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Stent failure represents an unwanted, yet common1 cause of repeat 
coronary revascularisation of which underexpansion remains the 
leading cause. As might be expected, this unscheduled stop on the 
“revascularisation journey” predicts adverse clinical outcomes and 
is challenging to treat.

Stent underexpansion frequently relates to failure to modify the 
lesion sufficiently prior to stent deployment but may also be due 
to stent undersizing. Whilst coronary arterial calcium represents 
the plaque subtype with the lowest compliance and thus the most 
resistance to expansion, incomplete preparation of fibrous plaque 
may also lead to underexpansion, either through “primary” under-
expansion or due to recoil.

Critically, without intravascular imaging (IVI) it remains nearly 
impossible to differentiate between these mechanisms, which have 
very different treatments. A “catch-22” scenario exists where the 
absence of prospective IVI makes the need for lesion preparation 
difficult to assess, stent sizing challenging and the mechanism of 
stent failure guesswork.

In the presence of established stent underexpansion, treatment 
is challenging and mechanism dependant. If due to calcium, the 
mechanistic goal is to fracture the calcium sufficiently to modify 
vascular compliance to allow stent expansion. It is probable that 

fracturing this “retro-stent” calcium is more difficult than prospec-
tive lesion modification, and until recently the available options 
were limited.

These include high-pressure balloon dilatation, atherectomy, 
excimer laser catheter atherectomy (ELCA) and now, intravascu-
lar lithotripsy (IVL)

Of these, high-pressure balloon dilatation is the most frequently 
employed, but (especially in the absence of imaging) is not with-
out risks and has questionable efficacy. The other available tech-
niques (rotational atherectomy and ELCA) remain niche without 
convincing data on safety and with inherent technical challenges. 
As such, a genuine step forward in this challenging area is urgently 
needed but will require both safety and efficacy data.

Since its proven efficacy in native coronary lesions, IVL has 
been used off-label in stent underexpansion despite a lack of ran-
domised data2. In this issue of EuroIntervention, in the CRUNCH 
registry, Tovar Forero et al3 present outcomes in 70 patients under-
going IVL for underexpanded stents. Patients were included from 
7 sites across Europe and Canada if they’d undergone IVL for 
significant stent underexpansion in previously deployed stents, or 
as a bailout strategy in immediately implanted stents. No formal 
angiographic or IVI criteria were used, and the use of adjuvant 
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treatments and decisions made were according to operator pref-
erence. Vessel measurements were performed by quantitative 
coronary angiography (QCA) or intracoronary imaging pre- and 
post-treatment. Device success was achieved in 92% of cases, 
meaning safe delivery of the device and energy (x80 pulses), 
residual stenosis <50% and no predischarge major adverse cardio-
vascular events (MACE). Importantly, there were no procedural 
complications, and only one case when the device was not deliv-
erable. As per previous data, IVL was demonstrably safe and easy 
to use4. 

Article, see page 574

In this retrospective and uncontrolled analysis, it is not pos-
sible to confidently attribute all luminal gains to IVL; however,  
a significant increase in minimum stent area (MSA; 4.3 mm2 to 
6.5 mm2) is statistically, and likely clinically, significant. Data 
such as previous non-compliant (NC) balloon size and inflation 
pressures are not available to compare, but it can be inferred that 
IVL has utility in the treatment of stent underexpansion due to 
calcification, consistent with its effect in de novo native lesions.

Does this then reduce the need for lesion preparation prior to 
stent deployment? Certainly not. It should be emphasised that the 
best way to prevent stent underexpansion and indeed stent failure 
is imaging-guided lesion preparation prior to stent deployment.

Intravascular imaging is underused
Intravascular imaging has become an indispensable tool in com-
plex coronary intervention and is central to understanding how 
both to prevent and treat stent underexpansion.

Unfortunately, its adoption remains poor with a global penetra-
tion of 12%5. Even in this contemporary cohort of underexpansion 
cases, only 63% were managed with the benefit of intravascular 
imaging, and fewer than 2/3 of those had available MSA data. 
This is entirely consistent with the findings that IVL was in fact 
deployed as a bailout strategy during the index case in 43% of 
those included. Education in this area is clearly needed.

Mechanism of stent failure
Although it’s reasonable to assume that coronary calcium is the 
predominant mechanism of underexpansion, other causes do exist.

Fibrotic lesions for example can be equally challenging but are 
morphologically and mechanistically quite different. Unlike cal-
cium, they are not visible on plain angiography, and are usually 
identified due to poor or differential expansion of predilatation 
balloons. Restrictive and prone to recoil, these lesions are not well 
modified by NC balloons, nor IVL, and ablative approaches such 
as cutting balloons, ELCA or brachytherapy are emerging as pre-
ferred techniques6,7.

Stent underexpansion can also be a consequence of under-
deployment and undersizing, where proper expansion with NC 
balloons is all that may be required.

When the mechanism is calcium, there is still nuance as to 
which strategy to adopt dependent on lesion morphology. Here, 
the balance of risk versus benefits needs to be carefully assessed. 

Indeed, there is some suggestion that perforation risk is higher 
in eccentric or nodular calcium, which in turn might favour the 
greater safety profile of IVL.

Finally, other mechanisms of stent failure in addition to under-
expansion are likely to co-exist and are equally important to iden-
tify. Stent fractures, geographic miss, and multiple layers of stent 
will all affect downstream decision-making once adequate expan-
sion has been achieved. Multiple stent layers, as seen in 21% of 
this cohort, are a strong predictor of target lesion failure. Here 
there is a strong mandate to avoid further stenting and instead to 
aim for optimal expansion8.

Without intracoronary imaging to understand these mecha-
nisms, the choice of treatment to remedy the problem is no more 
than guesswork.

In conclusion, stent underexpansion is avoidable with effec-
tive, imaging-guided lesion preparation. Although IVL, along with 
other calcium modification techniques, appears to be effective in 
the rescue of underexpanded stents, prevention is always better 
than cure. Intracoronary imaging use in percutaneous coronary 
interventions must increase to secure the best possible outcomes 
for patients. This data, whilst encouraging, should serve as a driver 
for further, much needed research within this challenging cohort.
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