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Abstract:

Background: Intraventricular meningiomas (IVMs) qoise 0.5-3% of intracranial meningiomas. They
often cause obstructive hydrocephalus and are caoyrtreated with surgical resection or stereotactic

radiosurgery.

Objective: To describe the surgical approachegeselction techniques needed to approach
intraventricular tumors, while highlighting the gleent anatomy and blood supply surrounding the

ventricular system in order to avoid neurologicgliiy.

Methods: Two cases of left atrial IVMs that werenmicated by postoperative lateral geniculate nusle
(LGN) ischemia and resultant temporary contraldtguadrantanopia are described. The safe surgical
approaches to the atrium of lateral ventricles el$ & the anatomy and blood supply to the LGN and

optic radiation are discussed and illustrated.

Results: In both cases, the patients had compegetion of their tumors. They both ultimately made
good recovery after transient visual deficits. heases provide useful demonstrations of eloquent

anatomy of the ventricular walls and visual pathaagtomy.

Conclusion: Care must be taken to avoid visualypays along the lateral ventricle wall and the ngarb
arterial supply of the lateral geniculate nuclewsrfthe choroidal arteries when resecting intraveurar

tumors.
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I ntroduction:

Patients with intraventricular meningiomas (IVM$jen present with symptoms secondary to
obstructive hydrocephalus or mass effect from ppeed lateral ventric€. IVMs account for 0.5-3% of
meningiomas®. Although the majority of IVMs occur within theratm of the lateral ventricle (80%)
they also may originate from the third (15%) andrfo ventricle (5%)° Treatment options include
radiosurgery or surgical resectfon

Depending on tumor depth, within the ventriculasteyn, IVMs can be located adjacent to
arteries that supply eloquent white matter pathvesyeortical structures. Therefore, surgical résedts
often technically challengifigVVarious surgical approaches can be used to atteesentricular system
and the surgeon should tailor his plan to indivichaients, taking into account the tumor location,
handedness and other clinical factors to optimédety’.

Here we report two patients with lateral ventridi®s that resulted in lateral geniculate nucleus
(LGN) ischemia after surgical resection via a garieccipital transcortical approach through theipital
horn of the lateral ventricle. A brief overviewtb neurosurgical approaches to the lateral vemaric

atrium is followed by the anatomy and blood supyilyhe LGN and the trajectory of the optic radiaso

Materialsand Methods:
This is a retrospective review of two cases. Tleetebnic medical record and radiology were reviewed
for both cases. The institutional review boardhef author’s university approved this study (IRB# 13

12587).

Results:

Case 1. A 34-year-old right-handed woman had a surfingdemi, and, in addition to an orbital fracture,
the head CT revealed an intra-ventricular masstr@senhanced magnetic resonance imaging (MRI)
demonstrated a mass within the atrium of the ééirhl ventricle with surrounding edema in the

temporal, parietal and occipital lobes (Figure BA, The left temporal horn and the occipital horerev
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obstructed. The patient had been having daily mgrteft temporal headaches, which were often
accompanied by dizziness, nausea and vomitingaSbehad intermittent visual symptoms. These had
been attributed to migraines, which were diagn@sgelars prior. An MRI at that time was normal. On
physical exam, the patient was neurologically iptecluding full visual fields and normal oculamfdi.
Her language and reading comprehension were atsoahoShe had no family history of meningioma,
radiation, breast or thyroid tumors. She electaedhiergo surgical resection of the tumor. A lefigta-
occipital trans-cortical approach via the occipitatn was selected and performed as described below
with a Simpson Grade 1 resection. Post-operatibedypatient was neurologically intact except foight
inferior quadrantanopia. While the post-operativielMhowed a gross total resection of the tumor
(Figure 1C), it also revealed a small infarct ia tbft LGN (Figure 1D). Final pathology was atypica
meningioma, WHO grade Il. At 6 months post-operther visual fields had recovered and her tumor

had not recurred.

Case 2: A 36-year-old male obtained a CT scan as part éfisurance screening and was incidentally
found to have a left atrial mass. MRI demonstra@dcm left atrial contrast enhancing mass conttiste
with meningioma (Figure 2A, B). The left occipitadrn displayed slight dilation with some surrouridin
edema in the parietal lobe. He described genedalizadaches for the past 6 months, especially while
reading, but these were similar to migraines hehtzatisince childhood. The patient’s neurologicalnex
was normal, including full visual fields and nornoalular fundi as well as normal language and repdin
comprehension. He has no family history of meningigradiation, breast or thyroid tumors. He elected
to under surgical resection of the tumor. A SimpSoade 1 resection was performed via a left parieto
occipital transcortical approach via the occipitain was described in detail below. Post-operatifiel
had a right homonymous hemianopsia. Post-operttREeshowed a gross total resection (Figure 2C, D)
as well as a left LGN infarct (Figure 2E). Diffusitensor imaging (DTI) based tractography showed th
the infarct interrupted the left optic radiatioriglee LGN (Figure 2F). Final pathology was menimg#&

WHO Grade 1. At three week follow up with Humphkégual Field tests, his right superior quadrant



101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

Intraventricular Meningioma Resection and LGN Isole

had recovered fully, but he still had a right inderquadrantanopia. At four month follow up hisiois

and visual fields had returned to normal.

Operative Technique: The IVMs presented here were both located withénatrium of the left lateral
ventricle and were resected via a left parietofutali transcortical transventricular approach e t
occipital horn. Both patients were positioned laligrwith the head secured with the Mayfield appasa
Intraoperative stereotactic neuronavigation wasl tsenap the tumor. A U-shaped skin incision was
made and a occipital parietal craniotomy was peréat with burr holes and a footplate drill attachinen
The dura was incised in a U-shaped manner andctedlenedially towards the superior sagittal sinus.

Using the stereotactic neuro-navigation systengrtcally oriented paramedian occipital gyrus
was selected with the shortest safe direct trajgdtbo the occipital horn of the lateral ventricle
Diffusion tensor imaging was used to project odeipiisual fiber pathways on axial (as shown inureg
2F), and coronal MRI images at surgery. The pidbse of the superior occipital gyrus 2 cm latéoal
the midline was then coagulated and opened withlablade and straight microscissors. An image-
guided stylet was used to position a catheterttmtaccipital horn of lateral ventricle. Blunt distsion
with a Rhoton #4 dissector was used to follow thineter down to the occipital horn of the lateral
ventricle. Self-retaining retractors were placeshglthe tract.

Using the operative microscope, the posterior maofthe tumor was identified. The surface of
the tumor was coagulated in a rectangular fashioibsgoosterior surface and incised with straight
microscissors. A sample was taken for biopsy. Bathors were very fibrous. They were debulked
internally with the ultrasonic aspirator and thebca dioxide laser. Once adequately debulked, we
dissected around the margins of the tumor, respethie ependymal surface, and detaching it from the
ventricular wall. The choroid plexus and choroidekry were identified and the choroidal artery was
coagulated where it was supplying the tumor. Ihlmatses, there were multiple small vessels sugplyin
the tumor that were coagulated and divided. Anresfeventricular drain was left in the cavity aihe t

dura was repaired with interrupted sutures. Thesbitap was repositioned and secured with titanium
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plates and screws prior to scalp closure.

Discussion:

Surgical approachesto meningiomasin the atrium of the lateral ventricle

The operative approach to IVMs depends on tumation within the lateral ventricle and is beyond th
scope of this articfe Here, we focus on a brief review of approachesiuors within the atrium of the

lateral ventricle and our surgical consideratiarsapproach selection.

Transtemporal Transcortical Approach: For meningiomas located in the posterior or midelfeporal
horn, or the atrium of the lateral ventricle, anst@mporal transcortical approach via the middiepteral
gyrus provides the shortest trajectory and eartgse to the choroidal blood supply to the tumois Th
approach can be used for meningiomas of the afritire non-dominant hemisphere. This approach
should be avoided on the dominant hemisphere nagsidae centers within the posterior part of the
middle temporal gyrus are at risk.

A temporal craniotomy followed by a horizontal écettomy along the posterior one-third of the
middle temporal gyrus begins this approach. Thestartical path should be developed towards the
tumor in the most direct manner possible. Whemtgkinis approach, one must also consider the efique
fibers of the inferior loop of the optic radiatioe use the projected visual fiber pathways framala
and coronal reconstructed images to select thettagsttory on the image guidance system so agdiol a
these fibers within the posterior temporal lobe alwhg the inferior aspect of the lateral wall fod t
atrium (Figure 3). In order to minimize damages iimportant to advance within a horizontal planih
gentle retraction parallel to these fibers. Alt¢ively, one may avoid the optic radiations by bedg
their approach along the inferior temporal gyrud aaversing around the fibers infero-medially tod&
the ventricle. This approach permits early coagutadf choroidal artery branches that may suppédy th

tumor.
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Posterior Interhemispheric Precuneal Approach: For IVMs located in the atrium, one may use the
posterior interhemispheric precuneal approach. éaipital craniotomy on the side of the lesion is
performed taking care to protect the torcula, salgiand transverse sinuses. Posterior interhemigph
dissection is followed by a precuneal corticectojugt in front of the parieto-occipital sulcus. this
transcortical path is developed, the surgeon wédth the medial wall of the posterior atrium, bdtthre
choroidal fissure. This provides an operative clarrito the atrium and aims to avoid as much eloguen

occipital cortex as possible.

Posterior Interhemispheric Transcallosal Approach: A lesion within the posterior aspect of the body of
the lateral ventricle can be approached trans@llos\ parieto-occipital craniotomy is performed
followed by dissection along the posterior longitad fissure through the posterior body or splenfm

the corpus callosum. This dissection will openwtéstricle at the posterior body or atrium, respesiyi.

Parietal, Parieto-Occipital, and Occipital Transcortical Approach: A parietal, parieto-occipital, or
occipital craniotomy and transcortical approach manvide access to IVMs within the body, atrium, or
occipital horn of the lateral ventricle, respediyv@ hese approaches are grouped together as they a
similar in their transcortical trajectories.

For the parietal approach, a paramedian corticectermade posterior to the postcentral gyrus.
The subcortical trajectory should provide the skgirtoute to the tumor, taking care to avoid th&cop
radiations. A parieto-occipital or occipital appcbaalso utilizes a paramedian corticectomy, buated
more posteriorly. A horizontally oriented paramedi@rticectomy in the superior occipital gyrus can
provide direct access to the occipital horn.

Approaches through the superior or inferior patietaule of the dominant hemisphere may lead
to dyslexia, agraphia, finger agnosia, acalculia, @sual field deficits. In the non-dominant hepfisre,
hemi-special neglect and visual field deficits noagur. With a purely occipital approach only visual

fiber pathways and visual deficits are at risk.ngsimage guidance and visual fiber pathway prajecti
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a trajectory into the superior part of the occiditarn can minimize the risk of visual fiber damage

Approach Sdection: There is no single “ideal” approach to tumors i@ #trium. Our approach selection
is based on multiple factors. Our first considemnais whether the tumor is in the dominant or non-
dominant hemisphere. For non-dominant tumors, wie#jly take a transcortical transtemporal approach
to get to the atrium (Figure 3B). One problem with transcortical transtemporal approach is that th
visual fibers from Meyer’s loop run on the inferiamd lateral wall of the atrium (Figure 3A). Thevandt

of diffusion tensor imaging and fiber tracking nallows the surgeon easy visualization of the palswa
and can assist with planning of the approach amny site. These visual fibers are best seen irctinenal
plane. If a more anterior approach is taken, tlngesan can angle posteriorly and avoid the visuwerfi
pathways (Figure 3B). The transcortical transteralpapproach gives the surgeon early access toatontr
the choroidal arterial blood supply. However, ewéth early control of choroidal blood supply, big
tumors often develop arterial supply off local peators, and care must be taken during resectibtono
injure perforators, which can lead to LGN infais,happened in the cases presented. For tumohng on t
dominant hemisphere, this approach would requieecp mapping, and thus, we typically select a
parieto-occipital approach, as shown in the caaegles. The parieto-occipital approach keeps the
surgeon away from eloquent cortex, but has theddaaage of not gaining access to the choroidaldlo
supply until later in the dissection. The seniahaurarely uses the interhemispheric approactethey
are far from the choroidal blood supply and ars Enducive to tumor dissection in our hands. Kipal
we now routinely use diffusion weighted imaginghwitactography on our post-operative scans to
monitor for small local injuries, which may haveebanissed before we included those protocols and

sequences.

Anatomy and Blood Supply of the Lateral Geniculate Nucleus
The LGN is located within the posterolateral thalarand receives bilateral visual information frdra t

optic tract. The LGN has a dual blood supply fréva anterior choroidal artery and the lateral poster
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choroidal artery (Figure 2)The choroidal arteries supply the choroid pleamg provide branches to
nearby neural structures as they pass along theidabfissure. Frequent sites of anastomoses occur
between the anterior and lateral posterior chot@idary throughout the choroid plexus.

The anterior choroidal artery branches off therimaecarotid artery where it navigates posteriorly
to the middle incisural space and through the ddatdissure, after which it courses posteriorlglan
dorsally beside the plexus. The lateral postetfaraidal artery branches from the posterior celebra
artery as it traverses within the ambient and ggedrtinal cisterns; it then passes around the paitvin
laterally. It travels through the choroidal fissaitehe level of the body of the fornix so thatan feed the

choroid plexus within the temporal horn, atrium duodly™.

Anatomy of the Optic Radiation

Originating from the LGN, the optic radiations ceeiralong the margins of the ventricular system to
reach the primary visual cortex along the calcasuleus. The fibers are divided into three groups:
anterior, central, and posterior. The anteriorrBbghich carry information from the upper halftbé
visual field, traverse superior and anterior totdraporal horn of the lateral ventricle; this aiter
portion of the radiation is also known as Meyegsy. As the fibers traverse laterally and infesiad the
atrium and occipital horn they terminate within tbeser lip of the calcarine fissure. The centrhkfis
serve the macula and course along the roof ofettm@oral horn towards the lateral wall of the atriznd
occipital horn prior to terminating along the caina fissure. The posterior fibers carry informatfoom
the inferior visual field and travel directly frotihe LGN to the superior lip of the calcarine figsatong

the lateral wall of the atrium and occipital hoffrtee ventricle®.

Conclusions:
We present two cases of atrial IVMs where surgieséction resulted in LGN ischemia with contralaiter
guadrantanopia. Both patients had excellent regasetheir vision several months postoperativelgeT

blood supply to the LGN comes from terminal bramscbiboth the anterior choroidal artery and posteri
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choroidal artery. Great care should be taken whsaating IVMs due to the eloquent neuroanatomy and
vasculature within the operative corridor and agljaco the ventricles. With large tumors the dater
margin of the tumor may be adjacent to the takdroffi choroidal arteries to the LGN so the surgeon

should always coagulate vessels supplying the tamafose to the capsule of the tumor as possible.
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FigureL egends:

Figurel: Case 1 Imaging: A) Pre-operative post-contrast T1 weighted MR Ivehthe left atrial mass.
B) FLAIR imaging showing surrounding peri-tumoraegna. C) Post-operative post-contrast T1 MRI
shows gross total resection of the tumor. D) Pestative diffusion weighted imaging (DWI) shows an

infarct in the superficial left LGN.

Figure2: Case 2 Imaging: A) Axial, and B) Coronal pre-operative post-costral weighted MRI

shows the intraventricular tumor. C) Axial, and@jronal post-operative post-contrast T1 weighted MR
shows gross total resection of the tumor. E) AR images showing a left LGN infarction. F) Post-
contrast T1 weighted MRI with diffusion tensor invagy (DTI) tractography overlay showing a disruption

in the left optic radiations at the region of théarct (arrow).

Figure 3: Intraoper ative navigation images showing transcortical transtemporal approach tothe

right (non-dominant) atrium. A) Axial (left) and coronal (right) FLAIR (upperna T2 (lower)

weighted MR diffusion tensor imaging fiber tractaghy study showing the relationship between tumors
in the atrium and the optic radiations (turquoisd)ich pass along the inferior and lateral bordehe
ventricle. B) Axial (upper left), coronal (uppeghi), inline/trajectory view 1 (lower left), and
inline/trajectory view 2 (lower right), post-constal 1 weighted MRI showing the transtemporal
transcortical approach trajectory to tumors inrtgat atrium. Fiber tracts are labeled as follows:
turquoise = optic radiations; red = motor/cortidagfi green/yellow = arcuate fasciculus/association
fibers; blue = inferior frontal occipital fasiculusurple/pink = magnetic source imaging for unredat

magnetoencephalography study.

Figure4: Illustration demonstrating blood supply to the LGN. The anterior choroidal artery (AChA)
branches from the internal carotid artery and sapghe choroid plexus. The lateral posterior clizio

artery (LPChA) branches from the P2 segment optsterior cerebral arteries and also supplies the

12
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choroid plexus, where it anastomoses with branohéee AChA. Terminal branches from both the

AChA and LPChA supply the LGN.
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Highlights
» Intraventricular tumors often lie adjacent to the lateral geniculate nucleus.
e Choroidal arteries that supply tumors also supply nuclei near the ventricular wall.

»  Tumor blood vessels must be coagulated as close to the tumor capsule as possible.
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