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Background: Even in the drug-eluting stent era, ostial lesion of the right coronary artery (RCA) still remains ther-
apeutic challenge for interventional cardiologists. Case Series Case 1 (76 y.o. male) with angina on effort
underwent transradial stent-less percutaneous coronary intervention (PCI) using rotational atherectomy (RA)
followed by drug-coated balloon (DCB) dilation alone (RA/DCB) against a calcified de novo RCA ostial lesion.
Case 2 (86 y.o. female) with recurrent unstable angina and hemodialysis underwent transfemoral RA/DCB
against a severe repeat in-stent restenosis probably due to calcified nodule in the RCA ostium. In the both pa-
tients, PCI was successfully completed under intravascular ultrasound imaging (IVUS) guidance without compli-
cations. Follow-up CAG performed 4–5 months after the procedure revealed no significant lumen narrowing in
the both RCA ostial lesions.
Conclusions: The both cases suggest that stent-less PCI using RA/DCB under IVUS might be an alternative revas-
cularization therapy of choice for calcified RCA ostial lesions.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Drug-eluting stent (DES) implantation has been amainstay of the in-
terventional treatment of coronary artery disease; however, ostial le-
sion of right coronary artery (RCA) has a high risk for DES failure, such
as in-stent restenosis (ISR) and target lesion revascularization (TLR)
[1–3]. Even in the DES era, the RCA ostial lesion still therefore remains
therapeutic challenge for interventional cardiologists. Nowadays
stent-less percutaneous coronary intervention (PCI) using rotational
atherectomy (RA) followed by drug-coated balloon (DCB) dilation
(RA/DCB) under DES-unsuitable conditions has gained more interest
shi).
[4–7]. In this mini-review, we have focused on utility of the stent-less
PCI using RA/DCB for the RCA ostial lesion in a case series.
1.1. Case 1: de novo calcified RCA ostial lesion

A 76-year-old man with past smoking and hypertension was re-
ferred to our hospital due to angina on effort. Electrocardiography at
admission was normal and transthoracic echocardiography showed
no asynergy. Adenosine-stress myocardial perfusion scintigraphy
with thallium depicted rest-redistribution of the inferoposterior-
posterolateral wall perfusion. Right coronary angiography (CAG) indi-
cated a severe stenosis in the distal segment in addition to an interme-
diate calcified stenosis at the ostium (Fig. 1A). Left CAG showed an
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Fig. 1. Case 1. Rotational atherectomy (RA) followed by drug-coated balloon (DCB) dilation (RA/DCB) for calcified RCA ostial lesion (Panels A, C, D, E, G, right anterior view). Panel A initial
CAG showed amoderate stenosis in the RCA ostium in addition to a severe stenosis in the distal RCA. Panel B during the PCI for distal RCA lesion, IVUS depicted an almost circumferential
calcification at the RCA ostium. Panel C ablation with a 2.0 mm burr. Panel D adjunctive 3.0-mm DCB dilation. Panel E post-procedural CAG. Panel F post-procedural IVUS showed a RCA
ostial lumen enlargement. Panel G five-month follow-up CAG revealed no significant vessel narrowing in the RCA ostial lesion.
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intermediate calcified stenosis in the proximal segment of left anterior
descending coronary artery (LAD), and a severe stenosis in the distal
segment of left circumflex coronary artery (LCx). Subsequent fractional
flow reserve (FFR) measurement revealed 0.75 at the distal LAD. Taking
the myocardial scintigraphic, CAG, and FFR findings into consideration,
we planned to perform transradial PCI against the distal RCA lesion
and the proximal LAD lesion. Firstly, we implanted an everolimus-
eluting stent (EES) (Synergy, 2.25/32 mm, Boston Scientific) in the dis-
tal RCA lesion under intravascular ultrasound imaging (IVUS) guidance.
During the procedure,we confirmed a significant vessel narrowingwith
almost circumferential calcification at the RCA ostium by IVUS (Fig. 1B).
Secondly, 20 days later, we performed RA (Rotalink Plus, 1.5/2.0 mm
burrs, Boston Scientific), inflated a cutting balloon (3.0/10mm), and im-
planted an EES (3.0/24 mm) in the proximal LAD lesion.

Thirdly, 4 months later, taking the IVUS findings and risk of stent
under-expansion/ISR into consideration, we planned to avoid ostial
stenting and perform stent-less PCI using RA/DCB for the calcified RCA
ostial lesion. Using a 7-Fr guiding catheter (Launcher, SAL 0.75 SH,
Medtronic) via left radial artery and a rotawire extrasupport, we per-
formed RA with a 2.0 mm burr (initial 180,000 rpm) under IVUS guid-
ance (Fig. 1C) and started a temporary pacing because of intermittent
bradycardia due to atrio-ventricular block. We continued RA, modified
burr speed gradually down to 140,000 rpm by 20,000 rpm, and then in-
flated a DCB (SeQuent Please, 3.0/15 mm, B. Braun) at 7 atm for 60 s
(Fig. 1D). Final CAG and IVUS showed an acceptable result without
flowdelay (Fig. 1E) and a relatively smooth luminal surfacewithout dis-
sections (Fig. 1F), respectively. Five-month follow-up CAG revealed no
significant vessel narrowing in the RCA ostial lesion (Fig. 1G).

1.2. Case 2: in-stent calcified RCA ostial lesion

An 86-year-old woman with hemodialysis was transferred to our
hospital due to recurrent unstable angina. She had undergone an
axillo-bifemoral bypass surgery for calcified stenosis of bilateral just
proximal common iliac arteries 4 years ago, and repeat transbrachial
PCIs twice for RCA ostial lesion 90 days and 50 days before (Fig. 2). In
spite of presence of almost circumferential calcification on IVUS, we
did not perform RA during the both prior PCI procedures (Fig. 2), be-
cause the residual bilateral iliac artery disease did not allow support de-
vice usage when needed. In the first PCI, we pre-dilated with a scoring
balloon catheter at 16 atm, implanted an EES (2.75/24 mm) at 18 atm
from the RCA ostium to the proximal segment, and post-dilated with a
3.0 mm noncompliant balloon catheter at 22 atm (Fig. 2A, B, E, F, I, J).
In the second PCI for the RCA ostial ISR, we dilated with a 3.0 mm non-
compliant balloon catheter at 20 atm, and then inflated a DCB (3.5/
15 mm) at 9 atm for 60 s; however, final IVUS showed a residual calci-
fied nodule inside the stent (Fig. 2C, D, G, H, K, L).

In the current procedure, in order to employ a support device when
needed during RA-based PCI, we planned to perform endovascular in-
tervention for left iliac artery before CAG/PCI. After the endovascular in-
tervention, we performed CAG via left femoral artery. Right CAG
confirmed a recurrent severe ISR at the RCA ostium and diffuse stenosis
in the proximal-mid segment with flow competition (Fig. 3A, white ar-
rows) in the distal segment, while left CAG showed no interval change,
but delineated collaterals to the distal RCA. Pre-procedural IVUS
depicted concentric superficial high-echoic mass with significant
shadowing inside the stent, suggesting the RCA ostial ISR due to calci-
fied nodule (Fig. 3B, C). Using a 7-Fr guiding catheter (Launcher, SAL
0.75 SH, Medtronic) and a rotawire extrasupport, we performed RA
from the RCA ostial ISR to the mid portion with a 1.5 mm burr (initial
200,000 rpm) under IVUS guidance (Fig. 3D, Supplementary Fig. 1).
Then, we added RA for the RCA ostial ISR with a 2.0 mm burr (initial
160,000 rpm) and started a temporary pacing because of intermittent
bradycardia (Fig. 3E, Supplementary Fig. 1). Unexpectedly, the IVUS
catheter entrapment around the distal edge of the old EES occurred
just after ablation with 2.0 mm burr. After successful retrieval of the
IVUS catheter, we did not attempt repeat IVUS examinations thereafter.
After dilation at the ostial ISR with a 3.5 mm cutting balloon catheter
(Fig. 3F), we advanced a guide extension catheter, and dilated with a
2.25 mm scoring balloon catheter at 14–20 atm in the proximal-mid



Fig. 2. Case 2. First percutaneous coronary intervention (PCI) using DES for calcified RCA ostial lesion (Panels A, B, E, F, I, J) and second PCI using DCB for calcified RCA ostial ISR (Panels C, D,
G,H, K, L). Pre-procedural (Panels A, C) and post-procedural CAG (Panel B, D).White arrowheads and black arrowheads indicatedRCA ostium and just distal to ostium, respectively (Panels
A–D, left anterior view). Pre-procedural (Panels E, I corresponding to white arrowhead, black arrowhead, respectively in Panel A; Panels G, K corresponding to white arrowhead, black
arrowhead, respectively in Panel C), and post-procedural IVUS images (Panels F, J corresponding to white arrowhead, black arrowhead, respectively in Panel B; Panels H, L
corresponding to white arrowhead, black arrowhead, respectively in Panel D). IVUS images at the second PCI showed calcified nodule (white arrows) inside the stent just distal to
ostium (Panels K, L).
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segment (Fig. 3G). Subsequentlywe inflated aDCB (SeQuent Please, 2.5/
30 mm, B. Braun) at 10 atm for 60 s in the mid segment (Fig. 3H), and
another DCB (SeQuent Please, 2.5/20 mm, B. Braun) at 14 atm for 60 s
in the proximal segment (Fig. 3I). Then we performed a DCB (SeQuent
Please, 4.0/20mm, B. Braun) dilation at 12 atm for 60 s against the ostial
ISR lesion (Fig. 3J), and final CAG showed an acceptable result (Fig. 3K).
Four-months follow-up CAG revealed no significant in-stent lumen
narrowing in the RCA ostium (Fig. 3L). During the follow-up CAG, we
could not advance a pressure wire to the distal segment of the RCA,
and did not exam a FFR. Instead, we performed an instantaneous
wave-free ratio (iFR) pullback study from the mid RCA (bifurcation of
right ventricular branch), and iFR values at bifurcation of right ventric-
ular branch, just distal to the RCA ostium, and aorta were 0.94, 0.97,
and 0.98, respectively. Thus, we could not rule out the possibility of re-
sidual myocardial ischemia in the RCA territory; however, taking the
small drop (0.01) in iFR at the RCA ostium into consideration,we judged
that the RCA ostial in-stent lesion itself was not severe, and did not per-
form further repeat PCI for the RCA ostium.

2. Discussion

Interventional treatment for calcified RCA ostial lesions still has a
therapeutic limitation even in the modern DES era. Aorto-ostial lesions
are histopathologically reported to be heavily calcified, fibrotic, and
sclerotic [8,9]. In addition, the distribution of surrounding muscle bun-
dles differs between the RCA ostium and left main (LM) ostium [10].
Muscle bundles of the RCA originate independently of the elastin-
muscle fibers of the aorta and a large circumferential sphincter-like
muscle mass frequently exists at the RCA ostium, while the LM ostium
has elastin-muscle fibers similar to and continuous with those of the
aorta [10]. Moreover, the adventitia of the RCA ostium is thicker than
that of the LM ostium [10]. In addition to heavily calcified plaque itself
and hingemotion around the ostium, these histopathological character-
istics of surroundingmuscle fibers described abovemight lead to a stent
under-expansion, a stent recoil, and a stent fracture, resulting in refrac-
tory ISR and repeat TLR in RCA ostial lesions. Indeed, stenting in RCA
ostial lesions had a 10 times higher risk of TLR than that in LM ostial le-
sions [2]. Moreover, the under-expanded stent becomes a just residual
small metal cage, and tends to interfere with future repeat PCI.

A previous report regarding first-generation sirolimus-eluting
stent implantation at RCA ostial lesions indicated 13.5% of TLR rate at
8 months [1], while a recent report from Japanese expert PCI operators
has demonstrated that TLR rate of RCA ostial lesions was 5.4% at 1 year
after second-generation biolimus-eluting stent implantation [11]. In the
latter report, all the TLR cases had shorter length between RCA ostium
and preprocedural minimum lumen diameter site (mean 2.3 mm)
[11]. According to another report from j-Cypher registry, overall pa-
tients undergoing first-generation sirolimus-eluting stent implantation
at RCA ostial lesions had 17.5% and 28.2% of TLR rate at 1 year and
5 years, respectively, and end-stage renal disease on hemodialysis as
well as ISR lesion were independent risk factors for TLR within 1 year
in those patients [3]. Thus, 4–5 months interval between initial PCI



Fig. 3.Case 2. Third PCI using RA/DCB for the recurrent ISR at calcified RCA ostium. Panel A pre-procedural CAG revealed a recurrent severe ISR at the RCA ostium and diffuse stenosis in the
proximal-mid portion. White arrowhead and black arrowhead indicated RCA ostium and just distal to ostium, respectively (Panel A, left anterior view). Panels B, C pre-procedural IVUS
images (Panels B, C corresponding to white arrowhead, black arrowhead, respectively in Panel A) depicted a lumen narrowing due to surrounding calcified nodule (white arrows) inside
the stent. Panel D ablationwith a 1.5mm burr from the RCA ostium to themid segment. Panel E ablationwith a 2.0mm burr for the RCA ostium. Panel F a 3.5 mm cutting balloon dilation
for the RCA ostium. Panel G guide extension catheter (GEC)-supported dilation with a 2.25 mm scoring balloon in the proximal-mid segment of RCA. Panels H, I GEC-supported dilation
with 2.5 mm DCBs in the proximal-mid segment of RCA. Panel J dilation with a 4.0 mm DCB in the RCA ostium. Panel K post-procedural CAG showed an acceptable result. Panel L four-
months follow-up CAG revealed no significant vessel renarrowing in the in-stent RCA ostial lesion.
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and follow-up CAG might be short for the present cases, and longer
follow-up period (6–9months) would bemore appropriate particularly
in case 2. Even in the new-generationDES era, stent-less PCImight be an
option of interventional treatments for the calcified RCA “just” ostial
lesion.

As a primary interventional treatment for ISR, usefulness of DCB
has already been established [12]. In addition, even for de novo coro-
nary artery lesions, several registries and small-sized randomized
controlled trials comparing with DES have indicated acceptable re-
sults regarding safety and efficacy of DCB particularly among small
vessel de novo lesions [13–16]. During the DCB-alone procedure,
predilation before DCB is essential, and RA, which tends not to
cause acute recoil or major dissection but to debulk thickened intima
and make a relatively smooth luminal surface, might be one of suit-
able pre-treatments before DCB. Potent candidates undergoing RA/
DCB procedures had lesion/clinical characteristics unsuitable for
DES implantation, such as undilatable/diffuse calcified lesion, bifur-
cation lesion, coronary sequelae of Kawasaki disease, and bleeding
tendency [4–7]. A recent report from Finnish investigators regarding
RA/DCB procedure in patients with calcified de novo coronary artery
lesions has shown no acute closures of the target vessels as well as
1.5% and 3.0% of ischemia-driven TLR at 1 and 2 years, respectively
[5]. Stent-less PCI using RA/DCB could therefore be a revasculariza-
tion therapy of choice as a first attempt for the de novo calcified
RCA ostial lesion.
On the technical point of view, there are no established data to dem-
onstrate that low-speed RA is superior to high-speed RA. Low-speed RA
might have higher frequency of complications, such as burr stuck or cor-
onary perforation, thanhigh-speed RA. However, as to incidence of slow
flow and other complications, there were no significant difference be-
tween low-speed (140,000 rpm) RA and high-speed (190,000 rpm)
RA [17]. Since there is a possibility that low-speed RAmight yield larger
lumen than high-speed RA, we therefore endeavored to obtain larger
lumen as much as possible by “gradual” low-speed RA under IVUS in
case 1. Taking possible risk related to low-speed RA into consideration,
we carefully advanced burrs little by little using a slow-bumping mo-
tion, and modified burr speed gradually from 180,000 rpm down to
140,000 rpm by 20,000 rpm during each ablation in case 1. In contrast,
in ISR lesions like case 2, we should avoid low-speed RA procedure, be-
cause of high risk of burr stuck.

Calcified nodule-associated ISR has also been becoming a significant
problem even in the new-generation DES era [18,19]. This type of ISR
tends to be resistant to DCB (DCB failure), and frequently requires re-
peat PCI, as shown in case 2. A recent report has shown that calcified
nodule was observed more frequently at the ostial and mid RCA, com-
pared with other coronary locations [20]. In addition, hemodialysis,
local hinge motion, and maximum calcium arc by optical coherence to-
mography have been associated with the presence of calcified nodule
[20]. Although effective interventional treatment for ISR originating
from calcified nodule has never been established; however, debulking
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by RA prior to DCB dilation might be an appropriate revascularization
strategy for those ISR.

3. Conclusion

Stent-less PCI using RA followed by DCB dilation under IVUS could
be a candidate of revascularization therapy for calcified RCA ostial de
novo/ISR lesions.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.carrev.2018.11.019.
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