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Surgical resection of metastatic
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Metastasis from a systemic (noncerebral)
primary cancer must be considered in the differ-

ential diagnosis of an intraventricular mass.
Although less common than metastases that occur
within the brain parenchyma, metastatic brain
tumors located within the cerebral ventricles are

a unique challenge for neurosurgical oncologists.
Because of the deep location of these tumors and
their juxtaposition to critical brain structures, the

managementof patientswith intraventricularmetas-
tases is generally more complex than that of most
patients with intraparenchymal brain metastases.

Nevertheless, continued experience with intraven-
tricular surgeryhas resulted inaprogressive improve-
ment in the surgical treatment of intraventricular

metastases. In addition, the development of
stereotactic radiosurgery offers a less invasive
nonsurgical alternative for small intraventricular
metastatic tumors.

Despite these complexities, there is a paucity of
information regarding the clinical features and
surgical treatment of intraventricular metastases.

Indeed, the literature on this topic is essentially
limited to case reports [1–21] or to a few examples
within larger series of intraventricular tumors in

general [22–24]. Consequently, the purpose of this
article is to review the unique features and surgical
management strategies pertinent to intraventricu-
lar metastatic brain tumors based primarily on an
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analysis of our institutional experience with these
lesions.

Clinical Features

Classification

True intraventricular metastases are distinct

tumor masses that arise within the ventricle and
originate most commonly from the choroid plexus
or from focal attachment to the ependyma/

subependyma. Parenchymal tumors with second-
ary extension into the ventricle should be classi-
fied as intraparenchymal metastases. More

importantly, nodular deposits, even if large, that
develop in patients with meningeal carcinomatosis
(eg, Khoshyomn et al [25] and Bugiani et al [26])
should not be classified as intraventricular metas-

tases, because the treatment and prognosis of
these lesions differ markedly from the treatment
and prognosis of true intraventricular metastatic

tumors [27].

Incidence

When only true metastatic focal tumors are
considered, brain metastases to the ventricles are

rare, and although the exact incidence is difficult
to determine, best estimates suggest that intra-
ventricular metastases comprise about 6% of all

intraventricular tumors (Kohno et al [13]) and
occur in less than 5% of patients with cancer
[13,16,28,29]. Arendt and colleagues [29] found 7
cases of intraventricular metastasis (4.6%) among

150 autopsied cancer patients. Kohno and col-
leagues [13] reported that tumors metastatic to the
lateral ventricle comprised 0.9% of brain metas-

tases based on a review of the Brain Tumor
hts reserved.
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Registry of Japan. Even less usual is the occur-
rence of a single intraventricular brain metastasis.
Schreiber and colleagues [28] reported that in-

traventricular metastases were found in 2.6% of
patients with cancer at autopsy but that single
intraventricular lesions were found in only 1
(0.14%) of the 737 cases analyzed.

Table 1 lists the cases of intraventricular
metastases reported in the literature. A total of 23
cases have been described, with the largest series

comprising 3 cases. Excluded from this list are cases
identified as being part of a larger series of intra-
ventricular tumors [22–24]; these cases are omitted

because the reports typically focus on the radio-
graphic features or the surgical aspects of resecting
or biopsying intraventricular tumors in general and
not on the specifics of metastatic lesions. For

example, Kelly and coworkers [30] reported on the
use of computer-assisted stereotactic surgery in the
removal of 58 intraventricular tumors, 3 of which

were intraventricular metastases; detailed descrip-
tions of these cases were not given.

A search of the database of the Department of

Neurosurgery at the University of Texas M.D.
Anderson Cancer Center (M.D. Anderson) iden-
tified 35 patients (1.8%) with true intraventricular

metastases among a group of 1930 patients with
brain metastases treated during the 10-year period
between June 1993 and February 2003 (Table 2).
Thirty-one of the 35 patients had an intraventric-

ular metastasis at the first presentation of brain
metastasis, whereas 4 presented first with an intra-
parenchymal metastasis and subsequently devel-

oped an intraventricular lesion. Of the 31 patients
with an intraventricular lesion at initial presenta-
tion, 12 (0.6% of all patients with metastases) had

single intraventricular metastatic tumors and 19
had multiple lesions (2 patients had 2 intraven-
tricular lesions, 11 patients had 1 intraventricular
lesion and 1 intraparenchymal lesion, and 6 pa-

tients had 2 or more [range: 2–11] intraparenchy-
mal lesions in addition to the intraventricular
lesion). This population undoubtedly represents

an underestimation of the total number of pa-
tients with intraventricular lesions seen at our
institution, because some patients with intraven-

tricular metastases may have been treated by
medical or radiation oncologists without neuro-
surgical consultation.

Presentation and diagnosis

Patients with intraventricular metastases either
are known to have systemic cancer at the time of
presentation of the brain lesion (metachronous
presentation) or the brain lesion is part of the
initial presentation of the cancer (synchronous

presentation of brain metastasis). In both groups,
MRI of the brain is the critical diagnostic test.

In patients with known systemic cancer, the
finding of a mass showing gadolinium contrast

enhancement within the ventricle must be consid-
ered a metastasis until proven otherwise. The pre-
sence of multiple lesions virtually assures the

diagnosis; thus, high-quality MRI is critical. In
our series of 35 patients, 33 were known to have
cancer before the diagnosis of brain metastasis,

and the median interval from time of diagnosis
of the primary tumor to presentation with the
intraventricular brain metastases was 23 months
(range: 1.4–84 months). For the 18 cases reported

in the literature in which the presenting interval
was described (see Table 1), 11 arose in patients
with known cancer (metachronous presentation)

and the median interval to diagnosis of the brain
metastasis was 48 months. Both of these sets of
data suggest that the time from diagnosis of the

primary tumor to occurrence of intraventricular
metastasis is longer than that observed for intra-
parenchymal metastases, probably because of the

unique histologies of intraventricular metastases
[31]. It is noteworthy that 6 of the cases in our
series were identified during routine surveillance
for systemic metastases in asymptomatic pa-

tients, demonstrating the value of this screening
approach.

In patients without known systemic cancer

(synchronous presentation), the differential di-
agnosis of an intraventricular lesion is obviously
broader than in patients with known cancer.

Distinctions between metastasis and other intra-
ventricular tumors may be difficult based on
imaging. It has been suggested [7] that the pre-
sence of extensive peritumoral edema within the

brain parenchyma is more characteristic of brain
metastases than other intraventricular lesions (eg,
meningioma). Although this feature has not been

specifically analyzed in a large study of intraven-
tricular lesions to our knowledge, the presence of
marked peritumoral brain edema should suggest

the possibility of an intraventricular metastasis.
Indeed, of the 20 cases reported in the literature
that comment on this feature, brain edema was

documented in 70%. Patients with intraventricu-
lar tumors without a documented primary cancer,
particularly if in the fifth to seventh decades of
life, should be evaluated for the possibility of

systemic cancer. This evaluation typically includes



595G.G. Vecil, F.F. Lang /Neurosurg Clin N Am 14 (2003) 593–606
a careful history, physical examination, routine
laboratory tests, and plain chest radiographs. A
more extensive search for a primary cancer (eg,
CT of the chest and abdomen) is probably not

warranted until the brain lesion is proven to be
a metastasis [32]. Although only two of our
patients did not have a history of cancer at the

time of diagnosis of the brain metastasis (see
Table 2), 37% of the cases in the literature were
found in patients without a diagnosis of cancer

(see Table 1). This difference is undoubtedly
a result of the different referral patterns of our
tertiary cancer center and the hospitals reported in

the literature.
With regard to specific symptoms, patients

with intraventricular metastases present with the
same symptoms as patients with other intraven-

tricular tumors [31]. In our series of patients, most
patients presented with symptoms of elevated
intracranial pressure, including headache (49%)

and nausea/vomiting (17%). In contrast, focal
symptoms were rare, and seizures occurred in
5.6% of patients. Headache (47%) was also the

most common symptom in the cases reported in
the literature (see Table 1). Although not often
recognized, hemorrhage as the cause of the

symptoms is not uncommon for patients with
intraventricular metastases [9,33]. Nakabayashi
and colleagues [9] were the first to report
hemorrhage in an intraventricular metastasis.

Since then, several other reports have verified
such intratumoral hemorrhages (see Table 1)
[1–21]. In our series, four patients experienced

significant intratumoral hemorrhages. Spetzger
and colleagues [12] reported a noteworthy case
of subarachnoid and intraventricular hemorrhage

in a patient with incidental bilateral posterior
communicating artery aneurysms, in whom the
cause of the bleeding was eventually and correctly
attributed to a fourth ventricular metastatic

carcinoma.

Histology of primary tumor

A striking feature of intraventricular metas-
tases is the high frequency of renal cell carcinoma
(Fig. 1). Among the cases reported in the

literature, nine metastases (39%) were renal cell
carcinomas. In our series, 46% of intraventricular
metastases were renal cell carcinomas, followed by

melanoma (14%), breast cancer (14%), and lung
cancer (9%) in decreasing order of frequency (see
Table 2). This distribution is in contrast to the

distribution of intraparenchymal brain metasta-
ses, among which lung cancer typically predom-
inates (30%–60%), followed by breast cancer
(10%–30%), melanoma (5%–21%), and, less
commonly, renal cell carcinoma (1%–2%) [31].

The high frequency of intraventricular renal
carcinomas suggests that there may be a tropism
of this tumor type for the ventricle, specifically for

the choroid plexus, from which most of them
appear to arise. Matsumora and colleagues [15]
pointed out that renal cell carcinomas are divided

into two types: the ‘‘rapidly progressive type,’’
which is often fatal within a few years of
diagnosis, and the ‘‘slowly progressive type’’ in

which patients survive for long periods with an
indolent tumor. The long time between diagnosis
of the brain metastases and the initial diagnosis of
renal cell carcinoma in the kidney that is common

in the cases reported in the literature suggests that
metastasis to the ventricle (choroid plexus) from
renal cell cancer is more prevalent in the slowly

progressive type. Taken together, these observa-
tions suggest that there may be a biologic basis for
the tendency of certain renal cell carcinomas to

metastasize to the ventricle. Notably, the kidney
and the choroid plexus function as plasma
filtering systems, and this suggests, albeit specu-

latively, that there may be a cellular and
molecular interaction between renal cell carcino-
ma and the cells comprising the choroid plexus
that is more important than simple mechanical

forces, such as blood flow. To our knowledge,
the nature of this interaction has not been
determined.

Location

In the literature (see Table 1) and our series
(see Table 2), intraventricular metastases were
observed to arise most commonly in the lateral

ventricle (68% of our cases), whereas metastases
to the fourth ventricle (21%) (Fig. 2) and the third
ventricle (11%) (Fig. 3) were less usual. Within the

lateral ventricle, the trigone was the most com-
mon site of metastasis (60% of our cases),
followed by the body (28%). In our series, 18 of

the 25 lateral ventricle tumors arose on the left
side, whereas there was less of a propensity for
localization in the dominant hemisphere in the

reports in the literature.
The distribution of intraparenchymal brain

metastases (ie, cerebral hemispheres [80%–85%],
cerebellum [10%–15%], and brain stem [3%–5%])

roughly parallels the relative tissue and blood
volume of these regions of the brain. Using this
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Published cases of intraventricular brain metastases
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Spetzger et al
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carcinoma)
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(1999)
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same logic, the high proportion of atrial lesions
seems to correlate with the large amount of
choroid plexus within the trigone (often referred

to as the glomus of the choroid plexus). Because
metastases are generally believed to reach the
brain via the blood stream (hematogenous
spread), this higher proportion of choroid plexus

may account for their frequent location at the
trigone. If one considers the production of
cerebrospinal fluid (CSF) to be the filtered

product of blood (or plasma) passing through
the choroid plexus, it is logical to hypothesize that
tumor emboli may be trapped in this filtering

system. On review of the operative notes of our
cases, an attachment of the metastasis to the
choroid plexus was confirmed in 11 of 24 cases
operated on (46%), which supports this concept.

Likewise, choroid plexus involvement was docu-
mented in all the cases reported in the literature.
In most of these cases, cerebral angiography

confirmed that the primary blood supply of the
lesion arose from the choroidal vessels. Neverthe-
less, this simple ‘‘trapping hypothesis’’ cannot

entirely explain the occurrence of tumors in the
ventricle, because the choroid is affected less
commonly than would be predicted by its

significant vasculature [34]. Moreover, the low
rate of metastasis from lung cancer (the most
common systemic tumor) and the high rate of
metastasis from renal cell cancer (a more rare

cancer) suggest that other biologic factors must
govern the occurrence of intraventricular metas-
tases.

Surgical management strategies

Similar to its role in the treatment of the more
common intraparenchymal metastases [32], surgi-

cal resection is an important component in the
management of patients with intraventricular
metastases. The overall goal of management is

to ‘‘cure’’ the brain lesion(s) while avoiding
significant morbidity to the patient. Although
surgery is a critical treatment modality, the
surgeon must also consider the role of other

options, particularly whole-brain radiotherapy
(WBRT) and stereotactic radiosurgery, when
recommending the most appropriate treatment.

Deciding which patients are appropriate for
surgery requires that clinicians weigh the imme-
diate risk of surgical intervention against the long-

term benefits of quality survival. Thus, surgical
decision making for patients with intraventricular
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Table 2

Summary characteristics of patients at the University of Texas M.D. Anderson Cancer Center with intraventricular

metastases

Single metastasis Multiple metastases

Number of patientsa 12 (34%) 23 (66%)a

Age (years) Median (range) 64 (36–69) 50 (20–69)

Sex Male 9 (75%) 12 (52%)

Female 3 (25%) 11 (48%)

Intraventricular metastases At presentation 12 (100%) 19 (83%)

Developed subsequently 0 (0%) 4 (17%)

Presentation (with respect

to primary)

Synchronous 1 (8%) 1 (4%)

Metachronous 11 (92%) 22 (96%)

Time from diagnosis of

primary (months)

Median (range) 30.5 (0–84) 14.8 (0–22.8)

Presenting symptomsb Headache 6 (50%) 11 (48%)

Nausea and vomiting 2 (17%) 4 (17%)

Decreased consciousness 1 (8%) 2 (9%)

Ataxia 2 (17%) 4 (17%)

Seizure 0 (0%) 2 (9%)

Motor weakness 1 (8%) 4 (17%)

Other 3 (25%) 2 (9%)

Asymptomatic 2 (17%) 4 (17%)

Hemorrhage 2 (17%) 2 (9%)

Location in ventriclec Lateral 10 (27%) 15c (40%)

Trigone 8 (21%) 7 (18%)

Body 1 (3%) 6 (16%)

Anterior horn 0 (0%) 1 (3%)

Temporal horn 1 (3%) 1 (3%)

Third 1 (3%) 3 (8%)

Fourth 1 (3%) 7 (19%)

Side of lateral ventricle Left 8 (32%) 10 (50%)

Right 2 (8%) 5 (10%)

Primary (histology) Breast (adenocarcinoma) 1 (8%) 4 (17%)

Colon (adenocarcinoma) 2 (17%) 0 (0%)

Esophagus (adenocarcinoma) 0 (0%) 1 (4%)

Kidney (renal cell carcinoma) 7 (58%) 9 (39%)

Lung (adenocarcinoma) 1 (8%) 2 (9%)

(sarcoma) 0 (0%) 1 (4%)

Thyroid (papillary carcinoma) 0 (0%) 2 (9%)

Skin (melanoma) 1 (8%) 4 (17%)

a Nineteen of the 23 patients with multiple metastases had an intraventricular metastasis at the initial diagnosis of

brain metastases, whereas 4 patients presented with an intraparenchymal metastasis and subsequently developed

intraventricular metastases.
b Patient may have had more than one symptom.
c Two patients had 2 intraventricular tumors (total number of tumors = 37).
metastases must take into account the fact that
intraventricular lesions are deep within the brain;

thus, surgical resection of these lesions may be
associated with a slightly higher risk than for
superficially located intraparenchymal lesions.

Ultimately, the appropriate candidates for surgery
are selected by carefully analyzing the clinical
status of the patient, pertinent radiographic
studies, and the histology of the tumor. Each of
these areas has been analyzed in detail elsewhere
[32], but they are reviewed here as they specifically

relate to intraventricular metastases.

Clinical assessment

The status of the systemic disease (the
primary tumor and noncerebral metastases) is

the most important determinant of overall
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Fig. 1. (A) Preoperative axial (left) and sagittal (right) contrast-enhanced MRI scans of a 50-year-old man with known

renal cell carcinoma and a left atrium/trigone lesion. (B) Corresponding immediate postoperative MRI scans after a gross

total resection via a transcortical superior lobule approach. The trajectory of this approach is evident.
survival in patients with cerebral metastases. Up
to 70% of patients undergoing surgery for single

metastases die from progression of the systemic
disease rather than from neurologic causes [35].
Consequently, surgery is generally considered

only in patients with absent, ‘‘controlled,’’ or
‘‘limited’’ systemic cancer. Although the defini-
tion of controlled or limited systemic cancer is
clearly subjective, patients who are expected to

survive more than 4 months are generally
considered appropriate candidates for surgical
resection. This consideration is particularly im-

portant for patients with deep lesions, such as
those in the ventricle, because their recovery time
from such surgery may be somewhat longer than

for patients with superficially located lesions,
which may reduce the benefit of surgical inter-
vention.
Radiographic assessment

Radiographic assessments are used to deter-
mine the number of lesions and the size of each

lesion.

Single intraventricular metastases
Patients with single brain metastases are the

most appropriate surgical candidates. Indeed, two
independent prospective randomized studies dem-

onstrated that surgical resection is superior to
WBRT in the treatment of single brain metastases
in terms of morbidity, recurrence, and overall

survival [35,36]. Although these studies did not
specifically focus on intraventricular metastases, it
is probably appropriate to conclude that surgical

resection of intraventricular metastases is likely to
be superior to WBRT as long as the lesion can be
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Fig. 2. (A) Preoperative axial (left) and sagittal (right) contrast-enhanced MRI scans of a 65-year-old woman with

known breast cancer and a fourth ventricular metastasis. (B) Corresponding immediate postoperative MRI scans after

a gross total resection via a midline suboccipital approach.
resected completely and with minimal morbidity
(see Fig. 1).

More recently, however, it has been suggested
that stereotactic radiosurgery may be an effective
alternative to surgery in the treatment of single

brain metastases [37]. Indeed, the deep location of
intraventricular metastases makes radiosurgery
particularly attractive because it is less invasive.

To date, however, there has been no randomized
trial comparing conventional surgery with stereo-
tactic surgery in the treatment of brain metastases.

Until such a trial is completed, it remains our
contention that surgery offers significant advan-
tages over stereotactic radiosurgery even for deep-
seated intraventricular lesions. First, surgical

resection provides histologic confirmation that
the lesion is a metastasis, whereas tissue is not
obtained with radiosurgery. Second, surgery is
effective regardless of tumor size, whereas radio-
surgery is not indicated for lesions greater than

3 cm in maximum diameter, and recent studies
suggest that good tumor control is achieved
primarily for lesions less than 1 cm in diameter

[38]. Thus, radiosurgery may be best applied to
relatively small lesions. Third, because surgery
rapidly removes the lesion, it reverses symptoms

more efficiently than radiosurgery and reduces the
complications associated with long-term cortico-
steroid use. Fourth, surgery is effective regardless

of tumor histology, whereas the effects of radio-
surgery are less predictable, particularly for
lesions that commonly produce ventricular metas-
tases, such as renal cell carcinoma. Lastly, the

risk of delayed radiation injury that can occur
with radiosurgery is avoided with surgical in-
tervention. The consequence of this injury may be
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Fig. 3. Contrast-enhancing axial (A) and sagittal (B) MRI scans demonstrating a third ventricular tumor in a 42-year-

old man with a history of thyroid cancer. The patient initially presented with an intraventricular hemorrhage that was

treated with ventricular drainage and a ventriculoperitoneal shunt. The images in this figure were obtained 2 months

after the initial presentation when the hemorrhage had resolved. The patient was treated with stereotactic radiosurgery

because of the deep location and small size of the lesion.
more pronounced for intraventricular lesions that
are near vital structures, such as the thalamus and

fornices.
Thus, given our present knowledge, our pre-

ferred treatment of single intraventricular brain

metastases is surgical resection (see Figs. 1 and 2).
We reserve stereotactic radiosurgery for patients
with uncontrolled or widespread systemic disease
or with medical conditions that preclude surgery.

In addition, we often recommend radiosurgery
for asymptomatic patients with intraventricular
lesions less than 1 cm in maximum diameter that

are found incidentally during screening. Consis-
tent with this philosophy, of the 12 patients with
single intraventricular metastases treated at our

institution (see Table 2), 11 underwent conven-
tional surgery as the first line of therapy, whereas
1 was treated with stereotactic radiosurgery
because of the small tumor size (see Fig. 3).

Multiple intraventricular metastases
Although the presence of more than one brain

metastasis has traditionally been considered a con-

traindication to surgery, more recently, surgical
resection has been used in the treatment of
patients with ‘‘multiple’’ (ie, 2–4) brain metasta-

ses. This approach is based on a retrospective
study from M.D. Anderson demonstrating that
removal of multiple metastatic lesions was as

effective as resection of single metastases provided
that all lesions were removed [39]. Resection of an
intraventricular metastasis in the presence of

multiple brain metastases requires careful consid-
eration, however. In fact, in our series of 35 cases,
19 patients presented with multiple brain lesions.

Two of these patients had two intraventricular
lesions; both lesions in 1 patient were treated
initially with WBRT, and both lesions in the other
patient received stereotactic radiosurgery. Of 11

patients who had both an intraventricular lesion
and an intraparenchymal lesion, only 3 were
treated with resection of the intraventricular

lesion, whereas 8 had an intraventricular lesion
treated with radiosurgery and 1 received WBRT.
Lastly, 7 patients presented with an intraventric-

ular metastasis plus two or more intraparenchy-
mal lesions; 4 patients underwent surgical
resection of their symptomatic intraventricular
lesions. Thus, of the 19 patients with multiple

lesions that included an intraventricular tumor,
only 7 (37%) were treated initially with surgery.
Indeed, given the complexity of resecting multiple

lesions, less invasive strategies, such as radio-
surgery, are an attractive alternative.

Histologic assessment

It is important to consider the radiosensitivity
and chemosensitivity of the primary tumor before
proceeding to surgery. Metastases from small cell
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lung cancer and germ cell tumors are particularly
sensitive to radiation and chemotherapy and are
probably best treated with these modalities. These
tumor types, however, rarely occur as intraven-

tricular lesions. Melanoma, renal cell carcinoma,
and most sarcomas are essentially resistant to
fractionated radiation and are best treated with

surgery. The most common type of cancer pro-
ducing intraventricular metastases, renal cell
carcinoma, is usually resistant to fractionated

radiation therapy and to most chemotherapeutic
agents; thus, surgery is the preferred treatment
modality. Tumors like non-small cell lung cancer

and breast cancer are intermediately sensitive to
radiation, and surgery should be considered as
part of a multidisciplinary scheme. In addition, it
must be remembered that the responsiveness of

tumors to single high-dose radiosurgery may
differ from their responsiveness to fractionated
radiotherapy. Indeed, radiosurgery may be an

effective treatment for many of the more ‘‘re-
sistant’’ tumors, including renal cell carcinoma.

Surgical Techniques

Successful removal of intraventricular cerebral
metastases is safely accomplished in the modern

era because of advances in surgical technique.
Better understanding of the surgical anatomy of
these lesions has led to safer operative ap-

proaches, and accurate localization of lesions on
MRI has been translated into better intraoper-
ative localization using image-guided methods.

Although the approaches to intraventricular
tumors have been discussed elsewhere in this issue
and certainly apply to metastatic tumors, certain
technical aspects unique to metastatic tumors are

worthy of note.

Surgical anatomy

Several anatomic features unique to intraven-

tricular metastases must be recognized for safe
and effective resection. Intraventricular metas-
tases are typically well-defined lesions that are

invariably attached to the choroid plexus. This
attachment may be quite broad, and infiltration of
the choroid is common. Consequently, removal of
the choroid back to a zone that appears normal

may be required to prevent recurrence of the
lesion. In addition, attachment or infiltration of
the wall of the ventricle may occur because of the

malignant nature of these tumors. Metastases
typically have a gliotic pseudocapsule, however,
and circumferential dissection in this gliotic plane
generally ensures gross total resection, because
there are typically no tumor cells in this zone.
Lastly, intraventricular metastases almost invari-

ably receive their blood supply from the choroidal
arteries and drain via the choroidal veins. These
vessels are usually at the base of the lesion at

a position farthest from the initial surgical
exposure. Thus, entering an intraventricular
metastasis at the beginning of the resection

without interrupting the blood supply results in
significant hemorrhage (especially if a renal cell
carcinoma) and obscures vision. Consequently, we

generally prefer to perform a circumferential
dissection and to identify the attachment to the
choroidal arteries before entering the lesion. En
bloc removal is also preferred to an ‘‘inside-out’’

approach because it reduces the possibility of
shedding tumor cells into the ventricular system.
Nevertheless, the size of the lesion and the small

deep surgical corridor preclude en bloc removal in
many cases. In these situations, circumferential
dissection is performed as widely as possible and

internal debulking is done. Progressive circum-
ferential dissection and internal debulking are
undertaken until the supplying blood vessels can

be isolated, coagulated, and cut. Bleeding from
the tumor stops when complete resection is
achieved and the choroidal vessels are secured.
The presence of bleeding invariably signals re-

sidual tumor. Cottonoids are used to prevent
blood from spilling throughout the ventricles.

Surgical approaches

The surgical approach to metastatic intraven-
tricular tumors depends on the location of the

lesion within that ventricular compartment. A
variety of surgical approaches have been de-
scribed for different locations in the ventricles,

and each is discussed elsewhere in this issue. All
approaches to the ventricle require transgressing
normal brain structures at some point. Therefore,
our general philosophy is to use an approach that

limits neurologic injury, even if the approach
requires a longer surgical corridor.

Because most intraventricular metastatic tu-

mors arise within the atrium/trigone of the lateral
ventricle, special attention to this location is in
order. For lesions in the dominant hemisphere,

the atrium of the lateral ventricle is one of
the more complex areas to access, because the sur-
rounding cortical structures are critical to lan-

guage and visual functions. Interhemispheric
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approaches usually do not provide enough lateral
exposure; thus, transcortical approaches are in-
variably required. Although transtemporal and

lateral transparietal approaches have been sug-
gested for dominant hemisphere atrial lesions
[40,41], these approaches usually result in signif-
icant aphasia and visual field cuts because of the

important role of the posterior temporal gyrus
and the underlying white matter fibers in these
functions. Approaches through the inferior tem-

poral gyrus are generally too low to provide access
to the atrium. Consequently, we generally attack
these lesions through the superior parietal lobule,

typically splitting the adjacent sulcus before
entering the brain. Computer-assisted stereotactic
guidance is used to plan the craniotomy and to
maintain the corridor during surgery. The use

of a computer-driven robotic microscope (eg,
SurgiScope, Intelligent Surgical Instruments and
Systems, Saint Martin D’Heres, France) is partic-

ularly applicable in these cases. Functional
mapping of the position of the sensory cortex
ensurespassage through the superiorparietal lobule

andprevents injury to importantmotorand sensory
fiber tracts. A corridor of 2 cm� 2 cm usually
provides the necessary exposure to the lesion. This

approach typically avoids aphasia and spares the
visual projection fibers. In contrast, for lesions in
the nondominant (right) hemisphere, violation of
the superior parietal lobule results in visual-spatial

dysfunction that manifests at least partly by
dressing apraxia. Consequently, for right-sided
atrial lesions, we typically use a middle temporal

gyrus or superior temporal sulcal exposure.

Surgical complications and outcome

Because of the relatively short lifespan of
patients with systemic cancer, it is important that
surgical resection of brain metastases, including

intraventricular metastases, be undertaken with
minimal morbidity. Review of the cases in the
literature (see Table 1) demonstrates that post-

operative complications from intraventricular
surgery in the past have been significant. Neverthe-
less, in the modern era, resection of intraventric-

ular tumors can be achieved with low mortality
(<5%) and morbidity (<10%) [22]. In our M.D.
Anderson series of 24 intraventricular tumors
operated on by several surgeons, there was no

operative mortality and three patients (12%)
experienced significant neurologic complications.

The outcome of patients with intraventricular

metastases has not been specifically analyzed
heretofore. In our series of 11 patients with single
intraventricular metastases who were treated with
surgical resection, the median survival time was

13.6 months. Thus, the survival of these patients
seems to be similar to that of the more general
population of surgically treated patients with
single intraparenchymal metastases [31,32]. Of

course, our patients with intraventricular tumors
had a predominance of renal cell carcinomas,
which may be prognostic for a longer survival

interval [32]. Interestingly, despite having a tumor
within the ventricle, only 2 of 11 patients with
single brain metastases eventually developed

meningeal carcinomatosis. In all, resection of
deep-seated intraventricular tumors seems to be
as effective as resecting more superficially located
brain metastases.

Summary

The ventricle is a rare site of brain metastases.

Renal cell carcinoma has a higher propensity to
metastasize to the ventricle compared with more
common metastatic tumors (eg, lung cancer). The

trigone is the predominant location for intraven-
tricular metastases, presumably because of the
high concentration of choroid plexus in this region.

Surgical resection is an important component of
the management of these lesions, particularly if
there is only a single intraventricular lesion.

Despite the deep location of these tumors within
the ventricle, survival in patients undergoing
surgery for them is comparable to that in patients
receiving surgery for intraparenchymal metastases.
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