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ABSTRACT
Objective:

Intraventricular meningiomas (IVMs) are rare tumors of which the majority is located
in the lateral ventricles. Most published series on the subject include only a few
patients. We analyzed our series of [IVMs with a special interest in clinical features,

outcome and complications related to surgery.

Material & Methods:

22 patients underwent resection of IVMs from 1990 to 2010 at Oslo University

Hospital. Surgical and medical records were retrospectively analyzed.

Results:

The IVMs were located in the trigonum of the lateral ventricles (20/22), in the third
ventricle (1/22) and in the fourth ventricle (1/22). The most common symptoms and
signs were headache, vertigo, nausea/vomiting, mental disturbances, balance
impairment and corticospinal tract signs. Visual field deficit was present
preoperatively in two patients. Tumors of the lateral ventricles were resected via a
transcortical parieto-occipital approach; the tumors in the third and fourth ventricle
via a frontal transcortical and suboccipital route, respectively. Complete tumor
resection was achieved in all but one case. Histology was WHO grade I in 20/22 and
grade II in 2/22. Surgical mortality was 0%. Most symptoms and signs resolved after
surgery. The most common complication was visual field defect: four patients
developed new-onset contralateral homonymous quadrant anopia and one patient

developed hemianopia.

Conclusions:

Symptomatic IVMs should be resected, and most symptoms and signs resolve after
surgery. The main challenge is to avoid damaging the geniculucalcarine tract when
resecting [VMs in the trigonum. Preoperative diffusion tensor imaging-based
tractography to map the geniculocalcarine tract should therefore be mandatory before

selecting the surgical approach.
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INTRODUCTION

Meningiomas are usually benign, solid tumors with a classic appearance on CT and
MRI that account for approximately 13 - 40 % of the intracranial neoplasms, making
it the second most common intracranial tumor in adults with an incidence of 1.5 - 5.5
per 100.000 [5,4,22,32,33,3,1,27,29]. There is a female predominance [4] and most of

the meningiomas are curable by surgical intervention.

Intraventricular meningiomas (IVMs) show three interesting clinopathological
features that separate them from the other meningiomas. Firstly, they are extremely
rare compared to other locations, accounting for only 0.5-3% of all meningiomas
[5,1,9,14]. Secondly, they are without dural attachment. Lastly, they present a
neurosurgical challenge because of their localization within the ventricular system
where complete tumor resection without complications such as visual field defects

may be challenging due to the proximity to the optic radiations [29,6,8,28].

In this retrospective investigation, we wanted to describe our own series of 22 IVMs
operated at Oslo University Hospital (OUS) between 1990 and 2010 to study the

clinical features, outcome and complications related to surgical resection.



MATERIALS AND METHODS

Patients

A total of 1469 consecutive craniotomies for intracranial meningiomas carried out at
OUS in the time period 1990-2010 was investigated. From this cohort, we identified
22 patients with IVMs, 8 at Ullevél and 14 at Rikshospitalet. This accounts for 1.5 %

of the intracranial meningiomas resected in this period.

Clinical information was retrospectively reviewed using patients’ medical and
surgical records. The preoperative post-contrast imaging studies were reviewed to
confirm the location, contrast enhancement, calcification and size of the tumors, as
well as the presence of hydrocephalus (HC). The extent of resection was based on a
subjective surgical impression of gross total (GTR) versus subtotal (STR) resections
obtained from the surgeon’s operative notes. Postoperative CT scans or MRIs were
also reviewed to confirm complete tumor removal. Each surgical case was

approached attempting total tumor removal.

Assessment of Karnofsky Performance Score (KPS) [17] was done using clinic
records of preoperative visits. Neurological status preoperatively, immediately
postoperatively, and at 6 months after surgery or at the time of last follow-up was also
recorded. Only deficits caused by surgery were included for further analysis. Visual
field defects were generally assessed ad modum Donders, unless consulted by an

ophthalmologist.

The endpoint of the study was overall survival, defined as time from resection to
death. Vital status (alive or dead) and time of death have been obtained from the
Norwegian Population Registry (Folkeregisteret) on January 21st 2011. Surgical
mortality is defined as death of any cause within 30 days after surgery.

Ethics

The study was approved by the Data Protection Official at OUS.



RESULTS

Patient characteristics

This study included 22 patients with median age at surgery of 57 years (range 26-81,
mean 52), with a male-to-female ratio of 6:16. Median observation time was 4.4 years
(range 0.92 — 19.75, mean 6.3 years). 20 of the patients (91%) had a preoperative KPS
> 70. The most common presenting symptoms were headache, vertigo,
nausea/vomiting and mental disturbances. On neurological examination, the most
common signs were impairment of balance (positive Romberg test) and pyramidal

motor disturbances (Table 1).

Radiology

All of the patients underwent CT scan, MRI or both preoperatively. Radiology scans
for one patient were unavailable for review, leaving 21 cases with confirmed
radiology. Of these, all tumors were contrast enhanced: homogenous in 16 cases and
heterogeneous in five. Four of the tumors were calcified. Maximal tumor size ranged
from 1.9 - 7.0 cm, with a mean size of 3.8 cm. 70% of the tumors were three cm or

more. HC was confirmed in eleven cases.

Surgical treatment

The indication for surgery was a symptomatic tumor in all but one case. One
asymptomatic tumor was resected due to documented growth after careful

consideration of risk versus benefit.

20 of the 22 tumors (91%) were located in the lateral ventricles, all of them in the

trigone area. One was located in the third ventricle and one in the fourth ventricle.

A parieto-occipital transcortical approach was used for all tumors located in the left
and right lateral ventricle, being 8 (36%) and 12 (55%) respectively. An anterior
transcortical route was carried out for the third ventricle tumor, whereas a posterior
fossa approach through foramen Magendie was employed for the fourth ventricle

tumor.



Complete tumor removal was achieved in 21 of 22 cases (95%). Resection of the third
ventricular meningioma was subtotal due to adhesion to a central vein near the

foramen of Monro.

Histology of the tumors demonstrated WHO grade I in 20 cases (90%) and WHO
grade II (atypical) in two cases (10%). None of the primary tumors was WHO grade
III (anaplastic); however, one of the resected WHO grade II meningiomas recurred six

months after primary surgery as a WHO grade III tumor.

Surgical mortality and morbidity

The surgical mortality was 0%. None of the patients required surgical evacuation of
postoperative hematomas or were reoperated on due to osteomyelitis in the bone flap.
Postoperative cerebrospinal fluid (CSF) leak was not recorded in any patient and none
of the patients developed postoperative HC requiring surgical intervention. One
patient developed deep vein thrombosis after surgery, which was treated without

sequelae.

Neurological outcome

Most symptoms and signs resolved immediately after surgery: headache resolved in
13 of 16 patients; nausea and vomiting resolved in all but one patient; vertigo and
mental disturbances improved in 8 of 10 and 7 of 8 patients, respectively. Three
patients had epileptic seizures after craniotomy, although one of these patients had
also experienced seizures prior to surgery. Patients with symptoms of sensory, motor

and gait disturbances all improved after surgery.

The most common neurological deficit on follow-up after surgery was visual field
defects. Four patients had a new onset of contralateral quadrant anopia and one
developed contralateral homonymous hemianopia. All of these patients had tumor
removal via the transcortical parieto-occipital approach. One patient with

postoperative quadrant anopia had visual field defect also prior to surgery.

Of the seven patients with preoperative balance impairment, four experienced

improvement on follow-up, while three remained unchanged. One patient developed



new-onset of moderate balance impairment postoperatively. Three patients with
preoperative pyramidal signs resolved, while the last patient with left sided
hyperreflexia was not tested regarding reflexes on follow-up. Other signs such as
ataxia and sensory and trigeminal deficits all resolved. Signs and symptoms on

follow-up are summarized in Table 1.

Overall and retreatment-free survival

The overall survival rates at 1-, 5- and 10-year were 96%, 90% and 75%, respectively

(Figure 1). None of the deaths during the follow-up were tumor-related.

Of the 20 patients with WHO grade I IVMs, none received retreatments during the
follow-up period. However, one patient with a WHO grade II trigonal meningioma
had surgery for recurrence 6 months after primary surgery. This patient presented
with preoperative vertigo (the main symptom), as well as headache, nausea, motor
disturbance and mental disturbance. Neurologic examination on this patient revealed a
mild fine motor deficit of the right hand and inverted plantar reflexes. Immediately
postoperatively, the vertigo resolved, however, the patient developed contralateral
homonymous hemianopia. Six months after primary surgery, she was reoperated on

due to tumor recurrence and tumor histology had become WHO grade III.



DISCUSSION

As intraventricular meningiomas (IVMs) are infrequent, the number of published
series on the subject remains low and most series refer only to a few patients. Even in
Harvey Cushing’s personal series of 313 intracranial meningiomas, only 1% was
intraventricular [5]. In the decades following Cushing’s first IVM surgery in 1916,
several case series of varying, but small sizes, were published. These were thoroughly
reviewed in 1965 by Delandsheer [6], who identified 175 meningiomas of the lateral
ventricles in the published literature. By 1986, only 400 IVMs had been described in
the literature according to Criscuolo and Symon [4]. More recently, several series
have been published and in 2003 Nakamura et al. [29] identified 132 new published
cases of [VMs since 1986, leaving a total of 532 cases described in the world
literature. Tables 2 and 3 summarize the key findings of published surgical series

involving nine or more patients with [IVMs since 2003 [1,29,28,2,24,25,11,20,30,34].

Incidence

Although meningiomas account for approximately 13 % - 40 % of all intracranial
tumors in adults and are the second most common brain tumor, only 0.5 - 3% of the
meningiomas are intraventricular. In our study, 22 of 1471 meningiomas were

intraventricular, accounting for 1.5%.

Female predominance is reported in the literature, ranging from 41% to as much as 82
% [4], with an average male-to-female ratio of 1:2 [24] although some have found a
male predominance [2]. We observed a significant female predominance of 73% in
our series. In general, the risk of developing meningioma increases with age [3].
During the past decade, the reported mean age of resected IVMs has varied from 35 to
47 years (Table 2). In our series, the mean age was 52 years (median 57), with a wide
range from 26 to 81 years, compared to mean age of 58 years (median 58) in our total

meningioma cohort of 1469 patients (unpublished results).

As summarized by Nakamura in 2003: 78% of the IVMs are located in the lateral

ventricles, 16% in the third ventricle and 7% in the fourth ventricle [29]. In our series



of 22 IVMs, 20 tumors (91%) were located in the lateral ventricles, one in the third
ventricle (5%) and one in the fourth ventricle (5%). The lateral ventricular
meningiomas most commonly arise in the trigone area [27,24,12,7]. Although current
literature appears to show a left-sided predominance [9,24,12], we observed a right-

sided predominance (60%) in our series (Table 3).

Clinical presentations

IVMs do not present with a specific clinical syndrome, although Cushing and
Eisenhardt defined five clinical features of trigonal IVMs in 1938: 1) pressure
symptoms (often unilateral headache); 2) contralateral homonymous hemianopia
(frequently macula splitting); 3) contralateral sensorimotor deficit (sensory
involvement greater than motor involvement and sometimes trigeminal involvement);
4) cerebellar affection (> 50%); and 5) dysphasic and paralexic disturbance in left-
sided tumors [5]. In contrast, Gassel and Davis stated in 1961 that the lateral
ventricles are the most silent sites of the meningiomas and that [IVMs often are among
the largest intracranial tumors [10]. It is suggested by Winkler et al. [35] that
symptoms and signs of lateral ventricle [IVMs may be caused both by raised
intracranial pressure and direct pressure on the adjacent cerebral parenchyma. Thus,
the clinical presentation correlates with localization of the tumor within the

ventricular system, the size of the tumor and its directional growth [35].

IVMs generally grow slowly and often reach an extensive size before becoming
symptomatic, unless located such that CSF circulation is compromised at an early
stage. The most frequently reported symptoms and signs described in literature are
consequences of increased intracranial pressure. Headache, nausea, vomiting and
visual disturbances are seen in 40-80% of the patients [1,27,12]. Other frequently
reported clinical features include mental disturbances, gait disturbances, epileptic
attacks and sensorimotor deficits [35]. Headache was the most common presenting
symptom in our series, followed by vertigo, mental disturbance and nausea/vomiting.
Impairment of balance was the most common sign on neurological examination,
followed by signs of pyramidal motor disturbances. Of the five clinical features

described by Cushing and Eisenhardt, in our study, only two patients presented with



contralateral homonymous hemianopia, one had arm dysesthesia in addition to
decreased sensitivity in the upper trigeminal area, two patients presented with

cerebellar affection and none were dysphasic or paralexic (Table 1).

Tumors of the third and fourth ventricle usually present with symptoms and signs of
HC because of obstruction of the CSF flow [27]. This was observed in our study, with
HC confirmed by radiology in both relevant patients. The patient with a fourth
ventricle meningioma experienced headache and nausea/vomiting and a positive
Romberg test, whereas the patient with a third ventricular meningioma presented with

headache and impaired memory and no neurological deficit.

Surgical treatment

IVMs have a classic radiologic appearance like other meningiomas, appearing
globular and sharply defined but without the typical dural attachment [9,19,26]. They
are normally hyperdense with homogenous contrast enhancement and may have
calcified areas on CT scans [19,21,23]. Calcification was seen in 19 % of our [IVMs.
IVMs are often large and can sometimes reach > 6 cm in diameter [1,9,14,15]. In our

series, 70% of the tumors were > 3 ¢cm and 14% were > 6 cm.

Surgical outcome

Mortality rates in previous series varied around 25%, as presented by Fornari et al. in
1981 [9]. However, over the last 25 years, most published series report very low
surgical mortality and morbidity rates as most of the patients improve during the
follow-up periods. During the past decade, the mortality rate has been very low (Table

3). None of our patients died as a complication of surgery.

In our series, the overall survival rates at 1, 5 and 10 years were 96%, 90% and 75%,
respectively (Figure 1) and none of the deaths during the follow-up were tumor-
related. These overall survival rates are equivalent to our results for convexity

meningiomas [13].



Surgical approach

Surgical approaches to the atrium of the lateral ventricle can be divided into three
routes; 1) an anterior approach (transsylvian), 2) posterior approaches (posterior
transcortical, posterior transcallosal, occipital transcortical, and supracerebellar
transtentorial) and 3) lateral approaches (transtemporal and subtemporal) [18]. In our
series of 22 IVMs, all 20 tumors located in the lateral ventricles were resected using a
superior parieto-occipital transcortical route, the most common approach used for
meningiomas located in the lateral ventricles, as well as the most suitable route for
larger tumors [34,35]. However, as fibres of the geniculocalcarine tract run
inferolaterally to the atria [31], they are vulnerable to damage by surgery [6]. We
registered new-onset visual field defects in 5 out of 22 patients six months after
surgery (Table 1). According to Winkler et al. [35] IVMs are often of great size when
diagnosed and damage of the optic radiation occurs during dissection of the adhesion
between the tumor and white matter, implying that visual damage is not a direct
consequence of the parieto-occipital approach itself. Our experience is that the
standard lateral parieto-occipital route is potentially harmful regarding the optic
radiation, but we can not rule out that the optic radiation is damaged because of tumor
resection per se and not by the approach itself. Fornari et al. [9] have suggested a
sagittal paramedian incision of the parietal cortex at a distance of 4 cm from the
midline that starts 1 cm behind the postcentral fissure and is continued for 4-5 cm as
far as the parieto-occipital fissure. This more superiorly located corticotomy point
may be a less harmful approach, at least with respect to visual function. However,
meticulous surgical planning based on diffusion tensor imaging (DTI) tractography of
the optic radiation and the use of intraoperative neuronavigation in combination with
continuous visual evoked potential (VEP) monitoring as suggested by Kamada et al.

[16] may help improve the outcome of visual function after surgery for [VMs.



Conclusions

Symptomatic IVMs should be resected, and most symptoms and signs resolve
immediately after surgery. The main surgical challenge is to avoid damaging the
geniculucalcarine tract when approaching and resecting [VMs located in the trigone
of the lateral ventricles. Preoperative DTI to map the geniculocalcarine tract should

therefore be mandatory before selecting approach for tumor resection.
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Figure 1. Kaplan-Meier Curve
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