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Abstract

During endovascular therapy (EVT) for peripheral artery disease (PAD), intravascular ultrasound (IVUS) and extravascular ul-
trasound (EVUS) can provide information that is not available from angiography alone, including accurate vessel sizing, plaque
morphology, calcification distribution, and assessment of dissections or stent expansion. By complementing angiography, these

imaging modalities may improve procedural precision and support appropriate treatment strategies. This narrative review

summarizes the practical applications and limitations of IVUS and EVUS in contemporary EVT for PAD.
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Introduction

Intravascular Ultrasound

Intravascular ultrasound (IVUS) and extravascular ultrasound
(EVUS) are increasingly used when undertaking endovascular
therapy (EVT) for peripheral artery disease (PAD). These modali-
ties provide information that cannot be obtained by angiography
alone, including accurate vessel sizing, plaque morphology,
distribution of calcification, and assessment of dissections or
stent expansion. By complementing angiographic findings, IVUS
and EVUS may improve procedural precision and support more
appropriate treatment strategies.

The aim of this article is to provide a narrative review of the
practical applications and limitations of IVUS and EVUS in con-
temporary EVT for PAD. It is not a systematic or scoping review;
instead, it summarizes well-established evidence together with
procedural concepts and insights derived from the authors’ clin-
ical experience. References were selected from representative,
widely cited publications that are commonly recognized in the
field and relevant to daily clinical practice.
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Can intravascular ultrasound change the treatment strategy
for peripheral artery disease?

IVUS-guided EVT has received considerable attention as
EVT for PAD has evolved. By enabling precise assessment of
lesion characteristics (eg, vessel diameter, plaque morphology,
and the extent of calcification), IVUS improves understanding
of disease pathophysiology and supports procedural planning,
device selection, and treatment optimization.! It also provides
important advantages for pre- and post-intervention assessment.
IVUS findings help determine the optimal lesion preparation
strategy and evaluate its results, including lumen expansion,
dissection severity (eg, dissection angle and medial involve-
ment), elastic recoil, and calcified arc fracture—features often
difficult to assess using angiography alone. IVUS also guides
decisions regarding stent implantation, including identification
of appropriate landing zones and optimal stent sizing. After
stent placement, it enables evaluation of stent expansion and
apposition and helps determine the need for further optimiza-
tion. Through these mechanisms, IVUS contributes to procedural
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FIGURE 1. Definitions of intravascular ultrasound (IVUS) findings. IVUS pro-
vides real-time cross-sectional images of the vessel that cannot be visualized
by angiography alone. By enabling detailed assessment of vessel diameter
and plaque characteristics, IVUS complements angiographic findings and
facilitates a more comprehensive understanding of the target lesion. IVUS
allows visualization of the 3-layer structure of the arterial wall: intima, media,
and adventitia (A-E). The media (C) is the most clearly identifiable layer and
appears as a hypoechoic “black band”. Compared with coronary arteries, the
medial layer of peripheral arteries is typically thicker. The internal elastic
membrane (IEM, B) and external elastic membrane (EEM, D) are visualized
as hyperechoic boundaries on the inner and outer margins of the media,
respectively. The intima, including the luminal surface, is located internal
to the IEM. Lumen diameter is measured as the distance from intima to
intima (F). In quantitative vascular angiography, vessel diameter is com-
monly assessed based on the lumen diameter. Lumen area is measured by
tracing the leading edge of the luminal surface (G), and the minimum lumen
areais defined as the smallest cross-sectional area within the target lesion.
The adventitia lies external to the EEM and appears as a hypoechoic region
(E); however, it is often difficult to distinguish clearly from the surrounding
tissue. Therefore, vessel diameter on IVUS is typically defined using the
EEM diameter (H). Vessel area is measured by tracing the trailing edge of
the EEM on a cross-sectional image and is referred to as the EEM area (1).

optimization, improved technical success, and identification of
mechanisms of stent failure and post-procedural complications.
Definitions of IVUS findings are shown in Figure 1, and typical
plaque morphologies are shown in Figure 2.

Interest in IVUS for peripheral interventions has grown
rapidly; as of March 2026, more than 40% (264) of 625 IVUS-
related publications indexed in PubMed were published within
the preceding 5 years, reflecting increasing clinical adoption
and research activity.
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FIGURE 2. Typical plaque morphologies observed on intravascular ultra-
sound (IVUS). IVUS provides cross-sectional images of the vessel. In normal
vessels, the trilaminar arterial structure is clearly visualized; in diseased
segments, accurate assessment of vessel diameter and plaque morphology
is particularly important. Atherosclerotic plaque is primarily composed
of lipids, fibrous tissue, and calcification, which can be differentiated on
grayscale IVUS images based on echogenicity. Lipid-rich plaque typically
appears hypoechoic and may demonstrate signal attenuation, resulting in
loss of visualization of deeper vessel structures. Fibrous tissue generally
appears iso- to relatively hyper-echoic, whereas calcified plaque is highly
echogenic and is accompanied by posterior acoustic shadowing because
ultrasound does not penetrate calcium. In clinical practice, most athero-
sclerotic plaques are heterogeneous and consist of varying combinations
of these components. (A) Fibrous plaque: The blue area (a) indicates fibrous
plaque, which appears as an isoechoic region on IVUS. (B) Fibro-fatty
plaque: The orange area (b) represents fibro-fatty plaque, characterized
by an iso- to hypoechoic appearance on IVUS. (C) Fatty plaque: The yellow
area (c) denotes lipid-rich plaque with signal attenuation, observed as a
hypoechoic region. Deeper vessel structures may not be visualized due to
acoustic attenuation. (D) Mixed plaque: The red area (d) highlights mixed
plaque containing fibrous, lipid-rich, and calcified components, present-
ing as a heterogeneous echogenic pattern. (E-G) Calcified plaques: These
plaques exhibit high echogenicity (greater than that of the adventitia) with
posterior acoustic shadowing and are classified as superficial (intimal, e),
deep (medial, f), or nodular calcification (g). (H) Subintimal space: The
green area (h) indicates an enlarged subintimal space, commonly observed
following subintimal guidewire passage and/or balloon-induced dissection.

Intravascular ultrasound-guided endovascular therapy for
femoropopliteal artery lesions

Historically, percutaneous transluminal angioplasty was
the primary treatment for femoropopliteal artery (FPA) lesions;
however, elastic recoil and flow-limiting dissections limited du-
rability. Subsequent advances driven by the establishment of new
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FIGURE 3. Relationship between the balloon size (and minimum lumen area [MLA]) and restenosis

risk after the drug-coated balloon angioplasty (adapted and modified from the DOLPHINE study?®).
The DOLPHINE study showed the dose-response function between MLA value (nm2) and restenosis
rate (%). The slope of the correlation between MLA and restenosis rate (red line) is significant between
10.6 mm? and 17.0 mm?, suggesting that securing as large an MLA as possible up to 17 mm? positively
affects outcomes; however, securing MLA beyond 17 mm? might be irrelevant to patency. The theo-
retical maximum MLA achievable with balloon dilation of 4 mm/5 mm/6 mm/7 mm is 12.6 mm? (red
box)/19.6 mm? (blue box)/28.3 mm? (green box)/38.5 mm? (purple box), respectively. Accounting
for a reported 30% recoil 15 minutes post-balloon angioplasty, these values adjust to 8.8 mm? (red
arrow)/11.6 mm? (blue arrow)/19.8 mm? (green arrow)/27.0 mm? (purple arrow). Applying these to
the correlation function suggests that restenosis rates for lesions treated with a 4-mm drug-coated
balloon (DCB) are considerably high, arguing that using at least a 5-mm DCB is desirable. There is a
significant difference in MLA and estimated patency rate obtained between 5-mm and 6-mm balloons;
thus, verifying the external elastic membrane diameter with intravascular ultrasound and expanding
with the biggest possible balloon (at least 5 mm, preferably 6 mm) for treatment with a 5- or 6-mm
DCB is considered advisable.

techniques and devices, such as bare-metal stents, drug-coated

balloons (DCB), drug-eluting stents (DES), interwoven stents

(IWS), and stent-grafts (SG) have marked the transition toward

contemporary antirestenotic strategies. Alongside these devel-
opments, IVUS technology has advanced as a tool for acquiring

more detailed and precise information about target lesions.

IVUS generates cross-sectional images of the vessel lumen by
emitting ultrasound waves from a transducer mounted on a cath-
eter. IVUS provides information beyond angiography, including
accurate vessel diameter measurement and detailed assessment
of plaque characteristics such as the distribution and severity
of calcification. These insights allow more comprehensive lesion
evaluation and may contribute to improved procedural quality
and clinical outcomes.

Accumulating evidence supports a beneficial role of IVUS
guidance in FPA interventions. The ZEPHYR study (2015) was
the first to demonstrate an association between IVUS-derived
parameters and clinical outcomes; a minimum stent area (MSA)
<12 mm?® predicted restenosis at 12 months and helped establish
the contemporary concept of lesion preparation.? Subsequent
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retrospective and prospective studies
have suggested improved outcomes with
IVUS-guided EVT compared with angi-
ography guidance. In 2022, a randomized
controlled trial (RCT) from Australia re-
ported improved freedom from binary
restenosis with IVUS guidance for FPA
lesions. However, no significant differ-
ence was observed in clinically driven
target lesion revascularization (CD-TLR)
rate.® A similar pattern was observed at
the 3-year follow-up. Freedom from bina-
ry restenosis was significantly higher in
the IVUS group (48.8% vs 34.7%, P=.011),
whereas CD-TLR (66.7% vs 64.9%, P=.697)
and major adverse events (40.5% vs 32.9%,
P=.397) were comparable between the
groups. Notably, the benefit of IVUS with
respect to freedom from binary restenosis
appeared to be particularly pronounced
in the DCB-treated subgroup.* A Korean
RCT also reported improved outcomes with
IVUS guidance in a DCB-based strategy.®
Furthermore, a detailed analysis revealed
that the effectiveness of IVUS was evident
in complex lesions (TASC C/D), with the
IVUS-guided group showing significantly
higher rates of both freedom from resteno-
sis and freedom from CD-TLR. However, in
simple lesions (TASC A/B), no significant
benefit of IVUS was observed.® Importantly,
simply passing an IVUS catheter through

alesion does not itself improve outcomes. The clinical value of
IVUS-guided EVT depends on accurate image acquisition and
interpretation and on integrating IVUS findings into procedural
decision-making. Further analyses and prospective studies are
needed to clarify which IVUS-driven procedural changes translate
into improved outcomes.

The mechanisms by which IVUS guidance improves outcomes
are primarily attributed to 2 factors: (1) more accurate vessel
sizing and (2) more detailed plaque characterization. These
advantages facilitate appropriate lesion preparation strategies
and guide rational treatment strategy selection, including DCB,
DES, IWS, or SG. A substantial body of evidence supports the
role of IVUS in accurate vessel sizing.

Recent studies consistently show that the reference vessel
diameter (RVD) assessed by IVUS is larger than that estimated by
angiography. When vessel size is defined by the external elastic
membrane (EEM) diameter, IVUS studies have shown that (1)
IVUS-based RVD is significantly larger than angiographic RVD;
(2) approximately half of patients have a ARVD (IVUS-RVD minus
angiographic RVD) =1 mm; and (3) discrepancies are particularly
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pronounced in small vessels, chronic total
occlusions (CTO), severe calcifications, and
previously stented segments.”
Regarding lesion preparation, sub-
stantial data focus on calcification. Earli-
er studies reported that circumferential
calcification reduces the efficacy of DCB
therapy,® suggesting the importance of
achieving sufficient luminal expansion

and improving drug uptake through plaque s s
modification. Early IVUS-guided EVT stud- .
ies showed that lesions with calcified arcs Type |

>180° often fail to achieve adequate min-
imum lumen area (MLA) with standard
plain old balloon angioplasty, even when
bare-metal stents are used to mitigate
recoil.? In such cases, scoring/cutting bal-
loons, intravascular lithotripsy (IVL), or
debulking devices may be considered. More
recent data suggest that calcified nodules
identified by IVUS are associated with
inferior outcomes after DCB therapy.® Cal-
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cified nodules may limit luminal gain with

balloon-based therapy and may increase
the risk of dissection or vessel rupture.
In these settings, plaque modification
with IVL or reduction of calcific burden
with debulking devices may be reasonable
considerations. In percutaneous coronary
intervention (PCI), imaging-based calcium
scoring using IVUS" or optical coherence
tomography' has been proposed to guide

FIGURE 4. Morphology of chronic total occlusion (CTO) lesions assessed by angiography and extra-
vascular ultrasound (EVUS). EVUS allows direct visualization of CTO cap morphology and surrounding
vessel structures, complementing angiographic assessment. (A1) Proximal CTO cap morphology
visualized by EVUS; (A2) the corresponding angiographic image of the same lesion. (B) Schematic
representation of the CTO crossing approach based on plaque cap morphology (CTOP) classification.
Type | CTOs, characterized by an antegrade concave proximal cap, are generally more amenable to
antegrade crossing and are associated with a lower incidence of severe calcification. In contrast,
Type IV CTOs, which exhibit a retrograde concave configuration, are more frequently approached
retrogradely, and are least likely to be crossed using an antegrade strategy. Access conversion or
alternative approaches are commonly required in Type II, IIl, and IV lesions. (C) Representative fem-
oropopliteal artery CTO demonstrating both proximal (C1) and distal (C2) caps on EVUS, consistent

the selection of plaque-modifying devices;
developing an analogous evidence-based
framework may be an important future
direction for peripheral IVUS-guided EVT.
IVUS may inform strategy in other lesion subsets. For ex-
ample, organized thrombus resistant to balloon compression
may prompt consideration of thrombectomy devices, relatively
rigid fibrous plaque may favor cutting or debulking devices, and
lipid-rich plaque with marked attenuation may raise concerns
about distal embolization, for which distal protection devices
could be considered. However, robust evidence supporting these
approaches remains limited, and further studies are needed to
establish standardized algorithms for IVUS-guided EVT.

Proposed parameters for intravascular ultrasound-guided
endovascular therapy

Detailed evaluation of the target lesion should be performed
to guide selection of the definitive treatment strategy, including
size and length. IVUS can be used to assess lesion characteristics,
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with a CTOP Type Il morphology.

RVD, and the presence of dissection, and to quantify luminal
dimensions before and after lesion preparation. The principles
of IVUS-based vessel assessment in EVT are analogous to those
used in PCI. While lesion-specific vessel preparation is a funda-
mental concept in EVT, accurate IVUS evaluation of predominant
plaque morphology and EEM diameter enables a more precise
and reproducible, tailored decision-making strategy for device
selection and lesion preparation techniques, with the aim of
optimizing procedural outcomes.

Evidence of intravascular ultrasound-guided endovascular
therapy

Recent studies suggest that IVUS-derived parameters can
help predict restenosis risk. For example, an MSA <12 mm? after
FPA-DES placement is associated with restenosis risk.? For fluo-
ropolymer-based DES, a larger post-procedural area threshold
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FIGURE 5. Representative findings during extravascular ultrasound (EVUS)-guided endovascular therapy (EVT). EVUS enables real-time visualization
of vascular structures and endovascular devices during EVT, providing complementary information to fluoroscopy. (A) Chronic total occlusion (CTO)
crossing device (Crosser, Becton Dickinson) demonstrating microcavitation generated by ultrasonic vibration. (B) Metallic puncture needle visualized
during tibial artery access. (C) A 0.035-inch guidewire and dedicated diagnostic catheter visualized within a CTO segment. (D) Angiographic images
demonstrating a significant stenosis before balloon angioplasty (D1) and residual stenosis after angioplasty (D2). (E) Under-expanded stent segment
(E1) and the same stent after adequate expansion (E2), as visualized by EVUS. (F) Tip of a CTO crossing device (Viance, Medtronic) clearly delineated
by EVUS. (G) Fluoroscopic image (G1) and corresponding EVUS depiction of the Diamondback 360 Peripheral Orbital Atherectomy System (Abbott). (H)
Directional atherectomy device with a tilted cutting window visualized by EVUS. (1) Laser atherectomy device generating transient microcavitation,

observed as dynamic echogenic signals on EVUS.

(eg, 15 mm?) has been proposed in some reports,'*!* emphasizing
the need to understand appropriate target MLA/MSA values for
each device type. For DCB therapy, retrospective studies have
reported an MLA <12.7 mm? as a predictor of restenosis,”® and
a subanalysis of a Korean RCT identified an MLA >11.6 mm? as
a cutoff for 12-month patency.’® Taken together, achieving an
MLA of approximately 11 to 13 mm? after DCB treatment may be
a reasonable procedural target to maintain 12-month patency.
The retrospective multicenter DOLPHINE study reported a
dose-response relationship between MLA and restenosis rate.”
The slope of this relationship was steep, between approximately
10.6 and 17.0 mm?, suggesting that increasing MLA up to ~17 mm®
may improve outcomes, whereas further increases may have less
incremental benefit. The theoretical maximum MLA achievable
with balloon dilation of 4, 5, 6, and 7 mm is 12.6, 19.6, 28.3, and 38.5
mm?, respectively (Figure 3). When accounting for a reported
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30% elastic recoil at 15 minutes after balloon angioplasty, these

values adjust to 8.8, 11.6,19.8, and 27.0 mm?, respectively.’®* Apply-
ing these estimates to the reported MLA-restenosis relationship

suggests that restenosis rates after treatment with a 4-mm DCB

may be high, supporting the use of at least a 5-mm DCB when

anatomically appropriate. Because the MLA increase between

5- and 6-mm balloons is substantial, IVUS-based confirmation

of EEM diameter and use of the largest feasible balloon (at least
5 mm, preferably 6 mm) may be advisable for lesions treated

with 5- to 6-mm DCBs. In contrast, the MLA increase between

6- and 7-mm balloons may not translate into improved patency

and may raise concerns regarding dissection, vessel rupture,
and distal embolization. These insights are largely derived from

retrospective studies without core-lab validation and should be

confirmed in prospective, core-lab-adjudicated studies.
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1. Application of drug-coated balloon

After successful lesion preparation, DCBs are often selected
in appropriate cases. For DCB sizing, a balloon-to-vessel ratio of
approximately 1:1is generally recommended. Kurata et al reported
differences between angiography-based RVD, IVUS-based min-
imum lumen diameter, and IVUS-based EEM diameter,’with an
approximately 2-mm discrepancy between DCB sizing guided by
angiography and sizing guided by IVUS-EEM. In that report, an
IVUS-EEM-based strategy was associated with lower restenosis
rates, suggesting that DCB diameter may be better selected based
on EEM diameter.

2. Verification of guidewire passage position

Intraluminal guidewire passage (IP) may be beneficial for
maximizing the effectiveness of DCB therapy. IP is associated
with procedural conditions that may facilitate favorable outcomes,
including (1) the potential to achieve larger acute luminal gain
(greater MLA/MSA), (2) a lower likelihood of severe dissection
or significant recoil, and (3) more efficient delivery of antireste-
notic drugs. In contrast, subintimal guidewire passage (SP) may
be less favorable in achieving these procedural goals. Previous
studies reported no significant difference in outcomes between
intraluminal approach (IA) and subintimal approach (SA) for
FPA-CTO lesions.” However, many studies classified crossing
based on wiring technique rather than actual guidewire position.
Several reports demonstrate discrepancies between IA/SA and true
guidewire passage assessed by IVUS (IP/SP); Tomoi et al reported
such discrepancies in more than one-third of cases.?® In particular,
for vessel preparation devices that require intraluminal wire
passage, such as IVL,* rotational or directional atherectomy,*
and mechanical thrombectomy, accurate assessment of guidewire
position by IVUS is critical for procedural decision-making. When
subintimal or intramedial wire passage is identified, operators
may need to reconsider device selection or modify the treatment
strategy, as the use of these devices in an inappropriate vessel
layer may increase the risk of complications, including vessel
rupture or severe dissection.

Accordingly, IVUS confirmation of guidewire passage is
important when evaluating the clinical impact of IP. Mori et al
reported that IVUS-identified IP was protective against restenosis,
whereas SP exceeding 14.4% of total CTO length was an indepen-
dent predictor of restenosis.? Tsubakimoto et al demonstrated
that IVUS-guided wiring achieved a higher IP rate (91.1% vs 51.3%,
P<.001) and a larger post-procedural MLA (16.4 vs 12.4 mm?, P=.044)
than conventional wiring techniques.? Shimada et al suggested
that IP may reduce severe dissections detected by IVUS and an-
giography after balloon angioplasty.?® In addition, a subanalysis
of the POPCORN study (a nationwide Japanese registry of DCB
treatment) reported higher 12-month primary patency with
IVUS-confirmed IP than with SP.2¢ Taken together, particularly
when planning a DCB-based strategy, aiming for IVUS-verified
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IP appears reasonable, while recognizing that IP itself does not
guarantee optimal lesion preparation or clinical outcomes.

3. Stent deployment

Known target thresholds for post-stent MSA (eg, 12 and/or 15
mm?)>* support the importance of adequate lesion preparation
before stent placement. In addition, “healthy-to-healthy” stent
landing is a fundamental concept for stent-based strategies.
Recent reports suggest selecting landing zones with plaque
burden <60%%; without IVUS, plaque burden assessment and
optimal landing-zone selection are difficult. IVUS is also useful
for detecting edge dissection after stent placement. Accordingly,
IVUS guidance may be particularly important for stent-based
strategies in selected cases. The CAPSICUM study identified SP
and IVUS use as factors associated with aneurysmal degeneration
after FPA-DES placement.? Although pathological validation
is required, it has been hypothesized that IVUS guidance may
lead to selection of larger balloons, resulting in over-expansion
within the subintimal space and injury to the media, potentially
contributing to aneurysmal degeneration.

4. Result from recent meta-analysis

Recent meta-analyses have provided additional insights into
the role of IVUS in peripheral endovascular interventions. Two
large meta-analyses—one from the UK including 246,418 patients
and another from the USA including 708,808 patients—demon-
strated that IVUS-guided EVT was associated with a lower rate of
major amputation compared with angiography-guided EVT.?*%
However, results regarding restenosis and target lesion revascu-
larization were heterogeneous. The UK-based analysis reported
better freedom from reintervention in the angiography-guided
group, whereas the US-based analysis showed a trend toward
improved outcomes with IVUS guidance. Although these findings
are difficult to interpret, they suggest that the clinical benefit of
IVUS may vary depending on study design and patient population.
To establish the true advantage of IVUS, further accumulation of
well-designed RCTs and high-quality meta-analyses is warranted.

Limitations of intravascular-guided endovascular therapy
Several limitations should be considered when interpreting
the benefits of IVUS-guided EVT. First, IVUS availability depends
on insurance coverage and access to consoles and catheters. IVUS
is reimbursed in only a limited number of countries (eg, the
United States and Japan) and is not readily available worldwide.
As in PCI, broader adoption requires substantial investment in
equipment and training. In addition, the question of who bears
the incremental costs of IVUS—whether covered by insurance
or paid out-of-pocket—remains a practical challenge. Cost-effec-
tiveness is also a key issue. Although IVUS guidance may improve
acute luminal gain and patency, long-term cost-effectiveness
remains uncertain. Soga et al reported higher long-term freedom
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from TLR with IVUS guidance, suggesting a potential reduction
in downstream costs®; however, cost-effectiveness should be
assessed across different health care systems and countries.
Finally, IVUS use may increase procedural time, particularly
for operators with limited experience in image acquisition and
interpretation. In the field of PCI, only approximately 15% of
operators report independence in IVUS use and interpretation,
according to recent survey data, and in the field of PAD—where
IVUS is less routinely utilized —this proportion is expected to be
even lower.* Structured training and clear guidance on key IVUS
checkpoints, relevant parameters, and actionable thresholds are
therefore necessary to maximize benefit and minimize ineffi-
ciency, and to ensure appropriate use of IVUS in clinical practice.

Conclusion for intravascular ultrasound-guided endovascular
therapy

IVUS provides comprehensive intraprocedural information for
vessel sizing, lesion characterization, and treatment optimization
during EVT for PAD. In addition to guiding lesion preparation
and selection of the definitive treatment modality, IVUS enables
post-intervention assessment of procedural results, including
evaluation of lumen expansion, dissection severity, and the need
for further optimization. Through these roles, IVUS supports
decision-making throughout all stages of the procedure and may
contribute to improved technical success and clinical outcomes
when its findings are appropriately incorporated into procedural
strategies. Although routine IVUS use may be limited by cost,
availability, and the need for operator expertise, its use should
be considered when feasible, particularly for complex lesions
and device-based strategies.

Extravascular Ultrasound

Role of extravascular ultrasound in endovascular therapy for
peripheral artery disease

EVUS has emerged as a useful adjunctive imaging modality
during EVT for PAD, particularly in selected cases such as CTO
and chronic limb-threatening ischemia (CLTT). In many centers,
EVUS is primarily used for ultrasound-guided vascular access and
procedural support rather than as a routine modality for lesion
crossing or device deployment. Utilization varies by operator
experience, institutional practice, and procedural complexity.

In EVT for PAD—especially in CLTI—vascular access is most
commonly obtained via the common femoral artery (CFA), in
contrast to PCI where radial access is frequently used. Patients
with PAD often have concomitant atherosclerotic disease in the
CFA, including stenosis and calcification, which may increase
the risk of access-site bleeding complications. EVUS guidance
allows precise assessment of the puncture site, enabling operators
to avoid heavily calcified or plaque-rich segments and thereby
potentially reduce access-related complications. Careful EVUS
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assessment of the CFA before puncture is therefore recommended

whenever feasible. For infrapopliteal interventions, antegrade

ipsilateral CFA access is often preferred to maintain guidewire

control, device support, and pushability (except in patients with

extreme obesity). Compared with standard retrograde CFA punc-
ture, antegrade access requires a steeper puncture angle near the

inguinal ligament and therefore demands careful technique. In

such cases, EVUS can help identify the inguinal ligament, CFA,
and the bifurcation into the superficial and deep femoral arteries,
facilitating safer and more accurate access. Accordingly, EVUS is

an important adjunct for femoral access during EVT, particularly

in CLTT and complex procedures, while acknowledging variability
in use across centers.

Multiple studies have demonstrated that ultrasound-guided
vascular access reduces access-site complications and improves
procedural accuracy compared with landmark-based tech-
niques.®?*¢ Patients with CLTI often require multiple endovas-
cular procedures to achieve complete revascularization, with
prior studies reporting an average of 1.9 to 2.4 procedures per
patient.” In this population, EVUS-guided access has been as-
sociated with low complication rates; a recent analysis reported
an overall complication rate of 1.1% and no tibial access-related
complications when ultrasound guidance was used.*

During CTO interventions, maintaining intraluminal guide-
wire position and safely re-entering the true lumen are key
procedural objectives. Although angiography remains the
primary imaging modality for these steps, EVUS can provide
complementary real-time visualization of vascular structures
and surrounding anatomy in selected situations. EVUS may
also allow visualization of interventional devices within and
adjacent to the vessel, allowing operators to adjust strategies
based on live imaging feedback.

Extravascular ultrasound assessment of chronic total occlu-
sion morphology

CTOs consist of proximal and distal caps, with lesion compo-
sition varying by occlusion length and chronicity. A “hibernating”
lumen may exist between the caps in some cases, whereas in
others the vessel is completely occluded throughout the segment.
EVUS allows direct assessment of CTO cap morphology, which
may provide additional information beyond angiography. Based
on EVUS findings, CTO caps can be described as concave or convex
relative to the direction of approach. This concept underlies the
CTO crossing approach based on plaque cap morphology (CTOP)
classification (Figure 4).* Antegrade concave proximal caps (Type
I) are generally more amenable to antegrade crossing, whereas
lesions with convex or retrograde concave caps (Types II-1V) are
associated with increased procedural complexity and a higher
likelihood of requiring alternative or retrograde approaches.
Representative examples of femoropopliteal CTOs assessed by
EVUS are shown in Figure 4.
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Extravascular ultrasound-guided chronic total occlusion
crossing and device visualization

In complex CTO interventions—particularly long or heavily
calcified tibial and femoropopliteal lesions—EVUS may assist
by providing real-time visualization of the arterial wall, plaque
morphology, and device position. EVUS can help characterize
CTO caps and may guide selection of crossing strategies and
devices in selected cases. Figure 5 illustrates representative
EVUS findings during EVT, including visualization of CTO
crossing devices, guidewires, catheters, balloons, stents, and
atherectomy systems. Certain CTO crossing and atherectomy
devices can generate characteristic ultrasonic phenomena
(eg, microcavitation) that may be visible on EVUS and provide
real-time feedback during lesion traversal or plaque modifica-
tion (Figure 5A and 5I). EVUS can also assist in assessing stent
expansion and apposition, helping identify under-expanded
segments that may require further optimization (Figure 5E).
In distal vessels, particularly the tibiopedal segment, EVUS
may be useful when fluoroscopic assessment is limited by
tortuosity or overlapping structures. In such settings, EVUS
may assist guidewire navigation, balloon sizing, evaluation of
lesion response after angioplasty, and confirmation of adequate
device deployment.

Practical considerations and limitations of extravascular
ultrasound

Despite potential advantages, EVUS is not universally
applicable to all EVT procedures. Image quality depends on
equipment performance and operator expertise, and severe
calcification may cause acoustic shadowing that limits visu-
alization. EVUS-guided procedures may also increase proce-
dural complexity and require dedicated training for accurate
interpretation. Accordingly, EVUS should be regarded as a
complementary imaging tool rather than a universal solution.
Selective use in appropriately chosen cases, such as complex
CTOs, CLTI patients requiring ultrasound-guided access, or
situations where fluoroscopic assessment is insufficient, may
enhance procedural understanding and safety without replacing
standard angiographic guidance.

Conclusions for extravascular ultrasound-guided endovascular
therapy

EVUS provides real-time extravascular visualization of
vascular structures and endovascular devices, and it can
serve as a valuable adjunct during EVT in selected PAD and
CLTI cases. When applied appropriately, EVUS can support
vascular access, CTO morphology assessment, device visual-
ization, and procedural decision-making. However, its use
should be tailored to operator experience and procedural
context, acknowledging its limitations and complementary
role alongside angiography.
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Conclusions

IVUS and EVUS complement angiography during EVT for PAD.
IVUS primarily supports intraprocedural vessel sizing, lesion char-
acterization, and optimization, whereas EVUS is most commonly

used for ultrasound-guided access and selected complex scenarios.
Further studies and standardized training may help clarify optimal

indications and workflows for both imaging modalities.
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