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FIG. 8. The right lateral ventricle and choroid plexus seen through an
angled 2D endoscope.

Minimally Invasive Tubular Retractor Systems

Since the introduction of retractors into neurosurgery
by Greenberg in 1981, their use has been the subject of
much debate.'3143% There have been several reports on
the potentially deleterious effects of retractors on cortical
microcirculation and resultant neural damage. Rosengrn
and Diemer found an increased incidence of cortical dam-
age from retractors held in place for more than 15 minutes
with 20 mm Hg of pressure in a rat model.”' Additionally,
systemic intraoperative factors, such as hypotension and
blood loss, can increase vulnerability to retractor-mediated
cortical ischemia.”’” Whereas some authors have advocated
the benefits of retractorless surgery, others have sought an
alternative that provides surgical maneuverability while
minimizing its adverse effects.?'

In 1988, Kelly et al. first used a tubular retractor sys-
tem mounted to a stereotactic frame for intraparenchymal
tumor debulking.?® Since then, the use of frameless stereo-
tactic techniques combined with minimally invasive tubu-
lar retractor systems has shown evidence of faster recovery
times and lower morbidity rates.'® In recent years there
have been several reports on cranial applications of tubular
retractors. In 2008, Harris et al. reported on the success-
ful use of “ventriculoport,” a modified thoracic port with
a diameter of 11.5 cm, as a conduit for endoscope-assisted
intraparenchymal tumor resection.'® In 2008, Dorman used
modified spinal sequential dilators to resect 2 intraaxial tu-
mors.'” Additional studies have successfully examined ste-
reotactic transcortical retractor-guided resection of colloid
cysts and other intraventricular lesions.>3?

The use of tubular retractors in cranial surgery has
been preliminarily shown to reduce pressure on cortical
surfaces, minimize damage to white matter tracts, and po-
tentially reduce intraoperative injury caused by surgical
instruments. The retractor exerts reduced (compared with
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FIG. 9. Transforaminal modification. The FM was observed through the
tubular retractor (upper) and the endoscope was advanced to visualize
the choroid plexus (lower).

brain spatulas) and symmetrically distributed pressure as
low as less than 10 mm Hg onto impacted surface areas,
reducing the risk of neuronal damage.?” Additionally, the
blunt tip of the retractor is designed to provide progressive
dilation that minimizes retraction injury to white matter
tracts.!4

Postoperative MRI data, obtained following use of the
tubular retractor, have shown minimal T2/FLAIR changes
along the surgical corridor, indicating minimal tissue dam-
age and ischemia.'*!626 Furthermore, by limiting the range
of instrument movement and protecting the surrounding
tissue from instruments within the working channel, the
tubular retractor may reduce inadvertent injury to tissues
during insertion or removal of instruments.

In this study, the VBAS provided a transparent struc-
ture that allowed for visual hemostatic monitoring of the
retracted cortex throughout the procedure. The VBAS, a
commercially available retractor system, has been previ-
ously used in transcortical approaches.!'82” In compari-
son with transcortical endoscopic surgery, our technique
facilitates controlled removal of ventricular CSF by suc-
tion and formation of an air medium that provides better



A 3D endoscopic transtubular transcallosal approach

FIG. 10. Transchoroidal modification. The subchoroidal fissure was
located (upper) and the transchoroidal modification was performed
(lower).

intraoperative visualization.'®! We hypothesize that the
use of this retractor may, in addition to the aforementioned
benefits, reduce the risk of thermal injury to surrounding
tissues caused by the endoscope light or electrocautery.
Furthermore, when compared with freehand manipulation
of the retractor, we believe that use of the a self-retaining
snake retractor may also decrease the risk of parietal cor-
tex injury from torque effect.?

The 12 mm width x 8 mm height x 70 mm length VBAS
was found to be most suitable for this study. There was suf-
ficient space within this retractor to allow for simultaneous
placement of the endoscope and a small suction aspirator,
microinstrument, or tube shaft instrument. Instruments
could be interchanged easily and quickly—with the sur-
rounding tissues protected from accidental injury. If the
use of a larger instrument or device is necessary, a retrac-
tor with a larger distal port size may be used. Tube shaft
instruments and long endoscopic instruments were most
efficient geometrically and ergonomically, and provided
more space for movement within the retractor. Develop-
ment of instruments specifically designed to accompany
this system could contribute to the safety of this technique.

Future designs of this system, specifically for the trans-

FIG. 11. Transseptal interforniceal modification. The leaflets of the sep-
tum (upper) and the fornices (lower) were divided to enable access into
the third ventricle.

callosal approaches, may benefit from additional lengths,
diameters, and shapes. A separate port for the endoscope
within the retractor could be advantageous, but risks re-
stricting the endoscope’s range of movement. Although a
neuronavigation pointer was used without difficulty here,
a retractor with integrated neuronavigation markers would
greatly ease insertion and enable constant monitoring of
position and trajectory relative to anatomical landmarks.
Use of the 3D endoscope provided valuable stereo-
scopic perception, but surgeons should be familiar with
the associated transtubular anatomy, as well as the use of

TABLE 1. Exposure score definitions*

Score Exposure
0 No exposure
1 Limited exposure; surgical maneuvers are not possible
2 Multiangled exposure; surgical maneuvers are difficult
3 Limited exposure; surgical maneuvers are possible
4 Multiangled exposure; surgical maneuvers are facilitated

* Based on Bernardo et al., 2013.
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TABLE 2. Mean surgical exposure and maneuverability scores*

Approach Variant & Score

Anatomical Structure Transforaminal

Transchoroidal Transseptal Interforniceal

Choroid plexus of third ventricle 4 4 4
Medial wall of thalamus 4 (contralat)/3 (ipsilat) 4 (contralat)/3 (ipsilat) 4 (bilat)
Infundibular recess 3 3 4
Mammillary bodies 3 3 4
Foramen of Monro 4 4 4
Tela choroidea 4 4 4
Tuber cinereum 3 3 4
Cerebral aqueduct 4 4 4
Forniceal columns 4 4 4
Interthalamic adhesion 4 4 4

* The 30° or 45° angle endoscopes were used for visualization of structures via the transforaminal and transchoroidal approaches.

instruments through a tubular retractor, before attempting
a transtubular approach. Although the retractor provides
a safe corridor for the approach, it should not provide the
surgeon with a false sense of safety—awareness of the po-
sition and anatomical surroundings of each instrument is
still paramount to prevent tissue damage. Minor changes
in the angle of the retractor were easily achieved without
reinsertion, but any change in the retractor’s trajectory
should be made with great care to avoid damaging the
cingulate gyrus. Using this retractor system in cases of
large third ventricular tumors where mass effect signifi-
cantly distorts the anatomy can be very challenging. Each
surgeon who participated in this study spent several hours
practicing using different instruments to handle objects
such as small paper cubes and tissue paper through the re-
tractor, to gain familiarity with transtubular technique be-
fore attempting it on cadavers. Despite the learning curve
associated with transtubular techniques, the principles are
mainly the same as those of microsurgery.?

Conclusions

The endoscopic transtubular transcallosal approach is
a valid and potentially safer option for the management
of third ventricular lesions. The tubular retractor provides
rigid, constant, and symmetrically distributed pressure on
the corpus callosum, and allows for progressive blunt dila-
tion of the corpus callosum that may minimize retraction
injury. Furthermore, this technique provides an added de-
gree of safety by limiting the free range of instrumental

TABLE 3. Mean measurements of surgical exposure

Length (mm)
Approach Variant Anteroposterior* Mediolatt
Transforaminal 26.7 £0.3 3.2+x04
Transchoroidalf 26906 31+0.3
Transseptal interforniceal 27.2+05 31104

* Measured from the cerebral aqueduct posteriorly to the infundibular recess
anteriorly.

t Measured between the medial walls of the thalamus.

1 With the use of 30° or 45° angle endoscopes.
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movement. The combination of 3D endoscopic visualiza-
tion and a clear plastic retractor facilitates safe direct mon-
itoring of the corridor during and after insertion.
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