J. Integr. Neurosci. 2026; 25(5): 50299
https://doi.org/10.31083/JIN50299

Short Communication

Usefulness of Non-Contrast Electron Density Imaging for the
Identification of Brain Tissue Changes in Large Vessel Occlusion Acute
Ischemic Stroke

Santiago de Erausquin’T®, Andres Polania':*7®, Gaston A. Rodriguez-Granillo? *
Pablo Diluca!®, Carlos Bleise3®, Pedro Lylyk?

IDepartment of Radiology, Clinica La Sagrada Familia, Instituto Médico ENERI, C1426EOB Buenos Aires, Argentina
2Department of Cardiovascular Imaging, Clinica La Sagrada Familia, Instituto Médico ENERI, C1426EOB Buenos Aires, Argentina
3Department of Interventional Neuroradiology, Clinica La Sagrada Familia, Instituto Médico ENERI, C1426EOB Buenos Aires, Argentina
*Correspondence: polaniaalvarezandres@gmail.com (Andres Polania); grodriguezgranillo@gmail.com (Gaston A. Rodriguez-Granillo)
T These authors contributed equally.

Academic Editor: Bettina Platt

Submitted: 22 January 2026  Revised: 26 March 2026 ~ Accepted: 8 April 2026  Published: 12 May 2026

Abstract

Background: Electron density (ED) imaging has shown the ability to discriminate between different soft tissue components in prelimi-
nary studies. We hypothesized that ED might improve the identification of brain tissue abnormalities in patients with large vessel occlu-
sion acute ischemic stroke (AIS). Methods: We retrospectively included a series of patients with large vessel occlusion AIS comprising
the middle cerebral artery (MCA) territory. All patients underwent non-contrast brain computed tomography (CT) and CT angiography
using a dual-layer spectral CT scanner. Using a multiparameter display including conventional CT images (Hounsfield units, HU), ED
relative to water (%EDW), and effective atomic number (Zeff), we evaluated the brain tissue territory distal to the occlusion, and the
contralateral hemisphere. Results: Twenty-eight patients were included, with a mean age of 75.7 £ 10.9 years. The brain tissue distal to
the MCA occlusion showed significant differences compared with the contralateral hemisphere only using conventional CT (25.0 &+ 2.7
HU vs. 29.2 £ 2.4 HU, p < 0.0001) and ED imaging (102.2 4= 0.3 %EDW vs. 102.6 = 0.2 %EDW, p < 0.0001), whereas the Zeff (7.37
4+ 0.1vs. 7.37 £ 0.1, p = 0.36) showed similar values. ED imaging was associated with a significantly higher diagnostic confidence for
the identification of abnormal findings, both for the evaluation of the hyperdense MCA (conventional CT 3.46 £ 1.3 vs. ED imaging
4.79 + 0.4 vs. Zeff imaging 2.07 £ 1.0, p < 0.0001) as well as for the subtended brain parenchyma (conventional CT 3.30 & 1.3 vs. ED
imaging 4.30 + 0.8 vs. Zeff 1.44 £ 0.6, p < 0.0001). Conclusions: In this study, ED imaging enabled a more confident identification
of brain tissue changes related to large vessel occlusion AIS compared with conventional CT imaging.
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1. Introduction rectly estimated without altering acquisition protocols or
administering contrast [6,7]. Recent studies have reported
promising results regarding soft tissue characterization by
ED imaging, including thrombus detection and early is-
chemic changes [6-9]. Nonetheless, to date, the applica-
tion of spectral-based imaging (SBI) reconstructions to the
interpretation of noncontrast CT studies has received very
limited attention in the setting of acute ischemic stroke.

Timely detection and accurate characterization of vas-
cular and parenchymal changes are essential for optimizing
therapeutic management and improving outcomes of pa-
tients with acute ischemic stroke (AIS) [1]. Among early
computed tomography (CT) signs, the hyperdense middle
cerebral artery (MCA) and loss of gray—white matter dif-
ferentiation are indirect findings that guide initial treatment
decisions and do not require the administration of con-
trast [2,3]. However, these signs may be subtle or diffi-
cult to identify during the earliest phases of stroke. Indeed,
parenchymal tissue assessment on CT relies heavily on per-
fusion techniques [4].

In this context, we hypothesized that ED-based imag-
ing could reveal vascular and parenchymal abnormalities
that might be overlooked on conventional noncontrast CT.
Accordingly, we sought to evaluate the ability of ED imag-
ing compared with conventional CT imaging to identify ab-
normalities within the subtended brain tissue territory in pa-

Dual-energy CT has consistently demonstrated im-  tjents with large vessel occlusion AIS.
proved tissue characterization, particularly related to the
higher intravascular aFter.luati(.)n levels achieved using low- 2. Materials and Methods
energy monochromatic imaging [5]. Furthermore, when
acquired with dual-layer spectral CT-scanners, tissue elec- This observational study was conducted at a tertiary-
tron density (ED)—normalized to pure water—can be di- level comprehensive stroke center (Instituto Médico
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ENERI, Clinica La Sagrada Familia, Buenos Aires, Ar-
gentina). Adult patients of both sexes (>18 years) who
presented with acute focal neurological deficits clinically
consistent with AIS were consecutively evaluated. Eligi-
ble patients were required to present within a symptom on-
set window ranging from 1 to 36 hours and to demonstrate
imaging findings consistent with large vessel occlusion in
the MCA territory.

Patients were included if they fulfilled all of the fol-
lowing criteria: presence of a hyperdense MCA sign on ini-
tial noncontrast CT, availability of subsequent brain mag-
netic resonance imaging (MRI) during the same hospital-
ization, and angiographic confirmation of an intra-arterial
thrombus during endovascular mechanical thrombectomy.
Patients were excluded if imaging studies were incomplete
or technically inadequate, if the spectral-based imaging
(SBI) dataset of the noncontrast scan was not available, if
alternative diagnoses such as intracranial hemorrhage, neo-
plastic disease, or inflammatory conditions were identified,
or if there was a history of previous stroke.

All patients underwent an initial noncontrast brain CT
examination using a dual-layer spectral CT system (IQon
Spectral CT, Philips Medical Systems, Best, The Nether-
lands). This technology allowed the simultaneous genera-
tion of conventional attenuation-based images expressed in
Hounsfield units (HU), as well as spectral-derived quanti-
tative maps including ED relative to water (%EDW) and
effective atomic number (Zeff), without the need for addi-
tional radiation exposure or separate acquisitions [6,7,9].

MRI examinations were performed during hospital-
ization using a 3.0 Tesla scanner (Ingenia dStream, Philips
Healthcare, Best, The Netherlands), including diffusion-
weighted imaging (DWI), apparent diffusion coefficient
maps, fluid-attenuated inversion recovery (FLAIR), and
susceptibility-weighted imaging (SWI). MRI served as the
reference standard for confirming acute ischemic parenchy-
mal injury and excluding hemorrhagic transformation.

CT image analysis was performed using a multi-
parametric display (Intellispace Portal, Philips Healthcare)
that combined conventional HU images with co-localized
%EDW and Zeff maps. Regions of interest (ROIs) were
manually placed over the hyperdense MCA sign and in
parenchymal regions distal to the occlusion, with mirrored
ROIs in the contralateral hemisphere. In addition to quanti-
tative analysis, a qualitative assessment was independently
performed by consensus of two board-certified neuroradi-
ologists with extensive experience in acute stroke imag-
ing (with discrepancies resolved by consensus), who were
blinded to clinical outcomes, MRI findings, and angio-
graphic results. Diagnostic confidence in identifying ab-
normal vascular and parenchymal findings was assessed for
each imaging parameter using a 5-point Likert scale, rang-
ing from 5 (very high diagnostic confidence) to 1 (very low
diagnostic confidence). This metric was intended to capture
the perceived clarity of spectral reconstructions compared

to conventional CT, rather than providing an objective mea-
sure of sensitivity.

Statistical Analysis

Discrete variables were reported as counts (%) and
continuous variables as mean =+ standard deviation, and
median (interquartile range, IQR) for non-uniformly dis-
tributed variables. Comparisons between groups were per-
formed using paired samples 7T-test and one-way analy-
sis of variance (ANOVA), whereas correlations were ex-
plored using Pearson correlation coefficients. To test the
reproducibility of ED measurements, we randomly se-
lected 15 patients and a different observer from the origi-
nal re-assessed 30 measurements (ED of the affected and
contralateral territory) and evaluated the agreement using
intraclass correlation coefficients (two-way mixed-effects
model, absolute agreement), with a 95% confidence inter-
val. All statistical analyses were performed using IBM
SPSS Statistics for Windows (Version 31.0, IBM Corp., Ar-
monk, NY, USA). A two-sided p value of less than 0.05
indicated statistical significance.

3. Results
3.1 Study Population

A total of 85 patients presenting with clinical symp-
toms suggestive of AIS were retrospectively identified. Of
these, 40 patients were excluded due to the absence of SBI
reconstruction of the noncontrast CT series. Seventeen ad-
ditional patients were excluded: four due to indeterminate
time since onset of symptoms; five who did not undergo CT
upon admission; three whose imaging studies were deemed
technically suboptimal, primarily due to significant motion
artifacts; and five with imaging evidence of contralateral
tissue disease. Accordingly, the final cohort comprised 28
patients (57% male), with a mean age of 75.7 &= 10.9 years,
a median time from symptom onset to imaging of 4 hours
(IQR, 2-12), and a median National Institutes of Health
Stroke Scale (NIHSS) score of 15.5 (IQR, 10.3-19.0). Sup-
porting the comparable characteristics between the included
patients and those excluded due to lack of spectral recon-
structions, we did not identify significant differences re-
garding age (p = 0.44), time since onset of symptoms (p
=0.86), or NIHSS (p = 0.65).

3.2 Quantitative Evaluation

The region corresponding to the hyperdense MCA
sign showed significant differences between the affected
compared to the contralateral hemispheres irrespective of
the parameter explored (conventional CT: 46.6 + 10.3 HU
vs. 33.3 &£ 7.7 HU, p < 0.0001; ED imaging 104.1 £ 0.8
%EDW vs. 102.8 4+ 0.6 %EDW, p < 0.0001; Zeff 7.47 +
0.1 vs. 7.42 + 0.1, p = 0.035). However, the subtended
brain tissue distal to the occlusion showed significant dif-
ferences only using conventional CT (25.0 £ 2.7 HU vs.
29.2 £2.4 HU, p < 0.0001) and ED imaging (102.2 + 0.3
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Fig. 1. Representative case of the subacute phase of ischemic stroke in a 61-year-old man (9 hours since symptoms onset). Noncon-

trast brain CT (A) demonstrates subtle parenchymal hypodensity in the right corona radiata (arrow). Spectral CT-derived electron density

(ED) imaging (B) provides improved characterization and sharper delineation of the ischemic area (arrow) compared to conventional

CT. Effective atomic number (Zeff) maps (C) did not provide additional parenchymal information. Brain MRI performed 10 minutes

later (D,E) confirms the extent of the ischemic lesion (arrows) using diffusion-weighted imaging. Subsequent cerebral angiography

(F) demonstrates occlusion of the M1 segment of the right middle cerebral artery (arrow). CT, computed tomography; MRI, magnetic

resonance imaging.

%EDW vs. 102.6 £ 0.2 %EDW, p < 0.0001), whereas the
Zeff (7.37 £ 0.1 vs. 7.37 = 0.1, p = 0.36) showed similar
values. We identified a very good agreement between mea-
surements for the assessment of %EDW of the brain tissue
(intraclass correlation coefficient 0.87; 95% CI 0.73-0.94,
p < 0.001).

3.3 Qualitative Evaluation and Correlations

ED imaging was associated with a significantly higher
diagnostic confidence for the identification of abnormal
findings (Fig. 1: subacute phase; and Fig. 2: hyperacute
phase), both for the evaluation of the hyperdense MCA
(conventional CT 3.46 4+ 1.3 vs. ED imaging 4.79 + 0.4
vs. Zeff imaging 2.07 £ 1.0, p < 0.0001) as well as for the
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subtended brain tissue (conventional CT 3.30 + 1.3 vs. ED
imaging 4.30 £ 0.8 vs. Zeff 1.44 £ 0.6, p < 0.0001).

We further explored the correlations between the time
since onset of symptoms and the multiparameter assessment
of changes within the MCA and subtended brain tissue (Ta-
ble 1). In this regard, we found significant correlations us-
ing conventional and ED imaging, with an inverse correla-
tion between the time since onset and the density of the sub-
tended brain tissue (conventional CT, r =-0.55, p = 0.005;
%EDW, r=-0.50, p=0.011) and a positive correlation be-
tween the time since onset and the diagnostic confidence
(conventional CT, r = 0.53, p = 0.009; %EDW, r = 0.52, p
=0.010).
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Fig. 2. Representative case of the hyperacute phase of ischemic stroke in a 73-year-old woman (3 hours since symptoms onset),

illustrating a clinically critical scenario where conventional CT may be inconclusive. While initial noncontrast brain CT (A) shows

no definite parenchymal hypodensity, ED imaging (B) identifies subtle gangliobasal ischemic alterations (arrow) not clearly visible on

the conventional image. Zeff maps (C) did not add further parenchymal characterization. CT angiography (D) demonstrates a lack

of opacification of the left M1 segment (arrow). Digital subtraction angiography confirmed thrombotic occlusion of the proximal M1

branch, followed by successful aspiration thrombectomy.

4. Discussion

The main finding of our study was a more confident
assessment of brain tissue changes related to large vessel
occlusion using ED imaging compared with conventional

CT imaging. Although both techniques demonstrated sig-
nificant differences in the subtended brain tissue distal to
the occlusion, ED imaging enabled higher diagnostic confi-
dence for both parenchymal abnormalities and the detection
of the hyperdense MCA.
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Table 1. Relationships (r) between time since onset of
symptoms, density, and diagnostic confidence.

Density
Hyperdense MCA
HU ED Zeff HU ED  Zeff

Brain parenchyma

Time since onset
r -0.14 -0.18 -0.33 -0.55 -0.50
0.495 0.392 0.106 0.005 0.011

—0.17

p value 0.418

Diagnostic confidence
Hyperdense MCA
HU ED Zeff HU ED  Zeff

Brain parenchyma

Time since onset
r -032 -036 -0.03 0.53 0.52 0.04

p value 0.122 0.074 0.882 0.009 0.010 0.856

HU, Hounsfield units; MCA, middle cerebral artery; r, pearson
correlation coefficient.

Our findings regarding decreased density in both HU
and electron density (%EDW) within hypoperfused regions
likely reflect the dynamic evolution of tissue water con-
tent and early edema formation. While these changes are
consistent with the onset of cytotoxic edema in the hyper-
acute and subacute phases, our observations cannot defini-
tively discriminate among specific pathophysiological pro-
cesses, such as the transition from cytotoxic to vasogenic
edema or other early ischemic markers [3,9,10]. Neverthe-
less, ED imaging provides improved parenchymal charac-
terization on non-contrast CT by isolating physical density
shifts that may be masked by the polychromatic nature of
conventional CT. It is noteworthy that ischemic injury also
involves metabolic alterations, including variations in the
oxygen extraction fraction and deoxyhemoglobin-related
susceptibility effects. While advanced MRI techniques like
Quantitative Susceptibility Mapping (QSM) are required to
quantify these metabolic parameters, ED imaging serves as
a pragmatic and accessible structural surrogate in the emer-
gency setting, especially when MRI is unavailable [11,12].

The limited value of the effective atomic number for
differentiating parenchymal hypoattenuation in AIS may
be explained by the fact that early ischemic changes are
primarily driven by increased tissue water content rather
than alterations in elemental composition. Since normal
and ischemic brain tissue share a similar atomic makeup,
Zeff remains relatively unchanged despite reductions in
Hounsfield units.

In line with our findings, previous studies have high-
lighted the limitations of HU-based assessment due to
partial volume effects and beam-hardening artifacts [5].
In contrast, ED has been described as a more stable,
composition-oriented metric, particularly for differentiat-
ing erythrocyte-rich thrombi from fibrin-dominant or cal-
cified material [13]. Prior reports have also suggested that
ED reductions in hypoperfused parenchyma may precede
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visually appreciable hypoattenuation on conventional CT,
a finding corroborated by our results [14].

Furthermore, an in vitro study demonstrated very high
accuracy of ED measurements compared with expected val-
ues of soft tissue inserts, with deviations as low as 0.1—
1.1% [6]. This accuracy likely contributes to the narrow
yet significant interhemispheric differences detected using
ED imaging in our cohort.

Our results confirm preliminary observations of a re-
cent pilot study (n = 15) where ED imaging demonstrated
a better agreement with MRI in patients with AIS. Indeed,
in the study of Honda et al. [9], Zeff imaging also was a
poor discriminator between the infarcted and non-infarcted
areas. Aside from providing data from a larger population,
to attain a more comprehensive assessment of the acute is-
chemic insult, in our study, we also demonstrated a similar
incremental value of ED for the detection of the hyperdense
MCA sign.

It is worth mentioning that, according to our find-
ings, the clinical value of spectral CT-derived parameters
varies significantly depending on the time from symptom
onset. In the subacute phase, where conventional CT of-
ten already demonstrates subtle changes, ED imaging might
sharpen the delineation and improve the characterization of
the ischemic core. However, the most significant potential
for ED imaging lies in the hyperacute phase, as shown in
Fig. 2. In this clinically critical window, conventional CT
may be inconclusive or ‘pseudo-normal’ due to minimal
net water uptake. Our results demonstrate that ED imag-
ing might identify subtle ischemic alterations before they
become clearly visible on conventional CT, potentially fa-
cilitating earlier triage and more confident decision-making
for reperfusion therapies.

Interestingly, the time since onset of symptoms was
correlated inversely with the density of the subtended brain
tissue, and directly with the diagnostic confidence; whereas
we did not find significant relationships between the time
since onset of symptoms and the hyperdense MCA. These
findings, though warranting further investigation, support
the “time is brain” notion and that early parenchymal is-
chemic changes, such as incipient loss of gray—white matter
differentiation, require some time to develop.

Several limitations should be acknowledged, includ-
ing the small sample size and single-center design. Addi-
tionally, because spectral datasets from noncontrast CT are
often discarded, SBI data were not available for all patients.
These findings underscore the importance of preserving raw
spectral data from noncontrast examinations. Besides, due
to the exploratory nature of this study and the objective of
characterizing novel spectral parameters, no formal correc-
tion for multiple comparisons was applied. Consequently,
these findings should be considered hypothesis-generating
and interpreted with caution, given the potential for type
1 error. We also acknowledge that the correlation between
time from symptom onset and diagnostic confidence may be
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influenced by confounding variables such as clinical sever-
ity or infarct volume; however, our sample size was in-
sufficient for a robust multivariable adjustment. Finally,
histopathological correlation was not available, precluding
definitive conclusions regarding clot subtype.

5. Conclusions

In this study, electron density imaging enabled a more
confident assessment of brain tissue changes related to large
vessel occlusion acute ischemic stroke compared to conven-
tional CT imaging. Our findings support the role of elec-
tron density imaging as a promising spectral CT metric for
the detection of arterial thrombi and early ischemic injury
without the need for intravenous contrast, which might sup-
port timely clinical decision-making, particularly when ad-
vanced perfusion imaging is not readily available.

Availability of Data and Materials

The data that support the findings of this study are
available upon reasonable request from the corresponding
author.

Author Contributions

SDE, AP, and GRG designed the research study. SDE
and AP performed the research. PD, CB, and PL performed
the conduct of the study and interpretation of the data. SDE,
AP, and GRG analyzed the data. SDE and AP wrote the
manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate

Written informed consent was obtained from all pa-
tients. This observational study was performed in accor-
dance with the Declaration of Helsinki and later amend-
ments, and was approved by the institutional ethics review
board of Instituto Medico ENERI, Clinica La Sagrada Fa-
milia. Regarding the Ethics Committee approval number,
rather than numbers, our institution uses the title (in Span-
ish): “Identificacion de trombos sin contraste mediante el
uso de densidad de electrones por TC espectral”, which was
approved on June 20th 2022.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflicts of Interest

The authors declare no conflicts of interest.

Declaration of AI and Al-Assisted
Technologies in the Writing Process

During the preparation of this work the authors used
ChatGPT-3.5 in order to check spell and grammar. After
using this tool, the authors reviewed and edited the content
as needed and take full responsibility for the content of the
publication.

References

[1] Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bam-
bakidis NC, Becker K, et al. Guidelines for the Early Man-
agement of Patients With Acute Ischemic Stroke: 2019 Up-
date to the 2018 Guidelines for the Early Management of Acute
Ischemic Stroke: A Guideline for Healthcare Professionals
From the American Heart Association/American Stroke Asso-
ciation. Stroke. 2019; 50: e344—e418. https://doi.org/10.1161/
STR.0000000000000211.

[2] Brinjikji W, Duffy S, Burrows A, Hacke W, Liebeskind D,
Majoie CBLM, et al. Correlation of imaging and histopathol-
ogy of thrombi in acute ischemic stroke with etiology and
outcome: a systematic review. Journal of Neurointerventional
Surgery. 2017; 9: 529-534. https://doi.org/10.1136/neurintsur
g-2016-012391.

[3] Kucinski T, Majumder A, Knab R, Naumann D, Fiehler J,
Viterlein O, et al. Cerebral perfusion impairment correlates
with the decrease of CT density in acute ischaemic stroke.
Neuroradiology. 2004; 46: 716-722. https://doi.org/10.1007/
$00234-004-1226-y.

[4] van Seeters T, Biessels GJ, Niesten JM, van der Schaaf IC,
Dankbaar JW, Horsch AD, et al. Reliability of visual assess-
ment of non-contrast CT, CT angiography source images and CT
perfusion in patients with suspected ischemic stroke. PloS One.
2013; 8: €75615. https://doi.org/10.1371/journal.pone.0075615.

[5] Lin X, Gao Y, Zhu C, Song J, Liu L, Li J, et al. Improving di-
agnostic confidence in low-dose dual-energy CTE with low en-
ergy level and deep learning reconstruction. European Journal
of Radiology. 2024; 178: 111607. https://doi.org/10.1016/j.ejra
d.2024.111607.

[6] Hua CH, Shapira N, Merchant TE, Klahr P, Yagil Y. Accuracy
of electron density, effective atomic number, and iodine concen-
tration determination with a dual-layer dual-energy computed
tomography system. Medical Physics. 2018; 45: 2486-2497.
https://doi.org/10.1002/mp.12903.

[7] Rodriguez-Granillo GA, Cirio J, Morales C, Safady J, Fontana
L, Fernandez M, et al. Thrombus discrimination with elec-
tron density: potential implications for non-contrast computed
tomography imaging. Cardiovascular Diagnosis and Therapy.
2024; 14: 304-310. https://doi.org/10.21037/cdt-24-28.

[8] Kim C, Choi H, Shim E, Kim J, Hwang SH, Yong HS, ef al.
Usefulness of electron density imaging from dual-energy CT for
detecting pulmonary thromboembolism in unenhanced CT. Eu-
ropean Radiology. 2026; 36: 575-585. https://doi.org/10.1007/
s00330-025-11846-0.

[9] Honda K, Oda S, Kondo D, Kujirai R, Higuchi K, Osaki T, et
al. Efficacy of dual-layer spectral detector computed tomogra-
phy for detecting early ischemic changes in patients with acute
ischemic stroke: A pilot study. Journal of Clinical Imaging Sci-
ence. 2025; 15: 11. https://doi.org/10.25259/JCIS 171 2024.

[10] Rodriguez-Granillo GA, Cirio J, Vila JF, Langzam E, Ivanc
T, Fontana L, et al. Noncontrast Myocardial Characterization
in Acute Myocardial Infarction Using Electron Density Imag-
ing. Journal of Thoracic Imaging. 2024; 39: 173-177. https:
//doi.org/10.1097/RT1.0000000000000749.

[11] Uchida Y, Kan H, Inoue H, Oomura M, Shibata H, Kano Y, et

&% IMR Press


https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1136/neurintsurg-2016-012391
https://doi.org/10.1136/neurintsurg-2016-012391
https://doi.org/10.1007/s00234-004-1226-y
https://doi.org/10.1007/s00234-004-1226-y
https://doi.org/10.1371/journal.pone.0075615
https://doi.org/10.1016/j.ejrad.2024.111607
https://doi.org/10.1016/j.ejrad.2024.111607
https://doi.org/10.1002/mp.12903
https://doi.org/10.21037/cdt-24-28
https://doi.org/10.1007/s00330-025-11846-0
https://doi.org/10.1007/s00330-025-11846-0
https://doi.org/10.25259/JCIS_171_2024
https://doi.org/10.1097/RTI.0000000000000749
https://doi.org/10.1097/RTI.0000000000000749
https://www.imrpress.com

[12]

[13]

al. Penumbra Detection With Oxygen Extraction Fraction Using
Magnetic Susceptibility in Patients With Acute Ischemic Stroke.
Frontiers in Neurology. 2022; 13: 752450. https://doi.org/10.
3389/fneur.2022.752450.

Uchida Y, Kan H, Kano Y, Onda K, Sakurai K, Takada K, et al.
Longitudinal Changes in Iron and Myelination Within Ischemic
Lesions Associate With Neurological Outcomes: A Pilot Study.
Stroke. 2024; 55: 1041-1050. https://doi.org/10.1161/STROKE
AHA.123.044606.

Shinohara Y, Ohmura T, Sasaki F, Sato Y, Inomata T, Itoh T,

&% IMR Press

[14]

et al. Dual-Energy Computed Tomography Virtual Noncalcium
Imaging of Intracranial Arteries in Acute Ischemic Stroke: Dif-
ferentiation Between Acute Thrombus and Calcification. Jour-
nal of Computer Assisted Tomography. 2024; 48: 986-990.
https://doi.org/10.1097/RCT.0000000000001623.

Wang Y, Wu W, Liu W, Yang S, Qin J, Liu B, et al. Acute stroke
diagnosis: diagnostic efficacy of dual-layer spectral computed
tomography for non-contrast ischemic sign detection. Quantita-
tive Imaging in Medicine and Surgery. 2025; 15: 11094-11102.
https://doi.org/10.21037/qims-2025-1005.


https://doi.org/10.3389/fneur.2022.752450
https://doi.org/10.3389/fneur.2022.752450
https://doi.org/10.1161/STROKEAHA.123.044606
https://doi.org/10.1161/STROKEAHA.123.044606
https://doi.org/10.1097/RCT.0000000000001623
https://doi.org/10.21037/qims-2025-1005
https://www.imrpress.com

	1. Introduction 
	2. Materials and Methods
	Statistical Analysis

	3. Results
	3.1 Study Population
	3.2 Quantitative Evaluation
	3.3 Qualitative Evaluation and Correlations

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process

