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Transcortical Endoscopic Surgery for Intraventricular Lesions

Myung-Hyun Kim, M.D., Ph.D.

Department of Neurosurgery, Ewha Womans University Mokdong Hospital, Seoul, Korea 

To review recent advances in endoscopic techniques for treating intraventricular lesions via transcortical passage. Articles in PubMed 
published since 2000 were searched using the keywords ‘endoscopy,’ ‘endoscopic,’ and ‘neuroendoscopic.’ Of these articles, those 
describing intraventricular lesions were reviewed. Suprasellar arachnoid cysts (SACs) can be treated with ventriculo-cystostomy 
(VC) or ventriculo-cysto-cisternostomy (VCC). VCC showed better results compared to VC. Procedure type, fenestration size, stent 
placement, and aqueductal patency may affect SAC prognosis. Colloid cysts can be managed using a transforaminal approach (TA) 
or a transforaminal-transchoroidal approach (TTA). However, TTA may result in better exposure compared to TA. Intraventricular 
cysticercosis can be cured with an endoscopic procedure alone, but if pericystic inflammation and/or ependymal reaction are seen, 
third ventriculostomy may be recommended. Tumor biopsies have yielded successful diagnosis rates of up to 100%, but tumor 
location, total specimen size, endoscope type, and vigorous coagulation on the tumor surface may affect diagnostic accuracy. 
An ideal indication for tumor excision is a small tumor with friable consistency and little vascularity. Tumor size, composition, and 
vascularity may influence a complete resection. SACs and intraventricular cysticercosis can be treated successfully using endoscopic 
procedures. Endoscopic procedures may represent an alternative to surgical options for colloid cyst removal. Solid tumors can be 
safely biopsied using endoscopic techniques, but endoscopy for tumor resection still results in considerable challenges.
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INTRODUCTION

Endoscopic surgery in neurosurgery began with the use of a 

transcortical intraventricular procedure, including choroid 

plexus coagulation or endoscopic third ventriculostomy 

(ETV), to control hydrocephalus12). The ventricular space may 

have enough room for endoscopic surgery, and the ventricular 

cerebrospinal fluid (CSF) serves as a good natural medium for 

image transmission. The introduction of new instruments, in-

cluding rod lens Hopkins optics, high-resolution cameras, and 

frameless stereotaxy, has led to a tremendous increase in the 

number of neuroendoscopic procedures performed since the 

early 1990s. Recently, the application of endoscopic surgery 

has extended into various diseases relevant to the neurosurgi-

cal field, including transcortical intraventricular lesions, such 

as arachnoid cyst intraventricular extensions17,40), colloid 

cysts22,26,54), and intraventricular cysticercosis24,53). New appli-

cations include biopsies13,39,44,49,52) and intraventricular brain 

tumor removal6,50). In this article, we will discuss the manage-

ment of all transcortical intraventricular lesions, with the ex-

ceptions of ETV and complicated hydrocephalus. 

http://crossmark.crossref.org/dialog/?doi=10.3340/jkns.2017.0101.008&domain=pdf&date_stamp=2017-05-01
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ARACHNOID CYSTS

Arachnoid cysts (ACs) are usually incidental findings, but 

can result in significant neurological symptoms that require 

surgery. ACs can arise from incomplete separation of the en-

domeninx during embryogenesis. The mechanism of cyst ex-

pansion is still unknown. Possible explanations are the secre-

tion of fluid from the cyst wall, arterial pulsations through a 

one-way valve, and an osmotic gradient–induced accumula-

tion42). The definitive surgical method to manage asymptom-

atic AC is still controversial. Open surgery with cyst exci-

sion35), cyst fenestration43), stereotactic aspiration25), and 

cystoperitoneal shunting8) have all been proposed. Recently, 

endoscopic fenestration procedures have been adopted as a 

less invasive, and more effective, treatment for AC16,17,21,38,40).

Most surgeons agree that patients with neurological symp-

toms, which can include increased intracranial pressure, 

should be treated. In addition, extremely large asymptomatic 

cysts are often considered candidates for therapy to prevent 

developmental delays in children. Symptomatic ACs adjacent 

to a normal CSF-containing space are particularly good can-

didates for endoscopic surgery16,17,21,38,40). The goal of endo-

scopic techniques is to produce equal pressure gradients 

through a cyst opening using the natural exchange of CSF38). 

Planning the trajectory is often a very important aspect of the 

procedure. Entry sites that can provide a direct route to the 

cyst and minimize any torque on the cortical or intraventricu-

lar neurovascular tissue are preferred21). Therefore, it is possi-

ble to choose an optimal entry point and trajectory using a 

frameless stereotaxic system that minimizes risk of neurovas-

cular injury16,21). However, the surgical team must be aware 

that the brain can shift during these procedures due to CSF 

drainage and positioning15). An intraoperative imaging device 

that can show procedure progress, such as an endoscopic ul-

trasound probe, might be a better option in the near future for 

these surgeries16). In addition, many factors affect outcome, 

including the size of the fenestration, insertion of a catheter or 

stent2,51), the presence of hydrocephalus, and occurrence of in-

traoperative bleeding16,21,38).

Of the various possible intracranial arachnoid cyst locations, 

we only included suprasellar ACs in this study because they 

showed the most favorable surgical outcomes from endoscopy. 

In addition, endoscopic treatment could become the standard 

trancortical intraventricular technique for this condition. 

Suprasellar arachnoid cysts
Suprasellar ACs (SACs) account for about 5% to 12.5% of 

all ACs17,55). SACs arise from an anomaly of the Liliequist 

membrane, either a diverticulum or splitting, and CSF accu-

mulation within the cavity. Some researchers suggest that a 

basilar artery piercing the prepontine arachnoid membrane 

results in a slit valve mechanism and contributes to the expan-

sion of AC3,18,45). SACs can result in obstructive hydrocephalus 

by compressing the foramen of Monro or cerebral aqueduct. 

In addition, various symptoms can result from large cysts in 

this region, including visual impairments, endocrinopathy, 

head bobbing, developmental delay, gait ataxia, and sei-

zures17,21,40).

Planning the precise entry site is crucial for endoscopic pro-

cedures. A specific trajectory is selected so that the endoscope 

will facilitate fenestration at both the apical and basal cyst 

membranes, without causing any torque affecting the vital 

neurovascular structures rostral or caudal to the cyst. A fron-

tal burr hole is placed on the coronal suture 2‒3 cm off the 

midline. After puncture of the lateral ventricle with a peel-

away catheter, the endoscope is advanced. Ventriculo-cystos-

tomy (VC) or ventriculo-cysto-cisternostomy (VCC) should 

be used on an individual case basis. During VC procedures, 

cysts can be difficult to enter due to membrane thickness. 

Since the upper membrane may bounce away with a blunt 

balloon, a sharp instrument like an electrode or scissors is of-

ten required. After perforation of the upper membrane, the 

opening can be enlarged and dilated using the balloon, elec-

trocoagulation, or scissors. Through this opening, the internal 

wall of the cyst is followed along the clivus. The lower mem-

brane can also be quite tough, but is usually thinner. If there is 

a risk of injuring the basilar artery or perforating vessels, the 

cysto-cisternostomy may be abandoned.

Many prognostic factors exist, including procedure type 

(VC or VCC), fenestration size, valve-like mechanism destruc-

tion, placement of a catheter or stent, and patency of the aque-

duct17). A large opening (1–1.5 cm) and shrinkage of the upper 

cyst wall have been recommended17,40). The aqueduct may be 

closed later by the redundant cyst wall or mesencephalic com-

pression of the residual cyst 48,55). The choice between VC and 

VCC for endoscopic management of SAC is controversial. 

Some studies demonstrated excellent outcomes after VC, with 

a success rate ranging from 93.8% to 100%48). These studies 

advocated several techniques, including large fenestrations 
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(>10 mm), a septum pellucidotomy in cases of asymmetrical 

lateral ventricles, and shrinkage coagulation of the cyst wall. 

Ogiwara et al.40) proposed that preoperative cisternography 

may be useful for selecting patients who are suitable for VC. 

VCC may be suitable for patients not or slightly communicat-

ing with the basal cisterns. Maher et al.31) found that VC failed 

in 16% (7/44) of their patients and required a second proce-

dure, whereas VCC only failed in 8% (7/86). The reoperation 

rate was significantly higher following VC compared to VCC. 

In addition, El-Ghandour17) performed 11 VC and 14 VCC 

procedures on 25 SAC cases, and found that cyst size improve-

ment occurred in 81.8% after VC compared with 100% after 

VCC. Hydrocephalus improvement was found in 63.6% and 

85.7% of patients after VC and VCC, respectively. Recurrence 

was observed in 27.3% (1/11) of VC cases, whereas no recur-

rence (0%) was observed after VCC. Rangel-Castilla et al.41) 

reported that aqueductal obstruction may be associated with 

AC, which could result in VC failure. Therefore, it is better to 

inspect the patency of the aqueduct during the operation. In 

the case of aqueductal occlusion, VCC would be the better 

treatment. These endoscopic procedures can also be used to 

treat various juxta-ventricular cysts, including intrasellar or 

fourth ventricular ACs.

COLLOID CYSTS

Colloid cysts are benign unilocular intraventricular tumors 

that most frequently arise from the roof of the third ventricle. 

The proximal location of the cyst relative to the foramen of 

Monro may lead to either chronic or acute obstruction of CSF 

outflow. Although most patients present with symptoms re-

lated to hydrocephalus, sudden death can also occur. 

There are various methods to treat colloid cysts surgically, 

including transcortical and transcallosal craniotomy5,14,47), 

CSF shunting, stereotaxic cyst aspiration1), and endoscopic re-

moval28). Open surgery is considered the standard approach, 

but endoscopic techniques have recently been recognized as a 

viable and safe alternative. The main disadvantages of endo-

scopic techniques are the relatively steep learning curve, diffi-

culties in bimanual procedures, and frequent obscuration of 

the lens46).

Endoscopic procedures to manage colloid cysts include a 

transforaminal approach (TA) and a combined transforami-

nal-transchoroidal approach (TTA) with a single or double 

rigid endoscope at 0 or 30 degrees. 

In TA, a single burr hole is placed 8 cm posterior to the na-

sion and 7 cm lateral to the midline. Since this entry point is 

not the usual location for ventricular access, frameless stereo-

taxy is needed to plan a safe trajectory and avoid the caudate 

head22,54). Wait et al.54) demonstrated 15 successful cyst remov-

als in cases without ventriculomegaly using a rigid, 6 mm, 

30-degree endoscope under the usual irrigation to prevent 

ventricular collapse. Care must be taken during this approach, 

to avoid or minimize injury to the fornix and bleeding from 

the choroid plexus and venous structures22,26,54). Iacoangeli et 

al.26) proposed the TTA approach. TA may not allow for ade-

quate control of the cyst, especially when it is located in the 

posterior third ventricle, resulting in residual and recurrent 

cysts after endoscopic removal29). Using a transchoroidal 

route, the third ventricular roof can be totally explored, the 

colloid cyst completely visualized, and intracapsular debulk-

ing and subsequent removal of the capsule facilitated22). With 

the patient in a supine position, with the head placed neutral-

ly, a burr hole is made at the typical coronal point. After ven-

tricular puncture, the endoscope is introduced into the lateral 

ventricle. The usual anatomical landmarks, such as the thala-

mostriate vein, septal vein, choroid plexus, and foramen of 

Monro, can be recognized in addition to the cyst. First, via the 

transforaminal route, the cyst is opened and decompressed 

with either an aspiration tool or grasping forceps based on the 

viscosity of the cyst contents. The capsule is then resected in a 

piecemeal fashion. The choroidal fissure is opened medial to 

the choroid plexus through the tenia fornicis. Two layers of 

the tela choroidea are opened, and the posterior part of the 

cyst and its attachments are completely exposed. After careful 

dissection, the capsule can be removed through the transfo-

raminal or transchoroidal route (Fig. 1)26).

The rate of recurrence ranges from 0% to 11.47%. The aver-

age rate of recurrence is higher in cases with partial resection 

(6.87%) compared to total resection (0.71%)4,33,34).  

NEUROCYSTICERCOSIS

Neurocysticercosis is caused by Taenia solium larvae, which 

is the most frequent helminthic infestation of the central ner-

vous system. It presents as intraparenchymal-, cisternal-, or 
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intraventricular-type within the intracranial space10,56). Often, 

the cisternal cyst can move into the ventricles, especially in the 

presence of a shunt24). Cases with intraventricular involvement 

are often more difficult to manage due to CSF pathway ob-

struction, as well as ependymal and arachnoidal inflamma-

tion; these cases account for 7 to 33% of all neurocysticercosis 

cases11). These mobile, deformable cysts can cause intermittent 

CSF obstruction with episodic increases in intracranial pres-

sure due to a ball and valve mechanism (Brun’s syndrome), 

causing fatal, acute obstructive hydrocephalus53).

There are three options to manage intraventricular cysticer-

cosis: anthelmintic medical therapy, CSF diversion, and sur-

gery to remove the cyst. In cases with symptomatic hydro-

cephalus, surgery is the only option. During surgery, the goals 

are to treat the hydrocephalus, avoid shunting, and remove 

cysts obstructing CSF pathways and all intraventricular cysts 

(to prevent cyst-induced inflammation). If needed, ETV and/

or a septum pellucidotomy can be performed simultaneously. 

Cysts located in the lateral or third ventricles can be removed 

via the usual coronal burr holes using a rigid or flexible endo-

scope53), but transaqueductal or transforaminal manipulation 

is needed for cysts in the fourth ventricle24).

Ventriculitis is not usually observed, despite cyst rup-

ture24,53). Some researchers described surgical failures after cyst 

removal, probably caused by an ependymal reaction that in 

turn causes delayed obstruction of CSF pathways and in-

creased intracranial pressure7,9,24). If pericystic inflammation 

and/or ependymal reaction are demonstrated during preoper-

ative magnetic resonance (MR) enhancement, simultaneous 

ETV is recommended24).

TUMOR BIOPSY

Endoscopic biopsy of intraventricular tumors was first de-

scribed by Fukushima in 197819). This method offers direct vi-

sion of, and approach to, deep-seated tumors located adjacent 

to the ventricles, as well as simultaneous management of the 

combined obstructive hydrocephalus through ETV13). Endo-

scopic techniques are also beneficial for evaluating potential 

metastatic tumors. When inspecting CSF, avoiding vascular 

structures, such as the choroid plexus, and decompressing the 

A B

Fig. 1. Schematic drawing of the endoscopic transchoroidal approach. A : Coronal view: Under the endoscopic view in the lateral ventricle, after the 
careful dissection along the medial aspect of the choroid plexus, the roof of 3rd ventricle is exposed through the velum interpositum (dotted line). 
Arrows : choroid plexus of lateral and third ventricle, dotted line; dissection plane of transchoroidal approach. B : Endoscopic view of the right lateral 
ventricle: Between the fornix and choroid plexus, the velum interpositum can be exposed safely. Arrowed dotted line : dissection plane of 
transchoroidal approach. CC : corpus callosum, CN : caudate nucleus, LV : lateral ventricle, F : fornix, VI : velum interpositum, 3V : third ventricle, F : right 
fornix, FM : foramen Monro. 
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cystic part of tumor, are essential49).

Patients are placed in a supine position with the head elevat-

ed to 30 degrees above the horizontal plane to minimize CSF 

egress. To avoid undue torque, entry sites that offer the most 

direct route to the target are chosen. Ventricular cannulation 

is accomplished using stereotactic guidance with a ventricular 

catheter. CSF is collected for biochemical and cytological 

study before any tissue manipulation.

In cases with normal-sized ventricles (fronto-occipital ratio 

less than 38%), ventricular insufflation with lactated Ringer's 

solution (10 mL) is performed with care to avoid bradycardia 

caused by an increase in intracranial pressure49). If needed, 

ETV is performed prior to the biopsy procedure to prevent 

abandonment of successful procedures due to bleeding13,44,49,52). 

Cupped biopsy forceps are used without any preceding coagu-

lation when possible. Typically, a small amount of venous 

bleeding occurs during diagnostic sampling and is usually 

controlled with directed irrigation.

Various endoscopic techniques combining ETV and tumor 

biopsy have been demonstrated, including procedures with 1) 

a rigid endoscope through a standard coronal burr hole37), 2) 

two rigid endoscopes through two separate burr holes (one 

standard coronal burr and one more anteriorly placed for a bi-

opsy)27), 3) a f lexible endoscope through a single burr hole37), 

and 4) combined rigid and flexible endoscopes (Fig. 2)13,37,44).

In procedure 1), unwanted pressure on the fornix during 

ETV and the foramen of Monro during biopsy can occur. 

Therefore, this procedure is only applicable when the tumor is 

located anteriorly in the third ventricle or is larger than 2 cm. 

In procedure 2), the need for two burr holes and two transcor-

tical routes are the major problems. Flexible endoscopes can 

reach distant locations with only one entry, even for aqueduc-

tal and fourth ventricular tumors. However, these endoscopes 

only provide limited visual quality and have a smaller working 

channel. The combined use of a flexible and a rigid endoscope 

may be helpful, particularly in complicated cases. Endoscopic 

tumor biopsies typically yield a definitive diagnosis rate be-

tween 43% and 100%, whereas ETV has a success rate of be-

tween 64% and 100%13,36,39,44,49).

The rate of definitive diagnosis is significantly improved 

using a rigid endoscope (76%) compared to a f lexible endo-

scope (43%)13). The factors affecting successful biopsy are tu-

mor location, specimen size, and vigorous coagulation of the 

tumor surface. In cases with a smaller specimen, the entire 

obtained specimen should be preserved for permanent sec-

tion without freezing13,49). Husain et al.23) showed that com-

bining cytological evaluation with conventional histological 

approaches improved the diagnostic yield from 77.4% to 

93.5%. In addition, Tamura et al.52) demonstrated the use of a 

5-aminolevulinic acid-induced protoporphyrin IX f luores-

cence imaging system to visualize a third ventricular malig-

nant glioma prior to biopsy. 

CSF tumor markers can often be helpful in the diagnosis of 

pineal and suprasellar tumors13). Significant complications 

occur in 0 to 18% of patients2,13,39,44,49), which can include 

bleeding (10%), forniceal contusion, massa intermedia dis-

A B C

Fig. 2. Various endoscopic techniques combining an ETV and tumor biopsy. A : procedure with a rigid endoscope through a standard coronal burr hole. 
B : procedure with 2 rigid endoscopes through 2 separate burr holes (one standard coronal burr and one more anteriorly placed for a biopsy). C : 
procedure with a flexible endoscope through single burr hole. AC : anterior commissure, BS : brain stem, CC : corpus callosum, F : fornix, MI : massa 
intermedia, T : tumor, ETV : endoscopic third ventriculostomy.
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ruption (3.1%), and vegetative state (3.1%). The incidence of 

significant hemorrhage is between 2.3% and 3.5%13,30,39,44,49). 

To prevent hemorrhagic complications, precisely visualizing 

the biopsy site and obtaining meticulous hemostasis after the 

biopsy procedure are essential13). Manwaring et al.32) proposed 

a small-chamber irrigation technique as a simple maneuver 

for managing intraoperative hemorrhage during endoscopic 

intraventricular surgery.

TUMOR RESECTION

Tumors that originate within the ventricular system repre-

sent a major neurosurgical challenge. These tumors are com-

monly managed by microsurgery via transcallosal or trans-

ventricular routes, which offer reduced mortality and 

morbidity. In defined cases, an endoscopic approach is superi-

or to microsurgery6,50). Approaches that use a burr hole are less 

invasive, and brain retraction can largely be avoided when us-

ing endoscopic techniques. It is also possible to restore ob-

structed CSF pathways by performing ventriculostomy, sep-

totomy, and stent implantations. An ideal indication for 

endoscopic surgery is a small tumor with relatively friable 

consistency, and little of the vascularity that causes ventricle 

enlargement. 

For convenience, the endoscopic resection of intraventricu-

lar tumors is performed using a rigid endoscope rather than a 

flexible one. However, this procedure has several limitations, 

including visual constraints, limitations in the size of the le-

sion that can be removed, the use only of two working chan-

nels, and possible conversion to open craniotomy20). Often, 

these technical limitations and the limited use of non-tradi-

tional instruments may be a critical handicap when complica-

tions accur57). The size, composition, and vascularity of a tu-

mor may influence the possibility of a complete endoscopic 

resection. 

To improve precision, the use of a frameless, stereotaxic, ul-

trasound-guided navigation system during endoscopic proce-

dures may be helpful1,58). Several researchers have introduced 

new instruments to manage intraventricular tumors, since 

traditional instruments are limited. Souweidane and Luther50) 

described successful tumor resection with an endotracheal 

suction catheter through an endoscopic procedure, using 

pulse aspiration technique and alternating with blunt dissec-

tion. Carr et al.6) demonstrated a case of successful removal of 

an intraventricular primitive neuroectodermal tumor with a 

urological basket retriever using a usual endoscopic approach 

after cytoreduction with adjuvant chemotherapy and stem cell 

support. 

CONCLUSION

Like other surgeries, endoscopic techniques require a 

lengthy learning process, during which the surgeon accumu-

lates invaluable experience. Appropriate patient selection, 

preoperative planning of endoscope trajectory, the use of fra-

meless navigation, and advances in endoscopic instruments 

and techniques make these procedures relatively safe and 

generally result in excellent outcomes. Transcortical intra-

ventricular endoscopic procedures can be applied to various 

pathologies, but results vary. SACs and intraventricular cysti-

cercosis are the best candidates for endoscopic surgery. In 

addition, endoscopic procedures may be an alternative surgi-

cal option for colloid cysts. At present, solid intraventricular 

tumors can be safely biopsied through endoscopy, but total 

resection using endoscopic techniques is still challenging. To 

overcome these issues, more advanced techniques and in-

struments are needed. 
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