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Abstract
Objective. Brain parenchyma retraction is often necessary to reach various deep brain lesions during surgery. In order to mi-
nimise the incidence of the brain retraction injury, an endoport system may be employed. We present a report of a navigated 
endoport system in conjunction with an purely endoscopic microsurgery that was used in a patient with a deep-seated subep-
endymoma. Case Report. A navigated endoport with purely endoscopic microsurgery were used in a patient with a tumour 
located in the frontal horn of the left lateral ventricle. The endoport channel was made of a polyvinyl sheet that was cut into a 
7 cm square, rolled into a tubular structure that was wrapped around the neuronavigational probe, and inserted in the access 
trajectory to the tumour. The endoport tube was then expanded with a balloon to a diameter of 7 mm and a surgical corridor was 
thus formed. During the purely endoscopic microsurgical lesionectomy, the tumour was completely removed from the frontal 
horn. The foramen of Monro was released and the septum pellucidum was perforated for better cerebrospinal fluid circula-
tion. Histopathological examination confirmed the tumour as subependymoma. The recovery of the patient was unremarkable. 
Conclusion. The expandable endoport system supplemented with neuronavigation is a safe and efficient option for deep-seated 
tumour removal. The tubular shape of the retractor enables standard microsurgical techniques through minimally invasive ap-
proaches and offers an excellent visualization of the underlying lesion.
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Introduction

Brain retraction is often necessary in order to re-
move deep-seated intraaxial and intraventricular 
lesions. Conventional microsurgical retractor sys-
tems, such as Greenberg (Symmetry Surgical Inc., 
Nashville, TN, United States) and Leyla (Aesculap, 
Hazelwood, MO, United States) retractors, have 
been designed with one or two retraction spatulas 
that may produce significant disruptive forces to 
the surrounding brain tissue. The incidence of re-
traction injury to the cerebral cortex, white matter, 
and vasculature, therefore, remains high. The re-
sulting consequences can include brain laceration 
with critically decreased regional blood flow lead-
ing to ischemia, permanent tissue damage, and 
clinically caused seizures, focal neurological defi-

cits, cerebral swelling, and cognitive impairment 
(1-6). In addition to mechanical trauma from pro-
longed traction, venous infarction may also ap-
pear in a delayed fashion. From a technical point 
of view, retracted brain tissue often herniates back 
between the blades, obstructing the operative cor-
ridor and interfering with the surgical instruments 
and illumination. With the advent of modern neu-
roendoscopy, endoscopically-assisted techniques, 
customized instruments, and neuronavigation, the 
approach to deep-seated brain lesions under direct 
vision through a burr hole or a minimal craniot-
omy has become routine. Although a fully endo-
scopic approach is the least traumatic, it does not 
enable a bimanual microsurgical technique and 
may not lead to a complete lesion removal (7-9).

Case Presentation
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The introduction of cylindrical retractors with 
microscopic and, more recently, endoscopic visu-
alization follows the idea of a more symmetrical 
and less harmful distribution of pressure along the 
operating tube or so-called endoport (9-20). The 
term endoport describes a cylindrical or tube-
shaped retractor system, either fixed or expand-
able, used as a corridor during endoscopically 
assisted microsurgical removal of a deep-seated 
brain lesion (11, 13, 14, 22, 23). Neuronavigation-
al systems and modern diagnostic imaging have 
greatly improved the precise targeting of these le-
sions and safety of the trajectory. A deep-seated 
brain lesion that was previously accessible only by 
a stereotactic biopsy can now be removed through 
an endoport with the help of endoscopic visualiza-
tion. These deep locations in the brain that are of-
ten problematic for the surgical access, include the 
following: the ventricles, the basal ganglia, the pul-
vinar and posterior thalamus, the insular cortex, 
and basal cisterns. Reports of the endoport tech-
nique have already been published that describe 
the removal of astrocytomas, gangliogliomas, cav-
ernous angiomas, gliomas, ependymomas, papil-
lomas, brain abscesses, intracerebral hemorrhage, 
massive ventricular bleed, haematocephalus, in-
traventricular meningiomas, metastasis, colloid 

cysts, neurocytomas, and choroidal arteriovenous 
malformations (10-25). 

We present a novel navigated endoport system 
in combination with an purely endoscopic tech-
nique that was used for the removal of an intra-
ventricular tumour. 

Case Presentation

Patient Description

A 75-year old gentleman presented at our neuro-
surgical department with occasional vertigo and 
insecure gait. As a result, he experienced numer-
ous falls. Family members also noticed emotional 
numbness and behavioural changes. During one of 
the falls, he sustained a head injury. At admission, 
computer tomography (CT) scan revealed an ex-
pansive lesion in the left lateral ventricle with no 
intracranial bleeding. Magnetic resonance imag-
ing (MRI) of the head followed a few weeks later, 
which confirmed a tumour located in the frontal 
horn of the left lateral ventricle, measuring 3.5 cm 
× 3 cm × 1.5 cm (Figures 1 and 2). 

Posteromedially, the tumour obstructed the left 
foramen of Monro; however, the ventricles were not 
enlarged. MRI also revealed a 3 cm thick chronic 

Figure 1. The surgical planning for the image-guided purely endoscopic removal of the intraventricular tumour through the 
endoport. A chronic subdural hematoma and a small falx meningioma are also seen.
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subdural haematoma over the left hemisphere and 
a smaller one frontally on the right. Clinically, the 
patient presented with discrete right-sided hemi-
paresis and dysphasia. The haematoma on the left 
was also compressing the brain and was therefore 
evacuated with open surgery. One month later, the 
patient was operated on again in order to remove 
the intraventricular tumour. An endoscopically 
assisted minimally invasive endoport approach 
was planned and the tumour was removed. Af-
ter the surgery, the patient became talkative and 
lively, and the family confirmed that his previous 

personality returned. The post-
operative course was uneventful. 
The patient was discharged home 
a week after the operation. The 
histopathological examination 
confirmed the tumour as subep-
endymoma. 

Surgical Technique

After draping and neuronaviga-
tional setup, a 1.5 cm skin incision 
was made in the forehead wrinkle 
supraorbitally. The skull bone was 
exposed and a burr hole of 1.5 cm 
in diameter was made. The re-
sidual hematoma cavity was also 
explored and the thick capsule of 
the hygroma was fenestrated into 
the subarachnoidal space. Mini-
mally invasive endoport access to 
the ventricles included a special 
expandable micro-roll retractor, 
which was made of a polyvinyl 
sheet. The sheet was cut into a 
10 cm x 7 cm square and rolled 
into a tubular shape, which was 
then wrapped around the neu-
ronavigational probe (diameter 
of 4 mm) and fixed to the probe 
through two stitch threads with 
releasable notches on the poles 
(Figure 3). 

When inserted stereotactically 
via a minimal brain cortical incision and released 
from the probe, the roll measured about 7 mm in 
diameter. With the inflation of a 14 French Fog-
arty balloon attached to the catheter, the roll un-
coiled to a 1 cm diameter, which was just enough 
for a spacious operative manipulation that encom-
passed the endoscope and surgical instruments. A 
4 mm endoscope (Hopkins 0 degrees, Karl Storz, 
Tuttlingen, Germany) was introduced first, locat-
ing the lesion in the ventricle. In the meantime, 
the expanded endoport was held in place manu-
ally, leaning to the endoscope tube (Figure 3). The 

Figure 2. Initial CT revealed an accidental tumour in the left horn of the lateral 
ventricle (thick arrow) (A). An MRI two months later revealed chronic subdural 
hematomas bilaterally (star). On the left side, the haematoma is compressing the 
brain and causing the brain shift across the midline (B). Control CT scan after the 
left haematoma evacuation. On the left side, some air and fluid are still present 
as the brain tissue has still not expanded completely. The tumour can be seen 
in the left lateral ventricle (C). The last CT shows the situation 24 hours after the 
endoport removal of the tumour. The trace of the endoport is barely visible (thin 
arrow) (D).
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Figure 3. The intraoperative procedure of the endoport insertion under neuronavigational guidance:  the neuronavigation-
al probe with the retracted endoport just before the insertion into the brain (A) and the expanded flexible working channel 
with surgical instruments (B). The soft vinyl sheet was rolled three times around the neuronavigational probe (diameter, 
4 mm) (thin arrow), secured with releasable stitches at both ends, and introduced into the brain to the target. The thick 
arrow denotes the neuronavigational shaft around which the soft endoport sheet was rolled. The retracted endoport can 
clearly be seen (C). After releasing the stitches and deployment, the tube was expanded with a Fogarty catheter to a 10 mm 
diameter and held manually to the endoscope tube. During bimanual work, the tube adopted an oval and funnel shaped 
configuration (thick arrow), facilitating the introduction of aspirator and grasping forceps (thin arrows) (D).

Figure 4. After insertion, the tube was expanded with a Fogarty catheter. The polyvinyl sheet, which surrounds the Fogarty 
catheter, is unrolling and broadens the working cannel of the expandable endoport (A). The entry into the left lateral ven-
tricle and exposure of the tumour. The tumour tissue is grey and avascular (thick arrow) and is located just below the rim 
of the endoport (thin arrows). The Fogarty balloon is deflated and is removed (B). The tumour was removed by aspiration in 
a piecemeal fashion (C). After the tumour was removed completely, the interventricular septum was perforated in order to 
achieve a communication between the ventricles (arrow) (D). The foramen of Monro (thick arrow) and the thalamostriate 
and septal veins (thin arrows) are visible after the complete tumour removal (E). 

Figure 5. Control MRI three months after the operation. The tumour has been removed completely and the trace of the 
endoport can still be seen (arrow), morphologically confirming that very little brain trauma has been inflicted with such ap-
proach. The subdural haematoma has been resorbed completely (A, B). Follow-up MRI three years after the surgery shows 
a barely visible trace of the endoport access (arrow) (C).
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expanded endoport acquired an oval shape; half of 
the lumen was occupied with endoscope and the 
other half was free for introducing the surgical 
instruments. Two pituitary bayonet instruments 
were used for tumour removal through the endo-
port. When reaching the grey tumour mass, the 
endoport was first detached from the surrounding 
tissue and then gently aspirated until the frontal 
horn was completely free. The foramen of Monro 
was released, the third ventricle inspected, and 
the septum pellucidum was perforated for better 
cerebrospinal fluid circulation (Figure 4). Postop-
erative oncological treatment was not necessary; 
the patient is being followed-up regularly (Figure 
5). The full operative video is available online at: 
https://www.youtube.com/watch?v=zMno8C07txk.  

Discussion

With the development of the neuroendoscopic and 
neuronavigational technology, especially in the last 
decade, minimally invasive neurosurgery of deep-
seated lesions has progressed significantly. Sur-
gery is becoming more patient-friendly, due to its 
minimal invasiveness and technological support, 
and also more convenient for the surgeon. Intra-
ventricular lesions are especially difficult to reach 
surgically due to their deep location, demanding 

accessibility, and the close proximity to vital brain 
structures (Table 1). In the 1980s, these lesions 
were approached transcortically with 20 mm or 30 
mm tubular cylinders that enabled binocular vi-
sion and bimanual microsurgical technique under 
microscopic magnification. Twenty years ago with 
the introduction of endoscopically-assisted mi-
crosurgery by Perneczky, the endoscope was used 
as an adjuvant tool for angled visualization of the 
whole operative field (19, 20). Thus, the fibre-optic 
based ventriculoscopy has significantly reduced 
the amount of cortical and white matter disruption 
during the surgical approach. Here, the tumours 
may be biopsied or removed through a working 
channel of the endoscope. 

However, the feasibility of definitive lesion re-
moval with fully endoscopic procedures is limited 
by a mono-manual technique and the restricted 
movements of the instruments, including op-
erating the instrument back and forth through 
the tube as well as manoeuvring the endoscope 
shaft sidewise and up or down. Highly vascular-
ized and firm tumours present an unacceptably 
high risk for complications. It is also known that 
prolonged or excessive brain retraction causes 
damage to the brain tissue and its vasculature (2, 
4-6). Self-retaining retractor blades, a revolution-
ary assistant instrument for achieving a corridor 

Table 1. The Advantages and Disadvantages of the Endoport System for Deep Brain Lesion Surgery

Advantages Limitations

- Neuronavigation compatible
- Precise
- Offers direct access to the deep lesion
- Less brain retraction
- Forces to the brain tissue are equally transmitted  intermittent 

brain retraction
- Flexible working channel
- Possibility of moving and angulating the working channel, 

targeting it into the lesion centre and to its edge 
- Lower possibility to damage brain vessels
- Lower possibility for consequent ischemia and permanent 

tissue damage
- Compatible with endoscopic and endoscopically assisted 

techniques
- Cheap and affordable
- Single use
- Minimal craniotomy
- Better aesthetic results
- Shorter wound healing course

- Possibility of endoport shift
- Designed for endoscopically trained surgeons
- Requires dedicated assistance
- Narrow working channel
- Learning curve for mastering the endoport-assisted operation 

https://www.youtube.com/watch?v=zMno8C07txk
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through the brain parenchyma or for lobar retrac-
tion, was soon recognized as being hazardous, es-
pecially with long-term surgical procedures. As a 
result, self-retaining retractors were replaced by 
an intermittent retraction technique in which the 
retraction is performed with working instruments 
only. The transfissural and transsulcal approaches 
are further innovations for minimizing surgical 
trauma to the brain parenchyma (4, 5). On the 
other hand, the endoport access offers the pos-
sibility of endoscopic visualization and bimanual 
microscopic technique and minimizes trauma to 
the surrounding brain parenchyma (21, 23).

As the intermittent retraction with a bipolar 
forces and aspirator is not suitable for entering 
soft brain parenchyma several centimetres deep, 
the idea of a tubular retractor was developed and 
includes evenly distributed forces to the brain tis-
sue around the retractor. In comparison to animal 
studies in which a significant reduction in regional 
cerebral blood flow with a retraction pressure of 30 
mmHg has been studied, the retracting pressure 
around a cylindrical endoport up to 2 cm in diam-
eter never exceeded 10 mmHg (4, 18). Postopera-
tive T2 MRI, fluid-attenuated inversion recovery 
(FLAIR), and diffusion restriction/apparent diffu-
sion coefficient (ADC) signal are the best imaging 
modalities to determine the extent of resection 
and the extent of white matter injury along the 
surgical trajectory (11, 13).

Tubular retractors can be fixed-size or expand-
able. Some fixed-size models are funnel-shaped 
for additional operative freedom. In others, the 
bayonet-shaped pituitary instruments are prefer-
able. The funnel-shaped or various sizes of dilators 
that are inserted into the brain tissue to the target 
successively are further improvements in reducing 
brain trauma during the operation. Image-guided 
tubular endoport retractors have enabled the re-
moval of many deep-seated lesions, which was also 
a feasible alternative to stereotactic biopsies. Ad-
ditionally, surgical morbidity was decreased, and 
no mortality was observed (11, 13, 14, 19, 21-23, 
25). In the recent series of Engh et al. in which 
resection of 32 colloid cysts and 15 intraventricu-
lar tumours was performed through an 11.5 mm 

transparent conduit, gross or near total resection 
was achieved in 31 (96.9%) of the 32 colloid cysts 
and in 80% of intraventricular tumours, respec-
tively. No permanent neurological morbidity oc-
curred (11). The endoport technique has also been 
recently applied in posterior fossa surgery via the 
lateral transcerebellar route (26-28).

Neurosurgical planning is of vital importance 
for a successful surgical outcome. The planned tra-
jectories during neuronavigational employment 
may be affected by brain shifts and dislocations, 
especially after cerebrospinal fluid aspiration or 
leak, or after larger resections. If trajectories are 
not planned carefully, the targeted lesions may be 
missed, especially when they are small and in a 
deep location. In our patient, planning for the tu-
mour surgery was done after the operation of the 
chronic subdural haematoma on the left, which 
can clearly be seen from the preoperative MRI 
plans. The subdural haematoma was evacuated 
first as this was the acute cause for patient’s neuro-
logical symptoms. In the second phase, MRI-based 
planning was performed to determine the trajec-
tory for the tumour removal. The surgical trajec-
tory was not planned through the haematoma and 
the associated brain tissue, but according to the 
tumour location itself. In this case, the brain shift 
was not important for the navigation and did not 
affect the trajectory, since the trajectory started in 
the entry point on the skull bone (which is immo-
bile) and terminated in the tumour, the location of 
which did not change. We did not experience any 
problems during the operation and the navigation 
was precise, targeting the endoport directly into 
the tumour. 

Outside of rare commercially available mod-
els, most tubular retractors can be assembled 
with equipment and material already available at 
many institutions (13, 15, 19, 22). Our polyvinyl 
roll used for endoport was a low-cost modification 
of an expendable transparent polyvinyl tube in-
troduced by Jho in 2002 (17). The tube was rolled 
from a very soft 10 cm x 7 cm polyvinyl sheet and 
was then uncoiled with a Fogarty catheter from 
the initial 4 mm to the final 10 mm diameter. Dur-
ing the bimanual work, the tube adopted a more 
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oval and funnel shaped configuration that facili-
tated the introduction of curved teardrop aspira-
tors and grasping forceps. Because the polyvinyl 
roll had several turns, it never unrolled completely 
during the surgery. Its elastic structure enabled 
rolling with each retrieval of the instruments and 
unrolling with each introduction of instruments—
its diameter never exceeded 1 cm. This dynamic 
effect further minimized pressure to the surround-
ing brain parenchyma. 

According to reports in the literature, the first 
endoscopic removal of a third ventricular tumour 
through a polyvinyl sheath rolled into a cigarette 
shape and inserted with image-guided stereotac-
tic assistance into the lateral ventricle and foramen 
Monro was reported in 2002. This polyvinyl tube 
was expanded with a balloon dilatation technique 
(17). A rigid 7 mm polypropylene tube was used 
to remove a neurocytoma with aspiration, a uni-
polar coagulating aspirator, and visualization with 
a 2.7 mm 0-degree optics (10). A longitudinally 
cut silicone tube has been reported as a low-cost 
endoport (29). Selected tumours, however, can be 
removed with a fully endoscopic approach to the 
third ventricle using a diode laser for vaporization 
of the tumour (20). To avoid thermal injury to the 
brain stem, several authors prefer mechanical re-
moval of the tumour, which is possible with a mi-
crosurgical bimanual technique. The endoscopic 
single-port or dual-port approaches offer this 
possibility. A side-cutting instrument, combin-
ing variable aspiration and cutting function from 
a lateral aperture, has been used successfully in 
keyhole craniotomies, endoscopic endonasal ap-
proaches, and more recently in transcranial port 
surgery (30). The tubular retractor system used in 
spinal surgery (METRx; Medtronic, Minneapolis, 
MN) has been used microscopically to remove 
deep-seated parenchymal lesion (12, 13, 31). This 
system includes a progressive dilatation of the cor-
ridor using a set of dilating tubes.

Conclusion

The expandable endoport surgery minimizes skin 
incision, craniotomy size, and retractor-induced 

trauma to brain tissue. It has the potential for im-
proving treatment outcome and lowering compli-
cations in endoscopic neurosurgery of intraven-
tricular and deep-seated brain lesions with the use 
of standard microsurgical techniques under endo-
scopic visualization. 

What Is Already Known on this Topic:
In an operation of deep-seated intraaxial and intraventricular lesions, 
brain retraction is necessary and may produce disruptive forces to the 
brain tissue. The consequence can be brain laceration that leads to isch-
emia and the tissue damage. With the introduction of modern neuro-
endoscopy, endoscopically assisted techniques, customized instruments, 
and neuronavigation, these lesions can be removed less invasively and 
in a more patient-friendly manner. 

What this Case Adds:
Deep brain lesions may be safely and effectively managed by the endo-
port technique. Expandable endoport surgery minimizes the skin inci-
sion, craniotomy size, and retractor-induced trauma to the brain. It has 
the potential to improve surgical outcome and lowering complications 
associated with endoscopic neurosurgery of intraventricular and deep-
seated brain lesions.
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