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ABSTRACT

Endoscopy allows neurosurgeons to reach regions in the
brain and spine through minimally invasive approaches.
Such areas were previously accessible only by extensive
and invasive approaches that limited the ability to see
the areas of interest. Physicians are increasingly caring
for patients who have undergone these procedures (eg,
for pituitary tumors, hydrocephalus, and other intracra-
nial, peripheral nerve, and spinal problems). This article
familiarizes nonneurosurgeons with these techniques.

KEY POINTS

16 ME

An increasing number of neurosurgical patients are
undergoing endoscopic surgeries of the brain, spine, and
peripheral nerves. Familiarization with these techniques
provides medical specialists with important knowledge
regarding appropriate patient care.

The combination of classic microscopic and endoscopic
procedures improves surgical outcomes by increasing
surgical maneuverability and reducing manipulation of
eloquent structures.

Further innovations in optical physics, electronics, and
robotics will dramatically improve the potential of endo-
scopic neurosurgery in the next decades.

doi:10.3949/ccjm.86.me.18142

VER THE LAST 3 DECADES, the endoscope
has become a highly valued visualization
tool in neurosurgery, applicable to a broad
range of neurosurgical procedures. Following
the pace of technological innovations, the
quality of the instrumentation has greatly im-
proved along with the status of endoscopy in
the neurosurgical field. The use of the endo-
scope in interdisciplinary extended transnasal
approaches revolutionized skull-base surgery.!
Transcranial neurosurgery took advantage of
the endoscope for inspection, endoscope-as-
sisted, and endoscope-controlled procedures,
although the main visualization tool during
these interventions remains the operating mi-
croscope.
At present, endoscopy has applications in
a variety of neurosurgical procedures including
transnasal approaches for pituitary and other
skull-base tumors, third ventriculostomy, and
resection of intraventricular tumors. The
range of application is expanding to include
extracranial procedures such as peripheral
nerve and spine surgery.

B CURRENT CONCEPTS

Hopf and Perneczky’ defined the terminology
regarding endoscopic procedures and divided
them into 3 categories:

Pure endoscopic neurosurgery, ie, pro-
cedures performed through working channels
under complete endoscopic visualization and
with endoscopic instrumentation (Figure 1).

Endoscope-controlled microsurgery, ie,
operations performed with standard microsur-
gical instruments under endoscopic visualiza-
tion—the microscope is not used (Figure 2).

Endoscope-assisted neurosurgery, ie, the
use of both microscope and endoscope during
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Figure 1. A purely endoscopic neurosurgical procedure. Using this technique, both the
optics and instruments are passed through a rigid, multiport chamber. This technique is
ideal when performing surgery within the ventricular system using only a standard bur
hole craniotomy.

From Li KW, Nelson C, Suk I, Jallo GI. Neuroendoscopy: past, present, and future. Neurosurg Focus 2005; 19(6):E1. Figure used with permission.

the same intervention. In endoscopic inspec-  instruments, an interdisciplinary approach
tion the endoscope is solely used as an adjunc-  mostly with ear, nose, and throat (ENT) sur-
tive tool for visualization and not for surgical  geons, and detailed anatomic studies led to

manipulations. the breakthrough of endoscopic endonasal ex-
Enhanced area and surgical dissection tended approaches in skull-base surgery.’
Technical innovations are probably the major These endoscopic techniques allow the

reason for the growing role of endoscopy in neurosurgeon to optimize tumor resection, in-
neurosurgery over the last 3 decades.* High-  creasing the area of surgical dissection without
definition imaging, neuronavigation, new  increasing the size of the surgical approach,
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Figure 2. A: An anterior skull base meningioma of the planum sphenoidale to be resected
with endoscope-controlled microsurgery. B: Unlike purely endoscopic surgery, in this case the
endoscope is separate from the surgical instruments and functions as a light source, provid-
ing illumination near the region of interest. The base of the skull is first removed utilizing a
small, elongated drill. C: The tumor is resected using microsurgical instruments with length
and curvature specifically designed for the endonasal corridor.

thereby limiting perioperative morbidity due
to surgical manipulation of eloquent brain
structures. Endoscopy offers direct illumina-
tion of the operative field, magnification, and
the ability to look around corners with angled
optics.

However, while angled endoscopic optics
provide various visual perspectives, the surgi-
cal issue is not only to see but also to work
on and around remote structures. Microsurgi-
cal endoscope-assisted manipulations require
optimal working angles that are guaranteed
only by a sufficiently large craniotomy. As an
example, a dissection study by Chaynes et al®
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highlights that a craniotomy that is too nar-
row often hinders a sufficient exploration
of the entire cerebellopontine angle. Most
neurosurgeons are familiar with the operat-
ing microscope. The microscopic field of in-
spection is 3-dimensional (3D) and of high
quality. However, the light stream is straight
and thus limited in the narrow and angled
corridor of the cerebellopontine angle or in
the perimesencephalic cisterns. In these situa-
tions, the angled optic of the endoscope offers
the advantage of being able to look around the
corner with the appropriate amount of direct
illumination.”
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Peripheral nerve surgery

Minimally invasive endoscopic approaches
are also being used in peripheral nerve sur-
gery, especially carpal tunnel decompression.
The first carpal tunnel release treated endo-
scopically was performed by Okutsu et al in
the late 1980s.® Since that time, endoscopic
carpal tunnel decompression has become
very common and is the preferred method
for many surgeons, using either single-portal
or dual-portal techniques. Although the su-
periority of endoscopic over conventional
minimally invasive microsurgical peripheral
nerve surgeries has not been proven, large se-
ries of endoscopic carpal tunnel decompres-
sions have reported low complication rates
and excellent success rates with high patient
satisfaction scores.®?

Visualization of the spinal canal

Expanding the use of the endoscope to spine
surgery, endoscopic explorations of the inter-
laminar spaces after having completed open
surgical laminectomies have been reported
since the early 1980s,'° while endoscope-assist-
ed interlaminar procedures started in the late
1990s.!""1 The development of fully endoscop-
ic transforaminal or interlaminar approaches
for lumbar stenosis or lumbar disk herniation
has been ongoing in the last 2 decades. The
rationale for direct endoscopic visualization of
the spinal canal is to reduce scarring of the epi-
dural space, which might affect the outcome of
possible revision surgeries (recurrent disk her-
niation), and to reduce injury to the paraspi-
nal muscles, which may reduce postoperative
incisional pain and length of hospital stay. Ma-
jor limiting factors for fully endoscopic spine
surgeries such as the narrow working channels
(which are limited by the osseous perimeter of
the neuroforamina, as well as the pelvis and
abdominal structures) and the learning curve
for the surgeons are, however, still matters of
debate and restrict the use of endoscopy to
very carefully selected cases.'*!°

Pediatric craniosynostosis

Recently, the use of the endoscope has ex-
tended to treatment of craniosynostosis in
pediatric patients, historically treated with
large and occasionally staged craniotomic ap-
proaches. A meta-analysis of the literature
showed statistically significant reductions in
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blood loss and rates of perioperative complica-
tions, reoperation, and transfusion compared
with open approaches.'

Technical limitations

While neurosurgeons increasingly advocate
the use of the endoscope in their practice, the
development of instruments for endoscopic
surgery does not always follow the same pace.
There are technical problems with current
rigid endoscopes and ergonomic limitations
of the endoscope-assisted techniques in trans-
cranial neurosurgery. The endoscope itself
occupies space in an already limited surgical
corridor like the posterior fossa, the parasellar
space, or the intraventricular region. The ide-
al endoscope is thin and sturdy, does not gen-
erate heat, and provides high-resolution im-
ages. In addition, a self-irrigating feature could
minimize the need to remove and reinsert the
endoscope for cleaning. Finally, most intracra-
nial surgery is extremely delicate and requires
bimanual dissection. The ideal endoscope
should also be easily integrated with a holder
that allows the surgeon to easily transition
between static and dynamic endoscope move-
ments.

Newer flexible fiberscopes with even
smaller diameters are likely to be launched on
the market in the near future. When working
in a surgical corridor less than 10 mm wide,
this difference could be substantial.

In addition, surgical instruments specifi-
cally designed for endoscopic endonasal pro-
cedures are needed for microdissection in
these regions, which were previously only vis-
ible but not reachable endoscopically. These
include tools such as malleable suctions and
curettes, rotatable back-biting microscissors,
and malleable bipolar instruments (Figure 3).

M IMPACT OF NEUROENDOSCOPY
IN CURRENT CLINICAL PRACTICE

The introduction of endoscopy in neurosur-
gery changed many treatment paradigms and
had an important impact on morbidity and
outcomes. In this section, we discuss the spe-
cific indications, contraindications, and ex-
pected benefit of endoscopic vs open surgical
approaches applied to neurosurgical pathology
at the present time.
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Skull-base tumors and CSF leaks

The use of the endoscope in skull-base sur-
gery was originally applied to purely midline
intrasellar tumors without suprasellar or lat-
eral extension beyond the carotid cave. Ideal
cases were intrasellar pituitary microadeno-
mas not responding to medical treatment or
Rathke cleft cysts.

These pathologies were traditionally ad-
dressed via microscopic craniotomic ap-
proaches and later through sublabial or trans-
nasal transsphenoidal approaches. Traditional
transsphenoidal approaches were highly in-
vasive for the oral mucosa, causing delayed
healing, oral dysesthesia, and, in some cases,
loss of the superior dental arch (sublabial) or
limited visualization and surgical maneuver-
ability (microscopic endonasal).

The endoscope offered better visualization
and surgical freedom, thus allowing higher
resection rates to be achieved. Resection of
purely intrasellar pathology with preserva-
tion of the diaphragma sellae as a barrier to
the subarachnoid cysterns and third ventricle
guaranteed a lower incidence of cerebrospinal
fluid (CSF) leaks.

New endoscope optics with varied angles,
together with dedicated long surgical instru-
ments with low steric volume, offered a large
variety of new endonasal surgical corridors,
so-called expanded endonasal approaches on
the sagittal and coronal planes, as discussed in
detail by Kassam et al.'’""" These allowed en-
doscopic treatment of invasive tumors extend-
ing on the coronary plane into the suprasellar
region or invading the cavernous sinuses (pitu-
itary macroadenomas, craniopharyngiomas).

Highly specialized centers with expertise in
endoscopic skull-base surgery can now also of-
fer pure endoscopic treatment for some select-
ed cases of lesions located far laterally to the
cavernous sinus, such as trigeminal schwanno-
mas, or along the sagittal plane like olfactory
groove or tuberculum sellae meningiomas and
clival lesions (chordomas, chondrosarcomas).

As one might expect, the increase in sur-
gical complexity corresponded to an increase
in complication rates. For example, the inci-
dence of CSF leaks varied from 5% for stan-
dard midline transsphenoidal approaches to
11% for expanded endonasal approaches.?®*!
The consolidation of the use of the endoscope
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Figure 3. A: Standard 0°, 30°, 45°, and 70° angulated
endoscopes used in endoscope-controlled microsurgery.
The addition of high-definition optics has made endoscopic
visualization comparable to microscopy. B: Instruments
specifically designed for endoscope-controlled microsur-
gery, including malleable suctions (lower), angled micro-
curettes and dissectors, and pistol-grip scissors (upper), have
allowed surgical resection of regions previously visible only
with the endoscope but not reachable with standard instru-
ments.

and the cooperation with ENT surgeons led
to the development of surgical strategies to
prevent and reduce the incidence of CSF
leaks, such as the use of “rescue flaps,” naso-
septal flaps, or temporoparietal fascia flaps.?'-*

The development of such techniques al-
lowed endoscopic endonasal approaches to be
used in treatment of other pathologies, such
as spontaneous CSF leaks, treated in the past
with large transcranial repairs that carried
high morbidity rates due to the surgical fron-
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tal lobe retraction and injury to the olfactory
mucosa.’*?> Progress in the field of neuroen-
doscopy therefore led to the creation of spe-
cialized endoscopic skull-base surgery centers,
including neurosurgery, ENT, ophthalmology,
and endocrinology services.

In clinical practice, when evaluating a pa-
tient with intracranial skull-base pathology
amenable to endoscopic resection, one should
consider referring the patient not only to a
neurosurgeon, but also to an ENT surgeon for
preoperative assessment of the sinonasal cavi-
ties. The same concept applies to postsurgical
follow-up, which is mostly performed by the
ENT physician to assess nasal mucosa healing
and nasal hygiene.

Ventricular neuroendoscopy
The introduction of endoscopic third ven-
triculostomy created the opportunity to offer
a more physiologic treatment in selected pa-
tients with obstructive hydrocephalus by cre-
ating an internal CSF diversion through the
basal cisterns. Two advantages of this proce-
dure are that it does not create dependence on
a CSF shunt, and it eliminates the related risks
of shunt infection and malfunction. Its draw-
back is the recurrence rate of hydrocephalus
(around 58% at 2 years of follow-up) due to
formation of scarring in the perforated Lilie-
quist membrane, which may require repeat
surgery or conversion to CSF shunting.?®?
Neuroendoscopic approaches are also used
in cases of purely intraventricular pathology
such as colloid cyst or choroid plexus papil-
lomas. The concept behind neuroendoscopy is
to achieve maximal resection in a minimally
invasive way, using the natural cavity of the
cerebral ventricles and reducing the need for
brain retraction and, in particular, the risk of
injury of the fornix (therefore causing memory
deficits) of open transventricular approaches
and of the corpus callosum necessary in inter-
hemispheric approaches. Large tumor size and
inability to tolerate a longer surgical proce-
dure can be relative contraindications to a
pure endoscopic approach to these lesions.

Degenerative spine disease

In recent years there has been a growing inter-
est in the use of endoscopy for selected cases
of degenerative lumbar spondylosis (gener-
ally, lateral disk herniation above the L5-S1
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level or spinal canal stenosis). This approach
has been shown to reduce postoperative inci-
sional pain, scarring of the epidural space af-
fecting the outcome of possible revision sur-
geries (recurrent disc herniation), and length
of hospital stay.'*’® Information on surgical
nuances should be provided when consulting
on selected patients with lumbar degenerative
disease resistant to conservative treatment.

Carpal tunnel syndrome

Although endoscopic carpal tunnel release is
controversial, its supporters report smaller in-
cision size and lower recurrence rates due to
better visualization of the entire carpal liga-
ment compared with open surgery, with high
patient satisfaction scores.®?8

Craniosynostosis

Increasing data from specialized centers show
that early endoscopic suturectomy is an ef-
fective treatment option alone or when com-
bined with open surgeries for patients with
syndromic and nonsyndromic craniosynosto-
sis. The aesthetic advantage of small incisions
(which can also be achieved with some open
techniques) is accompanied by significant
reductions in blood loss (median 162.4 mL),
operative time (median 112.38 minutes),
length of stay (median 2.56 days), and rates of
perioperative complications (odds ratio 0.58),
reoperation (odds ratio0.37), and transfusion
(odds ratio 0.09) compared with open ap-
proaches.'

I SURGICAL TRAINING

Today’s patients expect high-quality health-
care, and they approach their surgeons with
an enormous amount of information collected
through unlimited Web-based access or peer-
group blogs. In this respect, the pressure on
young surgeons to achieve excellent results is
high and growing from the very beginning of
their careers.

Residency training programs differ in each
country, and surgical standards usually focus on
open microscopic procedures rather than newly
developed endoscopic techniques. Endoscopic
pituitary adenoma surgery, the most frequent
neuroendoscopic procedure, is still performed
mostly by experienced neurosurgeons, not
trainees. Moreover, many training institutions
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might not offer pediatric neurosurgery care,
limiting exposure to endoscopic third ventric-
ulostomy procedures. The European Union of
Medical Specialists, responsible for harmoniz-
ing and improving the quality of training of
medical specialists in Europe, set low neuroen-
doscopic surgical requirements for trainees to
complete their residency programs (minimum
of 0 to optimum of 5 total transcranial or trans-
sphenoidal pituitary adenoma resections as first
operator, 10 procedures as assistant, and a min-
imum of 2 to an optimum of 4 endoscopic third
ventriculostomies as first operator).?’

The need to develop training programs in
neuroendoscopy is especially urgent because
endoscopic surgery has a steeper learning
curve than conventional microneurosurgery.
In particular, endoscopy requires a good deal
of dexterity and hand-eye coordination, which
surgeons consider the main pitfall of neuroen-
doscopy. For such reasons, many accredited
clinical fellowship programs have been devel-
oped inside and outside North America that
offer intensive training in endoscopic skull-
base surgery and pediatric neurosurgery after
residency.

Some clinical studies have shown that the
complication rate of neuroendoscopy is 15%
to 18%.27%° In view of this statistic, it is ethi-
cally questionable to perform a randomized
study to prospectively compare microscopic
and endoscopic procedures. Surgeons special-
ize in one technique or the other, experience
their own learning curve, and do not random-
ly decide which tool to use. Furthermore, ev-
ery intracranial surgical exploration is unique
and somewhat difficult to compare with each
other without the risk of bias.

I FURTHER DEVELOPMENTS

Multivariable rigid endoscopes like the Endo-
CAMeleon (Karl Storz, Tuttlingen, Germa-
ny) or the EndActive (Karl Storz, Tuttlingen,
Germany) for cerebellopontine angle surgery
represent a starting point to overcome some
of the aforementioned limitations.’*? They
are inserted in the surgical field with a direct
0° angulation view into the operative site be-
yond neurovascular structures that need to be
preserved and that obstruct the microscopic
view. Once the final position is reached, the

field of view is directed toward the region of
interest without moving the endoscope tip.

The EndoCAMeleon is a rigid rod-lens en-
doscope, steerable in one plane from —10° to
+120° by a fine optomechanical mechanism.
Anatomic laboratory testing found it to be su-
perior in terms of usability and visualization
compared with rigid fixed-angle endoscopes.’
The first clinical experiences have been prom-
ising; however, ergonomics and the limited
perspective of a single plane of rotation leave
room for improvement.

The EndActive endoscope might over-
come such limitations.** This device is a rigid
videoendoscope connected to a laptop (video
data) and USB port (control and power sup-
ply); thus, it weighs less and can be held in
one hand like a microsurgical instrument. The
endoscopic imaging system allows the opera-
tor to simultaneously see a 160° wide-angle
view of the site and an inset of a specific re-
gion of interest. The surgeon can hold the
device like a microsurgical instrument in one
hand and control movements precisely due to
its reduced weight and ergonomic shape.

The multiplanar variable-view rigid endo-
scope has proven to be useful for working on
diverse anatomic structures such as intracra-
nial vessels and cranial nerves. The device is
effective in narrow working spaces where even
small movements can jeopardize the delicate
surrounding structures. The multiplanar vari-
able-viewing mechanism in a compact device
offers advantages in terms of safety and ergo-
nomics. Improving the usability will probably
optimize the applicability of those endoscopic
devices in neurosurgery. A major drawback of
the current prototype is poor image resolu-
tion, which will probably soon be overcome
with the ongoing progress in electronic micro-
chip technology.

The addition of laser technology to endo-
scopic techniques offers a huge potential to
neurosurgery but has achieved little accep-
tance to date. The reasons include concern re-
garding heat production, uncontrollable and
distant penetration, and tissue interaction.
Experiences with a 2-micron continuous-
wave laser (RevoLix Jr, LISA Laser Products,
Katlenburg-Lindau, Germany) for neuroendo-
scopic intraventricular procedures proved this
laser to be a valuable and useful tool with safe
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applicability for endoscopic intracranial pro-
cedures in patients of all ages.*

Parallel to the launch of video screens for
other uses with higher image definition, the
image quality on the 2D endoscope cameras
has been constantly improving over the last
years. At the same time, the introduction of
modern 3D endoscopic monitors is promising.
However, 3D endoscopes have some disad-
vantages compared with the 2D endoscopes.
First, the smallest 3D endoscopes are 4 mm
in diameter, compared with 2.7 mm for 2D
endoscopes. Moreover, the field of view with
the 3D endoscope is less than half of that with
conventional 2D endoscopes.** When work-
ing in and around a region with critical neu-
rovascular structures in close proximity, this
loss of field of view can result in an increase in
iatrogenic injury from the endoscope. In ad-
dition, 3D endoscopes require special glasses,
generating a potential obstacle to the seam-
less integration of visual information from the
microscope and endoscope. Finally, some sut-
geons experience vertigo when looking at the
3D picture through the glasses, which limits

lows surgeons to benefit from both technolo-
gies at the same time.*’® The intraoperative
combination of these 2 powerful visualization
tools expands the effectiveness of microsurgi-
cal procedures and has the potential to further
improve surgical results and reduce surgical
risks. With endoscope-assisted microsurgery,
visualization is often far superior to surgical
maneuverability.

Endoscopic neurosurgery will likely be
influenced by further innovations in opti-
cal physics, electronics, and robotics. Specific
implementations in endoscopic systems are
likely to pave the way for remarkable progress
in minimally invasive surgery, such as robotic
surgical technology, further miniaturization of
devices, improvements in 3D endoscopy, mul-
tiport endoscopy, and new designs for surgical
instruments. Future progress in flexible endo-
scopes and wireless capsule or camera technol-
ogy may reduce our dependence on rigid rod
lens systems. Rigid variable-view endoscopes
will bring endoscopes closer to ideal attributes
utilizing newer instrumentation that is tailored

its universal applicability.

I CONCLUSIONS

Using the endoscope and microscope as
complementary and not competing tools al-
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