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Abstract

Background: Removal of large hypervascular tumors in the lateral ventricle still poses a surgical challenge. These
tumors are usually fed from choroidal arteries, and vascular control is typically performed late during the removal.
We aimed to evaluate the clinical efficacy of our strategy for persistent preoperative obliteration of feeders from the
choroidal arteries to manage large hypervascular tumors in the lateral ventricle.

Methods: We retrospectively analyzed six patients with hypervascular tumors in the lateral ventricle. We first
attempted to obstruct feeders using endovascular treatment, and, if unavailable, performed initial microsurgical
occlusion through the temporal horn for the staged tumor removal.

Results: In all patients, feeder obliteration was successfully performed; the anterior choroidal arteries were occluded
by the endovascular treatment and microsurgical occlusion in one and five patients, respectively, while the lateral
posterior choroidal arteries were occluded via endovascular treatment in four patients. No patients had permanent
symptoms due to feeder obliteration, and tumor devascularization was achieved at the mean rate of 69.9%.

During the tumor removal, the mean blood loss volume was 253 ml. No postoperative hemorrhage had occurred,
and all patients scored < 2 on the modified Rankin Scale at six months post-removal.

Conclusions: Although further studies are warranted, persistent feeder obliteration of choroidal arteries could be
an effective treatment strategy against large hypervascular tumors in the lateral ventricle.
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Background

The surgical treatment of large hypervascular tumors in
the lateral ventricle, such as meningiomas, remains chal-
lenging for neurosurgeons. These tumors are often de-
tected when they have grown to huge tumors, and
hence due to their large size, cortical damage is a
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significant risk factor during surgical intervention. These
tumors are mainly supplied from the anterior (AChA)
and/or posterior choroidal arteries (PChA) [1-5], and
during surgical resection procedures, vascular control is
typically performed late. A recent review [6] has indi-
cated that the postoperative mortality was associated
with hematomas in the surgical bed, which is prob-
ably attributed to rich tumor vascularization. Therefore,
in the surgical management of hypervascular tumors in
the lateral ventricle, preoperative obliteration of feeders
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from the choroidal arteries can potentially reduce the
difficulty of surgical resection and prevent postoperative
hemorrhage. Endovascular feeder embolization is prefer-
able due to its minimal invasiveness [7, 8]; however, a
previous case report has shown that microsurgical occlu-
sion of feeders originating from the choroidal arteries in
the inferior horn of the lateral ventricle might be an ef-
fective method [9].

In the present study, we aimed to evaluate the clinical
efficacy of the strategy of managing large hypervascular
tumors in the lateral ventricle surgically, through persist-
ent preoperative obliteration of feeders from the chor-
oidal arteries; we first attempted to obstruct feeders
using endovascular treatment; if unavailable, per-
formed initial microsurgical occlusion in the temporal
horn for the staged tumor removal.

Materials and Methods

Patient selection

We analyzed the six consecutive patients with large
hypervascular tumors in the lateral ventricle who had
undergone surgical intervention at our institute between
April 2014 and April 2019. The variables analyzed in-
cluded demographic characteristics, such as age and sex,
and clinical characteristics, including symptoms, imaging
results, surgical approaches undertaken, the extent of
tumor resection, the results of pathological examination
of the tumors, and any complications related to the sur-
gical procedures.

Surgical procedures for feeder obliteration

The artery feeding the tumor was confirmed using pre-
operative digital subtraction angiography (DSA) in all
patients. The main target vessels for obliteration, preced-
ing the tumor removal, were the AChA and PChA,
which were sufficiently distal from the approach used
for the tumor removal. First, feeder obliteration was
performed by endovascular treatment (transarterial
embolization; TAE), due to its minimal invasiveness,
after assessment of diagnostic images by specialists certi-
fied by the Japanese Society for Neuroendovascular Ther-
apy. If TAE was not available, initial microsurgical
obliteration was performed for the staged tumor removal.

TAE of the AChA or PChA

Using a transfemoral approach, a 6F or 7F guiding
catheter was placed into the internal carotid or vertebral
artery. Intravenous heparin was intermittently adminis-
tered throughout the procedure, and serial activated
clotting time (ACT) measurements were taken through-
out the procedure to maintain the ACT above 200
seconds. A microcatheter (Marathon; Medtronic, Min-
neapolis, MN, USA) was advanced to the target vessel.
To avoid ischemic complications, in the case of feeders
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projecting from the AChA, the catheter tip was ad-
vanced beyond the angiographic plexal point [10] and a
provocative test was performed using lidocaine and a
barbiturate agent under the local anesthesia. In the case
of feeders projecting from the PChA, the catheter tip
was advanced just proximal to the tumor. Embolization
was performed using 100-300 pum trisacryl gelatin mi-
crospheres (Embosphere; Merit Medical Systems, Inc.
UT, USA) and/or a variety of detachable coils.

Microsurgical occlusion of feeders from the AChA
Microsurgical occlusion of feeders from the AChA was
performed in the temporal horn using the subtemporal
approach when a patient’s dominant side was affected to
avoid complications resulting in language impairment
[11]. In this approach, the temporal horn was accessed
from the basal surface of the temporal lobe via the oc-
cipitotemporal sulcus. In cases where the patient’s non-
dominant side was affected, the temporal horn was
accessed via the middle temporal sulcus using the tem-
poral approach. Within the temporal horn, the AChA
was identified using neuronavigation and indocyanine
green video angiography; it was then coagulated and cut
distal to its entrance point into the temporal lobe, leav-
ing its cisternal branches intact.

In all patients, postoperative magnetic resonance im-
aging (MRI) was performed, and the rate of devasculari-
zation of the tumor (inferred from the rate of reduction
in gadolinium-enhanced lesion labeling compared to
preoperative MRI) was calculated using neuronavigation
software (Vector Vision Compact, BRAINLAB, Heim-
stetten, Germany).

Tumor resection and outcomes

Tumor resection was usually performed within one week
after feeder obliteration, before further pial feeders de-
velopment. Surgical approaches were decided on the
basis of the tumor location, with the parietal or temporal
approaches most commonly selected.

The extent of resection was estimated based on review
of pre- and postoperative MRI data using the neuronavi-
gation software. Based on postoperative imaging, gross
total resection was defined as excision without visible re-
sidual tumor and a lack of residual tumor detected in
postoperative imaging; subtotal resection was defined as
a <10 % remaining tumor; partial resection included 25—
90 % resection of the tumor [8]. Postoperative symptoms
and modified Rankin Scale (mRS) scores assessed six
months after tumor removal were also analyzed.

Results

Six consecutive patients, two males and four females,
were assessed, with a median age of 56.5 years (range:
40-71 vyears). All tumors were located in the lateral
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ventricle; five tumors occurred in the trigone, while one
in the body of the lateral ventricle. The mean maximum
tumor diameter and volume were 5.5 cm (range: 4.7—
6.1 cm) and 48.3 cm® (range: 27.8—84.7 cm®), respect-
ively. Based on preoperative DSA, feeding arteries
had originated only from the AChA in two patients,
from the AChA and the lateral PChA (LPChA) in two
patients, and from the AChA, LPChA, and other arteries
(such as an anterior cerebral artery, middle cerebral ar-
tery, and/or lenticulostriate artery) in two patients.

Preoperative clinical symptoms included contralateral
hemiparesis in three patients, homonymous hemianopsia
in three patients, and cognitive dysfunction (i.e., word-
finding difficulty, short-term memory disturbance, and/
or dyscalculia) in three patients.

A summary of patients’ demographics is described in
Table 1.

Feeder obliteration

In two patients (Patients 2 and 3), the feeding arteries
were obstructed in a single session with either TAE
or microsurgical occlusion of the AChA, while in
four patients, feeder obliteration was performed in
two or more sessions, using both TAE of the LPChA
and microsurgical occlusion of the AChA. As for the
target vessels, the AChA was occluded by TAE in one
patient and by microsurgical occlusion in five pa-
tients; the LPChA was occluded by TAE in four pa-
tients. Other arteries were occluded by either TAE or
microsurgical occlusion.

Based on postoperative MRI, the mean devasculariza-
tion rate of the tumors was 69.9 % (range: 33.8-98.6 %).
Postoperative MRI showed small infarction of the thal-
amus, which was in the territory of the LPChA, in four
patients, and of the internal capsule, which was in the

Table 1 Patient demographics
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territory of the AChA, in one patient. Three patients
(Patients 2, 3, and 4) showed no new neurological defi-
cits, while the other three (Patients 1, 5, and 6) devel-
oped slight, transient contralateral hemiparesis due to
thalamic infarction or brain edema. However, no pa-
tients had permanent neurological deficits due to feeder
obliteration. A summary of feeder obliteration and surgi-
cal outcomes is shown in Tables 1 and 2.

Tumor removal and surgical outcomes

The mean time interval from the final feeder obliteration
procedure to the tumor removal was three days (range: 1—
6 days). Tumors were removed via a trans-parietal ap-
proach (including the parieto-occipital approach) in five
patients, and a trans-temporal approach (including the
temporo-occipital approach) in one patient. In two pa-
tients (Patients 5 and 6), since the tumor itself remained
firm, further parieto-occipital approach was required in a
subsequent session. The mean blood loss volume during
tumor removal was 253 mL (range: 70-600 mL). Four pa-
tients underwent gross total resections, one underwent
subtotal resection, and one underwent partial resection.

After the tumor removal, contralateral hemiparesis im-
proved in two patients (Patients 4 and 6), while hom-
onymous hemianopia developed in two patients (Patient
1 and 5); in Patient 5, contralateral hemiparesis and cog-
nitive dysfunction worsened. In all patients, mRS scores
assessed six months post-surgery were < 2.

Pathological evaluations revealed World Health
Organization (WHO) grade I meningiomas in four pa-
tients, a grade II meningioma in one patient, and a grade
II solitary fibrous tumor in one patient.

A summary of treatment and surgical outcomes is
shown in Tables 1 and 2. Illustrative cases are described
in Figs. 1 and 2.

Location Size (cm)/ Preoperative symptoms Pathology Postoperative symptoms Pre/
volume (cm?) Postoperative
mRS
1 Lt 54/38.1 Cognitive dysfunction WHO grade | Cognitive dysfunction, homonymous 1/2
trigone meningioma hemianopsia
2 Rt 59/383 None WHO grade I None 0/0
trigone meningioma
3 Lt 5.1/278 Homonymous hemianopsia WHO grade | Homonymous hemianopsia 11
trigone meningioma
4 Rt 5.9/84.7 Hemiparesis, homonymous WHO grade | Homonymous hemianopsia 11
trigone hemianopsia meningioma
5 Lt body 4.7/36.2 Cognitive dysfunction, WHO grade | Homonymous hemianopsia, cognitive 2/2
hemiparesis meningioma dysfunction, hemiparesis
6 Rt 6.1/64.5 Cognitive dysfunction, WHO grade Il Homonymous hemianopsia 11
trigone homonymous hemianopsia, solitary fibrous
hemiparesis tumor

Lt Left, Rt Right, mRS Modified Rankin Scale, WHO World health organization
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Table 2 Summary of the treatment

Feeder AChA Target vessels for DWI positive post Symptoms  Devascularization Approach Blood Removal
diameter obliteration feeder obliteration  due to rate after feeder  of the loss
(mm) TAE Microsurge in the territory of feeder obliteration (%) tumor volume
gery AChA, LPChA obliteration removal (mL)
1 AChA, 09 LPhA, AChA Yes (LPChA) Transient 338 Parieto- 360 Total
LPChA, MCA hemiparesis occipital
MCA
2 AChA 18 AChA - No No 979 Parietal 100 Total
3 AChA 09 - AChA No No 98.6 Parietal 82 Total
4 AChA, 0.9 LPChA AChA Yes (LPChA) No 785 Temporo- 70 Subtotal
LPChA occipital
5 AChA, 0.9 LPChA, AChA, LSA, Yes (LPChA) Transient 55.2 1. Parietal 1. 270 Partial
LPChA MPChA  ACA hemiparesis 2. Parieto- 2. 600
MPChA, occipital
LSA
ACA
6 AChA, 12 LPChA AChA Yes(AChA and LCPhA) Transient 552 1. Parietal  1.320 Total
LPChA hemiparesis 2. Parieto-  2.220
occipital

AChA anterior choroidal artery, ACA anterior cerebral artery, DWI Diffusion weighted imaging, LPChA lateral posterior choroidal artery, LSA lenticulostriate artery,
MCA middle cerebral artery, MPChA medial posterior choroidal artery, TAE transarterial embolization

Fig. 1 In Patient 2, a right lateral ventricular tumor was incidentally detected. a Preoperative magnetic resonance imaging (MRI) with gadolinium
contrast showing a tumor in the right lateral ventricle (maximum diameter: 5.9 cm, tumor volume: 38.3 cm?). b Preoperative digital subtraction
angiography (antero-posterior projection) reveals feeders originating solely from the anterior choroidal artery. The diameter of the AChA was

1.8 mm. ¢ For endovascular treatment, a microcatheter is advanced beyond the angiographic plexal point (arrowhead). After a provocative test
was performed using lidocaine and a barbiturate agent, the feeding arteries were obstructed using 100-300 um trisacryl gelatin microspheres
and coils. d Digital subtraction angiography (antero-posterior projection) reveals that the feeders projecting from the anterior choroidal artery
have diminished after endovascular treatment. e After endovascular treatment, MRI shows a 97.9 % decrease of gadolinium-enhanced lesions.

f After tumor removal via an intraparietal sulcus approach, MRI shows no residual tumor




Yamao et al. BMC Neurology (2021) 21:113

Fig. 2 In Patient 3, a left lateral ventricular tumor was incidentally
detected eight years prior. Since the patient was experiencing visual field
impairment due to tumor growth, surgical intervention was planned. a
Preoperative magnetic resonance imaging (MRI) scan with gadolinium
contrast showing a tumor in the left lateral ventricle (maximum
diameter: 5.1 cm, tumor volume: 27.8 cm?). b Preoperative digital
subtraction angiography (antero-posterior projection) reveals feeders
originating solely from the anterior choroidal artery. The diameter of the
AChA was 0.9 mm, which was considered too small to cannulate. ¢ After
temporal craniotomy, the occipitotemporal sulcus (black arrows) has
been identified. The temporal horn is accessed by a subtemporal
approach. d In the temporal horn, the anterior choroidal artery has been
identified (black arrowheads), and cut. e After microsurgical occlusion of
the anterior choroidal artery, MRI shows a 986% decrease of gadolinium-
enhanced lesions. f After tumor removal via a parietal (intraparietal
sulcus) approach, MRI shows no residual tumor

Discussion

In this study, we presented a strategy for persistent feeder
obliteration preceding the surgical removal of large hypervas-
cular tumors in the lateral ventricle. Devascularization fol-
lowing feeder obliteration was achieved in all six patients,
resulting in decreased blood loss during the subsequent
tumor removal in the majority of the patients. Postoperative
hemorrhage had not occured, and the outcomes were rela-
tively favorable.
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Risks of obliterating choroidal arteries

The normal mean diameter of the AChA is 1.24 mm
(range: 0.4—3.4 mm) [12]. The classic clinical symptoms
caused by occlusion of the AChA are contralateral hemi-
paresis, hemisensory loss, and homonymous hemianopia
[13]. The AChA is divided into the cisternal and plexal
segments, and only the cisternal segment contains the
perforating branches, which may be associated with the
clinical symptomology [14]. The plexal point observed
by DSA has been proposed to identify the entry point
into the temporal horn; that is, the point separating the
cisternal and plexal segments of the AChA.

Embolization of feeders arising from the AChA can
carry the risk of ischemic complications [1, 2], and
superselective embolization of choroidal arteries has
been reported only in a few case reports of intraventric-
ular meningiomas [15-17] and in a few studies of ar-
teriovenous malformations [10, 18, 19]. When
considering TAE, the catheter tip must be advanced be-
yond the plexal point to avoid ischemic complications;
however, the risk of procedure-related ischemic or
hemorrhagic complications is reportedly as high as
16.7-30.7 % [10, 18, 19]. In those studies, AChAs were
dilated enough for deep catheterization, but the safety
diameter of catheters was not identified. In our study,
TAE was preformed successfully only in one patient in
which the AChA’s diameter was 1.8 mm; in five other
patients in whom the mean diameter of the AChA was
1.0 mm (range: 0.9-1.2 mm, Table 2), we instead se-
lected microsurgical occlusion after assessing the diag-
nostic images. Thus, the safety diameter for
deep cannulation of the AChA might be 1.5 mm.

The risk of ischemic complications might be avoided
by performing microsurgical occlusion of the AChA in
the temporal horn. Reported approaches for the tem-
poral horn include the transsylvian, the temporal, and
the subtemporal approaches [11, 20]. We mainly se-
lected the subtemporal approach to reduce the risk of
postoperative language dysfunction [11]. In the present
series, no neurological permanent deficits, including
language dysfunction, were observed due to microsurgi-
cal occlusion. In a cadaver study [21], it was shown that
38 % of the capsulothalamic artery arises from the first
portion of the plexal segment. This anatomical variation
could be associated with ischemic complications, even in
cases involving the direct obliteration of the AChA. Actu-
ally, in our study, postoperative MRI in one patient (Pa-
tient 6) detected infarction in the internal capsule,
suggesting that this anatomical variation could be associ-
ated with ischemic complications.

The LPChA branches to the choroid plexus and the
trigone of the lateral ventricle. In addition, it also sup-
plies the crus, commissure, body, and part of the anter-
ior columns of the fornix, as well as the dorsomedial and
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pulvinar portion of the thalamic nucleus, and a part of
the lateral geniculate body [22, 23]. Reports on patients
with discrete LPChA infarction are limited, with a visual
field defect, typically quadrantanopia or hemianopia, be-
ing the primary symptom [22]. Controlling ischemic
complications post embolization of the LPChA may be
challenging since no angiographic safety point has been
identified thus far, unlike the AChA [10]. In our study,
small thalamic infarction was detected in all four pa-
tients with endovascular feeder occlusion, although the
catheter tip was advanced just proximal to the tumor in
all patients. This was probably because either the blood
flow was stolen towards the tumor and the small
branches projecting to the thalamus were invisible, or
the LPChA was retrogradely thrombosed. Further stud-
ies are warranted to identify the appropriate catheter
position for avoiding these types of ischemic events.

Role of feeder obliteration preceding tumor removal
Preoperative endovascular feeder embolization is com-
monly used for vascular-rich meningiomas, except for
those located in the lateral ventricle, to reduce intraop-
erative blood loss in more devascularized tumors, and
also to soften tumors [8, 24]. However, past studies have
reported no significant differences in surgical duration,
extent of resection, blood transfusion requirements, or
measures of morbidity [8, 25]. In the present study, the
mean devascularization rate was 69.9 %, and the mean
blood loss volume (253 mL) during the tumor removal
was much less than the volumes reported in a previous
study of intraventricular meningiomas (mean: 530 mL;
range: 100-1900 mL) in which feeder obliteration was
not performed before the tumor removal [4].

The optimal time interval between feeder embolization
and tumor removal remains controversial; it has been
suggested that the removal should be performed ap-
proximately one week post embolization due to greater
softening of the tumor, allowing for easier removal [26],
whereas others have recommended within seven days
post embolization to avoid the revascularization of tu-
mors [27]. In this study, the mean time interval from the
final feeder obliteration procedure to the tumor removal
was three days (range: 1-6 days). In two patients (Pa-
tients 2 and 3) with extensively devascularized tumors
(>95 %), the tumors softened; in three patients (Patients
4, 5, and 6) with two or more feeder arteries, multiple
small pial feeders were observed intraoperatively and the
tumors were still very firm, even though all the main
feeders had already been obstructed. The presence of
small pial feeders may explain the low devascularization
rates in tumors supplied by two or more feeders. In a
previous case report, tumor volume decreased and the
tumor softened 13 months post microsurgical occlusion
of feeders arising from the AChA or PChA [9].
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Therefore, if a patient’s neurological condition is not
critical, it may be better to abstain from treatment until
substantial tumor shrinkage is obtained following feeder
obliteration in cases where tumors are supplied by mul-
tiple feeders.

Trisacryl gelatin microspheres have been demon-
strated to achieve more distal penetration and higher
subsequent devascularization than similarly-sized polyvi-
nyl alcohol [7]. In our series, in one patient (Patient 2),
for whom only TAE of the AChA was performed using
microspheres, 97.9 % devascularization was achieved.
Likewise, in another patient (Patient 3), for whom
microsurgical occlusion of the AChA was performed,
98.6 % devascularization was achieved and the tumor
was softened. Microsurgical occlusion of feeders alone
also helped to devascularize the tumor, to reduce intra-
operative blood loss, and to soften the tumor. Therefore,
microsurgical occlusion alone could be an effective and
alternative method for feeder obliteration when
catheterization of the AChA is difficult.

Approach used for tumor removal and surgical outcomes
The optimal surgical approach for treating tumors in the
lateral ventricle remains controversial. The main re-
ported approaches have been described [1-5, 9, 28]. (1)
The trans-parietal approach through the superior par-
ietal lobe or intraparietal sulcus is preferably used, since
this approach can reduce the risk of injury to the optic
radiation, but can be disadvantageous, depending on the
tumor location, due to the long distance to the trigone
of the lateral ventricle. In this study, in two patients (Pa-
tients 5 and 6) in whom the tumor was firm, we aban-
doned this approach in favor of the wide parieto-
occipital corticectomy in a subsequent session. (2) The
trans-temporal approach (including the temporo-
occipital approach) involves a route through the middle
or inferior temporal gyrus. This route provides for a
shorter distance to reach the tumor, but may increase
the risk of injury to the inferior fibers of the optic radi-
ation and to the language cortices in the dominant
hemisphere. We used this approach in one patient (Pa-
tient 4) after receiving consent since the patient already
had homonymous hemianopia prior to the surgery; the
symptom had not resolved by the time of the last-follow
up due to injury to the optic radiation. (3) The inter-
hemispheric parieto-occipital precuneus approach in-
volves a route associated with a low incidence of
hemianopia, aphasia, and epilepsy. We did not select this
approach in any of the six patients since a wide brain
retraction was necessary, and due to risks of injury or
thrombosis of bridging veins or the sagittal sinus.

In a recent review, the postoperative mortality rate fol-
lowing treatment of intraventricular meningiomas was
4.0 %; most deaths were related to hematomas in the
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surgical bed, probably due to rich tumor vascularization
[6]. In this study, the mortality was 0% and mRS scores
assessed at the last-follow up were <2 in all patients.
Notably, no postoperative hemorrhage had occured in
this study, probably due to feeder obliteration prior
to the tumor removal; therefore, although the staged
treatment was required, preceding feeder obliteration
could limit intraoperative blood loss and prevent postop-
erative hemorrhages, and the treatment outcomes of
these patients were relatively favorable.

Limitations

This study has several limitations. First, as large intra-
ventricular tumors are relatively rare, the number of
cases we assessed was too small to confirm the genuine
efficacy of feeder obliteration preceding the surgical
tumor removal. Second, the present study was not ran-
domized, which makes outcome comparisons difficult.
However, compared with the outcomes of current treat-
ment options for patients with these types of tumors de-
scribed in the literature [1, 6], the outcomes observed in
this study were relatively favorable. Notably, in this
study, no patients had permanent neurological deficits
due to feeder obliteration. Further multicenter, prospect-
ive studies are needed to verify the efficacy of feeder ob-
literation preceding direct surgery and/or endovascular
treatment of these tumors.

Conclusions

We have described the results of persistent feeder oblit-
eration of choroidal arteries by endovascular treatment
and/or microsurgery prior to surgical removal of large
hypervascular tumors in the lateral ventricle. In our
study, the outcomes were relatively favorable, but further
case accumulation is warranted to confirm the clinical
efficacy and safety of this procedure.
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