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Medical, Fremont, California, United States) with 
a 3 × 12‑mm balloon. After balloon inflation at 4 
to 6 atm, 8 cycles of 10 pulses of circumferential 
energy each were delivered along the underex‑
panded stent segments (Supplementary mate‑
rial, Figure S2A–S2C). Angiography demonstrat‑
ed persistent stent wasting likely secondary to 
eccentric calcification and stent recoil (Supple‑
mentary material, Video S3). We therefore per‑
formed dilatation with a 3 × 10‑mm ultrahigh‑

‑pressure OPN balloon (SIS Medical AG, Win‑
terthur, Switzerland) at 40 atm (Supplementa‑
ry material, Figure S2D–2F). Another IVUS eval‑
uation demonstrated significant improvement 
of stent expansion with areas of fragmented 
calcification and elimination of malapposition 
(Figure 1e–1F, Supplementary material, Video S4). Ad‑
ditionally, stent dilatations with 3 × 15‑mm and 
3 × 20‑mm drug ‑eluting balloons were success‑
fully performed (Supplementary material, Fig-
ure S2G–S2H). The distal lesion was predilated 
with a 2 × 20‑mm noncompliant balloon, followed 
by final dilatation with a 2 × 30‑mm drug eluting 
balloon with an excellent final angiographic result 
(Supplementary material, Figure S1I and Video S5).

Extensive plaque calcification may adverse‑
ly impact PCI by compromising effective dilata‑
tion of coronary stenosis and increase the like‑
lihood of stent underexpansion and failure.1 Un‑
til now, undilatable lesions in previously stented 
segments have been conventionally approached 

A 70‑year ‑old woman treated with percutaneous 
coronary intervention (PCI) of the left anterior 
descending artery (LAD) with 2.5 × 29‑mm and 
2.5 × 18‑mm FIREHAWK drug ‑eluting stents (Mi‑
croport Medical, Shanghai, China) 6 months pre‑
viously was admitted to our center for the treat‑
ment of recurrent angina pectoris. Transradial 
coronary angiography showed mid ‑LAD stent 
underexpansion with significant distal steno‑
sis (Figure 1Α; Supplementary material, Video S1). 
Intravascular ultrasound (IVUS)–guided PCI 
of the LAD was performed. The left main coro‑
nary artery was cannulated with a 6 Fr Convey 
LEFT BU3.5 guiding catheter (Boston Scientif‑
ic, Marlborough, Massachusetts, United States). 
A SION blue guidewire (ASAHI INTECC Co., Ltd., 
Aichi, Japan) was placed distally. Using a Gui‑
dezilla‑2 catheter extension (Boston Scientific), 
we advanced an OptiCross IVUS catheter (Bos‑
ton Scientific) distally to the stents. Intravascu‑
lar ultrasound demonstrated serial segments of 
stent underexpansion with nodular calcification 
and strut malapposition, which were not visual‑
ized angiographically (Figure 1B–1D; Supplementary 
material, Video S2). We evaluated the distal le‑
sion angiographically only, due to the inability of 
advancing the IVUS catheter to the distal LAD.

We proceeded with stent dilatation with 
a 2.75 × 12‑mm noncompliant balloon at 20 atm 
(Supplementary material, Figure S1) followed 
by intravascular lithotripsy (IVL) (Shockwave 
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with cutting balloons or laser and rotation‑
al atherectomy, with unpredictable results.2 
The novel coronary IVL has shown encourag‑
ing results after being used to treat undilatable 
calcified lesions.3,4 Additionally, in severe coro‑
nary calcification, prompt use of IVL can prevent 
potentially catastrophic PCI complications.5

In our case, a novel approach was applied to 
treat underexpanded stent due to superimposed 
nodular calcifications with the combined use of 
IVL and OPN balloons. The IVL system gener‑
ated the energy to safely disrupt circumferen‑
tial calcium, whilst the ultrahigh ‑pressure OPN 
balloon conveyed the force to appropriately ex‑
pand the stent and correct malapposition in ar‑
eas of eccentric calcification. This case illustrat‑
ed the usefulness of IVUS in the treatment of 
stent underexpansion. In particular, IVUS aid‑
ed to: 1) detect challenging lesions with nodu‑
lar calcifications; 2) quantify stent underexpan‑
sion and strut malapposition; 3) define an effec‑
tive PCI strategy.
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Figure 1 a – coronary angiography of the left anterior descending artery in the anteroposterior cranial projection visualizing 
stent underexpansion (black arrow) and significant distal stenosis (white arrows); B–D – intravascular ultrasound (IVUS) 
demonstrating severe eccentric nodular calcification (red arrows) and confirming the angiographically shown underexpansion of 
the stent (minimum stent area [MSA] at the underexpanded segment of the stent, 4.74 mm2; with a reference cross ‑sectional area 
of 7.57 mm2 and a reference diameter of 2.87–3.28 mm indicating significantly reduced relative expansion of 63%; panel B). IVUS 
showed additional areas of stent underexpansion (panels c and D) not visualized in the coronary angiography, and strut 
malapposition (malapposition distance, 590 μm; panels B–D, yellow arrows); e – final coronary angiography showing 
improvement of the underexpanded stent area (black arrow); f – IVUS showing significant improvement of stent expansion (MSA, 
8.01 mm2; relative expansion, >100%) and elimination of strut malapposition
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