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ultra-high-resolution computed tomography scanner system and model-based iterative re-
construction. We also report that the combination of the ultra-high-resolution computed
tomography scanner system with model-based iterative reconstruction would be useful to
evaluate vessel patency after placement of a cobalt-based alloy stent.

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

tomography This is an open access article under the CC BY-NC-ND license
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Introduction Case series

Carotid artery stenting (CAS) is an alternative treatment for
carotid endarterectomy for high-risk patients with carotid
artery stenosis; its safety and effectiveness are being recog-
nized worldwide [1-4]. However, a potential drawback of CAS
includes restenosis within 2 years after CAS in 4%-8% of pa-
tients [5,6].

Ultrasound and computed tomographic angiography (CTA)
are non-invasive imaging modalities used to evaluate the de-
velopment of neointimal formations in patients after CAS [5-
9]. The advantages of CTA include visualization of the entire
carotid artery and its non-operator-dependent method [10].
Furthermore, it can provide a high-quality image of the in-
ternal lumen of a stent and demonstrate restenosis [8,9,11].
However, the artifacts of the stent in conventional carotid CTA
vary, depending on the structure and characteristics of the al-
loy type; this can further limit accurate evaluation [12]. In par-
ticular, cobalt-based alloy stents have been reported to show
strong artifacts on CTA [13]. Information on the stent type is
the most important consideration in choosing an appropriate
imaging modality and technique for follow-up in non-invasive
examinations [12,14,15].

Recently, an ultra-high-resolution CT (UHRCT) scanner sys-
tem (Aquilion Precision, Canon Medical Systems, Otawara,
Japan) became available in clinical practice. The UHRCT scan-
ner system has a smaller detector element and focal spot as
compared with conventional CT systems; it allows acquisi-
tion of images with higher spatial resolution in both in-plane
and z-axis directions [16]. In particular, the primary features
of the UHRCT scanner are a 0.25-mm detector row width and a
1024 x 1024 matrix. However, the UHRCT scanner system has
a high image noise [17] because of the relatively short num-
ber of photons per detector. To address this disadvantage, an
iterative reconstruction (IR) algorithm is implemented in the
UHRCT scanner system. A model-based IR (MBIR) algorithm
has been reported to be superior in reducing image noise and
improving the image quality and spatial resolution over a con-
ventional filtered back projection (FBP) and hybrid-type IR [18-
20]. These technical innovations allow detailed vascular as-
sessment with carotid artery stents.

We have experienced some cases of carotid CTA after CAS
using a cobalt-based alloy stent assessed with a UHRCT scan-
ner system. The walls of the stents were assessed better as
compared with conventional CTA. We report a case series of
CAS using a cobalt-based alloy stent assessed by a UHRCT
scanner system with MBIR. Case details are summarized in
Table 1.

Case 1

A 46-year-old-man with acute left carotid artery occlusion
due to dissection of the left carotid artery underwent Carotid
Wallstent Monorail, (CWS; Boston Scientific, Natick, MA, USA)
placement and thrombectomy. Two months after CAS, CTA
was performed to evaluate in-stent restenosis and vessel pa-
tency.

The strut structure of the stent is clearly illustrated in vol-
ume rendering image (Fig. 1A). The MBIR image shows further
dramatic improvement of artifacts from healing teeth, and im-
age noise reduction than the FBP image (Figs. 1B and C).

Case 2

A 76-year-old symptomatic man with high-grade right carotid
artery stenosis underwent CWS placement in our institution.
After 2 years, in-stent restenosis was suspected, and CTA was
performed using a UHRCT scanner system.

Curved planar reformation (CPR) image using MBIR recon-
struction method indicated in-stent restenosis and intimal
formation (Fig. 2A). Digital subtraction angiography revealed
in-stent restenosis and intimal formation (Fig. 2B). The DSA
image supports the validity of this CPR image.

Case 3

A 79-year-old symptomatic man with high-grade left carotid
artery stenosis underwent CWS placement in our institution.
The patient underwent CTA and carotid ultrasonography 1
week, 3 months, and 6 months after CAS.

The changes in intimal formations over time are clearly
shown (white arrowheads) in CPR images (Fig. 3A, 3B, and 3C).
In the ultrasonography images, black arrows indicate CWS,
white arrowheads indicate time-dependent intimal forma-
tions (Figs. 3D, E, and F). Cross-sectional images show the de-
velopment of intimal formations over time (Figs. 3G, H, and I).

Control case

A 77-year-old symptomatic man with high-grade left carotid
artery stenosis underwent CWS placement in our institu-
tion. A follow-up carotid CTA study using a conventional CT
scanner system (Aquilion ONE ViSION Edition; Canon Medical
Systems, Otawara, Japan) was performed 1 month after CAS
(Figs. 4A and B).
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Table 1 - Case details.

Parameter Case 1 Case 2 Case 3 Control case

Age (y) 46 76 79 77

Sex Male Male Male Male

Condition of patient Occlusion due to dissection Stenosis with symptomatic Stenosis with symptomatic Stenosis with symptomatic
Stent CWS (10 x 31 mm) CWS (10 x 31 mm) CWS (10 x 31 mm) CWS (10 x 31 mm)

CT machine Aquilion Precision Aquilion Precision Aquilion Precision Aquilion ONE ViSION Edition

Tube voltage (kVp)
Tube current
Reconstruction method
Kernel

Iterative level
Thickness (mm)
Display field of view size (mm)
Matrix

CTDlyq (mGY)

DLP (mGy.cm)

Injector

Contrast medium
Injection rate (mL/s)
Injection volume (mL)
Saline flash (mL)

100

AEC: SD 9 @ 0.5 mm

FBP MBIR
FC 15 FIRST
- STND
0.25

240

1024

9.6

338.0

Dual Shot GX 7

iomeprol 300

4.9

59

25

100

AEC: SD 9 @ 0.5 mm
MBIR

FIRST

STND

0.25

240

1024

9.6

357.2

Dual Shot GX 7
iomeprol 300
5.1

62

25

100

AEC: SD 9 @ 0.5 mm
MBIR

FIRST

STND

0.25

240

1024

9.6

337.9 £ 16.7
Dual Shot GX 7
iomeprol 300
4.8

58

25

100

AEC: SD 11 @ 0.5 mm
Hybrid IR

FC 21

AIDR 3D eMild
0.5

240

512

15.1

561.4

Dual Shot GX 7
iohexol 350

3.9

46

25

CWS, Carotid Wallstent Monorail; AEC, auto exposure control; FBP, filtered back projection; MBIR, model based iterative reconstruction; FIRST, forward projected model-based iterative reconstruc-
tion solution; AIDR, adaptive iterative dose reduction.
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Fig. 1 - A 46-year-old-man. (A) Volume rendering images, (B) and (C) Curved planar reformation images with filtered back
projection (FBP) and model-based iterative reconstruction (MBIR), respectively. The MBIR image shows further dramatic
improvement of artifacts from healing teeth (white arrowheads), and image noise reduction than the FBP image.

Discussion

To the best of our knowledge, this is the first report of CAS
using a cobalt-based alloy stent assessed by the UHRCT scan-
ner system and MBIR. The combination of the UHRCT scan-
ner system and MBIR suggests dramatic improvement of arti-
facts from stents and treated teeth. It could obtain an image
quality of CTA that could be improved after CAS and allow de-
tailed evaluation of vessel patency after CAS. We expect that
these innovative technologies will avoid an invasive DSA ex-
amination and consequently contribute to reducing health-
care costs.

CWS wires are manufactured from a biomedical grade
cobalt-chromium-iron-nickel-molybdenum alloy containing
an enhanced radiopaque tantalum core [21]. The x-ray energy
and the linear attenuation coefficient of the material need to
be considered to reduce artifacts in CT images. In particular,
the linear attenuation coefficient increases with the atomic
number of a substance. The atomic numbers of each sub-
stance in the wires of the CWS are cobalt: 27, chromium: 24,
iron: 26, nickel: 28, molybdenum: 42, and tantalum used for x-
ray visibility was 73. Sakai et al. reported that CWS showed
more severe artificial narrowing [13], and Kohler et al. who
evaluated peripheral stents, reported that tantalum stents
showed poor in-stent visibility because of blooming artifacts
[22]. These reports indicate that tantalum causes severe artifi-
cial narrowing. A similar artifact, shown in Figure 4B, is seen in
the control case scanned with a conventional CT scanner sys-

tem. In contrast, the cases scanned by the UHRCT scanner sys-
tem shows a thinner depiction of stent strut structures and no
severe artificial narrowing because of artifacts from the stent.
Onishi et al. who compared the conventional CT and UHRCT
scanner system for evaluating renal artery stent with phan-
tom models, reported that the metal artifacts of the UHRCT
scanner system were significantly less than those of the con-
ventional CT [16]. Similar to their report, the image quality of
the carotid CTA using the UHRCT scanner system was signif-
icantly better than the image quality of the conventional CT
scanner system because of the high spatial resolution and the
reduction in metal artifacts from the stents.

The matrix size and slice thickness in conventional CT
have been 512 x 512 and 0.5-0.625 mm respectively. The
UHRCT scanner system is different in the detector element
size and the focal spot size than conventional CT systems, pro-
ducing images with a matrix of 1024 x 1024 and 0.25-mm sec-
tion thickness. This allows us to acquire the image with twice
the spatial resolution for both the in-plane and section direc-
tions. However, a halved image pixel size in both in-plane and
section directions will increase the image noise by approxi-
mately a factor of 4 in photon detection statistics [23]. It re-
quires the radiation dose to be increased by a factor of 16 to
maintain the noise at the same level as the original pixel size.
Reduction of the so-called “dose penalty” is achieved by ap-
plying the noise reduction reconstruction methods [24]. The
most common method is iterative reconstruction algorithms
that was said MBIR algorithms. This algorithm, compared with
FBP, decreases noise, and maintains image quality with re-
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Fig. 2 - A 77-year-old-man. (A) Curved planar reformation image using MBIR reconstruction method indicated in-stent
restenosis (black arrows) and intimal formation (white arrowheads). (B) Digital subtraction angiography revealed in-stent
restenosis (white arrows) and intimal formation (black arrowheads).

duced doses [25,26]. Morisaka et al. reported that combining
the UHRCT scanner system with MBIR resulted in further im-
provement of the vessel detectability and image noise reduc-
tion compared with the UHRCT with FBP [27]. Moreover, Yoko-
machi et al. reported that the MBIR algorithm improves diag-
nostic performance in the detection of neointimal formations
after CAS [20].

Regarding radiation exposure, reported mean CTDI,; and
DLP for carotid CTA using conventional CT scanners were 9.5
+ 0.6 mGy and 292.8 + 46.2 mGy - cm, respectively [28]. Our re-
sults using a UHRCT scanner system were almost comparable
(9.6 mGy and 341.8 + 14.6 mGy * cm, respectively).

Orbach et al. reported that extremely wide window settings
resulted in artificial widening of the measured lumen; these
settings allow for the visualization of the struts of the stent
and the cortices of bone structures (ie, at a window width of
1500 HU and window level of 1500 HU) [29]. However, these ex-
tremely wide window settings would prevent the evaluation
of in-stent neointimal formations. We adjusted window set-

tings that provided evaluation of native vessel segments (ie, at
a window width of 1250 HU and window level of 350 HU). The
combination of the UHRCT scanner system and MBIR allowed
for appropriate window settings to visualize both soft tissue
and metal structure without significant blooming artifacts.

In conclusion, the combination of the UHRCT scanner
system with MBIR provided the detailed morphology of the
carotid artery treated with CWS with reduced blooming ar-
tifacts. It may play a significant role in evaluating in-stent
restenosis and vessel patency in follow-up examination of pa-
tients treated with carotid artery stenting.

Patient consent

This study protocol was approved by the Institutional Review
Board in Tohoku University hospital (2020-1-413). Since this
was a retrospective and noninvasive study, the requirement
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Fig. 3 - A 79-year-old-man. (A, B, and C) Gurved planar reformation images. The changes in intimal formations over time are
clearly shown (white arrowheads). (D, E, and F) Ultrasonography images. Black arrows indicate CWS, white arrowheads
indicate time-dependent intimal formations. (G, H, and I) Cross-sectional images show the development of intimal
formations over time (black arrowheads).

Fig. 4 - A 77-year-old-man. Computed tomography (CT) angiography of this case was performed using a conventional CT
scanner. (A) Volume rendering image. (B) Cross-sectional image.
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for written informed consent from patients was waived. A
public notice that provided information on this study was in-
stead given on the hospital’s website.

Ethics approval

This study was received and approved by the Ethical Review
Board of Tohoku University Hospital (2020-1-413).
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