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1   |   INTRODUCTION

In-stent restenosis (ISR) remains one of the challeng-
ing issues in percutaneous coronary intervention (PCI). 
Drug-coated balloons (DCBs) are known to be effective 
in the management of ISR.1 Lesion preparation prior to 
DCB angioplasty has been reported to be effective in im-
proving cardiovascular outcomes after PCI.2 Recent re-
search using optical coherence tomography has shown 
that using balloon angioplasty alone as lesion preparation 
was insufficient to achieve optimal results in ISR with 
hard neointima, such as calcified neoatherosclerosis (C-
neoatherosclerosis).3 In such cases, rotational atherectomy 
(RA) (Rotalink PlusTM, Boston Scientific) is an available 
option that can be used to reduce C-neoatherosclerosis 
bulk, thereby leading to greater luminal gain than that in 

balloon angioplasty alone.4 However, performing RA for 
distally located ISR is sometimes challenging in cases with 
proximal eccentric and tortuous lesions or with interfer-
ences from protruding stents. In contrast, orbital atherec-
tomy (OA) using the Diamondback 360® Coronary Orbital 
Atherectomy System (Cardiovascular Systems Inc.) with 
a 1.25-mm crown is useful in managing distally located, 
coronary calcified lesions due to its slender profile and 
excellent crossability.5 Although the use of OA for ISR 
remains limited with off-label indications, several reports 
have suggested the efficacy and safety of OA for the treat-
ment of ISR.6,7

Herein, we report a case that demonstrates the utility 
of OA with a guide-extension system in performing ath-
eroablation of a distally located, C-neoatherosclerosis in-
stent occlusion (ISO).
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Abstract
Orbital atherectomy (OA) may be effective in managing undilatable in-stent 
restenosis (ISR) despite off-label indications. We demonstrated that optical fre-
quency domain imaging (OFDI)-guided OA, with a guide-extension system was 
effective even in distally located, undilatable ISR. However, OFDI revealed that 
inter-struts calcified neoatherosclerosis remained a challenging issue.
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2   |   CASE REPORT

A 77-year-old male patient with hypertension, diabetes 
mellitus, and dyslipidemia presented with recurrent, 
worsening, exertional chest discomfort. Twenty years 
prior, the patient underwent PCI with a 3.0/18-mm bare-
metal stent (BMS) for a de novo lesion in the distal right 
coronary artery (RCA). Eleven years following his first 
PCI, severe stenosis of the proximal RCA and an ISR 
of the distal RCA were confirmed. Recurrent PCI with 
drug-eluting stents (DESs) was performed. Specifically, 
3.0/18-mm and 2.5/24-mm DESs were additionally im-
planted to partially overlap with the proximal and dis-
tal site of BMS in the distal RCA, and a 3.5/24-mm DES 
was implanted at the proximal RCA protruding a few 
millimeters from the ostium of the RCA (Figure 1A,B). 
The patient had already been treated with optimal medi-
cal therapy (OMT), including a calcium channel blocker 
(amlodipine 10  mg/day), a beta-blocker (bisoprolol 
5  mg/day), an angiotensin II receptor antagonist (irbe-
sartan 100  mg/day), an anti-platelet (aspirin 100  mg/
day), and a statin (pitavastatin 2  mg/day). In spite of 
receiving OMT, stress cardiac scintigraphy for investi-
gating exertional chest discomfort revealed a significant 
ischemic area (total perfusion deficit of 17% >10%) in the 
inferior myocardium, suggesting a recurrent cardiovas-
cular event in the RCA (Figure S1). Subsequent coronary 
angiography showed an ISR in the proximal RCA and 

an ISO in the distal RCA, and several collateral arteries 
from the left coronary artery to the distal RCA were ob-
served (Figure  1C,D). To reduce intractable exertional 
chest discomfort and to improve myocardial ischemia, 
PCI was performed using a 7-French (Fr) guiding-system 
via the right femoral artery. However, an interference 
of the protruding proximal DES impaired adequate can-
nulation of the guiding catheter to the anomalous RCA 
ostium (anterior take-off RCA). Successful wiring into 
the proximal stent without passing any stent struts from 
the outside was achieved using a double-lumen cath-
eter (Crusade Type R, Kaneka) under intravascular ul-
trasound (IVUS) (AltaView, Terumo Corp) guidance. 
Subsequent balloon angioplasty using a 4.0-mm non-
compliant balloon for the proximal ISR was performed. 
Thereafter, a coronary wire of X-treme XT-A and Gaia 
First (Asahi Intecc) with a double-lumen catheter suc-
ceeded in passing through the occluded DESs. We then 
performed balloon angioplasty for the lesion using a 2.5-
mm non-compliant balloon with high pressure; however, 
adequate dilation could not be achieved. Furthermore, 
IVUS was difficult to precisely evaluate the stent con-
dition due to acoustic shadows caused by heavy calcifi-
cation (Figures 2A,B and 3A). To clarify the etiology of 
this undilatable ISR, we performed optical frequency 
domain imaging (OFDI; FastView, Terumo Corp), which 
clearly revealed diffuse in-stent hard neointima and C-
neoatherosclerosis of the inter-struts between older BMS 

F I G U R E  1   Coronary angiogram. (A, B) Final coronary angiogram of the initial percutaneous coronary intervention (PCI) for in-stent 
restenosis (ISR) 9 years prior. (C, D) Initial coronary angiogram of the present PCI for recurrent ISR and in-stent occlusion. (E) Orbital 
atherectomy with a guide-extension catheter. (F, G) Angioplasty with a 2.75-mm cutting balloon and (F) a 3.0/30-mm drug-coated balloon 
(G). (H) Final coronary angiogram of the present PCI
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and DES (Figures 2C and 3B). Performing atheroablation 
for this undilatable ISR was required to achieve a larger 
lumen gain. Since RA was unsuitable due to the risk of 
burr entrapment and given the difficulty of the guiding 
catheter to stabilize in co-axial alignment because of pro-
truding proximal stent-struts and anomalous RCA (ante-
rior take-off), a guide-extension system might be useful 
in resolving these concerns. However, this was limited 
because a large RA-burr (>1.5 mm) could not be deliv-
ered within a 7-Fr guide-extension system. Nevertheless, 
OA with a 1.25-mm crown reportedly helped achieve a 
larger lumen gain of up to approximately 1.75  mm by 
multiple passes.8  Therefore, we performed OA with a 
guide-extension catheter to the distally located, undilat-
able ISR. A 7-Fr guide-extension catheter (Guide-Liner®, 
Vascular Solutions) was advanced to the mid RCA using 
the balloon anchor technique, and the OA crown was de-
livered to the target lesion without using the OA glide-
assist mode (5000 rpm) during advancement within the 
guide-extension catheter. We then advanced the crown 
backward starting from the distal position of the target 
in-stent lesion six times at low speed (80,000 rpm) and 12 

times at high speed (120,000 rpm) (Figure 1E). Following 
this, OFDI post-OA revealed that sufficient debulking of 
the hard neointima was achieved. Additional angioplasty 
was performed using a 2.75/10-mm cutting balloon, 
followed by a 3.0/30-mm drug-coated balloon, which 
could provide an acceptable result without any flow dis-
turbance (Figures 1F–H and 2D,E). However, the final 
OFDI revealed that high-pressure balloon angioplasty 
post-OA to achieve further expansion at the site of C-
neoatherosclerosis within the inter-struts between the 
older BMS and DES was still challenging (Figure 3C,D). 
The usage of OA for undilatable ISR was approved by 
the appropriate review board of our institution (approval 
number: R0242). Informed consent was obtained from 
the patient to publish the case and any accompanying 
images.

3   |   DISCUSSION

The present case suggests the feasibility and utility of 
OA with a guide-extension system for the treatment 

F I G U R E  2   Comparison of coronary imaging before and after orbital atherectomy. (A) Coronary angiogram before orbital atherectomy 
(OA). (B, C) Comparisons of the intravascular ultrasound (IVUS) and optical frequency domain imaging (OFDI) at the pre-OA following 
frame (i)-(iii), wherein OFDI revealed in-stent calcification and a hard homogeneous neointima. (D) OFDI at the timing of OA followed by 
balloon angioplasty. (E) Coronary angiogram after OA
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of distally located, undilatable ISRs induced by a hard 
neointima and C-neoatherosclerosis. A hard neointima 
with C-neoatherosclerosis is reportedly a major cause of 
undilatable ISR, which is occasionally observed in the 
late phase of stent implantation.3 Although atheroa-
blation for ISR is effective in order to achieve a larger 
lumen gain, OA is still considered an off-label indica-
tion9; furthermore, there is a lack of data on the util-
ity of OA in treating distally located, undilatable ISR. 
In treating such lesions, a guide-extension catheter is 
useful in strengthening the back-up force of a guiding 
catheter and in delivering the coronary devices easily 
to the target lesion.10 Although RA using a burr size of 
>1.5 mm within a 7-Fr guide-extension catheter is cur-
rently unavailable, OA, which can theoretically achieve 
a larger lumen gain (>1.75 mm) with multiple passages 
at high speed, is compatible in all commercially avail-
able 7-Fr guide-extension catheters and in particular 
6-Fr guide-extension catheters.11  Thus, OA along with 
the guide-extension system would be suitable for the 
treatment of distally located, undilatable, calcified ISRs. 
However, there are some precautions that should be 
taken when using OA for distally located lesions. First, 
an OA system should be inserted into the entrance of 
the guide-extension catheter under fluorography guid-
ance because this entrance may interfere with the crown 
of the OA. Second, an OA system should be advanced 

without using the glide-assist mode (5000 rpm) within 
a guide-extension catheter because the inner surface 
of the guide-extension catheter might be damaged and 
may lead to its disruption.

Potential complications of OA for ISR reportedly in-
clude stent/device interaction (entrapment), stent defor-
mation/fracture, and coronary perforation.12  To avoid 
such complications, precise evaluation by intravascular 
imaging is recommended. As shown in our case, OFDI 
could precisely evaluate the stent conditions (no malap-
posed struts) and in-stent, thick-hard neointima, sug-
gesting that OA could be safely performed. Moreover, 
OFDI post-OA revealed C-neoatherosclerosis within 
the inter-stents of the overlapped stents (older BMS and 
DES), which posed difficulty in full expansion even by 
debulking with OA. Thus, OFDI would be useful since 
it can provide a high-resolution image, allowing the 
visualization of stent conditions and differentiation of 
ISR etiology. Although our case suggested that OA is ef-
fective in ablating a hard neointima that is undilatable 
using balloon angioplasty alone, there are some limita-
tions regarding the use of OA for ISR. The safety and 
effectiveness of OA for stent ablation remains controver-
sial, in spite of reports of previous studies regarding its 
safety for ISR.6  We should keep in mind the potential 
risk of stent/device interaction (entrapment) and make 
preparations for the bail-out method in anticipation 

F I G U R E  3   Comparison of 
undilatable in-stent restenosis. (A, C) 
Intravascular ultrasound (IVUS) and (B, 
D) optical frequency domain imaging 
(OFDI) of undilatable, in-stent restenosis 
(ISR) pre- and post-orbital atherectomy. 
OFDI revealed that the calcification 
within the overlapped inter-stents caused 
difficulty in debulking using orbital 
atherectomy. Yellow asterisks indicate 
calcified neoatherosclerosis within the 
older bare-metal stent and the drug-
eluting stent
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of potential complications (using guide-extension sys-
tem into a large-sized guiding catheter as shown in our 
case). Furthermore, in cases with hard homogeneous 
neointima, excimer laser coronary atherectomy (ELCA) 
could be a potential treatment option for ablating dis-
tally located, undilatable ISRs. In cases with stent under-
expansion due to stent recoil, RA may be more suitable 
for ablating stents as compared to OA due to its lower 
risks of device entrapment. Further research on whether 
RA or OA is suitable for the management of undilat-
able ISR should be conducted. Additional intervention 
using ELCA with a contrast medium or intravascular 
lithotripsy may also be a potential option for this chal-
lenging setting (peri-stent C-neoatherosclerosis) in 
order to achieve further expansion.13,14 As inter-strut 
C-neoatherosclerosis would be expected to lead to re-
current cardiovascular events, it is essentially import-
ant to avoid additional stent implantation in ISR due to 
C-neoatherosclerosis.

In conclusion, this case suggests that OFDI-guided 
OA with a guide-extension system could be useful for the 
treatment of distally located, undilatable ISR, while pre-
venting potential OA complications. However, calcified 
neoatherosclerosis within overlapped older inter-stents is 
a cause of undilatable ISR, which remains challenging to 
treat even with OA.

ACKNOWLEDGMENT
None.

CONFLICT OF INTEREST
All authors declare no conflicts of interest, funding, or re-
lationship with industries.

AUTHOR CONTRIBUTION
HY and TS mainly conducted the study, analyzed the data, 
and wrote the initial draft of the manuscript. TT and HK 
contributed to engaging technical support and supervised 
the study.

ETHICAL APPROVAL
The present study is approved by the appropriate review 
board of our institution (approval number: R0242).

CONSENT
Written informed consent was obtained from the patient 
to publish this report in accordance with the journal's pa-
tient consent policy.

ORCID
Hiroyuki Yamamoto   https://orcid.
org/0000-0002-5268-4606 

Takahiro Sawada   https://orcid.
org/0000-0002-9986-9923 
Tomofumi Takaya   https://orcid.
org/0000-0001-5775-8072 

REFERENCES
	 1.	 Jeger RV, Eccleshall S, Wan Ahmad WA, et al. Drug-coated 

balloons for coronary artery disease: third report of the in-
ternational DCB consensus group. JACC Cardiovasc Interv. 
2020;13:1391-1402. doi: 10.1016/j.jcin.2020.02.043

	 2.	 Rhee TM, Lee JM, Shin ES, et al. Impact of optimized 
procedure-related factors in drug-eluting balloon angioplasty 
for treatment of in-stent restenosis. JACC Cardiovasc Interv. 
2018;1:969-978. doi:10.1016/j.jcin.2018.02.002

	 3.	 Yin D, Mintz GS, Song L, et al. In-stent restenosis characteris-
tics and repeat stenting underexpansion: insights from optical 
coherence tomography. EuroIntervention. 2020;16:e335-e343. 
doi:10.4244/EIJ-D-18-01191

	 4.	 Bastante T, Rivero F, Cuesta J, Alfonso F. Calcified neoathero-
sclerosis causing “Undilatable” in-stent restenosis: insights of 
optical coherence tomography and role of rotational atherec-
tomy. JACC Cardiovasc Interv. 2015;8:2039-2040. doi:10.1016/j.
jcin.2015.08.024

	 5.	 Gohbara M, Sugano T, Matsumoto Y, et al. Is crossability of the 
classic crown with the glide assist superior to the micro crown 
in the Diamondback 360® coronary orbital atherectomy system? 
Cardiovasc Interv Ther. 2020;35:361-370. doi:10.1007/s1292​8-
020-00640​-y

	 6.	 Neupane S, Basir M, Tan C, et al. Feasibility and safety of or-
bital atherectomy for the treatment of in-stent restenosis sec-
ondary to stent under-expansion. Catheter Cardiovasc Interv. 
2021;97:2-7. doi:10.1002/ccd.28675

	 7.	 Yasumura K, Benhuri B, Vengrenyuk Y, et al. Procedural and 
1-year clinical outcomes of orbital atherectomy for treatment of 
coronary in-stent restenosis: a single-center, retrospective study. 
Catheter Cardiovasc Interv. 2021;97:E280-E287. doi:10.1002/
ccd.28983

	 8.	 Sotomi Y, Shlofmitz RA, Colombo A, Serruys PW, Onuma Y. 
Patient selection and procedural considerations for coronary 
orbital atherectomy system. Interv Cardiol. 2016;11:33-38. 
doi:10.15420/​icr.2015:19:2

	 9.	 Barrett C, Warsavage T, Kovach C, et al. Comparison of rota-
tional and orbital atherectomy for the treatment of calcific 
coronary lesions: insights from the VA clinical assessment re-
porting and tracking (CART) program. Catheter Cardiovasc 
Interv. 2021;97:E219-E226. doi:10.1002/ccd.28971

	10.	 Fabris E, Kennedy MW, Di Mario C, et al. Guide extension, 
unmissable tool in the armamentarium of modern inter-
ventional cardiology. A comprehensive review. Int J Cardiol. 
2016;222:141-147. doi:10.1016/j.ijcard.2016.07.168

	11.	 Shlofmitz E, Martinsen BJ, Lee M, et al. Orbital atherectomy 
for the treatment of severely calcified coronary lesions: evi-
dence, technique, and best practices. Expert Rev Med Devices. 
2017;14:867-879. doi:10.1080/17434​440.2017.1384695

	12.	 Shaikh K, Kelly S, Gedela M, Kumar V, Stys A, Stys T. Novel 
use of an orbital atherectomy devices for in-stent resteno-
sis: lessons learned. Case Rep Cardiol. 2016;2016:5047981. 
doi:10.1155/2016/5047981

https://orcid.org/0000-0002-5268-4606
https://orcid.org/0000-0002-5268-4606
https://orcid.org/0000-0002-5268-4606
https://orcid.org/0000-0002-9986-9923
https://orcid.org/0000-0002-9986-9923
https://orcid.org/0000-0002-9986-9923
https://orcid.org/0000-0001-5775-8072
https://orcid.org/0000-0001-5775-8072
https://orcid.org/0000-0001-5775-8072
https://doi.org/10.1016/j.jcin.2020.02.043
https://doi.org/10.1016/j.jcin.2018.02.002
https://doi.org/10.4244/EIJ-D-18-01191
https://doi.org/10.1016/j.jcin.2015.08.024
https://doi.org/10.1016/j.jcin.2015.08.024
https://doi.org/10.1007/s12928-020-00640-y
https://doi.org/10.1007/s12928-020-00640-y
https://doi.org/10.1002/ccd.28675
https://doi.org/10.1002/ccd.28983
https://doi.org/10.1002/ccd.28983
https://doi.org/10.15420/icr.2015:19:2
https://doi.org/10.1002/ccd.28971
https://doi.org/10.1016/j.ijcard.2016.07.168
https://doi.org/10.1080/17434440.2017.1384695
https://doi.org/10.1155/2016/5047981


6 of 6  |      YAMAMOTO et al.

	13.	 Ashikaga T, Yoshikawa S, Isobe M. The effectiveness of excimer 
laser coronary atherectomy with contrast medium for underex-
panded stent: the findings of optical frequency domain imag-
ing. Catheter Cardiovasc Interv. 2015;86:946-949. doi:10.1002/
ccd.25915

	14.	 Brunner FJ, Becher PM, Waldeyer C, et al. Intravascular litho-
tripsy for the treatment of calcium-mediated coronary in-stent 
restenoses. J Invasive Cardiol. 2021;33:E25-E31.

SUPPORTING INFORMATION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Yamamoto H, Sawada T, 
Takaya T, Kawai H. Utility of coronary orbital 
atherectomy with guide-extension system for 
distally located undilatable in-stent restenosis: A 
case report. Clin Case Rep. 2022;10:e05798. 
doi:10.1002/ccr3.5798

https://doi.org/10.1002/ccd.25915
https://doi.org/10.1002/ccd.25915
https://doi.org/10.1002/ccr3.5798

	Utility of coronary orbital atherectomy with guide-­extension system for distally located undilatable in-­stent restenosis: A case report
	Abstract
	1|INTRODUCTION
	2|CASE REPORT
	3|DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	ETHICal APPROVAL
	CONSENT
	REFERENCES


