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Intravascular lithotripsy for severe underexpansion of overlapping stents in
heavily calcified right coronary artery: A case report

lleri kalsifik sag koroner arterde iist iiste yerlestiriimis stentlerde gelisen yetersiz
acilimin intravaskdiler litotripsi ile tedavisi: Olgu sunumu

Fuat Polat Sait Terzi

Department of Cardiology, Dr. Siyami Ersek Thoracic and Cardiovascular Surgery Education
Research Hospital, istanbul-Tiirkiye

ABSTRACT

Stent underexpansion due to severe calcification remains a significant challenge in percutaneous
coronary intervention, particularly in patients with overlapping stents. We aimed to demonstrate the
efficacy of intravascular lithotripsy in managing refractory stent underexpansion when conventional
techniques fail.

A 71-year-old male with multiple cardiovascular risk factors and prior coronary artery bypass grafting
presented with recurrent angina due to severe underexpansion of overlapping stents in the mid-right
coronary artery. Despite aggressive preparation with non-compliant and cutting balloons across multiple
sessions, adequate stent expansion could not be achieved. Intravascular ultrasound revealed
circumferential calcification extending 270 degrees around the vessel with double-layered
underexpanded stents. Intravascular lithotripsy was employed followed by high-pressure balloon
dilatation to achieve optimal stent expansion. The patient tolerated the procedure without complications
and reported complete resolution of anginal symptoms at post-discharge follow-up.

This case demonstrates that intravascular lithotripsy is a highly effective and safe treatment option for
severe stent underexpansion in the setting of heavy circumferential calcification when conventional
balloon-based techniques fail.
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0z
Agir kalsifikasyon nedeniyle stent yetersiz genislemesi, 6zellikle ¢akigsan stentleri olan hastalarda
perkdtan koroner girisimde énemli bir zorluk olmaya devam etmektedir. Bu vaka sunumunda, geleneksel

tekniklerin basarisiz oldugu agir kalsifikasyon varliginda refrakter stent yetersiz genislemesinin
ybnetiminde intravaskdler litotripsi'nin etkinligini géstermeyi amacladik.

Yetmis bir yasinda erkek hasta, ¢ok sayida kardiyovaskliiler risk faktérii ve 6nceden koroner arter
baypas greftleme 6ykiisii ile orta sag koroner arterdeki ¢cakisan stentlerin ciddi yetersiz genislemesine
bagdli tekrarlayan anjina ile basvurdu. Birden fazla seansta non-compliant ve cutting balonlar ile agresif
hazirliga ragmen yeterli stent genislemesi saglanamad.. Intravaskiiler ultrason ile damar g¢evresinde 270
derece uzanan sirkiimferansiyel kalsifikasyon ve c¢ift katmanli yetersiz genislemis stentler saptandi.
Intravaskiiler litotripsi uygulandi ve ardindan yiiksek basingli balon dilatasyon ile optimal stent
geniglemesi basarildi. Hasta prosed(irii komplikasyonsuz tolere eftti ve taburculuk sonrasi takipte anjinal
semptomlarin tamamen diizeldigini bildirdi.
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Bu vaka, konvansiyonel balon bazli tekniklerin bagarisiz oldugu agir sirkiimferansiyel kalsifikasyon
varliginda ciddi stent yetersiz genislemesi igin intravaskdiiler litotripsi'nin oldukga etkili ve giivenli bir

tedavi segenegi oldugunu gdstermektedir.

Anahtar Sézciikler: intravaskiiler litotripsi, stent yetersiz genislemesi, koroner kalsifikasyon, ¢akisan

stentler, perktitan koroner girisim

INTRODUCTION

Stent underexpansion is a well-recognized
predictor of adverse cardiovascular events,
including stent thrombosis, in-stent restenosis,
and target lesion revascularization (1,2). The
presence of severe coronary calcification
significantly impairs optimal stent deployment and

expansion, creating a persistent technical
challenge in  contemporary interventional
cardiology (3). Overlapping stents further

complicate this scenario by creating double-
layered metallic structures that are particularly
resistant to conventional balloon expansion
techniques (4).

Traditional approaches to manage calcified
lesions include high-pressure non-compliant
balloon inflation, cutting or scoring balloons, and
rotational or orbital atherectomy (5,6). However,
these methods may prove insufficient in cases of
severe circumferential calcification, particularly
when addressing underexpanded stents rather
than de novo lesions. Intravascular lithotripsy
(IVL) has emerged as a novel technology that
utilizes sonic pressure waves to fracture both
superficial and deep calcium deposits, facilitating
vessel preparation and stent expansion (7,8).

We present a case of severe underexpansion of
overlapping stents in a heavily calcified right
coronary artery that was refractory to multiple
conventional treatment modalities  across
separate sessions, ultimately requiring IVL for
successful resolution.

CASE REPORT

A T7l-year-old male with a significant
cardiovascular history, including diabetes mellitus,
hypertension, chronic kidney disease, and prior
coronary artery bypass grafting, presented with
recurrent chest pain. He had previously
undergone percutaneous coronary intervention
with overlapping stent placement in the mid-
segment of the right coronary artery. Despite the
initial intervention, he continued to experience
frequent anginal symptoms.

Coronary angiography revealed severe 90% in-
stent restenosis within the overlapping stent

Ege Journal of Medicine / Ege Tip Dergisi

segment. Initial attempts at lesion preparation
were performed using 2.5 mm and 3.0 mm non-
compliant balloons inflated to 30 atmospheres,
without achieving adequate expansion. A double
non-compliant balloon technique was
subsequently attempted but similarly failed to
expand the underexpanded stent segments.
Given the refractory nature of the lesion, the
patient was scheduled for a separate intervention
session. During the subsequent procedure, a 3.0
mm cutting balloon was advanced and inflated
within the stent overlap region; however, this
intervention also failed to achieve satisfactory
stent expansion (Figure-1).

Figure-1. Right coronary artery angiogram showing

90% in-stent restenosis within overlapping stent
segments in the mid-RCA with severe underexpansion
due to circumferential calcification.

Top left: Pre-intervention angiogram showing coronary
vessel with stenotic lesion (blue arrow). Top right: Non-
compliant balloon inflation demonstrating "hourglass" or
"waisting" appearance (black arrows) indicating focal
resistance to expansion. Bottom left: Double balloon
technique with simultaneous inflation of two balloons
(red and green stars) to address underexpansion.
Bottom right: Final angiographic result showing
persistent stent underexpansion (black star) despite
aggressive post-dilatation attempts.
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Intravascular ultrasound (IVUS) examination was
performed to better characterize the lesion
morphology. IVUS imaging revealed extensive
circumferential calcification extending
approximately 270 degrees around the vessel
wall, located external to the stent struts. The
imaging also demonstrated the presence of
double-layered, severely underexpanded stent
structures within the overlap region (Figure-2).
Based on these findings, intravascular lithotripsy
was planned as the definitive treatment strategy.

During the same procedural session, a 3.25 x 15
mm Shockwave IVL catheter was advanced over
a guidewire and positioned within the
underexpanded stent segment. Multiple cycles of
sonic pressure waves were delivered through
repeated pulses to fracture the circumferential
calcification. Following IVL treatment, progressive
high-pressure balloon dilatation was performed
using 3.5 mm and 4.0 x 20 mm non-compliant
balloons inflated to 30 atmospheres. Complete
stent expansion was successfully achieved, as
confirmed by repeat IVUS imaging. Both imaging
modalities demonstrated optimal stent apposition,
full expansion of the overlapping stent segments,
and evidence of calcium fracture (Figure-2).

Figure-2. Angiographic and intravascular ultrasound
(IVUS) evaluation of overlapping stent underexpansion
and successful treatment with intravascular lithotripsy.

Top row: Angiographic images showing (left) outer and
inner underexpanded stent layers (red arrows), (middle)
expanded stent layer visualization (red arrows), and
(right) final result with optimal vessel patency (green
star).

Bottom row: IVUS images obtained before (left) and
after (right) intravascular lithotripsy treatment. Left
panel: The internal stent layer (red circle) and external
stent layer (green circle) are both significantly
underexpanded with poor apposition to the vessel wall.
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Extensive circumferential calcification (yellow arc,
labeled as 270°) extending around the vessel. The
central echolucent area represents the IVUS catheter
(blue circle, labeled C). Right panel: Following
intravascular lithotripsy and high-pressure non-
compliant balloon dilatation, both the internal stent (red
circle) and external stent (green circle) show optimal
expansion with good apposition to the vessel wall,
demonstrating successful treatment with evidence of
calcium fracture (white arrows).

The patient tolerated the procedure well without
complications.  Post-procedural  angiography
showed excellent flow with resolution of the
stenosis. The patient was discharged the following
day with optimization of dual antiplatelet therapy
and medical management of his cardiovascular
risk factors. At follow-up, he reported complete
resolution of anginal symptoms.

DISCUSSION

This case illustrates several important clinical and
technical considerations in the management of
severely underexpanded overlapping stents in the
setting of heavy coronary calcification. Stent
underexpansion is a critical determinant of long-
term procedural success, with multiple studies
demonstrating its association with increased rates
of stent thrombosis and restenosis (1,2). The
challenge is magnified when dealing with
overlapping stents, which create a double-layered
metallic scaffold that is inherently more resistant
to expansion, particularly when surrounded by
circumferential calcification (4).

Conventional strategies for managing calcified
coronary lesions have evolved over the past
decades. High-pressure balloon inflation with non-
compliant balloons remains the first-line approach
but may be insufficient in severely calcified
vessels (9). Cutting and scoring balloons employ
focused force delivery through atherotomes or
scoring wires, creating controlled dissections in
calcified plagque to facilitate expansion (10).
However, as demonstrated in our case, these
techniques may fail when addressing thick,
circumferential calcification surrounding already-
deployed stents.

Atherectomy techniques, including rotational and
orbital systems, have traditionally been reserved
for de novo calcified lesions and are generally not
recommended for treating underexpanded stents
due to the risk of stent damage and embolization
(11). This limitation leaves a significant
therapeutic gap for cases like ours, where severe
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calcification prevents adequate stent expansion
despite aggressive balloon-based interventions.

Intravascular lithotripsy represents a paradigm
shift in calcium modification technology. Unlike
atherectomy, which physically ablates or removes
calcium, IVL delivers rapid, pulsatile mechanical
energy through sonic pressure waves that create
circumferential calcium fractures at both
superficial and deep levels within the vessel wall
(7,8). The technology is based on principles
adapted from renal lithotripsy and has been
specifically engineered for intravascular use.
Importantly, IVL can be safely used in the
presence of stents, making it uniquely suited for
addressing underexpansion complications (12).
The DISRUPT CAD series of trials established the
safety and efficacy of IVL for treating de novo
severely calcified coronary lesions, demonstrating
high procedural success rates and low
complication rates (13,14). More recent evidence
has supported its use in challenging scenarios
including chronic total occlusions, left main
disease, and as demonstrated in our case,
underexpanded stents (15,16). The ability of IVL
to fracture calcium external to stent struts without
damaging the metallic scaffold represents a
significant advantage over other calcium
modification strategies.

Our case highlights the critical role of intravascular
imaging in guiding complex percutaneous
coronary intervention procedures. IVUS was
instrumental in characterizing the extent and
distribution of calcification, confirming stent
underexpansion, and verifying optimal final
results. The finding of 270-degree circumferential
calcification provided clear justification for
escalation to IVL therapy and helped predict the
likely failure of conventional techniques.

Several technical considerations  warrant
emphasis. First, the sequential failure of multiple
conventional techniques across separate
sessions demonstrates the refractory nature of
severely calcified stent underexpansion and
supports earlier consideration of IVL in similar
cases. Second, the combination of IVL followed by
progressive high-pressure balloon dilatation
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appears to be a safe and effective strategy. Third,
the absence of complications despite aggressive
treatment in a high-risk patient supports the
favorable safety profile of IVL.
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consideration of earlier IVL use in cases where
severe calcification is identified on pre-procedural
imaging or when initial attempts at stent expansion
prove inadequate. This approach may reduce the
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patient outcomes.

CONCLUSION

This case demonstrates that intravascular
lithotripsy is a highly effective and safe treatment
option for severe stent underexpansion in the
setting of heavy circumferential calcification when
conventional balloon-based techniques fail. Early
recognition of refractory calcification and prompt
escalation to IVL therapy may optimize procedural
outcomes and improve patient safety.
Intravascular imaging plays a crucial role in
identifying appropriate candidates and confirming
optimal procedural results.
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