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Critical limb ischemia (CLI) can be considered the 
end stage of atherosclerotic plaque progression 
along the lower limb arteries. Every year, nearly 
2% of patients with peripheral artery disease 

(PAD) progress to CLI.1,2 CLI is a major, potentially life-
threatening condition, associated with a high risk of minor 
and major limb amputations, resulting in a significant 
increase in mortality.3 Aside from the risk of major adverse 
cardiovascular and limb events, CLI management is 
associated with high health care costs.3

Revascularization by surgical bypass or endovascular 
intervention (EVI) is considered the cornerstone of CLI 
management to attempt limb salvage and prolong life.4 
Diagnostic peripheral angiography with fluoroscopy and 
digital subtraction angiography (DSA) is considered the 
gold standard for visualization of lower limb vasculature. 
Nevertheless, this imaging modality has its limitations in 
identifying of plaque morphology and geometry. Even 
when applying biplanar angiography, the actual dimension, 
depth, and anatomic characteristics of the plaque elude 
this imaging technique.

EVI of CLI is challenging due to the multilevel 
involvement and high frequency of chronic total 
occlusions (CTOs).4 Furthermore, patients with CLI have 
comorbidities such as older age and chronic kidney disease 
and are thereby at high risk for EVI complications.5 Because 
of these challenges in the interventional management of 
CLI, we recommend the use of intravascular ultrasound 
(IVUS) as an imaging tool to facilitate and improve the 
understanding of the atherosclerotic burden and vessel 
dimensions, thereby allowing for accurate device selection 
for EVI. Despite available evidence for improving procedural 
success and clinical outcomes of patients undergoing IVUS-
guided coronary intervention,6 similar studies in EVI are 
limited. Nevertheless, several retrospective studies have 
shown improved patency and reduction of reinterventions 
with the use of IVUS for EVI.7-9 However, those studies were 
mostly performed as retrospective observational studies 
with no suitable comparator. Furthermore, in an analysis 
from the Nationwide Inpatient Sample (NIS) database, 
the use of IVUS was associated with nonsignificantly 

higher hospital costs but a significantly lower rate of 
postprocedural complications.10 

Recently, four pillars of IVUS in PAD have been 
presented: visualizing plaque geometry, defining plaque 
morphology, vessel sizing, and guidewire orientation.11 
This article will highlight the importance of each pillar 
in the endovascular revascularization approach to CLI 
management. Furthermore, we want to discuss the 
importance of the confirmation of the four pillars.

THE FOUR PILLARS 
OF IVUS IN PAD
Visualizing Plaque 
Geometry

IVUS is superior to 
DSA in differentiating 
between eccentric 
and concentric plaque 
(Figure 1). Knowledge of 
plaque geometry may 
facilitate the selection 
of interventional 
devices, especially when 
performing atherectomy. 
Furthermore, orienting a 
directional atherectomy 
device toward the 
nonaffected side may 
eventually result in 
an adventitial cut and 
cause a higher degree of 
vessel trauma, affecting 
patency rate.12 On the 
other side, identification 
of circumferential 
concentric plaque 
implies the need for 
pretreatment of the 
vessel with plaque 
modification devices to 
achieve optimal results.
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Figure 1.  IVUS image of plaque 
geometry. Panel A represents 
a concentric plaque. Plaque 
burden is equal in thickness/
volume 360° around the vessel. 
Panel B represents plaque 
burden that is higher on one side 
of the vessel and often includes 
an area of healthy vessel.
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Plaque Morphology
The use of IVUS permits the examiner to distinguish 

between four subtypes of atherosclerotic plaque clearly. 
Atherosclerotic plaque can be divided according to fat 
and fibrous tissue content into fatty and fibro-fatty, 
fibrous, and calcified plaques (Figure 2). Softer plaques 
like fatty and fibro-fatty plaques are more easily dilated 
with plain balloon angioplasty (PTA) while bearing the 
risk of embolization on the other side. In such a lesion 
subset, an additional identification of the plaque’s 
longitudinal extent improves the positioning of a 
scaffold to cover the entire affected segment. Fibrous 
and calcified plaques are more challenging to treat. 
Ex vivo IVUS analysis of amputated limbs confirmed 
that tibial arteries have a higher degree of fibrous and 
calcified plaque than popliteal arteries.13 Early recoil 
has been described as one of the significant limitations 
of treating calcified tibial arteries.14 Furthermore, IVUS 
allows identification of the depth and circumference of 
the calcium arch. Knowledge of these plaque qualities 
helps the examiner adequately select plaque modification 
tools such as orbital atherectomy or, more recently 
introduced, intravascular lithotripsy. Plaque modification 
permits a less aggressive PTA, thereby reducing the risk of 
barotrauma and dissection of the vessel with subsequent 
need for utilization of a vascular scaffold.

Vessel Sizing 
Vessel sizing is paramount to select appropriate 

interventional devices (Figure 3). Lumen and vessel 
areas can be measured, and percent area stenosis and 
plaque burden can be calculated. Plaque burden has 
been associated with a high risk of subsequent events.15 
Furthermore, DSA, especially in the tibial arteries, does not 
permit the examiner to estimate vessel size. This limitation 
is frequently associated with either over- or undersizing 
balloons for PTA, resulting in either increased barotrauma 
and vessel injury or residual stenosis. Both conditions have 
been associated with a reduction of patency.16 

Guidewire Orientation 
EVIs for CLI are frequently performed in CTOs. In 

many cases, a subintimal crossing of a CTO lesion with 
reentry into the true lumen might occur. Using IVUS 
after wire passage, the examiner will quickly recognize the 
wire orientation and be able to make a suitable device 
selection (Figure 4). For instance, using an atherectomy 
device in such a lesion may cause substantial media or 
adventitia injury, which might affect the intervention 
site’s patency.12 On the other side, an intraluminal 
crossing of a CTO lesion has a tremendous plaque burden 
and may need methodic plaque modification before PTA 
or stenting.

Figure 2.  IVUS image of plaque morphology. Panel A represents 
a fatty plaque, which is the darkest gray (more echolucent) very 
compliant, gelatinous, and prone to shift. Panel B represents 
fibro-fatty plaque, which is dark gray, more structured than a 
fatty plaque but still compliant, and will shift with force. Panel C 
represents a fibrous plaque, which is the lightest gray (more 
echogenic) and tight network of plaque that is less likely to 
shift and therefore more likely to be noncompliant, especially 
in concentric lesions. Panel D represents a calcified plaque; 
calcium is highly echogenic, appearing bright white on IVUS 
with an acoustic shadow behind it. 
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Figure 3.  IVUS image with measurement of vessel dimensions. 
The green arrow indicates maximum and the blue arrow 
indicates minimum vessel diameter.
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Postinterventional Imaging of the Treated Segment 
The confirmation of the four pillars of IVUS-guided EVI 

is the postinterventional imaging of the treated segment 
(Figure 5). IVUS is superior to angiography alone in 
verifying the quality of the intervention. For instance, stent 
underexpansion, malapposition, or residual stenosis can 
be less frequently identified by angiography than IVUS.17 
Similarly, dissections and geographic miss can be better 
visualized by IVUS as compared with angiography.17

SUMMARY
EVI of CLI represents a challenge for the endovascular 

interventionalist. The use of IVUS to guide EVI in CLI 
appears to be a valuable tool to facilitate decision-
making and eventually improve patient outcomes with 
CLI. Nevertheless, evidence from prospective, perhaps 
randomized, trials is desperately awaited to support the use 
of IVUS for EVI in patients with CLI.  n
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Figure 4.  IVUS-guided guidewire orientation. Panel A represents an 
intraluminal position while panels B and C represent the subintimal orientation 
of the guidewire. 

Figure 5.  IVUS images of an atherosclerotic lesion comparing baseline with 
postatherectomy and post-percutaneous transluminal angioplasty apparel.
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