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ABSTRACT:

Utilization of brain MRI has dramatically increased in recent decades due to rapid advancement in imaging technology
and improving accessibility. As a result, radiologists increasingly encounter findings incidentally discovered on brain
MRIs which are performed for unrelated indications. Some of these findings are clinically significant, necessitating
further investigation or treatment and resulting in increased costs to healthcare systems as well as increased patient
anxiety. Moreover, management of these incidental findings poses a significant challenge for referring physicians.
Therefore, it is important for interpreting radiologists to know the prevalence, clinical consequences, and appropriate
management of these findings. There is a wide spectrum of incidental findings on brain MRI such as asymptomatic
brain infarct, age-related white matter changes, microhemorrhages, intracranial tumors, intracranial cystic lesions, and
anatomic variants. This article provides a narrative review of important incidental findings encountered on brain MRI in
adults with a focus on prevalence, clinical implications, and recommendations on management of these findings based

on current available data.

INTRODUCTION

Utilization of brain MRI has dramatically increased in past
decades due to rapid advancement in imaging technology
and improving accessibility. As a result, radiologists increas-
ingly encounter findings incidentally discovered on brain
MRIs which are performed for unrelated indications.'™
Some of these findings are clinically significant, necessi-
tating further investigation or treatment and resulting in
increasing healthcare costs and patient anxiety.”® Moreover,
management of these incidental findings poses a significant
challenge for referring physicians because there are still
no standard guidelines for management of many asymp-
tomatic incidental findings partly due to lack of random-
ized controlled trials.>® Some researchers have classified
incidental findings based on the level of clinical urgency
of referral for additional work-up. However, this urgency
varies depending on individual practice and perceptions
and patient characteristics (e.g. age, health condition,
comorbidities), further complicating management.” There-
fore, it is important for interpreting radiologists to know

the prevalence, clinical consequences, and appropriate
management of incidental findings.

The prevalence of incidental findings on brain MRI in the
healthy adult population ranges from 9 to 54%.'"%!O!!
Variability of the prevalence of incidental findings likely
depends on several factors, including target population
clinical and demographic characteristics (i.e. age, health
status), inclusion criteria, definition of incidental find-
ings, and imaging techniques.>>>'* Some incidental find-
ings such as asymptomatic brain infarcts, white matter
volume loss, and neoplasms are age-related and seen
more frequently in older populations.>® The prevalence
of incidental findings is also higher when utilizing high-
resolution MRI sequences, compared to conventional MRI
techniques.” Previously reported incidental brain MRI
findings are summarized in Table 1.

This article reviews important incidental adult brain MRI
findings, with a focus on prevalence, clinical implication,
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Table 1. Incidental findings on brain MRI

Incidental findings on brain MRI

Non-neoplastic brain parenchymal lesions
o Changes in relation to cerebrovascular disease, e.g. white matter

hyperintensities, volume loss, asymptomatic brain infarcts,
hemorrhages

o Other acquired parenchymal lesions, e.g. demyelination, post-
traumatic injury, neurodegenerative diseases

Intracranial tumors

o - Intra-axial tumors, e.g. primary brain tumors (glioma, MVNT,
ganglioglioma, DNET), brain metastases

o - Extra-axial tumors, e.g. meningioma, schwannoma

« - Intraventricular tumors, e.g. subependymoma, central
neurocytoma, meningioma

o - Pituitary incidentalomas

o - Pineal tumors, e.g. pineocytoma

Intracranial cystic lesions

o - Rathke’s cleft cyst

o - Pineal cyst

o - Arachnoid cyst

o - Colloid cyst

o - Epidermoid cyst

o - Neuroenteric cyst

Anatomical variants/Developmental structural abnormalities

o - Cavum septum pellucidum, cavum et vergae, velum interpositum

o - Ventricular asymmetry

o - Chiari I malformation

o - Gray matter heterotopia

o - Mega cisterna magna

Other abnormalities

o - Intracranial lipoma

o - Hydrocephalus

- Extra-axial fluid collection/hematoma

o - Empty sella

DNET, dysembryoplastic neuroepithelial tumor; MVNT, multinodular
and vacuolating neuronal tumor.

and appropriate management. Incidental intracranial vascular
findings such as aneurysm or arteriovenous malformation are
covered in a separate article in this issue.

CEREBROVASCULAR ISCHEMIC CHANGES AND
MICROHEMORRHAGES

Brain parenchymal changes secondary to cerebrovascular
disease [such as asymptomatic or silent brain infarct (SBI),
age-related white matter changes, and microhemorrhages] are
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common incidental findings on brain MRI, and frequently seen
in the elderly.** A recent systematic review shows that the overall
prevalence of SBI in individuals between 62 and 76 years old
is approximately 18%'2 . The vast majority of SBIs are lacunar
infarcts (3-20mm diameter). Although patients with SBI do
not have overt stroke symptoms, the presence of SBI should be
considered as a marker of cerebrovascular disease rather than an
incidental finding. SBI is associated with twofold higher risk of
subsequent stroke and is an independent factor associated with
future cognitive dysfunction.'?**

Age-related white matter changes (WMCs) are very common
incidental findings on brain MRI and can be seen in more than
half of elderly individuals.">'® The lesions can be classified into
two types based on the location, including (1) periventricular
and (2) deep/subcortical white matter.!” Periventricular WMCs
are non-vascular in origin and commonly caused by disrup-
tion of the ependymal lining and subependymal gliosis. Deep
and subcortical WMCs are further divided into three subtypes
based on lesion extent, including punctate, early confluent, and
confluent WMCs (Figure 1).'”'® Punctate WMCs are commonly
non-ischemic in origin, caused by widening of periarteri-
olar spaces and focal loss of myelination. Early confluent and
confluent WMCs represent a continuum of progressive ischemic
lesions. Punctate WMCs typically show no or minimal progres-
sion while early confluent and confluent WMCs demonstrate a
more rapid increase in lesion volume on follow-up imaging.'®"”
There is also a strong correlation between confluent WMCs and
impaired cognition and functional decline.'”"

Incidental brain microhemorrhages are seen in 4-6% of otherwise
healthy adults.”**! The prevalence of brain microhemorrhages
ranges up to 31-36% in ischemic stroke patients and 54-64%
in those with prior intracerebral hemorrhage.*** Microhem-
orrhages are associated with cardiovascular risk factors such as
hypertension and diabetes, and increased risk of both ischemic
and hemorrhagic strokes in the general population.”®* As such,
brain microhemorrhages are an important marker of underlying
cerebrovascular disease and should be interpreted along with
other neuroimaging markers and clinical factors. Patients with

Figure 1. Age-related white matter changes. Axial FLAIR images of three different patients who underwent brain MRI for unrelated
indication. There are three patterns of deep/subcortical white matter changes based on extent of the lesions, including (A) punc-
tate, (B) early confluent, and (C) confluent white matter changes. Punctate changes are typically of non-ischemic origin, whereas
early confluent and confluent changes represent progressive ischemic lesions. FLAIR, fluid attenuated inversion recovery.
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brain parenchymal changes related to cerebrovascular disease
should receive clinical assessment for the potential risks of stroke
which may warrant medical preventive measures.*>**

INTRACRANIAL TUMORS

The prevalence of incidental intracranial tumors detected on
brain MRI is approximately 0.5-2.5%, with meningioma being
the most common neoplasm.!>!%% Previous large meta-
analyses found an increasing prevalence with age for inci-
dental intracranial tumors, potentially driven by the age-related
increased prevalence of meningiomas.>® In this section, we
discuss incidental intracranial tumors categorized into intra-
axial, extra-axial, intraventricular, pineal and pituitary tumors.

Intra-axial tumors

Incidental glioma

Incidental gliomas are relatively rare, with an incidence of 0.05-
0.2% in the general population.”>*® Most incidental gliomas
are low-grade and isocitrate dehydrogenase (IDH) mutated®®
. Patients become symptomatic at a median time of 48 months
after initial discovery, typically presenting with new onset
seizure or other neurologic deficits such as motor weakness. The
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average tumor growth rate of incidental gliomas is approximately
3.5mm per year”’ . Malignant transformation of low-grade
gliomas is reported to occur at a median interval of between
2 and 10 years®® . On MRI, low-grade gliomas manifest as ill-
defined T1 hypointense and T2 hyperintense lesions, with little
to no enhancement (Figure 2).2° New areas of enhancement
on follow-up imaging generally reflect anaplastic changes.*®
Advanced MRI techniques are important complimentary
imaging tools for initial tumor assessment, treatment planning,
and post-treatment evaluation.”” MR perfusion and MR spec-
troscopy can help with tumor grading, target selection for biopsy,
and differentiation between tumor progression and pseudopro-
gression.”’? Diffusion tensor imaging can be used to assess integ-
rity of white matter tracts and provides better tumor delineation
compared with conventional MRI.?** The current management
of low-grade gliomas points toward an early maximal tumor
resection.’®* In general, incidental gliomas tend to be signifi-
cantly smaller than symptomatic low-grade gliomas and are
usually located in non-eloquent areas which makes them more
amenable to gross total resection.”®!

Figure 2. Incidental low-grade glioma A 39-year-old female undergoing brain MRI for intermittent headaches. Patient denied any
focal neurological deficits. Axial FLAIR (A) and axial contrast-enhanced T;WI (B) demonstrate a small ill-defined non-enhancing
lesion in the left frontal lobe (arrows). Arterial spin labelling (C) and dynamic susceptibility contrast-enhanced MR perfusion
(D) show no evidence of increased perfusion within the lesion (arrows). Multivoxel MR spectroscopy (TE = 144 ms) (E) shows
decreased NAA peak, indicative of neuronal loss. There is no abnormal elevation of choline peak to indicate significantly increased
cellular proliferation. Findings are concerning for low-grade neoplasm. Patient subsequently received surgical resection, with final
pathology showing IDH-mutant, WHO Grade Il glioma. FLAIR, fluid attenuated inversion recovery; IDH, isocitrate dehydrogenase;

NAA, N-acetylaspartate; T;WI, T; weighted imaging; TE, echo time.
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Figure 3. MVNT. A 60-year-old female undergoing brain MRI for ear pressure and retro-orbital pressure sensation. Axial (A) and
coronal (B) FLAIR images demonstrate a cluster of multiple small FLAIR hyperintense foci in the left parietal lobe primarily involv-
ing superficial subcortical white matter and adjacent deep cortical gray matter (arrows)—characteristic imaging features of MVNT.
Lesions show no restricted diffusion or contrast enhancement (not shown). No mass effect or abnormal gyral expansion noted.
FLAIR, fluid attenuated inversion recovery; MVNT, multinodular and vacuolating neuronal tumor.

MULTINODULAR AND VACUOLATING NEURONAL
TUMOR

Multinodular and vacuolating neuronal tumor (MVNT) is a
newly defined benign glial and neural tumor of the central
nervous system (CNS) first described by Huse et al. in 2013.3
It was included in the WHO Classification of CNS Tumors for
the first time in 2016. Patients with MVNT may be symptom-
atic, or MVNT may be incidentally discovered on MRI. The
most common clinical manifestations (when symptomatic) are
seizures and headaches. The prevalence of incidental MVNT
remains unknown. The most common location is in the supra-
tentorial brain, with predilection for the subcortical white matter
and overlying cortex. On MRI, MVNT classically presents as a
cluster of small, “bubbly” T1 hypointense and T2 hyperintense,
non-enhancing foci centered in the subcortical white matter
and sometimes involving the overlying cortical gray matter
(Figure 3). The affected gyri and cortices are often otherwise
normal in appearance. There is no associated vasogenic edema
or mass effect.”” The tumor may have a focal cystic component
or subtle enhancement on post-contrast sequences, but these
features are uncommon.’** MVNT has a benign course, with
stability on clinical and imaging follow-up. As such, it usually
requires no surgical intervention unless it is felt to be responsible
for patient symptoms.3 333

Extra-axial tumors

Incidental meningioma

Meningiomas are common incidental brain tumors in adults,
with an incidence of 0.9-2.5%.>*>>'" Most incidental menin-
giomas are small (size 1.0-3.0cm) and commonly occur at the
cerebral convexity, the falx cerebri, and in the posterior fossa
(Figure 4)."° The majority of incidental meningiomas show
interval growth within 3 years after diagnosis although it is
usually slow.’® Management of asymptomatic meningiomas
is controversial.”’ Treatment options include conservative

management, surgical resection, or radiation therapy. In general,
a conservative approach is recommended for small tumors that
do not show interval growth on serial imaging. Surgical resec-
tion is typically reserved for patients who manifest neurologic
symptoms or show substantial tumor growth on imaging surveil-
lance.”® If invasive treatment is chosen, radiation may be consid-
ered for meningiomas located in surgically challenging anatomic
locations, and in patients who are elderly (>65 years old) or with
high-risk comorbidities precluding surgery.””

VESTIBULAR SCHWANNOMA

Vestibular schwannoma is another commonly encountered inci-
dental extra-axial brain tumor, seen in up to 0.07% of patients.*®
Incidental vestibular schwannomas tend to be small and demon-
strate slow interval growth.*” In addition, the majority of patients
have no symptoms or minimal symptoms related to the lesion,
allowing for conservative management at the time of diagnosis.
However, the rate of tumor growth varies significantly among
patients who undergo conservative management, with approx-
imately 15-85% of lesions showing continuous growth.”® Thus,
management of these tumors should be optimized to individual
patients. Patients with vestibular schwannomas who are treated
conservatively should be followed annually with MRI for 5 years
and gradually less frequently thereafter, if the lesion remains
stable in size.*"** Cystic tumors tend to grow faster than solid
tumors and as such they should be followed more closely, partic-
ularly in cases with initial solid tumors that express interval
cystic changes.***!

Intraventricular tumors

There is a wide variety of tumors that may arise in the ventricles,
including ependymoma, subependymoma, central neurocy-
toma, choroid plexus tumors, meningioma, and metastases.***
Intraventricular tumors can be subclinical and discovered inci-
dentally on MRI, although the true prevalence is unknown.
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Figure 4. Incidental meningioma. A 69-year-old female undergoing brain MRI for right tinnitus and intermittent vertigo. Axial (A)
and coronal (B) contrast-enhanced 7T;WI demonstrate a dural-based enhancing extra-axial mass at the right posterior parietal
convexity with focal invasion into the superior sagittal sinus, findings most consistent with meningioma. Patient was managed
conservatively, and the tumor has been stable on serial follow-up MRI for 9 years.

When symptomatic, patients may present with signs and symp-
toms related to obstructive hydrocephalus and increased intra-
cranial pressure. Tumors in the supratentorial compartment may
cause focal neurologic deficits or seizure.*>** Differentiating
intraventricular tumors on imaging can be challenging because
there is considerable overlap of imaging features. However,
differential diagnosis can be narrowed by using tumor location,
patient age, and underlying medical conditions.*>** Ependy-
momas and choroid plexus tumors commonly occur in the
fourth and lateral ventricles and are more prevalent in children.
Subependymomas occur in the same location but typically affect
middle-aged patients. In contrast to ependymomas and choroid
plexus tumors, most subependymomas show no or minimal
enhancement (Figure 5). Central neurocytomas frequently
occur in the lateral ventricles and may originate from the septum
pellucidum or ventricular walls. Intraventricular meningiomas
most commonly occur in the atrium of the lateral ventricles.
Advanced MRI techniques such as MR spectroscopy can help

with characterizing intraventricular tumors.*>*® However, more
research is needed to evaluate the value of these techniques. The
primary treatment of intraventricular tumors is surgery.43 4

Pineal tumors

The pineal gland is a small neuroendocrine organ that is
composed of two cell types, pineocytes and astrocytes.”’” Tumors
in the pineal region may originate from the pineal gland or
nearby structures. Germ cell tumors are by far the most common
pineal tumors (50-60% of all pineal tumors) followed by pineal
parenchymal tumors (30%).*” Other less common pineal tumors
include glioneuronal or neuronal tumors, embryonal tumors (e.g.
atypical teratoid rhabdoid tumor, medulloblastoma), meningi-
omas and metastases. Pineal tumors are occasionally incidentally
found on cross-sectional imaging; however, prevalence of inci-
dental pineal tumors remains unknown (Figure 6).'° Imaging
plays a limited role in differentiating pineal gland tumors due to

Figure 5. Incidental subependymoma. A 48-year-old female undergoing brain MRI for imaging surveillance of multiple sclerosis.
Axial ToWI (A), contrast-enhanced T7WI (B), FLAIR (C), and coronal FLAIR (D) demonstrate a circumscribed non-enhancing
mass in the left lateral ventricle. There were no symptoms attributed to the mass. Patient underwent surgical resection, with final
pathology showing subependymoma (WHO Grade I). Note multiple T2 hyperintense white matter lesions in relation to underlying
demyelinating disease (arrowheads on C and D). FLAIR, fluid attenuated inversion recovery.
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Figure 6. Incidental pineal tumor. A 59-year-old female undergoing brain MRI for headache after a mechanical fall. Sagittal high-
resolution TL,WI (A), sagittal (B) and axial (C) contrast-enhanced T;WI demonstrate a small extra-axial enhancing mass at the
pineal region. There is no significant local mass effect or obstructive hydrocephalus. Patient was managed conservatively, and the
mass has been stable on serial follow-up MRI for 2 years. It is favored to be benign tumor such as meningioma or pineocytoma.

an overlap in imaging appearance.”’” The distribution of intrale-
sional calcifications on CT may narrow the differential diagnosis.
Pineal parenchymal tumors characteristically contain peripheral
calcifications which are described as “exploded calcifications”,
whereas calcifications within germ cell tumors are more centrally
located due to the engulfed pineal gland.*” Treatment of benign
pineal tumors is surgical resection. Multimodality therapy
including surgery and adjuvant chemoradiation is required for
treatment of malignant tumors such as pineoblastoma. Germi-
nomas are highly radiosensitive and can be treated with radia-
tion therapy alone.*”*®

Pituitary tumors/incidentalomas

Incidental pituitary lesions discovered on brain MRI (so-called
pituitary incidentalomas) are relatively common, with preva-
lence ranging from 0.3 to 12.3%.'!° The most common inci-
dental pituitary lesions are pituitary cysts (Rathke’s cleft and pars
intermedia cysts) (prevalence = 0.7-11.8%) (Figure 7) and pitu-
itary adenoma (prevalence = 0.15-0.5%) (Figure g).173:5:10:49.,50
Other sellar lesions affecting the pituitary such as metastasis are
rarer.”! Some pituitary incidentalomas may not represent true

pathology, and may be secondary to technical artifact, physio-
logic pituitary hyperplasia, or normal anatomical variation.”®>*

A clinical practice guideline for pituitary incidentalomas
published by The Endocrine Society in 2011°* recommends that
patients with pituitary incidentalomas undergo complete clinical
and laboratory evaluation for potential hormonal dysfunction,
regardless of clinical symptoms. In addition, patients should
undergo a formal visual field examination if the lesion abuts the
optic nerves or optic chiasm. Surgery is indicated in patients with
visual disturbance, imaging findings of optic nerve or chiasm
abutment, other neurologic deficits due to compressive effects,
or if the tumor is hormone-secreting (except for prolactinoma
which may be medically managed). Incidentaloma patients who
do not meet surgical criteria should receive clinical and imaging
follow-up with MRI to monitor for growth and symptom devel-
opment. Frequency of follow-up MRI depends on several factors
including lesion size (i.e. micro- vs macroadenoma), detection of
growth or change in features on serial imaging, and whether or
not the patient develops signs or symptoms potentially related to
the lesion.>

Figure 7. Rathke’s cleft cyst. A 38-year-old female undergoing brain MRI for postpartum headache. Sagittal 7;WI (A) and coronal
ToWI (B) demonstrate a small well-circumscribed cystic lesion centered in the pars intermedia of the pituitary gland (arrows). The
lesion contains T1 hyperintense and T2 hypointense content likely secondary to high proteinaceous fluid content. Findings are
most consistent with Rathke’s cleft cyst. The lesion has been stable on serial follow-up MRI.
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Figure 8. Incidental pituitary adenoma. A 51-year-old male undergoing MRI for surveillance for the left vestibular schwannoma
previously treated with radiation therapy. Coronal contrast-enhanced T;WI with fat suppression (A) demonstrates a small hypoen-
hancing lesion centered in the right lateral aspect of pituitary gland (arrow), most consistent with pituitary adenoma. There was
no evidence for endocrinological dysfunction on physical exam or laboratory work-ups. The lesion was presumed to be a non-
functioning pituitary microadenoma. Note a small enhancing vestibular schwannoma in the left internal auditory canal and cere-

bellopontine angle cistern (arrowhead on Figure 8B).

In 2018, the American College of Radiology (ACR) published
recommendations for management of incidental pituitary
lesions in adults detected on CT, MRI, or positron emission
tomography/CT.* There are three important imaging features
of pituitary lesions considered in the algorithm, including: (1)
composition (solid, cystic, or mixed solid-cystic), (2) size, and
(3) mass effect or invasion of nearby structures (optic nerves,
optic chiasm, and cavernous sinuses). According to the ACR
recommendations, and in contradistinction to the Endocrine
Society Guidelines, a simple cystic pituitary lesion is likely
a Rathke’s cleft cyst, and requires no further work-up unless
causing mass effect or invading surrounding structures. Small
solid or mixed solid-cystic incidental, asymptomatic lesions with
size <5mm are most often clinically insignificant and do not
require further follow-up imaging. Patients with solid or mixed
solid-cystic lesions between 5 and 10 mm in size should receive
clinical evaluation to determine if there is associated endocrino-
logical dysfunction. If a lesion is deemed to be a non-functioning
adenoma, follow-up imaging may not be required. Patients with

solid or mixed solid-cystic lesions measuring >10mm should
receive both clinical evaluation and follow-up imaging with
MRI in 6-12 months. Any lesions that demonstrate mass effect
or invasion of surrounding structures on imaging should receive
neurosurgical and/or endocrine consultation.*” The ACR recom-
mendations for management of incidental pituitary lesions
detected on CT or MRI in adults are summarized in Figure 9.
As these represent generalized recommendations (and do not
cover all imaging features of incidental pituitary lesions or all
clinical scenarios), follow-up protocols should be optimized to
each individual patient.

INTRACRANIAL CYSTIC LESIONS

Pineal cyst

Pineal cysts are a relatively common incidental finding on
brain MRI, with a prevalence of approximately 1.0-2.0%* .
The prevalence rises to a peak in late childhood and decreases
with advancing age during adulthood.”*> Simple pineal cysts

Figure 9. The American College of Radiology recommendations for management of incidental pituitary findings on CT or MRI.
Reference: Hoang JK, Hoffman AR, Gonzalez RG, Wintermark M, Glenn BJ, Pandharipande PV, et al. Management of Incidental
Pituitary Findings on CT, MRI, and (18)F-Fluorodeoxyglucose PET: A White Paper of the ACR Incidental Findings Committee. J
Am Coll Radiol. 2018;15(7):966-72. The flow chart is reproduced with permission from the Journal of the American College of

Radiology.
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Figure 10. Incidental pineal cyst. A 31-year-old female undergoing brain MRI for dizziness. Axial T,WI (A), FLAIR (B), contrast-
enhanced T7WI (C) and sagittal contrast-enhanced T;WI (D) demonstrate a 2.0cm cystic lesion centered in the pineal region
(arrows). No abnormal solid component or solid enhancement is present. The cyst has been stable on serial follow-up MRIs for 4

years. FLAIR, fluid attenuated inversion recovery

are unilocular, smooth, and thin-walled, with size ranging from
a few millimeters to >25 millimeters (Figure 10).%® Atypical or
complex pineal cysts are defined as having internal septations,
solidly enhancing components, wall thickness >2 mm, calcifica-
tions, and/or hemorrhage. Any enhancement is usually located
peripherally, at the posterior aspect near the internal cerebral
veins.

Most patients with pineal cysts are asymptomatic. In a large
retrospective study, 80% of pineal cysts were stable on serial
follow-up MRI and clinical evaluation (mean interval = 3.4
years from initial exam).”* Less than 3% of lesions showed a
slight increase in size, with a mean change in maximum diam-
eter of 3.5mm. None of the patients in this study had or devel-
oped symptoms related to pineal cysts at baseline or during the
follow-up period.>* This benign course is supported by several
additional studies.””~®" In rare cases, pineal cysts may become
symptomatic due to obstructive hydrocephalus, or cranial nerve
IV compression with resultant gaze palsy or Parinaud syndrome
(a brainstem syndrome caused by damage to the vertical gaze
center in the posterior commissure of the dorsal midbrain).>*¢!
Although extremely rare, sudden death due to acute hydroceph-
alus from pineal hemorrhage has been reported.®*

Management of incidental pineal cysts remains controversial.
In children, serial follow-up imaging and clinical evaluation are
typically recommended, to exclude interval growth or devel-
opment of symptoms.”® Children with pineal cysts >15mm are
more at risk of developing visual impairment and hydroceph-
alus.®® It should be noted that the majority of atypical pineal cysts
are not primary pineal tumors; however, imaging cannot always
reliably distinguish the two, and thus serial follow-up imaging is
still recommended for atypical pineal cysts at many institutions
to ensure their stability.”>** Some clinicians may elect to obtain
annual MRI to follow up atypical pineal cysts for 5 years and no
long-term follow-up is required if lesions are stable.”®

ARACHNOID CYST

Arachnoid cyst is a common incidental intracranial cystic
lesion, with a prevalence of 0.3-3.1% in the adult population.>’
A systematic review of incidental findings on brain MRI found
that, excluding changes of cerebrovascular disease, arachnoid
cyst is the single most common non-neoplastic incidental

finding.? The etiology of arachnoid cyst remains uncertain but
it is thought to be due to a splitting of the arachnoid membrane
during development.®>*® Occasionally, arachnoid cysts may
be caused by preceding trauma or inflammation affecting the
subarachnoid space. The most common locations of arachnoid
cyst are in the middle cranial fossa and retrocerebellar cistern.
The vast majority of arachnoid cysts are incidental and asymp-
tomatic, and do not require follow-up imaging.” However, they
may cause symptoms from regional mass effect or less commonly
from cyst rupture resulting in subdural hygroma or intracystic
hemorrhage due to rupture of blood vessels around the cyst
wall.®% In such cases, surgical intervention (e.g. cyst excision,
fenestration, or shunting) is indicated.”’

COLLOID CYST

Colloid cysts are benign intracranial cystic lesions that arise
from ectopic endodermal tissue that migrates into the velum
interpositum during development. Most colloid cysts are discov-
ered incidentally on MRI, with a prevalence of 0.01-0.07%.>”!
They are most commonly located within the anterior third
ventricle in the vicinity of the foramina of Monro.”* They typi-
cally present incidentally as hyperdense cystic lesions on CT and
cysts with variable signal contents on MRI (depending on fluid
protein concentration) (Figure 11). The lesions may demonstrate
discontinuous thin rim enhancement, due to adjacent enhancing
septal veins.”® The most common clinical presentation is head-
ache secondary to increased intracranial pressure from obstruc-
tion at the foramina of Monro. Symptomatic colloid cysts require
surgical intervention to restore CSF flow.”®”!

The natural history of incidental colloid cysts is less well-studied.
A recent systematic review demonstrated that 6-19% of asymp-
tomatic colloid cysts showed some progression over 3-5 years
of radiological follow-up, with a 5-15%risk of progression
requiring surgical treatment in the 5 years following diagnosis’* .
Beaumont et al developed the Colloid Cyst Risk Score (CCRS)-a
simple 5-point score to stratify risk of developing symptoms
including obstructive hydrocephalus in patients with colloid
cysts.”! The five major risk factors implemented in CCRS include:
(1) age at presentation, (2) presence of headache, (3) axial cyst
diameter >7mm, (4) FLAIR hyperintensity on MRI, and (5)
cyst location in an anatomical risk zone (i.e. within the third
ventricle). A CCRS score <2 is considered to be low-risk, whereas
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Figure 11. Incidental colloid cyst. A 37-year-old female undergoing brain MRI for concussion. Axial T;WI (A) and sagittal high-
resolution TL,WI (B) demonstrate a 1.0cm cystic lesion centered in the foramen of Monro (arrows), most consistent with colloid
cyst. No imaging evidence of obstructive hydrocephalus. The cyst has been stable on serial follow-up MRIs for 5 years. Incidentally

noted small pineal cyst (arrowhead on image B).

a CCRS score >4 represents a high-risk lesion.”! The CCRS is
found to have good interrater reliability and high predictive
value on independent validations.”* " It is reccommended that all
patients with incidental colloid cysts be evaluated by neurosur-
gery to ascertain symptoms and discuss conservative vs surgical
treatment options.56

EPIDERMOID CYST

Epidermoid cysts are benign slow-growing congenital inclu-
sion cysts arising from ectodermal remnants during neural tube
closure.”® Epidermoid cysts slowly grow due to desquamation
of keratinizing squamous epithelium along the cyst wall. Many
epidermoid cysts are clinically silent but may occasionally cause
symptoms due to local mass effect.”® The prevalence of inci-
dental epidermoid cysts on brain MRI is 0.01-0.06%.> They are
commonly found in the basal cisterns, with cerebellopontine
angle cistern being the most common location.”®”” Rarely, they
may occur in the brain parenchyma or inside the bones.”®”®
Although rare, malignant transformation of epidermoid cysts
and aseptic meningitis from cyst rupture have been reported.”>*’
On MRI, epidermoid cysts classically present as non-enhancing
cystic lesions with signal resembling CSF on T7WI and T,WL
They are hyperintense on FLAIR sequence due to incomplete
signal suppression and demonstrate a variable degree of diffu-
sion restriction on DWI which is a key distinguishing imaging
feature from arachnoid cysts’® . Occasionally, epidermoid cysts
may exhibit atypical radiological features, with intrinsic hyper-
intensity on T{WI (so-called white epidermoid cyst). This may
be due to the presence of cholesterol crystals or internal hemor-
rhage.””®! Treatment is surgical. Recurrence may occur if the
cyst wall is not completely removed.®?

NEUROENTERIC CYST

Neuroenteric cysts are rare congenital cystic lesions derived
from the retained endodermal cells within the neuroenteric
canal connecting between the foregut and the notochord.®** In

the neuroaxis, neuroenteric cysts are most commonly found in
the cervical and upper thoracic spine. Intracranial neuroenteric
cysts are rare and account for only 10-18% of all neuroenteric
cysts.®***  Most intracranial neuroenteric cysts (70-90%)
occur in the posterior fossa. The true prevalence of incidental
neuroenteric cysts is unknown. On histopathology, the cyst wall
is lined by simple or pseudostratified cuboidal or columnar cells
similar to gastrointestinal or respiratory epithelium. On MRI,
most neuroenteric cysts are iso- or hyperintense to CSF on T{WI
(due to high proteinaceous content), hyperintense on T,WI and
T,-FLAIR, and usually have mild restricted diffusion on DWL
Most neuroenteric cysts show no enhancement on post-contrast
sequences (Figure 12).5>** Imaging features of neuroenteric cysts
are non-specific and largely overlap with other cystic lesions such
as arachnoid cysts or epidermoid cysts, making radiological
diagnosis difficult. Treatment of symptomatic neuroenteric cysts
is surgical excision.®>™

ANATOMICAL VARIANTS AND DEVELOPMENTAL
STRUCTURAL FINDINGS

There are a wide variety of anatomical variants and structural
developmental anomalies that are incidentally discovered on
brain MRIs, such as Chiari I malformation, gray matter hetero-
topia, and CSF space variations.” Anatomical variants of the
ventricular system such as asymmetric size and morphology,
coarctation, cavum septum pellucidum, cavum vergae, and
cavum velum interpositum are very common in healthy individ-
uals. These variations are generally considered to be within the
normal spectrum and have no clinical significance in the appro-
priate clinical context.®® However, some studies have suggested
that the presence of cavum septum pellucidum and cavum
vergae is associated with cognitive impairment in patients with
repetitive head trauma.®’

One of the more common anatomical variants in the posterior
fossa is cerebellar tonsillar ectopia or Chiari I malformation. The
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Figure 12. Neuroenteric cyst. A 37-year-old female undergoing brain MRI for headaches. Axial T{WI (A), axial TL,WI (B), axial
contrast-enhanced T;WI (C), axial DWI (D) and ADC maps (E) show a small extra-axial cystic lesion centered in the right cerebel-
lomedullary cistern (arrows). The lesion is slightly hyperintense to CSF on T1 and isointense on T2, with no definite enhancement.
There is no diffusion restriction. The lesion exerts minimal mass effect on the lower brainstem. The patient underwent surgical
excision, with final pathology showing neuroenteric cyst. ADC, apparent diffusion coefficient; DWI, diffusion-weighted imaging.

definition differentiating between cerebellar tonsillar ectopia
and Chiari I malformation is somewhat complicated because
the use of these terms is not uniform in literature. In general,
cerebellar tonsillar ectopia is a broader term used to describe
patients whose cerebellar tonsils are below the foramen magnum
encompassing both congenital and acquired etiologies such as
intracranial hypertension or craniospinal hypotension.*® Chiari
I malformation is defined as >5mm inferior protrusion of the
cerebellar tonsils below the opisthion-basion line. Patients with
Chiari I malformation are often symptomatic and may have other
structural abnormalities such as spinal syrinx.**° Cerebellar
tonsillar ectopia can be seen in up to 0.9% of the general adult
population.> Acquired cerebellar tonsillar ectopia from intracra-
nial hypertension may have a peg-like appearance, mimicking
Chiari I malformation. Thus, the findings of cerebellar tonsillar
ectopia or Chiari I malformation should be interpreted along
with other radiographic signs and within the clinical context.”
The natural history of patients with asymptomatic or mildly
symptomatic Chiari I malformation is relatively benign, with the
vast majority of patients remaining clinically stable or improving

91,92

with conservative management. Surgical intervention
(suboccipital craniectomy and C1 posterior arch resection) is
typically reserved for patients with symptoms attributable to
either the Chiari I malformation or syrinx, such as Valsalva-
induced headache or cranial nerve dysfunction.®

CONCLUSION

Incidental findings on brain MRI amongst patients undergoing
imaging are common. Brain parenchymal changes secondary
to cerebrovascular disease and intracranial tumors, particularly
meningiomas, are age-related, with increasing prevalence in
elderly population. Management of these incidental findings is
primarily based on the natural history of the lesions and clinical
background of an individual patient.

AUTHOR DISCLOSURES

All authors have no conflicts of interest to disclose and there
were no financial incentives that would alter the contents of this
manuscript.

REFERENCES

1.

Lohner V, Lu R, Enkirch SJ, Stocker T,
Hattingen E, Breteler MMB. Incidental
findings on 3 T neuroimaging: cross-
sectional observations from the population-
based rhineland study. Neuroradiology 2022;

64: 503-12. https://doi.org/10.1007/s00234-
021-02852-2

. Morris Z, Whiteley WN, Longstreth WT

Jr, Weber F, Lee Y-C, Tsushima Y, et al.
Incidental findings on brain magnetic

resonance imaging: systematic review and

meta-analysis. BMJ 2009; 339: b3016bmj.
b3016. https://doi.org/10.1136/bmj.b3016

. Vernooij MW, Ikram MA, Tanghe HL,

Vincent AJPE, Hofman A, Krestin GP,
et al. Incidental findings on brain MRI in
the general population. N Engl ] Med 2007;

10 of 13 birpublications.org/bjr

Br J Radiol;96:20220108


http://birpublications.org/bjr
https://doi.org/10.1007/s00234-021-02852-2
https://doi.org/10.1007/s00234-021-02852-2
https://doi.org/10.1136/bmj.b3016

BJR

10.

11.

12.

13.

357:1821-28. https://doi.org/10.1056/
NEJM0a070972

Reneman L, de Win MML, Booij ], van den
Brink W, den Heeten GJ, Freling N, et al.
Incidental head and neck findings on MRI
in young healthy volunteers: prevalence and
clinical implications. AJNR Am ] Neuroradiol
2012; 33: 1971-74. https://doi.org/10.3174/
ajnr.A3217

Haberg AK, Hammer TA, Kvistad KA,
Rydland J, Miiller TB, Eikenes L, et al.
Incidental intracranial findings and their
clinical impact; the HUNT MRI study in

a general population of 1006 participants
between 50-66 years. PLoS One 2016; 11(3):
€0151080. https://doi.org/10.1371/journal.
pone.0151080

Wang ML, Lu LY, Wei XE, Li WB. Incidental
extracerebral findings on brain nonenhanced
magnetic resonance imaging: frequency,
nondetection rate, and clinical importance.
Neuroradiology 2017; 59: 221-29. https://doi.
0rg/10.1007/s00234-017-1810-6

Litkowski PE, Smetana GW, Zeidel

ML, Blanchard MS. Curbing the urge

to image. Am ] Med 2016; 129: S0002-
9343(16)30680-5: 1131-35: . https://doi.org/
10.1016/j.amjmed.2016.06.020

Hendee WR, Becker GJ, Borgstede JP,
Bosma J, Casarella W], Erickson BA, et al.
Addressing overutilization in medical
imaging. Radiology 2010; 257: 240-45.
https://doi.org/10.1148/radiol. 10100063
Langner S, Buelow R, Fleck S, Angermaier
A, Kirsch M. Management of intracranial
incidental findings on brain MRI. Rofo 2016;
188: 1123-33. https://doi.org/10.1055/s-
0042-111075

Bos D, Poels MMF, Adams HHH, Akoudad
S, Cremers LGM, Zonneveld HI, et al.
Prevalence, clinical management, and
natural course of incidental findings on
brain MR images: the population-based
rotterdam scan study. Radiology 2016; 281:
507-15. https://doi.org/10.1148/radiol.
2016160218

Katzman GL, Dagher AP, Patronas NJ.
Incidental findings on brain magnetic
resonance imaging from 1000 asymptomatic
volunteers. JAMA 1999; 282: 36-39. https://
doi.org/10.1001/jama.282.1.36

Gupta A, Giambrone AE, Gialdini G, Finn
C, Delgado D, Gutierrez J, et al. Silent

brain infarction and risk of future stroke: A
systematic review and meta-analysis. Stroke
2016; 47: 719-25. https://doi.org/10.1161/
STROKEAHA.115.011889

Vermeer SE, Longstreth WT, Koudstaal PJ.
Silent brain infarcts: a systematic review.
Lancet Neurol 2007; 6: 611-19. https://doi.
org/10.1016/S1474-4422(07)70170-9

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lei C, Deng Q, Li H, Zhong L. Association
between silent brain infarcts and cognitive
function: A systematic review and meta-
analysis. ] Stroke Cerebrovasc Dis 2019; 28:
§1052-3057(19)30131-4: 2376-87: . https://
doi.org/10.1016/j.jstrokecerebrovasdis.2019.
03.036

de Leeuw FE, de Groot JC, Achten E,
Oudkerk M, Ramos LM, Heijboer R, et al.
Prevalence of cerebral white matter lesions
in elderly people: a population based
magnetic resonance imaging study. the
rotterdam scan study. ] Neurol Neurosurg
Psychiatry 2001; 70: 9-14. https://doi.org/10.
1136/jnnp.70.1.9

Enzinger C, Fazekas F, Ropele S, Schmidt R.
Progression of cerebral white matter lesions
-- clinical and radiological considerations. |
Neurol Sci 2007; 257: 5-10. https://doi.org/
10.1016/j.jns.2007.01.018

Schmidt R, Schmidt H, Haybaeck J,
Loitfelder M, Weis S, Cavalieri M, et al.
Heterogeneity in age-related white matter
changes. Acta Neuropathol 2011; 122:
171-85. https://doi.org/10.1007/s00401-011-
0851-x

Fazekas F, Chawluk JB, Alavi A, Hurtig HI,
Zimmerman RA. MR signal abnormalities
at 1.5 T in alzheimer’s dementia and normal
aging. AJR Am ] Roentgenol 1987; 149:
351-56. https://doi.org/10.2214/ajr.149.2.351
LADIS Study Group. 2001-2011: a decade
of the LADIS (leukoaraiosis and disability)
study: what have we learned about white
matter changes and small-vessel disease?

Cerebrovasc Dis 2011; 32: 577-88. https://doi.

org/10.1159/000334498

Cordonnier C, Al-Shahi Salman R, Wardlaw
J. Spontaneous brain microbleeds: systematic
review, subgroup analyses and standards for
study design and reporting. Brain 2007; 130:
1988-2003. https://doi.org/10.1093/brain/
awl387

Roob G, Schmidt R, Kapeller P, Lechner A,
Hartung HP, Fazekas F. MRI evidence of past
cerebral microbleeds in a healthy elderly
population. Neurology 1999; 52: 991-94.
https://doi.org/10.1212/wnl.52.5.991

Moulin S, Cordonnier C. Role of cerebral
microbleeds for intracerebral haemorrhage
and dementia. Curr Neurol Neurosci Rep
2019; 19(8): 51. https://doi.org/10.1007/
§11910-019-0969-0

Xia'Y, Wang Y, Yang L, Wang Y, Liang X,
Zhao Q, et al. Incident cerebral microbleeds
and hypertension defined by the 2017 ACC/
AHA guidelines. Ann Transl Med 2021; 9:
314. https://doi.org/10.21037/atm-20-5142
Wardlaw JM, Smith C, Dichgans M. Small
vessel disease: mechanisms and clinical
implications. Lancet Neurol 2019; 18: S1474-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Wangaryattawanich et a/

4422(19)30079-1: 684-96: . https://doi.org/
10.1016/51474-4422(19)30079-1

Nakasu S, Notsu A, Nakasu Y. Prevalence
of incidental meningiomas and gliomas on
MRI: a meta-analysis and meta-regression
analysis. Acta Neurochir (Wien) 2021; 163:
3401-15. https://doi.org/10.1007/s00701-
021-04919-8

Noorani I, Sanai N. Surgical management
of incidental gliomas. Neurosurg Clin N Am
2017; 28: S1042-3680(17)30020-7: 397-406: .
https://doi.org/10.1016/j.nec.2017.02.008
Pallud J, Fontaine D, Duffau H, Mandonnet
E, Sanai N, Taillandier L, et al. Natural
history of incidental world health
organization grade II gliomas. Ann Neurol
2010; 68: 727-33. https://doi.org/10.1002/
ana.22106

Larsen ], Wharton SB, McKevitt F,
Romanowski C, Bridgewater C, Zaki H,

et al. “Low grade glioma”: an update for
radiologists. Br ] Radiol 2017; 90: 20160600:
1070: . https://doi.org/10.1259/bjr.20160600
Bonm AV, Ritterbusch R, Throckmorton P,
Graber JJ. Clinical imaging for diagnostic
challenges in the management of gliomas:
A review. ] Neuroimaging 2020; 30: 139-45.
https://doi.org/10.1111/jon.12687

Morshed RA, Young JS, Hervey-Jumper SL,
Berger MS. The management of low-grade
gliomas in adults. ] Neurosurg Sci 2019; 63:
450-57. https://doi.org/10.23736/S0390-
5616.19.04701-5

Ius T, Cesselli D, Isola M, Pauletto G,
Tomasino B, D’Auria S, et al. Incidental
low-grade gliomas: single-institution
management based on clinical, surgical,
and molecular data. Neurosurgery 2020; 86:
391-99. https://doi.org/10.1093/neuros/
nyz114

Huse JT, Edgar M, Halliday ], Mikolaenko
I, Lavi E, Rosenblum MK. Multinodular
and vacuolating neuronal tumors of the
cerebrum: 10 cases of a distinctive seizure-
associated lesion. Brain Pathol 2013; 23:
515-24. https://doi.org/10.1111/bpa.12035
Nunes RH, Hsu CC, da Rocha AJ, do
Amaral LLE, Godoy LFS, Watkins TW, et al.
Multinodular and vacuolating neuronal
tumor of the cerebrum: A new “leave me
alone” lesion with A characteristic imaging
pattern. AJNR Am ] Neuroradiol 2017; 38:
1899-1904. https://doi.org/10.3174/ajnr.
A5281

Choi E, Kim S-1, Won J-K, Chung CK, Kim
SK, Choi S-H, et al. Clinicopathological
and molecular analysis of multinodular
and vacuolating neuronal tumors of the
cerebrum. Hum Pathol 2019; 86: S0046-
8177(18)30483-0: 203-12: . https://doi.org/
10.1016/j.humpath.2018.11.028

11of 13 birpublications.org/bjr

Br J Radiol;96:20220108


http://birpublications.org/bjr
https://doi.org/10.1056/NEJMoa070972
https://doi.org/10.1056/NEJMoa070972
https://doi.org/10.3174/ajnr.A3217
https://doi.org/10.3174/ajnr.A3217
https://doi.org/10.1371/journal.pone.0151080
https://doi.org/10.1371/journal.pone.0151080
https://doi.org/10.1007/s00234-017-1810-6
https://doi.org/10.1007/s00234-017-1810-6
https://doi.org/10.1016/j.amjmed.2016.06.020
https://doi.org/10.1016/j.amjmed.2016.06.020
https://doi.org/10.1148/radiol.10100063
https://doi.org/10.1055/s-0042-111075
https://doi.org/10.1055/s-0042-111075
https://doi.org/10.1148/radiol.2016160218
https://doi.org/10.1148/radiol.2016160218
https://doi.org/10.1001/jama.282.1.36
https://doi.org/10.1001/jama.282.1.36
https://doi.org/10.1161/STROKEAHA.115.011889
https://doi.org/10.1161/STROKEAHA.115.011889
https://doi.org/10.1016/S1474-4422(07)70170-9
https://doi.org/10.1016/S1474-4422(07)70170-9
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.03.036
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.03.036
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.03.036
https://doi.org/10.1136/jnnp.70.1.9
https://doi.org/10.1136/jnnp.70.1.9
https://doi.org/10.1016/j.jns.2007.01.018
https://doi.org/10.1016/j.jns.2007.01.018
https://doi.org/10.1007/s00401-011-0851-x
https://doi.org/10.1007/s00401-011-0851-x
https://doi.org/10.2214/ajr.149.2.351
https://doi.org/10.1159/000334498
https://doi.org/10.1159/000334498
https://doi.org/10.1093/brain/awl387
https://doi.org/10.1093/brain/awl387
https://doi.org/10.1212/wnl.52.5.991
https://doi.org/10.1007/s11910-019-0969-0
https://doi.org/10.1007/s11910-019-0969-0
https://doi.org/10.21037/atm-20-5142
https://doi.org/10.1016/S1474-4422(19)30079-1
https://doi.org/10.1016/S1474-4422(19)30079-1
https://doi.org/10.1007/s00701-021-04919-8
https://doi.org/10.1007/s00701-021-04919-8
https://doi.org/10.1016/j.nec.2017.02.008
https://doi.org/10.1002/ana.22106
https://doi.org/10.1002/ana.22106
https://doi.org/10.1259/bjr.20160600
https://doi.org/10.1111/jon.12687
https://doi.org/10.23736/S0390-5616.19.04701-5
https://doi.org/10.23736/S0390-5616.19.04701-5
https://doi.org/10.1093/neuros/nyz114
https://doi.org/10.1093/neuros/nyz114
https://doi.org/10.1111/bpa.12035
https://doi.org/10.3174/ajnr.A5281
https://doi.org/10.3174/ajnr.A5281
https://doi.org/10.1016/j.humpath.2018.11.028
https://doi.org/10.1016/j.humpath.2018.11.028

Incidental Findings on Brain MRI in Adults

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Alsufayan R, Alcaide-Leon P, de Tilly LN,
Mandell DM, Krings T. Natural history of
lesions with the MR imaging appearance
of multinodular and vacuolating neuronal
tumor. Neuroradiology 2017; 59: 873-83.
https://doi.org/10.1007/500234-017-1884-1
Behbahani M, Skeie GO, Eide GE,
Hausken A, Lund-Johansen M, Skeie BS. A
prospective study of the natural history of
incidental meningioma-hold your horses!

Neurooncol Pract 2019; 6: 438-50. https://doi.

org/10.1093/nop/npz011
Spasic M, Pelargos PE, Barnette N, Bhatt NS,

Lee SJ, Ung N, et al. Incidental meningiomas:

management in the neuroimaging era.
Neurosurg Clin N Am 2016; 27: S1042-
3680(15)00126-6: 229-38: . https://doi.org/
10.1016/j.nec.2015.11.012

Islim AL, Mohan M, Moon RDC, Rathi

N, Kolamunnage-Dona R, Crofton A,

et al. Treatment outcomes of incidental
intracranial meningiomas: results from the
IMPACT cohort. World Neurosurg 2020; 138:
$1878-8750(20)30529-5: €725-35: . https://
doi.org/10.1016/j.wneu.2020.03.060
Schmidt RE, Boghani Z, Choudhry O], Eloy
JA, Jyung RW, Liu JK. Incidental vestibular
schwannomas: a review of prevalence,
growth rate, and management challenges.
Neurosurg Focus 2012; 33(3): E4. https://doi.
org/10.3171/2012.7.FOCUS12186

Hoa M, Drazin D, Hanna G, Schwartz MS,
Lekovic GP. The approach to the patient

with incidentally diagnosed vestibular

schwannoma. Neurosurg Focus 2012; 33(3): E2.

https://doi.org/10.3171/2012.6. FOCUS12209
Dunn IF, Bi WL, Mukundan S, Delman

BN, Parish ], Atkins T, et al. Congress of
neurological surgeons systematic review
and evidence-based guidelines on the role of
imaging in the diagnosis and management
of patients with vestibular schwannomas.
Neurosurgery 2018; 82: E32-34. https://doi.
org/10.1093/neuros/nyx510

Goldbrunner R, Weller M, Regis ], Lund-
Johansen M, Stavrinou P, Reuss D, et al.
EANO guideline on the diagnosis and
treatment of vestibular schwannoma. Neuro
Oncol 2020; 22: 31-45. https://doi.org/10.
1093/neuonc/noz153

Muly S, Liu S, Lee R, Nicolaou S, Rojas R,
Khosa F. MRI of intracranial intraventricular
lesions. Clin Imaging 2018; 52: S0899-
7071(18)30206-7: 226-39: . https://doi.org/
10.1016/j.clinimag.2018.07.021

Smith AB, Smirniotopoulos JG, Horkanyne-
Szakaly I. From the radiologic pathology
archives: intraventricular neoplasms:
radiologic-pathologic correlation.
Radiographics 2013; 33: 21-43. https://doi.
org/10.1148/rg.331125192

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Shah T, Jayasundar R, Singh VP, Sarkar

C. In vivo MRS study of intraventricular
tumors. ] Magn Reson Imaging 2011; 34:
1053-59. https://doi.org/10.1002/jmri.
22711

Majos C, Aguilera C, Cos M, Camins A,
Candiota AP, Delgado-Goni T, et al. In vivo
proton magnetic resonance spectroscopy of
intraventricular tumours of the brain. Eur
Radiol 2009; 19: 2049-59. https://doi.org/10.
1007/s00330-009-1357-y

Zaccagna F, Brown FS, Allinson KS]J,
Devadass A, Kapadia A, Massoud TF, et al. In
and around the pineal gland: a neuroimaging
review. Clin Radiol 2022; 77: S0009-
9260(21)00476-1: €107-19: . https://doi.org/
10.1016/j.crad.2021.09.020

Konovalov AN, Pitskhelauri DI. Principles of
treatment of the pineal region tumors. Surg
Neurol 2003; 59: 250-68. https://doi.org/10.
1016/50090-3019(03)00080-6

Hoang JK, Hoffman AR, Gonzélez RG,
Wintermark M, Glenn BJ, Pandharipande
PV, et al. Management of incidental
pituitary findings on CT, MRI, and '$F-
fluorodeoxyglucose PET: A white paper of
the ACR incidental findings committee.

J Am Coll Radiol 2018; 15: S1546-
1440(18)30379-X: 966-72: . https://doi.org/
10.1016/j.jacr.2018.03.037

Langlois F, Fleseriu M. What to do

with incidentally discovered pituitary
abnormalities? Med Clin North Am 2021;
105: S0025-7125(21)00084-5: 1081-98: .
https://doi.org/10.1016/j.mcna.2021.05.015
Teramoto A, Hirakawa K, Sanno N, Osamura
Y. Incidental pituitary lesions in 1,000
unselected autopsy specimens. Radiology
1994; 193: 161-64. https://doi.org/10.1148/
radiology.193.1.8090885

Chanson P, Daujat E, Young J, Bellucci A,
Kujas M, Doyon D, et al. Normal pituitary
hypertrophy as a frequent cause of pituitary
incidentaloma: a follow-up study. J Clin
Endocrinol Metab 2001; 86: 3009-15. https://
doi.org/10.1210/jcem.86.7.7649

Freda PU, Beckers AM, Katznelson L,
Molitch ME, Montori VM, Post KD, et al.
Pituitary incidentaloma: an endocrine
society clinical practice guideline. J Clin
Endocrinol Metab 2011; 96: 894-904. https://
doi.org/10.1210/jc.2010-1048

Al-Holou WN, Terman SW, Kilburg C,
Garton HJL, Muraszko KM, Chandler WE,
et al. Prevalence and natural history of
pineal cysts in adults. ] Neurosurg 2011; 115:
1106-14. https://doi.org/10.3171/2011.6.
JNS11506

Al-Holou WN, Maher CO, Muraszko

KM, Garton HJL. The natural history of
pineal cysts in children and young adults. J

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

BJR

Neurosurg Pediatr 2010; 5: 162-66. https://
doi.org/10.3171/2009.9.PEDS09297
Jenkinson MD, Mills S, Mallucci CL,
Santarius T. Management of pineal and
colloid cysts. Pract Neurol 2021: practneurol-
2020-002838. https://doi.org/10.1136/
practneurol-2020-002838

Nevins EJ, Das K, Bhojak M, Pinto RS,
Hoque MN, Jenkinson MD, et al. Incidental
pineal cysts: is surveillance necessary? World
Neurosurg 2016; 90: S1878-8750(16)00338-7:
96-102: . https://doi.org/10.1016/j.wneu.
2016.02.092

Barboriak DP, Lee L, Provenzale JM. Serial
MR imaging of pineal cysts: implications

for natural history and follow-up. AJR Am

J Roentgenol 2001; 176: 737-43. https://doi.
org/10.2214/ajr.176.3.1760737

Tanaka T, Arnold L, Gabriela Mazuru D,
Golzy M, Carr SB, Litofsky NS. Pineal cysts:
does anyone need long-term follow up? J Clin
Neurosci 2021; 83: S0967-5868(20)31610-6:
146-51: . https://doi.org/10.1016/j.jocn.2020.
10.051

Gokcee E, Beyhan M. Evaluation of pineal
cysts with magnetic resonance imaging.
World ] Radiol 2018; 10: 65-77. https://doi.
org/10.4329/wjr.v10.i7.65

Shields M, Sinkar S, Chan W, Crompton J.
Parinaud syndrome: a 25-year (1991-2016)
review of 40 consecutive adult cases. Acta
Ophthalmol 2017; 95: €792-93. https://doi.
org/10.1111/a0s.13283

Richardson JK, Hirsch CS. Sudden,
unexpected death due to “pineal apoplexy.”
Am ] Forensic Med Pathol 1986; 7:

64-68. https://doi.org/10.1097/00000433-
198603000-00014

Choque-Velasquez ], Colasanti R, Baluszek
S, Resendiz-Nieves J, Muhammad S, Ludtka
C, et al. Systematic review of pineal cysts
surgery in pediatric patients. Childs Nerv Syst
2020; 36: 2927-38. https://doi.org/10.1007/
s00381-020-04792-3

Starke RM, Cappuzzo JM, Erickson NJ,
Sherman JH. Pineal cysts and other pineal
region malignancies: determining factors
predictive of hydrocephalus and malignancy.
J Neurosurg 2017; 127: 249-54. https://doi.
org/10.3171/2016.8.JNS16220

White ML. (n.d.). Cysts ] MD. arachnoid
statpearls. Treasure Island (FL)2021.

Adeeb N, Deep A, Griessenauer CJ,
Mortazavi MM, Watanabe K, Loukas M,

et al. The intracranial arachnoid mater : a
comprehensive review of its history, anatomy,
imaging, and pathology. Childs Nerv Syst
2013; 29: 17-33. https://doi.org/10.1007/
s00381-012-1910-x

Hall S, Smedley A, Sparrow O, Mathad N,
Waters R, Chakraborty A, et al. Natural

12 of 13 birpublications.org/bjr

Br J Radiol;96:20220108


http://birpublications.org/bjr
https://doi.org/10.1007/s00234-017-1884-1
https://doi.org/10.1093/nop/npz011
https://doi.org/10.1093/nop/npz011
https://doi.org/10.1016/j.nec.2015.11.012
https://doi.org/10.1016/j.nec.2015.11.012
https://doi.org/10.1016/j.wneu.2020.03.060
https://doi.org/10.1016/j.wneu.2020.03.060
https://doi.org/10.3171/2012.7.FOCUS12186
https://doi.org/10.3171/2012.7.FOCUS12186
https://doi.org/10.3171/2012.6.FOCUS12209
https://doi.org/10.1093/neuros/nyx510
https://doi.org/10.1093/neuros/nyx510
https://doi.org/10.1093/neuonc/noz153
https://doi.org/10.1093/neuonc/noz153
https://doi.org/10.1016/j.clinimag.2018.07.021
https://doi.org/10.1016/j.clinimag.2018.07.021
https://doi.org/10.1148/rg.331125192
https://doi.org/10.1148/rg.331125192
https://doi.org/10.1002/jmri.22711
https://doi.org/10.1002/jmri.22711
https://doi.org/10.1007/s00330-009-1357-y
https://doi.org/10.1007/s00330-009-1357-y
https://doi.org/10.1016/j.crad.2021.09.020
https://doi.org/10.1016/j.crad.2021.09.020
https://doi.org/10.1016/s0090-3019(03)00080-6
https://doi.org/10.1016/s0090-3019(03)00080-6
https://doi.org/10.1016/j.jacr.2018.03.037
https://doi.org/10.1016/j.jacr.2018.03.037
https://doi.org/10.1016/j.mcna.2021.05.015
https://doi.org/10.1148/radiology.193.1.8090885
https://doi.org/10.1148/radiology.193.1.8090885
https://doi.org/10.1210/jcem.86.7.7649
https://doi.org/10.1210/jcem.86.7.7649
https://doi.org/10.1210/jc.2010-1048
https://doi.org/10.1210/jc.2010-1048
https://doi.org/10.3171/2011.6.JNS11506
https://doi.org/10.3171/2011.6.JNS11506
https://doi.org/10.3171/2009.9.PEDS09297
https://doi.org/10.3171/2009.9.PEDS09297
https://doi.org/10.1136/practneurol-2020-002838
https://doi.org/10.1136/practneurol-2020-002838
https://doi.org/10.1016/j.wneu.2016.02.092
https://doi.org/10.1016/j.wneu.2016.02.092
https://doi.org/10.2214/ajr.176.3.1760737
https://doi.org/10.2214/ajr.176.3.1760737
https://doi.org/10.1016/j.jocn.2020.10.051
https://doi.org/10.1016/j.jocn.2020.10.051
https://doi.org/10.4329/wjr.v10.i7.65
https://doi.org/10.4329/wjr.v10.i7.65
https://doi.org/10.1111/aos.13283
https://doi.org/10.1111/aos.13283
https://doi.org/10.1097/00000433-198603000-00014
https://doi.org/10.1097/00000433-198603000-00014
https://doi.org/10.1007/s00381-020-04792-3
https://doi.org/10.1007/s00381-020-04792-3
https://doi.org/10.3171/2016.8.JNS16220
https://doi.org/10.3171/2016.8.JNS16220
https://doi.org/10.1007/s00381-012-1910-x
https://doi.org/10.1007/s00381-012-1910-x

BJR

68.

69.

70.

71.

72.

73.

74.

75.

history of intracranial arachnoid cysts.
World Neurosurg 2019; 126: S1878-
8750(19)30755-7: €1315-20: . https://doi.org/
10.1016/j.wneu.2019.03.087

Kieu HD, Le TD, Tran TQ. Arachnoid cyst
with spontaneous intracystic hemorrhage
and associated chronic subdural hematoma:
A case report. Int ] Surg Case Rep 2021; 81:
$2210-2612(21)00290-X: 105789: . https://
doi.org/10.1016/j.ijscr.2021.105789
Balestrino A, Piatelli G, Consales A, Cama
A, Rossi A, Pacetti M, et al. Spontaneous
rupture of middle fossa arachnoid cysts:
surgical series from a single center pediatric
hospital and literature review. Childs Nerv
Syst 2020; 36: 2789-99. https://doi.org/10.
1007/s00381-020-04560-3

Hayes M]J, TerMaath SC, Crook TR, Killeffer
JA. A review on the effectiveness of surgical
intervention for symptomatic intracranial
arachnoid cysts in adults. World Neurosurg
2019; 123: S1878-8750(18)32708-6: €259-72:
. https://doi.org/10.1016/j.wneu.2018.11.149
Beaumont TL, Limbrick DD Jr, Rich KM,
Wippold FJ 2nd, Dacey RG Jr. Natural
history of colloid cysts of the third ventricle.
] Neurosurg 2016; 125: 1420-30. https://doi.
org/10.3171/2015.11.JNS151396

O’Neill AH, Gragnaniello C, Lai LT. Natural
history of incidental colloid cysts of the third
ventricle: A systematic review. ] Clin Neurosci
2018; 53: S0967-5868(18)30312-6: 122-26: .
https://doi.org/10.1016/j.jocn.2018.04.061
Alford EN, Rotman LE, Lepard JR, Agee

BS, Markert JM. Interrater and intrarater
reliability of the colloid cyst risk score.
Neurosurgery 2020; 86: E47-53. https://doi.
org/10.1093/neuros/nyz399

Alford EN, Rotman LE, Shank CD, Agee BS,
Markert JM. Independent validation of the
colloid cyst risk score to predict symptoms
and hydrocephalus in patients with colloid
cysts of the third ventricle. World Neurosurg
2020; 134: S1878-8750(19)32826-8: e747-53:
. https://doi.org/10.1016/j.wneu.2019.10.188
Zeineddine HA, Westmark K, Khanpara S,
Conner C, Zhang X, Tandon N, et al. Risk

77.

78

79

80

81.

82.

83.

84.

analysis and management of third ventricular
colloid cysts. World Neurosurg 2021; 146:
S1878-8750(20)32465-7: €1071-78: . https://
doi.org/10.1016/j.wneu.2020.11.090

. Osborn AG, Preece MT. Intracranial

cysts: radiologic-pathologic correlation

and imaging approach. Radiology.
20065;239(3):650-64.

Jamjoom DZ, Alamer A, Tampieri D.
Correlation of radiological features of white
epidermoid cysts with histopathological
findings. Sci Rep 2022; 12(1). https://doi.org/
10.1038/s41598-022-06167-x

. Zheng ], Wang C, Liu E Intraparenchymal
epidermoid cyst: proper surgical
management may lead to satisfactory
outcome. ] Neurooncol. 2018;138(3):591-9.

. Hamlat A, Hua ZF, Saikali S, Laurent JE,
Gedouin D, Ben-Hassel M, et al. Malignant
transformation of intra-cranial epithelial
cysts: systematic article review. ] Neurooncol.
2005;74(2):187-94.

. Cherian A, Baheti NN, Easwar HV, Nair
DS, Iype T. Recurrent meningitis due to
epidermoid. ] Pediatr Neurosci. 2012;7(1):47-
8.

Ren X, Lin S, Wang Z, Luo L, Jiang Z, Sui D,
et al. Clinical, radiological, and pathological
features of 24 atypical intracranial
epidermoid cysts. ] Neurosurg 2012; 116:
611-21. https://doi.org/10.3171/2011.10.
JNS111462

Hasegawa H, Vakharia K, Carlstrom LP, Van
Gompel JJ, Driscoll CLW, Carlson ML, et al.
Long-term surgical outcomes of intracranial
epidermoid tumors: impact of extent of
resection on recurrence and functional
outcomes in 63 patients. ] Neurosurg 2021;
2021: 1-9: 2021.5.JNS21650. https://doi.org/
10.3171/2021.5.JNS21650

Gauden AJ, Khurana VG, Tsui AE, Kaye AH.
Intracranial neuroenteric cysts: a concise
review including an illustrative patient. J Clin
Neurosci 2012; 19: 352-59. https://doi.org/10.
1016/j.jocn.2011.10.005

Preece MT, Osborn AG, Chin SS,
Smirniotopoulos JG. Intracranial

85.

86.

87.

88.

89.

90.

91

92.

Wangaryattawanich et a/

neurenteric cysts: imaging and pathology
spectrum. AJNR Am ] Neuroradiol 2006; 27:
1211-16.

Wang L, Zhang ], Wu Z, Jia G, Zhang L, Hao
S, et al. Diagnosis and management of adult
intracranial neurenteric cysts. Neurosurgery
2011; 68: 44-52; . https://doi.org/10.1227/
NEU.0b013e3181fc5ee0

Scelsi CL, Rahim TA, Morris JA, Kramer
GJ, Gilbert BC, Forseen SE. The lateral
ventricles: A detailed review of anatomy,
development, and anatomic variations. AJNR
Am ] Neuroradiol 2020; 41: 566-72. https://
doi.org/10.3174/ajnr.A6456

Lee JK, Wu J, Bullen J, Banks S, Bernick

C, Modic MT, et al. Association of cavum
septum pellucidum and cavum vergae with
cognition, mood, and brain volumes in
professional fighters. JAMA Neurol 2020; 77:
35-42. https://doi.org/10.1001/jamaneurol.
2019.2861

Cesmebasi A, Loukas M, Hogan E, Kralovic
S, Tubbs RS, Cohen-Gadol AA. The chiari
malformations: a review with emphasis

on anatomical traits. Clin Anat 2015; 28:
184-94. https://doi.org/10.1002/ca.22442
McClugage SG, Oakes WJ. The chiari I
malformation. J Neurosurg Pediatr 2019; 24:
2019.5.PEDS18382: 217-26: . https://doi.org/
10.3171/2019.5.PEDS18382

Aiken AH, Hoots JA, Saindane AM, Hudgins
PA. Incidence of cerebellar tonsillar ectopia
in idiopathic intracranial hypertension: a
mimic of the chiari I malformation. AJNR
Am ] Neuroradiol 2012; 33: 1901-6. https://
doi.org/10.3174/ajnr.A3068

. Langridge B, Phillips E, Choi D. Chiari
Malformation Type 1: A Systematic Review
of Natural History and Conservative
Management. World Neurosurg.
2017;104:213-9.

Dantas FLR, Dantas F, Caires AC, Botelho
RV. Natural history and conservative
treatment options in chiari malformation
type I in adults: A literature update. Cureus
2020; 12: €12050. https://doi.org/10.7759/
cureus.12050

13 of 13 birpublications.org/bjr

Br J Radiol;96:20220108


http://birpublications.org/bjr
https://doi.org/10.1016/j.wneu.2019.03.087
https://doi.org/10.1016/j.wneu.2019.03.087
https://doi.org/10.1016/j.ijscr.2021.105789
https://doi.org/10.1016/j.ijscr.2021.105789
https://doi.org/10.1007/s00381-020-04560-3
https://doi.org/10.1007/s00381-020-04560-3
https://doi.org/10.1016/j.wneu.2018.11.149
https://doi.org/10.3171/2015.11.JNS151396
https://doi.org/10.3171/2015.11.JNS151396
https://doi.org/10.1016/j.jocn.2018.04.061
https://doi.org/10.1093/neuros/nyz399
https://doi.org/10.1093/neuros/nyz399
https://doi.org/10.1016/j.wneu.2019.10.188
https://doi.org/10.1016/j.wneu.2020.11.090
https://doi.org/10.1016/j.wneu.2020.11.090
https://doi.org/10.1038/s41598-022-06167-x
https://doi.org/10.1038/s41598-022-06167-x
https://doi.org/10.3171/2011.10.JNS111462
https://doi.org/10.3171/2011.10.JNS111462
https://doi.org/10.3171/2021.5.JNS21650
https://doi.org/10.3171/2021.5.JNS21650
https://doi.org/10.1016/j.jocn.2011.10.005
https://doi.org/10.1016/j.jocn.2011.10.005
https://doi.org/10.1227/NEU.0b013e3181fc5ee0
https://doi.org/10.1227/NEU.0b013e3181fc5ee0
https://doi.org/10.3174/ajnr.A6456
https://doi.org/10.3174/ajnr.A6456
https://doi.org/10.1001/jamaneurol.2019.2861
https://doi.org/10.1001/jamaneurol.2019.2861
https://doi.org/10.1002/ca.22442
https://doi.org/10.3171/2019.5.PEDS18382
https://doi.org/10.3171/2019.5.PEDS18382
https://doi.org/10.3174/ajnr.A3068
https://doi.org/10.3174/ajnr.A3068
https://doi.org/10.7759/cureus.12050
https://doi.org/10.7759/cureus.12050

