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All the Tools! 
Imaging, IVL, and Ostial FLASH in 
a Calcified Right Coronary Ostium
Optimizing PCI durability.

By Kevin J. Croce, MD, PhD

A orto-ostial lesions are defined as being located 
3 to 5 mm from the vessel origin, and ostial 
lesions pose several technical challenges relat-
ed to achieving optimal stent placement and 

adequate stent expansion.1

TECHNICAL ASPECTS OF AORTO-OSTIAL 
STENTING: GUIDE ENGAGEMENT AND 
SUPPORT, GEOGRAPHIC MISS, AND 
EXCESSIVE AORTO-OSTIAL OVERHANG

Ostial catheter engagement can be challenging in aor-
to-ostial lesion treatment because of poor guide seating 
in severely narrowed lesions, catheter pressure dampen-
ing, and in some instances poor guide catheter support.1 
Variations in coronary arterial anatomy, such as congeni-
tal anomalies, high anterior and shepherd crook right 
coronary artery (RCA) takeoffs, and posterior left main 
origins, can further complicate ostial engagement and 
percutaneous coronary intervention (PCI) execution.2 In 
addition, limitations of two-dimensional coronary angi-
ography can make it difficult to precisely identify the 
RCA and left main origin, leading to (1) inadequate aor-
to-ostial lesion coverage and geographic miss (stent in 
too far), or (2) excessive amounts of stent hanging into 
the aorta, thereby complicating future coronary cath-
eter engagement (stent out too much).1,3 Low-precision 
angiogram-guided stenting for coronary aorto-ostial dis-
ease leads to high rates of proximal stent misplacement.4 
Stent mispositioning at the ostium is associated with sig-
nificantly higher rates of restenosis and clinically driven 
target lesion revascularization compared to patients 
with accurate stent placement.4 Noninvasive coronary 
CTA (CCTA) scan studies similarly demonstrated high 
rates of geographic miss with angiogram-guided aorto-
ostial stenting.5 By CCTA, the entire circumference of 
the proximal stent edge was located within the aorto-
ostial segment in only 13% of cases, with geographic 
miss in the remainder.5

Multiple techniques for precise aorto-ostial stent 
placement have been described.1 These precision aorta-
ostial stenting methods include, among others, live intra-
vascular ultrasound (IVUS)–guided stent placement with 
IVUS parallel to the stent during positioning, fluoroscopic 
IVUS coregistration marking of the ostium for subse-
quent fluoroscopic placement, and a bumper wire in the 
aorta to prevent deep catheter engagement and help 
position the stent at the ostium.1,6 A dedicated Ostial 
FLASH balloon (The Ostial Corporation) is designed to 
optimize the implantation of aorto-ostial coronary stents 
by flaring the proximal stent struts against the aortic wall. 
Ostial FLASH negates the need for precise aorto-ostial 
positioning because the stent is purposefully placed with 
stents protruding into the aorta, after which the FLASH 
system is used to flare the stent to optimize ostial cover-
age and ensure easy future coronary guide access.5,7,8

CORONARY OSTIAL LESION 
CALCIFICATION, STENT EXPANSION, AND 
STENT RECOIL

Ostial lesions are frequently calcified and thus require 
higher utilization of plaque modification tools to ensure 
adequate stent expansion compared to nonostial 
lesions.9 When considering the morphology of ostial 
RCA lesions, a recent IVUS study demonstrated that 
47.6% of ostial lesions contain calcific nodules and that 
nodular ostial calcium has significantly higher rates of 
target lesion failure (TLF) compared to nonnodular 
lesions (nodular lesions 21.6% TLF vs diffuse lesions 
8.2% TLF; P = .04).10 A multivariable Cox proportional 
hazard model revealed that RCA calcific nodules were 
significantly associated with TLF (hazard ratio, 6.63; 
95% CI, 1.28-34.3; P = .02).10 In addition to heavy cal-
cification, the RCA ostium has anatomic features that 
predispose it to stent recoil and stent fracture. The RCA 
ostium contains large proximal and circumferential 
muscle bundles that arise independently of the elastin-
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muscle fibers of the aorta.11 These contracting muscle 
fibers reduce lesional compliance, repetitively stress the 
stent scaffold, and can cause stent recoil and/or stent 
fracture. In one IVUS series, 33% of RCA late luminal 
loss was due to chronic stent recoil.11 Based on the calci-
fied, nodular, and elastic properties of dilation-resistant 
and recoil-prone ostial lesions, there is a mechanistic 
rationale for using high-radial-strength stents during 
aorto-ostial stenting.12 In addition, because of the high 
prevalence of ostial calcium, as outlined in the SCAI 
Expert Consensus on Management of Calcified Coronary 
Lesions Requiring Intervention, it is widely agreed that 
adequate vessel preparation and calcium modification 
can translate into better stent expansion and lower risk 
of dissections extending into the aorta for aorto-ostial 
lesions.13 The consensus document also outlines the 
suitability of cutting and scoring balloons, high-pressure 
balloons, intravascular lithotripsy, and rotational and 
orbital atherectomy for calcified plaque modification in 
aorto-ostial lesion treatment. 

RISK OF AORTO-OSTIAL STENT FAILURE
Ostial stent failure occurs at higher rates compared 

to nonostial lesions, with reported restenosis rates 
ranging from 6% to 33% depending on the stent type 
and patient factors; this is primarily due to (1) the 
complex anatomy of the ostial region, making stent 
placement and expansion challenging, leading to higher 
risk of recoil and underexpansion; (2) high prevalence 
of circumferential and nodular calcium especially in 
the ostial RCA; and (3) stent scaffold failure and stent 
recoil.9,14,15 Target vessel revascularization (3.29% vs 
1.90%; P = .03) and stent thrombosis (1.23% vs 0.42%, 
P = .01) are significantly higher among patients with 
RCA aorto-ostial lesions compared to patients with 
proximal RCA lesions.9 Because of the high rates of 
stent failure, adequate attention to geographic stent 
placement and appropriate calcified plaque modifica-
tion are required to ensure ostial stent patency in this 
hard-to-treat coronary lesion subset.

INTRAVASCULAR IMAGING–GUIDED PCI TO 
IMPROVE AORTO-OSTIAL PCI OUTCOMES

In the past 5 years, a landslide of new randomized 
studies have clearly demonstrated the clinical benefit 
of IVUS and optical coherence tomography (OCT)–
guided PCI.16 In addition to strong reductions in target 
lesion revascularization seen in the individual studies, 
a comprehensive meta-analysis of these studies showed 
dramatic reductions in the risk of TLF (relative risk [RR], 
0.71; 95% CI, 0.63-0.80; P < .0001) and all-cause death 
(RR, 0.75; 95% CI, 0.60-0.93; P = .0091) with intravascu-
lar imaging–guided PCI versus angiogram-guided PCI.17 

Notably, outcomes were similar for OCT and IVUS, 
thereby establishing a class effect of intravascular imag-
ing.17 In light of the strong evidence supporting intra-
vascular imaging–guided PCI, the updated European 
Society of Cardiology PCI guidelines endorse intravas-
cular imaging to guide PCI of complex coronary artery 
lesions with a class 1A indication.18 

Intravascular imaging–guided PCI influences case exe-
cution in a manner that leads to improved stent dura-
bility. With use of the now widely adopted systematic 
intravascular imaging–guided PCI algorithm MLD MAX 
(morphology, length, diameter, medial dissection, 
apposition, expansion), compared to angiogram-guided 
PCI, intravascular imaging–guided PCI better identifies 
calcium and normal stent landing zones, enables high-
fidelity sizing of balloons and stents, and leads to larger 
stent sizing and large minimal stent area.19-21 Notably, 
clinical studies demonstrate that compared to angiogra-
phy, intravascular imaging more often identifies calcium, 
which leads to more aggressive calcium-specific vessel 
preparation strategies aimed at improving stent expan-
sion and stent patency.22 As noted previously, intravas-
cular imaging can be utilized to improve precise stent 
placement during ostial stenting. In addition, during 
ostial stenting, intravascular imaging should be routinely 
utilized to appropriately identify calcium, define optimal 
stent diameter and landing zones, and ensure the stent 
is optimized by the end of the PCI procedure.18

CASE PRESENTATION
INTRAVASCULAR IMAGE–GUIDED PCI OF 
A CALCIFIED OSTIAL LESION

A woman in her early 80s, with a history of hyperten-
sion, hyperlipidemia, myocardial infarction, and RCA 
PCI 15 years earlier, presented to the emergency depart-
ment with 24 hours of worsening dyspnea and 3 hours 

Figure 1.  Diagnostic angiography. Orthogonal angiogram 
views demonstrated the culprit ostial RCA stenosis, which was 
severely calcified with reduced flow. The culprit ostial RCA 
stenosis was in a de novo segment of the artery that had not 
been previously stented (black arrow). The proximal to mid-
RCA stents also had substantial nonculprit in-stent restenosis 
(blue arrow). 
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of acute-onset chest pain. The initial electrocardiogram 
showed sub-millimeter ST elevations in the inferior 
leads, and the initial high-sensitivity troponin was abnor-
mal at 845 ng/L. The patient was referred for emergent 
coronary angiography and possible PCI. Diagnostic 
coronary angiography performed through right radial 
access demonstrated the presence of a culprit ostial 
RCA stenosis, which was severely calcified with reduced 
flow. The culprit ostial RCA stenosis was in a de novo, 
unstented segment of the artery. The nonostial proxi-
mal to mid-RCA stents also had substantial nonculprit 
in-stent restenosis (Figure 1). The left coronary system 
had no major obstructive disease. The clinical decision 
was to move forward with culprit ostial RCA PCI of the 
de novo unstented segment, with the additional plan to 
treat the mid-vessel in-stent restenosis.

We upsized to a 7-F right radial arterial angioplasty 
system to facilitate the anticipated need for plaque 
modification of the calcified culprit stenosis. Using 
a 7-F, AR2 guide with a 7-F Trapliner guide extender 
(Teleflex), we placed a workhorse wire in the distal RCA. 
To facilitate angioplasty equipment delivery and intra-
vascular imaging, we predilated with a 3.5- X 15-mm 
noncompliant balloon that had a substantial unex-
pandable waist in the ostial calcified region at a pres-

sure of 16 atmospheres (atm). Next, we performed OCT 
intravascular imaging to implement the MLD MAX PCI 
optimization protocol. Pre-PCI OCT demonstrated a 
morphology of severe fibrocalcific neoatherosclerosis in 
the old stents and large calcific nodules in the culprit 
de novo unstented segment of the proximal and ostial 
RCA (Figure 2). OCT imaging clearly demonstrated the 
need for calcific nodule plaque modification with the 
goal of achieving optimal extent expansion. The OCT 
also demonstrated substantial in-stent restenosis that 
would require treatment (not shown). The length of 
the lesion spanned from the aorto-ostial RCA origin 
distal to the prior RCA stents. The OCT-identified ref-
erence diameter was 3.5 mm in the mid-segment and 
3.8 mm in the proximal artery. 

To facilitate calcific nodule plaque modification and 
lesion compliance softening, we treated the ostial and 
proximal stenosis with a 3.5-mm Shockwave intravascu-
lar lithotripsy balloon (Shockwave Medical), focusing all 
120 shockwave pulses in the 20-mm de novo calcified 
nodular segment of the culprit stenosis (Figure 3A). We 
chose intravascular lithotripsy for plaque modification 
because of its unique mechanism of action to fracture 
the deep basilar structure of calcific nodules to improve 
compliance and facilitate adequate stent expansion 

Figure 2.  OCT. After initial predilation, OCT intravascular imaging was performed to implement the MLD MAX PCI optimi-
zation protocol. Pre-PCI OCT demonstrated a morphology of severe fibrocalcific neoatherosclerosis in the old stents (not 
shown) and large calcific nodules in the culprit unstented segment of the proximal and ostial RCA (white arrow). OCT imaging 
clearly demonstrated the need for calcific nodule plaque modification with the goal of achieving optimal extent expansion. 



18 INSERT TO CARDIAC INTERVENTIONS TODAY MARCH/APRIL 2025 VOL. 19, NO. 2

F E A T U R E D T E C H N O L O G Y

Sponsored by Shockwave Medical

S H O C K WAV E  I N T R AVA S C U L A R  L I T H OT R I P S Y

when treating nodular calcium.23,24 The intravascular 
lithotripsy balloon initially had a substantial waist; how-
ever, after the 120 pulses, the artery appeared to expand 
completely at 8 atm of pressure on the final Shockwave 
inflation. Next, we predilated the in-stent restenosis 
segment with a 3.5- X 15-mm noncompliant balloon 
that did not yield completely. Therefore, we took a 
3.5- X 10-mm AngioSculpt scoring balloon (Philips), 
inflated it to 22 atm, and performed cine angiography 
in multiple views to ensure adequate lesion expansion.

We similarly predilated the ostial and proximal RCA 
de novo culprit lesion with a high-pressure 3.5-mm 
AngioSculpt inflation at 22 atm, confirming complete 
expansion in orthogonal cine angiography views. 

We performed multiple orthogonal views of the balloon 
dilations to ensure that the eccentric calcified lesions 
expanded completely. After achieving adequate vessel 
preparation confirmed by 1:1-sized balloon expansion 
in multiple views, we moved forward to scaffold the 
artery with overlapping drug-eluting stents. We placed 
a 3.5- X 38-mm Xience drug-eluting stent (Abbott) in 
the mid-RCA and overlapped a 3.5- X 32-mm Synergy 
Megatron high-radial-strength stent (Boston Scientific 
Corporation) in the ostial and proximal vessel to treat 
the recoil-prone de novo segment that contained the 
large calcific nodule. To ensure adequate aorto-ostial 
lesion coverage, we purposefully placed the ostial 
Megatron stent into the aorta with the plan to use an 

Figure 4.  Final angiography and IVUS. Final angiography images (A, B). We employed IVUS for the MLD MAX post-PCI stent 
optimization assessment to interrogate the aorto-ostial stent coverage after Ostial FLASH treatment. MAX assessment of the 
post-PCI result confirmed an optimized stent placement with no medial dissections at the distal stent edge, excellent stent 
strut-to-wall apposition, and 84% expansion. IVUS of the aorto-ostial segment also confirmed optimal lesion coverage with 
Ostial FLASH–induced flaring of the purposefully overhung stent (C). Notable on IVUS, there is a slight “D” shape to the stent in 
the area where the calcific nodule was previously present (C). 

A B C

Figure 3.  PCI execution with Shockwave pretreatment, aorto-ostial stenting, and Ostial FLASH stent flaring. To facilitate cal-
cific nodule plaque modification and lesion compliance softening, we treated the ostial and proximal stenosis with a 3.5-mm 
Shockwave intravascular lithotripsy balloon focusing all 120 shockwave pulses in the 20-mm de novo calcified segment of the 
culprit stenosis (A). We placed a 3.5- X 32-mm Synergy Megatron high-radial-strength stent in the ostial and proximal vessel to 
treat the de novo segment that contained the large calcific nodule. In order to ensure adequate aorto-ostial lesion coverage, 
we purposefully placed the ostial Megatron stent into the aorta (B) with the plan to use an Ostial FLASH balloon to flare the 
stent to optimize aorto-ostial stent coverage and to ensure ease of arterial access in the event that future angiography and/or 
PCI were required. We inflated a 4-mm Ostial FLASH in the overhanging Megatron stent to flare the stent (C).

A B C
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Ostial FLASH balloon to flare the stent to optimize aor-
to-ostial stent coverage and to ensure ease of arterial 
access in the event that future angiography and/or PCI 
were required (Figure 3B). We inflated a 4-mm Ostial 
FLASH balloon in the overhanging Megatron stent to 
flare it and subsequently postdilated the distal stent 
with a 3.5-mm noncompliant balloon and postdilated 
the proximal and ostial stent with a 3.75-mm noncom-
pliant balloon (Figure 3C). 

In the final step of the procedure, we employed IVUS 
for the MLD MAX post-PCI stent optimization assess-
ment because we specifically wanted to interrogate the 
aorto-ostial stent coverage after Ostial FLASH treatment. 
Our decision to use IVUS rather than OCT was based on 
anticipated difficulty in completely clearing the aorto-
ostial region of blood to enable OCT aorto-ostial over-
hang assessment. MAX assessment of the post-PCI result 
confirmed an optimized stent placement with no medial 
dissections at the distal stent edge, excellent stent strut-
to-wall apposition, and 84% stent expansion. IVUS of the 
aorto-ostial segment also confirmed optimal lesion cover-
age with Ostial FLASH–induced flaring of the purposefully 
overhung stent (Figure 4C). The procedural execution 
resulted in improvement in the patient’s chest pain, nor-
malization of her electrocardiogram changes, and excel-
lent angiographic and intravascular imaging confirming 
the result without any complications (Figure 4A and 4B). 
The patient was treated with standard protocol dual anti-
platelet therapy and was discharged on hospital day 2. 

SUMMARY
Aorto-ostial lesions are frequently calcified, often 

with nodular calcification, pose several technical chal-
lenges related to achieving optimal stent placement 
and adequate stent expansion, and are prone to stent 
failure and adverse cardiovascular events. Intravascular 
imaging–guided PCI, as part of MLD MAX algorithmic 
PCI execution, can identify actionable calcium to enable 
appropriate choice of plaque modification strategies to 
ensure optimal stent expansion. Furthermore, innova-
tive use of techniques and tools, such as IVUS-guided 
ostial stenting and/or Ostial FLASH flaring balloons can 
ensure lesion coverage and PCI optimization during the 
treatment of challenging ostial lesions to ensure better 
patient outcomes.  n 
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