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Abstract

Background and Purpose: Angiocentric gliomas (AGs) are epileptogenic low-grade
gliomas in young patients. We aimed to investigate the MRI findings of AGs and system-
atically review previous publications and three new cases.

Methods: We searched PubMed, Elsevier’s abstract and citation database, and Embase
databases and included 50 patients with pathologically proven AGs with analyzable pre-
operative MRI including 3 patients from our institution and 47 patients from 38 publi-
cations (median age, 13 years [range, 2-83 years]; 35 men). Two board-certified radiol-
ogists reviewed all images. The relationships between seizure/epilepsy history and MRI
findings were statistically analyzed. Moreover, clinical and imaging differences were eval-
uated between supratentorial and brainstem AGs.

Results: Intratumoral T1-weighted high-intensity areas, stalk-like signs, and regional
brain parenchymal atrophy were observed in 23 out of 50 (46.0%), 10 out of 50 (20.0%),
and 14 out of 50 (28.0%) patients, respectively. Intratumoral T1-weighted high-intensity
areas were observed significantly more frequently in patients with stalk-like signs (posi-
tive, 9/10 vs. negative, 14/40, p =.0031) and regional atrophy (13/14 vs. 10/36, p =.0001).
There were significant relationships between the length of seizure/epilepsy history and
presence of intratumoral T1-weighted high-intensity area (median 3 years vs. 0.5 years,
p=.0021), stalk-like sign (13.5 vs. 1 year, p <.0001), and regional atrophy (14 vs. 0.5 years,
p <.0001). Patients with brainstem AGs (n = 7) did not have a seizure/epilepsy history and
were significantly younger than those with supratentorial AGs (median, 5 vs. 13 years,
p <.0001, respectively).

Conclusions: Intratumoral T1-weighted high-intensity areas, stalk-like signs, and regional
brain atrophy were frequent imaging features in AG. We also found that affected age was

different between supratentorial and brainstem AGs.
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INTRODUCTION

Angiocentric gliomas (AGs) are rare tumors of the central nervous sys-
tem (CNS) that tend to occur in the supratentorial superficial regions
of young patients. AGs were first recognized as distinct World Health
Organization (WHO) grade 1 tumors owing to their indolent nature
in the 2007 WHO classification of CNS tumors.! Recently, revised
WHO classification of CNS tumors in 2021 classified AG as one of the
“Pediatric-type diffuse low-grade gliomas.”?

Clinically, patients with AGs often present with pharmacoresis-
tant seizures/epilepsies because AGs tend to be superficially located.
Seizures/epilepsies improve in most cases where complete resec-
tion is performed.® Radiologically, two characteristic features of AGs
have been reported—high intensity on T1-weighted imaging (TAWI)
and stalk-like T2-weighted imaging (T2WI)/fluid-attenuated inverted
recovery (FLAIR) high-intensity lesions extending to the ventricle.
However, the frequency of these MRI findings is unknown, and sev-
eral authors have reported cases without these “pathognomonic”
features.*™8

The purpose of this systematic review was to investigate the fre-
quency of different MRI findings of AGs and to explore the yet uniden-
tified features that may be characteristic. To the best of our knowledge,
this systematic review presents the largest cohort (n = 50) with analyz-

able MR images, including three new cases from our hospital.

METHODS

Study selection

We searched PubMed, Elsevier’s abstract and citation database (SCO-
PUS), and Embase databases using the following search terms on July

6,2021, without any language or date limits:

» (angiocentric glioma) AND ((radiology) OR (neuroradiology) OR
(imaging) OR (magnetic resonance) OR (MRI)) for PubMed;

* ALL ((angiocentric AND glioma) AND ((radiology) OR (neuroradi-
ology) OR (imaging) OR (magnetic AND resonance) OR (MRI))) for
SCOPUS;

+ angiocentric AND glioma AND ((radiology OR neuroradiology OR
imaging) OR (magnetic AND resonance) OR MRI) for Embase.

Publications were considered eligible if they included all of the fol-
lowing criteria:

¢ The tumors were pathologically proven AGs.

* Preoperative TIWI (either pre-contrast or post-contrast enhanced)
and T2WI or FLAIR images were available.

« Each patient’s demographic data were available.

Exclusion criterion was as follows:

* The full text was unavailable.

Non-English references were translated into English using Google
Translate (www.translate.google.com) and reviewed. We also obtained

our institutional review board exemption for the inclusion of three
unpublished cases with pathologically proven AGs with preoperative
MR images from our hospital. Data were acquired in compliance with
all applicable Health Insurance Portability and Accountability Act reg-
ulations.

This study was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement.?

Data analyses

Two board-certified radiologists independently reviewed all studies
and MR images of the eligible exams. When discrepancies arose
between the two reviewers, another board-certified radiologist made

the tiebreaker decisions.

Collected data

The following data were collected:
Demographic

* Patient age at diagnosis
* Sex

Clinical

* Presenting complaint

* Seizure/epilepsy history

* Treatment strategy

* Recurrence after complete resection

* Period between the initial surgery and tumor recurrence
* Survival status

* Follow-up duration
Imaging

» Tumor size, laterality, and region

* Tumor margin status

* Involvement of both cortex and subcortex

* Cystoid component: defined as a nonenhancing component with a
cerebrospinal fluid-like high intensity on T2WI and low intensity on
TIWIL.
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* T2WI, FLAIR, and T1WI signal intensity of noncystoid and cystoid
components: signal intensities were compared with the cortices on
each sequence.

¢ Contrast enhancement pattern

« Diffusion restriction: Mean apparent diffusion coefficient was calcu-
lated in the three cases from our hospital in a single slice while avoid-
ing cystoid component.

* Massive surrounding edema: determined when the area of the
edema was equal to or larger than the tumor size.

» Stalk-like sign: defined as T2WI or FLAIR hyperintensity that tapers
toward the lateral ventricle

* Atrophy of the brain parenchyma near the tumor: We assumed that
atrophy can occur in the brain parenchyma near AGs due to the
epileptogenic nature of the tumor as is the case with low-grade
epilepsy associated tumors by Al-Hajri et al.2®

* MR spectroscopy findings

* Perfusion MRI findings

The description of each study was extracted with respect to the
presence or absence of contrast enhancement on post-enhanced
T1WIL. In cases with high intensity on postcontrast TIWI, where the
authors of each study stated that there was no contrast enhance-
ment, intratumoral pre-enhanced T1WI high intensity was considered
present without analyzable pre-enhanced T1WI images. When the sig-
nal intensity was not as hyperintense as vessels and subcutaneous fat,
the tumors were deemed not to be enhanced on postcontrast TIWI

without pre-enhanced T1WI images.

Risk of bias assessment

We employed a tool to evaluate the methodological quality of case
reports and case series proposed by Murad et al.!! This tool com-
prises eight signaling questions in four domains: selection, ascertain-
ment, causality, and reporting.

Statistical analysis

The frequency of high intensity on TAWI was compared between
the presence and absence of the stalk-like sign and atrophy of the
tumor site using Fisher’s exact tests. Age at diagnosis was com-
pared between patients with supratentorial AGs and brainstem AGs
using the Mann-Whitney U-test. To evaluate the relationship between
seizure history and AG characteristic MRI findings, we performed
Mann-Whitney U-tests, comparing the period since the initiation of
seizure/epilepsy between the presence and absence of intratumoral
T1WI high-intensity area, stalk-like sign, and atrophy of the surround-
ing brain parenchyma of the tumor, respectively. Family wise error-
corrected two-sided p-values <.05 using Bonferroni’s method were
considered statistically significant. All statistical analyses were per-
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formed using R software (version 4.0.0; R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Study selection

A database search using PubMed, SCOPUS, and Embase identified
501 abstracts. We screened these results according to the PRISMA
2020 guideline? and narrowed them down to 78 potentially eligi-
ble studies by removing duplications, irrelevant studies by title and
abstract screening, and studies where full text was unavailable. After
excluding an additional 40 studies based on the exclusion criteria, 38
studies with 47 patients with AGs satisfied the criteria for the system-
atic review.*"812-42 | six studies, cases that did not meet the crite-
ria were excluded.*2130.34.38.39 The study selection process is summa-
rized in the flow diagram in Figure 1. The studies in this systematic
review were conducted between 2007 and 2020. In addition, we
included three unpublished patients with AGs from our hospital

(Table 1), resulting in a final study cohort of 50 patients.

Risk of bias assessment

As we extracted data from case-based studies, where the selection
method was rarely mentioned, selection bias may have been intro-
duced. Tumor size was available in only 21 out of 50 cases (42.0%).
Treatment strategy and outcomes were ascertained in 48 out of 50
(96.0%) and 41 out of 50 (82.0%) patients, respectively. The follow-up
duration of the patients varied from 2 months to 7 years. Because we
evaluated the cases with preoperative MR images, our research can be
replicated by other investigators.

Demographic and clinical data

The demographic and clinical data of 50 patients are summarized in
Table 2. The median age at diagnosis was 13 years (range, 2-83 years).
Patients 10-19 years of age (22/50, 44.0%), followed by those under
10 years (17/50, 35.0%), were mainly affected; however, 11 out of 50
patients (22.0%) were over 20 years old (20-29 years, 6/50 [12.0%];
30-39 years, 1/50 [2.0%]; 40-49 years, 3/50 [6.0%], and an 83-year-
old man). Male patients (35/50, 70.0%) were more frequently affected
than female patients (14/50, 28.0%; the sex of one patient was not
mentioned*©).

The majority of patients (36/50, 72.0%) had a history of seizure or
epilepsy of 1-35 years. None of the patients with brainstem AG had
seizure/epilepsy history, but they presented with facial weakness (case
1),1718 recurrent pneumonia,'’ double vision,' irregular gait,%> and
headache with vomiting.183> Surgery alone (39/48, 81.3%) was the
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[ Identification of studies via databases and registers ]

FIGURE 1

most commonly employed treatment strategy, and the incidence of
tumor recurrence after complete resection was low (2/29, 6.9%).

Neuroimaging data

The neuroimaging findings are summarized in Table 3. AGs were
located in the brainstem in seven patients (7/50, 14.0%; pons, n = 3
[16, 17]; midbrain, n = 2832; pons and medulla, n = 1 [case 1, Figure 2];
pons and cerebellum, n = 135). Most tumors involved both cortical and
subcortical areas (39/50, 78.0%), followed by brainstem (7/50, 14.0%),
subcortical area alone (2/50, 4.0%), diffuse (1/50, 2.0%), and thala-
mus (1/50, 2.0%). Cystoid components were observed in 28 out of 50
patients (56.0%). Contrast enhancement was observed in 11 out of
42 patients (26.8%); notably, brainstem AGs were not enhanced (0/7
patients, 0%). Intratumoral TAWI high-intensity area, stalk-like sign,
and atrophy of the brain parenchyma near the tumor were observed
in 23 out of 50 (46.0%), 10 out of 50 (20.0%), and 14 out of 50 (28.0%)
patients, respectively. Three patients were reported to have adjacent
focal cortical dysplasia (FCD), including 2 patients with intratumoral
T1WI high-intensity areas, stalk-like signs, and atrophy of the sur-
rounding brain parenchyma.?>43 Perfusion MRI was performed in only

one study,'* in which elevated cerebral blood flow and volume were

Records removed before screening:

Duplication (n = 138)

Records excluded (n =279)

Full-text unavailable (n = 6)

Full-text articles excluded (n = 40)
No MRI images of angiocentric
glioma (n = 32)
Either T1-weighted imaging or T2-
weighted imaging/ Fluid-attenuated
inversion recovery images was not

available (n = 8)

c Records identified through
<]
= database searching
£ >
= PubMed, SCOPUS, Embase
(7}
= (n=1501)
—
) ‘
Records screened
(=2}
£ (n=363)
()
o
O
(7]
)
v
Full-text articles
2 assessed for eligibility
% (n=178)
]
—
B Studies included in review
T
3 (n=38)
=

Flow diagram of study identification. SCOPUS is Elsevier’s abstract and citation database. n, number

observed on dynamic susceptibility contrast perfusion MRI. On MR
spectroscopy, decreased levels of N-acetyl aspartate, elevated creatine
and choline, and lactate peaks were observed in 4 out of 4 (100%), 2 out
of 4(50.0%), and 2 out of 4 (50.0%) patients, respectively. The MRI find-
ings of the three patients from our hospital are shown in Figures 2-4.

Statistical analyses

The results are summarized in the Table 4. Intratumoral T1WI high-
intensity areas were observed significantly more frequently in cases
with stalk-like signs (positive, 9/10 vs. negative, 14/40, p = .0031)
and atrophy of the surrounding brain parenchyma of the tumor (pos-
itive, 13/14 vs. 10/36, p = .0001). Age at diagnosis was significantly
lower in patients with brainstem AGs (median, 5 years [range, 2-
7 years]) than in those with supratentorial AGs (median, 13 years
[range, 2-83 years], p <.0001). Significant relationships were observed
between the length of seizure/epilepsy and the presence of intratu-
moral TIWI high-intensity area (median, 3 years [range, <1-35 years]
vs. absent, 0.5 [<1-10], p = .0021), stalk-like sign (13.5 years [<1-
35] vs. 1 year [<1-14], p < .0001), and atrophy of the surround-
ing brain parenchyma of the tumor (14 years [1-35] vs. 0.5 [0-10],
p <.0001).
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TABLE 1 Demographic, clinical, and imaging data of the 3 patients with angiocentric gliomas in our hospital
Demographic & clinical data Patient 1 2 3
Age at diagnosis (years) 2 43 10
Sex Male Male Male
Seizure/epilepsy No Yes Yes
Seizure/epilepsy started 8 10
(years)
Surgery No (biopsy-proven) Yes Yes
Chemotherapy Yes No No
Recurrence, period (from No No
surgery)
Patient status Survive Survive Survive
Follow up duration (month) 39 72 38
Imaging data Size (mm: 38x40x41 8x9x10 24 x28x21
Anteroposterior X trans-
verse X craniocaudal)
Laterality Middle Left Left
Tumor site Pons, Medulla Frontal lobe Occipital lobe
Tumor margin Well Well Well
Involvement of both cortex Yes Yes
and subcortex
Massive surrounding edema No No No
(>tumor size)
Morphology Solid Cystoid Solid
MRI signal intensity T2-weighted image (compared High High High
with cortex)
Fluid-attenuated inversion High High & Low High
recovery image (compared
with cortex)
T1-weighted image (compared Low High & Low Low
with cortex)
Apparent diffusion coefficient 1.6 1.04 1.34
(1073mm?2/s)
Stalk-like sign No Yes Yes
Atrophy of the brain No Yes No
parenchyma near the tumor
site
Contrast enhancement No No Nodular
DISCUSSION (10/50, 20.0%), and atrophy of the surrounding brain parenchyma of

In this systematic review of 50 patients with AGs, we found that AGs
were most frequent in the supratentorial regions (43/50, 86.0%), with
frequent involvement of both cortical and subcortical regions (39/50,
78.0%), and that patients under 20 years of age were the most affected
(39/50, 78.0%). The majority of the patients had a seizure/epilepsy his-
tory (36/50, 72.0%) with a variety of lengths (median, 2 years; range,
<1-35 years). Other than these previously known features, we found
the incidence of the characteristic neuroimaging features, including
intratumoral T1WI high-intensity area (23/50, 46.0%), stalk-like sign

the tumor (14/50, 28.0%). Furthermore, several unidentified clinical
and imaging correlations were found: there were strong relationships
between the length of seizure/epilepsy history and the presence of the
aforementioned MRI findings; age at diagnosis was significantly lower
in patients with brainstem AGs than in those with supratentorial AGs.
To the best of our knowledge, this is the largest systematic review of
neuroimaging findings in AGs.

Patients often have a long history of intractable seizures or epilepsy
prior to surgical resection.? Surgical resection is the mainstay treat-

ment strategy, and the majority of AG cases are curable by complete
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TABLE 2 Demographic and clinical information of the 50 patients with angiocentric gliomas

Demographic

Median age at diagnosis (years [range]) 13[2-83]

Sex Male = 35, Female = 14, Not described = 1
Clinical

Seizure/epilepsy 36/50 (72.0%)

Median length of seizure/epilepsy history (years [range])? 2[<1-35]

Treatment strategy

Surgery alone 39/48 (81.3%)

Surgery and radiation 1/48 (2.1%)

Surgery and chemotherapy 2/48 (4.2%)

Chemotherapy alone 3/48 (6.3%)

Chemotherapy and radiation 1/48 (2.1%)

Follow-up 1/48 (2.1%)

Recurrence after complete resection 2/29 (6.9%)

Patient status Survive = 40/41 (97.6%), Death = 1/41 (2.4%)
Follow-up duration (median [range]) (41 patients) 16 months [2-84]

2The length was calculated by subtracting the age of seizure/epilepsy onset from age at diagnosis. The length of the patients presenting with their first episode
of seizure/epilepsy was calculated as zero (6 cases). Cases without a specific history length were excluded from the calculation (7 cases).

FIGURE 2 Brainstem angiocentric glioma in a 2-year-old boy presenting with right facial weakness (case 1). MRI shows a 38 x 40 x 41 mm
mass in the pontomedullary region (A-H, arrows). The tumor shows high intensity on T2-weighted image (A) and fluid-attenuated inversion
recovery image (B), low intensity on T1-weighted image (C) without contrast enhancement (D). T2*-weighted image does not show intratumoral
calcification or hemorrhage (E). Diffusion restriction is not observed with the mean apparent diffusion coefficient value of 1.60 x 10~3 mm?Z/s (F,
G). Fat-suppressed coronal T2-weighted image shows infiltrating growth of the tumor with anill-defined margin (H)
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TABLE 3 Neuroimaging characteristics of the 50 patients with angiocentric gliomas

WILEY- -

Parameters

Size (median [range]) (21 tumors)?

26 mm [10-70]

Laterality

Right

Left

Middle

Diffuse

Location

Frontal lobe

Parietal lobe

Temporal lobe

Insula

Basal ganglia

Corpus callosum

Brainstem

Involvement of both cortex and subcortex
Cystoid component

T2-weighted imaging signal intensity
High intensity

Isointensity

Fluid-attenuated inversion recovery signal intensity
High intensity

Isointensity

Low intensity

T1-weighted imaging signal intensity
High intensity

Isointensity

Low intensity

High and isointensity

High and low intensity

Iso- and low intensity

Intratumoral T1-weighted imaging high-intensity area

Massive surrounding edema (>tumor size)

Stalk-like sign

Atrophy of the surrounding brain parenchyma of the tumor

Contrast enhancement
Any

Homogeneous
Heterogeneous
Nodular

Rim

Scarce

Diffusion restriction

14/50 (28.0%)
28/50 (56.0%)
7/50 (14.0%)
1/50 (2.0%)

22/50 (44.0%)

10/50 (20.0%)

15/50 (30.0%)

4/50 (8.0%)

4/50 (8.0%)

2/50 (4.0%)
7/50(14.0%)

39/50 (78.0%)

28/50 (56.0%)
Noncystoid component
30/32(93.8%)
2/32(6.2%)
Noncystoid component
27/29 (93.1%)

2/29 (6.9%)

0

Noncystoid component
15/40(37.5%)

4/40 (10.0%)
13/40(32.5%)

1/40 (2.5%)
5/40(12.5%)

2/40 (5.0%)

23/50 (46.0%)
10/50 (20.0%)
10/50 (20.0%)
14/50 (28.0%)

11/41(26.8%)
1/41(2.4%)
5/41(12.2%)
2/41(4.9%)
2/41(4.9%)
1/41(2.4%)
1/8(12.5%)

Cystoid component

25/25 (100%)

Cystoid component
2/16(12.5%)

0

14/16 (87.5%)
Cystoid component
4/28 (14.3%)

1/28 (3.6%)
23/28(82.1%)

0

0

0

2ln cases where measurements in multiple directions were performed, the maximum value was used for the calculation of the tumor diameter.
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FIGURE 3 Supratentorial angiocentric glioma in a 43-year-old male presenting with refractory focal epilepsy, which started 35 years prior
(case 2). MRI shows an 8 x 9 x 10 mm mass in the left frontal lobe (white arrows). The tumor contains a cystic area that is hyperintense on
T2-weighted image (A) and hypointense on fluid-attenuated inversion recovery image (B). The stalk-like sign (A, dotted lines) with focal atrophy of
the surrounding brain parenchyma are observed on T2-weighted coronal image. The rim of the tumor shows high intensity on precontrast
enhanced T1-weighted image (C, white arrowhead). No contrast enhancement is observed (D). Diffusion restriction is not observed with the mean
apparent diffusion coefficient value of 1.04 x 103 mm?/s (not shown). Hematoxylin and eosin sections of the tumor demonstrate monomorphic
low-grade glial cells with an angiocentric growth pattern (E, black arrowheads; 40x) and extensive infiltration along blood vessels (F, black arrow;
10x). No calcification nor hemosiderin-laden macrophages are observed. The main imaging features are represented in the illustration: The tumor
(white arrow), the stalk-like sign (dotted lines), focal atrophy (black arrowheads), and intratumoral T1-weighted high intensity (white arrowhead)
(G)

FIGURE 4 Supratentorial angiocentric
gliomain a 10-year-old male presenting with
the first episode of epilepsy (case 3). The tumor
shows high intensity on fat-suppressed
T2-weighted image (A) and fluid-attenuated
inversion recovery image (not shown) and low
intensity on T1-weighted image (B). The
stalk-like sign is observed without evidence of
atrophy in the surrounding brain parenchyma
(A, dotted lines). Diffusion restriction is not
observed with the mean apparent diffusion
coefficient value of 1.34 x 1073 mm?2/s (D, E).
Nodular enhancement is observed in the
postcontrast sagittal T1-weighted image (C, F,
thick arrows)
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TABLE 4 Statistical analyses of clinical and imaging findings

Relationship between MRI findings Intratumoral TAWI high-intensity area p-value

Stalk-like sign

Positive (n = 10) 9/10 (90.0%) 0031" (Fisher's exact test)
Negative (n = 40) 14/40 (35.0%)

Atrophy of the surrounding brain parenchyma of the tumor

Positive (n = 14) 13/14 (92.9%) 0001" (Fisher’s exact test)
Negative (n = 36) 10/36 (27.8%)

Tumor location (n = 50) Age at diagnosis (median years [range]) p-value

Supratentorial angiocentric glioma (n = 43) 13[2-83] <.0001" (Mann-Whitney U test)
Brainstem angiocentric glioma (n =7) 5[2-7]

MRI findings in patients with seizure/epilepsy history (n=29)  Seizure/epilepsy history length (median years [range])*  p-value

Intratumoral TIWI high-intensity area

Positive (n = 15) 3[<1-35]
Negative (n = 14) 0.25[<1-10]
Stalk-like sign

Positive (n = 8) 13.5[<1-35]
Negative (n=21) 1[<1-14]

Atrophy of the surrounding brain parenchyma of the tumor
Positive (n=9) 14[1-35]
Negative (n = 20) 0.5[<1-10]

0021" (Mann-Whitney U-test)

<.0001" (Mann-Whitney U-test)

<.0001" (Mann-Whitney U-test)

Abbreviations: n, number; TIWI, T1-weighted image.

aThe length was calculated by subtracting the age of seizure/epilepsy onset from age at diagnosis. Length for the patients who presented with the first episode
of seizure/epilepsy was calculated as zero (n = 6). Cases without mentioning the specific history length were excluded from the calculation (n = 7).

“Statistically significant.

resection.® On the other hand, we found that patients with brainstem
AGs did not have a history of seizure or epilepsy (n = 7).17:18:32.35 Thjs
discrepancy indicates that the epileptogenesis of AG may be caused
by its frequent location involving the cortex, not by its histopatholog-
ical profile. There was also a significant difference in the age at diagno-
sis between patients with supratentorial and brainstem AGs (median,
13years vs. 5 years, p < .0001, respectively). We suspect that patients
with brainstem AGs were more likely to present with symptoms that
required brain imaging, such as cranial nerve palsy and intracranial
hypertension. To clarify this hypothesis, further studies with more
cases of brainstem AG are necessary.

Neuroimaging features of AGs, such as high intensity on T1WI,
nonenhancement, superficial location, and stalk-like sign on
T2WI/FLAIR images, have been noted in previous studies®?27:30.31.44.45.
however, information on the frequency of each finding has been lim-
ited. In this study, we demonstrated the frequency of each neuroimag-
ing finding. For example, the well-known stalk-like sign was found not
to be frequent (10/50, 20.0%). Contrast enhancement was observed in
more than one-fourth of patients (11/41, 26.8%), even though AGs are
generally considered to have no contrast enhancement.

Intratumoral T1WI high-intensity areas were significantly more
common in patients with regional atrophy and stalk-like signs. The
length of seizure/epilepsy history was significantly longer in patients
with intratumoral T1WI high-intensity areas, stalk-like signs, and

regional atrophy. These findings suggest that T1IWI high-intensity
areas in AGs may reflect some chronic process, although we were
not able to confirm the correlation with pathological findings in the
literature and our own cases.® Regarding the stalk-like sign, we assume
that it reflects several different pathologies, such as tumor infiltration
along with the vessels extending from near the brain surface toward
the ventricle, peritumoral gliosis caused by long-standing tumor
existence or seizure-induced oxidative stress, and coexisting FCD, as
is the case with polymorphous low-grade neuroepithelial tumor of the
young.*® Indeed, the coexistence of AG and FCD was pathologically

proven in three cases,?>43

including two cases with stalk-like signs.
FCD may cause longstanding seizure/epilepsy, and conversely, a
long seizure/epilepsy history may cause regional atrophy and brain
parenchymal degeneration around the tumor. The longstanding
presence of AG also explains the high incidence of tumor-associated
seizure/epilepsy-induced brain atrophy and stalk-like tumor extension.
Further studies with a radiology-pathology correlation may help
elucidate the pathological background of the imaging findings.

There were some limitations to this study. First, the number of
patients was small, although this study presented the largest cohort
of AGs with analyzable neuroimaging findings. Second, neuroimaging
findings were evaluated using limited images attached to each article
and not by serial images. However, to mitigate the risk of inappropriate
assessment, we performed an imaging investigation with the help of
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three board-certified radiologists. Third, there was an uncertainty
about the presence/absence of some signs in the missing sets of images
in the literature cases. This may have introduced the bias on the
frequency of each imaging finding. Fourth, there were missing data
due to the heterogeneity of the collected studies, including tumor size
and findings of advanced MRI sequences, such as perfusion MRI and
MR spectroscopy. Further studies using these advanced sequences are
required.

CONCLUSION

AGs are epileptogenic low-grade gliomas that frequently occur in
superficial supratentorial regions in patients under 20 years of age.
Brainstem AGs were observed in younger patients and did not cause
seizures or epilepsy. Characteristic imaging findings of AGs (i.e., intra-
tumoral T1IWI high-intensity areas, stalk-like signs, and atrophy of the
surrounding brain parenchyma) may be induced by the indolent nature
of AGs and associated longstanding seizure/epilepsy and/or coexisting
FCD and gliosis.
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