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ABSTRACT

Percutaneous coronary intervention was performed in a flush in-stent right coronary artery chronic total occlusion.
Successful retrograde recanalization was performed but the lesion was balloon undilatable as confirmed by intravascular
ultrasound. High-pressure post-dilation with noncompliant and plaque modification balloons failed, but intravascular
lithotripsy successfully expanded the lesion. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2021;3:780-5)
© 2021 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

HISTORY OF PRESENTATION

A 63-year-old woman with medically refractory Ca-
nadian Cardiovascular Society class III angina and
worsening lower extremity edema was referred for
percutaneous coronary intervention (PCI) of a right
coronary artery (RCA) chronic total occlusion (CTO).

PAST MEDICAL HISTORY

The patient had multiple comorbidities: hyperten-
sion, dyslipidemia, chronic obstructive pulmonary

LEARNING OBJECTIVES

e To understand the importance of meticulous
coronary lesion preparation before stent
implantation to reduce the risk of in-stent
restenosis and stent thrombosis.

e To appreciate the potential role of intravas-
cular lithotripsy in expanding balloon undi-
latable in-stent coronary lesions.

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

disease, obesity, chronic kidney disease, smoking,
and had undergone multiple previous PCIs. Four
months prior, she had a retrograde attempt for RCA
CTO crossing that failed due to inability to cross the
septal collaterals. She was receiving isosorbide
mononitrate 60 mg daily and amlodipine 10 mg
daily.

DIFFERENTIAL DIAGNOSIS

Other causes of chest pain were ruled out. Chest
radiography did not demonstrate any pulmonary or
bone abnormalities. She did not have any gastroin-
testinal disease, and her chest pain was similar to the
symptoms she had before the previous PCIs.

INVESTIGATIONS

Coronary angiography revealed an ostial in-stent
RCA CTO with a 40-mm estimated occlusion
length. The distal vessel filled via septal collaterals
from the left anterior descending coronary (Figure 1,

From the Minneapolis Heart Institute and Minneapolis Heart Institute Foundation, Abbott Northwestern Hospital, Minneapolis,

Minnesota, USA.

Mirvat A. Alasnag, MBBS, served as Guest Associate Editor for this paper.

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’

institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

visit the Author Center.

Manuscript received February 2, 2021; revised manuscript received March 10, 2021, accepted March 17, 2021.

ISSN 2666-0849

https://doi.org/10.1016/j.jaccas.2021.03.014


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaccas.2021.03.014
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaccas.2021.03.014&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

JACC: CASE REPORTS, VOL. 3, NO. 5, 2021
MAY 2021:780-5

Videos 1A and 1B). On echocardiography, the left
ventricular ejection fraction was 55% with akinesis
in the basal inferoseptal, basal inferior, basal
inferolateral, mid-inferior and mid-inferolateral
segments. Positron emission tomography revealed
ischemia and viability of the myocardium supplied
by the RCA.

MANAGEMENT

Due to flush RCA occlusion, a primary retrograde
crossing strategy was pursued. Attempts to cross
various septal collaterals using a Suoh 03 and a Sion
black guidewire (Asahi Intecc, Nagoya, Japan) failed
despite using both surfing and contrast-guided at-
tempts. Eventually, a Fielder XTR guidewire (Asahi
Intecc) crossed to the distal RCA and was advanced
to the distal cap of the occlusion (Figure 2, Videos 2A
and 2B), followed by a Turnpike LP microcatheter
(Teleflex, Wayne, Pennsylvania). The RCA occlusion
was crossed from the distal to the proximal true
lumen using a Gladius Mongo guidewire (Asahi
Intecc) that was advanced to the ascending aorta and
snared with a 27- to 45-mm EN Snare (Merit Medical,
South Jordan, Utah) (Figure 3, Videos 3A and 3B),
followed by externalization of a R350 wire (Teleflex).
The proximal RCA was pre-dilated with 2.5- and
3.0-mm balloons that appeared to expand. A 3.0- x
38-mm drug-eluting stent was deployed, followed by
high-pressure post-dilation with noncompliant
balloons and a cutting balloon (Figure 4, Videos 4A
to 4D). However, the Ilesion was balloon
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undilatable, as confirmed by intravascular
ultrasound. A 3.5- x 40-mm peripheral
Shockwave balloon (Shockwave Medical Inc.,
Santa Clara, California) was delivered to the
proximal RCA. After 140 pulses, the lesion
expanded (Figure 5, Videos 5A and 5B). An
additional 3.0- x 33-mm drug-eluting stent
was deployed in the mid-RCA with a nice
final angiographic result (Figure 6, Videos 6A and
6B). The patient was discharged home the following
day and had complete angina resolution.

DISCUSSION

Severe coronary calcification is associated with poor
acute and long-term outcomes after PCI (1-3) because
it carries increased risk of complications, such as
stent loss (4), failure to expand the lesion (5), balloon
rupture (6), and high rates of repeat target vessel
revascularization (7). Several treatment modalities
can be used in heavily calcified lesions, such as high-
pressure balloon inflations; plaque modification bal-
loons; very high-pressure balloons (35 atm; currently
only available in Europe); rotational, orbital, and
laser atherectomy; and recently, intravascular litho-
tripsy (IVL). Laser with simultaneous contrast
injection is often effective in expanding
balloon undilatable in-stent lesions but should be
avoided in de novo lesions due to high risk of causing
dissection (8).

IVL is performed using a specialized balloon cath-
eter that contains multiple emitters of sonic pressure

FIGURE 1 Baseline Coronary Angiography

(A) Ostial right coronary artery chronic total occlusion (arrow). The occlusion is approximately 40 mm long in-stent restenotic lesion (dashed
arrows). (B) Arrows show appropriate septal collaterals from the left anterior descending coronary.

ABBREVIATIONS
AND ACRONYMS
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CTO = chronic total occlusion
IVL = intravascular lithotripsy

PCI = percutaneous coronary
intervention

RCA = right coronary artery
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FIGURE 2 Crossing of a Septal Collateral

of the occlusion.

(A) Multiple septal collaterals could not be crossed with a Sion black guidewire (Asahi) (arrow) using both surfing and contrast guidance. (B) A
Fiedler XTR guidewire (Asahi Intecc) (arrow) eventually crossed to the distal and mid right coronary artery and was advanced to the distal cap

waves that selectively fracture calcium and alter
vessel compliance. Barotrauma risk is low because of
low balloon inflation pressure (4 atm). Until recently,
IVL was only approved for peripheral use in the
United States, but the peripheral catheter was some-
times be used off-label in coronary lesions (9), as was
done in our case. All pivotal trials of IVL have
excluded in-stent lesions (10), yet early case reports

have been encouraging (11). Delivery of the peripheral
IVL balloon can be challenging; it requires strong
guide catheter support, but deliverability will likely
significantly improve once the coronary IVL catheters
become available. The potential impact of IVL on
stent and polymer integrity and whether it poten-
tially increases the risk of restenosis requires further
study.

FIGURE 3 Crossing of the Ostial Right Coronary Artery Chronic Total Occlusion

(A) The occlusion was crossed from the distal to the proximal true lumen with a Gladius Mongo guidewire (Asahi Intecc) to the aorta (arrow).
(B) The guidewire was snared with a 27-45 mm EN Snare (Merit Medical) in the aorta (arrow) and a R350 guidewire was externalized.




JACC: CASE REPORTS, VOL. 3, NO. 5, 2021 Karacsonyi et al.
MAY 2021:780-5 Intracoronary Lithotripsy in Undilatable In-Stent CTOs

783

FIGURE 4 Failure to Expand the Ostial Right Coronary Artery Stent

(A) A 3.0 x 38 mm drug-eluting stent was deployed (arrows) with an area of underexpansion. (B) The lesion was post-dilated with the stent balloon, but the
underexpanded area did not improve (arrow). (C) Post-dilation was repeated with 3.0 x 20 mm noncompliant balloon at high pressure. (D) Post-dilation with 3.0 x
10 mm cutting balloon.

FIGURE 5 Intravascular Lithotripsy of the Balloon Undilatable Ostial Right Coronary Artery Lesion

(A) Intravascular ultrasound of the balloon undilatable lesion. (B) Intravascular lithotripsy with 140 pulses with a 3.5 x 40 mm intravascular
lithotripsy balloon (Shockwave Medical Inc.) expanded the lesion.
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FIGURE 6 Final Result

Myocardial Infarction flow grade 3 and well-expanded stents.

(A) An additional 3.0 x 33 mm drug-eluting stent was deployed in the mid-right coronary artery. (B) Final result with Thrombolysis In

FOLLOW-UP

Dual antiplatelet therapy with aspirin and clopidogrel
was recommended indefinitely at discharge. Unfortu-
nately, the patient stopped taking antiplatelet therapy
and was hospitalized with a non—ST-segment eleva-
tion myocardial infarction and RCA stent reocclusion,
followed by coronary artery bypass graft surgery.

CONCLUSIONS

Meticulous lesion preparation is critical before stent
implantation, because stent underexpansion is asso-
ciated with increased risk of in-stent restenosis and
stent thrombosis. IVL may help expand balloon
undilatable in-stent lesions.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr. Brilakis has received consulting/speaker honoraria from Abbott
Vascular, American Heart Association (as associate editor of Circula-
tion), Amgen, Biotronik, Boston Scientific, Cardiovascular In-
novations Foundation (Board of Directors), ControlRad, CSI, Ebix,
Elsevier, GE Healthcare, InfraRedx, Medtronic, Siemens, and Tele-
flex; has received research support from Regeneron and Siemens; is
the owner of Hippocrates LLC; and has held shares MHI Ventures. All
other authors have reported that they have no relationships relevant
to the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr. Emmanouil
S. Brilakis, Minneapolis Heart Institute, 920 East 28th
Street #300, Minneapolis, Minnesota 55407, USA.
E-mail: esbrilakis@gmail.com.

REFERENCES

1. Fujimoto H, Nakamura M, Yokoi H. Impact of
calcification on the long-term outcomes of
sirolimus-eluting stent implantation: subanalysis
of the Cypher Post-Marketing Surveillance Regis-
try. Circ J 2012;76:57-64.

2. Huisman J, van der Heijden LC, Kok MM, et al.
Two-year outcome after treatment of severely
calcified lesions with newer-generation drug-
eluting stents in acute coronary syndromes: a
patient-level pooled analysis from TWENTE and
DUTCH PEERS. J Cardiol 2017;69:660-5.

3. Karacsonyi J, Karmpaliotis D, Alaswad K, et al.
Impact of calcium on chronic total occlusion

percutaneous coronary interventions. Am J Cardiol
2017;120:40-6.

4. Abdel-Wahab M, Richardt G, Joachim Buttner H,
et al. High-speed rotational atherectomy before
paclitaxel-eluting stent implantation in complex
calcified coronary lesions: the randomized
ROTAXUS (Rotational Atherectomy Prior to Taxus
Stent Treatment for Complex Native Coronary Ar-
tery Disease) trial. J Am Coll Cardiol Intv 2013;6:
10-9.

5. Tajti P, Karmpaliotis D, Alaswad K, et al. Prev-
alence, presentation and treatment of 'balloon
undilatable’ chronic total occlusions: insights from

a multicenter US registry. Catheter Cardiovasc
Interv 2018;91:657-66.

6. Gilutz H, Weinstein JM, Ilia R. Repeated balloon
rupture during coronary stenting due to a calcified
lesion: an intravascular ultrasound study. Catheter
Cardiovasc Interv 2000;50:212-4.

7. Onuma Y, Tanimoto S, Ruygrok P, et al.
Efficacy of everolimus eluting stent implan-
tation in patients with calcified coronary
culprit lesions: two-year angiographic and
three-year clinical results from the SPIRIT Il
study. Catheter Cardiovasc Interv 2010;76:
634-42.


mailto:esbrilakis@gmail.com
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref1
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref1
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref1
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref1
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref1
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref2
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref2
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref2
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref2
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref2
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref2
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref3
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref3
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref3
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref3
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref4
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref5
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref5
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref5
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref5
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref5
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref6
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref6
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref6
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref6
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref7
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref7
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref7
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref7
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref7
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref7
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref7

JACC: CASE REPORTS, VOL. 3, NO. 5, 2021
MAY 2021:780-5

8. Ashikaga T, Yoshikawa S, Isobe M. The
effectiveness of excimer laser coronary atherec-
tomy with contrast medium for underexpanded
stent: the findings of optical frequency domain
imaging. Catheter Cardiovasc Interv 2015;86:
946-9.

9. Nikolakopoulos I, Vemmou E, Xenogiannis |,
Brilakis ES. Combined use of intravascular litho-
tripsy and brachytherapy: a new approach for the
treatment of recurrent coronary in-stent

restenosis. Catheter Cardiovasc Interv 2020 Oct 8
[E-pub ahead of print].

10. Ali ZA, Nef H, Escaned J, et al. Safety and
effectiveness of coronary intravascular lithotripsy
for treatment of severely calcified coronary ste-
noses: the Disrupt CAD Il Study. Circ Cardiovasc
Interv 2019;12:e008434.

1. Ali ZA, McEntegart M, Hill JM, Spratt JC.
Intravascular lithotripsy for treatment of
stent underexpansion secondary to severe

Karacsonyi et al.
Intracoronary Lithotripsy in Undilatable In-Stent CTOs

coronary calcification. Eur Heart J 2020;41:
485-6.

KEY WORDS chronic total occlusion,
lithotripsy, percutaneous coronary
intervention

ﬂ APPENDIX For supplemental
videos, please see the online version of this
paper.

785


http://refhub.elsevier.com/S2666-0849(21)00305-3/sref8
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref8
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref8
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref8
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref8
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref8
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref9
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref9
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref9
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref9
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref9
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref9
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref10
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref10
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref10
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref10
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref10
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref11
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref11
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref11
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref11
http://refhub.elsevier.com/S2666-0849(21)00305-3/sref11

	Intracoronary Lithotripsy
	Past Medical History
	Differential Diagnosis
	Investigations
	Learning Objectives
	Management
	Discussion
	Follow-Up
	Conclusions
	Funding Support and Author Disclosures
	References


