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BACKGROUND Lower-grade insular gliomas often appear as expansile and infiltrative masses on magnetic resonance imaging (MRI). However, there
are nonneoplastic lesions of the insula, such as demyelinating disease and vasculopathies, that can mimic insular gliomas.

OBSERVATIONS The authors report two patients who presented with headaches and were found to have mass lesions concerning for lower-grade
insular glioma based on MRI obtained at initial presentation. However, on the immediate preoperative MRI obtained a few weeks later, both patients
had spontaneous and complete resolution of the insular lesions.

LESSONS Tumor mimics should always be in the differential diagnosis of brain masses, including those involving the insula. The immediate
preoperative MRI (within 24–48 hours of surgery) must be compared carefully with the initial presentation MRI to assess interval change that suggests
tumor mimics to avoid unnecessary surgical intervention.

https://thejns.org/doi/abs/10.3171/CASE21481
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Lower-grade gliomas (LGGs) are slow-growing glial tumors with the
potential for malignant transformation. The incidence is highest in
patients in their third or fourth decade of life, and both the tumor and
the treatments can significantly impact patients’ quality of life. Seizure
is the most common presenting symptom in the majority of patients,
but headache and focal neurological deficits are also frequently
seen.1,2 Indeed, LGGs are more often present in highly functional
areas of the brain, with the insula and supplemental motor area being
the two most commonly afflicted locations.3,4 On magnetic resonance
imaging (MRI), insular gliomas appear as expansile and infiltrative
masses that are hyperintense on fluid-attenuated inversion recovery
(FLAIR) sequences and hypointense on T1-weighted precontrast
sequences, and they show no enhancement on T1-weighted postcon-
trast sequences.5–7 On proton magnetic resonance (MR) spectroscopy,
LGGs will frequently demonstrate an increased choline peak and a
decreased N-acetyl aspartate peak.5–7 The standard of care for LGGs
includes surgical intervention, with the goal of providing maximal safe

resection and acquisition of adequate tissue for detailed molecular and
genetic characterization.8 This is becoming increasingly important as
the molecular subtypes of LGGs and their unique characteristics are
becoming increasingly well defined.9

Despite the characteristic clinical symptoms and imaging findings
associated with LGGs, it is critical to maintain a broad differential diag-
nosis when assessing these patients, including nonneoplastic condi-
tions that can act as tumor mimics, such as demyelinating diseases,
autoimmune conditions (e.g., neurosarcoid), other neoplasms, atypical
infections, and vasculopathies. Preoperative MRI in close proximity to
a planned resection (i.e., within 24–48 hours) should also be obtained
to allow an additional assessment of the lesion before surgical inter-
vention and to assess for any interval change that may suggest a
resolving nonneoplastic process. We report cases of two patients who
presented with symptoms and imaging findings concerning for LGG of
the insula and in both of whom there was spontaneous resolution of
the insular lesion on the immediate preoperative MRI.

ABBREVIATIONS ANA = antinuclear antibodies; CNS = central nervous system; CSF = cerebrospinal fluid; CT = computed tomography; DTI = diffusion tensor
imaging; DWI = diffusion-weighted imaging; FLAIR = fluid-attenuated inversion recovery; LGG = lower-grade glioma; MCA = middle cerebral artery; MR = magnetic
resonance; MRI = magnetic resonance imaging; MS = multiple sclerosis; PACNS = primary angiitis of the central nervous system; PET = positron emission
tomography; PWI = perfusion-weighted imaging; TDL = tumefactive demyelinating lesion.
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Illustrative Cases
Case 1

A 37-year-old right-handed woman presented with new-onset
left-sided headaches with outside hospital imaging concerning for a
new left frontotemporal brain mass. She was neurologically intact
as assessed using telehealth modalities. T2 and T2 FLAIR MRI
scans of the brain revealed a focal area of hyperintensity in zone
IV of the left insula (Fig. 1A–C). Postcontrast T1-weighted imaging
also revealed a corresponding hypointense area in zone IV of the
insula, with perivascular enhancement around branches of the left
middle cerebral artery (MCA) (Fig. 1D–F). The imaging findings
were most consistent with an LGG. As a result, repeat imaging
studies were scheduled prior to potential surgical intervention with
the goal of a maximal safe resection and obtaining tissue for molec-
ular phenotyping of the potential tumor. These repeat imaging stud-
ies approximately 7 weeks following initial imaging revealed
resolution of the zone IV insular lesion on T2 and T2 FLAIR imag-
ing, as well as T1 postcontrast sequences (Fig. 2A–F). Interval
imaging also showed resolution of the T1 postcontrast enhance-
ment around the left MCA branches. Of note, steroids were not initi-
ated at any time prior to repeat imaging. As a result of this imaging
resolution, surgical intervention was not performed, and the patient
was instead scheduled for repeat MRI of the brain. Testing of the
patient’s cerebrospinal fluid (CSF) revealed pleocytosis with 6 white
blood cells per cubic millimeter (83% lymphocytes, 8% neutrophils,
and 9% monocytes/macrophages) and two unique oligoclonal bands

that were not present in a corresponding serum sample. The result
of Gram staining of the CSF was negative for microorganisms. Rou-
tine serum autoimmune markers, including antinuclear antibodies
(ANA) and Sj€ogren’s antibodies, were unremarkable.

Case 2
A 41-year-old right-handed woman with a history of migraines pre-

sented to our clinic with a change in the quality of her headaches.
She was neurologically intact as assessed using telehealth modalities.
In a similar manner to the previous case, T2 MRI of the brain showed
a focal area of hyperintensity in zone IV of the left insula (Fig. 3A and
B). This lesion was hypointense on postcontrast T1-weighted imaging
(Fig. 3C and D). T1 postcontrast imaging also demonstrated perivascu-
lar enhancement around branches of the left MCA (Fig. 3C and D).
Similar to case 1, this patient was scheduled for surgical resection with
a preoperative diagnosis of LGG of the insula. However, repeat MRI
performed 6 weeks later showed resolution of both the left MCA
enhancement and the insular lesion (Fig. 4A–D). Resolution of the
lesion was stable on repeat imaging 11 months following the initial
MRI of the patient. No steroids had been initiated prior to resolution of
the lesion, and CSF studies were not obtained.

Discussion
Observations

In this report, we highlight the cases of two patients with imaging
findings initially concerning for LGG of the insula, but with interval

FIG. 1. Case 1 at initial presentation. A–C: Axial T2-weighted (A), coronal T2-weighted (B), and sagittal FLAIR (C) images
show expansile mass lesion in the left insula (long arrows). D–F: Axial (D), coronal (E), and sagittal (F) postcontrast T1-
weighted images show discrete area of abnormal enhancement (short arrows) in the region of the left MCA.
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resolution of their lesions on repeat preoperative imaging. Interest-
ingly, both patients were female, presented with headache, were
between 35 and 45 years of age, and demonstrated asymmetrical
perivascular enhancement of MCA branches on T1-weighted post-
contrast imaging ipsilateral to the lesions. These cases demonstrate
the importance of considering LGG mimics prior to surgical inter-
vention and the utility of obtaining repeat imaging in the immediate
preoperative time period, within 24 hours of surgery, both for stereo-
tactic navigation use and to evaluate any changes in a tumor prior
to intervention.

MRI is critical for LGG diagnosis and can be quite accurate, with
positive and negative predictive values ranging from 79% to 92%
and 44% to 86%, respectively.10–12 These values improve with addi-
tional sequences such as perfusion-weighted imaging (PWI), diffu-
sion-weighted imaging (DWI), and proton MR spectroscopy.13

Positron emission tomography (PET) has also been shown to have
high sensitivity and specificity, ranging from 93% to 100% and 67%
to 100%, respectively, in the diagnosis of LGG and in distinguishing
LGG from high-grade glioma.14,15 Interestingly, MRI has also shown
some ability to differentiate between molecular subtypes of LGGs,
an exciting development that will almost certainly continue to grow
as imaging and machine learning techniques improve.16,17 MRI also
plays a critical role in the surgical planning of LGGs. A repeat pre-
operative MRI provides surgeons with a more accurate localization
of the tumor and its characteristics, which is important for surgical
planning. Our practice is to obtain a high-quality in-house MRI scan
24–48 hours prior to surgery with diffusion tensor imaging (DTI)
and fiducials. DTI allows the visualization of white matter tracts,
with improved ability to perform maximal safe resection.18,19 Indeed,
a randomized clinical trial of 238 patients evaluating the utility of

DTI by Wu et al. demonstrated improved postoperative Karnofsky
scores in patients with LGG who had undergone resection and had
DTI information available to surgeons, highlighting the utility of this
technique.20 Finally, MRI also serves as a means of postoperative
surveillance, with serial T2 FLAIR and T1-weighted pre- and post-
contrast imaging frequently used and increasing contrast enhance-
ment associated with progression or transformation into a higher-
grade glioma.13

Nevertheless, although MRI plays an important part in the diagnosis
and characterization of LGGs, surgeons should also consider potential
brain tumor mimics. Indeed, a number of nonneoplastic pathologies
can also appear as space-occupying lesions; these broadly include
radiation necrosis, subacute infarct, demyelinating and inflammatory
lesions, vasculopathies, and infectious lesions.7,21,22 Tumefactive
demyelinating lesions (TDLs), frequently resulting from multiple sclero-
sis (MS) or acute disseminated encephalomyelitis, are a well-known
mimic of gliomas. Less common causes of TDLs include neuromyelitis
optica spectrum disorders. TDLs are characterized as >2-cm lesions;
additional MRI features include large white matter lesions, incomplete
enhancement, irregular border, mass effect, involvement of gray matter,
and variable T2-weighted signal intensity.23,24 TDLs as a result of MS
can be differentiated from gliomas when the patient has a history of
MS lesions or when more classic T2-hypersignal lesions in the peri-
ventricular areas are present.21,23 Multiple T2-hyperintense lesions, ele-
vated relative cerebral blood volume, and glutamine-glutamate peaks
on MR spectroscopy can also differentiate demyelinating lesions from
gliomas.25,26 The pattern of T2 hyperintensities in relation to vessels
can also be useful when differentiating demyelinating disease from
other CNS vasculopathies. A study by Maggi et al. demonstrated the
high specificity of perivenular lesions for MS relative to other CNS

FIG. 2. Case 1 at preoperative MRI. A–C: Axial T2-weighted (A), coronal T2-weighted (B), and sagittal FLAIR
(C) images show complete resolution of expansile mass lesion in the left insula. D–F: Axial (D), coronal (E),
and sagittal (F) postcontrast T1-weighted images show no residual enhancement in the region of left MCA.
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vasculopathies.27 This is particularly pertinent because the patients des-
cribed in this report both had a periarterial lesion with contrast enhance-
ment of the ipsilateral MCA, which would not be consistent with MS.
Using noncontrast computed tomography (CT) in combination with MRI
has also been shown to improve the ability of providers to differentiate
between TDLs and glioma or primary central nervous system (CNS) lym-
phoma. In fact, Kim et al. demonstrated that the diagnostic accuracy of
CT plus MRI was significantly higher than that of MRI (97% versus
73.0%; p < 0.001) when used to differentiate tumefactive lesions from
true CNS neoplasms.23 Additional inflammatory processes that can pre-
sent as a space-occupying CNS lesion include neurosarcoidosis,28

neuro-Behçet disease,29,30 autoimmune encephalitis, and TREX1-asso-
ciated retinal vasculopathy with cerebral leukodystrophy.21,31

Similarly to the aforementioned demyelinating diseases, CNS vas-
culopathies can also present as space-occupying lesions. Indeed, up
to 5% of cases of primary angiitis of the CNS (PACNS) can present
as a brain tumor mimic.32–37 Vasculopathies can frequently demon-
strate T2-hyperintense lesions with restricted diffusion on DWI in
addition to leptomeningeal enhancement and underlying hemor-
rhage.38,39 In addition, vasculopathies will most commonly present
with headache and encephalopathy.40 However, Kim et al. reported a
case of PACNS that presented as a T2-hyperintense mass lesion,
with some contrast enhancement on T1-weighted postcontrast imag-
ing, in a 20-year-old woman presenting with seizures, highlighting the
ability for PACNS to present in a similar manner to a primary CNS
neoplasm.33 A case series of four patients with PACNS-associated
lesions reported by Lee et al. demonstrated variable MRI findings,
including inconsistent findings across DWI and PWI, in each patient,

demonstrating the heterogeneity of the disease and the potential for
diagnostic difficulties.36 Similar mass lesions have been associated in
other vasculopathies as well, including systemic lupus erythemato-
sus,41 and granulomatosis with polyangiitis has also been reported in
the literature.26,37 Lesions associated with vasculopathies will fre-
quently resolve with steroid therapy, further supporting an underlying
autoimmune or inflammatory process.36

The underlying causes of the two cases of spontaneously resolv-
ing insular mass lesions described in our report remain unclear, but
insular glioma can be excluded. Although the lesions displayed MRI
characteristics typically seen in LGGs, including an expansile, infil-
trative mass with T2/FLAIR hyperintensity with hypointensity on T1-
weighted imaging, the presence of abnormal contrast enhancement
around branches of the MCA and the resolution of the lesions with-
out treatment differentiate them from LGGs (Table 1). Rather, these
characteristics suggest a nonneoplastic cause of the imaging abnor-
mality. The involvement of the MCA on T1 postcontrast imaging
suggests a vasculopathy, such as those previously mentioned in
this discussion. This is supported by the abnormal CSF studies in
case 1, including the presence of oligoclonal bands, which suggests
an inflammatory process of uncertain etiology. Patients with findings
similar to those described and with significant concern for vasculitis
should undergo repeat MRI and be referred to neurology or rheu-
matology colleagues. Initial diagnostic steps include blood (e.g.,
erythrocyte sedimentation rate, C-reactive protein, complete blood
count, complement studies, and ANA) and CSF (e.g., cell count,
protein level, and presence of oligoclonal bands) work-up. If there
is concern for large-vessel disease, diagnostic angiography can be

FIG. 3. Case 2 at initial presentation. A and B: Axial T2-weighted
images show expansile mass lesion in the left insula (long arrows). C
and D: Axial postcontrast T1-weighted images show curvilinear area
of abnormal enhancement (short arrows) in the region of left MCA.

FIG. 4. Case 2 at preoperative MRI. A and B: Axial T2-weighted
images show complete resolution of expansile mass lesion in the left
insula. C and D: Axial postcontrast T1-weighted images show no
residual enhancement in the region of left MCA.
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considered to further assess the vasculopathy. Patients with a
lesion consistent with incidental LGG should receive surgical resec-
tion, given the significant survival benefit associated with early
surgery.42,43

Lessons
These cases highlight the need to maintain a broad differential

diagnosis in the work-up of suspected insular LGG based on imag-
ing and to obtain immediate preoperative imaging, ideally within
24–48 hours, for surgical planning, confirmation of the mass lesion,
assessment of interval change, and high-quality MRI with DTI and
fiducials. Avoiding corticosteroid treatment prior to the immediate
preoperative imaging is also of importance so as not to confuse the
diagnosis both on imaging and on pathologic evaluation. Perivascu-
lar MCA branch enhancement within the sylvian fissure may serve
as a “warning sign” for pseudo-insular glioma syndrome.
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