months after Zil-
ver PTX treatment for femoral artery lesions. The results showed a gradual in-
crease in the average thickness of the neointima within the stent (480 um vs. 540
um, p < 0.001), low-intensity areas around the stent (29% vs. 44%, p < 0.001), and
the formation of new vessels (14% vs. 27%, p < 0.001). This suggests that even 12
months after Zilver PTX implantation, delayed vascular healing and persistent in-
flammation may have occurred. Additionally, intravascular OCT can quantify in-
flammatory indicators within the stent after the procedure. [24] Clinical studies
have confirmed that inflammatory reactions within the vessel contribute to reste-

nosis in the stent, ultimately affecting the long-term clinical prognosis. [15]

5. Infrapopliteal Artery Lesion

Currently, the use of intravascular OCT to understand and assess lesions in infe-
rior inguinal arterial stenosis remains in the exploratory stage. OCT not only pro-
vides high-quality images and an accurate assessment of the vascular lumen and
wall, [25] [26] but also clearly displays various characteristics of lesions, such as
thrombi, different types of plaques, and macrophage infiltration. An accurate
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identification of these characteristics can better guide the treatment of inferior
inguinal arterial stenosis to improve the long-term patency of the below-knee ar-
teries. [25]

Intravascular OCT can also be used in the long-term follow-up of patients after
implantation of an inferior inguinal artery stent to assess post-treatment results.
In a single-center prospective study, 12 patients with inferior inguinal arterial ste-
nosis who underwent DES implantation were followed using OCT. The results
revealed that lipid neointima and neovascularization were observed in 84.2% and
68.4% of the 19 DES implants, respectively. Furthermore, the percentage of reste-
nosis was higher in symptomatic patients than in asymptomatic patients. [8] Re-
cent studies have shown that in-stent restenosis in the lower extremity arteries is

strongly associated with intimal atherosclerosis. [27]

6. Utilization of Oct-Derived Devices

OCT-derived intravascular therapeutic devices mainly include the Ocelot and
Pantheris products from Avinger, which are produced in the United States. Ocelot
is an OCT-equipped chronic total occlusion (CTO) crossing catheter with a helical
wedge at its distal end, allowing the catheter to rotate forward through occluded
arteries. This not only guides the catheter safely, preventing possible vascular en-
dothelial damage and perforation, but can also be used to diagnose plaque mor-
phology, which can improve the safety and efficacy of treatment. [28]-[32] In the
prospective, single-arm, multicenter Vision study, [33] Ocelot catheters were used
for the treatment of 198 lesions alone or in combination with adjunctive therapies
such as stent implantation. The study did not report clinically significant perfora-
tions, 0.5% dissections, or 2% embolic events. Stavroulakis et al [34] investigated
the long-term results of Ocelot catheters combined with drug-eluting balloon
(DCB) angioplasty for intravascular reconstruction. The results indicated that in
33 patients with 37 lesions, reconstruction occurred in only 5% of the patients
within 12 months, with low perioperative complications.

Another OCT-derived device, Pantheris, combines OCT imaging fibers with an
atherectomy device, which has a curved tip containing an OCT imaging fiber, a
cutting blade, and a balloon underneath the cutting device that adjusts the angle
of incision to accurately remove the hyperplastic neointima without damaging the
vessel wall and achieving a larger lumen. Schwindt et a/ [33] used the Pantheris
device for directional atherectomy, removing 62% of lesions without damaging or
contacting the adventitia; in 82% of excised tissue, the adventitia was less than 1%.
In a multicenter prospective study, [35] eleven patients underwent atherectomy
using the Pantheris device. The results showed a 94% intimal plaque removal rate
with no mechanical complications. At 6 months of follow-up, only 18% (n = 2) of
the patients experienced revascularization of the target lesion. These studies con-
firmed the safety and effectiveness of OCT-guided directional atherectomy for the
treatment of femoropopliteal occlusive disease, with satisfactory long-term clini-

cal outcomes.
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7. Limitations

Intravascular OCT has some limitations. Low tissue penetration of low-coherence
near-infrared light and the influence of high blood levels make the evaluation of
diseased vessels in lower limb lesions with vessel wall thickness > 2 mm and vessel
lumen diameter > 7 mm poor. [2] [25] [36] When lesions have a side-branch blood
supply or proximal stenosis, it is difficult to completely flush the blood from the
vessel lumen using contrast medium or saline, and the image quality acquired by
OCT is poor. OCT scans a relatively short length of the vessel in one step, necessi-
tating repeated scans and increasing the total fluid volume during the procedure,
which can be a burden for patients with dialysis or heart failure. OCT adopts a sin-
gle-track design that requires a guidewire to guide delivery. The catheter is difficult
to push into heavily calcified occluded lower-extremity vessels and may damage the
vessels; its ability to explore distal vessels is limited. However, it has been shown that
the contrast agent used for OCT imaging can exacerbate renal failure. [37] However,
CO; can also be used as a blood-clearance medium to capture OCT images with the
same results as iodinated contrast agents. [38] Compared with IVUS, the catheter
cost of OCT is higher, and the operation requires blood removal to obtain clear im-
ages, which limits its practicality in areas with rich blood flow. However, its resolu-

tion advantage is crucial when evaluating fine structures.

8. Conclusion

Intravascular OCT, a high-resolution intravascular imaging technology, is not yet
used for routine treatment in lower-extremity vascular disease interventions, but
it possesses unique advantages over other imaging modalities. Compared to IVUS,
OCT not only accurately measures the diameter of the vascular lumen, [39] guid-
ing the selection of balloon or stent size and positioning, [40] but it also provides
superior visualization of the layers of the vascular wall, various plaque character-
istics, and conditions in the stent compared to IVUS. [2] [25] [41] Unlike DSA,
intravascular OCT offers advantages such as shorter acquisition times, higher res-
olution, and reduced radiation exposure. It can clearly display detailed features
within the lower-extremity vascular lumen, providing a reliable reference for in-
terventional procedures. In the future, with advances in intravascular technologies
and equipment updates, we believe that intravascular OCT will be more widely
explored and will find increasing application in the field of lower-limb vascular

interventional therapy.
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