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Enhancing image quality in computed
tomography angiography follow-ups after
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Abstract

Background The image quality of computed tomography angiography (CTA) images following endovascular
aneurysm repair (EVAR) is not satisfactory, since artifacts resulting from metallic implants obstruct the clear depiction
of stent and isolation lumens, and also adjacent soft tissues. However, current techniques to reduce these artifacts

still need further advancements due to higher radiation doses, longer processing times and so on. Thus, the aim of
this study is to assess the impact of utilizing Single-Energy Metal Artifact Reduction (SEMAR) alongside a novel deep
learning image reconstruction technique, known as the Advanced Intelligent Clear-IQ Engine (AiCE), on image quality
of CTA follow-ups conducted after EVAR.

Materials This retrospective study included 47 patients (mean age + standard deviation: 68.6+ 7.8 years; 37 males)
who underwent CTA examinations following EVAR. Images were reconstructed using four different methods: hybrid
iterative reconstruction (HIR), AiCE, the combination of HIR and SEMAR (HIR + SEMAR), and the combination of AiCE
and SEMAR (AiCE+ SEMAR). Two radiologists, blinded to the reconstruction techniques, independently evaluated
the images. Quantitative assessments included measurements of image noise, signal-to-noise ratio (SNR), contrast-
to-noise ratio (CNR), the longest length of artifacts (AL), and artifact index (Al). These parameters were subsequently
compared across different reconstruction methods.

Results The subjective results indicated that AiCE + SEMAR performed the best in terms of image quality. The mean
image noise intensity was significantly lower in the AiCE+SEMAR group (25.35+6.51 HU) than in the HIR (47.77 +8.76
HU), AiCE (42.93+10.61 HU), and HIR+ SEMAR (30.34 +4.87 HU) groups (p < 0.001). Additionally, AiCE +SEMAR
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most clearly visualized using AIiCE + SEMAR.

exhibited the highest SNRs and CNRs, as well as the lowest Als and ALs. Importantly, endoleaks and thrombi were

Conclusions In comparison to other reconstruction methods, the combination of AiCE + SEMAR demonstrates
superior image quality, thereby enhancing the detection capabilities and diagnostic confidence of potential
complications such as early minor endleaks and thrombi following EVAR. This improvement in image quality could
lead to more accurate diagnoses and better patient outcomes.

Keywords Endovascular aortic repair, CT angiography, Deep learning, Artifacts, Iterative reconstruction

Introduction

Endovascular aneurysm repair (EVAR) is a minimally
invasive treatment for abdominal aortic aneurysms
[1]. Post-EVAR computed tomography angiography
(CTA) monitoring is crucial for assessing stent patency
and potential complications such as endoleaks [2], but
metal artifacts from implants can significantly degrade
image quality [3, 4]. Therefore, reducing metal artifacts
has become important for enhancing diagnostic con-
fidence and reducing the risk of missing underlying
complications.

Metal Artifact Reduction (MAR) techniques such as
Dual-Energy CT (DECT) and algorithms such as Single-
Energy Metal Artifact Reduction (SEMAR) are available
for this purpose [5-10]. DECT, a two-energy level scan-
ning technique, effectively reduces metal artifacts with
virtual mono-energetic images, but its clinical application
is limited by complex workflows, time-consuming post-
processing, and relatively high costs [6, 11, 12]. Studies
also showed that there were some adverse factors for
DECT in CTA follow-ups of EVAR due to low subjective
diagnostic value and impaired endoleak visualization [11,
12]. In addition, the study of Mocanu et al. showed that
DECTA was not helpful in intracranial aneurysms treated
by coiling, a commonly used therapeutic method in the
treatment of aneurysms [13]. Using clinical scanning data
and tailored algorithms, SEMAR mitigates metal artifacts
[14-16]. What’s more, Pan et al. showed that SEMAR
reconstruction can improve CT image quality and may
ultimately improve the detection of postoperative com-
plications and patient prognosis [17]. But Ragusi et al.
showed that it enhances CTA image quality in complex
EVAR patients, but the metal density increases in some
areas, affecting stent visualization [5]. Thus, SEMAR
seems insufficient for post-EVAR CTA examinations and
further enhancement is needed. In summary, there is still
room in improvement for MAR techniques using in the
EVAR postoperative CTA evaluation in terms of aspects
such as process simplification, time reduction, image
subjective evaluation, endoleak and stent visualization,
and the removal of artifacts caused by coils.

In addition to artifacts, image noise is also a topic of
clinically considerable concern in the evaluation of CTA
follow-up exams. A high level of image noise can bring

about adverse effects, such as low-level image quality,
image segmentation difficulties [18], obscuring impor-
tant details, making diagnosis more difficult, and affect-
ing clinical decision. Currently, there are numerous
methods that can mitigate the inconveniences caused
by image noise. For example, the method, known as sto-
chastic resonance theory, constructively uses the noise to
enhance the signal, but this technique is mostly studied
in optimizing the image registration and segmentation,
not in image reconstruction [18-20]. Additionally, Deep
Learning Reconstruction (DLR) has gained attention
in the radiology field for reducing noise and enhancing
image quality [21]. The Advanced Intelligent Clear-IQ
Engine (AiCE, Canon Medical Systems) is a DLR appli-
cation trained on iterative algorithms with a deep learn-
ing neural network, which is already commercialized but
currently only available for Canon machines. Previous
studies showed it embraces many outstanding advantages
such as enhancing density and spatial resolution, reduc-
ing artifacts and noise, and creating extraordinarily high-
quality images without increasing radiation dose [22—24].
In a phantom study, AiCE plus SEMAR performed the
best in reducing artifacts compared to other algorithms
[25]. Moreover, studies have shown that combining DLR
with SEMAR further reduces image noise and artifacts,
thus improving image quality, in CT images with metal
implants [26, 27]. However, the usefulness of AiCE with
SEMAR (AiCE+SEMAR) in EVAR patients has not been
reported. Therefore, we hypothesize that the combina-
tion of these two technologies will play a surprisingly sig-
nificant role in reducing artifacts and improving image
quality during CTA evaluation after EVAR surgery, likely
to solve the dilemma we mentioned above.

To verify our hypothesis, this study would assess the
usefulness of the AiCE+SEMAR algorithm in EVAR
postoperative CTA evaluation by comparing it with that
of standalone AiCE, hybrid iterative reconstruction (HIR,
the standard clinical protocol at our institution), and the
combination of HIR plus SEMAR (HIR+SEMAR) from
both qualitative and quantitative aspects. In terms of
qualitative aspect, several aspects including the overall
image quality, the stent and coil artifacts, and the visual-
ization of stent and adjacent structures would be evalu-
ated. In terms of quantitative aspect, several quantitative
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indicators to evaluate metal artifacts and image quality,
such as CT attenuation value (CT), standard deviation
(SD), contrast-to-noise ratio (CNR), signal-to-noise ratio
(SNR), artifact index (AI) and the longest length of arti-
facts (AL), would be analyzed. Extra above quantitative
analysis for patients with coil embolization would also be
carried out. In addition, the value of AiCE+SEMAR algo-
rithm in detecting postoperative complications of EVAR,
such as endoleak and in-stent thrombosis, would been
further discussed through several clinical CTA cases. The
flowchart displaying research process is shown in Supple-
mental Fig. 1.

Methods

Patients

This retrospective, single-center study was approved by
our Research Ethics Committee, and the requirement
for formal informed consent was waived. All patients
provided consent for contrast-enhanced CT scans. This
study focused on patients who underwent CTA examina-
tions of the abdominal aorta and bilateral iliac arteries at
our hospital from March to June 2023. The inclusion cri-
teria were as follows: (1) patients who were scanned on a
certain machine with SEMAR and AiCE algorithms; (2)
patients who had already undergone abdominal aortic
aneurysm repair surgery; and (3) patients who received
Y-shaped stent implantation. The exclusion criteria were
as follows: (1) patients with severe cardiac, renal failure
and severe iodine allergy; (2) patients with stent graft
infections; (3) images with insufficient data or significant
motion artifacts on any scan. Supplemental Fig. 2 depicts

Table 1 Patient characteristics

Characteristics Values
No. of patients 44

CTA scans 47

Age (y), mean+SD 68.6+78

Sex (male/female) 37/7

BMI (Kg/m?), mean +SD 233428
Category one: Coils for internal iliac artery embolization

No. of patients on the right side 12

No. of patients on the left side 7

No. of patients on bilateral sides 3*

total CTA scans 25

Category two: Endoleaks
No. of patients with type | 8
No. of patients with type Il 3
No. of patients with type Il 2
total CTA scans 1
Category three: In-stent thrombosis
total CTA scans 4
AbbreviationBMI mean body mass index

Note *These have been counted as 6 independent CTA scans. And there were
also some scans that didn’t belong to above three categories and were not
separately listed
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the inclusion-exclusion procedure, and Table 1 describes
the characteristics of the enrolled patients. Some of the
finally enrolled patients were with internal iliac artery
coil embolization, endoleak or in-stent thrombosis, on
which we conducted additional analysis. Notably, three
male patients, aged 70, 73, and 77 years, underwent
repeated CTA tests due to embolization within the stent
or endoleak. It is worth mentioning that subsequent sta-
tistical analysis treated these repeated tests as indepen-
dent instances.

CT scanning and reconstruction

All patients were scanned using a 320-row, 640-slice mul-
tidetector CT scanner (Aquilion ONE GENESIS; Canon
Medical Systems, Japan). The detailed scanning proto-
cols are provided in Supplemental Appendix 1. After
scanning, four volumetric CT reconstructions were per-
formed for each patient according to the following proto-
cols: (1) HIR algorithm; (2) AiCE algorithm; (3) HIR plus
SEMAR algorithm; and (4) AiCE plus SEMAR algorithm.

Qualitative image analyses

Two expert radiologists (with 10 and 13 years of expe-
rience in CT) blindly and independently evaluated the
CT images using identical window levels and width set-
tings for each scan. One of the radiologists reviewed the
images twice. However, in order to prevent recollection
bias, a gap of at least one month existed between the
reviews. Subjective visual scores (ranging from 1 [worst]
to 5 [best]) were used to assess various aspects of image
quality (detailed in Table 2). Artifact severity was also
assessed using a 5-point scale for patients who under-
went embolization of the internal iliac arteries with coils
(Table 2).

Quantitative image analyses

Quantitative image analysis was conducted using Radi-
Ant DICOM Viewer software (Medixant, Poland, https://
www.radiantviewer.com/, version 2021.2). Figure 1
depicts an example of several regions of interest (ROIs)
placement and naming conventions. ROIs were placed on
axial scans with the most severe or mild abnormalities,
including the main body (ROI1-1, ROI1-2), left common
iliac branched section (ROI2-1, ROI2-2), and right com-
mon iliac branched section (ROI3-1, ROI3-2) of the stent
repairing the abdominal aortic aneurysm. Additional
ROIs were placed on areas with thrombi outside the stent
(ROI4-1, ROI4-2), with or without artifacts, and on vari-
ous anatomical structures, such as the abdominal aorta
(ROI5), air (ROI6), erector spinae muscle (ROI7), liver
(ROI8), and kidney (ROI9). For patients who underwent
internal iliac artery embolization using coils, ROIs were
also set around the coil at different positions (ROI10-1
- ROI10-4). On the current layer, ALs were measured,
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Scores overall image quality visibility of surrounding in-stent vessels on the  out-stent thrombus artifact on the most
organs most severe artifact on the most severe severe coils artifact
scan artifact scan scan

5 excellent image quality, excellentimage quality, free  basically free of artifacts,  basically free of artifacts,  basically free of artifacts,
free of artifacts, high diag-  of artifact interference excellent visualization of ~ excellent visualization of  excellent visualization
nostic confidence in-stent vessels out-stent thrombus of internal and external

iliac arteries

4 good image quality, minor good image quality, free of ~ minor artifacts, good minor artifacts, good minor artifacts, good
artifacts, fully evaluable artifact interference visualization of in-stent visualization of out-stent  visualization of internal
and diagnostic vessels thrombus and external iliac arteries

3 adequate image quality, acceptable image quality, many artifacts, adequate  many artifacts, adequate  many artifacts, adequate
moderate artifacts, accept- slightly obscured (< 20%), visualization of in-stent visualization of out-stent  visualization of internal
able for diagnosis minor artifacts, interference  vessels thrombus and external iliac arteries

2 suboptimal image quality, suboptimal image quality, many artifacts, poor many artifacts, poor many artifacts, poor

many artifacts, partly for
diagnosis

poor image quality, major
artifacts, nondiagnostic
confidence

partially obscured (20-50%),

many artifacts interference

poor image quality, severely

obscured (> 50%), major
artifacts interference

visualization of in-stent
vessels
major artifacts, blurred
visualization of in-stent
vessels

visualization of out-stent
thrombus

major artifacts, blurred
visualization of out-stent
thrombus

visualization of internal
and external iliac arteries
major artifacts, blurred
visualization of internal
and external iliac arteries

Fig. 1 Schematic illustration of the ROI position. CTA was performed on a 70-year-old man who underwent endovascular repair of an abdominal aortic
aneurysm and right internal iliac artery embolization utilizing a coil. (A-G) Corresponding axial views at the level indicated by arrows in the volume-
rendered image (the middle image). The four reconstruction methods for G1-G4 were HIR, AiCE, HIR+SEMAR, and AiCE + SEMAR
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and ROIs were placed adjacent to the internal and exter-
nal iliac arteries (ROI11-1, ROI11-2). CT and SDs were
recorded for each ROIL SNRs, CNRs, and Als were calcu-
lated by applying the following formulas:

1. SNR=CTyp0/SDreferencer Where CT o refers to the
mean Hounsfield scale of the estimated tissue, and
SD,eference 1S the standard deviation for Hounsfield
scales of air.

| CTy arget —CTyeference |
\/( SD;Zarget - SD?Cfcrchc) /2

2. CNR = , in which CT,

arget

and CT g ence refer to the Hounsfield scale of

the estimated tissue and erector spinae muscle,
respectively, and SDy, oo and SDference represent the
mean and standard deviation of the Hounsfield scale

of the estimated tissue and erector spinae muscle,

respectively.
3. Al = \/SD;QLrtifact - SDIQ'eferen(te’ in which SDartifaCt
and SD referred to the mean and standard

reference
deviation of the Hounsfield scale of the estimated

tissue with artifact and erector spinae muscle,
respectively.

Statistical analysis

The data were analyzed using the SPSSAU data scientific
analysis platform (QingSi Technology Ltd, China, https://
spssau.com) [23] and GraphPad Prism (GraphPad Prism
8; GraphPad Software Inc, USA). Descriptive data were
presented as the mean®SD. One-way analysis of variance
(ANOVA) with post hoc Tukey’s or Dunn’s pairwise com-
parisons were performed to analyze qualitative and quan-
titative data, respectively. Statistical significance was set at
p<0.05 or p<0.008 (adjusted for multiple comparisons).
Intra- and interobserver reliability were assessed using intra-
class correlation coefficients (ICCs) with two-way random,
single measures of absolute agreement. The corresponding
95% confidence intervals (Cls) and p values are reported.

Results

Qualitative evaluation

The subjective image analysis results are summarized
in Table 3; Fig. 2. Both the interobserver agreement
between the two readers and the intraobserver agree-
ment of Reader 2 were excellent (ICC>0.9) across all
aspects of image quality evaluation. Consistently, both
readers observed significant variations in image qual-
ity among the four reconstruction methods (»<0.0001).
Compared with the remaining three groups, the
AiCE+SEMAR group demonstrated superior overall
image quality (p<0.001). Moreover, compared with the
absence of AiCE, the application of the AiCE algorithm
significantly improved the visibility of adjacent organs
(p<0.001). However, the SEMAR algorithm did not
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enhance the visibility of neighboring organs (p>0.05).
On the scan exhibiting the most pronounced metal arti-
facts, HIR+SEMAR and AiCE+SEMAR significantly
reduced these artifacts (»p<0.0001) and facilitated better
visualization of the in-stent vessels and out-stent throm-
bus (p<0.0001 or p<0.001). Nevertheless, no discern-
ible differences were observed between HIR and AiCE
or between HIR+SEMAR and AiCE+SEMAR, except
for thrombus formation outside the stent (»<0.05). Rep-
resentative images, incorporating subjective evaluation
scores, are presented in Fig. 3, highlighting the superior
image quality achieved with AiCE+SEMAR, character-
ized by minimized imaging artifacts and enhanced visu-
alization of surrounding soft tissues. Specifically, Fig. 3C4
and 3D4 exhibited marked improvement in the visibility
of soft tissue around the graft, including the adjacent
ileum, muscles, sacrum, and abdominal wall, compared
to other reconstruction methods.

Quantitative evaluation

The results of objective image analysis using HIR, AiCE,
HIR+SEMAR, and AiCE+SEMAR are displayed in
Figs. 4 and 5, Supplemental Fig. 3, Supplemental Fig. 4,
Supplemental Tables 1, and Supplemental Table 2.

CT attenuation values

The HIR+SEMAR and AiCE+SEMAR groups exhibited
greater CT attenuation values than did the HIR and AiCE
groups (p<0.008, Figs. 4A and 5A). Nevertheless, no sig-
nificant differences were noticed in CT attenuation val-
ues when comparing HIR+SEMAR with AiCE+SEMAR
between ROI1-1 and ROI1-2 or between ROI4-1 and
ROI4-2 (p>0.05).

Image noise

The mean noise levels, calculated as the average SD
derived from ROIs ranging from ROI1-1 to ROI9, were
47.77+8.76, 42.93+10.61, 30.34%+4.87, and 25.35%+6.51
HU for CT images reconstructed using HIR, AiCE,
HIR+SEMAR, and AiCE+SEMAR, respectively (Fig. 4B,
»<0.001). Compared to those of the HIR, the noise of
the AiCE, HIR+SEMAR, and AiCE+SEMAR models
decreased by 10.13%, 36.49%, and 46.93%, respectively.
A significant reduction in noise was observed when
SEMAR was applied, particularly when SEMAR was
combined with AiCE (all p<0.008, Fig. 5B). These find-
ings were consistent in patients who received coils for
embolization of the internal iliac artery (all p<0.008).

Signal-to-noise ratio (SNR)

The majority of ROIs demonstrated significantly greater
SNRs with the application of AiCE than with the applica-
tion of HIR or HIR+SEMAR (all p<0.008, Figs. 4C and
5C). However, SEMAR did not contribute to enhancing
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Fig. 2 Detailed subjective image analysis results. (A) Overall image quality; (B) Visibility of the surrounding organs; In-stent vessels (C) and out-stent
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Fig. 3 Exemplary axial CTA images with different reconstructions for qualitative evaluation. (A1-A4) A 73-year-old woman. Reader 1 and 2 scored the
degree of in-stent vessels on the most severe artifact scan as 1/1/3/3. (B1-B4) A 66-year-old man. The degree of in-stent vessels on the most severe artifact
scan was rated as 1/1/3/3 by readers 1 and 2, and the degree of out-stent thrombus on the most severe artifact scan was rated as 2/2/4/5 by readers 1
and 2. (C1-C4) A 70-year-old woman. Both Reader 1 and Reader 2 scored the degree of artifacts on the most severe coil artifact scan as 1/1/5/5. (D1-D4)
A 70-year-old woman. The degree of artifacts on the most severe coil artifact scan was rated as 1/1/3/4 by Reader 1 or 1/1/4/4 by Reader 2. The block in
the lower left corner of a single image (A1-A4, B1-B4) represents the local amplification of the respective places
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plots for different indicators. (A) CT image of ROI0; (B) SDave,age; (C) SNR of
ROI1-2; (D) CNR of ROI1-1; (E) CNR of ROI5; (F) CNR of ROI0; (G) AL values;
(H) Al of ROIT-1. The unit of CT, and SD values is HU, and the unit of AL
values is cm

the SNR (p>0.05, Fig. 5C). Notably, AiCE+SEMAR
achieved the highest SNR (Fig. 4C). Only ROI1-1, ROI4-
1, and ROI10 showed statistically significant improve-
ments in the SNR with the application of SEMAR.

Contrast-to-noise ratio (CNR)

The values of CNRs significantly differed among the
four reconstruction techniques (p<0.001) in the follow-
ing descending order: AiCE+SEMAR, HIR+SEMAR,
AiCE, and HIR (Fig. 4D and E, and 4F). However, the
pairwise comparisons revealed no significant differences
between any two groups for ROI5 (p>0.05, Fig. 5E) or

Page 8 of 12

between AiCE and HIR or between AiCE+SEMAR and
HIR+SEMAR for ROI1-1, ROI2-1, and ROI3-1 (p>0.05,
Fig. 5D). The only significant pairwise difference in
ROI10 was observed between the AiCE+SEMAR group
(2.01+1.24) and the HIR group (1.15%0.55) (p<0.008,
Figs. 4F and 5F).

Longest length of the artifacts (AL)

The ALs in the CT images reconstructed with the HIR,
AiCE, HIR+SEMAR, and AiCE+SEMAR methods were
4.81%£2.39, 4.81+2.39, 1.33+0.61, and 1.33+0.61 cm,
respectively, indicating that the application of the
SEMAR significantly reduced the AL (p<0.05, Figs. 4G
and 5Q).

Artifact index (Al)

The results revealed that the administration of SEMAR
significantly decreased the Als (p<0.008, Figs. 4H and
5H), with a further reduction when AiCE and SEMAR
were applied together (p<0.008, Figs. 4H and 5H).
Notably, there were no significant differences in the Als
between AiCE and HIR or between AiCE+SEMAR and
HIR+SEMAR (p>0.05, Fig. 5H).

Lesion detection
As evident in Fig. 3Al, using routine scanning, dark
streaks from the stent obscured the depiction of adjacent
tissues, making any anomalies uncertain. However, the
combined application of AiCE and SEMAR reduced the
number of dark bands and enabled a clear depiction of
stent thrombosis within the stent, as shown in Fig. 3A4,
highlighting the efficacy of AiCE+SEMAR in identifying
in-stent thrombosis and evaluating stent patency.
Moreover, as depicted in Fig. 6 and Supplemental
Fig. 5, the identification of endoleaks in images recon-
structed with HIR alone posed a challenge due to the
bright streaks from implants. Encouragingly, the imple-
mentation of AiCE+SEMAR (as shown in Fig. 6D1)
further minimized the bright bands, resulting in a clear
visualization of the contrast agent that leaked out and a
distinct delineation between the thrombus and contrast
agent. In comparison with images for false lumen with-
out endoleak shown as Fig. 6D2, images with endoleak
using AiCE+SEMAR (Fig. 6D1) visually exhibited a
slightly more density for false lumen and a density con-
trast between thrombosis and leaked contrast agent, ren-
dering it more visually discernible and thereby facilitating
earlier detection of endoleak. This improved visual clar-
ity was verified by the improved CT value of the ROI in
Fig. 6D1 indeed, and the endoleak was subsequently cor-
roborated by DSA examination (Supplemental Video 1),
leading to increased diagnostic confidence and accurate
assessment of endoleak severity.
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Fig. 6 Excellent visualization of the endoleak with AICE+SEMAR reconstruction. Axial CTA images were obtained using the HIR (A1, A2), AiCE (B1, B2),
HIR+SEMAR (C1, C2), and AIiCE+SEMAR (D1, D2) techniques. The images on the top row (A1-D1) represent the case of the endoleak, while the images
on the bottom row (A2-D2) represent the case without the endoleak. The arrows represent the false lumen outside stents, and the red circles in the ab-
dominal aorta (A1-D1) indicate the extent of contract leakage. The images within the red box at the bottom left corner (D1, D2), in which ROIs are put to
display CT values, are the local enlarged views of the lesion areas
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Discussion

This study tested the hypothesis that the combination of
SEMAR and the novel DLR algorithm, AiCE, can com-
plementarily and effectively improve the quality of CTA
images during EVAR follow-up. As expected, our find-
ings revealed that compared to other reconstruction
techniques, the AiCE+SEMAR algorithm significantly
reduced artifacts (nearly three-quarters reduction) and
image noise (maximum nearly half reduction) while
enhancing the CNR and SNR, indicating improved con-
trast resolution, structural visibility and image quality.
Notably, this approach significantly improved the early
detection of endoleaks and thrombi, which provides cli-
nicians with an optimized valuable tool for quantitative
evaluations of internal leakage, thereby enabling them to
formulate optimal treatment protocols, such as interven-
ing slightly earlier and more effectively with improved
survival.

Clear visualization, both within and beyond the stent,
was crucial for detecting leakage and thrombosis after
EVAR, while bright and dark bands from grafts prevented
the oversight. Kazimierczak et al. showed that there was
a decrease in the parameters of qualitative image assess-
ment and low subjective diagnostic value for CTA fol-
low-ups of EVAR using DECT [12]. But delightfully, our
subjective evaluation demonstrated that the combination
of AiCE and SEMAR effectively mitigated metal artifacts
to the greatest extent in cases with not only stent grafts
but also coils embolization, leading to improved overall
image quality. This enhancement facilitated better image
interpretability and diagnostic certainty. Furthermore,
the strong inter- and intraobserver consistency observed
highlighted the reliability and practicality of our subjec-
tive evaluation. Hence, this technology exhibits promis-
ing clinical utility for assisting radiologists in the early
detection of mild lesions obscured by metal artifacts,
thereby bolstering diagnostic certainty, obviating the
need for invasive confirmatory procedures, facilitating
prompt and early intervention, and enabling the formula-
tion of tailored treatment strategies, thereby potentially
improving patient survival rates.

To objectively assess the performance of
AiCE+SEMAR in detecting potential stent-related
lesions, we selected numerous ROIs from various graft
levels. Analysis indicated that CT attenuation was pri-
marily affected at specific levels where artifacts were
prominent. However, the application of SEMAR sig-
nificantly diminished or even negated this effect, con-
sistent with previous reports [14, 28]. Consequently, this
approach proved suitable for standard criteria and mor-
phological evaluations based on CT attenuation.

Although noise levels progressively decreased in the
order of HIR, AiCE, HIR+SEMAR, and AiCE+SEMAR
sequences, no statistically significant difference was
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observed between HIR and AiCE. This finding con-
tradicts previous literature [29]. We hypothesized that
artifacts interfered with the potential noise reduction
capabilities of AiCE despite the artifact mitigation ability
of SEMAR. Therefore, we explored noise levels in regions
with minimal artifacts, specifically ROI1-2 and ROI2-
2. Our results showed that noise levels were lower with
AiCE than that without it, and interestingly, AiCE pro-
duced notably less noise than HIR+SEMAR. There was
no statistically significant difference between AiCE and
AiCE+SEMAR or between HIR and HIR+SEMAR, sug-
gesting that the noise reduction capabilities of SEMAR
may be limited in the absence of artifacts and that AiCE
was primarily responsible for noise reduction.

In terms of the SNR and CNR, at the level severely
affected by artifacts, which was our primary con-
cern, the combination of AiCE and SEMAR yielded
the best results. This suggests superior image quality
and enhances the detection of diverse lesions, particu-
larly those with low contrast [30]. This observation was
further validated in patients with early endoleaks and
thrombus within the stent. While AiCE+SEMAR signifi-
cantly reduced artifacts in the assessments of AL and Al
comparing to others, AiCE alone had a minimal artifact
reduction effect.

Overall, this study revealed that AiCE and SEMAR
played eminent and complementary roles in varying
degrees and levels of metal artifacts for different regions
of the target images. At the level with numerous artifacts,
SEMAR was primarily responsible for both artifact and
noise reduction, whereas AiCE primarily increased the
effect of noise reduction. At the level with minor or no
artifacts, only AiCE was primarily responsible for noise
reduction. Therefore, the powerful combination of the
two methods can contribute to a more comprehensive
and better evaluation of the images of the same patient.
In detail, the AiCE plus SEMAR reconstruction algorithm
overall performed the best in multiple aspects of image
assessment, including excellent image quality, significant
artifact and noise reduction, enhanced visualization of
stent patency, and optimized evaluation of surrounding
structures, such as endoleaks and thrombosis.

Practically speaking, the reconstruction time for
AiCE+SEMAR was remarkably short in comparison
with that for DECT [6], less than 2 min, which is com-
parable to the time required for radiographers to move
patients from the examination bed. This suggests that the
AiCE+SEMAR technique is feasible and could be inte-
grated into routine clinical practice. Furthermore, pre-
vious studies have shown that both AiCE and SEMAR
substantially reduce patient radiation exposure with-
out compromising image quality [24, 31, 32], which was
just the shortcomings of the methodology using DECT.
The ability of AICE+SEMAR to effectively minimize
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radiation exposure while maintaining image quality is
promising and warrants further investigation. Nonethe-
less, our study has limitations, including its small sample
size and single-center design, which may lead to potential
bias such as sample bias. Patients who underwent EVAR
at external medical facilities may present with varying
medical conditions, surgical approaches, and implant
types, potentially influencing the robustness of the find-
ings in this study, though any disparities in these fac-
tors would probably have minimal impact on the overall
results. Future research will be performed in multiple
centers using a prospective design, in order to strengthen
the conclusions we drawn and assess their broader gener-
alizability and applicability.

Conclusions

Compared to HIR, SEMAR, and HIR+SEMAR, the
combination of AiCE and SEMAR demonstrated supe-
rior diagnostic performance and image quality in CTA
evaluations following EVAR. This advantage facilitates
the detection of potential complications, such as early
endoleaks and thrombosis, enabling clinicians to develop
optimal prompt treatment strategies. The complemen-
tary roles of the two methods contribute to a com-
prehensive evaluation of patient outcomes. Our study
contributes to effective clinical practice and highlights
the potential for further optimization in routine clinical
settings. Future research will explore the use of AiCE and
SEMAR in low-dose scans while maintaining image qual-
ity. Further analysis will be explored to better highlight
the improved thrombus and endoleak detection with the
optimized algorithms.
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