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	� Background

An 80-year-old male presents with symptoms of unstable an-
gina and progressive exertional dyspnea. He has a history of 
percutaneous interventions on his RCA. Co-morbidities in-
clude hypertension, dyslipidemia, chronic obstructive pulmo-
nary disease and peripheral arterial disease. Recent diagnostic 
coronary angiography demonstrated a chronic total occlusion 
of his right coronary artery at the ostium. Cardiac-MRI showed 
ischemia and viability of the inferior wall and the Heart-Team 
voted for CTO PCI.

The initial PCI of the RCA had been performed in 2006 due to 
an inferior ST-elevation myocardial infarction, with implanta-
tion of four bare metal stents. In 2016 he had presented with 
typical symptoms of angina and coronary angiography had 
demonstrated in-stent restenosis in the proximal RCA. This 
had been successfully treated by high-pressure balloon dilata-
tion and the deployment of a second-generation drug eluting 
stent at the ostium, overlapping the old stent.

	� CTO PCI of the RCA

Multiple angioplasty guidewires including dual wire approach 
with Confianza Pro 12 in ASAHI Corsair microcatheters were 
used to stabilize guide position and move through the body of 
the CTO.  As the microcatheter could not follow, Gladius MG 
wire was used to follow the path created by one of these aggres-
sive wires, and it passed the body of the CTO inside the stents 
but entered the subintimal space distally and was exchanged 
for a long Sion Blue wire that found its way to the distal true 
lumen (Fig. 1). Neither of the microcatheters could enter the 
proximal cap, though, nor was the passage possible for multiple 
low-profile angioplasty balloons as the old proximal stent was 
embedded in massively calcified plaque. The balloons could 
not be pushed into the body of the CTO or ruptured when in-
flated. After another unsuccessful try with an Across CTO RX 
(with middle marker), an Across CTO ST (with front marker) 
finally passed the struts and did not rupture when inflated 
(Fig. 2). Then small non-compliant and scoring balloons were 
successfully applied. After obtaining antegrade blood flow, a 

OCT-Corner

Abbreviations:
CTO	 Chronic total occlusion
DCB	 Drug coated balloon
DES	 Drug eluting stent
ISR	 In-stent restenosis
IVL	 Intravascular lithotripsy
IVUS	 Intravascular ultrasound
MLA	 Minimal luminal area
OCT	 Optical coherence tomography
PCI	 Percutaneous intervention
RCA	 Right coronary artery

Figure 3. Angiographic view after obtaining an-
tegrade flow in the RCA (after predilatation with 
an escalation of Across CTO™ balloons, followed 
by Non-compliant (NC) and Scoring balloons). 
A. Angiographically underestimated proximal 
stenosis (double stent layer in calcified plaque). 
B. Calcified nodule (proven by IVUS) in the distal 
RCA. C. Stenosis at the Crux (on IVUS fibrotic).

Figure 1. Angiographic view of the ostial RCA 
CTO. Guiding catheter placed between aorta 
wall and old stent struts, PCI materials being 
delivered through the old stent struts. Gladius 
knuckle distal in extraplaque space causing sub-
intimal hematoma. Figure 2. Across CTO ST™ (with front marker) 

finally passed the struts without being ruptured 
when inflated.
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significant stenosis was observed at the crux and the ostium 
of the PDA, which was treated with scoring balloon (Fig. 3).

At this point, intravascular imaging with intravascular ultra-
sound was performed: At the distal RCA bifurcation, IVUS 
demonstrated sufficient lesion preparation despite a subintimal 
hematoma formation caused by the initial subintimal course of 
the Gladius guidewire, which had exited into the extraplaque 
space at level of the distal RCA (Fig. 4). There were no signs 
of luminal compression as a result of the hematoma, and no 
tendency that it might expand (Fig. 5), therefore a drug eluting 
balloon was applied.

At the distal RCA, IVUS demonstrated sufficient fractures in 
a circular calcified plaque with a strong tendency to recoil, but 
also a calcified nodule visible on the angiography as well (Fig. 6). 
Therefore, a DES was deployed in order to achieve adequate lu-
minal diameter and provide adequate radial force to maintain 
patency (Fig. 7). In the mid and proximal RCA, IVUS demon-
strated a large area of severe circumferential calcification, re-
quiring calcium modification techniques (Fig. 8). Intravascular 
lithotripsy with C2+ ShockWave Medical IVL catheter was per-
formed, carefully allocating the twelve series of ten pulses each 
to the areas with maximum calcium load.

A further IVUS assessment was performed following DCB in 
the distal RCA and IVL of the mid and proximal RCA. This 
demonstrated a good minimal luminal area at the crux and 
of the mid RCA. However, recoil of the proximal-segment 
calcific ISR persisted (Fig. 9). At this level, the initial wiring 
had entered through the side of the stent protruding from the 
RCA-ostium, as the proximal end of the stent was filled with 
massively calcified plaque that had proven impenetrable even 
by multiple aggressive Confianza Pro 12 puncture attempts.

Multiple DCBs were used for the treatment of the mid and proxi
mal RCA, while recoil demanded the use of drug eluting stents 
in the distal and ostial RCA (Fig. 10, 11), with a very good angio-
graphic result (Fig. 12), confirmed by a final IVUS run as well.

Figure 4. IVUS Figure 5. IVUS

Figure 6. IVUS

Figure 7. Distal RCA DES implantation (calcified nodule)
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	� Discussion
The use of intravascular imaging to guide PCI has not only led 
to fewer major adverse cardiovascular events [1], but has also 
been associated with a significant reduction of target vessel 
failure at 12-months follow-up [2]. IVUS and optical coher-
ence tomography play a crucial role in improving outcomes 
and all-cause mortality in coronary artery disease patients re-
ceiving interventional and medical treatment [3].

It is a known fact that coronary angiography alone does not 
identify the mechanism of ISR nor does it differentiate between 
mechanical and biological causes. The mechanism of ISR has 
proven to be multifactorial, ranging between stent under-
expansion, neo-atherosclerosis or neo-intimal hyperplasia, 
to stent fractures or malapposition. By helping establish the 
etiology of ISR, intra-vascular imaging allows a targeted thera-
peutic approach [4].

Given the observed protrusion of the old RCA-ostial stent into 
the aorta and the anticipated poor guide support, a left distal ra-
dial approach had been chosen for better backup and the Judkins 
Right 4 7F guiding catheter was intentionally placed between 
the aortic wall and positioned over the protruding stent struts 

(Fig.  13). The necessary angioplasty materials were delivered 
through the partially dilated overlapping side-struts (Fig. 14, 15).

In this particular case, IVUS was the intravascular imaging tech-
nique of choice to understand the underlying cause and deter-
mine appropriate treatment, in order to reduce and prevent the 
occurrence of major adverse cardiac events after drug-eluting 
stent implantation, since ISR occurs in up to 10% of the PCI treat-
ed cases [5]. With the proximal entry being so narrow and the 

Figure 8. IVUS Figure 9. IVUS

Figure 10. Proximal RCA ISR with recoil resisting 
aggressive balloon dilatations.

Figure 11. Proximal RCA ISR treated with DES 
(due to persistent recoil, plain balloon angio-
plasty was considered insufficient).

Figure 12. Final angiographic result

Figure 13. In order to obtain 
better support, left distal 
radial access was preferred, 
and the guiding catheter 
was placed between the aor-
tic wall and old stent struts 
which were protruding into 
the aorta. © Dan Prunea
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channel in the body of CTO so long, OCT would not have been 
an imaging option because sufficient amount of contrast could 
not have passed except in the final run. As the wire had intermit-
tently entered the subintimal space distally, injection of contrast 
media had also carried a high risk of hydraulic dissection.

As the usage of intravascular imaging to guide PCI has demon-
strated improved outcomes, IVUS imaging was performed at 
various stages of the procedure. Pre-PCI IVUS allows a proper 
assessment of lesion characteristics, length and complexity, 
and also obtaining true luminal dimensions [6].

IVUS helps tailor lesion preparation and determine its likely 
efficacy prior to stent deployment, while postprocedural IVUS 
can identify stent related complications such as stent malaposi-
tion, underexpansion and edge dissection as well as intramural 
hematoma and geographical miss, which can all lead to further 
short- and long-term complications [7].

After the initial IVUS, the fractures within the calcium ring in 
the distal RCA were considered a sign of good lesion prepa-
ration and sufficient predilatation with non-compliant and 
Scoreflex™ balloons, a sufficient and stable lumen size being 

achieved. Due to this fact, application of paclitaxel with a DCB 
was decided to be the best treatment.

There is limited clinical data supporting the treatment of CTO 
lesions with DCBs, but daily clinical practice as well as initial 
evidence are showing several advantages when DCB is com-
bined with DES treatment for this type of lesion, like reducing 
the total stent length and avoiding stent related complications 
in the vessel and while still maintaining vessel patency [8].

Because of the 360 degrees calcium ring in the proximal and 
mid RCA on the other hand, as well as for a large calcified 
nodule (Fig. 6) in the mid RCA, visible on IVUS, the use of 
more aggressive lesion preparation with IVL was taken into 
consideration before proceeding with balloon angioplasty 
(Fig. 16). For this purpose, a Shockwave C2+ System with the 
capacity of delivering 120 pulses was used. The pulses were dis-
tributed from the ostium to the mid-distal RCA, concentrating 
on the most calcified areas.

Figure 17. IVUS

Figure 14. Partially dilated overlapping side-struts.

Figure 15. Angiographic view of the ostial RCA CTO. Guiding catheter pla-
ced between aorta wall and old stent struts, PCI materials being delivered 
through the old stent struts.

Figure 16. IVUS
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For the treatment of ISR, drug coated balloons are an established 
therapeutic option, recommended by the European as well as the 
American guidelines, with slightly better results when used in 
bare metal stents rather the DES. Similar angiographic outcomes 
were observed after interventional treatment with clinically prov-
en paclitaxel- and sirolimus-coated balloons, in DES-ISR [9].

Resistant recoil of the calcific ISR in the proximal RCA despite 
repeated balloon predilatation and IVL was confirmed by an-
giography as well as by the IVUS runs (Fig. 9, 10). Considering 
this fact, balloon angioplasty alone was considered insufficient 
for a proper treatment of this specific kind of lesion. In order 
to obtain a satisfying result with adequate MLA, a DES was 
implanted, followed by aggressive postdilatation and flaring.

The final IVUS run confirms a very good result, with insig-
nificant underexpansion and minimal recoil within the ostially 
implanted stent (Fig. 17), but also sufficient MLA and absence 
of flow limiting dissection after proper lesion preparation in 
the DCB treated segments. Final IVUS run also helped identify 
correct stent placement and expansion in the proximal RCA 
segment, and exclude stent malapposition or under-expansion, 
that is associated with midterm stent failure [10].

	� Conclusion

In everyday practice, complex and calcified lesions are increas-
ing in prevalence especially in a progressively ageing popula-
tion. It is becoming evident from trials that coronary angio
graphy alone is not sufficient to guide lesion preparation and 

stent deployment. To ensure optimal PCI outcomes in such 
lesions intravascular imaging must be utilized.
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