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a b s t r a c t 

A 52-year-old male was referred for an acute anterior ST-segment elevation myocardial infarction (STEMI). 

Coronary angiography revealed an acute left anterior descending artery occlusion. The patient was treated 

with a drug-eluting stent (DES). Despite long and repeated high-pressure inflations ( > 20 atm) of non- 

compliant balloons, OPN NC R © high-pressure balloon (SIS Medical AG; Frauenfeld, Switzerland), rotational 

atherectomy, and cutting balloon, there was a severe hourglass stent underexpansion caused by coronary 

calcification. Thus, intravascular lithotripsy (IVL) (Shockwave Medical, Fremont, CA, USA) was attempted 

to re-dilate this calcified lesion. Underexpansion was successfully treated after delivering 70 shockwaves 

to the narrowest segment. IVL delivers localized pulsatile sonic pressure waves inducing circumferential 

calcium modification and multiple fractures. Our observation illustrates the additional value of coronary 

lithotripsy as a bail-out procedure to tackle severely calcified, de novo coronary lesions causing stent 

underexpansion in the context of STEMI, when all other available techniques failed. 

< Learning objective: Severe coronary calcification may impair device delivery, stent apposition, and in- 

hibit expansion, thus predisposing to stent thrombosis. Intravascular lithotripsy delivers localized pul- 

satile sonic pressure waves inducing circumferential calcium modification and multiple fractures. Our ob- 

servation illustrates the additional value of coronary lithotripsy as a bail-out procedure to tackle severely 

calcified, de novo coronary lesions causing stent underexpansion in the context of ST-segment elevation 

myocardial infarction, when all other available techniques failed. > 

© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. 
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Severe coronary calcification may impair device delivery, stent 

pposition, and inhibit expansion, thus predisposing to stent 

hrombosis [1] . There are limited options once non-compliant bal- 

oons have failed to achieve optimal stent expansion. Intravascular 

ithotripsy (IVL) delivers localized pulsatile sonic pressure waves 

nducing circumferential calcium modification and multiple frac- 

ures [2] . IVL seems to be of major help to optimize results of 

nderexpanded stents in heavily calcified vessels and appears to 

e common practice. Clinical trials evaluating IVL mostly included 

lective procedures [3] . Clinical experience using this technology is 

till limited in the context of ST-segment elevation myocardial in- 
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arction (STEMI) [4] . However, the context where it is used in the 

resent case might differ here: an infarct-related artery. Our ob- 

ervation demonstrates the additional value of coronary lithotripsy 

s a bail-out procedure to tackle severely calcified, de novo coro- 

ary lesions causing stent underexpansion in the context of STEMI, 

hen all other available techniques failed. 

ase report 

A 52-year-old male was referred to another department af- 

er presenting with anterior STEMI. Coronary angiography revealed 

n acute left anterior descending artery (LAD) occlusion ( Fig. 1 A) 

nd 3-vessel disease including a chronic total occlusion of the 

ight coronary artery. The LAD occlusion was crossed using a Sion 

lue wire (Asahi Intecc, Nagoya, Japan). Following pre-dilation of 

he proximal LAD with compliant balloons (2.0 × 20 mm and 
erved. 
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Fig. 1. 

Angiographic and Corresponding Optical Coherence Tomography (OCT) Findings in the Left Anterior Descending (LAD) Coronary Artery. (A) Emergent coronary 

angiography demonstrating LAD thrombosis. (B) Severe stent underexpansion caused by calcified underlying lesion (black arrow). (C) Waist in the non-compliant 

balloon during high pressure inflation (black arrowhead). (D) Attempt of rotational atherectomy inside the stent using a 1.75 mm burr. The latter failed to 

progress through the stenosis (Online Movie #1). (E) Procedure using a 3.5 mm x 12 mm intravascular lithotripsy balloon. (F) OCT cross-sectional (top) and 

longitudinal (bottom) images acquired post-intravascular lithotripsy demonstrate both calcium (yellow arrows) and disorganized struts (white arrowheads). (G, 

H) Final result after another stent implantation (minimal stent area: 8.2 mm2, average reference lumen area: 9.4 mm2). White asterisk indicates a guidewire 

shadow . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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.5 × 20 mm Emerge balloons; Boston Scientific, Maple Grove, 

N, USA), a 3.0 × 30 mm Orsiro (Biotronik, Buläch, Switzer- 

and) drug-eluting stent (DES) was delivered to the LAD. Despite 

ong and repeated high-pressure inflations ( > 20 atm) of non- 

ompliant balloons, there was a severe hourglass stent underex- 

ansion caused by coronary calcification ( Fig. 1 B). The next day, 

he same team attempted to optimize the angioplasty, using grad- 

al sizes of non-compliant balloons, OPN NC 

R © high-pressure bal- 

oon (SIS Medical AG; Frauenfeld, Switzerland), rotational atherec- 

omy, and cutting balloon ( Fig. 1 C and D, Movie 1). The coronary

tenosis remained very tight and the patient’s status quickly de- 

eriorated with ventricular arrhythmia and pulmonary congestion. 

he oxygen-dependent patient was urgently transferred to our hos- 

ital for a bail-out strategy. At admission to our center, the medical 

reatment included dual antiplatelet therapy (aspirin 75 mg once 

aily and ticagrelor 90 mg twice daily) and curative anticoagula- 

ion (enoxaparin 0.5 mL/kg twice daily). 

An urgent heart team meeting with interventional cardiology 

nd cardiac surgery was assembled and as a result of this meet- 

ng, it was decided to proceed with primary percutaneous coro- 

ary intervention (PCI) in the context of STEMI. Thus, IVL (Shock- 

ave Medical, Fremont, CA, USA) was attempted to re-dilate this 

alcified lesion. Underexpansion was treated with a 3.5 mm x 

2 mm IVL balloon inflated at 4 atm, achieving adequate balloon 

xpansion after delivering 70 shockwaves to the narrowest seg- 

ent ( Fig. 1 E). Once 7 cycles of 10 pulses had been delivered, the

hockwave balloon was inflated up to 6 atm (nominal pressure) 

o increase balloon compliance and to assess symmetrical expan- 

ion, suggesting calcium modification. Optical coherence tomog- 

aphy (OCT) imaging was performed to confirm this hypothesis. 

CT imaging demonstrated multiple calcium fractures and a par- 

ial stent dislocation ( Fig. 1 F). Thus, a new 3.5 mm × 12 mm DES
 d

265 
Xience Sierra, Abbott Vascular, Santa Clara, CA, USA) was deployed 

nside the previous DES with a good final result ( Fig. 1 G), as shown

y the control OCT imaging ( Fig. 1 H). The patient was discharged 

t day 8 and is currently doing fine. 

iscussion 

PCI of severely calcified lesions is known to result in lower pro- 

edural success rates, higher complication rates, and worse long- 

erm clinical outcomes compared to noncalcified lesions [1] . Cal- 

ium modification through adequate pre-dilation is crucial in en- 

uring procedural success and reducing adverse cardiovascular out- 

omes. Our case report supports the notion that stents should 

ot be implanted in a poorly dilated severely calcified lesion. Our 

bservation demonstrates the additional value of IVL as a bail- 

ut procedure to tackle severely calcified coronary lesions in the 

ontext of STEMI, when all other available techniques failed. The 

PN NC 

R © balloon is an option to dilate lesions or underexpanded 

tents when other noncompliant balloons have failed. Safety seems 

easonable, even at pressures as high as 40 atm [5] . Rotational 

therectomy may be another alternative and has been described 

s an effective treatment for resistant stent underexpansion with 

cceptable outcomes [6] . However, concerns exist regarding safety, 

articularly in the context of STEMI. In the same way, clinical ex- 

erience using IVL is still limited in the context of STEMI [4] . Thus,

linical trials evaluating IVL mostly included elective procedures 

 3 , 7 ]. In the present case, where PCI has failed, emergency coro-

ary artery bypass grafting is recommended [8] . However, the pa- 

ient’s status was unstable. The heart team considered that this 

ff-label attempt was the most appropriate strategy. The proce- 

ure was fast and efficient. Despite its apparent safety, the IVL 

evice may need to be used in conjunction with various PCI tools 
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ncluding ancillary guide-catheter extenders, in order to facilitate 

ulsatile sonic pressure waves delivery. Furthermore, we cannot 

ule out damage to the stent struts, polymer, and drug caused by 

VL. The impact of the IVL on stent backbone/polymer integrity and 

rug elution remains to be shown [2] . 

There is emerging evidence for intravascular imaging in guiding 

election of calcium modification devices using parameters such as 

alcium distribution and depth that directly impact on procedural 

uccess and clinical outcomes. In the present case, OCT imaging 

as not performed before lithotripsy because the patient’s clini- 

al status was unstable and it was apparent that a heavily calcified 

esion was responsible for stent underexpansion. Pre-PCI lesion as- 

essment by OCT may help predict stent underexpansion and se- 

ect cases who require aggressive lesion modification prior to stent 

mplantation. Fujino et al. reported OCT thresholds for predicting 

alcium fracture in lesions treated with only balloon angioplasty at 

 maximum calcium angle of 225 ° and a minimum calcium thick- 

ess of 0.24 mm [9] . As previously observed [10] , OCT imaging 

howed that large calcium fragments generated by IVL remained 

n situ. OCT imaging also demonstrated a partial stent dislocation, 

robably due to the high-speed impact of the burr with the metal- 

ic stent struts. As shown by the Online Movie #1, the 1.75 mm 

urr of the rotational atherectomy failed to progress through the 

tenosis. The progression of the burr seemed to halt inside the 

roximal part of the underexpanded stent. A low burr to artery 

atio and/or the use of small burrs (1.25 and 1.50 mm) could have 

elped to prevent this. The rotational atherectomy burr is capable 

f ablating metallic stent struts; the abraded metallic particulate 

enerated by stent ablation seems to be similar in size to particles 

enerated by calcific plaque rotablation. Whether or not the rota- 

ional atherectomy should be used to pulverize every incompletely 

xpanded stent is still a matter of debate [6] . OCT provides the in-

erventional cardiologist with absence of struts inside the proximal 

art of the stent, based on which he decided to insert a new DES 

nside the previous stent. Stent fracture is well known to increase 

he risk of stent thrombosis. Malapposition of the stent struts as 

ell as discontinuity and fractures in the implanted stents may 

odify the flow characteristics and affect local blood viscosity. We 

elieve that OCT imaging should be systematically performed in 

uch procedures [ 9 , 10 ]. OCT may also help to select adequate indi-

ation of IVL, particularly when circumferential modification of the 

alcified plaque is necessary. Finally, further studies are needed to 

nvestigate the benefits of IVL in the context of STEMI. 

Movie #1: Attempt of rotational atherectomy inside the stent 

sing a 1.75 mm burr. The latter failed to progress through the 

tenosis. 
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