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Bail-out intravascular lithotripsy for severe

stent underexpansion during primary

angioplasty: a case report
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Background Intravascular lithotripsy is safe and effective for the treatment of de novo coronary artery calcifications. Its bail-out
use in acute coronary syndrome and for underexpanded stents, although currently off-label, could be the best op-
tion when other conventional techniques fail.

...................................................................................................................................................................................................
Case summary A patient with an inferior ST-segment elevation myocardial infarction underwent a primary percutaneous coronary

intervention. Stent underexpansion due to a heavily calcified lesion was refractory to high-pressure balloon dilata-
tions. Complete stent expansion was achieved with intravascular lithotripsy, as evidenced by intravascular ultra-
sound, and no acute complications occurred.

...................................................................................................................................................................................................
Discussion Treatment strategies for stent underexpansion due to coronary artery calcifications are still debated. High-pressure

non-compliant balloon dilatations are rarely sufficient to gain a complete stent expansion. Rotational and orbital
atherectomy are contraindicated in presence of a thrombus. Given the possible risks of stent damages, intravascular
lithotripsy is currently not indicated in acutely deployed stents but could be the best bail-out technique for other-
wise undilatable stents due to severely calcified plaques.
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Introduction

The presence of severe coronary artery calcifications in the setting of
acute occlusion during ST-segment elevation myocardial infarction
(STEMI) is a serious challenge. Coronary angiography underestimates
the presence of calcium1 and, since in the acute setting of an occlusive
thrombus gentle pre-dilatation with undersized balloons or direct

Learning points
• Intravascular lithotripsy could be an option for undilatable

stents refractory to high-pressure balloon dilatations.
• Intravascular imaging should be used in cases of stent

underexpansion to reveal the presence of calcified lesions and
to guide the correct therapeutic approach.
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stenting is preferred to aggressive lesion preparation, it is not uncom-
mon to realize that the implanted stent is grossly underexpanded and
not responding to high-pressure dilatation with non-compliant (NC)
balloons. Intravascular lithotripsy (IVL) has proven to be effective and
safe in treating de novo calcified lesions,2–4 and a recent retrospective
study confirmed this finding also in the setting of STEMI patients.5

This case report highlights its emerging role also in cases of undilat-
able stents refractory to other conventional techniques.

Timeline

Case presentation

A 67-year-old man was directly transferred to the Catheterization
Laboratory because of constrictive chest pain radiated to the jaw last-
ing for 5 hours with out-of-hospital evidence of ST-segment elevation
inferior myocardial infarction. Physical examination was unremark-
able and the patient showed no signs of heart failure (Killip Class I).

Besides hypertension and dyslipidaemia on medical treatment, his
medical history included a previous inferior acute myocardial infarc-
tion 20 years before treated with stent implantation on the second
segment of the right coronary artery (RCA) and subsequent percu-
taneous transluminal coronary angioplasty for restenosis after
9 months.

After 250 mg i.v. of acetylsalicylic acid and 5000 IU of unfractio-
nated heparin, the right radial was instrumented with a 6 French (Fr)
sheath and a Judkins left guiding catheter, and left coronary angiog-
raphy was performed showing a diffusely ectatic left main and prox-
imal left anterior descending coronary artery with multiple
irregularities but no significant obstructive lesions. The RCA was
engaged with a 6 Fr Judkins right guiding catheter and an occlusion of

the third segment distal to the previously implanted stent was found
(Video 1). No visible calcium was present angiographically. The occlu-
sion was easily crossed with a RunthroughVR NS Floppy guidewire
(Terumo Medical Corporation, Somerset, New Jersey, USA). A
2.0� 15 mm balloon expanded well at 14 Atmospheres (Atm), lead-
ing to restored anterograde flow, chest pain reduction, and ECG nor-
malization. Angiography showed a long critical stenosis throughout
the third segment of RCA (Video 2). Cangrelor administration was
started and a 2.75 � 38 mm Everolimus eluting stent (Xience Sierra,

2000 Stent implantation on the second segment of right

coronary artery for an inferior acute myocardial

infarction

2001 Repeated angioplasty on the previous implanted

stent for restenosis

13 April 2021 Sudden onset chest pain with out-of-hospital diag-

nosis of ST-segment elevation inferior myocar-

dial infarction

Emergency coronary angiography was carried out

and an occlusion of the right coronary artery dis-

tally to the previous stent was found

An Everolimus eluting stent was deployed and sev-

eral high-pressure balloon dilatations failed to

properly dilate the stent distally

Intravascular ultrasound evidenced a heavily calci-

fied lesion and intravascular lithotripsy was used

effectively to correct the stent underexpansion

16 April 2021 The patient was discharged without any acute

complications

Video 1 Right coronary artery angiography showing an intrastent
occlusion (TIMI 0 flow) at the beginning of the third segment.

Video 2 Right coronary angiography after crossing the occlusion
and balloon dilatation showed long critical stenosis throughout the
third segment.
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..Abbott, USA) was deployed with a short overlap with the previous
stent proximally. Multiple post-dilatations with 3.00 � 12 mm and
2.75 � 6 mm NC balloons at high pressure (up to 24 Atm) failed to
dilate the stent distally, where a focal underexpansion of the stent
gave a typical image of ‘dog-boning’ to all balloons (Figure 1).
Intravascular ultrasound (IVUS) (OpticrossTM HD 60MHz, Boston
Scientific, USA) was performed and a focal circumferential (360�)

highly calcified lesion with a minimum stent area (MSA) of 1.98 mm2

was found (Figure 2A, Supplementary material online, Video S1). After
the second series of 10 pulses with a 3.00 � 12 mm IVL balloon
(Shockwave Medical Inc., Santa Clara, CA, USA) the ‘dog-bone’ dis-
tortion of the balloon disappeared, with full expansion at 4 Atm and
6 Atm (Figure 3). Final stent post-dilatation with a SapphireVR II NC
3.25 � 8 mm balloon (OrbusNeich, Hong Kong, China) was done at

Figure 1 The focal area of stent underexpansion. (A) ‘Dog-bone’ distortion (arrow) of the balloon; (B) Angiography showing the focal area of stent
underexpansion (arrow) after several balloon dilatations.

Figure 2 Intravascular ultrasound (IVUS) before and after intravascular lithotripsy. (A Intravascular ultrasound showing a heavily circumferential
(360�) calcified plaque as the reason of stent underexpansion (minimum stent area 1.98 mm2). (B) Intravascular ultrasound showing optimal stent ex-
pansion (minimum stent area 6.92 mm2) after intravascular lithotripsy and 3.25 mm non-compliant balloon dilatation at 8 Atm.
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8 Atm distally and up to 24 Atm proximally across the overlapping
stent struts. Angiography showed an excellent result (Video 3) and
IVUS confirmed the complete stent expansion (MSA 6.92 mm2, re-
sidual stenosis 0%, TIMI 3 flow) (Figure 2B, Supplementary material
online, Video S2). At the end of the procedure ticagrelor 180 mg was
administered and cangrelor was stopped after 2 h. The patient was
transferred to the cardiology unit where the echocardiogram
showed inferior wall hypokinesia with normal left ventricular ejection
fraction. High sensibility troponin T peak was 1693 pg/mL (URL
14 pg/mL). After 72 h the patient was discharged and started a cardiac
rehabilitation program as an outpatient. On follow-up visit 2 months
later, the patient was asymptomatic and no complications occurred.

Discussion

Prospective, multicentre registries have shown successful stent deliv-
ery and low rates of adverse events using IVL in long highly calcified
lesions.2–4 These registries excluded patients with acute myocardial
infarction or possible thrombus in the target vessel, but IVL could be
the best option in this acute setting when highly calcified lesions do
not expand and rotational or orbital atherectomy are contraindi-
cated in the presence of thrombus.

In contrast to stable patients, where intravascular imaging is essen-
tial both pre- and post-stenting, especially in calcified lesions in order
to characterize the type of calcification (calcium arc, thickness,
length) and to guide a better lesion preparation, intravascular imaging
prior to stenting in acute coronary syndromes is recommended only
in complex or ambiguous cases, e.g. when calcium is evident on angi-
ography or to better understand the reason of a stent failure.6 In our
case, the culprit lesion was clear, and anterograde flow was restored
after balloon angioplasty with a small balloon, which well expanded at
14 Atm. Since calcium was not visible angiographically, we deployed
the stent without further balloon pre-dilatation and dog-boning was
evident only after stent deployment, not allowing a better prepar-
ation of the calcific plaque.

Rotational atherectomy is contraindicated before stent deploy-
ment in the presence of intravascular thrombus and becomes even
more risky and cumbersome after the stent has been implanted.
Intravascular lithotripsy could represent the best option to treat
underexpanded stent in highly calcified lesions, but its use is currently
off-label due to the possible damage to polymer coating and micro-
fractures of metallic struts, as shown in bench tests.7

The calcium fragmented by IVL remains in situ, compared to what
happen with atherectomy, where calcium and metallic microparticles
may embolize distally, causing microvascular plugging, slow-flow, no-
reflow, and periprocedural myocardial infarction.8 Very few cases are
reported on effective IVL use in cases of undilatable stent acutely

Figure 3 Intravascular lithotripsy (IVL) balloon. (A) Shockwave intravascular lithotripsy 3.00 mm balloon at first releasing pulses; (B) Shockwave
intravascular lithotripsy 3.00 mm balloon after 20 pulses: ‘dog-bone’ distortion disappeared.

Video 3 Final angiography showing excellent result.
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deployed in a STEMI patient.5,9–11 This case is proof of the IVL useful-
ness in this setting, with the ability to fragment circumferential and
deep calcifications beyond the stent and without complications. If
data on safety will be confirmed in larger samples and with longer
follow-ups, IVL would definitely become the best option for heavily
calcified occluded arteries in acute coronary syndromes.
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Supplementary material

Supplementary material is available at European Heart Journal—Case
Reports online.

Slide sets: A fully edited slide set detailing these cases and suitable
for local presentation is available online as Supplementary data.
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