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Abstract

Purpose
To analyze the CT and MRI features of patients with intra-parenchymal schwannoma.

Methods
The comprehensive CT and MRI features of 22 cases with intra‑parenchymal schwannoma were analyzed retrospectively.

Results
There were thirteen men and nine women (median age, 40 years) in this study. The median tumor size was 4.0 cm. Most of the masses located
supratentorial. All tumors were well-circumscribed, cystic and solid in 17 cases, solid in four cases and cystic in one case. Hemorrhage in the mass could be
observed in two cases, nodular calcification was observed in four cases, and peritumoral edema could be observed in the majority of the cases (n = 15).
Most of these lesions (n = 13/16) presented low density on CT plain scan, iso-hypointensity on T1WI and iso-hyperintensity on T2WI. The solid part of the
lesion shows unrestricted diffusion in most of the cases. After contrast administration, all masses illustrated heterogeneously moderate to marked
enhancement and high perfusion with an elevated ratio of maximum relative cerebral blood volume with a value of 10.5. Six cases underwent MRS
examination, choline (Cho) peak was slightly elevated, while N-acetyl aspartate (NAA) peak was not shown or significantly decreased. The Cho/NAA ratio
ranged from 0.5 to 2.1.

Conclusion
A well‑defined solid and cystic mass with obvious edema, significant and uneven enhancement, low density on CT, unrestricted diffusion, and high perfusion
in the contrast-enhancing part, which with a very low or absent NAA peak and slightly elevated Cho and MI peak on MRS, should take into consideration of
intra‑parenchymal schwannoma.

Introduction
Schwannoma is a tumor that originates from Schwann cells of nerves, accounting for approximately 5%-8% of intracranial tumors [1]. It mostly occurs
singularly and originates from cranial nerves, with vestibular nerve origin as the most common. It is characterized by space-occupying lesions in the
cerebellopontine angle region, making up about 90% of intracranial schwannomas [2]. Unrelated to cranial nerves, such as intra-parenchymal schwannoma, it
is extremely rare for our routine clinical practice [3]. Since Gibson et al. reported the first case of temporal lobe schwannoma in 1966 [4], more than 100
cases of primary schwannomas in the brain parenchyma have been reported successively around the world [3, 5, 6].

Analyzing previous cases, most of them were reported as individual cases, with a very high misdiagnosis rate as meningioma, glioma or hemangioma [7, 8].
Due to their cystic changes, peritumoral edema and obvious enhancement, they were more likely to be misdiagnosed as malignant tumors, causing great
psychological burden on patients. With the development of medical imaging technology, functional imaging methods, such as diffusion weighted imaging
(DWI), perfusion weighted imaging (PWI), and magnetic resonance spectroscopy (MRS) imaging, can provide more assistance for the diagnosis and
differential diagnosis of diseases [9, 10]. However, it is still unknown about the comprehensive characteristics of DWI, PWI and MRS of intra-parenchymal
schwannoma. Little advancement has been made to further the understanding and management of these tumors. The available literatures consisted of case
reports and small samples that presented variable conventional CT and/or MRI imaging features, lacking comprehensive CT and functional MRI features
distinguishing these unusual lesions.

This article will analyze the schwannomas in the brain parenchyma admitted to the hospital, summarize their clinical and imaging features, especially the
relevant functional imaging features of DWI, PWI and MRS, also provided the review of the literature, in order to improve the accuracy of diagnosis and
increase the understanding of these rare tumors. To our knowledge, this is the first report of relatively large-scale cases of comprehensive CT and functional
MRI including DWI, PWI and MRS findings for intra-parenchymal schwannoma.

Materials and methods

Patients
This retrospective study was approved by the institutional review board of our hospital, with the requirement for informed consent waived. From January
2014 to September 2025, intra-parenchymal schwannoma at our hospital were surgically and pathologically proved based on the clinical trials of 22 patients.
Fourteen patients underwent CT and MRI examination, seven patients had undergone MRI, while the remaining one patient underwent CT. Clinical and
radiologic data were collected for further analysis.

Imaging techniques
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The head CT examination was performed with a 256-detector volume CT system (GE Medical Systems, USA) or dual-source CT (Siemens, Germany). MRIs
were obtained with 3.0T MR system (Singa Architect [GE Medical Systems, USA] or United 790, China), and 8 channel head coil was adopted. The sequences
included sagittal T2-weighted images (T2WI), axial T2- fluid attenuated inversion recovery (FLAIR) sequence, transverse T1/T2-weighted images and axial
DWI sequence with b value of 1000 s/mm². Single Section 3D multivoxel 1H-MRS was acquired using a point resolved spectroscopy sequence with water
suppression by a chemical shift imaging pulse. Contrast-enhanced sagittal, coronal, and transverse T1-weighted enhanced (T1WI) images were obtained
after an intravenous injection of Gadobutrol (Gadovist [Schering, Berlin, Germany]) at a dose of 0.1 mmol/kg and rate of 1.5 ml/second. Dynamic
susceptibility contrast perfusion MRI (DSC-MRI) was obtained with gradient echo-echo planar imaging sequence following an intravenous bolus of
Gadobutrol at a dose of 0.1 mmol/kg and rate of 4 ml/second using a power injector, followed by the same volume of saline flush. The parameters of DSC-
MRI sequence were as follows: plane, axial; repetition time, 1500 ms; echo time, 30 ms; number of excitations, 1; slice thickness, 4 mm; slice increment, 0
mm; flip angle, 90°; field of view, 240 mm; matrix, 128 × 128; dynamic measurements, 60; total acquisition time, 90 seconds.

Imaging data analysis
The images were analyzed by two radiologists with respective 12 and 8 years of experience in the brain imaging. CT or MR characteristics of the imaging
data, including location, shape and size, margin, attenuation, enhancement pattern and DWI characteristics were independently evaluated. The analyses of
the spectral dataset were performed with the Function Tool of GE 3.0 T workstation (ADW4.7). The distribution maps of different metabolites were obtained,
and then distribution maps and MRI images were fused to obtain 1H-MRS curves. The software automatically conducted phase, frequency coding and
baseline correction for the spectrum. The built-in software of MRI scanner automatically conducted the baseline calibration, signal average and metabolite
identification, and measured the peak area of the tumor, N-acetyl aspartate (NAA), choline (Cho), myoinositol (MI) and creatine (Cr), and calculated the ratio
of Cho/NAA. Each spectrum was evaluated for the peak area of NAA at 2.02 ppm, Cho at 3.22 ppm, mI at 3.0 ppm and Cr at 3.03 ppm. DSC-MRI analysis was
automatically computed using the model of arterial input function (AIF). The corresponding attenuation time curves that demonstrated a rapid increase in
attenuation with sharp peaks were used for analysis. Relative cerebral blood volume (rCBV) maps were generated with the use of voxel‐wise division of the
area under the concentration‐time curve by the area under the AIF. Regions of interest were placed on the solid components of tumors with reference to axial
postcontrast T1WI. Voxel placements for spectroscopy and all data analyses were carried out by a trained radiologist who was blind to each subject
diagnosis. Any discrepancy was resolved by consensus.

Results

Clinical information
The study group was formed by 13 men and 9 women with a median age of 40 years (range, 12–67 years). Clinical symptoms included headache (6 cases),
dizziness (2 cases), headache and dizziness (1 case), headache accompanied by others (2 cases: fluency disorder, change of character), dizziness
accompanied by others (4 cases: diminution of vision, visual rotation, intermittent convulsions, facial paralysis), epilepsy (2 cases), photis (1 case), blurred
vision (1 case), hypomnesis (1 case), dizziness and vomiting (1 case), accidental findings (1 case).

Imaging findings
In our study, 14 patients underwent CT and MRI examination, six patients had undergone MRI, the remaining two patients underwent CT. The median tumor
size was 4.0 cm (range, 1.1–6.5 cm). The masses were respectively, round in five cases (22.7%), lobulated in seven cases (31.8%) and oval in ten case
(45.5%). All tumors were well-circumscribed, cystic and solid in 17 cases (77.3%), solid in four cases (18.2%) and cystic in one case (4.5%). Nodular
calcification was observed in four cases (18.2%) (Fig. 1), hemorrhage in the mass could be observed in two cases (9.1%) (Fig. 2), and peritumoral edema (n = 
15, 68.2%) or cystic alterations could be observed in the majority of the cases (Fig. 1–2). Most of these lesions (n = 13/16) presented low density on CT plain
scan, iso-hypointensity on T1-weighted images and iso-hyperintensity on T2-weighted images. In addition, fluid-fluid level was observed in three cases
(Fig. 2). The solid part of the lesion shows unrestricted diffusion on DWI in most of the cases (Fig. 1–3). After contrast agents’ injection, all masses
illustrated heterogeneously moderate to marked enhancement (Fig. 1–3) and high perfusion (Fig. 3) on DSC-MRI showing a rCBV of 10.5 with a curve of
leakage. Six cases underwent MRS examination, Cho and MI peak was slightly elevated, while NAA peak was not shown or significantly decreased. The
Cho/NAA ratio ranged from 0.5 to 2.14 (Fig. 3). For a detailed summary of the clinical and CT/MR imaging features of 22 patients with intra-parenchymal
schwannoma, please refer to Table 1.
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Table 1
CT and MRI Imaging Features of 22 cases with intra-parenchymal schwannoma

Case site gender age
(years)

modality texture cal hem density T1WI T2WI DWI MRS edema enhancement

1 R temporal
lobe

F 26 CT + MR cystic
and
solid

- + hypo iso-
hypo

hyper hypo / + +

2 R temporal
lobe

M 58 MR cystic
and
solid

- - / / / hypo / + +

3 L temporal
lobe

F 44 MR cystic
and
solid

- - / iso-
hypo

hyper hypo NAA↓,
Cho↑,
Cho/NAA
2.06

+ +

4 L temporal
lobe

F 56 MR cystic
and
solid

- - / / hyper hypo / + +

5 L temporal
lobe

M 56 MR cystic
and
solid

- - / iso-
hypo

hyper / Cho/NAA
0.6

- +

6 R frontal
lobe

M 60 CT + MR cystic
and
solid

- - hypo / / / / + +

7 R temporal
lobe

M 57 CT cystic
and
solid

+ - iso-
hyper

/ / / / + +

8 R frontal
lobe

F 33 CT + MR solid - - hypo / hyper / NAA↓,
Cho↑,
MI↑,
Cho/NAA
1.03

- +

9 L frontal
lobe

F 44 CT + MR cystic
and
solid

- - hypo iso-
hypo

hyper hypo / + +

10 L frontal
lobe

F 45 CT + MR solid - + iso-
hyper

iso-
hypo

hyper iso /   +

11 R frontal
lobe

M 16 CT + MR cystic
and
solid

+ - iso-
hypo

iso-
hypo

hyper hypo NAA↓,
Cho↑,
MI↑,
Cho/NAA
1.55

+ +

12 L temporal
lobe

M 47 MR cystic
and
solid

- - / / hyper / NAA↓,
Cho↑,
Cho/NAA
2.14

+ +

13 R frontal
lobe

M 31 CT + MR cystic
and
solid

- - hypo / hyper / / + +

14 R temporal
lobe

M 12 CT cystic
and
solid

+ - hypo / / / / + +

15 L frontal
lobe

M 16 CT + MR cystic
and
solid

- - hypo iso-
hypo

hyper / NAA↓,
Cho↑,
NAA/
Cho + 
Cr↓

+ +

16 R parietal
lobe

M 30 MR cystic
and
solid

- - / hypo hyper / / - +

17 R temporal
lobe

M 67 CT + MR cystic
and
solid

- - hypo iso-
hypo

hyper / / - +

18 R frontal
lobe

F 40 CT + MR solid - - hypo iso-
hypo

hyper hypo / + +

R: right; L: left; M: male; F: female; cal: calcification; hem: hemorrhage; iso: isodensity/isointensity; hypo: hypodensity/hypointensity; hyper:
hyperdensity/hyperintensity; ‘-’ denotes negative; ‘+’ denotes positive; ‘/’ denotes not available. CT: computed tomography; MRI: magnetic resonance
imaging; NAA: N-acetyl aspartate; Cho: choline; Cr: creatine.
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Case site gender age
(years)

modality texture cal hem density T1WI T2WI DWI MRS edema enhancement

19 R temporal
lobe

F 53 CT + MR cystic
and
solid

- - hypo hypo hyper hypo / - +

20 L temporal
lobe

F 35 CT + MR cystic + - hypo hypo hyper hypo / - +

21 R parietal
lobe

M 15 CT + MR solid - - iso-
hyper

/ hyper / / + +

22 R
cerebellar
hemisphere

M 55 CT + MR cystic
and
solid

- - hypo hypo hyper hypo / + +

R: right; L: left; M: male; F: female; cal: calcification; hem: hemorrhage; iso: isodensity/isointensity; hypo: hypodensity/hypointensity; hyper:
hyperdensity/hyperintensity; ‘-’ denotes negative; ‘+’ denotes positive; ‘/’ denotes not available. CT: computed tomography; MRI: magnetic resonance
imaging; NAA: N-acetyl aspartate; Cho: choline; Cr: creatine.

Surgical and pathological findings
At surgery, all tumors were intra-parenchymal, among which 11 cases were located in the temporal lobe, 8 cases in the frontal lobe, 2 cases in the parietal
lobe, and only 1 lesion was located in the subtentorial cerebellar hemisphere. As high as 86.4% (19/22) lesions located on the surface of the brain
parenchyma or around the ventricles. The masses were rounded or lobulated, firm, well-defined, with a tan-yellow to greyish-white appearance. All tumors,
especially the larger mass, were heterogeneous in texture, with cystic degeneration, calcification and hemorrhage. Microscopically, pathological examination
with hematoxylin and eosin staining, cellular areas of spindle-shaped cells and nuclear palisading were present in all cases. This appearance was defined as
Antoni A. All tumors had Antoni B areas, which are characterized by the loose texture and polymorphism of tumor cells embedded in a fine honeycomb
eosinophilic matrix (Fig. 4). Moreover, the tumors indicated intense immunostaining for S100 and Vimentin and a relatively low Ki67 index (approximately 1–
8%), implying that the tumors were neurogenic and the proliferation activity was relatively low.

Discussion
In this study, we studied the imaging characteristics of intra‑parenchymal schwannoma which were unrelated to the cranial nerves nerve in 22 cases. They
usually manifested as a well‑defined solid and cystic mass with obvious edema, significant and uneven enhancement, low density on CT, hypointensity on
DWI, and high perfusion in the contrast-enhancing part, which with a very low or absent NAA peak and slightly elevated Cho and MI peak on MRS. Although
there have been some reports on this case in the past, this group of cases can bring more comprehensive imaging features of the disease.

Schwannomas in the brain parenchyma refer to schwannomas that occur within the brain tissue and are not related to cranial nerves. They originate from
Schwann cells and account for less than 1% of the central nervous system schwannomas treated surgically [5]. This group of cases accounts for 0.63% of
the intracranial schwannomas of the same stage in our hospital, which is extremely rare. Search findings from databases such as Pubmed, Web of Science,
Chinese National Knowledge Infrastructure, Wanfang, and SinoMed reported the first case of schwannoma in the brain parenchyma in 1966, there have been
over 100 reports of 148 cases of schwannomas in the brain parenchyma both at home and abroad [2, 4]. As reported in the previous studies, the origin of this
type of tumor remains a subject of academic discussion. Current understanding is merely speculation or hypothesis. Feigin et al. believed that these tumor
cells originated from pluripotent mesenchymal cells[11], while Tsuiki et al. suggested that Schwannomas in the brain were the transformation of
mesenchymal cells into Schwann cells of the ectoderm within the brain parenchyma, or they may originate from neural crest cells [12]. Ishihara et al. believed
that this tumor originated from the nerve plexus around the blood vessels in the brain parenchyma. Some tumors grew along the perivascular space and
formed vasogenic edema, which precisely confirmed this hypothesis [13]. Luo et al. believed that this tumor originated from neural stem cells because they
were mitotic and had a long lifespan, so they can accumulate sufficient mutations to form tumors [14]. None of the above hypotheses can fully explain its
occurrence, development and clinical characteristics. Some scholars even believed that a single theory was not sufficient to explain the occurrence of
schwannoma in the brain, which may be caused by several different etiological mechanisms together [15].

Similar to previous reports, there was no gender difference in the patient population reported in this group, with males accounting for 59.1% and females
40.9% [16]. Previous literatures reported that this tumor mostly occurred in adolescents, with a majority occurring before the age of 30 years old [17].
However, in this group of cases, the median age was 40 years old, the minimum age is 12 years old, and the maximum age is 67 years old. The peak age of
onset was in the 51–60 age groups. Because intracranial schwannomas were mostly benign tumors, they grew relatively slowly and caused less damage to
adjacent brain structures, so symptoms may persist for a long time [18]. As reported in previous studies, epileptic seizures were regarded as the most
common symptom. In this group of cases, headache or dizziness was the initial symptom of most cases, followed by epileptic seizures and changes in
vision. As expected, the neurologic signs were related to the anatomic location of the lesion. In the earlier research reports, the majority of tumors were
located in the temporal and frontal regions, which are more common sites for producing schwannoma-associated seizures [19]. However, the first location in
our cases was the temporal lobe, but the most clinical symptoms were headache and/or dizziness, which might be related to the local occupying effect
causing rising-intracranial-pressure due to the relatively large lesions [20, 21].

Imaging studies showed that this tumor had several major characteristics, including cystic changes, calcification, peritumoral edema, and was located on the
surface of the brain parenchyma or around the ventricles [6, 22]. It was reported that the cystic change rate of this tumor can be as high as 88% [23]. Similar
to the literature reports, the cystic change rate of this group was 82% (18/22), which was much higher than the 20% of acoustic neuroma. It may be related to
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the necrosis and apoptosis of cells in the tumor center and peritumoral edema. The cyst walls of these tumors were smooth, and the cystic areas were
regular. Compared with peripheral schwannomas, there was no significant difference in histological immunohistochemistry of in intra-parenchymal
schwannomas. They were composed of two main microscopic components named Antoni A areas (a highly cellular component) and Antoni B areas (a
myxoid component) [24], which correlated well with imaging findings of cystic and solid tumors. We could also observe peritumoral cystic alterations apart
from the cystic change within the tumor, which may be related to an obstruction of cerebrospinal fluid flow secondary to the peritumoral adhesions [25].

Peritumoral edema was relatively common in intra-parenchymal schwannoma. In the previous reports, at least half of the cases presented with peritumoral
edema, and the imaging manifestation was angioedema [8, 13, 26]. The rate of peritumoral edema in this group of cases was as high as 68% (15/22).
However, edema caused by peripheral schwannomas was rare according to literatures, which can become one of the important imaging features of intra-
parenchymal schwannoma. Although calcification was uncommon in schwannomas, some scholars believed that calcification was an important feature of
intra-parenchymal schwannomas [27, 28]. Although calcification occurred in less than 30% of cases, its incidence was much higher than that of peripheral
schwannomas such as acoustic neuromas. Although only four cases in this group showed calcification, it can still provide clues for a correct diagnosis.
Besides, we also observed some uncommon imaging findings, such as hemorrhage, lobulation and fluid-fluid level in some cases in this study.

Unlike previous studies, we provided the DWI, PWI and MRS characteristics of some cases. DWI has been used for characterization of tumor cellularity and
unique microstructure, and increasingly applied for tumor differentiation and evaluation of treatment effects [29]. Ota et. al assessed the role of DWI to
differentiate schwannomas and metastases in the cerebellopontine angles, with the cutoff values of normalized mean apparent diffusion coefficient (ADC)
ratio 1.68 [30]. In this study, the normalized mean ADC ratio was 1.78, similar to the previous studies, which might contribute to the larger likely to undergo
cystic changes of schwannomas and generally high cellularity of other malignant tumors [31]. But there was no significant difference in ADC in distinguish
meningioma, paraganglioma, and schwannoma in the head and neck [32]. As for the signal, there was no restriction on DWI in almost all cases, similar
findings were described by other scholars in schwannomas related to cranial nerves [33]. The possible reason was that there was no significant difference in
histological immunohistochemistry of intra-parenchymal schwannomas compared with intracerebral and peripheral schwannomas.

DSC-MRI technique can provide physiologic information regarding tumor's vascular permeability and microvasculature, rCBV was the most commonly used
parameter for tumor grading, brain tumor differentiation, and treatment response assessment [29]. Our patient showed high rCBV with a characteristic curve
exhibiting only partial recovery of the signal intensity loss due to immediate and persistent leakage of contrast agent related to the complete absence of the
blood brain barrier. This type of perfusion curve has been widely described in extra-axial lesions as in meningiomas and schwannomas located in the
cerebellopontine angle [34]. The intra-parenchymal schwannomas in our cohort were typically hypervascular, consistent with previous literatures about
peripheral and cranial schwannomas confirmed by dynamic-contrast enhanced MRI (DCE-MRI) and arterial spin labeling [35]. Schouten et. al found higher
mean Ktrans and lower mean ve tumor values were strongly associated with vestibular schwannomas growth by DCE-MRI. Consistent with nerve-originated

schwannomas, intra-parenchymal schwannomas showed time-intensity curve with rapid wash-in followed by continuous slower wash-in without washout
which can be explained by the increased permeability to the extravascular extracellular space caused by the small thin-walled blood vessels [36]. In this
study, although DSC-MRI could not support significant difference between intra-parenchymal schwannomas and other benign and/or malignant tumors,
when conventional imaging was indecisive for differentiation of the other tumors, adding DSC-MRI could be helpful for tumor differentiation.

MRS can provide information related to cell membrane proliferation, neuronal damage, energy metabolism, and necrotic transformation of brain or tumor
tissues. MRS gives information at the molecular level rather than structural and anatomic imaging of tissues and organs by identifying various chemical
metabolites, such as Cho, Cr, MI and NAA. MRS metabolite ratios can differentiate between the non-neoplastic and neoplastic lesions, benign and malignant
brain lesions [37]. However, there was little information about the spectroscopic signatures of intra-parenchymal schwannomas. We found slightly elevated
Cho peak, significantly decreased or absent NAA peak, low Cho/NAA ratio within the intra-parenchymal schwannomas, and elevated MI peak was observed
in one case with long echo-time MRS. Similar findings were observed in vestibular schwannoma [38]. Paredes et. al also found elevated Cho and MI in the
intra-parenchymal schwannomas, but the NAA peak was also elevated, probably due to they adopted single voxel spectroscopy with short echo-time
including normal brain tissue [39]. The absence of the NAA peak suggested the intra-parenchymal schwannomas were unrelated to gliocyte, which can be
used as a potential tool to distinguish between glial and non-glial origin.

Since intra-parenchymal schwannomas have no specific manifestations, although some or all of the above-mentioned characteristics have appeared in
previous cases, and due to the features of cystic change, peritumoral edema, and marked heterogeneous enhancement, almost all of our cases were
misdiagnosed as gliomas or meningiomas before surgery. Most of cases were diagnosed as high-grade gliomas before surgery, which undoubtedly
increased the psychological burden on patients or their families. Fortunately, although the vast majority of reported cases were misdiagnosed as gliomas or
meningiomas, the first-choice treatment for this tumor was surgery. The surgical treatment has achieved good results, with a low incidence of postoperative
complications and a favorable prognosis. In daily work, when encountering other tumors such as ganglioglioma, pilocytic astrocytoma, pleomorphic
xanthoastrocytoma, ependymoma within the brain parenchyma, cystic meningioma and dysembryoplastic neuroepithelial tumor, with hemorrhage and/or
calcification, cystic change, peritumoral edema and obvious heterogeneous enhancement, differential diagnosis with intra-parenchymal schwannoma should
also take into consideration.

However, this study still has some limitations. First, the number of participants in this research was not large enough. Second, this was a retrospective study,
although the research methods in the cases were relatively comprehensive, not all patients underwent the same examinations and advanced MRI techniques,
the observed imaging features may be just a kind of tendency or phenomenon, which should be further supported by the evidence from large-scale case
study. Finally, there was a wide variety of examination machines and imaging techniques. Whether these features were specific to intra-parenchymal
schwannomas or were affected by imaging techniques remains unclear. In the future, more clinical studies with larger sample sizes and multicenter should
be encouraged to evaluate the significance of each advanced MRI technique and the specificity and sensitivity of each radiological parameter.
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Conclusion
In conclusion, intra-parenchymal schwannomas ware rare and difficult to diagnose. They commonly had the following imaging manifestations: The patients
were generally younger in age. They were more common in males and mostly located in the superficial parts of the supratentorial brain or around the
ventricles. A well‑defined solid and cystic mass with obvious edema, significant and uneven enhancement, low density on CT, unrestricted diffusion on DWI,
and high perfusion in the contrast-enhancing part, which with a very low or absent NAA peak and slightly elevated Cho and MI peak on MRS, should take into
consideration of intra‑parenchymal schwannoma. The final diagnosis of this disease should be combined with pathological and immunohistochemical
findings.
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Figure 1

CT and MRI findings of a 16‑year‑old man with intra-parenchymal schwannoma. On CT plain scan, an iso-hypodense mass with nodular calcification (arrow)
was seen in the right frontal lobe, accompanied by obvious perilesional edema (A). A well‑defined cystic-solid mass with peritumoral edema was observed in
the right frontal lobe. The mass showed hypo‑intensity on T1WI and hypo‑/hyper‑intensity on T2-FLAIR (B and C). The solid part of the lesion showed
unrestricted diffusion on DWI (D). Heterogeneous and marked enhancement could be observed on the axial and coronal T1WI (E and F). CT: computed
tomography, MR: magnetic resonance imaging, T1WI: T1-weighted imaging, T2-FLAIR: T2-fluid attenuated inversion recovery, DWI: diffusion weighted
imaging.
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Figure 2

CT and MRI findings of a 26‑year‑old woman with intra-parenchymal schwannoma. A cystic-solid mixed-density mass was seen in the right temporal lobe,
accompanied by high-density hemorrhage (arrow head) within the tumor on unenhanced CT (A). A well‑defined heterogeneous mass was observed in the
right temporal lobe. The mass showed hypo‑intensity on T1WI and hyper‑intensity on T2-FLAIR (B and C). Hemorrhage showed slightly high signal on T1WI
and low signal on T2-FLAIR, and formed a fluid-fluid level with the cystic component within the mass (arrow). The mass displayed low signal on DWI (D). The
cyst wall and solid components showed obvious heterogeneous enhancement on the axial and sagittal T1WI (E and F). CT: computed tomography, MR:
magnetic resonance imaging, T1WI: T1-weighted imaging, T2-FLAIR: T2-fluid attenuated inversion recovery, DWI: diffusion weighted imaging.
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Figure 3

MRI findings of a 44‑year‑old woman with intra-parenchymal schwannoma. A well‑defined cystic-solid heterogeneous mass with septa was observed in the
left temporal lobe showed hyper‑intensity on T2WI (A). There was no restriction on DWI (B). The cyst wall, the septa and the solid components showed
obvious heterogeneous enhancement on the axial T1WI (C). Perfusion study showed the selected voxels demonstrated an elevated ratio of maximum
relative cerebral blood volume with a value of 10.5. The intensity-time curve does not return to baseline due to massive leakage (D-E). Spectroscopy showed
elevated Cho and decreased NAA peak. The Cho/NAA ratio was 2.06 (F). T2WI: T2- weighted imaging, DWI: diffusion weighted imaging, Cho: choline, NAA: N-
acetyl aspartate.
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Pathological microscopy showed that spindled cells arranged in short bundles and interlacing fascicles (Antoni A areas), and the loose, myxoid matrix
formed Antoni B areas. Patchy hemorrhage and cystic degenerations could be observed (A-B, HE×40, HE×200). HE: hematoxylin-eosin.
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