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Abstract
Introduction

Susceptibility-weighted imaging (SWI) is a noninvasive MRI technique that detects microvascular features
such as hemorrhage and neovascularization in brain tumors. Intratumoral susceptibility signals (ITSS)
observed on SWI have been associated with tumor grade, particularly in gliomas. This study aimed to
investigate the correlation between SWI-derived ITSS and tumor histological grades, and to evaluate the
diagnostic performance of SWI in glioma grading.

Materials and methods

This retrospective single-center observational study included 44 adult patients (22 males, 22 females; mean
age: 41.2 = 18.5 years) with histologically confirmed glial tumors who underwent preoperative MRI with SWI
between 2015 and 2020. ITSS were visually graded on SWI sequences as follows: Grade 0 (no ITSS), Grade 1
(1-5 foci), Grade 2 (6-10 foci), and Grade 3 (>10 foci). Grading was performed for both the entire tumor and
the tumor center. Tumor grades were classified according to the 2021 WHO criteria as low-grade (Grades I-
1I) or high-grade (Grades III-1V). Statistical analysis included Mann-Whitney U, Kruskal-Wallis, and
Spearman’s correlation tests.

Results

ITSS was present in 34 patients (77.3%). Among ITSS-positive cases, 23 of 34 patients (67.6%) had high-
grade gliomas, while 11 patients (32.3%) had low-grade gliomas. All ITSS-negative patients had low-grade
gliomas. SWI grades showed a significant positive correlation with WHO tumor grades (r = 0.479, p = 0.001
for whole tumor; r = 0.461, p = 0.002 for tumor center). SWI grading differed significantly across WHO grades
(p = 0.001). In whole-tumor evaluation, SWI achieved 74% sensitivity and 71% specificity for predicting
high-grade gliomas. Tumor center evaluation yielded 65% sensitivity, 76% specificity, 75% positive
predictive value (PPV), and 66% negative predictive value (NPV). ITSS-positive patients were significantly
older than ITSS-negative patients (p = 0.001).

Conclusions

SWI-detected ITSS strongly correlates with glioma histopathological grade and patient age. Given its
diagnostic performance, reproducibility, and contrast-free nature, SWI represents a valuable noninvasive
tool for glioma grading and may be integrated into routine preoperative MRI protocols.
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Introduction

Glial tumors represent one of the most prevalent primary neoplasms of the central nervous system,
accounting for approximately one-third of all intracranial tumors. The World Health Organization (WHO)
classifies gliomas into four grades (I-IV) based on histopathological features, including cellular atypia,
mitotic activity, microvascular proliferation, and necrosis. This grading system is critical for guiding
treatment strategies and estimating prognosis. However, it requires tissue sampling via biopsy or resection
procedures that may be contraindicated or infeasible in certain clinical settings [1-3].

MRI remains the cornerstone of brain tumor evaluation, given its superior soft-tissue contrast and
anatomical resolution. Nevertheless, conventional sequences, such as contrast-enhanced T1-weighted or
T2-weighted imaging, are limited in their ability to reflect tumor microvascularity or biological behavior
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accurately. To overcome these limitations, advanced MRI techniques such as susceptibility-weighted
imaging (SWI) have been increasingly applied in neuro-oncology [4,5]. SWT is a high-resolution, gradient-
echo MRI technique that combines magnitude and phase data to enhance susceptibility effects from
paramagnetic substances such as deoxyhemoglobin, ferritin, and hemosiderin. Compared to conventional
T2-weighted imaging, SWI provides improved visualization of venous anatomy, microhemorrhages, and
vascular proliferation. One of the most relevant features observed on SWI in gliomas is the intratumoral
susceptibility signal (ITSS), which manifests as linear or punctate hypointense foci [6-8].

ITSS is believed to reflect intratumoral microvascular proliferation and microscopic hemorrhage, each of
which is a hallmark feature of tumor aggressiveness. Several studies have shown that ITSS is more
frequently observed in high-grade gliomas, whereas it is typically absent or minimal in low-grade lesions.
For instance, Park et al. have reported a significant correlation between ITSS burden and glioma histological
grade. Similarly, Qin et al. have demonstrated that semi-quantitative SWI grading aligned closely with
tumor vascular density [9-11].

Given that preoperative tumor grading influences surgical planning, radiotherapy decisions, and patient
counseling, imaging modalities capable of estimating tumor grade noninvasively are of substantial clinical
value, particularly when biopsy is delayed or contraindicated. In this context, SWI offers a promising tool for
early glioma stratification and clinical decision support [5,9,12]. This study aimed to assess the diagnostic
performance of SWI-derived ITSS in predicting glioma grade based on the 2021 WHO classification [1].

Materials And Methods

This retrospective observational study included 44 adult patients who were evaluated between 2015 and
2020 at the radiology and neurosurgery departments of a tertiary university hospital. Ethical approval was
obtained from the institutional review board, and the study was conducted in accordance with the
Declaration of Helsinki.

The inclusion criteria were as follows: histopathologically confirmed diagnosis of a glial tumor, availability
of a preoperative MRI study with an SWI sequence of sufficient quality, and complete access to clinical data,
including age and sex. Exclusion criteria included poor image quality, lack of SWI sequence, absence of
histopathological confirmation, secondary malignancies, and diagnoses made without tissue sampling (e.g.,
radiological or clinical only). In addition, non-glial intra-axial lesions such as central nervous system
lymphomas, brain metastases, or infectious/inflammatory masses were excluded to ensure pathological
homogeneity and to prevent potential bias in SWI signal interpretation.

Imaging protocol

All MRI examinations were performed using a 1.5 Tesla Siemens Avanto system (Siemens Healthineers,
Erlangen, Germany). The imaging protocol included axial T1-weighted, T2-weighted, fluid-attenuated
inversion recovery (FLAIR), post-contrast T1-weighted, and SWI sequences. The acquisition parameters for
the SWI sequence were as follows: TE = 40 ms, TR = 50 ms, flip angle = 15°, field of view = 240 mm, matrix
size = 256 x 256, slice thickness = 2 mm, and 20 slices in total. All imaging data were evaluated in DICOM
format via the institutional PACS (Picture Archiving and Communication System). Artifacts were excluded
from analysis. Brainstem and cerebellar tumors were not included in the study.

Radiological evaluation

All SWI sequences were independently reviewed by a neuroradiologist with over 10 years of experience, who
was blinded to the clinical and histopathological data. Evaluations focused on the slice showing the highest
density of ITSS. ITSS was defined as hypointense, linear, or dot-like foci within the tumor.

A visual scoring system was applied as follows: Grade 0: No ITSS; Grade 1: 1-5 ITSS foci; Grade 2: 6-10 ITSS
foci; and Grade 3: >10 ITSS foci

Grading was conducted separately for the entire tumor and the tumor center. For central evaluation, a
circular region of interest (ROI) was placed at the geometric center of the tumor, with a radius equal to half
the maximum tumor diameter. Only ITSS within this ROI were considered. This dual-assessment approach
was adapted from previously published protocols.

Peritumoral edema, cystic degeneration, and necrosis were documented but excluded from statistical
analysis, as the primary objective was to evaluate the correlation between ITSS and histological tumor
grade.

Histopathological evaluation

Histopathological diagnoses were performed by experienced neuropathologists using tissue samples
obtained through surgical resection or stereotactic biopsy. Tumors were classified according to the 2021
WHO classification system as low-grade (Grade I-II) or high-grade (Grade III-1V) [1]. While histological
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subtypes (e.g., diffuse astrocytoma, glioblastoma, oligodendroglioma) were noted, the analysis focused
solely on tumor grade. Molecular data such as IDH mutation status and MGMT promoter methylation were
excluded due to limited availability. In cases where multiple specimens were obtained from a single patient,
the highest histological grade was used for statistical analysis.

Statistical analysis

All statistical analyses were conducted using SPSS Statistics version 24.0 (IBM Corp., Armonk, NY).
Descriptive statistics included means, standard deviations (SDs), medians, and interquartile ranges (IQRs).
The Spearman rank correlation coefficient was used to assess associations between SWI grades and
histological tumor grades. Mann-Whitney U and Kruskal-Wallis tests were used for group comparisons. A p-
value less than 0.05 was considered statistically significant. Median SWI grades for both the tumor center
and the whole tumor were calculated separately for ITSS-positive and ITSS-negative patient groups, and
group-wise comparisons were performed using the Mann-Whitney U test.

Results

A total of 44 patients were included in the study, with an equal gender distribution: 22 females (50%) and 22
males (50%). The mean age of the cohort was 41.18 + 18.53 years (range: 5-78 years). When stratified by sex,
the mean age was 36.90 + 16.27 years for males and 45.45 # 20.01 years for females. However, the difference
in mean age between sexes was not statistically significant (p>0.05). According to the 2021 WHO
classification of central nervous system tumors, 16 patients (36.4%) were diagnosed with Grade IV gliomas,
14 (31.8%) with Grade II gliomas, and seven (15.9%) each with Grade I and Grade III gliomas (Table ).

WHO grade Histopathological subtype Number of cases (n)

Low-grade gliomas (Grade I-Il) Diffuse astrocytoma 4
Pilocytic astrocytoma 3
Oligodendroglioma 8
Ganglioglioma 2
Pleomorphic xanthoastrocytoma 2
Subependymal giant cell astrocytoma (SEGA) 2
Subtotal 21

High-grade gliomas (Grade IlI-1V) Anaplastic astrocytoma 4
Anaplastic oligodendroglioma 3
Glioblastoma (GBM) 16
Subtotal 23
Total 44

TABLE 1: Histopathological subtypes of glial tumors in the study cohort

WHO: World Health Organization

Although four SWI grades (0 to 3) were predefined in the evaluation system, no patient in the study
population was assigned to SWI Grade 2 (6-10 blooming foci). Thus, only SWI Grades 0, 1, and 3 were
observed in this cohort.

ITSS, defined as SWI Grade >1, was observed in 34 patients (77.3%). Among ITSS-positive patients, 23

(67.6%) had high-grade gliomas (Grades III-IV), while 11 (32.3%) had low-grade gliomas (Grades I-II).
Conversely, all of the ITSS negative patients (SWI Grade 0) had low-grade gliomas (Table 2).
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SWI grade Definition Grade | Grade Il Grade lll Grade IV Total
0 No ITSS — no blooming artifacts 3 7 0 0 10

1 1-5 dot/linear blooming foci (minimal) 4 7 2 1 14

2 6-10 dot/linear blooming foci (moderate) 0 0 0 0 0

3 >10 dot/linear blooming foci (dense) 0 0 5 15 20
Total 7 14 7 16 44

TABLE 2: Distribution of histopathological WHO glioma grades according to SWI grades
SWI Grade 0: Absence of intratumoral susceptibility signals (ITSS); no visible blooming artifacts on SWI. SWI Grade 1: Minimal ITSS (1-5 dot-like or linear

blooming foci). SWI Grade 2: Moderate ITSS (6-10 blooming foci). SWI Grade 3: Marked ITSS (>10 blooming foci). WHO grades were determined
according to the 2021 WHO classification of CNS tumors (Louis et al.)

CNS: central nervous system; ITSS: intratumoral susceptibility signals; SWI: susceptibility-weighted imaging; WHO: World Health Organization

The mean age of ITSS-positive patients was significantly higher than that of ITSS-negative patients (49.47 +
15.49 vs. 32.09 £ 17.56 years; p = 0.001). Similarly, patients with high-grade gliomas had a significantly
higher mean age compared to those with low-grade tumors (47.17 = 18.14 vs. 34.61 + 16.70 years; p = 0.023).

There was a statistically significant positive correlation between SWI grades and WHO tumor grades. In the
whole-tumor evaluation, Spearman’s rank correlation coefficient was r = 0.479 (p = 0.001), and in the tumor
center evaluation, it was as follows: r = 0.461 (p = 0.002). These findings indicate that higher SWI grades are
strongly associated with higher histopathological tumor grades. The Kruskal-Wallis test also revealed
significant differences in SWI grades across the four WHO tumor grades for both whole-tumor and tumor
center assessments (Table 3), further supporting the association between SWI findings and tumor

aggressiveness.
Comparison H statistic P-value
SWI grade (tumor center) vs. WHO grade H=17.127 0.001
SWI grade (whole tumor) vs. WHO grade H=19.035 0.001

TABLE 3: Kruskal-Wallis test results comparing SWI grades across WHO tumor grades

Statistically significant differences were observed in both tumor center and whole tumor evaluations

SWI: susceptibility-weighted imaging; WHO: World Health Organization

Patients with ITSS positivity (n = 34) were significantly older and had higher SWI grades compared to ITSS-
negative patients (n = 10) (p=0.001 for all comparisons). Median SWI grades were higher in both the tumor
center and the whole tumor in the ITSS-positive group (Table 4).

2025 Genc et al. Cureus 17(8): e89757. DOI 10.7759/cureus.89757 40f7


javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Variable ITSS-positive (n = 34) ITSS-negative (n = 10) U statistic P-value
Age, years, mean + SD 56.3£9.1 43.6+10.4 114.5 0.001
SWI grade - tumor center, median) 2 1 138.5 0.001
SWI grade — whole tumor, median 2 1 122 0.001

TABLE 4: Mann-Whitney U test results comparing age and SWI grades between ITSS-positive and

negative patients

Median SWI grades were calculated separately for the tumor center and the whole tumor, allowing for side-by-side comparison of susceptibility patterns

between groups

ITSS: intratumoral susceptibility signals; SWI: susceptibility-weighted imaging; SD: standard deviation

To evaluate the diagnostic accuracy of SWI in distinguishing high-grade from low-grade gliomas,
performance metrics were calculated. In the whole-tumor assessment, SWI demonstrated a sensitivity of
74%, specificity of 71%, positive predictive value (PPV) of 74%, and negative predictive value (NPV) of 71%.
In the tumor center assessment, sensitivity was 65%, specificity 76%, PPV 75%, and NPV 66%. These
findings endorse the potential clinical utility of SWI as a noninvasive imaging marker in glioma grading.

Discussion

This study evaluated the diagnostic utility of SWI-derived ITSS in predicting glioma grade, based on the
2021 WHO classification [1]. The findings confirm that higher SWI grades are significantly associated with
high-grade gliomas. This is consistent with previous studies indicating that ITSS reflects key pathological
features of tumor aggressiveness, including microvascular proliferation, microhemorrhages, and
calcifications, each recognized as a hallmark of high-grade gliomas [9-11].

A strong positive correlation was observed between SWI grades and WHO tumor grades (r = 0.479, p = 0.001
for the whole tumor; r = 0.461, p = 0.002 for the tumor center), with SWI Grade 3 being particularly predictive
of high-grade gliomas. These results corroborate earlier findings suggesting that SWI serves as a valuable
noninvasive tool for preoperative tumor characterization [13,14]. In this cohort, 67.6% of ITSS-positive
patients had high-grade gliomas, whereas all of the ITSS-negative patients had low-grade tumors. Thus, the
presence and degree of ITSS can serve as a reliable imaging surrogate for tumor biological behavior [15-17].
Age-stratified analysis further revealed that both ITSS positivity and high-grade gliomas were significantly
more frequent in older patients. This may reflect age-related vascular fragility and neovascularization,

which are known to enhance susceptibility effects on SWI[18].

The diagnostic performance of SWI in distinguishing low- from high-grade gliomas-74% sensitivity and 71%
specificity in the whole-tumor assessment, is comparable to previously published results from SWI-based
and radiomics-supported analyses [19-21]. In addition, advancements in radiomics and artificial intelligence
(AI) have opened new avenues for SWI interpretation. Deep learning models have shown superiority over
conventional visual scoring systems by reducing interobserver variability and enabling automated,
reproducible quantification of ITSS [22,23]. For instance, Liu et al. demonstrated that AI models trained on
balanced datasets achieved high accuracy in glioma grading, even in low-sample-size scenarios [21].
Similarly, SWI-derived radiomic features have proven valuable in differentiating glioma subtypes and
predicting IDH mutation status when combined with deep learning algorithms [24].

Despite these promising results, the study has certain limitations. The sample size was relatively small (n =
44), and the retrospective, single-center design may limit generalizability. Another limitation is that our
cohort lacks tumors classified as SWI Grade 2. Additionally, molecular diagnostic parameters-such as IDH
mutation, MGMT promoter methylation, and 1p/19q codeletion-were unavailable for most patients,
precluding integration with molecular glioma classification frameworks. Future research should aim to
validate these findings in larger, multicenter cohorts and explore combined imaging-genomic models for
more precise glioma stratification.

To sum up, SWI grading based on the presence and intensity of ITSS is significantly correlated with
histological glioma grade and patient age. SWI is a promising, noninvasive imaging biomarker with
reproducible diagnostic performance and strong potential for integration into standard preoperative MRI
protocols. With the aid of AI and radiomics, SWI may emerge as a cornerstone modality in future glioma
diagnosis, grading, and prognostication.

Conclusions
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SWI offers a noninvasive, contrast-free modality for evaluating ITSS, which are significantly correlated with
glioma histological grade and patient age. This study demonstrated that higher SWI grades are strongly
associated with high-grade gliomas, endorsing the utility of ITSS as a reliable surrogate marker of tumor
aggressiveness. Given its diagnostic accuracy, reproducibility, and compatibility with routine preoperative
MRI workflows, SWI represents a valuable adjunct in the imaging-based grading of gliomas. Future
prospective studies with larger sample sizes and integrated molecular profiling are warranted to validate
these findings and further elucidate the role of SWI in the comprehensive assessment of glioma biology.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Ozgur Genc, Omer N. Tabakci, Ender Uysal, Saime A.
Sahin, Canan T. Tanik

Critical review of the manuscript for important intellectual content: Ozgur Genc, Omer N. Tabakci,
Ender Uysal, Saime A. Sahin, Canan T. Tanik

Concept and design: Omer N. Tabakci, Ender Uysal
Drafting of the manuscript: Omer N. Tabakci

Supervision: Ender Uysal

Disclosures

Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Sisli Hamidiye Etfal Training and Research Hospital Ethics Committee issued
approval N/A. This study was conducted in full compliance with the Declaration of Helsinki and all relevant
privacy regulations. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Louis DN, Perry A, Wesseling P, et al.: The 2021 WHO classification of tumors of the central nervous system:
a summary. Neuro Oncol. 2021, 23:1231-51. 10.1093/neuonc/noab106

2. Louis DN, von Deimling A: Grading of diffuse astrocytic gliomas: Broders, Kernohan, Ziilch, the WHO... and
Shakespeare. Acta Neuropathol. 2017, 134:517-20. 10.1007/s00401-017-1765-z

3. Capper D, Stichel D, Sahm F, et al.: Practical implementation of DNA methylation and copy-number-based
CNS tumor diagnostics: the Heidelberg experience. Acta Neuropathol. 2018, 136:181-210. 10.1007/s00401-
018-1879-y

4. Gupta K, Devi BV, Lakshmi AY, Ramesh Chandra VV, Chowhan AK: Role of susceptibility-weighted imaging
in characterisation of solitary intra-axial-enhancing lesions of brain. J Clin Sci Res. 2019, 8:126-31.
10.4103/JCSR.JCSR 64 19

5. Kim HS, Jahng GH, Ryu CW, Kim SY: Added value and diagnostic performance of intratumoral susceptibility
signals in the differential diagnosis of solitary enhancing brain lesions: preliminary study. AJNR Am J
Neuroradiol. 2009, 30:1574-9. 10.5174/ajnr.A1635

6.  Mohammed W, Xunning H, Haibin S, Jingzhi M: Clinical applications of susceptibility-weighted imaging in
detecting and grading intracranial gliomas: a review. Cancer Imaging. 2013, 13:186-95. 10.1102/1470-
7330.2013.0020

7. Cataldi S, Feraco P, Marrale M, et al.: Intra-tumoral susceptibility signals in brain gliomas: where do we
stand?. Front Radiol. 2025, 5:1546069. 10.3389/fradi.2025.1546069

8. Chuang TC, Chen YL, Shui WP, Chung HW, Hsu SS, Lai PH: Intra-tumoral susceptibility signal: a post-
processing technique for objective grading of astrocytoma with susceptibility-weighted imaging. Quant
Imaging Med Surg. 2022, 12:558-67. 10.21037/qims-21-58

9. Park MJ, Kim HS, Jahng GH, Ryu CW, Park SM, Kim SY: Semiquantitative assessment of intratumoral
susceptibility signals using non-contrast-enhanced high-field high-resolution susceptibility-weighted
imaging in patients with gliomas: comparison with MR perfusion imaging. AINR Am | Neuroradiol. 2009,
30:1402-8. 10.3174/ajnr.A1593

10.  Pinker K, Noebauer-Huhmann IM, Stavrou I, et al.: High-resolution contrast-enhanced, susceptibility-

weighted MR imaging at 3T in patients with brain tumors: correlation with positron-emission tomography
and histopathologic findings. AINR Am | Neuroradiol. 2007, 28:1280-6. 10.3174/ajnr.A0540

2025 Genc et al. Cureus 17(8): €89757. DOI 10.7759/cureus.89757 60f7


https://dx.doi.org/10.1093/neuonc/noab106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/neuonc/noab106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00401-017-1765-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00401-017-1765-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00401-018-1879-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00401-018-1879-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/JCSR.JCSR_64_19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/JCSR.JCSR_64_19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A1635?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A1635?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1102/1470-7330.2013.0020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1102/1470-7330.2013.0020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fradi.2025.1546069?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fradi.2025.1546069?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/qims-21-58?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/qims-21-58?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A1593?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A1593?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A0540?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A0540?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

Barth M, Nobauer-Huhmann IM, Reichenbach JR, Mlynarik V, Schoggl A, Matula C, Trattnig S: High-
resolution three-dimensional contrast-enhanced blood oxygenation level-dependent magnetic resonance
venography of brain tumors at 3 Tesla: first clinical experience and comparison with 1.5 Tesla. Invest

Radiol. 2003, 38:409-14. 10.1097/01.RL1.0000069790.89435.e7

Li X, Zhu Y, Kang H, Zhang Y, Liang H, Wang S, Zhang W: Glioma grading by microvascular permeability
parameters derived from dynamic contrast-enhanced MRI and intratumoral susceptibility signal on
susceptibility weighted imaging. Cancer Imaging. 2015, 15:4. 10.1186/s40644-015-0039-z

Campos LG, de Oliveira FH, Antunes ACM, Duarte JA: Evaluation of glial tumors: correlation between
magnetic resonance imaging and histopathological analysis. Radiol Bras. 2024, 57:e20240025. 10.1590/0100-
3984.2024.0025

WuY, Den Z, Lin Y: Accuracy of susceptibility-weighted imaging and dynamic susceptibility contrast
magnetic resonance imaging for differentiating high-grade glioma from primary central nervous system
lymphomas. World Neurosurg. 2018, 112:e617-23. 10.1016/j.wneu.2018.01.098

Haller S, Haacke EM, Thurnher MM, Barkhof F: Susceptibility-weighted imaging: technical essentials and
clinical neurologic applications. Radiology. 2021, 299:3-26. 10.1148/radiol.2021203071

Gaudino S, Marziali G, Pezzullo G, et al.: Role of susceptibility-weighted imaging and intratumoral
susceptibility signals in grading and differentiating pediatric brain tumors at 1.5 T: a preliminary study.
Neuroradiology. 2020, 62:705-13. 10.1007/s00234-020-02386-z

Tanji M, Mineharu Y, Sakata A, et al.: High intratumoral susceptibility signal grade on susceptibility-
weighted imaging: a risk factor for hemorrhage after stereotactic biopsy. ] Neurosurg. 2023, 138:120-7.
10.3171/2022.4.JNS212505

Schaff LR, Mellinghoff IK: Glioblastoma and other primary brain malignancies in adults: a review . JAMA.
2023, 329:574-87. 10.1001/jama.2023.0023

Qin JB, Liu Z, Zhang H, et al.: Grading of gliomas by using radiomic features on multiple magnetic resonance
imaging (MRI) sequences. Med Sci Monit. 2017, 23:2168-78. 10.12659/msm.901270

Ding ], Zhao R, Qiu Q, Chen ], Duan ], Cao X, Yin Y: Developing and validating a deep learning and radiomic
model for glioma grading using multiplanar reconstructed magnetic resonance contrast-enhanced T1-
weighted imaging: a robust, multi-institutional study. Quant Imaging Med Surg. 2022, 12:1517-28.
10.21037/qims-21-722

Sanchez-Marqués R, Garcia V, Sdnchez JS: A data-centric machine learning approach to improve prediction
of glioma grades using low-imbalance TCGA data. Sci Rep. 2024, 14:17195. 10.1038/s41598-024-68291-0
Tabassum M, Suman AA, Suero Molina E, Pan E, Di leva A, Liu S: Radiomics and machine learning in brain
tumors and their habitat: a systematic review. Cancers (Basel). 2023, 15:14-6. 10.3390/cancers15153845

Fan H, Luo Y, Gu F, et al.: Artificial intelligence-based MRI radiomics and radiogenomics in glioma . Cancer
Imaging. 2024, 24:36. 10.1186/s40644-024-00682-y

Lasocki A, Anjari M, Ors Kokurcan S, Thust SC: Conventional MRI features of adult diffuse glioma molecular
subtypes: a systematic review. Neuroradiology. 2021, 63:353-62. 10.1007/500234-020-02532-7

2025 Genc et al. Cureus 17(8): €89757. DOI 10.7759/cureus.89757

7of7


https://dx.doi.org/10.1097/01.RLI.0000069790.89435.e7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.RLI.0000069790.89435.e7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40644-015-0039-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40644-015-0039-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/0100-3984.2024.0025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/0100-3984.2024.0025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2018.01.098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2018.01.098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2021203071?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2021203071?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-020-02386-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-020-02386-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2022.4.JNS212505?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2022.4.JNS212505?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2023.0023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2023.0023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/msm.901270?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.12659/msm.901270?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/qims-21-722?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21037/qims-21-722?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-024-68291-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-024-68291-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cancers15153845?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/cancers15153845?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40644-024-00682-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s40644-024-00682-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-020-02532-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-020-02532-7?utm_medium=email&utm_source=transaction

	The Diagnostic Value of Susceptibility-Weighted Imaging in Preoperative Grading of Glial Tumors
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Imaging protocol
	Radiological evaluation
	Histopathological evaluation
	Statistical analysis

	Results
	TABLE 1: Histopathological subtypes of glial tumors in the study cohort
	TABLE 2: Distribution of histopathological WHO glioma grades according to SWI grades
	TABLE 3: Kruskal-Wallis test results comparing SWI grades across WHO tumor grades
	TABLE 4: Mann–Whitney U test results comparing age and SWI grades between ITSS-positive and negative patients

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


