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Abstract

We report a patient’s case of slow progressive in-stent restenosis 10 years after bare-metal stent implanta-
tion to his carotid artery. We treated the patient with an additional stent placement under a distal filter 
protection device. Optical coherence tomographic assessment and plaque histology during the carotid 
artery stenting (CAS) revealed atheromatous change at in-stent neointima, which contained lipid-rich 
plaque and calcification deposits. These findings suggest that in-stent neoatherosclerosis may play an 
important role in the pathogenesis of very late stent restenosis after CAS.
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Introduction

according to previous studies, the incidence of reste-
nosis seems to be highest in the first year after carotid 
artery stenting (Cas), and neointimal hyperplasia is 
the major pathophysiologic process leading to early 
restenosis after Cas.1–4) Neointimal hyperplasia has been 
considered a benign and stable vascular wall response 
after bare-metal stent (BMs) implantation. although the 
short-term restenosis rates after Cas are acceptable, there 
is little information about long-term follow-up restenosis 
after Cas. We report a case of slow progressive in-stent 
restenosis (isR) 10 years after BMs implantation to the 
carotid artery. We confirmed the atherosclerotic change 
of in-stent neointima with optical coherence tomography 
(oCt) imaging and plaque histology. Recently, several 
coronary intervention studies have reported on the 
problem of very late in-stent thrombosis after coronary 
drug-eluting stent (Des) or BMs implantation.5–9) Neoin-
timal atheromatous change, which is a new concept 
linked to neoatherosclerosis, has been thought to play 
an important role in late stent thrombosis. a similar 
process might be observed after Cas.

Case Report

a 73-year-old man was admitted to our institution to 
undergo an examination for progressive isR after right 
Cas. He underwent Cas 10 years ago, under the distal 
balloon protection technique because of right internal 
carotid artery stenosis with amaurosis fugax of the right 
eye (Fig. 1a, B). He had a history of diabetes and he was 
also treated for angina pectoris with coronary intervention 
9 years ago. He had received dual antiplatelet therapy 
with aspirin and clopidogrel since the previous Cas. 
there was slight evidence of isR upon follow-up carotid 
angiography (CaG) 9 months after the previous Cas  
(Fig. 1C). thereafter, a follow-up carotid ultrasonography 
and the CaG showed gradually progressive isR of the right 
carotid artery (Fig. 1D). ten years after the previous Cas, 
the patient complained of a clumsy left hand. Magnetic 
resonance imaging on this admission demonstrated 
newly ischemic lesions on the right cerebral hemisphere  
(Fig. 2a). Carotid ultrasonography also demonstrated 
significant intimal thickness with a hypoechoic signal  
(Fig. 2B). the CaG revealed evidence of progressive 
diffuse in-stent stenosis and previous stent enlargement  
(Fig. 2C). We made a plan to treat the progressive restenotic 
lesion with in-stent balloon angioplasty and additional 
stent placement.
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Fig.1 Right common carotid angiography of anteroposterior (A-p) view. A: Initial angiography before treatment showing the 
right internal carotid artery severe stenosis. B: Angiography immediately after previous carotid artery stenting (CAS) revealing a 
well-expanded stenotic lesion. C: Follow-up angiography 9 months after the CAS, showing slight in-stent restenosis. D: Follow-up 
angiography 6 years after the CAS, demonstrating diffuse in-stent restenosis and the expanded previous stent.

Fig. 2 A: Magnetic resonance 
imaging demonstrating ischemic 
lesion (arrow) on the right cerebral 
hemisphere. B: Cervical ultrasound 
image showing intimal thickness 
with low-echoic signal (arrow).  
C: Angiography on admission 
revealing more progressive in-stent 
restenosis and previous stent 
enlargement.
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Treatment

additional Cas was performed using a distal filter 
protection method with the “Filter Wire eZ™ embolic 
Protection system” (Boston scientific, Galway, ireland). a 
6-French ultra-long sheath guiding catheter was advanced 
to the right common carotid artery. CaG just before the 
procedure revealed more than 70% diffuse stenosis within 
the previous stent (Fig. 2C). the eZ filter device was 
manipulated to cross the stenotic lesion and positioned 
in the proximal petorus portion of the internal carotid 
artery. the stenotic site was scanned by intravascular 
ultrasound (iVus) (eagle eye Gold; Volcano Corp., san 
Diego, California, usa). the iVus imaging demonstrated 
a previously deployed carotid stent and remarkable 
neointimal proliferation causing luminal narrowing  
(Fig. 3a). to observe the morphologic characteristics of 
the in-stent intimal thickness in detail, the stenotic site 
was imaged with oCt (Dragonfly, st. Jude Medical inc., 

st. Paul, Minnesota, usa) from the distal section at  
20 mm/s using an automatic pull-back device. We used a 
new-generation oCt imaging system which had high-speed 
resolution, without the balloon-occlusion technique. the 
oCt imaging clearly demonstrated the in-stent neointimal 
thickness, which included lipid-rich tissue, thin fibrous 
cap atheroma with a lipid core, and a ruptured plaque-
like appearance (Fig. 3B, C). these findings indicated 
atheromatous plaque.

a “Precise” stent (10 × 40 mm; Cordis Corp., Miami, 
Florida, usa) was successfully deployed to cover the 
in-stent stenotic lesion, and poststenting angioplasty was 
performed with a balloon catheter. No-flow phenomenon 
was seen after the poststenting angioplasty. the eZ filter 
was captured and rapidly removed. a postprocedural 
angiography revealed a well-expanded in-stent stenotic 
lesion (Fig. 4a). Plaque component was seen in the 
captured filter device (Fig. 4B). Finally, postprocedural 
iVus and oCt imaging were performed. these findings 

Fig. 3 Findings of neointima inside the previous bare-metal stent. A: Gray-scale intravascular ultrasound (IVUS) imaging showing 
neointimal thickness (asterisk) inside the previous stent (arrow). B: Optical coherence tomography (OCT) imaging demonstrating 
heterogeneous intima and thin fibrous cap (arrow) with lipid-rich component (asterisk). C: Another section of OCT imaging 
revealing fibrous cap disruption (arrow) with lipid component (asterisk). Findings of inside the additional stent. D: Gray-scale 
IVUS imaging showing suspicious tissue protrusion (arrow) inside the additional stent. e, F: OCT imaging clearly demonstrating 
tissue protrusion (arrow) from the spaces between stent struts.
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after additional stenting revealed tissue protrusion from 
the space between stent struts (Fig. 3D–F).

the plaque specimen obtained during Cas histologically 
demonstrated cholesterol crystals, calcification deposits, 
and fibrinoid material, which indicates atheromatous 
plaque (Fig. 4C). the patient was supplemented with 
cilostazol and discharged without postoperative ischemic 
events. there was no isR on follow-up angiography  
6 months after the treatment.

Discussion

to our knowledge, this is the first case report of very 
late isR with neointimal atheromatous change demon-
strated by plaque imaging and histology after Cas. isR 
after Cas is generally considered to be a stable process 
with neointimal hyperplasia inside the stent struts.1,10,11) 

Neointimal hyperplasia is the major pathophysiologic 
process leading to early restenosis after Cas. several 
ultrasound studies reported that neointimal proliferation 
was mostly observed during the first 12 months after 
Cas, and the isR rate after Cas appears to be acceptable 
and restenosis is mainly asymptomatic.1,2,10–12) Postmortem 
pathological study in coronary intervention demonstrated 
that neointimal hyperplasia consisted of transformed 
vascular smooth muscle cells and fibrotic maturation of 

the matrix substances and led to the formation of more 
stable neointimal tissue inside the stent wall.13) an experi-
mental study reported that the inflammatory responses 
to chronic vascular wall injuries from metallic prosthetic 
devices were causally related to intimal proliferation.14) 
other studies and a review of the literature indicated that 
appropriate predictors of isR after Cas are advanced age, 
female gender, hyperglycemia, implantation of multiple 
stents, prior revascularization treatment, suboptimal result 
with residual stenosis, elevated postprocedural serum 
levels of acute-phase reactants, and the use of balloon 
expandable stents.1–4,12)

Recently, very late stent thrombosis (VLst) after coronary 
stenting has received significant attention in the field of 
coronary intervention.5–9,15) the main causes of VLst are 
thought to be neointimal atherosclerotic changes inside 
the stent and plaque ruptures of the neointima.16,17) these 
findings of neointimal response, called “neoatherosclerosis,” 
have been assessed in coronary interventions by various 
imaging techniques and by the pathological features. 
Nakazawa et al. reported that atherosclerotic change 
of the neointima was observed significantly earlier and 
more frequently in cases where Des were used compared 
to BMs.8,18) Cook et al. observed extensive inflammatory 
response and eosinophilic infiltration in aspirated thrombi 
in patients with VLst after Des implantation.19) Lee et al. 

Fig. 4 A: Angiography imme-
diately after additional stenting 
revealing a well-expanded 
in-stent previous restenotic 
lesion. B: Filter device used 
for distal protection during 
carotid artery stenting captures 
soft plaque. C: Histological 
finding of the captured plaque 
demonstrating cholesterol 
crystals, calcification deposits 
(arrow), and fibrinoid mate-
rial (hematoxylin and eosin 
stain 10 × 20).
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balloon, and additional stent placement. We propose that 
a distal protection method is necessary for Cas with very 
late isR, to prevent the occurrence of a distal embolism 
during the procedure.

although many neurologists are under the impression 
that neointimal growth after Cas has benign consequences, 
our findings suggest that some cases after Cas show 
atherosclerotic change in neointima and that neoathero-
sclerosis inside the stent may present a risk for plaque 
rupture leading to very late in-stent thrombosis or a distal 
embolism after Cas. the problem of restenosis after Cas 
should not be underestimated, and an active and long-
term follow-up of all stented arteries is merited.

Conclusion

We reported the first case of very late isR with neoin-
timal atherosclerosis demonstrated by oCt and plaque 
histology. our findings indicate that neoatherosclerosis 
may play an important role in the mechanism of very 
late isR after Cas. it is important to conduct a long-
term follow-up after Cas and to manage the general risk 
factors for atherosclerosis.
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