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Abstract. 
A 74-year old man presented recurrent angina pectoris due to in-stent restenosis (ISR) with severely calcified neointima. In-stent neoatherosclerosis (NA) is associated with late stent failure, and NA with calcified neointima occurs in some cases. Because the presence of neointimal calcification could lead to underexpansion of newly implanted stent for ISR, a scoring balloon was selected for predilatation to obtain maximum extrusion of the neointimal plaque and subsequently, an everolimus-eluting stent was implanted. However, moderate stenosis remained on coronary angiography, and optical coherence tomography (OCT) revealed underexpansion of the newly implanted stent because an attempt at balloon dilatation of neointimal calcification failed. Although OCT can clearly discriminate stent struts from neointimal calcification, we did not perform OCT assessment between scoring balloon and stenting. It is highly recommended to confirm whether the lesion is adequately treated by balloon angioplasty before stenting in cases with calcified ISR.



1. Introduction
Second-generation everolimus-eluting stent for in-stent restenosis (ISR) of drug-eluting stents (DES) is considered as an effective approach although some patients still have recurrences [1]. Currently, paclitaxel-coated balloon (PCB) has also been proposed as an alternative therapy for patients with ISR and could prevent target lesion revascularization better than conventional balloon angioplasty [2]. Although neointimal calcification (NC) is not frequent, the presence of NC could lead to underexpansion of newly implanted stent for ISR [3]. We therefore presented a patient with unfavorable acute result after intervention for DES-ISR with NC.
2. Case Presentation
A 74-year-old man was admitted to our hospital because of effort angina pectoris, and a 2.75 × 24 mm paclitaxel-eluting stent (PES) was implanted at the midportion of left anterior descending artery. After the initial procedure with stent implantation, he underwent repeated angioplasty with cutting balloon due to ISR 4 and 8 months later. These two repeat angioplasties were effective and improved his symptoms. After 5 years, however, he suffered from recurrent chest pain. His coronary risk factors were hypertension and diabetes mellitus (DM). Although aldosterone receptor antagonist was prescribed for hypertension, DM was followed with no medication. His hemoglobin A1c level was 6.3%, and serum levels of low-density lipoprotein was 122 mg/dl. Coronary angiography determined the tandem stenotic lesions within the previously implanted PES as shown in Figure 1(a). Optical coherence tomography (OCT) revealed excessive neointimal hyperplasia within well-expanded stent struts at the distal site (Figure 1(b)). The neointima appeared as a signal-poor and heterogeneous region with s sharply delineated border on OCT image, suggesting a calcified lesion. Therefore, a 2.5 × 13 mm scoring balloon (Lacross NSE; Goodman, Nagoya, Japan) was selected for predilatation to obtain maximum extrusion of the neointimal plaque [4]. Subsequently, a 3.0 × 20 mm PCB (SeQuent Please; B. Braun Melsungen AG, Vascular System, Berlin, Germany) was utilized for the proximal lesion, and a 2.25 × 18 mm everolimus-eluting stent (Xience Xpedition; Abbott Vascular, Santa Clara, California) was implanted at the distal lesion. Although the proximal lesion was well treated with PCB, the coronary angiography still demonstrated moderate stenosis at the distal lesion (Figures 2(a) and 2(b)). OCT revealed underexpansion of the newly implanted stent because an attempt at balloon dilatation of neointimal calcification failed (Figure 2(c)). A 2.5 mm noncompliant balloon was therefore applied for postdilatation, but it was not succeeded. Furthermore, a bigger size noncompliant balloon of 2.75 mm at high inflation pressure (24 atm) did not work well (Figure 2(d)). Even though underexpansion of the newly implanted stent and moderate stenosis were still present (minimum lumen area 2.39 mm2), we had to terminate the procedure to avoid the risk of perforation.
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Figure 1: First time coronary angiography and corresponding OCT image. (a) Angiography demonstrated tandem stenotic lesions within the previously implanted stent. (b) OCT revealed severely calcified neointima (asterisks) within well-expanded stent struts (arrowheads) at the distal stenotic site. OCT: optical coherence tomography.
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Figure 2: Coronary angiography and corresponding OCT image after PCB and DES implantation. (a) Angiography showed residual stenosis at the newly stented site. (b) OCT image of the lesion treated with PCB. (c) Ununiformed dilatation of newly implanted DES and dilation failure of calcified neointima. (d) Postdilatation with noncompliant balloon. White arrow: balloon indentation. OCT: optical coherence tomography, PCB: paclitaxel-coated balloon, DES: drug-eluting stent.


3. Discussion
Neoatherosclerosis (NA) is encountered at the late phase of implanted coronary stent because coronary stent evokes an inflammatory reaction [5]. Pathological study revealed that the incidence of NA is 31% in DES and 16% in bare-metal stent (BMS) [6, 7]. Moreover, two OCT studies reported that NA with calcified neointima occurred in about 10% cases [8]. Although calcified neointima is negligible, there have been few reports to date focusing on in-stent restenosis with calcified neointima [9]. Severely calcified neointima is occasionally undilatable by balloon angioplasty only and may lead to resistant ISR, requiring rotational atherectomy [10, 11]. In our case, preintervention OCT images indicated the heavily calcified tissue within the stent at the distal lesion. As a result, we should have confirmed whether the lesion is adequately treated by balloon angioplasty before stenting because residual underexpansion of implanted stent could contribute to recurrent ISR and stent thrombosis.
4. Conclusion
The inadequate modification of NC led to underexpansion of newly implanted stent for ISR. It is highly recommended to confirm whether the lesion with NC is adequately treated by balloon angioplasty before stenting.
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