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Preface

Minimally Invasive Neurosurgery is neither a new discipline nor another type of neurosurgery — we have not
given birth to a new child. To look back on the history of neuroendoscopy is a humbling but also an illuminating
experience. We can see that the trail was clearly blazed by the pioneers Walter E. Dandy' and Jason Mixter2, who
performed the first endoscopic plexus extirpation (1922) and third ventriculostomy (1923). 1992 we edited the
first update of Minimally Invasive Neurosurgery (MIN I). This supplementum 54 of the Acta Neurochirurgica
served to describe the current state of the art in this rapidly developing special field of neurosurgery. First clinical
experience using new technologies had been reported. The positive response encouraged us to ask colleagues to
present papers on the occasion of a second meeting on endoneurosurgery, held from January 30th — February 1st,
1992, in the Department of Neurosurgery, Philipps University of Marburg, Germany.

The subject matter was limited to the endoscopic anatomy, technical devices and surgical management of
disorders suitable for endoscopic procedures. We are grateful to all participants of MIN II. Regretably it was
not possible, to obtain papers from all contributors for publication.

As with any multi contributor books, the contributions are not yet balanced. The volume MIN II presents
different aspects of that issue. In our opinion the papers are well written and we hope that they are stimulating and
informative. It must be also pointed out that the papers presented concerning indication and approaches in different
diseases are highly preliminary and long term follow up results are not yet available. The clinical value and the
benefit to our patients of this new technical discipline devoted to the use of miniaturized flexible steerable and rigid
endoscopes within the skull and spine must be proved against the contemporary well established standards of
microsurgery. We entirely assure with the demand of Stephen J. Haines? for properly planned and conducted
randomized clinical trials, following a track parallel to that used for new drugs. Up to now, most of the
contributions are in a pilot stage (phase I). Only a few are in phase II of development with estimations of the rate
of success and complications associated with the procedure. The golden standard is a prospective randomized
clinical trial (phase III) for every special indication. Unfortunately MIN II is yet not ready to fulfil Dr. Haines” hope
that this volume could include a number of well designed clinical trials documenting the clinical effectiviness of
neuroendoscopic treatment. The ongoing project is now to develop the design for multicenter randomized clinical
trials and to outline the requirements and basic concepts for the use of endoscopes in neurosurgical practice.

Computerized tomography and Magnetic Resonance Imaging has contributed greatly to the diagnosis of
intracranial and intraspinal space occupying lesions.

With the gift and with the promise of the tools of modern manoeuverable and multifunctional instruments we
can hope to close the gap between versatility and efficiency of neuroendoscopy as compared with modern
microsurgical techniques. This revised and updated second volume MIN II is dedicated to critical readers and
reviewers of the neurosurgical society.

Marburg, December 1994 Bernhard L. Bauer, Dieter Hellwig

' Dandy WE (1922) An operative procedure for hydrocephalus. Bull Johns Hopkins Hosp 33: 189-190

?Mixter WJ (1923) Ventriculoscopy and puncture of the floor of the third ventricle. Preliminary report of a case. Boston Med Surg J
188: 277-278

3 Haines SJ (1994) Neuroendoscopy. Crit Rev Neurosurg 4: 67-72, Springer, Berlin Heidelberg New York Tokyo
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Minimally Invasive Endoscopic Neurosurgery—a Survey

B.L. Bauer and D. Hellwig

Department of Neurosurgery, Philipps University Marburg, Federal Republic of Germany

Summary

In 1989 we introduced ‘‘endoscopic stereotaxy’” as a new operative
procedure into neurosurgery. This technique was first scheduled to
optimize stereotactic biopsy. In its further development it proved to
be effective for other indications. We choose the term *‘Minimal
Invasive ( Endoscopic) Neurosurgery (MIEN)” for these interven-
tions. Minimal invasive endoscopic techniques are applied prefera-
bly for diagnostic and therapeutic interventions on preformed or
pathological cavities of the central nervous system. The indications
are

— endoscopic-stereotactic biopsy of space-occupying lesions,

— ventriculoscopy and endoscopic ventriculostomy in diagnosis
and treatment of hydrocephalus,

— endoscopic evacuation of cystic space occupying lesions,

— endoscopic evacuation of intracerebral haematoma,

— endoscopic evacuation of septated chronic subdural haematoma,

— endoscopic evacuation of subacute or chronic brain abscesses,

— endocavitary syringostomy.

Our results with minimal invasive endoscopic interventions for
different indications are encouraging when compared to conven-
tional microsurgical techniques. We have performed more than 300
minimal invasive endoscopic interventions. The mortality rate was
below 1 %, the operative morbidity was below 2 %.

Keywords: Minimal invasive neurosurgery; neuroendoscopy;
stereotactic neurosurgery; brain tumour; hydrocephalus; brain
abscess; intracerebral haematoma; chronic subdural haematoma;
syringomyelia.

Introduction

Neuroendoscopy is not new. In the beginning of this
century Dandy, Mixter, Putnam, and Scarff17-55-62.68
performed neuroendoscopic interventions mainly in
treatment for hydrocephalus either with choroid
plexus coagulation or third ventriculostomy. The
main disadvantage at that time was the large diameter
of the endoscopes and the lack of suitable surgical
instruments.

A renaiscance of neuroendoscopy took place after
the development of the Hopkins lens system in 1960.

Auer, Griffith, and Guiot?:2%23 performed neuro-
endoscopic interventions for treatment of various le-
sions. In 1986 Griffith summarized neuroendoscopic
techniques and termed the field endoneurosurgery?!.
With the development of fiberoptics the field of indi-
cations was enlarged again. Fukushima and Ogata
were neurosurgical pioneers in the use of flexible,
steerable neuroendoscopes'® 38, Today technological
advances in the development of neuroendoscopes and
auxillary instruments make it possible to perform
complex neuroendoscopic procedures through a mini-
mal invasive burrhole approach without major tissue
traumatization. In analogy to the term minimally
invasive surgery, coined by Wickham and Fitzpatrick
in 19907°, we have defined these procedures as Mini-
mally Invasive (Endoscopic) Neurosurgery (MIEN).
MIEN refers to neurosurgical interventions in which,
by use of endoscopes larger openings of intracranial
or intraspinal spaces can be avoided®:3!. It provides
an exiting prospect for some aspects of neurosurgical
practice, but does not reach the established standards
of safety in current microneurosurgery. There is still a
large gap, which has to be bridged between future
requirements and today’s reality of endoneurosurgery,
not only to patients and their surgeons but also to
those concerned with health policy and ethical issues.
The development from macrosurgery to microsurgery
is now nearly completed. The next step to MIEN is a
current project. The instrumental requirements and
the conditions suitable for an endoscopic approach in
neurosurgical practice has to be discussed in depth.
MIEN must be evaluated according to the standards
of classical microsurgical approaches. It offers obvi-
ous benefits to patients and to neurosurgeons, but the
present situation is characterized not only by a clear-
cut list of indications but also by unsolved problems
of the desirable level of safety and versatility of the



instrumentation available compared with the contem-
porary state of the art in microsurgery.

Neuroendoscopic operations are not small scale,
nor are they operations which should be performed
by beginners. MIEN requires clinical experience of
the whole of microsurgery as a basis for endoscopic
operations. This is the only way in which the patient
can be spared from wrong indications for surgery
and a poor technique, and the only way of enabling
definitive control of complications. The position is
obscured by various factors such as the ready accessi-
bility of diagnostic methods—computed tomography
(CT) and magnetic resonance imaging (MRI)—and
the apparently easy performance of the operation.
Critical analysis and monitoring (also in training) is
therefore urgently necessary. It is astonishing, how
many indiscriminate allegations can be found in the
literature. The general thoughtlessness in accepting
the printed word as an established fact and in this
way ‘‘collecting evidence” as well as the indiscrimi-
nate consideration of case reports from the older
literature, disregarding our present knowledge, entail
major dangers and lead to overrating of the method.
It is therefore understandable that many experienced
neurosurgeons are critical about any attempt to intro-
duce endoscopic techniques in neurosurgery

Instrumentation
Endoscopes

At present there are many different flexible, steerable, or rigid endo-
scopes (encephaloscopes) available for neuroendoscopic interven-
tions. The specifications vary, and one must choose according to
the planned operative use. It is useless to discuss whether to employ
flexible or rigid endoscopes in special situations; the optimal solu-
tion is to have both available. The advantage of the rigid endoscope
is the optimized optic quality, whereas the flexible endoscope is a
“multipurpose-instrument”’, with the advantage of steerability and
due to this with an enlarged field of possible uses. It has to be
mentioned that today flexible endoscopes with diameters of 0.6 to
1.5 mm including working channels are used for spinal neuro-
endoscopy. Furthermore the first clinical trials with 3D-endoscopes
with diameters of 4-6 mm are being performed in our department.

In conclusion we state, that there are specific indications for the
application of rigid and/or flexible endoscopes with different diam-
eters. Both systems are complementary in modern neuroendoscopy.

Endoscopy Stabilization and Guiding Devices

Neuroendoscopic interventions require a safe and fixed stabiliza-
tion and guiding system. At the moment there is a lack of sufficient
stabilization and guiding devices. Some neuroendoscopic centers
use the “‘Greenberg retractor” or the “peel-away sheet”, which in
our opinion have the disadvantage of poor stability. For free-hand
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Fig. 1. Marburg Neuroendoscopy Fixation and Guiding device

endoscopy we have developed a special Fixation and Guiding Sys-
tem ( Marburg Neuroendoscopy Fixation and Guiding Device) (Fig.
1). This system consists of a special self-retaining arm, which
provides the necessary stability to the whole endoscopic system
during the operative procedure and frees the endoscopist from
fatiguing holding work. The endoscopic working depth is regulated
by micrometer screws. The metallic guiding system consists of
bougies and guiding tubes of different diameters and lengths. The
main advantage of our system is, that undesired, uncontrolled
movements and manoeuvers during the operation can be avoided,
thereby preventing damage to brain tissue. The Fixation and Guid-
ing System is compatible with conventional stereotactic systems.

Supplementary Instruments

Today a variety of micro-instruments for neuroendoscopic inter-
ventions are available. However, a special sorted instrumentation
set does not exist. In recent years we have worked out, which kind
of instruments are required for minimal invasive endoscopic inter-
ventions. Some of those are taken from other endoscopic disciplines
(gastroenterology) and adapted to neurosurgical demands. Basic
instrumentation for minimal invasive endoscopic interventions in-
cludes: Microforceps and microscissors for biopsy and dissection
of cysts and abscess membranes; grasping forceps to remove cyst
material and foreign bodies; balloon catheters for cystostomy or
ventriculostomy (Fig. 2). Haemostasis can be performed using
monopolar RF, bipolar RF (Fig. 3), or laser energy. Ultrathin bare
laser fibers are used for coagulation, vaporization, or cutting of
tissues. Intraluminal ultrasound can be used in combination with
neuroendoscopical interventions for special cases with intracerebral
space-occupying lesions especially in cystic processes. Dynamic digi-
tal subtraction ventriculography (DDSV) is a useful tool for intra-
operative quality control of interventions on the ventricular system.
With DDSV we are able to prove restoration of CSF-circulation in
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Fig. 2. Balloon catheter for third ventriculostomy

Fig. 3. Bipolar microcoagulation probe

obstructive hydrocephalus and to control patency of third ventri-
culostomy (Fig. 4).

At the moment computerized motor-driven supplementary
instruments are under development. In future, many additional
specialized instruments for minimal invasive endoscopic neuro-
surgery will be available which will enlarge the spectrum of its
usefulness.

Videorecording and Display

Neuroendoscopic operative techniques engender changes of the
neurosurgeon’s spatial view. In contrast to microsurgical tech-
niques the course of the intervention cannot be controlled directly
at the operative site but at the video-screen (the next step will be
virtual neurosurgery, where the surgeon imagines to part actively in
the interactions between the pathological process in three-dimen-
sional space and the computerized operative tools).

The equipment for intraoperative videorecording and display
includes: camera, camera tuner, light source, video-screen, video-
recorder. In special cases we use equipment for 3D-endoscopy
recording and display.

Fig. 4. Stenoscope for intra-operative dynamic digital substraction
ventriculography

Operating Room Set-up

The complexity of operative technique with video- and laser-tech-
nology dynamic, digital picture generating processes demands a
highly specialized neuroendoscopic team. Each member plays an
important role in the initiation and completion of a successful
neuroendoscopic team. The neuroendoscopic team is composed of
the neurosurgeon, the anaesthesiologist, instrument nurse, circulat-
ing nurse for laser application, and a nurse for camera and video
control. The use of the different technologies makes a strict place-
ment and working control of the equipment necessary. Because
of limited space in the operating room intra-operative changes of
placement are difficult. The surgeon, in the sitting position, has to
be reached easily by the instrument nurse, direct visual control of
the video screen and the DDSV as well as of the laser unit must
be possible. During the intervention direct contact between the
anaesthesiologist and the surgeon is indispensable (Fig. 5).

Documentation

It is necessary to have a form of computer-aided documentation
for endoscopic interventions. The main goal of such documentation
is to obtain an overview about the total number of neuro-
endoscopic intervention performed, the indications, operative tech-
niques, complications, and results. In addition, data from centers
worldwide involved in neuroendoscopy should be available and
evaluated.

Indications, Patient Selection, and Results

Today indications for minimal invasive endoscopic
interventions are not defined conclusively. This is
due to the only brief period since the start in this
field which widens or alters operative techniques and
strategies. On the other hand, as mentioned before, a
generally accepted circumscribed instrumentation set
is not available and therefore the lack of useful instru-
ments in some parts limits the extension of neuro-
endoscopic interventions.



Fig. 5. Operating room set-up

As with all innovative operative techniques the
state of testing and quality assurance is a still ongoing
project. However, in recent years some indications for
minimal invasive endoscopic interventions have been
worked out. These are mainly interventions on pre-
formed or pathological cavities of the central nervous
system.

We perform minimal invasive neurosurgical proce-
dures for

endoscopic treatment of hydrocephalus®~7,

endoscopic stereotaxy?8730:32,

endoscopic evacuation of cystic processes® 33,

endoscopic evacuation of intracerebral haema-

tomas® 731,

5. endoscopic evacuation of septated
haematomas>'9,

6. endoscopic evacuation of brain abscesses®’,

7. endoscopic interventions on the spine>:®.

=

subdural

Endoscopic Treatment of Hydrocephalus

The ventricular system is a preformed intracerebral
space and predestinated for neuroendoscopic inter-
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ventions. This was first recognized by L’Espinasse,
who performed in 1910 the first plexus cauteriza-
tion*®. At this time and in the decades afterwards all
the trials to treat hydrocephalus with endoscopic in-
terventional techniques failed because there had been
a lack of useful instruments. With the development of
CSF-diversion systems, treatment of hydrocephalus
became standardized.

However, the complications related to shunting
systems, such as dysfunction, thrombosis, infection,
overdrainage and slit-ventricle syndrome, have lead
to a reintroduction of endoscopic operative tech-
niques in the treatment of hydrocephalus, especially
of third ventriculostomy.

Third Ventriculostomy

In occlusive hydrocephalus CSF resorption mecha-
nisms are not affected. Consistently it is clear so-called
“inner shunting” techniques should be used. In 1923
Mixter performed the first third ventriculostomy in a
child with congenital hydrocephalus®®. He perforated
the floor of the third ventricle with a rigid endoscope.
The intervention was successful. Beside Mixter3?,
Scarff%® was one of the outstanding advocates of this
operative method.

Since then different techniques for third ventri-
culostomy have been applied, the percutaneous
puncturing!?-24:34.67  the stereotatic method3®43,
and endoscopic techniques'® 4?4 Ventriculostomy
with a flexible endoscope combined with a rigid
guiding device was first performed by the Marburg
group.

Jones, who has contributed to this issue is experi-
enced in the field of endoscopic third ventriculo-
stomy*®4!. His selection criteria are: patients with
aqueductal stenosis or other forms of noncommuni-
cating hydrocephalus; (b) the third ventricle must be
of adequate width—at least 7 mm in size, no anatomi-
cal contraindications to the procedure such as large
massa intermedia or a tiny floor of the third ventricle;
(d) previous radiotherapy may present a contra-indi-
cation; (e) third ventriculostomy is not indicated in
cases of communicating hydrocephalus.

Most authors choose the anterior part of the floor
of the third ventricle for fenestration (Fig. 6). A possi-
ble alternative in anatomical difficult situation is the
fenestration of the lamina terminalis.

Discussion. Today percutaneous third ventriculos-
tomy is obsolete, because of the high fatality rates.
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Fig. 6. (a) Sagittal MRI: Occlusive hydrocephalus caused by benign non-tumorous aqueduct stenosis. (b) MRI control examination: After
third ventriculostomy a “‘flow void”’ phenomenon at the floor of the third ventricle (black arrow) as a sign of CSF flow into the inter-

peduncular cistern is visible

Even stereotactic methods have a mortality rate about
5%*3. Considering our experience with endoscopic
third ventriculostomy it has to be remarked, that it is
nearly impossible, to reach the proper area for third
ventriculostomy at the floor of the third ventricle by
“blind” puncture without major traumatization of
brain tissue or structures related to the foramen of
Monro. Furthermore it has to be stressed that stereo-
tactic technique for third ventriculostomy as described
by Kelly*? can be hazardous. Anatomy of the third
ventricle and the interpeduncular fossa in patients
with chronic hydrocephalus is variable. The floor of
the third ventricle can be elevated by the basilar artery
or some of its branches. These partly subtle variants
could be missed by pre-operative neuroradiological
examination, and ‘‘blind” stereotactically guided ven-
triculostomy could lead to dislocation or vascular
injury, which could not be managed using the stereo-
tactic approach. After extensive neuro-anatomical
studies of the third ventricle (°3, see Riegel et al.,
pp. 54—56) we are convinced, that third ventriculos-
tomy should be performed exclusively using endo-
scopic techniques. Instrumental fenestration of the
floor of the third ventricle can be managed by different
techniques. Jones*° performs third ventriculostomy
with the rigid endoscope without auxillary instru-
ments. Manwaring*® and Heilman? use the so-called

saline torch, Cohen'? the laser-probe for fenestration
of the third ventricle. Some authors recommend to
apply balloon catheters for widening of the artificial
porus. We use the flexible steerable endoscope together
with the rigid guiding system to perform third ventri-
culostomy. The floor of the third ventricle is opened
with the help of bipolar radiofrequency or ‘‘bare”
laser probe. After this a Fogarty catheter is introduced
to widen the artificial porus. The efficacy of the inter-
vention is controlled intra-operatively by digital
dynamic subtraction ventriculography. Postoperative
CCT- or MRI-examination should be assessed criti-
cally for successful control of third ventriculostomy,
because 60 % of the patients showed a marked im-
provement of neurological deficits after third ventri-
culostomy without change of ventricular size®®.

Compared to others our operative technique for
third ventriculostomy using the flexible steerable
endoscope has the following advantages:

1. The success of the intervention is independent of
anatomical variants. Dislocations can be corrected
without major tissue damage.

2. Uncontrolled movements are avoided by applica-
tion of the endoscopy fixation and guiding system.

3. Application of the microbipolar probe offers a
space controlled energy delivery compared to laser



energy. Ventriculostomy by blunt perforation
should be avoided.

4. Intra-operative digital dynamic subtraction ventri-
culography proves patency of third ventriculo-
stomy.

Endoscopic Stereotaxy

In 1989 Hellwig and Bauer introduced endoscopic
techniques in stereotatic neurosurgery and defined the
combination of these two operative techniques
“endoscopic stereotaxy”28:29. At this time there were
only single reports about the application of rigid or
flexible endoscopes during stereotactic interventions.
The idea to introduce endoscopy into stereotactic
neurosurgery was born by the endeavour to have a
intra-operative visual control during the stereotactic
procedure. Endoscopic stereotactic operative tech-
niques are used in different lesions mainly to hit
the pathological intracerebral processes unerringly
through a minimal invasive burrhole approach. At
the moment different endoscopic-stereotactic ap-
proaches are performed

1. the precoronal frontal approach,

2. the infratentorial suboccipital approach,

3. the combined frontal-transventricular approach
for interventions on intraventricular or ventricle-
related processes, where the “‘region of interest” is
reached under stereotactic conditions. The further
course of the intervention is done by ‘‘free-hand”
technique under endoscopic control. The operative
techniques of endoscopic stereotaxy are described
in detail elsewhere’2°32, The indications for
stereotactic-endoscopic interventions are various.
Cystic intracerebral lesions, brain abscesses and
intracerebral haematomas are operated on using
this technique.

Endoscopic-Stereotactic Biopsy

A special indication which has to be discussed, are
endoscopic stereotactic biopsies of space-occupying
processes. The advantages of the combination of en-
doscopic and stereotactic operative techniques are: (a)
early recognition of postbioptic haemorrhages, which
allows immediate haemostasis; (b) intra-operative
differentiation between normal and pathological
brain tissue; and (c) complete evacuation of cystic
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intracerebral processes and abscesses under visual
control. To date we have performed 146 stereotactic
biopsies with an operative morbidity of 2.0 % and
operative mortality of 0.6 %.

Histopathological diagnosis was established in
85 % of cases, which is more than 10 % higher than
that obtained by conventional stereotactic biopsies in
our department>3: 34,

Discussion. Operative mortality of stereotactic biop-
sies is about 1 % and operative morbidity between 1
and 6 %22:37:59:73.74 With the use of endoscopes we
could drop the mortality and morbidity rates to the
lower level of the international norm. The main ad-
vantage of the endoscopic-stereotactic biopsy tech-
nique is the possibility of intra-operative haemostasis,
if a postbioptic haemorrhage occurs. Reliability of
histopathological diagnosis of the stereotactic biop-
sies is given between 70 and 94 %22 7374, We have
raised the number of correct histopathological diag-
nosis in our department from 75 % (stereotactic tech-
nique) to 85 % (endoscopic-stereotactic technique).
This is due to the fact, that we are able to differentiate
endoscopically between normal and pathological tis-
sue and that it is very easy to take biopsies from cyst
walls under visual control which is a tremendous
advantage against simple stereotactic biopsy.

Cystic Intracranial Lesions

Cystic intracerebral lesions are a domain or neuro-
endoscopic interventions. This group of pathological
intracerebral cavities include colloid cysts, cystic
gliomas, cystic craniopharyngiomas, other dysem-
bryogenetic tumours and space-occupying arachnoid
cysts. The aim of the neuroendoscopic intervention is
the evacuation of the cystic part of the tumour to
decrease raised intracranial pressure (ICP). In many
cases these procedures precede microsurgical resec-
tion of the solid tumour parts. In colloid cysts or
solitary cystic craniopharygiomas, endoscopic inter-
ventions have a high success rate without further
management. A total of 70 cystic lesions have been
operated on in our department by endoscopic, partly
in endoscopic-stereotactic technique. In some cases an
Omaya reservoir was placed for repeated aspiration
of the cyst contents. If the cyst contents are of low
viscosity there is no problem aspirating them, whereas
in high-viscosity cysts aspiration may fail, and the
contents have to be removed with microforceps or
microscissors. It is not necessary to remove the whole
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b

Fig. 7. (a) Sagittal MRI: cystic astrocytoma of the pituitary stalk, bulging into the third ventricle. (b) MRI control examination: after
endoscopic stereotactic cyst evacuation the third ventricle is decompressed

cyst membrane because the possibility of cyst refor-
mation is extremely low. Usually we vaporize the cyst
membrane by laser. There was no fatality, operative
mortality was 1.4 %.

Discussion. Our collection of patients with intra-
cerebral cystic lesions was most heterogenous. The
endoscopic intervention on cystic anaplastic gliomas,
glioblastomas, or cystic metastases is palliative and
performed to reduce raised ICP in combination with
the application of reservoir-systems, and to establish
a histopathological diagnosis. In benign cystic lesions,
especially in intraventricular cysts, the neuroendo-
scopic intervention is performed curatively.

Cystic lesions of the third ventricle (colloid cyst,
pineal cyst, cystic craniopharyngioma) should be
discussed in detail. Using microsurgical techniques
different operative approaches are necessary to treat
these lesions at various locations!?:6%:71:72 whereas
with the frontal precoronal burr-hole approach we
are able to reach all parts of the third ventricle with
the flexible steerable endoscope. Operative fatality
and morbidity are low, compared to conventional
microsurgical techniques. The main discussion point
is, that remaining parts of the cyst membrane could
lead to a recurrence of the space occupying cyst*’-3°,
In our experience and in long term follow-up studies
of patients with intraventricular cystic lesions!#:16:60,
which where operated on by stereotactic technique,

this assumption could not be verified. Endoscopic
stereotactic operative techniques are a minimal inva-
sive option in the treatment of intraventricular space
occupying cystic lesions (Fig. 7a, b).

Spontaneous Intracerebral Haematoma

Intracerebral haematoma can be subdivided in two
groups—primary hypertensive haemorrhages, and
secondary haemorrhages caused by other disease or
drug induced haemorrhages.

In 70 % intracerebral haematoma are caused by
hypertension. Mortality of spontaneous intracerebral
haematoma is estimated at 80 %. There is still contro-
versy as to whether massive intracerebral haematomas
should be operated on or be treated conservatively.
The main problem with operative treatment of intra-
cerebral haematoma is, that the intervention is an
added trauma to the primary disastrous effect of the
bleeding. For this reason in recent years different
minimal invasive operative techniques have been
proposed. The stereotactic* *!+35:4% and endoscopic?
evacuation techniques of intracerebral haematoma
have to be emphasized. In 1990 we have combined
these two methods to the endoscopic stereotactic
method?3?.

The indications for this intervention are
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Fig. 8. (a) CCT: Septated right hemispheric subdural haematoma. (b) Contrast CCT control examination: septated residual haematoma
after burrhole drainage treatment with surrounding capsule. (c,d) CCT and MRI: complete haematoma removal after neuro-endoscopic

stereotactic intervention

1. reduction of raised ICP,

2. avoidance of secondary traumatization of brain
tissue,

3. avoidance of secondary neurological deterioration,

4. shortening of convalenscence.

Discussion. In 1961 McKissock could show in a
randomized study with 180 patients, that immediate
evacuation of spontaneous intracerebral haematoma
could not lower mortality rate>2. This result was cor-
roborated by Kanno*2. Mohadjer et al. who summa-
rized mortality and morbidity rates from 13 studies
with operative treatment versus conservative treat-
ment of spontaneous intracerebral haemorrhages and
found out that there is no evident advantage for
operative treatment>°,

Stereotactic aspiration treatment of intracerebral
haematoma was first performed by Komai in 197445,
From 1978 to 1986 Itakura et al. operated on 241
intracerebral haematoma stereotactically. They con-
cluded: the operative procedure should be performed
between six hours and three days after onset of the
bleeding38. The use of urokinase as fibrinolytic agent
during stereotactic haematoma evacuation was a
further attempt to improve operative results3®45,
Operative fatality (10,7 %) and morbidity (10,4 %) of
this technique are very low compared to conventional
surgical treatment. Endoscopic techniques were intro-
duced by Auer®. He used rigid endoscopes under
ultrasonic guidance. In his study postoperative long-
term result is influenced by the haematoma volume,
the age and the pre-operative level of consciousness of
the patient. We have adopted Auer’s minimal invasive

approach and combined it with stereotactic operative
techniques. Our results allow the following conclu-
sions: (a) the intervention should be performed in
the first 48 hours after the onset of the bleeding; (b)
haematoma volumes of more than 50 ml adversely
affect prognosis; (c) more than 50 % of the haema-
toma volume can be removed using this technique;
(d) comatose patients do not benefit from the inter-
vention; (e) in atypical haemorrhages stereotactic
biopsy under endoscopic control enables one to clarify
the diagnosis. The comparison of different treatment
strategies for spontaneous intracerebral haematoma
is very difficult, because there are varying opinions
about the timing of the operation, the haematoma
volume which has to be removed, and the neurologi-
cal state, which demands immediate intervention.

A randomized multicenter study about the indica-
tions for minimal invasive techniques and comparison
with conventional operative procedures as well as
with conservative treatment is urgently needed.

Septated Chronic Subdural Haematoma

Successful treatment of nonseptated chronic subdural
haematoma (CSH) can be easily achieved by burr-
hole trepanation and the insertion of a subdural
silicon catheter. Treatment of septated CSH using this
method may be unsuccessful since the subdivision of
the haematoma cavity by neomembranes can limit the
complete efflux of haematoma fluid. We have operated
on 14 patients with septated CSH using endoscopic
techniques. Eleven showed complete haematoma re-
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moval on the postoperative CCT control examination
whereas three patients had to be operated on a second
time endoscopically to remove the residual haema-
toma fluid. There has been one postoperative infec-
tious complication (Fig. 8a—d).

Discussion. Conventional operative treatment of
chronic subdural haematoma has been primary crani-
otomy with consecutive haematoma evacuation. This
regime was replaced by twist-drill craniostomy”
combined with a closed drainage-system!®:25:49.64.65,
Operative mortality of this method is between 0 and
9.5 %. Some authors report a re-operation rate of up
to 20 % using this technique?®.

The indications for re-operation with an extended
craniotomy are: Frequent recurrence of the haema-
toma; space occupying residual haematoma; clotting
of the haematoma, space-occupying hemispherical
oedema due to residual haematoma. The main prob-
lems with these cases are the neomembranes, which
divide the haematoma cavity into compartments and
hinder the efflux of the haematoma fluid.

In 1991 we introduced neuroendoscopic techniques
in operative treatment of septated chronic subdural

haematoma in cases where primary “‘twist-drill
craniostomy” has failed. Through a burr-hole ap-
proach the haematoma is reached with the flexible
steerable endoscope and the neomembranes are cut by
microscissors under direct visual control. With this
technique we can achieve communication between the
haematoma compartments and effect a free efflux
through a drainage system. As a consequence of
our results we recommend endoscopic operative
techniques for evacuation of septated chronic sub-
dural haematoma where primary burr-hole evacua-
tion methods have failed.

Brain Abscess

Brain abscesses are a further group of pathological
intracerebral cavities, in which the performance of
minimal invasive endoscopic neurosurgical tech-
niques are very useful.

Different methods of treatment of brain abscess
have been proposed in recent decades. CT stereotactic
evacuation of brain abscess seems to have advantages
against conventional operative techniques. Today

b

Fig. 9. (a) Septated syringomyelia of the cervical and upper thoracal spine. (b) After endoscopic intervention only a small remaining cavity

is visible
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some studies about successful stereotactic treatment
of brain abscess have been published?®:7°. The most
striking was that of Hasdemir and Ebeling in 1993.
They had a mortality rate of 4 % after stereotactic
aspiration. Postoperative follow-up between three
and twelve months showed that 75 % of the patients
got back to normal life. Only 20 % of the patients
showed handicaps in managing their daily life.

King and Turney were the first to report encephalo-
scopic intervention in a brain abscess**. We have also
used the endoscopic approach and combined it with
stereotactic guidance. The operative aim is to reduce
acute ICP elevation, sample infectious material for
microbiological examination, and attempt to cure the
lesion by serial puncturing and aspiration. Indica-
tions, operative technique and the results are de-
scribed in detail on other pages of this issue.

Intraspinal Endoscopy

Intraspinal endoscopy is not as common as intra-
cranial endoscopy. In 1931 Burman was the first who
performed endoscopic examinations of the spinal
cord!3. Since then only some reports of spinal endo-
scopy have been published®:®*.

Hydromyelia, Syringomyelia

In 1989 we introduced together with Hiiwel the tech-
nique of “endocavitary syringostomy” into spinal
endoscopy. Hydromyelia, defined as an increase of
fluid in the dilated central canal of the spinal cord,
and syringomyelia, as presence of longitudinal cavi-
ties in the spinal cord lined by dense gliogenous tissue,
are ideal indications for neuroendoscopic techniques.
The operative technique had been described by Hiiwel
and Hellwig in MIN I31-36,

Discussion. Syringomyelia is an extraordinary com-
plex disease due to its various aetiologies. Aschoff
gave an overview of about 1152 publications with a
total number of 3077 cases. At present 15 different
operative techniques with 40 variants are performed.
The overall results of operative treatment show a
slight advantage of the shunting methods over decom-
pressive techniques!. Hiiwel et al. proposed neuro-
endoscopic interventions in all cases of septated
syringomyelia3”.

In 1993 Huwel et al. published their experiences
with 39 patients, who were treated by ‘“‘endocavitary
syringostomy”. There were 19 patients with idiopathic

B.L. Bauer and D. Hellwig

syringomyelia, 7 with tumour associated syringo-
myelia, 4 with tethered cord and 9 patients with
posttraumatic syringomyelia. The postoperative out-
come was excellent overall. No complications were
reported®’”. We have performed neuroendoscopic
interventions in six patients with septated syringo-
myelia. In none of these patients have we seen
postoperative impairment of neurological symptoms
in the first few months after operation; however, at
the moment there is no long-term follow-up.

In our opinion “endocavitary syringostomy’” should
be reserved for patients, who suffer from idiopathic
septated syringomyelia, whereas in all other cases
differential diagnostic aspects and differential thera-
peutic options should be discussed.

Endoscopic Discectomy

Percutaneous endoscopic laser discectomy is increas-
ingly important due to technical advances and the
trend to MIEN, with reduced surgical trauma, shorter
hospital stay, reduced costs, and early re-integration
to work and normal life. This is particularly true with
the percutaneous endoscopic treatment of lumbar disc
disease as introduced by Mayer and Brock in 198931,

Conclusion

This survey about ‘“Minimal Invasive (Endoscopic)
Neurosurgery”, its indications, techniques and results
intends to give an overview about the present state of
the art in this field. Based on an experience of more
than 300 neuroendoscopic interventions for treatment
of different intracranial and intraspinal lesions the
results are compared and discussed with regard to
conventional neurosurgical techniques. However, at
the moment there are so many activities and ten-
dencies concerning minimal invasive techniques in
neurosurgery, especially the development of computer
guided operative systems, roboting, and virtual medi-
cine, that in the near future this summary may be
out of date. Nevertheless, Minimally Invasive Neuro-
surgery I and II must be seen as a description of the
recent real possibilities in endoscopic neurosurgery
and we are glad that our idea, which was born in
1989, is still an ongoing project.
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Summary

Endoscopic surgery is considered a milestone in the evolution of
surgical technique in nearly all fields of surgery. However, the inap-
propriate use of the new technology in medicine has also been
heavily criticised. Systematic technology assessment of endoscopic
surgical techniques is mandatory to prove the real benefits and
complications, so defining the indications for their appropriate use.
This article describes methods of technology assessment suitable
for endoscopic techniques with emphasis on relevant endpoints for
surgeons and patients.

The general stages of a comprehensive technology assessment
include:

1. feasibility (safety and technical performance)

2. efficacy (patient benefits in pioneering places)

3. effectiveness (patient benefits in average hospitals in the commu-
nity as a whole) and

4. economic evaluation (cost-benefit analyses).

We used the example of laparoscopic cholecystectomy to describe
the methods of technology assessment. A cohort study on 500
patients revealed that laparoscopic cholecystectomy is as safe as
the conventional standard open technique. The results on efficacy
strongly support the hypothesis of more comfort and less trauma
with the endoscopic technique. Major endpoints evaluated were
postoperative pain, convalescence, fatigue and quality of life. Data
on effectiveness and ecomonics are still in a ““premature” state and
should be the subject of further analyses.

It is concluded, that other disciplines such as neurosurgery
should evaluate their endoscopic surgical techniques according to
the rules of technology assessment outlined in this paper.

Keywords: Technology assessment; laparoscopic cholecystectomy;
endoscopic surgery.

Introduction

In the field of general surgery, endoscopic surgery is
considered a milestone in the evolution of surgical
techniques. Laparoscopic cholecystectomy and ap-
pendectomy are on the way to becoming standard op-
erations in many surgical clinics all over the world,
and like a bushfire new endoscopic operative tech-
niques are introduced in all fields of surgery. Numer-
ous reports indicate that endoscopic surgery offers

significant advantages over the corresponding con-
ventional operation?:12:15:28:32.35.38 " Tt has been
postulated that due to the minimal trauma endo-
scopic surgery would improve discomfort and in
particular pain as compared to the conventional
operation?3:32:36,

However, most reports on laparoscopic techniques
are restricted to technical performance and safety
alone?® 34, Jennett!® pointed out that “‘it is one thing
to demontrate that immediate technical objectives can
be achieved, another to show that their achievements
lead to an improvement in outcome for patients”.
Consequently, systematic technology assessment of
endoscopic surgical techniques is mandatory to prove
the benefit for the patient. The aim of this article is to
describe methods of technology assessment suitable
for endoscopic techniques. We intend to point out the
relevant endpoints for surgeons and patients and to
demonstrate the current state of technology assess-
ment for laparoscopic cholecystectomy, the most
widespread endoscopic technique.

General Stages of Technology Assessment

In general, of comprehensive technology assessment
includes four steps that have been described by
Jennett!® (Table 1). Unfortunately there are contra-
dictory definitions of these terms in the literature. The
definitions given in Table 1 are promoted by the Com-
mittee for Evaluating Medical Technologies in Clini-
cal Use published in 1985%5.

The first stage after development of a new tech-
nique is to establish that short-limited goals are reach-
able. The initial evaluation is commonly referred to as
feasibility which means assessment of safety and tech-
nical performance.
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Table 1. General stages in Technology Assessment (Jennett 19868 )

Feasibility safety, technical performance
Efficacy patient benefit in pioneering places
Effectiveness in average hospital in community
patient benefit as a whole
Economical cost-benefit comparison
appraisal medical practice

impact on — resource allocation
society

The next stage, testing efficacy, deals with the appli-
cation of a technology already found to be feasible.
Patients’ outcome can no longer be evaded but is a
“sine qua non” for this stage of assessment. This must
include both, immediate and late mortality, the reduc-
tion of specific symptoms, the quality of the patient’s
life or other innovative endpoints such as pain and
fatigue. Up to this point the new technology and the
related patient benefits were exclusively assessed in
pioneering centers.

These early results lead to the next step, the assess-
ment of the general applicability of the technique.
Effectiveness means assessing the technology in aver-
age hospitals in the community as a whole. This
means that effectiveness refers to what happens when
there is widespread application. This step is absolutely
necessary before a technology can be recommended as
a standard procedure.

It is difficult to imagine a technology that would be
justified whatever it costs. Therefore, the final step be-
fore adoption of a new technology is economic evalua-
tion. It deals with both, inputs and outputs, costs and
the consequences of the activities. In general, the cost-
lier the intervention is, the greater its demonstrated
effectiveness must be before it is considered an accept-
able alternative, at least by care givers.

Methods of Technology Assessment in Endoscopic
Surgery

We have a substantial body of methods available for
assessment of medical technologies?® and the ques-
tion is which techniques are most appropriate for the
evaluation in different stages of development. Mostel-
ler?? stated that the most rigorous way to determine
the usefulness of a new technology involves randomly
allocating subjects to either receive or not to receive
the technology and then comparing their eventual
outcomes. The randomized controlled trial has be-
come the accepted gold standard for demonstrating

E. Neugebauer et al.

Table 2. Pros and Cons for a Randomized Controlled Trial as
a Method for Evaluating Feasibility and Efficacy of Laparoscopic
Cholecystectomy

Pro

— Prompt and reliable evaluation of safety and efficacy necessary

— No reliable comparison without concurrent controls

-~ Positive/negative results due to selection bias

— Untested use increases uncertainty about its value

— Enthusiasm and technical success intensifies the illusion of
better treatment

— Postponement of trial initiation may eliminate a definitive
therapeutic trial (Chalmers)

Contra

— Proper information on feasibility (safety, technical
performance) is lacking

— Surgical technique is not standardized

— Constant development of surgical skill and surgical instruments
within a short time (learning curve)

— No data on relevant endpoints (comfort of the patient) available

— Techniques to assess relevant study endpoints not proven

the true therapeutic effects in evaluating most forms
of treatment and one proposal has even been to “‘ran-
domize the first patient”>-°.

A randomized controlled trial on laparoscopic
versus conventional cholecystectomy would reveal
proper and reliable information on safety and efficacy
without selection bias. There are, however, some
strong arguments for not running a randomized con-
trolled trial in the evolutionary phase of a new opera-
tion, especially when a new technique requires train-
ing. In the phase of introduction of laparoscopic
cholecystectomy there was no proper information
concerning feasability and the operative technique
was not standardized. In addition the surgical skill
and the instruments underwent continuous develop-
ment. There were no data available on relevant end-
points dealing with the comfort of the patient and
finally the techniques to assess these endpoints were
not proven in patients with symptomatic gallbladder
disease.

One alternative for the evaluation of a technique
in the evolutionary as well as in a later phase is a
prospective observational study resulting in a com-
puterized data-base. This offers potentional addi-
tional research opportunities. One advantage over
randomized controlled trials is the fact that big data-
bases give the opportunity to detect rare events. They
are a good basis for quality control and they offer
assessment of feasibility and efficacy in the real world
allowing economic calculations as well.

However, the use of data-bases represent difficult
methodological problems. Data often are inaccurate
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or incomplete. There are significant management
problems especially when a data-base is built up in
more than one center. Rough estimates are easy to
obtain but they will often not be very helpful to ans-
wer specific questions. One inherent problem of data-
bases is that the diagnostic procedures, the treatment
modalities and the criteria for evaluation may change
with time and differ between centers. Further prob-
lems may arise with data protection and the methods
used to analyze the data. They are much more open
to evaluating bias than hypothesis which are set up
before running a randomized controlled trial.

The decision on the methods to be used for the as-
sessment of a medical technology depend on the stage
of evaluation. Randomized controlled trials or obser-
vational studies are suitable for assessing feasibility or
efficacy. Effectiveness is evaluated preferably by other
methods such as quantitative evaluation of different
surgeons in one hospital, literature reviews, meta-
analyses, group-judgement methods, surveillance
studies and systematic follow-up?>.

For the economic evaluation several methods have
been proposed!!? 4% Cost-evaluation as the easiest
method only estimates the costs of a technique and
therefore represents a partial form of economic ap-
praisal. When the consequences of alternatives are as-
sumed to be equal and only the costs are compared,
the evaluation is called a cost-minimization analysis.
Cost-effectiveness is the analysis of costs which are
related to a single common effect, e.g. life years gained
per dollar spent. In this analysis no attempt is made
to value the consequences. In the cost-utility analysis
the consequences of alternatives are measured in time
units adjusted by health utility weights. In general
terms this means that one can assess for example the
quality of life-years gained, not just the crude num-
ber of years. The cost-benefit analysis represents the
broadest form of economic evaluation. Attempts are
made to ascertain different beneficial consequences of
a technique in monetary values. It should be stressed
that not all methods of economic evaluation are suit-
able for every technique and that clear distinctions
often are not possible.

The example: Technology Assessment of Laparoscopic
Cholecystectomy

The motivation to start with endoscopic surgery was
the hypothesis that this technology leads to less trau-
ma and consequently more comfort for the patient.
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Table 3. Major Endpoints and Results of the Prospective Obser-
vational Study of the First 100 Patients with Laparoscopic
Cholecystectomy®’

Mortality 0 Pain intensity (VAS scale)
Complications 1. postop. day 33
intra-op. 1 2. postop. day 23
— postop., major 2 3. postop. day 10
- postop., minor 12 discharge 7
Time of operation (min) Nausea (n)
Patient 1-50 120 day of operation 51
Patient 51-100 90 1. postop. day 24
Days in hospital (mean, 2. postop. day 8
range) 3. postop. day 1
— pre-operative 2 (1-9) Vomiting (n)
— postoperative 3 (1-15) day of operation 22
1. postop. day 6
2./3. postop. day 0

This was the case for the introduction of minimal in-
vasive surgery in numerous fields such as orthopae-
dics, gynaecology, general surgery, or neurosurgery.
Consequently the assessment of efficacy is of greater
importance than feasability as the latter alone is not
sufficient to convince surgeons and patients for using
this technology. In this kind of situation feasibility
and efficacy have to be evaluated in parallel as soon as
possible. We were confronted with this problem after
the first laparoscopic cholecystectomy had been per-
formed in October 1989 in our clinic.

Phase I—feasibility and efficacy in patient 1 to 100:
Weighing the pros and cons listed in Table 2 it became
apperent to us that the randomized controlled trial
was not feasable at the early stage of development.
Consequently we decided first to initiate a careful pro-
spective observational study to assess feasibility and
efficacy in 100 patients (Table 3). This observational
study was intended to be replaced by a randomized
controlled trial after demonstrating safety and feas-
ibility in 100 patients. We were aware that this group
of initial patients was highly selected as most patients
had a severity of symptoms of grade zero or one
according to the classification of McSherry?? which
means that symptoms were not very severe. Our pa-
tients were not recruited exclusively from the Cologne
area but from all over Europe.

The major endpoints of this first study period were
mortality, time of operation and technical problems,
time of hospitalization, intensity of pain, postopera-
tive symptoms as nausea, vomiting, and loss of appe-
tite. There were no deaths and only 3 major complica-
tions which were considered avoidable. There were
strong benefits with regard to all endpoints concerned
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with discomfort or disability such as pain, other post-
operative complaints, and convalescence?”.

Phase II—feasibility and efficacy in patient 101 to
500: Reassessing the possibility of a randomized con-
trolled trial led to numerous contra-arguments. The
analysis of the endpoints estimating efficacy were
strongly in favour for laparoscopic cholecystectomy.
There was a unanimous agreement that laparosopic
cholecystectomy was as safe as the conventional tech-
nique in our hands. The therapeutic uncertainty was
no longer valid for the surgeons and also the patients
were strongly in favour for the new technique. Pa-
tients refused to give us informed consent for a ran-
domized trial. In summary we had to accept that
ethical restraints led us to consider alternatives to a
randomized controlled clinical trial.

Continued surveillance should be maintained at a
level which would allow long-term evaluation of both,
the old and the new technique. A prospective data-
base seemed to be again a versatile and appropriate
alternative. Consequently the most appropriate way
to assess feasibility and efficacy of laparoscopic cho-
lecystectomy was to go on with the prospective ob-
servational study but with a more extended and
standardized protocol. This protocol included 617
variables for every patient documented. Feasibility
was still evaluated with 130 variables/patient and a
new classification of complications, counting events
with negative outcome for the surgeon as well as the
patient, was established®3'37. The endpoints and mea-
sures for the assessment of efficacy which included
about 400 variables/patient are presented in Table 4.

Table 4. Endpoints and Measures for the Assessment of Efficacy in
Phase II (patient 101-500) for Laparoscopic Cholecystectomy

Criterion Measures
Pain
— intensity VAS, VRS'?
— quality Short McGill??
— localisation Questionnaire

Use of drugs

Pain and distress

Nausea, vomiting, appetite
Bothering therapeutic modalities
Fatigue

Time of convalescence

Hospital stay

Body image VAS

Quality of life Gl-quality of life index'?
Bradburn affect balance scale Self survey

Life satisfaction VAS

Questionnaire*?
Questionnaire
Questionnaire
VAS (Scale 1-10)’

V AS visual analogue scale, VRS verbal rating scale.
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According to our hypothesis we considered compo-
nents of the comfort of the patient as described in the
next paragraph as the most important endpoints.

Acute postoperative pain was considered the most
relevant endpoint. Assessment of pain included the
intensity, quality and localization of pain. We exclu-
sively used validated instruments such as the Visual
Analogue Scale and the Verbal Rating Scale!”"!° for
measuring the intensity and a validated German ver-
sion of the Short form of the McGill Pain Question-
naire?*337 for measuring the quality of pain. We
carefully documented the use of analgesics. Nausea,
vomiting and appetite as parameters of discomfort
were recorded at different stages after the operation
by a standardized protocol. In addition we assessed
which therapeutic modalities such as drainages, tubes,
1.v. lines, or thrombosis prophylaxis bothered the pa-
tients most. Another important endpoint being con-
sidered was fatigue, measured with a Visual Analogue
Scale from zero to ten’. Quality of life was assessed
systematically using several validated instruments.
These included a Visual Analogue Scale for life satis-
faction and the Gastrointestinal Quality of Life
Index!® which is a questionnaire with 36 items
asking for symptoms, emotions, physical and social
behaviour.

Statistical analysis of all variables of feasibility and
efficacy as well as a group judgment (cholecystectomy
study group) was performed after 100 new patients.
The results of phase I were confirmed continuously
and consequently phase II was continued as planned
up to patient 500.

Table 5. Incidents of Laparoscopic Cholecystectomy According to
Our Classification for the First 500 Patients®’

1. Incident free surgery 54.4%
No surgical/technical problems and no negative
outcome for the patient

I1. Inconsequential-incident surgery
One or more surgical/technical problems, but no
negative outcome for the patient (e.g. loss of
gallstones, bleeding)

I11. Consequential non-incident surgery
No surgical/technical problems, but one or more
negative outcome for the patient (e.g. infection,
haematoma)

1V. Consequential-incident surgery
One or more surgical-technical problems with
corresponding negative outcome for the patient
(e.g. change of operation proc.)

V. Death—worst-incident surgery
Lethality includes death in any relation to the
operation

25.5%

13.3%

6.4 %

0.4 %
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Table 6. Assessment of the Efficacy of Laparoscopic Cholecystec-
tomy: Summary and Main Results After 500 Patients
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Table 7. Comparison of the Effectiveness of Laparoscopic Chole-
cystectomy Between Europe and the USA

— Nausea 21 %, vomiting 14 %, appetite 66 % at Ist postop. day

— Pain intensity less than VAS 50 at st postop. day, rapidly
decreasing, nearly no pain at 3rd postop. day

— Pain location most signif. at the sites of trocars

— Convalescence period short with rapid return to full activity

— Bothering by therapeutic modalities very low (i.v. lines, drains,
tubes, thrombosis prophylaxis)

— Hospital discharge: median 3rd postop. day

— Cosmetics satisfactory
— Fatigue: not changed after 2 weeks

— Quality of life: after 2 weeks signif. better than preop.

The results of the analysis of incidents according to
our classification system are presented in Table 5.
Incident-free surgery, that means no surgical/technical
problem and no negative outcome for the patient was
present in 54 % of cases. We had inconsequential-
incident surgery which means one or more surgical/
technical problems, but no negative outcome for the
patient (e.g. gallstone-loss or bleeding) in an addi-
tional 25 % of the patients. Consequential non-incident
surgery with no surgical/technical problems but a
negative outcome for the patient (e.g. infections or
haematoma) was present in 13 % of patients. More
serious events were classified as consequential-incident
surgery representing one or more surgical/technical
problems with corresponding negative outcomes for
the patient (e.g. conversion to conventional opera-
tion) and were present in 6.4 %. After 500 operations
death-worst-incident surgery occured in two patients
0.4 %).

The main results of efficacy were more striking and
are presented in Table 6. The mean intensity of pain
was less than 50 points on the 100 point scale anytime
after the operation and rapidly decreased to nearly
zero on the third day. Normal appetite was experi-
enced by 66 % of patients on the first postoperative
day and the median hospital discharge was after three
days. Patients were generally satisfied with the cos-
metic result on follow-up examination two weeks
after the operation. In addition, quality of life and
fatigue by this time were significantly better than pre-
operatively. These favourable results lead to our con-
clusion that laparoscopic compared to conventional
cholecystectomy offers numerous advantages and
should be promoted.

Phase III—effectiveness: The new laparoscopic
technology rapidly spreads throughout the world. The
first analyses of the effectiveness of laparoscopic cho-

Criterion Europe® USA3

LC completed 1191 1446
conversion to open op. 45 (3.6 %) 72 (4.7 %)
technical difficulties 33 28

Complications total 20 (1.6 %) 82 (5.4 %)
serious (with relap.) 9 13

Common bile duct damage 4(0.33%) 7 (0.5%)

Duration of operation (min) 50 (30—-90) 90 (19-3495)

Death 0 1

Hospital stay 3(1d-27d) 1.2 (6h-3d)

Treated as outpatient — 14.2%

Time to full activity 11 (7-42) —

lecystectomy were included in two publications® 3#
(Table 7). Cushieri reported the main results of seven
European centers and the Southern Surgeons Club
analyzed 20 centers in the USA, 10 academic and 10
private hospitals. About 80 surgeons were included in
both reports, 1200 patients in Europe and 1500 in the
USA, half of them in academic and half in private
hospitals. The median age was similar in both reports
and most patients were operated on for symptomatic
gallstone disease, only a few for acute cholecystitis. A
conversion to the open operation was about the same
percentage. The reported complications showed a dif-
ference but this might be due to definitions. There was
no difference in common bile duct damage and there
was only one death. The hospital stay was short and
14 % of patients were treated as outpatients in the
USA. In general, the results were similar in the
USA and Europe demonstrating the effectiveness of
laparoscopic cholecystectomy for symptomatic gall-
stone disease. Further analyses on laparoscopic
cholecystectomy in average hospitals, however, are
mandatory and should be performed for reasons of
quality control.

Phase IV—economic evaluation: Economic evalua-
tion is an integrated part of technology assessment
and will gain further importance in the future. The
economic evaluation of laparoscopic cholecystectomy
is still in an early state. Peters et al.?® performed a cost
analysis for 93 patients admitted the day of surgery
for elective laparoscopic cholecystectomy. The mean
charges were 3.620$ in comparison to a mean of
4.252'$ for previous 58 open cholecystectomies by the
same surgeons in the same hospital. This means that
the laparoscopic technique saved 600$ per patient.
Cushieri er al.® reported for the Dundee population
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a cost saving per patient of 900 pounds which was
mainly due to a reduced hospital stay. But these cost
analyses are only the first step in economic evaluation.
In particular a cost-effectiveness analysis is still man-
datory in order to evaluate the benefit of laparoscopic
cholecystectomy in terms of saved costs and prefer-
ences for the individual patient.

Life Cycle of a New Technology— Where are We
Now?

New technologies force changes throughout the sys-
tem; old procedures are discarded, new ones replace
them. Today, endoscopic surgery is considered a fas-
cinating and promising technology and it is on its way
to replace conventional technique. In the history of
surgery there are numerous examples of new tech-
niques going through a typical ‘product life cycle
curve’.

The impact of technology assessment on the life cy-
cle of technologies is demonstrated by the example of
internal mammary artery ligation as a treatment for
angina pectoris®. This technique was rapidly intro-
duced in Italy and the United States in the 1950s, with
the rationale that the operation would reduce pain by
shunting blood into the coronary circulation. Early
reports indicated considerable success and thousands
of patients underwent this operation. Cobb et al.® ap-
plied the operation to 17 patients; for 8 the real opera-
tion was carried out, and these patients reported a 34
percent improvement. Nine patients had a sham oper-
ation and these patients reported a 42 percent subjec-
tive improvement. By a simultaneous trial Diamond
et al.*® achieved similar results. These results led to a
rapid discreditation of the technique.

McKinlay?! describes the complex reaction of doc-
tors, hospitals and administrators to pressures from
various quarters when a new technology emerges. It
usually starts with promising reports of small num-
bers, rarely failures are mentioned. This has been
the case for laparoscopic cholecystectomy in 1987 to
198912:28_ Press and media often magnify the signifi-
cance and soon there is professional adoption by some
groups or special units for reasons of scientific interest
or only prestige. Laparoscopic cholecystectomy was
implemented from 1989 and 1990 in numerous centers
all over the world and first reports on larger series
have been published* 34,

The next stage is public acceptance which leads to
the demand that the technology in question should
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be more widely avaliable. Today, laparoscopic chole-
cystectomy is on its way to be generally accepted by
both, patients and surgeons. But it has to be stressed
that good data up to now are limited to studies on
safety and the immediate effects on selected patients
in special centers. Nevertheless, laparoscopic chole-
cystectomy has become the standard procedure for
symptomatic gallstone disease in many centers as well
as community hospitals.

At this stage controlled trials often reveal the first
doubts that the technique in question is not the pana-
cea as its promotors state. Consequently professional
denunciation arises from a confrontation between tri-
alists and the product champions. Up to now laparo-
scopic cholecystectomy has not experienced this stage
as all published reports confirm the advantages over
the conventional technique. Discreditation would be
the final step and lead to replacement by the next
innovation.

Of course not all technologies go through each
stage of such a life cycle. Most frequently they stabi-
lize at the level lower than their peak uptake as limita-
tions of definite benefits become obvious. Therefore,
prompt and valid assessment of a medical technology
at any stage is most important.

Conclusions

As soon as a new technology is introduced, a system-
atic and rigorous evaluation is necessary to find out
the merits and limitations of the technique in ques-
tion. This is a scientific and ethical task. Unfortu-
nately, a randomized controlled clinical trial of endo-
scopic versus conventional techniques often is not
possible. This was the case for arthroscopic tech-
niques as well as for laparoscopic cholecystectomy.
All results of technology assessment of the first 500
patients that were derived from a cohort study in our
clinic revealed that laparoscopic cholecystectomy is as
safe as the conventional operation. The results on effi-
cacy strongly support the hypothesis of more comfort
and less trauma for the patient. However, it has to be
stated that data on effectiveness and economic evalua-
tions still are in too early a state and should be the
subject of further analyses. Other disciplines such as
Neurosurgery are asked to evaluate their techniques
of endoscopic surgery!-*6:26:31 according to the rules
of technology assessment. The most relevant endpoint
is not the feasibility of the method but the benefit for
the patient.
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Fundamentals of Laser Science

K.R. Goebel

Surgical Laser Technologies, Darmstadt, Federal Republic of Germany

Summary

The importance of laser application in minimal invasive neurosur-
gery is emphasized. Physical fundamentals of laser energy are de-
scribed, and the physics of laser tissue interactions are discussed.
Different surgical laser types as the carbon dioxide laser, the argon
laser, and the Nd: YAG laser as well as the application mode (con-
tact versus non-contact mode) are compared according application.
The main indication for the use of laser in minimal invasive neuro-
surgery is cutting, coagulation, vaporization, and interstitial
irradiation.

Keywords: Laser; neuroendoscopy.

Introduction

Minimal invasive neurosurgical procedures depend
on the availability of useful instruments. With the
development of ultra-thin laser fibers, which can be
used through tiny working channels, the possibility of
laser application in neuroendoscopy is possible now.
However it is absolutely neccessary that the neuro-
surgeon who uses laser energy has knowledge about
laser physics and the indications and limits of its
application.

Laser is an acrynom for Light Amplification by the
Stimulated Emission of Radiation. Albert Einstein
first postulated the “Quantum Theory of Radiation”
in 1917. In this theory he hypothesized the ability
to stimulate emission of radiation. Theodor Maiman
was the first scientist to build a laser in 1961 while
working for Hughes Laboratories (44 years after Ein-
stein first envisioned such a machine).

1. Introduction to Laser Physics

To understand laser, one must first be familiar with
the basic principles of light. Laser is a form of light.
Light is made up of electromagnetic energy. Elec-
tromagnetic energy occupies the ‘Electromagnetic

Spectrum”. The electromagnetic spectrum measures
frequency and wavelengths given off as energy (radia-
tion) by atomic systems or processes. A small amount
of energy is in the visible light spectrum (380 nm—
700 nm). The remainder of the radiation lies in the
infrared and ultraviolet portion, not visible by the hu-
man eye (Fig. 1).

Electromagnetic energy is released as a photon, the
basic component of light (including laser light). Pho-
tons travel in wave-like patterns (Fig. 2).

Production of Laser Energy

Laser energy is formed by energizing an active lasing
medium. The active medium may be in the form of a
solid, gas, or liquid. Atoms of the lasing medium oc-
cur normally in a resting state. The electrons are in
lower orbits around the nucleus (Fig. 3).

With the introduction of energy from an outside
source, the atom absorbs the energy causing the elec-
tron to rise to a higher or excited state. This external
power source can be in the form of optical (flash-
lamp), another laser, and electrical discharge (Fig. 4).

The electron remains in the excited state for a very
brief period before the atom seeks to regain equilib-
rium by returning to ground state. When the electron
falls in orbit, the energy initially absorbed is given off
as a photon. The photon or energy bundle has unique
properties characteristic to that particular medium.
The previous atomic process is termed ‘“Spontaneous
Emission of Radiation.”

As the photon travels through the medium it strikes
another atom in the excited state. The photon is ab-
sorbed and causes an increased decay to ground state.
During the electron’s return to equilibrium two iden-
tical photons are emitted. One, the initial photon ab-
sorbed, two, that produced by the decaying atom. The
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| UV - C 100 nm - 285 nm
100 nm tUV - B 285 nm - 315 nm
uv - A 315 nm 380 nm
violet
blue
1 um - blue / green
green
VIs 380 nm - 780 nm
yellow / green
10 um yellow
orange
red
— IR - A 780 nm - 1400 nm
100 um —T IR - B 1400 nm - 3000 nm
IR - C 3000 nm - 10000 nm
1 mm
Fig. 1. Electromagnetic spectrum
1600 nm

Fig. 2. Distance between the amplitude of 2 consecutive waves, i.e.
YAG laser = 1060 nm

orbiting eiectron

i

Fig. 3. Resting or *ground state™ of the atom

Fig. 4. Electron jumps to higher orbit after absorption of external
energy

previous atomic process is termed ‘‘Stimulated Emis-
sion of Radiation.” If a lasing medium contains
atoms of molecules that release photons only by spon-
taneous emission of radiation, the light would be ran-
dom and evenly distributed in all directions (Fig. 5).
Stimulated Emission takes the process one step fur-
ther by increasing or amplifying the number of pho-
tons on a massive scale. Photons created by stimu-
lated emission establish a pattern in the resonator
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Fig. 6. Stimulated Emission

Fig. 7

by reflecting back and forth across the axis of two
aligned mirrors. The intensity of intracavity energy is
amplified by reflections between the parallel mirrors. In
order for Stimulated Emission to produce amplifica-
tion of light, the number of excited atoms must out-
number the atoms or molecules in ground state. This
condition is termed ‘‘Population Inversion” (Fig. 6).
The laser is comprised of three basic components:

1) the resonator (laser chamber and optical cavity),
2) the active lasing medium,
3) the excitation pump (Fig. 7).

On cither end of the laser chamber are mirrors. One
mirror is 100 % reflective, the other is 90 % reflective.
Parallel to the medium is the external pumping system
(i.e. flash lamp). The laser chamber contains the active
medium. Each laser is named after the medium used
in medical lasers and they are CO, (gas), and NdYAG
(solid crystal).

Characteristics of Laser Light

The physical properties of the lasing medium and the
configuration of the optical chamber are responsible
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for varying laser wavelengths. Photons given off by
stimulated emission have four common properties:

1) monochromatic—the photons travel in the same
wavelength or colour,

2) collimation—the wavelengths are spaced equally
apart or parallel,

3) coherent—the wavelength are in the same time
and space.

Note: Ordinary sunlight or incandescent light has
none of the above qualities. It is made up of many
random wavelength.

Beam Configuration

As the laser energy exits the cavity or resonator, the
beam distributes radially in several configurations.
The configuration denotes what type of thermal effect
will be produced on tissue. This process is called TEM
of Transverse Electromagnetic Mode.

Ideally the energy would be dispersed evenly on tis-
sue for a uniform thermal effect (Fig. 8).

The above is ideal and not easily achieved. The ba-
sic intensity profile or configuration of the beam is the
Gaussian distribution or TEM, (Fig. 9).

Fig. 8. Left: Beam cross section. Right: Pattern of effect on tissue
or impact imprint on tissue

Fig. 9. In this profile the maximum intensity of the beam is in the
center and tapers in thermal effect at the periphery
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A third mode, the complicated mode, is made up of
a variety of intensities on the tissue. This is not as
important as the Gaussian mode. The Gaussian mode
will be more functional because it allows the smallest
focal diameter to be obtained by the particular optical
system.

Pulsed and Continuous Wavelengths

Radiant energy delivered by the laser can be in the
form of ‘“‘continuous wave” (cw) or multiple pulses
referred to as “‘pulsed” wave. These two modes of
delivery are a function of time.

Continuous wave (cw) constant power levels deli-
vered that are above 0.25 seconds. For example, the
SLT CL 60 NdYAG-laser may be delivered in preset
pulses from 0.1 second to 10 seconds or the operator
may deliver one continuous pulse up to 99 seconds
(Fig. 10).

In contrast to the CW laser, the pulsed laser re-
leases laser energy in short interrupted time intervals.
The CW laser can deliver its wavelength in a “‘gated”
manner of short bursts at relatively high powers (Fig.
).

A second type of pulsed laser is the Q-switched la-
ser which allows for maximum build-up of energy in
the resonator and releases the energy on a shutter sys-
tem within the head. The results are very short pulses
of megawatt power. Besides having a thermal effect,

Power /| Watts

30

20 —+

10 T

t—F—+—F—+—1—Time / sec
30

Power The effect on tissue
Is mainly thermal.
1 kW
—— } } t }—Microseconds
10 20 30
Fig. 11. Pulsed laser, short burst for less than a millisecond
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Fig. 12. Q-switched laser
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Fig. 13

the Q-switched beam has an impact of “‘shock wave”
or acoustic effect on tissue (Fig. 12).

Two additional lasers in the category of “pulsed”
are:

— “Normal mode pulse” (typically in the Nanosec-
ond domain)

and

- “Mode-locked pulse’ (typically in the Picosecond
domain),

the energy output of pulsed lasers is expressed in

milljjoules.

In the ophthalmic laser system the Nd: YAG uti-
lizes the “Q-switched” and ‘“mode-locked” pulse.

In general: Variable pulse lengths are available (Fig.
13).

Opthalmic lasers work by giving high energy
powers of short pulse durations to provide a mech-
anicalor shock impact to rupture membranes. The
primary mechanism of damage occurs as the laser en-
ergy has an optical breakdown at or very near the
focal point. Shock waves emanate from the optical
breakdown and cause mechanical rupture of tissue in
the area. The power density must be sufficiently high
to cause this thermo-acoustic transient pressure wave.

Further application for the pulsed NdYAG laser
lies in the destruction of stones in the gallbladder and
ureter.

2. Laser-Tissue Interactions

The radiant energy of the laser beam can be trans-
formed into heat energy that produces medical and
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surgical effects in tissue. A variety of factors combine
to determine the nature and extent of this thermal
effect: the power density or energy density, the spot
size, and the nature of the light interaction with tissue.

The total power output of a laser is measured in
watts. Of far greater importance to the physician,
however, is the power density, measured in watts per
square centimeter (watts/cm?). Power density is
directly correlated with the thermal effect induced in
the target tissue, and determines the type of medically
useful work, such as coagulation, vaporization, or
cutting, that the laser will perform.

A related quantity, energy density, measured in
power density times time, of joules per square centi-
meter, indicates the total amount of energy put into a
given tissue area during the course of laser irradiation.

A second important concept is spot size, a measure
of the surface area upon which laser light is concen-
trated. The spot size partially determines the extent
to which thermal effects can be localized to perform
precise medical procedures without affecting adjacent
tissue. Spot size is also an important determining fac-
tor of power density. High power densities can be
achieved by turning up the output power, but since
density varies as the inverse of the area, one increases
power density more dramatically by reducing the spot
size. At a constant power, halving the spot size will
quadruple the power density. One’s ability to regulate
the laser spot size depends upon the wavelength of the
light and the means of delivery and focusing. A fur-
ther concept governing the medical utility of lasers
is the nature of light interaction with tissue. Light
can be reflected from, transmitted through, scattered
within, or absorbed by tissue. Only if the light energy
is absorbed by tissue will it be transformed into effec-
tive thermal energy. If it is scattered, it will ultimately
be absorbed over a larger tissue volume and produce
a less intense, less accurately defined thermal effect. If
reflected from or transmitted through tissue, it has no
effect at all. The way in which light interacts with a
substance largely depends upon its wavelength. Just
as we commonly think of sunlight as being absorbed
by black objects, passing through glass, and reflecting
from white surfaces, monochromatic laser light selec-
tively interacts with molecules of different ““colours”
(Fig. 14).

As the laser energy is absorbed by the tissue several
surgical effects take place. At 60° C protein denatura-
tion in the cell takes place and coagulation of blood
vessels. At temperatures near 100° C the intracellular
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Fig. 14

Fig. 15. Non-contact ND: YAG energy can cause 3—5 mm of ther-
mal damage. Nd: YAG energy delivered by the contact sapphire
will be limited to less than one millimeter of damage

water begins to evaporate causing shrinkage and tis-
sue loss. As temperatures increase beyond this point
vapourization will occur. The cell content is turned to
vapor. Below the vaporized tissue will be a shallow
zone of necrosis (Fig. 15).

In summary, the combination of the laser’s output
power and the beam’s spot size on the tissue deter-
mines the power density and distribution when the
light reaches the target site. The combination of laser
wavelength and the absorption characteristics of dif-
ferent tissues determines the three dimensional ther-
mal response that will be induced. By manipulating
these factors one can obtain the desired medical and
surgical effects of cutting, coagulation, vaporization,
or the delivery of homogeneous low levels of radiation
over a broad area (interstitial irradiation).

3. Surgical Lasers

There are many advantages in the use of lasers in
surgery. Lasers produce a sterile incision, and reduce
both bleeding and operating time, especially when
cutting highly vascular tissue. The ability to pass laser
beams through rigid endoscopes or small diameter
flexible optical fibers makes them well suited to endo-
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Table 1. Specifications of Surgical Lasers
CO, Argon Nd:YAG
Type gas gas chrystal
Wavelength 10.6 um 488-514 nm 1,06 um
Colour far infrared blue-green near infrared
Power 0-100 W 0-20 W 0-150 W
Penetration 0,2 mm I mm S mm
Absorbed by water hemoglobin tissue protein
and melanin

Delivery articulated arm optical fiber optical fiber
Aiming beam He-Ne argon He-Ne
Energy efficiency 20 % 0,1 % 2%
Maintenance moderate high low
Coagulation poor fair good
Cutting good poor fair

The NdYAG wavelength is absorbed by the protein content of tis-
sue and by dark pigmented tissue such as blood.

scopic procedures, and broadens the range of treat-
ment that can be performed on a minimally invasive,
same-day basis. Following laser surgery healing is
rapid, postoperative pain is reduced, and swelling and
scarring are less than with other techniques. Under
appropriate conditions lasers cannot only cut, but will
coagulate or vaporize. Certain wavelengths of laser
light are absorbed only by particular tissue compo-
nents, allowing the selective destruction of targeted
areas even when they are deeply embedded in healthy
tissue (Table 1).

a. Carbon Dioxide Laser

The CO,-laser emits light at 10.6 u, in the far infra-
red region of the spectrum. Light of this wavelength is
strongly absorbed by water with minimal scattering.
Since most tissue is more than 80 % water, virtually
all CO,-laser energy is absorbed within 200 u of the
tissue surface. This creates a very localized and in-
tense thermal effect, making the CO,-laser a good cut-
ting instrument that produces a sharp incision with
minimal lateral necrosis. The CO,-laser converts elec-
trical energy to laser beam energy with relative effi-
ciency, and comparatively small units can be used for
many applications.

CO, energy exits the resonator in a collimated
beam (wavelengths equal distance apart) yet some
divergence takes place. The wavelength is passed
through a lens either in the focusing hand-held device
or microscope which converges the beam to the opti-
mum spot size (Fig. 16).
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Fig. 16

Optimum spot size control offers greater control of
power density. The CO, laser is able to focus a spot
size as small as 30 microns in diameter. CO,-lasers
may be in the CW or “pulsed” modes. The beam is
always delivered off the tissue surface, never in con-
tact.

CO, energy is delivered to tissue by a series of per-
fectly aligned mirrors located in the ‘“knuckles” of the
articulating arm.

The articulating arm may terminate in a focusing
handpiece or through an operating microscope. Be-
cause of the very long wavelength (10.600 nm), CO,-
energy cannot transmit through a flexible fiber. The
wavelength could become distorted. Using the CO,-
beam in dyscoscopy and fluid hysteroscopy is impossi-
ble because of the moderate absorption by water.

Since infrared light is invisible, the CO,-laser con-
tains a secondary low power helium-neon laser to
provide a visible aiming beam. The He Ne beam is
aligned perfectly with the CO, beam allowing the sur-
geon to direct the energy accurately.

b. Argon Laser

Medical argon lasers emit a beam of light between
488-514 nm, in the blue-green range of the visible
spectrum. Light of this wavelength passes through
water and clear media with very little effect.

The argon beam scatters more than the CO,-beam
upon impact, and is primarily absorbed by tissue pig-
ments such as haemoglobin and melanin, with the re-
sult that it more diffusely penetrates up to a millimeter
of tissue and produces a less intense thermal effect.

For these reasons argon lasers are widely used
in ophthalmological and dermatological applications,
where their energy can be addressed through fluids or
surface tissue to underlying pigmented target struc-
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tures. The argon laser can only coagulate small ves-
sels; penetration is too shallow for effective haemosta-
sis of larger vessels, and in areas of active bleeding it
creates a coagulated cap on the surface that prevents
the beam from reaching the bleeding site beneath.

The argon beam passes through optical fibers, and
hence can be used through flexible endoscopes. More-
over, the fact that the light falls within the visible
spectrum obviates the need for a secondary aiming
beam. In open surgical applications, the beam can be
focused to small spot sizes with a handpiece, though
the practical advantages of this are limited by the
beam scattering following impact. The major draw-
back of the argon laser is its extreme inefficiency and
consequent large size. Whereas a CO,-laser can con-
vert 100 watts of electrical power into 20 watts of
beam output, an argon laser uses 20.000 watts of elec-
tricity to achieve the same result, which requires ex-
pensive, high current, three-phase wiring. Moreover,
the excess energy creates tremendous heat that must
be removed by a special pressured water cooling sys-
tem. Even 20 watt argon lasers are massive machines
that need to be permanently installed in the hospital.
In addition, all argon lasers employ closed plasma
tubes that must periodically be replaced at consider-
able expense.

Because of its limited power, beam scattering, and
selective absorption by tissue pigments, the argon la-
ser cannot deliver the power densities needed for cut-
ting and vaporization. These factors, as well as its
limited coagulating properties, effectively restrict its
use to the types of specialty applications mentioned
above, and make the argon laser a poor choice as a
general surgical instrument.

¢. Nd:YAG Laser

The neodymium: YAG is a solid state laser that uses
a crystal of yttrium aluminium garnet (YAG)—a
material widely used to make artificial diamonds—
doped with a trace quantity of the rare earth neo-
dymium, which serves as the actual lasing medium.
The YAG wavelength most commonly used is at 1064
nm, in the near infrared region of the spectrum. As
with the CO,-laser, YAG light is invisible and a he-
lium-neon aiming beam is required. Unlike the CO,-
laser, it is delivered through all flexible fiberoptic en-
doscopes. It will also pass through water with little
effect, and can therefore be used in the bladder and
other fluid filled cavities.
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Fig. 17. Beam penetration and scattering in tissue

YAG light is diffusely absorbed by all protein mole-
cules, and can pass through and affect tissue to a
depth of three to five millimeters. This means that the
Nd: YAG delivers a broad, deep, non-specific thermal
effect that makes it an exceptional coagulator, even
with large diameter vessels or at sites of active bleed-
ing (Fig. 17).

The chief drawback of the YAG laser is related to
light scattering. Whereas the CO,-beam is absorbed
almost immediately after impact, and the argon beam
scatters somewhat, the YAG beam is highly scattered
both within the tissue and away from the treatment
site. This phenomenon contributes to the YAG
beam’s coagulative properties, but it also means that
once the beam strikes tissue, 30—40 % of its energy is
lost through backscatter. The remaining forward scat-
tering laser light is spread through a considerable tis-
sue volume. The YAG has sufficient power to cut and
vaporize, but in doing so it causes more damage to
adjacent healthy tissue than a CO,-laser used in the
same situation. In addition, the amount of backscat-
ter depends to a large degree upon the angle of beam
incidence, so that the power density delivered by the
delivery system is held.

YAG lasers are extremely reliable. The Nd: YAG
crystal seldom needs replacement, and is inexpensive
compared to a plasma tube. The Nd: YAG lasers used
in conventional, noncontact procedures need to de-
liver output powers of 100 watts or more, and these
high-power units do require plumbing hook-ups and
hard wiring. For Contact Laser Surgery, however,
much lower power levels are used, and portable Nd:
YAG lasers with completely self-contained cooling
are sufficient for all applications. The advantages and
disadvantages of the different surgical laser are listed
in Table 2.

K.R. Goebel
Table 2. Comparison of Surgical Laser Features
CO, Argon/KTP Nd:YAG
Beam easily deliverable to no yes yes
any part of the body
Beam transmissible through  no yes yes
fluids
Convenience in providing moderate low moderate
any required power density
Precisely controllable focal no no no
point
Degree of damage to healthy low moderate  high
tissue
Smoke generation high moderate  high
Tactile feedback no no no
Laser power requirements high high high

Laser maintenance
requirements

Delivery system maintenance moderate high high
requirements

moderate high low

4. Contact Laser Probes

Contact Laser Probes offer a completely new method
of delivering Nd:YAG energy to tissue, and over-
come many of the limitations encountered with the
three conventional noncontact medical laser systems.
Using less that 25 watts of power Contact Laser
Probes will cut, coagulate, vaporize, or administer
low levels of interstitial irradiation. They can be at-
tached to a variety of handles for use in open surgical
procedures, or can be affixed to a standard optical
fiber and passed through any rigid or flexible endo-
scope for use in an ever-increasing range of endoscop-
ic applications.

Contact Laser Probes are made of a specially
selected, physiologically neutral synthetic sapphire
crystal with great mechanical strength, low thermal
conductivity, and a high melting temperature (2030—
2050° C). :

They are used in direct contact with tissue, which
allows precisely controlled manipulations and re-
stores the tactile feedback that was lost in conven-
tional laser techniques.

Due to the optical properties and geometrical de-
sign of each probe, Contact Laser Probes shape the
power density to deliver the optimal laser energy in-
tensity and distribution for each type of procedure.
By selecting the appropriate probe and laser power
one can not only determine the precise spot size and
power density, but can control the shape and volume
of thermal effect. This is not possible with any non-
contact laser or with other thermal techniques (Table
3).
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Table 3. Comparison of Power Densities Contact vs. Non-Contact
Nd:YAG. Laser power (watts) required to achieve given power
density at the tissue surface. Assumes typical non-contact Nd:
YAG spot size of 1.5 mm and 0.4 mm diameter contact laser
Scalpel. Power indicated is that detected after exciting fiber optic

Contact Non-contact Power density
Nd:YAG Nd:YAG (watts/cm?)
1 12 700
5 62 3.500
10 124 7.000
15 185 10.500
20 247 14.000
25 309 17.500

A conventional, non-contact YAG laser delivery
system emits a diverging beam of gradually increasing
size and diminishing power density. 30—40 % of the
beam energy can be lost to backscatter, and a portion
of the rest is expended on non-targeted healthy tissue
due to inaccurate focusing and beam scattering. Con-
tact Laser Probes create a well-defined localized re-
gion of high power density right at the tip of the
probe, which is placed precisely against the target
tissue. The problem of focusing is completely elimi-
nated. Spot size and power density are under accurate
and constant control. Energy loss to backscatter is cut
to less than S %, and the overall laser output power
needed to achieve a given therapeutic effect is 75—
90 % lower than would be needed in a non-contact
procedure. Since less total energy is delivered to the
site, damage to healthy neighbouring tissue is greatly
reduced. (Fig. 18). The Nd:YAG laser is ideally
suited for use with Contact Laser Probes. The YAG
is not limited by its absorption spectrum to any par-
ticular tissue type. It is the best available thermal
coagulator, has good penetration, and its drawbacks

Table 4. Comparison of Surgical Laser System Features
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Fig. 18. Contact versus non contact

in the non-contact mode-poor cutting, excessive back-
scatter, inaccuracy, and excessive tissue damage—are
precisely eliminated by Contact Laser Probes. Since
25 watts is the maximum power used with Contact
Laser Probes in any therapeutic situation, a compact,
low cost Nd: YAG unit will meet every procedural
requirement. A single portable laser system can be
used in inpatient or outpatient operating rooms, the
endoscopy-suite, or the physician’s office, providing
an extremely versatile and cost-effective addition to
any hospital or clinic (Table 4).

Both experimental and clinical studies with Contact
Laser Probes have produced remarkable results. Re-
section of rat liver could be accomplished at 5 watts
with a Contact Laser Scalpel, whereas non-contact
YAG powers below 20 watts invariably resulted in
fatal bleeding complications. The resection was per-
formed much more quickly with the low power con-

Non-contact Contact
CO, Argon/KTP Nd:YAG Nd:YAG
Beam easily deliverable to any part of the body no yes yes yes
Beam transmissible through fluids no yes yes yes
Convenience in providing any required power density moderate low moderate high
Precisely controllable focal point no no no yes
Degree of damage to healthy tissue low moderate high low
Smoke generation high moderate high low
Tactile feedback no no no yes
Laser power requirements high high high low
Laser maintenance requirements moderate high low low
Delivery system maintenance requirements moderate high high low
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Diagram 1. Time required for rat liver resection as function of
laser power

tact probe than was possible with a non-contact YAG
beam (Diagram 1).

Blood loss was significantly less in the contact sur-
gery group because of the Laser Scalpel’s unique abil-
ity to control the balance between cutting and coagu-
lation. The non-contact YAG beam produced exces-
sive smoke at high powers that required evacuation,
whereas smoke was not a problem at any of the
powers needed in the contact situation.

Most significant, however, is the difference in tissue
necrosis with the two techniques. The non-contact re-
section caused up to 3 mm of lateral necrosis, depend-
ing upon the laser power. The contact procedure, on
the other hand, did not cause liver necrosis of more
than 0,5 mm under any circumstances. This was true
both immediately post-operative and at 15 days after
surgery, implying more rapid healing following con-
tact laser surgery (Diagram 2).

In clinical application Contact Laser Probes dem-
onstrate parallel advantages: contact procedures are
better controlled and less traumatic than conventional
non-contact laser techniques. In endoscopic proce-
dures in particular, Contact Laser Probes have
proved to be dramatically effective, and so versatile

Diagram 2. Amount of smoke as function of laser power
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Diagram 3. Depth of tissue necrosis as function of laser power

Diagram 4. Depth of tissue necrosis as function of laser power

that they lend themselves to treatments never possible
with non-contact lasers or with any other techniques.
Damage to adjacent healthy tissue is reduced by up to
75 %, and there is consequently much less sloughing
of necrotic tissue and a lesser incidence of subsequent
infection. The depth of the thermal effect is carefully
controlled, which lowers the risk of perforation when
working in hollow viscera, and reduces pain since the
thermal effects do not penetrate through to the serosal
surface (Diagrams 3 + 4).

5. Principles of Contact Laser Surgery in Endoscopy

SLT Contact Laser Probes are designed to serve four
general medical functions: cutting, vaporization,
coagulation, and delivery of interstitial irradiation.
Each of these functions results from the induction of
a thermal effect of given intensity in a certain tissue
volume. Cutting requires intense, highly localized
heat to vaporize small tissue volumes rapidly, creat-
ing a controlled incision with little damage to adjacent
areas. For vaporization of fairly large tissue volumes,
an intense but broader thermal effect is needed. Coag-
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Fig. 19. Contact laser probes

ulation requires milder temperatures in yet larger vol-
umes. For interstitial irradiation, where a probe is in-
serted into the tissue, one needs a fairly mild effect
that is homogeneously distributed laterally as well as
along the distal axis.

Contact Laser Probes are designed in a variety of
configurations that produce power density distribu-
tions well suited to these specific therapeutic tasks
(Fig. 19). The synthetic sapphire probes are available
in two formats: there is a set of large incising probes,
called Laser Scalpels, used exclusively as handheld in-
struments in open surgery; and there are various small
Contact Laser Probes that are predominantly used in
endoscopic applications but which may, if desired,
also be used in open procedures. All Contact Laser
Probes can be used with any Nd:YAG laser that is
stable at low output powers.

The selection of interchangeable Laser Scalpels
have distal tip diameters ranging from 0.2 to 1.2 mm,
and screw into a variety of sterile disposable handles.
Laser Scalpels are used with the Nd: YAG laser at
powers below 25 watts, and in some applications at
powers as low as 2-3 watts. It transforms the Nd:
YAG into a multi-disciplinary, multi-purpose surgical
laser that cuts as cleanly and precisely as the CO,-
laser yet retains the coagulative properties of the non-
contact YAG.

Contact Laser Probes are designed primarily for
use in endoscopic procedures. They screw onto a met-
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al Universal Connector that fastens to the SFE 1.8 or
2.2 mm OD SLT disposable quartz fibers, and will
pass through rigid endoscopes or the biopsy channel
of any standard flexible fiberoptic endoscope. Differ-
ent probe geometries shape the laser energy distribu-
tion into appropriate configurations for vaporiza-
tion, coagulation, cutting, or interstitial irradiation.
The user can, if desired, change probes during a pro-
cedure simply by withdrawing the fiber from the en-
doscope, unscrewing one probe, and screwing on an-
other.

SLT factory mounts each universal connector on
the disposable fiber for optimal transfer of energy.
Unfortunately other laser companies are instructing
hospital personnel to mount the connectors on al-
ready existing fibers. The room for error is great when
not applied in a factory setting, leading to potential
problems in energy delivery.

Contact Laser Probes are used with the Nd: YAG
beam is effective in water or at sites of active bleeding,
and provides exceptional coagulative abilities. Con-
tact Laser Probes give complete control of energy
penetration and dispersion, minimizing unwanted
damage to healthy tissue. Since very low laser powers
are used, there is minimal backscatter and virtually no
smoke. Significantly less heat is generated around the
target tissue. Contact Laser Probes are designed to be
water cooling, eliminating the discomfort and dangers
of gaseous distension of the patient.

Due to the physical characteristics of the synthetic
sapphire crystal, Contact Laser Probes can be used
in direct contact with tissue or blood without danger
of melting. Once the Universal Connector has been
affixed to the fiber, there is no need for subsequent
recleaning or polishing. The direct contact technique
makes possible more accurate targeting of the laser
effect, even on moving tissues, and permits coaptation
of bleeding vessels for simpler and more rapid hae-
mostasis. The Laser Scalpel and Contact Laser
Probes are safe and reliable, but a few important
points should be kept in mind:

Since very low laser output powers are transformed
into high power densities at the tissue, any Nd:YAG
laser used with them must provide a stable power deliv-
ery over the entire range.

Heating is much less of a problem than with non-
contact laser irradiation, but coaxial gas or water
cooling is still necessary in most situations to cool the
probe and clear the surgical site.

The Laser Scalpel and Contact Laser Probes should
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Fig. 20. SLT 60W laser system

be placed in contact with tissue before power is turned
on. Power should be kept on momentarily while disen-
gaging from tissue, as this eliminates the chance of tis-
sue sticking.

If power is kept on for more than about five seconds
while the Scalpel or Probes are not in contact with tis-
sue, the sapphire tip may turn white and change shape.
Deformation of the probes alters the pattern of power
density distribution, and melted probes must be re-
placed.

In many ways Contact Laser Probes provide a safer
means of laser energy delivery than conventional non-
contact systems, but users should nonetheless follow all
precautions recommended for the particular laser being
used (see Fig. 20).

6. Applications in Endoscopic Neurosurgery
1. Cutting

SLT incision probes provide simultaneous cutting
and coagulation, while causing minimal damage to
adjacent healthy tissue. Cutting can be accomplished
with any of the Laser Scalpels in open surgery or with
the Chisel and Conical Probes in endoscopic proce-
dures (Fig. 19). The geometric and optical properties
of the synthetic sapphire probes are such that the
YAG beam is brought to a tight focus and very high
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Fig. 21. Contact laser scalpel

power density exactly at the tip of the probe. Power
density then drops off rapidly at short distances from
the tip, giving an extremely localized and accurately
controlled thermal effect. In other words, “What you
see is what you get.”” Cutting takes place at the tip,
not in adjacent tissue. When the probe is removed
from the tissue, cutting ceases. This is not the case
with the non-contact YAG beam. Moreover, since the
thermal effects in contact cutting are so carefully cir-
cumscribed, the invisible subsurface tissue damage
that can occur in non-contact YAG procedures is re-
duced by over 80 % (Fig. 21).

Laser Scalpel

The diameter of the distal tip of the Laser Scalpel
defines the spot size of the laser beam when the Scal-
pel is in contact with tissue. Different Laser Scalpel tip
diameters give the surgeon the ability to select either
greater cutting or greater coagulation. The choice of
scalpels depends upon the tissue texture and vascu-
larity. Smaller tip diameters, for example, can be used
for an initial clean incision, whereas when working
with soft, highly vascular tissue such as the liver or
spleen, larger tip diameters provide better haemosta-
sis. The maximum power required is 25 watts, though
precise cutting can be achieved at substantially lower
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power levels. In general, the smaller the tip diameter,
the lower the power level needed to produce a given
tissue effect. The Laser Scalpels screw easily onto the
various handles, and the surgeon can quickly change
tips as circumstances suggest.

While holding the tissue taut, the Laser Scalpel
should be drawn lightly across the surface of tissue,
not used mechanically to separate or tear. It is the
laser energy rather than physical pressure of the probe
that is creating the incision. Incision depth is deter-
mined by a combination of tip diameter, laser power,
and the speed of movement across the tissue.

The Laser Scalpel should be held in a comfortable
and natural position, much as one would hold a pen-
cil, though at a slightly steeper angle to the tissue sur-
face. Since the Laser Scalpel crystal channels beam
energy directly along its longitudinal axis, with vir-
tually no lateral irradiation, the cutting effect is
somewhat greater as the orientation approaches per-
pendicular.

At the initial incision, the laser Scalpel may appear
to cut more slowly than a steel scalpel or the CO,-
beam. Over the course of an entire procedure, how-
ever, the Laser Scalpel is considerably quicker since it
efficiently cauterizes as it cuts. When working with
highly vascular tissue, there is no need to stop to ligate
or clip most bleeding vessels. Vessels as large as 2 mm
in diameter can be cut and sealed simply by moving
the Laser Scalpel slowly across them. If necessary,
one can go back and coagulate bleeding spots without
changing instruments by dabbing lightly at the area
with the scalpel. For larger vessels, light dabbing or
stroking with the Laser Scalpel along each side of the
vessel will create oedema, after which the vessel can be
cut.

The Laser Scalpel uses power levels 75-90 % lower
than those needed by non-contact lasers to accom-
plish a given surgical effect. There is minimal back-
scatter, a constant and well-defined spot size, and less
energy is put into the tissue. The result is far less
damage to adjacent healthy tissue, as seen from histo-
logical studies of incision sites. Operating time and
bloodloss are greatly reduced, resulting in an overall
decrease in post-operative complications.

The different Contact Laser Probes offer a choice of
endoscopic cutting styles. Powers below 15 watts are
sufficient for most therapeutic situations, and some
operations can be performed at much lower powers.
Users should realize, however, that recommended
power settings are of less importance than the actual
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observed tissue effects, and changes in the tissue tex-
ture and colour are the only reliable indications of the
laser effect.

The Conical Probe provides a power density distri-
bution pattern very similar to that of the Laser Scalpel
and is used in much the same way to create fine inci-
sions. Since the tip of the Conical Probe should ide-
ally be moved laterally across the tissue surface rather
than pressed against it, the use of a rigid endoscope
offers certain advantages, since once the probe has
been oriented against the tissue, the entire delivery
system can be gently shifted to guide the incision.

The Chisel Probe will cut directly through tissue,
though its primary use, as its shape and name suggest,
is to shave off thin layers of tissue. The Chisel Probe
vaporizes and coagulates as it cuts, providing a clean
and bloodless site. Used with a rigid or flexible fiber-
optic endoscope, this probe can be pressed to the tis-
sue surface and pushed lightly across it. It is ideal for
recanalization of a totally or partially obstructing car-
cinoma of the oesophagus, bronchus, or colon. It re-
moves tissue more rapidly than vaporization with the
Rounded Probe, and is effective for quick preliminary
work when there is no danger of perforation. To
achieve optimal cutting and greatest depth control,
the Chisel Probe should be held with on the flat nearly
parallel to the tissue.

2. Coagulation

Hemostasis is accomplished by heating tissue suffi-
ciently to produce oedema and protein coagulation.
For this purpose one needs a power density distribu-
tion that creates a milder, broader, and deeper ther-
mal effect than is required for cutting or vaporiza-
tion. The Nd: YAG laser is generally the instrument
of choice for coagulation because its beam penetrates
fluid and tissue to a depth sufficient to seal, rather
than merely cap, bleeding vessels.

The non-contact YAG requires 60—100 watts of
power for coagulation, however, which causes a cer-
tain degree of uncontrolled tissue damage and occa-
sionally precipitates severe bleeding as a result. Con-
tact Laser Probes, on the other hand, safely and effec-
tively seal vessels up to 3 mm in diameter using
powers below 10 watts. All Contact Laser Probes pro-
vide a certain measure of coagulative ability, but the
physical shape and power density-distributions of the
Flat and Frosted Probes are best suited to this pur-
pose.
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The Flat Probe is the instrument most often used
for general coagulation. At power settings between 8
and 10 watts it provides much more rapid haemosta-
sis than other laser or thermal methods with minimal
necrosis in adjacent tissue. The technique of providing
haemostasis with the Flat Probes is similar to that
used with a non-contact laser. Rosettes are formed
around the periphery of the bleeding vessel to initiate
oedema. After the bleeding visibly decreases, one can
use the probe mechanically to coapt the vessel and
seal it with short pulses of energy.

By setting the laser for 2—3 second intervals, setting
the probe down, pressing the footpedal, lifting off the
probe and releasing the footpedal, one establishes a
simple repetitive pattern for rosette formation that
eliminates the risks of tissue sticking and of melting
the probe by keeping power on while disengaged from
tissue. Alternatively one can set the laser in the con-
tinuous mode, hold the footpedal down, and walk the
probe around the bleeding site, touching the tissue for
half second intervals in each spot. As in all applica-
tions, the durations and power settings will vary
slightly according to the procedure and tissue blanch-
ing that occurs when coagulation takes place.

The Frosted Probe, which was designed primarily
for use in interstitial irradiation, can also be used for
deep coagulation. By pressing this probe into mucosal
tissue up to its flange, and using powers below 10
watts with short pulse durations, it provides effective
coagulation of vessels several millimeters below the
tissue surface. Because the power is low and the probe
is embedded in the tissue, neither air nor water cool-
ing is needed with this technique.

3. Vaporization

Vaporization requires higher power density and
temperature than coagulation, and a broader energy
delivery than is needed for cutting.

The Rounded Probe allows rapid removal of thin
layers of tissue for controlled debulking of large tissue
volumes. The Chisel Probe, as described in the cutting
section, can also be used for a cruder and quicker
combination of shaving and vaporization in areas
where there is little risk of perforation.

When the Nd: YAG laser is used in the non-contact
mode, vaporization is generally performed at 70—
100 watts and produces a mixed effect of coagulation
and vaporization with significant bleeding and sub-
surface tissue damage. In endoscopic applications,

K.R. Goebel

where the precise distance of the fiber from the target
tissue and the angle of beam incidence are difficult to
control, the power density and thermal effect at and
below the tissue surface vary greatly and unpredic-
tably. The Rounded Probe, on the other hand, de-
livers approximately the same power density as an 80
watt non-contact YAG beam using only 15 watts of
power, and produces true vaporization with minimal
subsurface effects yet with sufficient coagulation to
limit bleeding. Vaporization takes place only when
the probe is in direct contact with the tissue.

There are many advantages to the true vaporiza-
tion delivered by the Rounded Probe. For endoscopic
oesophageal cancer removal, for example, the con-
ventional non-contact technique involves coagulating
to some depth below the surface, causing necrosis,
waiting 48—72 hours for the blanched layer to slough
off, and then repeating the process as necessary until
the tumour has been removed. Until sloughing has
taken place it is not clear how deep tissue damage
extends, and one must therefore proceed cautiously,
layer by layer, over the course of three to eight treat-
ment sessions. The results still may not be altogether
satisfacory, since the procedure is limited by the dan-
ger of thermal or necrotic perforation.

The Round Probe, on the other hand, actually re-
moves layers of cells, and can vaporize tissue to an
arbitrary depth in the course of one or two sessions.
The probe is simply dabbed at or stroked across the
target site, and vaporization is indicated by a slight
darkening of the tissue. Because the power density is
localized at the rounded surface of the probe, there is
less danger of immediate thermal perforation or of
later complications due to necrosis of underlying
tissue, and one can confidently work closer to the
mucosal wall.

Water delivery is sufficient to cool the probe during
endoscopic vaporization, which eliminates the dis-
comfort and dangers of patient distension, and fur-
ther reduces the small quantities of smoke generated
by a debulking procedure. Since there is less uncon-
trolled heating of deep tissue layers, contact vapori-
zation is also less painful to the patient.

4. Interstitial Irradiation

The primary present function of the Frosted Probe is
to provide deep coagulation, but its chief future appli-
cations will be in the administration of local hyper-
thermia and photodynamic therapy.
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The Frosted Probe is pushed into the tissue up to its
flange and delivers YAG power density and thermal
energy in a hemispherical volume of 2—3 centimeters
radius. With powers of 5-7 watts the Frosted Probe
coagulates, but at powers in the 1-3 watt range it
provides local hyperthermia. For the treatment of ar-
eas more than 2-3 cm in size, multiple probes can be
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implanted. This allows far more accurate control of
treatment sites than current methods.

Correspondence: K.R. Goebel, Dipl. Ing., Surgical Laser Tech-
nologies, de la Fosse Weg 26, D-64289 Darmstadt, Federal Republic
of Germany.



Acta Neurochir (1994) [Suppl]] 61: 34-39
© Springer-Verlag 1994

Magnetic Field Guided Endoscopic Dissection Through a Burr Hole May Avoid

More Invasive Craniotomies
A Preliminary Report
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Summary

The neuroendoscope, coupled with radiofrequency or laser dissect-
ing tools, can effectively resect obstructing membranes, biopsy and
debulk tumor, and evacuate hematomas when the pathology is
within the ventricular system. This less invasive approach through
a burr hole usually avoids craniotomies. When the abnormal condi-
tion is within parenchyma or in the presence of opacifying bloody
fluid, landmarks are not recognizable and the neurosurgeon quickly
becomes disoriented. A more extensive craniotomy or a stereotaxic-
guided procedure is then necessary.

We describe our preliminary experience with a geographic intra-
cranial navigation system using realtime measurement of electro-
magnetic field strength in multiple planes to precisely indicate the
position of the tip of the endoscope. A transmitting antenna is
positioned beneath the patient’s head. A 1.5 centimeter cubic an-
tenna receiver is mounted upon a lenscope with instrument channel.
The scope is guided into the surgical field after insertion through a
burr hole. A square wave pulsed electromagnetic field measurement
is made 140 times per second with correction for the earth’s mag-
netic field once per second. Intracranial position data for the dis-
secting tip in regard to X, Y, Z, pitch, roll and yaw are output to a
digitized computer map of the patient’s MRI or CT scan. Also
displayed on the computer screen is the video image from the endo-
scope. The neurosurgeon thus has simultaneous realtime geograph-
ic and near-field localization as he dissects. Electromagnetic field
guided accuracy is within 2.0 mm inside the allowable 24 inch
working sphere about the patient’s head. Coupled with near-field
video precision, accuracy is within 1 mm of recognizable dissection
planes. Precise intracranial localization may make many pathologic
conditions safely dissectable using the neuroendoscope, including
parenchymal hematomas and neoplasms. Less invasiveness is ex-
pected to shorten hospitalization and patient morbidity.

Keywords: Endoscopic neurosurgery; magnetic field guidance; com-
puter assisted surgery.

Introduction

Over the last decade, improved recognition, treatabil-
ity and outcome in neurosurgical disease has evolved
greatly due to enhanced imaging of brain anatomy
and physiology. Computed tomography (CT), mag-

netic resonance imaging (MRI), and positron emis-
sion tomography (PET) have allowed, (with decrease-
ing degree of geographic accuracy respectively), the
improved localization of focal disease processes.
Frame stereotaxy has facilitated importation of such
accuracy into the surgical field with resulting de-
creased excisional and cranial exposure and more pre-
cise evacuation or excision of pathologic processes’.
Reports of frameless stereotaxy are further promising
due to the allowance during the surgical procedure
of realtime guidance®. Such technology may decrease
patient morbidity by showing the surgeon at cranio-
tomy the location on image maps of his dissection,
thus avoiding possible transgression of a vital struc-
ture or blood vessel.

During this same time, development and modifica-
tion of existing lenscopes and fiberscopes for the
intraventricular environment has resulted in effective
techniques of fenestration, membranectomy, septo-
stomy and biopsy*. We have developed and reported
success with a saline radiofrequency dissector or “‘sa-
line torch” which may vaporize tissue, allowing irriga-
tion of the gases out through the endoscope burr
hole?'* 3. However, principal limitations to more ex-
tensive dissection and tissue debulkment have been (1)
bleeding and the adequate tools for achievement for
hemostasis and, (2) maintenance of surgical orienta-
tion in the endoscopic near-field, particularly in the
presence of opacifying bloody cerebrospinal fluid or
tissue.

In an effort to extend present endoscopic capabili-
ties of dissection, avoid excessive bleeding, and possi-
bly avoid craniotomies in many neurosurgical patho-
logic processes, we developed hardware and software
adaptations for a new technique of frameless stereo-
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Fig. 1. (a) An antenna emitter is secured by a stainless steel post to the three point cranial fixation device thus maintaining a constant
relationship between transmitter and surgical field. Alternatively, a horseshoe frame can be used, but careful attention must be given to
assure that the head is not moved after translation of the magnetic field coordinate system into CT or MRI coordinates. Magnetic field
receiver antenna may be attached sequentially to instruments in planning and performance of the surgery including Penfield No 4 dissector

(b), marking pen and endoscope

taxy based on measurement of magnetic field
strength. The receiver antenna is coupled with the
lenscope or a guiding sheath for the fiberscope, pro-
viding the surgeon on the computer monitor simulta-
neous realtime video imaging from the endoscope
camera and localization-orientation information up-
on the CT or MRI slice where he is operating. A simi-
lar magnetic field guidance system of frameless stereo-
taxy has been described by Kato?.

Description of System

Our computer assisted endoscope guidance system consists of three
components:

(1) magnetic field transmitter and receiver antennae with asso-
ciated hardware,

(2) computer based frame grabber imaging boards and associated
software and,

(3) endoscope coupling for the magnetic field receiving antenna*.

An electromagnetic field emitter antenna is secured by stainless
steel mount with a three point cranial fixation device or horseshoe
headrest (Fig. 1)**. The transmitter emits a continuously pulsed
electromagnetic field in the allowable 0.6 meter (2 feet) operating
sphere about the cranium. A receiver antenna is attached sequen-
tially to instruments for incisional planning, burr hole preparation
and endoscope guidance. Following calibration of the position of
the tip of the marking pen or the endoscope, the position in milli-

* Prototype for intracranial navigation system, Codman &
Shurtleff, Inc., Randolph, Massachusetts; NTSC plus video imag-
ing boards, Redlake Corporation, Morgan Hill, California; endo-
scope mount by Southwest Orthotics, Inc., Phoenix, Arizona.

** Codman & Shurtleff, Inc., Randolph, Massachusetts.

meters in the transmitting antenna as well as orientation (pitch,
roll, yaw) of the instrument are output through three dimensional
digitalization hardware and software displayed on the screen. This
data is displayed in the selected horizontal, sagittal, or coronal
plane 140 times per second. The position of the tip of the instru-
ment or endoscope viewing tip (X, Y,Z) with respect to the
transmitter antenna (O: X, Y, Z) is calculated using the following
equation:

X, Y,Z)=(a,b,c) + (a,,7)

1 0 0 cosE 0 —sinE cosA sinA 0
0 cosR sinR 0 1 0 —sinA cosA 0
0 —sinR cosR sinE 0 cosE 0 0 1

where a, b, and ¢ are the coordinates of the magnetic field sensor
determined by the 3-D digitizer (yaw, roll, and elevation, respec-
tively); and «, 8, and y are the coordinates of the probe tip with
respect to the magnetic field sensor reference frame (P: U, V, W)3.

Translation of the magnetic field digitized position coordinate
system to the imaging coordinates is performed as follows. Individ-
ual CT, MRI or PET images are imaged with a CCD video camera
and stored to disk on the 8086 based personal computer through
the frame grabber board. During radiographic imaging, a zero
plane horizontal cut is determined by alignment of the slice angle to
a band worn around the patient’s head extending from the glabella
and over the ears. The silicone tubing is barium impregnated and
filled with oil allowing recognition on scout views of both CT and
MRI. At induction of anesthesia, the receiving antenna coupled
with the calibrated marking pen tip is used to trace the exposed
cranium and scalp in the identical horizontal cut. The head is subse-
quently traced in a true sagittal midline from nose to external occi-
pital protuberance (Fig. 2). The appropriate image slice for the
horizontal cut is curve-fitted on the computer screen by eyeball
alignment using a combination of zoom and rotation. The sagittal
image is curve-fitted to the midline nose to inion tracing in similar
fashion. Upon completion of this image translation, great care
must be exercised not to allow the head to move in relationship to
the transmitting antenna for the duration of the surgery.

Upon completion of head coordinate translation, the computer
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Fig. 2. (a) By tracing the head in the Z = 0 horizontal plane and curve fitting to the identical CT or MRI slice, the coordinate system
of the magnetic field guidance system is translated into that of the radiographic image map. (b) The sagittal scout image is similarly
aligned. If the transmitter-cranium relationship remains fixed, precise localization information on the surface and within the cranium
will be displayed within the accuracy limits of the system. Here is seen the horizontal and sagittal scout CT cuts of a dummy head
filled with plaster of paris and filler composite

monitor now automatically brings to view the image slice in a se-
lected horizontal, coronal or sagittal plane where the surgical in-
strument or endoscope touches the scalp, passes across the cra-
nium, or penetrates the brain. After completion of selection of an
incision using the attached marking pen, the receiver antenna is
coupled to a zero degree lenscope with instrumentation channel***.
A burr hole is created, the dura coagulated and incised and a peel-
away sheath**** passed into the ventricular system, cyst, or par-
enchymal lesion. The coupled lenscope-receiving antenna is then
passed into the peel-away sheath until its end is reached (Fig. 3).
The endoscope realtime image is simultaneously displayed on the
monitor screen along with the radiographic cut where the tip lies
(Fig. 4).

***  Hopkins, Karl Storz, Pasadena, California.
**** Peel-away introducer, Codman & Shurtleff, Inc., Ran-
dolph, Massachusetts.

<

Fig. 3. Lenscope in its endoscope holder. The magnetic field receiv-
ing antenna is coupled to a lenscope holder. Light cord, video cam-
era cord and its instruments connect behind the antenna mount
Fig. 4. The simultaneous display of the endoscopic image and the
CT slice map of position within the ventricular system and orienta-
tion of the lenscope is presented to the surgeon. The monitor screen
is positioned at the foot of the surgical bed
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System Accuracy

Accuracy was tested in three modes: multiple millimeter rulers
within the allowable .6 meter surgical sphere at a variety of orienta-
tions (Fig. 5); measurement of error between landmarks identifiable
on CT of a dummy head (Fig. 6); and accuracy when coupled with
the lenscope (Fig. 7).

Fig. 5. Accuracy in 100 consecutive trials in measurement of 5 cm
increment markers on a millimeter rule in space was consistently
within 2 mm of the exact measurement. Here a computer screen
tracing shows ticks at 0, 5, 10, 15, 20 cm and so-forth. In the
straight axis, worse accuracy was .17 cm. This was irrespective of
orientation

Fig. 6. A dummy head was prepared with multiple burr holes along
typical trajectories for shunt tracks as well as with implantation in
the surface of metallic spheres. The composite accuracy on 100
trials comparing CT scan slices and numeric output of the tip loca-
tion of a Penfield No 4 dissector or marking pen was never worse
than 5 mm (after curve fitting translation of the coordinate system)
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Fig. 7. With passage of the lenscope down burr hole trajectories,
accuracy was always within 1 mm, i.e. worst error easily brought
the target into the lenscope angle of view, allowing correction under
direct endoscopic visualization

Clinical Trial

Our preliminary clinical trials to date have been lim-
ited to preoperative surgical planning and modeling
for placement of the ventriculoperitoneal shunt and
simple membranectomy with monopolar radiofre-
quency dissection. Figure 8 shows the simultaneous
positioning appearance of the endoscope in the lateral
ventricle and frontal horn appearance through the

Fig. 8. From a typical occipital approach the tip of the endoscope
can be passed toward the frontal horn for ideal positioning of a
ventriculoperitoneal shunt. Alignment of the lenscope as passed
from a posterior burr hole is demonstrated. A peel-away sheath
is guided by the lenscope to a frontal horn position anterior to
choroid plexus. A ventriculoperitoneal shunt may then be posi-
tioned in the exact selected location. The frontal horn typical ap-
pearance of ependymal veins is seen
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Fig. 9. (a) By using the dummy head as a preoperative planning tool, the patient’s magnetic resonance angiogram from an occipital
approach can be mapped. (b) Various color marking pens are substituted as instruments and attached to the receiving antenna. Loca-
tion of the major draining sinus and contributing cortical venous tributaries allows planning of an optimal bone flap to gain access to

the torcular neoplasm

lenscope is displayed simultaneously on the monitor.
Figure 9 shows the coronal importation of a magnetic
resonance angiogram image with unusual vascular he-
mangioma of the torcula. Surgical planning including
scalp flap, bony window margins and location of
transverse sinus, sagittal sinus and draining cortical
venous tributaries was performable on the dummy
head model as shown.

Discussion

Our laboratory trials for accuracy of the magnetic
field guided intracranial positioning system suggest
sufficient precision of measurement for most neuro-
surgical applications including routine preoperative
planning, incisional planning, anthropometric docu-
mentation and cranial reconstruction, cerebral and
lateral ventricular lesions. The accuracy is probably
not acceptable for brainstem lesions. The composite
accuracy using our dummy model with multiple im-
planted spheres and burr holes shows a deterioration
in accuracy to 5 mm. This is consistent with the addi-
tive effect of our curve-fitting translation of the coor-
dinate system of the radiographic images sphere and
the small inaccuracy of the CT scanner, filming, and
video capture technique. When the receiving antenna

is attached to the endoscope, the accuracy is consis-
tently sufficient to bring into the view angle the target,
allowing direct contact under visual guidance. Thus, it
is reasonable that magnetic field guidance will signifi-
cantly enhance surgical localization and orientation
compared to the unaided endoscope.

The greatest limitation for extensive endoscopic
surgery is bleeding and adequate methods of he-
mostasis. The avoidance of major vessels due to the
coupled intracranial positioning system is a reason-
able first line of strategy.

Three impediments have been recognized to date in
our present system configuration. The receiving an-
tenna cannot yet be made sufficiently physically small
to be mounted at the tip of the steerable fiberscope.
Therefore, the receiving antenna must remain external
to the cranium. An intracranial path must always
therefore be a direct trajectory. Ventricles and cyst
cavity may change shape and volume when entered.
This problem is less serious compared to open cra-
niotomy, but nevertheless renders preoperative CT
and MRI maps less accurate. Finally, maintenance of
a precise and fixed relationship between the transmit-
ter antenna and the cranium is difficult with observed
deterioration of accuracy over the course of a proce-
dure. While several strategies for detection of this
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drift have been proposed, including reregistration
with fiducial markers, each is limited due to the small
area of exposure of a sterile surgical field.

Despite these impediments we believe magnetic
field guidance as a form of ““intracranial radar” cou-
pled with the neuroendoscope opens the door for
much more effective or extensive endoscopic dissec-
tion or debulkment.
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Summary

New microsurgical devices for neurovascular decompression—
microneuroprotectors (MNP)—are described. Four constructive
kinds of MNP have been developed according to topographic pecu-
liarities of pathological neurovascular contacts. The hydrodynamic
and biological testing of MNP has been concluded. The methods of
microsurgical and endoscopic techniques of MNP insertion on the
cranial nerves or posterior fossa vessels are reported.

Keywords: Cerebellopontine angle; cranial nerves; endoscopy;
neurovascular decompression; trigeminal neuralgia; surgery.

Introduction

Relapse rate and noneffectiveness of microvascular
decompression of the V, VII, VIII, IX cranial nerves
in an entry-exit zone of the brain stem vary from 8§ to
12-36 %!~*8° This may be caused by: 1) slipped
protect prosthesis from the zone of neurovascular
contact*; 2) insufficient insulation quality of the pro-
tecting prosthesis under the compressive arterial pul-
sation*'®; 3) the recanalization of sectioned veins with
the renewal of nerve compression root*; 4) develop-
ment of connective tissue adhesions; 5) missing of
plural and combined decompression because of one-
sided review of the nerve root or a violation of natural
anatomic-topographic relationships in displacing the
cerebellum, which is the disadvantage of the direct
approach®*. Therefore protection of the nerve root
along the length of its intracranial portion, increasing
of the suppressive quality of the protecting prosthesis
and development of new surgical approaches are
necessary.

Devices and Methods

A series of different kinds of microneuroprotectors (MNP) has been
developed (Fig. 1). MNP has the form of a cylindrical cuff cut

lengthwise, there is a bulge opposite the slit. While squeezing the
bulge with tweezer blades the MNP opens; it enables the user to
apply the MNP and to embrace a nerve or a vessel (Fig. 2).

Four types of MNP are offered (Fig. 1).

1. Latex or solid silicon MNP with elliptical cuff contours em-
braces an artery or nerve in the case of compression of the nerve
root by a vein or artery which should not be sectioned. This
MNP redistributes static pressure on the vessel over a bigger
area, and also protects the nerve in case of recanalization of a
coagulated and sectioned vein (Fig. 1a).

2. Porous silicon MNP embraces a nerve or an artery in a case of
typical compressive arterial pulsation of the loop of a cerebellar
artery (Fig. 1b).

3. MNP with a double isolated wall (Fig. 1c), which has very high
protective quality, embraces a nerve or a vessel in the case of
compression of a nerve root by an artery.

4. Like 3 but with the apron defending the pons near the trigeminal
root entry zone from arterial loop contact (Fig. 1d).

The silicon MNP is formed from a module, which has the shape
of a truncated cone. The diameters of the large and the small bases
are 6.0 mm and 1.0 mm, the length is 20 mm.

We have performed a comparative evaluation of the protective
quality of these prosthesis under the conditions of stand hydro-
dynamic design. The standard model consists of: 1) a model of an
arterial vessel—of curved latex tube with a diameter 1.0 mm—
through which a liquid was pumped under the changeable pressure
of 120/80 mm Hg, with a frequency of 70 Hz; 2) a model of a nerve
in the form of a tube with a diameter 3.0 mm with a hole on the
surface where a sensitive membrane is put. The tube is hermetically
connected with a data unit of pressure. While pressing the mem-
brane the change of gas pressure in the tube is registered by the data
unit, transformed into an electric signal and depicted graphically by
an amplifier. The models of “‘vessel” and ‘‘nerve’” were put perpen-
dicular and touch each other. The construction was plunged into
water under pressure of 20 mm water column which is correspon-
dent to CSF pressure in the cisterns of the cerebellopontine angle.

For assessment of tissue reaction MNP have been implanted on
the tibial nerve of white rats (from 1 week to 4 months). Subsequent
neuropathological investigations have been performed.

Results

A comparative hydrodynamic testing of various MNP
is presented in Fig. 3. The result is that application of
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Fig. 1. (a—d) Different kinds of microneuroprotectors

Fig. 2(a, b). Constructive peculiarity providing for ease of applica-
tion of MNP by microforceps

Fig. 3. Comparison of hydrodynamic testing of various MNP. (a)
Transfer of pulsatile influence of ““a vessel”” upon ‘““a nerve”” without
a protective prosthesis. (b) Partial lowering of pulsatile influence
using felt piece. (c, d) Nearly complete absorbtion of a pulsatile
influence of ‘‘a vessel”” upon “‘a nerve” by porous silicon MNP and
MNP with a double isolated wall
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Fig. 4. Construction properties of solid MNP for installation on an
artery: (a) Change of blades and bridge position during concentric
enlargement of an artery with minimal shift of outer contours of the
device. (b) MNP embracing superior cerebellar artery loop separat-
ing it from the trigeminal root; — endofiberoscopic picture; (c) stereo-
topography of endoscopic view

porous silicon MNP and MNP with a double isolated
wall installed on a nerve provides a 6—10 fold decrease
of pulsative transfer. Moreover the last kind of MNP
can prevent a tangential influence of an arterial loop
on a nerve.

The essentials of solid MNP for installation on the
artery are shown in Fig. 4.

The histological data show a thin collagen mem-
brane around the MNP without axonal destruction or
inflammatory reactions.

The porous silicon MNP has been used in 22
patients with various forms of neurovascular com-
pression in the cerebellopontine angle. There were no
complications.

Discussion

Various types of plastic and biological protective de-
vices are used to preserve the nerve-vessel insulation
after neurovascular decompression’~3'8, But applica-
tion of these devices cannot exclude their migration
and perifocal adhesional activity. X-Ray contrast
sponges provide the diagnosing of such an event but
not the prevention of the prosthesis shift’. The usage
of Sundt’s metallic clips® does not ensure the high
protection and can damage the nerve root by rigid
clip borders.

The advantages of our original microneuroprotec-
tors are:

1. Concentric protection of a nerve against multiple
compression factors and connective tissue adhe-
sions along the whole length of the root.

2. Prevention of postoperative MNP migration.

3. High protective qualities.
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a

. Atraumatic intracranial introduction and installa-

tion on a nerve or artery by very elastic substan-
tion and distant controlled positioning of MNP.
X-Ray, CT, MRI checking of MNP position.
Minimal biological reaction to MNP implantation.
Possibility of MNP installation by endoscopic
instruments.

The endoscopic method ensures minimal displace-

ment of the cerebellum, avoids alteration of normal
anatomical relations of neurovascular contacts, pre-
venting multiple neural compression and also exces-
sive stretching of the facial and vestibulocochlear
nerves.
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A Computer Assisted Toolholder to Guide Surgery in Stereotactic Space
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Department of Neurosurgery, Istituto Nazionale Neurologico “C.Besta”’, Milano, Italy

Summary

A computer assisted toolholder, integrated with an anatomical
graphic 3-D rendering programme, is presented. Stereotactic neuro-
anatomical images are acquired, and the same reference system is
employed to represent the position of the toolholder on the moni-
tor. The surgeon can check the orientation of different approach
trajectories, moving the toolholder in a situation of virtual reality.
Angular values expressed by high precision encoders on the five
joints of the toolholder modify ‘““on line”” the representation of the
configuration of the toolholder within the three dimensional repre-
sentation of the patient’s anatomy.

Keywords: Stereotaxy; computer assisted toolholder.

Introduction

Stereotaxy, the art of reaching targets within the brain
based on properly acquired neuroradiological exami-
nation, was developed and has been practiced so
far with mechanical aiming devices. Arc-centered or
interlocked-angle instruments have all proved satis-
factory for the task for which they were designed.
The introduction of guided open neurosurgery since
highly detailed neuroanatomical images in stereotac-
tic conditions have become available, now requires
improvement in neurosurgical instrumentation to
take full advantage of the available information.

Currently, the use of traditional stereotactic
frames, designed to guide a probe to a target point
within the stereotactic space, provides tangible im-
provements in the ability to reach deep seated lesions
and remove them through narrow incisions?'3. Never-
theless, the limitations of an instrument that is cum-
bersome to handle for entering different settings dur-
ing the process of removing a volume larger than a
few millimeters in diameter, soon becomes evident
when put into practice.

In order to alleviate the burden of setting angles
and depths during neurosurgical procedures, with the
attendant risks of errors and contamination of read-

ing millimetric scales under surgical drapes, we have
developed a computer controlled toolholder with five
free joints.

We think that this instrument can be developed
into an intelligent tissue retractor or a guide for surgi-
cal tools (including echographic probes) which will
include all the information provided by a conven-
tional stereotactic apparatus.

Materials and Methods

The prototype toolholder described here consists of an articulated
arm with five high precision encoders (1/40th of a degree) on the
joints, each of which has a fail-safe electromagnetic brake. The arm
is able to support 300 grams at the tip when extended. Each encoder
sends a stream of readings to the graphic processor, through a
multiplexer (Fig. 1).

The arm provides real time knowledge of position and orienta-
tion of instruments mounted on the end effector. To gather this
information, the angular position of each joint and the dimensions
of the links, have to be known. Joint angles are detected by differ-
ential incremental encoders, in steps of 1/40th of a degree. The
lengths of the links were determined, so as to be transferable onto
the kinematic model instead of those indicated in the drawings.
Based on the direct kinematics, the theoretical error of various po-
sitions of the end effector was estimated by introducing the maxi-
mum possible error (1/40th of a degree) at each of the five joints.
The theoretical error reads between 0.2 and 0.4 millimeters, this last
figure being for positions of the arm in full extension.

To evaluate the accuracy of the system in practice, the arm is
mounted on an X, Y, Z positioner, with a precision greater then one
hundredth of a millimeter. The tip of the end effector is located on
a starting point that is selected as the origin of the calibration, with
the error set to zero. The accuracy of the system is determined for
a cluster of points over a three dimensional grid of 2.5 mm mesh.
This process shows that the error ranged between 0.5 and 0.8 mm,
and that the module of the error increases with increasing distance
of the point from the origin. This provides the possibility of cor-
recting position errors via software. In fact, knowing the error at
each point of the grid, it is possible to estimate a positioning error
for each point of the working areas, and use that to correct the
readings expressed by the direct kinematics.

Once the arm has been calibrated, its position can be calculated,
with respect to the stereotactic frame by reading the positions of the
origin and those of three points along x, y and z axes with the tip of



Fig. 1. The toolholder, resting on a fast-calibration bench, which
allows cheching of readings from the encoders when the links rest
on calibrated posts

the end effector. This is accomplished with a “phantom” localizer
of a stereotactic frame, and the result provides a common reference
system between the frame and the arm. Using a graphic computer,
each segment of the articulated arm and the stereotactic frame is
modelled three dimensionally, according to the drawings. CAD
modelling techniques were employed.

The operative programme accepts CT, MRI and angiographic
images of the patient under scrutiny, acquired under stereotactic
conditions, and enables the surgeon to trace the contours of lesions
and surrounding intact cerebral structures. The programme recon-
structs the volumes of the structures outlined within the coordinate
system of the stereotactic frame (Figs. 2 and 3).

The output of the five encoders of the arm enter the surgical
graphic programme via a serial port and, in agreement with the
kinematics, represents the arm segments in the configuration that
the instrument assumes when moved by the surgeon. There are
several ways to help the surgeon perceive the third dimension while

Fig. 2. A metal target glued on a dry skull, touched with a probe
mounted on the toolholder. Skull has been previously scanned,
with a CT localizer mounted on the stereotactic frame

C. Giorgi et al.

Fig. 3. 3-D reconstruction of the skull and metal targets, obtained
by CT, stereotactically acquired. Probe position and toolholder ori-
entation are calculated from the values of the encoders. Perfect
correspondence with actual probe position is evident in Fig. 2. LL
quadrant insert shows “‘surgeon’s eye view”

localizing the target, at the same time avoiding “eloquent” parts of
the brain. A ““surgeons’s eye-view” or the use of stereoscopic gog-
gles are among the most efficient of these resources.

Discussion

Preliminary clinical testing of the instrument satisfies
our expectations: this tool can be substituted for the
stereotactic arc, whose function is limited to the iden-
tification of a trajectory to a target point, and has the
added function of serving as a holder of surgical in-
struments. Its use, mastered in minutes by every neu-
rosurgeon who has tried it, eliminates possible errors
that might be introduced by setting wrong numbers
on a traditional stereotactic arc. The precision of the
present prototype is satisfactory, because the error is
confined within the size of a voxel of images used for
stereotactic localization. This result can only be ob-
tained if images are referred to a head fixation device
that is rigidly linked to the toolholder. At present,
only a stereotactic frame can offer the required rigid-
ity. Fail-safe brakes, dependable encoders, and back-
up power supplies contribute to the safety of the
computer-assisted toolholder. In our opinion, other
localizing devices based on ultrasound, laser light,
magnetism or stereoscopic acquisition of light arrays,
lack the necessary simplicity to fit the scenario of a
microsurgical operating field, without providing sig-
nificantly greater accuracy®”’.

This impression is shared by other investigators,
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who have described mechanical localizers that have
partially anticipated the solution offered by our in-
strument'-#3-8, Since these often lack stereotactic
frames and have graphic rendering software that is
too simplified, we have decided to continue with our
design, working on improving its precision and on
refining the graphic description of anatomical infor-
mation. Future work will be concentrated on the im-
plementation of an echographic probe mounted on
the tool, or positioned with its aid, in order to obtain
on line stereotactic echographic data to monitor ana-
tomical changes during surgery.
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Summary

For minimal invasive endoscopic neurosurgery, a mini-caliber en-
doscope equipped with a useful working channel and its guidance
system is basically essential. We developed the device for ultra-
sound guided endoscopic neurosurgery.

A minicaliber fiberscope with an outer diameter of 3.4 mm
equipped with 2.5 mm of working channel for forceps, suction, and
coagulation probe was developed. A 5 MHz phase arrayed 12 mm
ultrasound probe was used as guidance system. A fixation device
for the mini-caliber fiberscope and ultrasound probe was also con-
structed. The surgical procedure is very simple, and can be per-
formed through a 2 cm burr hole. Real-time and a directly visual-
ized image might provide more safety and reliability during brain
surgery.

Keywords: Neuroendoscopy; ultrasound.

Introduction

Since the first decades of this century, many practical
uses of endoscopes for ventriculoscopy?3:7-%-11-13.15
and myeloscopy*!%!5 have been developed in the
field of neurosurgery. Recently the development of
fiberoptic technology has improved endoscopes in
resolution and miniaturization.

Endoscopy in combination with either C
MRI? stereotaxy, or ultrasound!'? as a guiding device
for the endoscope has made it possible to operate on
lesions located not only in the ventricular system but
also in the hemispheres.

We have used superfine (ultrathin) fiberscopes for
ventriculoscopy, myeloscopy, and endovasculoscopy.
Its usefulness has been reported elsewhere!®. The
sizes of the instruments provide minimally invasive
surgery for brain and neural tissue. However, the vi-
sual field is restricted so that anatomical orientation
can not be accurately obtained. We developed a de-
vice for ultrasound guided endoscopy (US-Guided
Endoscopy) using a minicaliber fiberscope equipped
with an appropriately sized working channel.

4,14,17
T ,

The intention of the present study is to describe the
surgical apparatus of ultrasound guided endoscopy
and present the advantages of this technique and the
limitations of its clinical applications.

Instruments and Operative Technique
Surgical Devices (Fig. 1)

For neuroendoscopy, a rigid fiberscope covered with stainless steel
with an outer diameter of 3.4 mm, effective length of 8 cm, and
equipped with 2.5 mm working channel was developed (Medical
Science Co., Ltd). The outer tube with an guiding mandrin (outer
diameter of 4 mm) is used to prevent unnecessary damage of brain
tissue by the tip of the endoscope. Microsurgical instruments such
as insulated forceps, coagulation probe, and suction tube were also
constructed. A 5 MHz phase arrayed electric sector scanner with a
diameter of 12 mm is used for guiding the outer tube to the target
lesion (ALOKA Co., Ltd). The fixation device for the ultrasound
probe made of stainless steel is attached to the skull (Mizuho Medi-
cal Co., Ltd). This fixation device has 2 joints, and the ultrasound
probe can be fitted to the surface of the brain.

Surgical Procedure

The patient’s head is positioned so that the burr hole can be placed
in a horizontal plane. Surgery can be performed under local or
general anaesthesia, depending on the patient’s co-operation and
the kind of surgical procedure. The site of the burr hole is deter-
mined by CT examination taking into consideration the distance
from the brain surface to the target lesion, direction of surgical
approach, and the importance of minimal damage to normal brain
tissue. After burr hole trepanation the fixation device for the ultra-
sound probe is attached to the skull. The outer tube is inserted into
the brain along the imaginary target line on the ultrasound moni-
tor. The tip of the outer tube reaches the lesion, the guiding man-
drin is withdrawn and the neuroendoscope is inserted.

Clinical Application

Under direct visualization, surgical manipulations
such as incision, biopsy, evacuation, irrigation, drain-
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b

Fig. 1. (a, b) Device of ultrasound guided endoscopy. / fixation device, 2 puncture adapter, 3 outer tube, 4 guiding mandrin, 5
neuro-endoscope, 6 working channel, 7 ultrasound probe, 8 image and light guide

Table 1. Surgical Manipulations in US-Guided Endoscopy

Table 2. Surgical Application of US-Guided Endoscopy

Incision

Biopsy

Removal
Evacuation
Irrigation
Coagulation
Drainage
Ventriculostomy
Laser Surgery

Intracerebral haematoma
Intraventricular haematoma
Brain tumour
Hydrocephalus

Brain abscess

Ventriculitis

Parasite

Cavernous angioma

age, coagulation, and laser surgery can be safely per-
formed (Table 1). Possible indications for US-guided
endoscopy are: intracranial haematoma, cystic or
small brain tumours, hydrocephalus, and brain ab-
scess. (Table 2).

Discussion

In the last decade, different ultrathin fiberscopes have
been clinically used for observations of small and nar-
row structures of the human body such as coronary

artery®, urinary tract'® tympanic cavity®, and for ar-
throscopy!?. In neurosurgery, we started using ultra-
thin fiberscopes for ventriculoscopy, myeloscopy and
endovasculoscopy in 1987'°. Thin endoscopes cer-
tainly minimize traumatization of brain and neural
tissue, however, the visible field is restricted, so it is
difficult to get precise anatomical orientation.

In our study, ultrasound is considered to be helpful
for guiding the endoscope to the target region. Fur-
thermore, ultrasound provides useful information
during surgery with regard to the structural changes
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of the lesion and its surroundings. At present, we only
use a 5 MHz phase arrayed ultrasound probe. This
probe is small and provides a clear image of deep
seated lesions, however, in small subcortical lesions,
the image is unfocused and the resolution is poor. The
use of a probe with a higher frequency of 7.5 MHz or
10 MHz excellently demonstrates the image near the
probe and is thought to be necessary for routine
investigation.

The advantages of US-guided endoscopy are real
time imaging, direct visualization, minimal invasion,
and a safe, simple procedure. In comparison with
conventional CT-guided or ultrasound-guided stereo-
taxy, more aggressive surgical procedures such as irri-
gation, coagulation, removal, and laser surgery can
be performed. At present, we use the rigid fiberscope
without angulation systems. Despite of some restric-
tion in the visual field, the minicaliber flexible fiber-
scope with angulation system is thought to be useful
for intraventricular endoscopic observation and
surgery.
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Summary

We discuss our experiences concerning our cerebral endoscope with
reflections on various techniques used since 1986. During this time
we have had experience with four prototypes.

This minimal invasive procedure has been successful to a certain
extent both in paediatric and adult patients, stereotactically and by
freehand method or both.

Further modification for flexibility and manipulation of the optic
element is under development.

Keywords: Cerebral endoscopy; techniques; instrumentation.

Introduction

Renewed interest in endoscopic neurosurgery is main-
ly due to the recent developments in neuro-imaging.
An important variety of lesions is situated in the para-
or intraventricular regions. Other lesions are cystic.
The excellent visualization of these anomalies by CT
and MRI scan enables one to make a precise approach
and plan strategies.

Only recently highly suitable and specific (cerebral)
instrumentation permitting us not only to inspect but
also to operate is being developed!:34:5:6,

In 1986 we designed a multipurpose endoscope
which was realised by Richard Wolf, Belgium, in as-
sociation with R.W. Kanittlingen, Germany (Fig. 1).
Since then we have used four prototypes until April
1992.

Methods

The instrument consists of a long rigid shaft (30,5 cm)
and a set of 3 stop-cocks at the proximal end of three
of the four inner channels (Fig. 2). One channel con-
tains the optic element (I.D. 3 mm), the second one
permits the introduction of different ‘“‘working instru-
ments” (I.D. 2,4 mm) (Fig. 3). Two smaller channels

(I.D. 1,67 mm) permit rinsing with saline and suction.
To one of them an infusion set is coupled with a 5 liter
bag of normal saline (36° C), and to the other one an
open infusion tube is connected to collect the out-
coming fluid into a collecting receptacle. This latter
should be installed at the zero pressure level to pre-
vent a siphoning effect with acute collapse of the ven-
tricles. This phenomenon obliterates any view and en-
tails the risk of tearing of cortical drainage veins and
the development of a subdural haematoma. If this
collapse occurs, the outlet cock has to be closed and
rinsing abundantly with saline solution is necessary. It
is also important to mention that even a partial col-
lapse or even diminishing of the ventricular dilatation
may considerably alter the position of the periven-
tricular target areas with complete loss of orientation.
It is necessary to have the possibility of rinsing since
even a very small amount of blood causes blurred vi-
sion that prevents working and recording of images.
It should be stressed that such small bleedings occur
nearly always, even with perfect technique. It comes
for example from small vessels in the ventricular wall,
there where it is perforated by the shaft and thus out
of reach.

During the whole procedure intracranial pressure
can be monitored by means of an epidural or intra-
parenchymatous pressure sensor. Rinsing should not
be started before reaching the ventricle or cystic lesion
otherwise severe oedema in the white matter may be
caused.

The length of the shaft is necessary to permit the
introduction through the carrier of the stereotactic
arc since the video camera and the light source cable
are the largest ““blocking’ elements. The cross section
of the shaft should be round to permit turning in all
directions around its own axis. This is important be-
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Fig. 1. Multipurpose endoscope, developed by Richard Wolf, Bel-
gium, in association with R.K. Knittlingen, Germany

Fig. 2. Details of the multipurpose endoscope

Fig. 3. Introduction of “endoscopic instruments”

J. Caemaert et al.

cause, by turning, the field of action is considerably
enlarged thanks to the 10° angled optic arrangements
and the precurved tips of some flexible instruments.
In the actual (fourth) prototype the outer diameter is
6 mm.

The question of whether a cerebral endoscope
should be rigid or flexible is irrelevant. The real ques-
tion is when one should use a rigid or a flexible one.
The advantage of the usual flexible endoscopes? is the
small outer diameter (3,1 mm). The drawback is the
lack of several channels for simultaneous rinsing and
working. This is extremely important since even a
small amount of bleeding prevents any action. A flexi-
ble optic element introduced through the working
channel of our rigid endoscope is in preparation. This
will enable “looking round the corner” after a linear
penetration of for example the septum pellucidum.

The instrument can be used stereotactically as
well as for free hand interventions. It is introduced
through a single 8 cm-long guide, fixed either to the
stop-and-guide-carrier of any stereotactic frame or to
a special support mounted on the table and serving as
an optional aid under free hand conditions. This sup-
port however never replaces the hands of a trained
assistant who may adjust the position of the endo-
scope by very delicate movements on request of the
surgeon.

The classical stop and guide are replaced by a single
8 cm-long cylindrical guide with an asymmetrically
placed lumen of 6 mm. The reason for this is that the
working channel lies asymmetrically in the shaft op-
posite the optic channel and each of them can be
introduced according to the central stereotactic axis
leading to the target. Because of the asymmetry a sep-
arate stop and guide would cause immediate blockage
of the shaft when the two lumina are not perfectly
coaxial.

Each channel can be filled with a mandrin during
the introduction through cortex and white matter.
The optical element, however, is most often in place
from the beginning to permit immediate visualisation
of the penetration of ependyma or cyst walls. In many
cases a stereotactic approach to the target is indicated
but once inside the ventricle or cystic structure, the
guide may be detached from the carrier on the arc.
After this one can move freely under direct visual con-
trol. Obviously extensive “rowing” in the white mat-
ter should be avoided but gentle careful movements
permit visualization of a large field of action. Postop-
erative MRI shows very little damage along the shaft
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trajectory. The importance of adequate planning for
the approach cannot be overemphasized.

The actually available working instruments are
summarized and their use is described (Figs. 4 and 5).
A very simple self-made instrument is a stiff polyure-
thane catheter as used in ureteral surgery. They exist
with a closed-end tip and a side window. This config-
uration may be useful for aspiration of cystic lesions.
One can easily cut off the tip obliquely to give it
the desired sharpness for penetration of tough mem-
branes or capsulas. Such penetration, however, often
causes some tearing of small blood vessels and may
cause bleeding. Therefore one should never persist too
long when penetration is not easy.

Smaller and more flexible catheters, provided with
a luer-lock proximal end are useful for aspiration of
larger air bubbles, selective rinsing of small areas and

Fig. 4. Available instruments

Fig. 5. Fogarty inflatable balloon catheter
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aspiration of blood emerging from small vessels so
that this blood does not contaminate the whole CSF
space.

These small catheters can be introduced through
one of the side rinsing channels.

Through the larger working channel several types
of grasping forceps can enter and may be used for
tumour biopsy, removal of membranes after cutting
with the laser, grasping of membranes to stretch them
so that other instruments can be applied to them. Al-
though we have no personal experience with the re-
moval of foreign bodies (such as broken pieces of
ventricular catheters) this may be possible by means
of a grasping forceps. Actually we have four types:
one consisting of U-shaped loops so that the grasped
object always remains visible; one with sharp teeth to
provide a firm grip on the grasped structure, another
one containing a cup and particularly suitable for
tumour biopsy. Finally a very tiny grasping forceps
can be used through one of the rinsing channels as an
aid to the use of other instruments through the work-
ing channel.

Personally we do not prefer grasping forceps for
tumour biopsy since we felt during third ventricular
tumour biopsies that the danger of seeding small par-
ticles of tumour into CSF spaces is quite real. There-
fore we have adapted two excellent and well known
stereotactic biopsy instruments to the use through our
long endoscope shaft: the Backlund biopsy spiral and
the Sedan side-window aspiration needle. Both are in-
serted deeply in the interior of the tumour so that the
danger of seeding tumour cells in our opinion is less
than by grasping a specimen at the surface of the le-
sion with forceps. Moreover capillary bleeding in the
tumour is tamponed which is not the case at the sur-
face of the ventricle.

A very useful instrument for this is a small Fogarty
inflatable balloon catheter (Fig. 5). It ends bluntly
and can already be used to penetrate a thin non-
vascular wall. After penetration the balloon can be
inflated either inside or below the first small hole, and
then retracted to tear a larger opening in a membrane.
Its use is limited to about 6—7 mm width; but its ad-
vantage is, that it is very atraumatic and does not
influence underlying vessels as does the cutting laser.
Therefore we prefer the balloon catheter while work-
ing very close to vital structures such as the large
arteries of the circle of Willis or the basilar artery
(for example in perforation of the floor of the third
ventricle).
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A bipolar coagulation probe is very useful for hae-
mostasis of blood vessels of a surface which has to
be penetrated. It requires close contact so that it is
suitable for moving aside objects such as the choroid
plexus or freely hanging vessels crossing the ventricle.
It is very efficient on membranes or septum pellu-
cidum where small vessels have to be coagulated be-
fore cutting. The probe consists of an insulated shaft
at the tip of which, two separated, naked metal poles
provide the current. We use the Malis bipolar coagu-
lator on the 30-35 power index.

Because of its minimal spreading effect, we prefer
the bipolar coagulation probe to the laser in those
instances where underlying brain structures must not
be damaged (for example the thalamus in plexus
choroid plexus coagulation).

A bipolar grasping instrument is theoretically at-
tractive but it might be very dangerous when the co-
agulated vessel is sticking to the forceps as is often
seen during open microsurgery.

Tiny microscissors have been tested and nowadays
we have two types. The first one has very sharp tips
and can be used as a penetrator before cutting. Unfor-
tunately the blades are just straight and sometimes it
does not cut but only grasps the tissue. A second type
is much more useful. The tips are rounded but one of
the blades bears small teeth so that its cutting potency
is much higher. Small bridges remaining after laser
cutting can very easily be cut off with these scissors,
more easily than with the cutting laser itself. While
using the scissors the tissue can be stretched by means
of a grasping forceps, introduced through one of the
rinsing channels.

In the earlier period of our endoscopic work we
tried several times to work with the safirtips on a Nd-
Yag laser. This experience was very disappointing and
we have abandoned this technique. More recently we
selected from 6 different new laser types the MBB la-
ser MEDILAS 4060. This offers an excellent coagu-
lating device using about 20—60 as the power range.
In the so called “fibertome’ mode there is a feed-back
control of the temperature at the conical fiber tip
(at choice 600°, 700° or 800°C). With the conical
sculpted fibers very precise and easy cutting is ob-
tained. All the energy is concentrated at the very tip of
the fiber which has to be used in contact for cutting.
This offers the advantage that cutting only occurs at
the contact site. This offers the advantage that cutting
only occurs at the contact side. Coagulation on the
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contrary is achieved in the non-contact mode and its
effect is modulated both by power (usually ranging
from 20 to 40 W) and distance.

Discussion

Endoscopic instrumentation is in full development.
Only the systematic application of different tools will
enable us to find out what is the most suitable in each
specific situations.

Exchange of experience among all different centers
using endoscopic techniques will strongly favour
progress.

We strongly recommend the use of simple instru-
ments in simple conditions. Endoscopic neurosurgery
remains surgery and in spite of the development of
computerized robotic technology?, it will very often
be necessary to rely on surgical intuition and improvi-
sation, two qualities that are impossible to computer-
ize. One of the most important technical messages is:
avoid bleeding! Careful coagulation of vessels and
membranes before penetration or cutting may be
time-consuming but is mandatory. When in doubt, it
is better to retract the endoscope and to give up an
endoscopic trial, than to cause uncontrollable bleed-
ing. Preoperatively the patient should be informed
about this possibility.

Personally we are very sceptical about the possibil-
ity of coagulating a larger vessel. Bleeding after too
extensive removal of an intracerebral haematoma
may occur. It is wiser to remove only a critical volume
as suggested by Backlund with the use of his hae-
matoma screw.

Fortunately small bleedings are most often con-
trolled and stopped by simple rinsing with Ringers
solution. Sometimes the instrument that caused the
bleeding can be left in place as a tamponade for 8
minutes and than slowly retracted: in most cases the
bleeding will have stopped by that time.
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Summary

42 cadaver brains in situ were examined endoscopically to work out
topographical anatomical landmarks for orientation. The endo-
scopic route from the chosen precoronal trepanation point to the
defined ventricular landmarks has been measured in 22 cases. The
identification and measurements of the anatomical landmarks are
helpful for safe and atraumatic endoscopical navigation within the
ventricular system. Furthermore this article describes and discusses
cerebral lesions during ventriculoscopy.

Keywords: Endoscopic anatomy; coronal approach; ventricular
system; cerebral midline, neuroendoscopy; ventriculoscopy.

Introduction

Preformed intracranial spaces such as the cerebral
ventricles and the subarachnoid cisterns are of particu-
lar interest in neuroendoscopy. As we started with
our experiments in 1989, we have had problems in
spacial orientation and identification of endoscopic-
ally visible anatomical structures within the ventricu-
lar system. Up to now there has been no endoscopic
“cartography’’ of the ventricular system. For trans-
ventricular neurosurgical endoscopic interventions a
knowledge of the topographic anatomy of the ventri-
cular system is absolutely necessary.

Methods and Material

The data for the description of the normal endoscopic anatomy
within the ventricular system are gained from endoscopic examina-
tions of cadaver brains in situ (Department of Neuropathology,
Prof. Dr. med. H.D. Mennel.) So far the total number of endoscopic
procedures undertaken is 42. Cadavers with intracranial lesions
were excluded from the study.

Technical Equipment

We use flexible and steerable endoscopes with outer diameters of
3.3 to 4.0 mm. Most of them are prototypes which have been de-
veloped by Olympus Inc. Tokyo.

Further supplementary instruments are the ultralight camera sys-
tem OTV-S2-TV camera, the VO-9600 P standard U-matic record-
er and the Trinitron colour video monitor PVM 2043 MD (Sony).
For documentation and printouts, we use the video printer UV-
5000 P (Sony).

For free hand ventriculoscopy, we have designed an endoscopic
guiding system (Fig. 1) to reproduce the endoscopic manoeuvres
by single perforation of brain substance en route to the ventricular
system.

Approaches to the Ventricular System

For ventricular puncture Kocher’s trepanation point*, 2 to 3 cm
from the midline, just anterior to the coronal suture is used. This
point is ideal for reaching the foramen of Monro and the third
ventricle. Other wellknown approaches through Keen'’s point (tem-
poral) and Dandy’s point (occipital) will be used in subsequent
studies.

Operation Technique

After burr hole trepanation the dura mater is incised. The fixation
screw is inserted into the burr hole and connected with a specially
developed ‘‘cardanic” joint. The ventricular puncture with the
guiding cannula is done in neutral position without horizontal or
vertical angle adjustment.

Ventriculoscopy

The ultrathin flexible endoscope (diameter 3.3 mm) is introduced
and the guiding tube is pulled back under visual control to the roof
of the lateral ventricle and fixed in the “cardanic” device. The endo-
scope is connected to the camera system and the ventriculoscopy is
transmitted to the video-unit.

Results

The coronal approach permits endoscopy of the fron-
tal horn including the central part of the lateral ven-
tricle, the foramen of Monro and the third ventricle.
Furthermore it is possible to reach the aquaeduct of
Sylvius, going further to the fourth ventricle.
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Fig. 1. Endoscope guiding system with the cardanic joint

Topographic Landmarks
Lateral Ventricle

From the coronal approach one reaches first the cen-
tral part of the lateral ventricle near the frontal horn.
The frontal horn can be distinguished by the lack
of choroid plexus. The lateral wall is formed by the
caput ncl. caudatus with subependymal veins; medi-
ally one finds the septum pellucidum with septal veins.
The choroid plexus and the foramen of Monro serve
as landmarks for the central part of the lateral ventri-
cle. The plexus is situated in the floor of the lateral
ventricle, the thalamostriate vein is located laterally
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and medially the confluence of septal veins. These
three structures form a typical Y-shaped configura-
tion! which is ideal for orientation (Fig. 2). The
foramen of Monro is anteriorly and laterally formed
by the fornix and the posterior border is built by the
anterior tubercle of the thalamus®. After angling the
flexible endoscope, one locates the central part of the
lateral ventricle up to the ventricular trigone. Later-
ally one finds the corpus nuclei caudati with the
thalamostriate vein under the lamina affixa and the
medial border is formed by the fornix and the septum
pellucidum.

Third Ventricle

Going through the interventricular foramen, one en-
ters the anterior part of the third ventricle. The mamil-
lary bodies glimmer through the thin ventricular base.
This membrane, which is the posterior part of the tu-
ber cinereum, is the location for performing third ven-
triculostomy? (Fig. 3). The infundibular recess, the
optic chiasma and recess are visible in the frontal part.
Laterally we find important hypothalamic regions
and also parts of the fornix.

In the posterior part of the third ventricle, the first
visible structure may be the interthalamic connection,
but this is absent in 25% of cases®. Going further
posteriorly under the massa intermedia, one reaches
the pineal region. The floor is made up of the poste-

Fig. 2.

Fig. 3 Fig. 4

Fig. 2. Typical Y shaped configuration in the region of the interventricular foramen. / choroid plexus, 2 thalamostriate vein, 3 septal vein,

4 foramen of Monro

Fig. 3. Localization for third ventriculostomy. / mamillary bodies with 2 premamillary membrane and 3 infundibular recess

Fig. 4. Posterior wall of the third ventricle. / posterior commissure, 2 habenular commissure, 3 aqueduct, 4 suprapineal recess
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Table 1. Topographic Measurements

Landmark Median Range
Roof of the lateral ventricle 4.50 cm 3.5-53cm
Foramen of Monro 6.10 cm 4.6-6.9 cm
Mamillary bodies 7.70 cm 7.0-8.4 cm
Optic recess 8.80 cm 7.7-9.7 cm
Infundibular recess 8.50 cm 7.5-9.6 cm
Posterior commissure 8.90 cm 7.8-9.7 cm
Pineal recess 9.50 cm 8.4-10.8 cm
Aqueduct of Sylvius 9.30 cm 8.2-10.0 cm

rior perforated substance and the uppermost mesen-
cephalic tegmentum. On each side, the third ventricle
is bounded by the medial surface of the thalami>.

The posterior commissure separates the pineal re-
cess and the habenular commissure from the entrance
to the aqueduct (Fig. 4) in the small posterior wall.
Reaching the suprapineal recess two longitudinal
strips of choroid plexus and branches of the internal
cerebral vein project toward the roof of the third ven-
tricle. The roof is formed by the tela choroidea. Below
the posterior commissure one finds the entrance of the
aqueduct. From there, it is not difficult to reach to the
fourth ventricle.

Endoscopic examinations of the fourth ventricle
are in preparation.

Topographic Measurements

The endoscopic way from the choosen precoronal tre-
panation point (outer table of the skull) to the defined
ventricular landmarks were measured in 22 cadavers
with a mean age of 69 years. Sex distribution was 10
females and 12 males.

The main data are listed in Table 1.

Discussion

We decided to study cadaver brains in situ with the
idea of simulating the operative procedure in physiolo-
gical relationships. The brain is without any fixation
and the ventricular system is still filled with CSF. The
vessels are sometimes collapsed and autolytic pro-
cesses may impair optic conditions, but this model
gives an excellent overview for endoscopic navigation.
The ultrathin flexible endoscope allows one to observe
and estimate the neuro-anatomical structures with lit-
tle trauma. The flexibility provides good manoeuvre-
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ability in the ventricular system, but there is no opti-
cal view of lesions that the endoscope has passed.
It cannot look backwards. Only by pulling back the
endoscope, can one get an overview about possible
lesions.

After 42 ventriculoscopies in cadaver brains in situ,
we can state that the endoscopy of the anterior part of
the third ventricle is a safe procedure. Only in 2 cases
have we seen compression of choroid plexus in the
foramen of Monro.

Endoscopy of the posterior region is more difficult.
In many cases we have seen rupture of the interthala-
mic connection, especially by a deep seated adhesion.
In 7 cases we could find lesions of the anterior wall of
the foramen of Monro, which is formed by the fornix.

In all efforts to reach the fourth ventricle, we have
seen lesions of the interthalamic connection and the
area of the foramen of Monro.

As a conclusion we can agree, that endoscopy of
the third ventricle is a safe and atraumatic procedure
within the meaning of a minimal invasive technique,
but the effort to reach the fourth ventricle from
Kocher’s trepanation point may be coupled with le-
sions of functionally important structures.

The identification and measurements of the ana-
tomical landmarks is helpful for the assessment of di-
mensions and spacial orientation. With the aim to
minimize brain tissue trauma and to reproduce endo-
scopic procedures and measurements in every single
case, we have designed the endoscopic guiding system
with the cardan joint.

References

1. Fukushima T, Ishijima B, Hirakawa K, et a/ (1973) Ventriculofi-
berscope: a new technique for endoscopic diagnosis and opera-
tion. J Neurosurgery 38: 251-256

2. Jones RFC, Stening WA, Boydam M (1990) Neuroendoscopic
third ventriculostomy. Neurosurgery 26: 86—92

3. Lang J (1992) Topographic anatomy of preformed intracranial
spaces. In: Bauer BL, Hellwig D (eds) Minimally invasive neuro-
surgery—MIN. Acta Neurochi (Wien) [Suppl] 54: 1-10

4. Mapstone TB, Ratcheson RA (1985) Techniques of ventricular
puncture. In: Wilkins RH Rengachary SS (eds) Neurosurgery.
McGraw-Hill, New York, pp 151-152

5. Netter FH (1983) Nervous system, Vol 1, Part 1. Anatomy and
physiology. Ciba Collection of Medical Illustrations, pp 30-31

Correspondence: Thomas Riegel, M.D., Department of Neuro-
surgery, Philipps University Marburg, Baldingerstrasse, D-35033
Marburg, Federal Republic of Germany.



Acta Neurochir (1994) [Suppl] 61: 57-61
© Springer-Verlag 1994

Endoscopic Anatomy of the Ventricles

K.D.M. Resch, A. Perneczky, M. Tschabitscher!, and St. Kindel

Department of Neurosurgery, University of Mainz, Federal Republic of Germany and

! Department of Anatomy, University of Vienna, Austria

Summary

The endoscopic view offers a new anatomical dimension to the
neurosurgeon. The fact makes it basically necessary to study the
topographic anatomy under endoscopic conditions. In this paper
attention was drawn to the ventricles because they are the most
common region of clinical application. In 25 specimens neuro-
endoscopic explorations of the ventricles have been done. The dis-
sections have been carried out through one- and two burr hole
approaches (two working endoscopes at the same time). The instru-
mentation includes rigid 4 mm and 6 mm endoscopes. The proce-
dures have been documented by continuous video recording and
parallel photography.

Keywords: Neuroendosopy; ventricular system; anatomy.

Introduction

Minimal invasive techniques are not new in neuro-
surgery but endoscopes are the tools necessary to
achieve key hole surgery in selected cases. The general
road maps of endoneurosurgery did not exist. A
neuro-endo-anatomy is therefore necessary and the
rule should be that the anatomy is ahead of surgery.
As Yasargil mentioned, while neurosurgery changed
from macro- to microtechnique, microneurosurgery is
not just a question of the technical tools'®. There are
some fundamental differences to microsurgical anat-
omy; we see all as in a ““fish eye aspect” with a broad
angle view and perspective, when we reach parts that
were optically hidden to the microscope. We can ob-
serve ipsilateral preparation from the contralateral
side. We can bring the light optimally to the deepest
points and come as near to the structures as we need.
The topographical overview might be zero, neigh-
bouring structures move out of view while going
deeper, orientation is difficult, rotation of the picture
is easily possible and might not represent the true
position; this may lead to mistakes. At present strat-
egies of safety and variety of instruments are not de-

veloped enough and use is therefore very limited.
These facts show the importance of a safe anatomical
basis for neuro-endoscopy.

Material and Methods

25 cranial endoscopical explorations have been completed and
results documented by photos and video.!® The first three explora-
tions and endoscopy seminars have been done with plastic speci-
mens, which are preserved by a plastic impregnation tech-
nique*~8 1113 The others were done in non-fixed specimens.

The technical equipment comprises: Rigid endoscopes 4 mm (',
30, 70’ and 6 mm 5’ with canals for irrigation, suction and instru-
ments, photo-video system and surgical instruments.

Regions of exploration were the ventricles. Approaches were
microsurgical (open endoscopy), double burrhole and burrhole in
air and water. In some cases a video-endo-dissection technique was
used where the endoscope is used as a substitute for the microscope
and the view is displayed on the monitor during endoscopy.

In this presentation attention is focussed on the ventricles because
they are commonly the first area of clinical application.

Results

To use the endoscope intracranially is to enter a new
world with several difficult conditions: The first differ-
ence to the macro- and micro world are the optical
conditions which is a “fish eye view” (Figs. 2 and 3).
Moreover there is a very different perspective, that
leads to the effect that the size of a structure changes
markedly with the distance of the lens. A tiny vessel
near to the lens might look double the size of the main
vessel. The second difference is a new eye-hand-co-
ordination in a medium with the highest necessity of
safety in guiding, orientation and manipulation. This
leads to a stereotactic situation in planning and guid-
ing. Of course it is possible to manoevre the scope
freehanded, but this may lead to damage.

The main advantage of the rigid scope is its optical
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Fig. 1. The direction of a rigid scope has to be planned in order to
reach different parts of the ventricular system

brilliance compared to fiberscopes and the exact guid-
ing conditions. The main disadvantage is the difficulty
of looking around corners. If using the rigid scope
with small deviation movements and with an angled
view to compensate for the missing flexibility it is of
great importance to control the movements of the
whole scope. All structures that have been passed are
no longer visible and therefore in danger. This leads
to the need for a backward view or a back situated
control view for the moved scope. The second, con-
trolled and movable scope could also be a fiberscope
used through one of the canals of the rigid scope.

More than in micro-approaches the endo-approach
(burrhole) must be planed exactly. The variations of
position are numbers and every location has different
possibilities and difficulties.

The classical burrhole position for the lateral ven-
tricle is the precoronal midpupillary point. To get into
dorsal parts of the lateral ventricle the direction is
more dorsal as if to pass through the foramen of
Monro (Fig. 1). To enter the rostral third ventricle the
burrhole position is more dorsal. To enter the dorsal
third ventricle and in selected cases the aqueduct
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and fourth ventricle the position of burrhole is more
frontal.

One of the main structures of orientation in the
frontal horn of the lateral ventricle is the choroid
plexus that leads laterally accompanied by the lamina
affixa, the thalamus, the thalamostriate vein and the
nucleus caudatus to the dorsal parts of the ventricle
(Fig. 4). The thalamostriate vein often is covered by
the tissue of stria terminalis.

The other main structure is the foramen of Monro
that leads to the third and fourth ventricle (Figs. S
and 6). The foramen of Monro is surrounded by the
column of the fornix and thalamus, the plexus sharply
curves medial and runs along the roof of the third
ventricle. In hydrocephalic conditions the foramen of
Monro is widely open and gives a view of the floor of
the third ventricle (Figs. 5 and 6).

The main structure is the typical figure of mamil-
lary bodies and the rostral pointing infundibular re-
cess. Lateral the hypothalamus forms the wall and the
floor leads to the aqueduct. In many cases there is no
interthalamic connexus (Figs. 5-7).

The main structure of the roof anteriorly are the
fornices, the anterior commissure and the choroid
plexus (Figs. 8 and 9), posteriorly there is the en-
trance to the aqueduct, the habenular commissure
with the pineal gland and the posterior commissure
(Fig. 10).

In hydocephalic conditions it is possible to reach
the fourth ventricle even with a rigid 4 mm-scope. The
main dorsal structure is the plexus of the fourth ven-
tricle fixed at the transparent tela choroidea through
which the cortex of the cerebellum is visible. The plex-
us leads dorsocranially to the fastigium and laterally
on both sides to the foramen of Luschka in the lateral
recess (Fig. 11). The main ventral structure looks like
the quadrigeminal plate through the endoscope but is
the medial eminentia superiorly and facial colliculus
inferiorly on both sides divided by the median sulcus
of fourth ventricle. Beneath the medullary striae can

Fig. 2. Interpeduncular cistern seen through the operating microscope

=

Fig. 3. Interpeduncular cistern seen through a rigid endoscope 4 mm, 30. Note the “fish eye” effect

Fig. 4. Right lateral ventricle with foramen of Monro, choroid plexus and lamina affixa

Fig. 5. Foramen of Monro formed by the fornix and the thalamus. The plexus curves sharply towards the roof of third ventricle. In the

depth the mamillary bodies are seen

Fig. 6. Through the foramen of Monro the floor of third ventricle is visible. Mamillary bodies are easily recognized, the dark triangle
between them is often a membrane that can be penetrated into the interpeduncular cistern (see Fig. 3)

Fig. 7. The floor of the third ventricle showing mamillary bodies with a small membrane between them and the infundibulum
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usually be identified and laterally the vestibular region
(Figs. 11 and 12).

Inferior to the plexus and the medullary striae (dor-
sal acoustic striae) the caudal fourth ventricle begins
and in the depth the foramen of Magendi can be seen.
There the ventral wall of the ventricle is formed by the
hypoglossal and vagal triangles on both sides (Figs.
12 and 13).

Discussion

Though neuro-endoscopy was used early by Espi-
nasse in 19113, neurosurgery lags behind other disci-
plines in surgical endoscopy’. This is due to the abso-
lute necessity of secure intracranial working. On the
other hand endoscopy seems to be an adequate tool to
work in a space like the ventricle. The main reason is
the atraumatic approach, really entering through a
key hole. Neuroendoscopy seems to be the logical
development from a key-hole-microsurgical point of
view.

Of course neuroendoscopy will not easily become
popular? if the roadmaps of neuro-endoscopy are not
available. As can be analysed respectively microneuro-
surgery had the same problems originally and Yasar-
gil consistently draws our attention to the point that
the problems are not only technical, but start with
anatomical difficulties and concepts®>.

Today we see the chance to practice a classical ap-
proach: that anatomy should precede surgery. But it
has not to be an anatomy of statistics. Surgeons need
to be guided by clinical anatomy as Tandler pointed
out'*. Therefore we need the description of a “‘gestalt-
anatomy’’; the clinical anatomist has to use the surgi-
cal technique at the dissection table!2. The best meth-
od to train and study neuro-endo-anatomy is the non-
fixed specimen in the first two days post mortem. One
should start in very old specimens with hydrocephalic
conditions. Young specimens or even brain oedema
might result in frustration. The work is time con-
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suming but the effort of training and the results are
rewarding.!?

Topographical and microsurgical anatomy is indis-
pensible. At the present time there are no puplications
for real discussion but the message is that: “To see is
to understand”2.
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Fig. 8. The roof of third ventricle in a case of missing interthalamic connexus (in air). The fornices and the anterior commissure, above
the lamina terminalis, lateral the thalamus forming the foramen of Monro with the fornix on both sides, beneath the bleeding choroidal

plexus

Fig. 9. The roof of third ventricle in a case with an interthalamic connexus in water. Both fornices and open foramina of Monro,

above the anterior commissure beneath the interthalamic connexus

Fig. 10. The upper fourth ventricle shows ventrally the typical structure of the four colliculi which are eminentia medialis and beneath the

colliculus facialis on both sides. Dorsally is the T-shaped plexus

Fig. 11. The lower fourth ventricle is beneath the plexus and the dorsal acoustic striae showing ventrally the triangle of hypoglossal

and vagal nuclei dorsally the foramen of Magendi

Figs. 12 and 13. The lower fourth ventricle is beneath the plexus and the dorsal acoustic striae showing ventrally the triangle of hypo-

glossal and vagal, nuclei dorsally the foramen of Magendi
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“Stereology”’ of Intracranial Lesions
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Department of Neuropathology, Medical Center of Pathology, Philipps University Marburg,

Federal Republic of Germany

Summary

Endoscopy of the intracranial space requires a new understanding
of the anatomy and pathology of pertinent structures. This meets
with the new development of imaging methods which equally re-
quire three dimensional interpretation of intracranial pathology.
The stereological arrangement of intracranial lesions is examplified
on three neuropathological conditions: brain tumours, territorial
infarction and mass displacement.

Keywords: Three dimensional intracranial pathology; brain tu-
mours; brain infarction; intracranial mass displacement.

Introduction

Questions of stereology, i.e. the spatial arrangement
of lesions within the intracranial cavity are essential
topics of neuroanatomy and neuropathology: Locali-
sation of function can be deduced from the observa-
tion of the site of brain damage. One of the outstand-
ing examples is the identification of the motor speech
area by Paul Broca in a traumatic brain?.

Localisation of higher mental and psychological
functions has a long and remarkable tradition. Greek,
islamic and medieval medicine localized psychological
and sensory capacities—memory, taste, olfaction and
vision—within the different parts of the ventricular
system!'3. Progress of clinical neurology and neuro-
surgery in the 18th century was only possible after the
detection of basic phenomena of the structure of the
nervous system, such as pyramidal tract crossing by
Gall et al.'?; the next generation of clinicians and
neuropathologists such as Theodor Meynert, Emil
Paul Flechsig and Bernhard von Gudden initiated the
era of neurohistology and thereby opened new insight
into neurological function and its localisation”.

Emil Kraepelin by founding the “Deutsche For-
schungsanstalt fiir Psychiatrie” and assembling there
such distinguished neuropathologists as Franz Nissl,

Aloys Alzheimer and Walter Spielmeyer challenged
neuropathology with the task to identify the morpho-
logical basis of mental function and dysfunction®. Al-
though the major psychoses could not be unravelled
by neuropathological methods, the efforts were not in
vain: Neurological diseases such as systemic atrophies
and demyelinations were pathogenetically defined
and explained!®; neuropathological features of irre-
versible organic psychosis could be described which
turned out to be very promising for further research
e.g. in Alzheimer’s disease*.

Two techniques were created by neuropathology in
answer to questions of localisation of function, which
were true forerunners of modern methods: Special
stains in neurohistology depicted cellular constituents
of the nervous system such as neuronal perikarya,
axons and myelin sheeths as well as glial cells and
fibers. The same structures today are visualized more
clearly and more reliably by immunocytochemistry.
The second answer consisted in performing double
hemispheric preparations. These neurohistologically
stained whole brain sections provided an excellent
tool to study connections and lesions between differ-
ent parts in a topographical manner. This technique
anticipated modern imaging methods, in which struc-
tures and lesions are shown in a similar way. Much
of the accumulated findings of neuropathology have
been reappraised during recent years; disease entities
known only to the small group of people examining
professionally postmortem brains became—probably
prematurely—very frequent diagnoses, for instance
Binswanger’s disease. Yet, such a reappraisal revealed
the tremendous wealth of knowledge gathered by
classical neuropathology. We shall consider here three
of the most frequent pathological intracranial condi-
tions: Tumours, infarction and mass displacement.
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Fig. 1. Comparison of CT scan (a), cut brain slice (b), histological double hemispheric preparation (c) and schematic drawing (d) for
morphometric analysis in a thalamic glioma. In this case the necrosis is central. Histology shows that its extention is larger than sug-
gested by CT-scan and naked eye observation
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Stereology of Intracranial Tumours

Imaging methods, such as CT-scans, MRI and PET
can give a picture of a tumour in its spatial relations
to the surrounding brain. Furthermore, in some cases,
the internal tissue architecture is reflected in a similar
way. Cell and tissue architecture, however, are largely
correlated to the tumour’s internal biological beha-
viour. This holds especially true for tumours of the
glioma group. Aggressiveness and malignancy of
these tumours are directly correlated to the degree of
pleomorphism of cells and tissue. Relatively benign
“isomorphic” oligodendrogliomas and astrocytomas
tend to recur years after operation, whereas ‘““pleo-
morphic’’ glioblastomas multiforme mostly lead to
the patient’s death within the period of a few months®.
This increasing heterogeneity of tumours depending
on their increasing malignancy is represented at
different levels: On the macroscopic one, benign
tumours tend to be rather homogeneous, whereas ma-
lignant tumours have distinct compartments. These
compartments can be seen in postmortem prepara-
tions of tumour bearing brains, in stained double
hemispheric sections as well as in imaging methods
(Fig. 1).

The continuous evolution of gliomas from benign
to malignant states is the basis of grading systems!®.
The intrinsic development of heterogeneity in differ-
ent parameters (increasing pleomorphism, anaplasia,
variegation) makes it possible to grade gliomas by
purely morphological means®. Such a grading system
underlies the classification of the WHO!6-17_ Its ratio-
nale has been underlined lately by findings, that on
the molecular level too, a continuous evolution from
relatively benign glioma through anaplastic astrocy-
toma or glioma to glioblastoma multiforme has to be
postulated®. Glioblastoma multiforme however with
its well delineated compartments is very much suited
for morphometric handling and spatial reconstruc-
tion. We have analyzed several intracranial tumours
—amongst them twelve malignant glioblastomas—
morphometrically on double hemispheric prepara-
tions. In all of the glioblastomas, CT scanning had
been performed previously, once or repeatedly. Yet,
a direct comparison of measurements of stained sec-
tions and CT-scans was not attempted, since we deal
with different resolution levels. Five of the patients
with glioblastoma had been treated by various meth-
ods (operation, interstitial and exogeneous radiation,
chemotherapy) and seven were entirely untreated.
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Clinical data in all patients were such, that advanced
tumour growth or recurrence was obvious. Measured
tumour areas ranged from six to 45 cm?, which corre-
sponds roughly to a volume of 25 to 150 cm?. All
tumours had signs of local or general pressure. Three
gross compartments were distinguished: Brain adja-
cent to tumour (BAT), proliferating (cellular and
highly vascular) zone and necroses (Fig. 1). In addi-
tion to these gross features, a distribution analysis of
size and shape of tumour cells and vessels was carried
out, which is not reported here!’.

There is no constant growth pattern, although
growth with nearly round or slightly irregular border
seemed to prevail. Form factors of the whole tumour
areas were widely scattered between near zero, i.e. no
recognizable figure and 1, i.e. round. In fact, multi-
focal as well as perfectly circular forms were found.
Round tumours had the typical central necroses;
slightly more than half of the measured necrotic foci
belonged to this type, which by its large extent is
mostly well depicted in the CT-picture. The remaining
were either excentric and scattered necroses (Fig. 2) or
the elongated necroses highly characteristic for glio-
blastoma, with and without palisading of cells around
them, which could be only detected microscopically.
Necroses comprised between 15 and 60 % of the
tumour areas. The share of necrotic fields was higher
in treated recurrent (40+/—11 %) compared to un-
treated tumours (29+/—17 %). The largest central
necrosis was found in a tumour after interstitial
irradiation.

The proliferation zone in the histological prepara-
tion is defined as the compartment with recognizable
living tumour cells. In the CT scan, its correlation
is the enhancing highly vascular proliferating rim
or garland figure. Separation of this proliferating/
vascular area from necrotic foci is easy in stained
preparations; in “‘imaging’’ pictures, clear cur distinc-
tion depends upon the size of the compartments. In
contrast, central and peripheral boundaries of the
brain adjacent to tumour (BAT) compartment were
difficult to establish: extension of oedema in com-
puted pictures and impossibility to distinguish be-
tween infiltrating and reactive cells in microscopic
sections made it feasible to define this compartment
broadly.

Newformed vasculature was most prominent in the
described proliferating/enhancing rim. Large sinusoi-
dal and glomerular formations were most frequent.
Less of both varieties were observed in recurrences
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Fig. 2. Large hemispheric glioblastoma with small foci of central
necrosis (islands in schematic drawing) and larger peripheral necro-
sis (hatched areas). In this case, the microscopical visible necrosis is
peripherally situated. (a) Double hemispheric stained preparation.
Compartments are marked and shown again in (b) schematic
representation

after therapy. Vascular density, i.e. the number of
counted vessels per area steadily increased from the
BAT-compartment through the proliferating zone to-
wards the necrotic center, where it reached its higest
score, when measured as outer surface. Equally, the
relative share of vessels per measured area increased
from the periphery to the center (Table 1). Vessels
have been counted regardless of whether or not they
were functionally active or inactive, i.e. closed by
thrombotic material as is generally found in necroses.

These arrangements of tumours in either mono-
morphous fields in the case of most benign and deline-
ated compartments in malignant specimens with of
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Table 1. Mean Vascular Density in Different Compartments

Brain adjacent to tumor (BAT) 3.5% range 1.8— 6.1
Proliferating rim 8.9% range 3.9-20.7
Necrosis 13.7% range 5.0-26.2

course overlapping features in intermediate forms
have to be kept in mind, when a tumour is approached
by stereotactic or endoscopic means. One has in addi-
tion to be aware, that imaging pictures are very help-
ful as a guide for such a procedure, but are by no
means completely consistent with the true morpho-
logical condition represented by the microscopically
analyzed tissue and cell composition.

Spatial Arrangement of Arterial Infarction

Vascular incidents are even more frequent than intra-
cranial tumours and pose similar difficult problems as
to their mangement. Infarction of large supratentorial
and brain stem arteries cause known neurological
syndromes, often resulting in death or disability. Pre-
ventive and therapeutic strategies are in continuous
discussion. Typical infarctions are recognized, which
depend on vascular territories, on extra- and intra-
cranial anastomoses as well as on the pathogenesis of
the hypoxic damage'®. In this field too, the introduc-
tion of CT methods into clinical neurology has re-
vived older concepts and findings. Imaging methods
again clearly visualize the different extensions and
shapes of hypoxic lesions, which by comparison with
histological double hemispheric preparations are im-
mediately evident. For the better understanding of
those lesions however, the representation of vascular
territories is extremely helpful as some kind of inter-
mediary missing link between pathogenesis and mor-
phology. Postmortem angiography can be performed
to this end before cutting and processing brains in the
usual neurohistological procedures (Figs. 3-5).
Postmortem angiography, when performed on the
large supra- and infratentorial arteries and radiolo-
gically analyzed on whole brains, gives a puzzling pic-
ture of the stereological arrangement of these vessels.
In brain slices analogous to CT planes, anatomical
and pathological vascular distribution in postmortem
angiographic pictures becomes quite clear. But in the
sagittal plane too, a whole territory may be marked
with its clear boundaries as in the case of the superior
cerebellar artery (Fig. 3). Some pathological lesions
are even better delineated by angiography than in spe-
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Fig. 3. (a) Horizontal plane showing cerebellar hemisphere. (b) Representation of superior cerebellar artery of identical plane. Small
haemorrhage serves as orientation mark (arrowhead). (c) Scheme of the supply area of the superior cerebellar artery

Fig. 4. (a) Postmortem angiography with reduction of small intra-
cerebral vessels in the area of the middle cerebral artery. (b) “Nor-
mal” selective postmortem angiographic picture of the territory of
this vessel. (c) Drawing of the supply area of this brunch of the
middle cerebral artery

cially stained sections (Fig. 4). Necrobiotic changes
leading to altered consistency, mass displacement,
compression of small vessels and microscopic changes
in cytology and tissues can be compared on almost
identical planes. This comparison is especially valu-
able in small infarcts of brain stem and basal ganglia.
But since they present with only minor, difficult and
slight symptoms, they were neglected and rediscov-
ered by imaging methods.

For postmortem angiography of such small vessels,
selective contrast medium injection is preferable. Sup-

ply territories may be pictured in different orienta-
tions, frontal, horizontal and sagittal: Thus, a ste-
reoscopic picture of supply regions of those small
vessels might emerge. Schematic drawings of the areas
e.g. within the confines of basal ganglia of the brain
yields a “map of vascular supply territories” for the
three standard planes of a given structure which then
can be compared with lesions within its boundaries.
For the basal ganglia, most of the small infarcts by
size and shape fitted well into the territory of the (lat-
eral) striatal arteries'®. Very typical small infarcts in
the frontal plane have been described equally in the
territory of the posterior thalamoperforating artery
(Fig. 5). These infarcts may by the variability of the
vascular tree even occur bilaterally in a very similar
manner!#,

Spatial computerized reconstruction however of
the vessel course, the lesion and the anatomical struc-
tures allows one to examine the interrelations of the
different parameters. For the territory of the (lateral)
striatal arteries, the entire supply area covers parts of
the striatum, the central corpus nuclei caudati and the
internal capsule in between. The spatial insertion of a
typical infarct then uncovers that the gray matter only
is affected by hypoxic tissue changes, whereas the fi-
bers of the internal capsule are completely spared
(Fig. 6). Thus, size and shape of the infarcts not only
depend on the mentioned conditions, such as vascular
supply and possible substitution, but equally on tissue
susceptibility. ““Selective vulnerability”’, a phenome-
non commonly associated with borderline and rever-
sible hypoxic damage, might also therefore play some
role in territorial infarction.
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Fig. 5. (a) Bilateral almost symmetrical infarct within the territory of posterior thalamoperforating arteries. (b) Visualization of the
branches of this arteries by selective angiography of both posterior cerebral arteries. (c) Schematic representation of the vascular sup-

ply area

Fig. 6. (a) Picture of the area of supply of the striatal vessels
(strong line) superimposed on anatomical structures: NC nucleus
caudatus, TH thalamus, PA pallidum, PU putamen. (b) Complete
infarction of this area (dark). (c) Selective infarction in the grey
substance 2, while the white matter (/) is unchanged

Differential diagnosis of cerebral lesions has to con-
sider the tremendous variability of aspects presented
by them. Spatial reconstruction, by imaging or com-
puter, is essential for properly evaluating the three
dimensional anatomical and pathological conditions
detected by direct insight into the structures. In addi-
tion, spatial reconstruction may by better representa-
tion lead to clearer pathogenetic concepts.

Space Occupying Lesions, Mass Displacement and
Conclusions

Neuroendoscopy up to now seems to have few indica-
tions within the intracranial and intraspinal cavities.
The most frequent application is probably the ap-
proach of lesions confined to or in connection with
the cerebrospinal fluid. Such lesions might be better
diagnosed by their visible appearance and endoscop-
ically guided stereotactic probes. This however pre-
supposes familiarity with the anatomy and pathology
of the ventricular system, the basal cisterns and the
subarachnoid space. In these intracranial compart-
ments determined sequelae of both local and general
space occupying lesions take place. Starting from
tumour, haemorrhage, suppuration or infarction,
brain tissue is displaced by herniation into cisterns.
Multiple consequences arise by a general increase in
pressure within the intracranial space eventually sur-
passing blood pressure with fatal outcome. These
events belong to the essential knowledge of clinical
neurology and neurosurgery!®. Size changes and dis-
placements of spinal fluid compartments have to
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be taken into account, when endoscopic scouting is
performed.

Possibly, wider indications will concern conditions
within the brain parenchyma, especially cystic ones,
as it is already the case with tumour cysts. Since brain
tissue for a great many injuries has only a single re-
sponse, namly colliquative necrosis, which ultimately
leads to cyst formation there are many candidates for
endoscopic procedures considered purely from the
morphological angle. [To possibly approach this field,
notions concerning the internal tissue make up and
the steric composition of presumable compartments
are necessery.] This presentation is meant to suggest
exchange of views held in neuropathology and gained
step by step in neuroendoscopy.
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Summary

Different cystic lesions can be located in or around the ventricular
system, eventually causing hydrocephalus. Twenty-one patients are
described where endoscopic intervention, mainly large fenestration
towards the ventricular cavity, has been performed. This treatment
can sometimes replace open surgery or extracranial shunting. Most
rewarding are the arachnoid and ependymal intra- and paraven-
tricular cysts. With careful and adequate endoscopic technique this
procedure is safe and much less invasive than other methods
described.

Keywords: Intra- and paraventricular cysts; cerebral endoscopy;
laser.

Introduction

A surprisingly large number of para- and intraven-
tricular cystic lesions of various nature are identified
by CT and MRI imaging. Some of them cause hydro-
cephalus, others cause a variety of signs and symp-
toms due to their location and local distention. En-
doscopic techniques are tending more and more to
replace open surgery and extracranial drainage for
these cases.

Twenty-one patients with such lesions are described
in this paper from 1986 till April 1992. A cerebral
endoscope has been designed by the first author and
is described in a separate paper in this supplement,
with details on techniques?. Four cases of suprasellar
arachnoid cysts are described separately?.

Material and Method

Twenty-one patients were treated for various lesions
(summarized in Table 1). There were 14 males and 7
females and the ages varied between 2 weeks and 64
years.

1) Cystic Tumour

A 15 year old boy presented a postcomatose state after a short
period of acute intracranial hypertension. CT scan revealed a large
cystic lesion without obvious tumoural parts except a small sickle
shaped contrast enhancement in the posterior part. The first diag-
nostic endoscopy showed an inner wall, very different from an ar-
achnoid or ependymal cyst, with abnormal vascularisation mainly
in the posterior region. Biopsy precipitated some venous bleeding
which caused this procedure to be aborted. We considered the le-
sion to be an exceptional form of inoperable suprasellar haeman-
gioblastoma. First attempt at treatment was the instillation of
radioactive Yttrium-90 suspension. This was done without compli-
cations and a catheter with a Rickham reservoir was left in the cyst
(Fig. 1) to deal with recurrent hypertension. The patient recovered
very well but the Rickham reservoir had to be removed after 6
weeks because of skin necrosis over the dome of the reservoir. After
this he was doing well until 7 months later when he again developed
headache. CT showed an enlargement of the cyst (Fig. 2). Then we
decided to perform a large fenestration towards the lateral ventricle
(Fig. 3). After this the patient was perfectly well and is more fully
employed as a bakers-man. It has to be said, that so far we have no
definite pathological diagnosis in this case.

2) Colloid Cysts of the Third Ventricle

From our experiences colloid cysts tend to stick very tightly to the
surrounding brain structures and choroid plexus at the foramen of
Monro. Blind stereotactic puncture has been advocated, but in a
large number of cases the contents are so viscous that it is not
possible to evacuate a significant amount of mucous. Moreover a
meer endoscopic inspection of the surroundings of the foramen
of Monro makes clear that a blind puncture even stereotactically
guided may be very dangerous for the fornix, the thalamostriate
vein, the septal vein and the choroid plexus itself. Very often small
vessels are running over the surface of the cysts and also the
choroid plexus may be overlying the cyst wall partially. These
vessels and plexus can be coagulated by a blunt laser fiber (0.6 mm)
in the noncontact mode. Then the cyst wall can be opened by the
cutting laser using conically shaped fibers in the contact mode. A
large hole in the wall is made through which the viscous contents
can be aspirated by a thin walled aspiration catheter with a broad
lumen and by using the grasping forceps. A small grasping forceps
can be introduced through the working channel or through one of
the rinsing channels to grasp the capsule and to bring as much



70

Table 1. Personal Cases

n
1. Paraventricular arachnoid and/or ependymal cysts 10
2. Suprasellar arachnoid cysts 4
3. Epidermoid cysts 3
4. Colloid cysts of the 3rd ventricle 3
5. Cystic tumour 1
Total number 21

Fig. 1. Rickham reservoir in a cystic paraventricular tumour with
Yttrium 90 treatment that failed

J. Caemaert et al.

vessels as possible in the reach of the coagulating laser fiber. Finally
the small remnants of the empty cyst wall are removed. In this way
very extensive removals can be performed by a unilateral frontal
burrhole through one trajectory. In cases of asymmetrical hydro-
cephalus with a bulging septum pellucidum we prefer to make a
large fenestration in the septum pellucidum rather than to make a
second burrhole contralaterally. The patient can leave the hospital
after one or two days.

By using this laser technique we expect recurrence cysts to be rare
but if they occur they can be treated a second time endoscopically.

A very interesting paper on this subject is the work of Heikkinen
(5) who reports a total removal of such a colloid cyst by endoscopy.

Fig. 2. Enlargment of the cyst of Fig. 1, 7 months after Yttrium
instillation

Fig. 3. (a) Coronal and (b) axial MRI 4 months after fenestration of tumoural cyst towards the lateral ventricle
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Fig. 4. (a) Epidermoid cyst versus (b) arachnoid cyst in posterior fossa with very similar attenuation patterns

3) Epidermoid Cysts

Although this lesion is very different from other intra-or paraven-
tricular cysts, it is worth mentioning that they can be mistaken for
CSF containing cysts, since their attenuation is very similar or iden-
tical to that of arachnoid or ependymal cysts (Fig. 4).

In these cases the endoscope is mainly a diagnostic tool since the
typical contents are very viscous, so that aspiration is impossible
even through a thick polyurethane catheter.

Nevertheless even open surgical treatment in the vast majority of
cases only consists of an emptying of the caseous contents from
within the capsule which moulds into every cleft and folding of the
surrounding brain.

In future we will therefore treat cases by vaporization with the
cutting laser, while aspirating at the same time. For this purpose a
flexible optic element that fits into the working channel of our rigid
endoscope is under development. On the other hand a definite dan-
ger in doing this is, that larger vessels crossing the epidermoid in
one of its often numerous foldings, might be cut and cause uncon-
trollable bleeding. Personally we are very sceptical about optimistic
reports concerning the possibility of coagulating bleeding vessels of
more than one millimeter diameter. One reason is that the visibility
in CSF is much reduced or even completely impaired by bleed-
ing; another reason is that a ruptured vessel can retract out of
reach. Moreover bleeding vessels larger than one millimeter are
extremely difficult to deal with by endoscopic tools even in ideal
circumstances of visibility and ability to reach them.

Figure 5 shows an epidermoid cyst extending from the ponto-
cerebellar angle towards the temporal horn of the lateral ventricle.
This cyst caused seizures and was mistaken for an arachnoid cyst.
An attempt was made to perform a fenestration towards the ventri-
cle. To our surprise, we found endoscopically, an epidermoid cyst
filling the whole cavity, although a vermis agenesis at first sight
made us believe, preoperatively that it was an arachnoid cyst. In a
second step the patient was operated upon conventionally.

Fig. 5. Epidermoid cyst in pontocerebellar angle reaching up to the
temporal horn of the lateral ventricle

4) Suprasellar Arachnoid Cysts

Four children were treated endoscopically. They are reported in
detail in a separate paper®. The same technique is advised, as
described subparagraph E. in this paper. None of these children
needed a shunt after fenestration of the cyst into the lateral
ventricles and the basal cisterns. There was no mortality and the
morbidity was limited to one postoperative epileptic attack with
full recovery.
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5) Para- and Intraventricular Arachnoid and/or
Ependymal Cysts

Ten cases have been treated between March '90 and April '92.
These cysts are being recognized more and more by CT and MRI
(Fig. 6). In the past, shunting procedures for hydrocephalus some-
times failed, because septations may divide the ventricles into sepa-
rate compartments’8, so that drainage by insertion of a catheter
was limited to one compartment (Fig. 7).

Other cysts do not produce hydrocephalus but are symptomatic
due to their location or local distention. They cause most often
epilepsy and headache. Owing to their periventricular topography
the limbic system is sometimes disturbed with neuropsychological
impairment.

Table 2 summarizes the cases with their symptoms and results.

=

Fig. 7. (a) Occipital intraventricular cyst causing hydrocephalus by
shift of aqueduct. This cyst is not drained by the right frontal cathe-
ter and persists until (b) fenestration has been performed
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Fig. 6. (a) and (c) Intraventricular epen-
dymal cyst before and 1 year after (b and
d) endoscopic fenestration
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Table 2. Ten Personal Cases with Para- and Intraventricular Arachnoid and|or Ependymal Cysts
Age Sex Location Symptoms Operation Complications  Results F.U.
1. VDGG 2ly m. leftlat. ventr. headache fenestration — good 25 m.
concentrating
difficulties
2. JM 3m m. interhemispheric hydrocephalus | fenestration — insufficient; 20 m.
posterior month prior to 2nd larger
endoscopic fenestr. planned
operation a
ventriculo-
peritoneal shunt
inserted
3. DVT ly m. porencephalic delayed milestones fenestration — good; epilepsy 10 m.
uncontrolled is well under
epilepsy control
4. DPR 7m m. fossa posterior cyst hydrocephalus fenestration — good 10 m.
ventriculo- towards cisterna
peritoneal shunt magna
4/12 months prior
to endoscopic
operation
5. TB 1.5y m. porencephalic cyst epilepsy fenestration Ist — good 8m
left occipital trial abandoned
horn due to bleeding
2nd
trial uneventful
6. VGB 15y m. subependymal cyst headache memory fenestration — good 4 m.
right lat. ventr. loss
trigonum
7. DLJ ly m. right occipital horn uncontrolled epilepsy  fenestration — good; epilepsy is 3m.
ependymal cyst hydrocephalus well controlled
ventriculo-atrial
shunt | year prior
to endoscopic
procedure
8. LP 23y m. right occipital horn headache fenestration — good 4 m.
ependymal cyst
9. VDM Im f. interhemispheric hydrocephalus fenestration uneventful +
posterior meningomyelocoele operation
arachnoid cyst but postop.
ARDS after
S hours
10. BC 45y f. right occipital horn headache fenestration — good 2 m.

ependymal cyst

F.U. Follow-up.

Surgical Technique

Very important is the choice of approach to the cysts.
Since our endoscope is a rigid one, all fenestrations
that are planned have to be located in one straight
line.

One may come first through the ventricular cavity,
and from there penetrate towards the cyst cavity, or
vice versa depending upon their spatial relationship.

Whether they should be approached stereotacti-
cally or free-hand, depends upon the size of the ventri-

cles and the specific location of the lesion. In many
cases stereotactic guidance is very useful to control
the direction and depth of penetration in order to
reach the target. Once on target, one can detach the
endoscope from the stereotactic arc to have more
freedom for delicate movements of the shaft. In many
cases the hands of an experienced assistant are better
than any supportive device for free hand endoscopy.
The assistant can very quickly and delicately correct
the direction and depth of the shaft at the request of
the surgeon who handles the instruments.
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Several techniques have been tried successively to
perforate and fenestrate the membranes between cyst
and ventricle?'3. Finally we prefer largely the laser for
coagulation of blood vessels and cutting of a window
in the cyst-walls (MBB Medilas 4060).

Coagulation of small vessels often abundantly
crossing the membranes is very easily achieved by
means of a blunt fiber (0,6 mm), in the non-contact
mode using 20—-40 W power.

Only the vessels need to be coagulated since coagu-
lation of the whole trajectory that has to be cut, pro-
duces complete blanching of this track and, since this
white surface reflects the laser light, much higher
power for cutting is needed. So we can easily cut a
“roundel” out of the cyst wall using the fibertome
mode 2 (feed back control of the temperature of the
tip to 700° C).

To prevent it from falling into the ventricle and
causing aqueduct obstruction, the last fine attachment
of this cut-off “roundel” is grasped with a forceps,
avulsed and extracted.

Results and Complications

Of these ten patients seven were improved, with dis-
appearance of pre-operative symptoms and without
complications. One child had to undergo a second op-
eration very recently. Treatment was carried out be-
fore we used the laser, and the hole made by perfora-
tion and enlargment by means of a Fogarty balloon
catheter was too small and healed. It was very inter-
esting to see that the first hole was not closed com-
pletely, and unless a residual opening of about 2,5
millimeter remained, the cyst wall was very bulging.
During the second intervention we made an opening
of 20 mm by 10 mm and removed the “roundel”. A
second smaller hole was made towards the trigone of
the contralateral lateral ventricle.

The first attempt in case 5 had to be interrupted at
an early stage because venous bleeding impaired vi-
sion to such an extent that rinsing was not sufficient to
allow to carry on. The second trial one week later
was uneventful and successful.

In case nine the fenestration by laser application
was completely uneventful and after the endoscopic
procedure, at the same operative session, its large
meningomyelocoele was closed after 1 month of heal-
ing per secundam. The narcosis had been very difficult
and took 4 hours, but intra-operatively there were no
anaesthesiological problems. Five hours after the in-
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tervention the child, who was already fully awake and
without neurological symptoms (except for the lower
limbs due to the meningomyelocoele), developed a
very severe acute respiratory distress syndrome and
died twelve hours later.

Discussion

Endoscopic fenestration of para- and intraventricular
cysts is a valuable method that in most cases replaces
an open surgical intervention or extracranial shunting
procedure. Among other endoscopic procedures this
is, in our experience the most frequent (21 cases of a
total series of 45) and most rewarding intervention.
Nevertheless the technique is fraught with specific
problems. The choice of approach is of the utmost
importance and determines the outcome of the
intervention.

The greatest danger is intraoperative bleeding. If
this occurs even if only by rupture of a small vessel,
simple rinsing may be sufficient to restore clear vision
and to stop the bleeding. Eventually bipolar coagula-
tion or laser coagulation in the non-contact mode
should be used.

In cases where bleeding is uncontrollable but not
excessive, an external ventricular drainage for some
days proves very helpful but was not necessary in our
series.

We had no infection but systemic antibiotic pro-
phylaxis was given in every case for 24 hours (amoxy-
cilline trihydrate and potassium clavulanate).

With the laser the procedure is much easier and
safer than with the initial method of bipolar coagula-
tion and enlargment of the primary hole by repeated
dilatations by an inflatable balloon catheter. The lat-
ter technique remains very useful when a hole has to
be made in small areas near to large vessels (for exam-
ple the basilar artery). In cases where the ventricular
system is normal, drainage of the cyst can be expected
by the normal CSF pathways. In cases where the cysts
cause hydrocephalus (for example the four suprasellar
arachnoid cysts), this may be relieved by fenestration,
provided that the resorptive capacities over the con-
vexity are normal. If this is not the case, the fenestra-
tion is nevertheless necessary prior to an extracranial
shunting procedure.
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Summary

Stereotactic surgical techniques were used to manage 25 consecu-
tive patients with colloid cysts of the third ventricle. All patients
had stereotactic aspiration as the initial procedure; it was successful
in 13 (52%). In patients in whom aspiration failed, endoscopic visu-
alization of the cyst and attempted removal, or microsurgical cyst
resection via a transcortical approach was performed. Three elderly
patients did not have a second procedure and were shunted. The
computed tomographic appearance of a hypodense or isodense cyst
indicates low-viscosity contents and predicts successful stereotactic
aspiration. Stereotactic microsurgery is used in hyperdense cysts, or
in those which cannot be aspirated.

Keywords: Colloid cyst; stereotactic surgery.

Introduction

Most colloid cysts require surgical treatment, but se-
lection of the best management strategy for individual
patients remains controversial. Although refinements
in the transcallosal or transcortical approaches to the
third ventricle have reduced the morbidity associated
with these procedures, stereotactic guidance provides
significant advantages over either technique.

For colloid cysts with low-viscosity contents,
stereotactic aspiration has proved to be a successful
alternative to open resection®>”® %712 Cyst recur-
rence is rare. Stereotactic endoscopic removal allows
the surgeon to visualize the cyst and adjacent struc-
tures, and to use a selection of instruments for cyst
entry and evacuation. Stereotactic microsurgical re-
section via a transcortical approach provides a rapid
and direct path to the cyst and minimizes brain dissec-
tion!5. Standard microsurgical technique can then be
used to remove cysts of varying sizes and consistency.

This paper will discuss our results using these tech-
niques, and suggests guidelines for their use in indi-
vidual patients.

Clinical Material

Over a ten-year period, 25 consecutive patients underwent com-
puted tomography (CT)-guided stereotactic surgery for colloid
cysts of the third ventricle. Patient age varied from 20 to 70 years.
Four patients had bilateral ventriculoperitoneal shunts placed at
the referring institution before undergoing stereotactic surgery. Our
surgical technique has been reported previously’.

Results

Table 1 details the results for each procedure (aspira-
tion, endoscopic removal, or microsurgical resection).
There was no morbidity or mortality after stereotactic
intervention. All patients had aspiration as the initial
surgical procedure; it was successful in 13 (52%).
Success was defined as reduction in cyst volume to
allow normalization of cerebrospinal fluid flow. Pre-
aspiration cyst volume measurements were made
from the CT scans®. The amount of colloid material
aspirated was compared to the calculated pre-
operative volume. In the case of incomplete removal,
a repeat aspiration was performed.

After failure of initial aspiration, 3 patients had at-
tempted endoscopic removal. In one patient, 70 % of
the hard, thick cyst contents were removed using for-
ceps and curettage. However, in the other two pa-
tients, endoscopic removal was unsuccessful due to
poor visualization of a small cyst in one, and failure to
remove solid contents in the other.

Eight patients had microsurgical resection after
failure of initial aspiration. In two, a portion of the
cyst wall adherent to the fornix was left in situ.

Discussion

Because of its simplicity and low risk, stereotactic as-
piration of the cyst has been advocated3¢1°712,
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Fig. 1. (a) Pre-aspiration CT scan showing an isodense colloid cyst (outlined by the cursor function of the CT scanner). (b) Post-aspiration
CT images show marked reduction in cyst size, air within the cyst (arrowhead), and patent foramina of Munro (arrows)

Table 1. Results After Colloid Cyst Surgery

Number of patients
_ Over 30 % cyst

No residual cyst Small residual cyst volume remaining Unsuccessful
Stereotactic aspiration 3 9 1 12
Stereotactic endoscopic removal — — 1 2
Microsurgery 6 2 — —
Reports after aspiration have shown that total or sub- via a transcortical approach to remove those cysts not
total removal of the colloid cyst contents does not re- treated successfully by aspiration. Stereotactic guid-
quire further treatment in most patients* 6810712 ance permits precise placement of the corticotomy
Because many cysts have hard, highly viscous con- and provides a direct route to the cyst which mini-
tents, aspiration is not possible in all patients. We mizes brain dissection and retraction. It is not impera-
have reported those imaging features that successfully tive that all the cyst capsule be removed, if doing so
predict the viscosity of cyst contents, and thereby pre- could cause injury to attached structures. Should a
dict the usefulness of aspiration in specific patients’. piece of cyst wall remain (as is usually the case after
The CT appearance of a hypodense or isodense cyst aspiration), the possibility of cyst reformation is ex-
(as compared with brain on non-contrast studies) in- tremely low>.
dicates a cyst with low-viscosity contents which can Currently, our management strategy begins with
be aspirated. Aspiration failure in this setting can be careful interpretation of the CT and magnetic reso-
due to deviation of the probe away from the cyst wall nance images to determine whether or not the cyst can
(in small cysts), or from an inability to puncture the be aspirated. Asymptomatic colloid cysts S mm or less
cyst wall. in diameter are usually followed conservatively with
Some investigators have performed stereotactic en- serial imaging, until cyst enlargement or clinical
doscopic removal, although the number of procedures symptoms occur. For cysts larger than S mm, whether
reported is small>** 71213 This procedure aims to symptomatic or not, aspiration is recommended
provide a technique for removal of low or highly vis- should the cyst be hypodense or isodense on CT. For
cous cyst contents (by using the larger endoscopic patients with hyperdense cysts, we proceed to stereo-
cannula and available instruments) as well as the op- tactic craniotomy and microsurgery. We have not
portunity to visually inspect the cyst. found that endoscopic removal provides significant

We have used stereotactic microsurgical resection advantages over a guided microsurgical approach.
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Summary

The outcomes in 103 patients who have undergone third ventri-
culostomy for non-communicating hydrocephalus at our institu-
tion form 1978-1994 have been analysed. The group has been
sub-divided by age, cause of hydrocephalus and whether the third
ventriculostomy was the initial definitive procedure or whether
progression of their hydrocephalus had been arrested for a long
time (usually years) by an extracranial shunt prior to third ventri-
culostomy. At the time of shunt malfunction (usually blockage) a
third ventriculostomy was performed if the anatomy was, or could
be made suitable for the safe performance of the procedure.

Third ventriculostomy under the age of 6 months was successful
in only 8 of 25 patients. Seventeen patients in whom the onset of
hydrocephalus was under the age of six months and the ventri-
culostomy was performed between 6 months and 18 years, 8 were
successful. Sixteen of these had had previous long term shunts.

In 40 patients in whom the onset of hydrocephalus was over the
age of 6 months and the ventriculostomy performed after the age of
19 years, 32 were successful. In 28 patients over the age of 20 years,
13 had previously been shunted and in 8 of these the procedure
was successful. In 15 patients not previously shunted, 9 ventri-
culostomies were successful. Three failed, 2 died before evaluation
could be done and one was lost to follow-up. There were no deaths
caused by the procedure. Two patients suffered from a hemiparesis,
(1 transient) 1 patient suffered mid-brain damage. There were 2
subdural effusions. Two patients had infections, 1 superficial and 1
a ventriculitis.

Keywords: Endoscopy; hydrocephalus; shunts; ventriculostomy.

Introduction

Endoscopic Third Ventriculostomy dates back to
192212 Initially, the instruments used were bulky and
the lighting and lens systems were poor. With the
advent of the Hopkins lens system and fiberoptic
illumination, miniaturisation was possible together
with good visualisation of the anatomy achieved. The
modern era of endoscopic third ventriculostomy
was ushered in by Guiot? and has supplanted the

radiologically guided stereotactic procedures. Locali-
sation of the exact site of the endoscope by stereo-
tactic, radiological (e.g. ventriculogram) ultrasonic
or magnetic resonance imaging can be very useful at
times.

Following the introduction of valve regulated ex-
tracranial shunts, there was initially thought to be no
place for third ventriculostomy. When it became ap-
parent that many complications occurred following
placement of these implants, further attention was
paid to third ventriculostomy*, only to slacken as the
results of extracranial shunting improved in the late
1970’s and early 1980’s.

We started using the antisiphon device routinely
in 1978° and as a consequence acquired a significant
number of patients so treated with relatively gener-
ously sized ventricles even when their intraventricular
pressures were normal as have others?.

A number of these patients still developed compli-
cations such as shunt blockage and with the shunt
blockage the already generous ventricles became
larger. Stimulated by the work of Vries'®, we decided
to investigate the feasibility of third ventriculostomy
as an alternative to shunt revision.

Initially, we selected only patients with very attenu-
ated third ventricular floors bulging down into the
interpreduncular cistern. Recently, we have relaxed
our prerequisites and now do not demand this degree
of attenuation. However, we still prefer a wide third
ventricle ie. a few millimeters wider than the diameter
of the ventricular scope, to permit the safe introduc-
tion of the endoscope. This can be achieved by
waiting for the raised intracranial pressure to distend
the third ventricle or in some patients with a function-
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ing shunt to increase the pressure of the shunt. An
alternative is to use an extraventricular drain and
adjust the height and hence the intracranial pressure
to achieve the same result.

Our investigations, instruments and techniques have
been reported in detail elsewhere”'% '8, We do not
attempt to assess the patency or otherwise of the csf
absorptive pathways by isotope or infusion tests as we
do not believe these are adequate> ',

In summary, structural studies are necessary to
assess the site of the blockage in hydrocephalus.
Computerised tomographic examinations have been
the mainstay in the past but magnetic resonance ex-
amination is our preferred technique currently. The
vast majority of our patients have been treated with a
rigid endoscope, initially a needlescope and recently
a Storz arthroscope. Recently we have also used a
Codman flexible ventriculoscope.

There are many techniques available for third
ventriculostomy?3:45-11.13.15719 ‘We have been using
the blunt puncture technique of Vries in the majority
of cases but in a significant number the initial opening
is made with a probe or a pair of forceps and then
dilated to accommodate the ventriculoscope itself.
This ensures that the opening is at least the size of
the ventriculoscope. As an alternative to forceps, a
Forgarty catheter can be used blowing up the balloon
of the catheter when it is in the interpeduncular cistern
and then drawing it into the third ventricle!>. We
have not used diathermy or lasers for fenestration and
have not used stents>. We use a miniature camera and
operate from the television screen.

Results (Table 1)
Group A

Patients who developed non-communicating hydrocephalus and
who underwent third ventriculostomy under 6 months of age.

1. Fifteen patients without associated myelomeningocoele.
Two patients had been previously shunted and in one the third
ventriculostomy was a success and in one a failure. In the 13
patients with no previously placed shunt, 6 were successful. One
of these was only successful on the second attempt and in an-
other the ventriculostomy resealed 42 months later. In one pa-
tient, the initial progress seemed good but a recurrence of his
bleeding tendency led to subdural haematoma and he later died
of unknown cause in a hospital in New Zealand. He suffered
from osteopetrosis treated by a bone marrow transplant. 6 of
this group were failures.

2. Ten patients with associated myelomeningocoele.
One patient had a previous shunt and in this patient the proce-
dure was a failure. There were 2 successful outcomes, S failures
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and 2 patients in whom improvement seemed to occur for 2
months only but who required a shunt.

Group B

Patients who developed hydrocephalus under the age of 6 months
and in whom the third ventriculostomy was performed from 6
months to 18 years of age.

1. Without associated myelomeningocoele. 17 patients comprised
this group, 15 had aqueduct stenosis, 1 was associated with an
encephalocoele and one had a blockage secondary to crypto-
coccal meningitis.

Sixteen had previously been shunted and 8 of these had a suc-
cessful result. Of the 9 failures, 1 had previously been shunted
for communicating hydrocephalus, 1 had a family history of
hydrocephalus and | did not return for removal of his shunt.
One of the patients was successfully controlled for 60 months
and then developed headaches. She underwent intracranial pres-
sure monitoring and showed a few short rises in intracranial
pressure. In view of her previous history of visual obscuration
with shunt malfunction, a shunt was placed. This did not im-
prove her headaches and in retrospect, was a mistake.

2. With associated myelomeningocoele 12 had previously been
shunted. In one patient a shunt was placed to control a csf leak
in the neonatal period. She was referred to us as csf continued
to leak from the abdominal wound at the age of | year. The
shunt was removed. In 11 of these (including the girl with the csf
leak) the procedure was successful. One remains shunt depen-
dant and in the second a shunt was placed 9 months after third
ventriculostomy as the parents insisted that the head size be
made stationary.

Group C

Patients who developed hydrocephalus over the age of 6 months
and who underwent third ventriculostomy up to the age of 19 years.

1. Sixteen patients had an obstruction at the aqueduct which was

due to a tectal tumour in 4. In another 3 there was a block at
the exit foramina of the fourth ventricle making a total of 19
patients in all. Five had previously been shunted and in 3 the
third ventriculostomy was successful although 1 required a sec-
ond attempt. One who was referred to us presented with massive
post-shunting subdural collections (no ASD used) was improved
only.
Of the 14 patients who had no previous extracranial shunts, 12
were successful. In one of the failures, the ventriculostomy was
patent at ventriculoscopy. The other patient’s hydrocephalus
was due to cryptococcal meningitis.

2. In 10 patients the blockage was due to a tumour originating

elsewhere than the tectum. In 3 of these patients a third ventri-
culostomy was performed successfully to relieve the raised intra-
cranial pressure prior to tumour removal. In another 2 the
third ventriculostomy was successfully used in palliation—one
of these had previously been shunted extracranially prior to
subtotal resection. Both died from tumour progression with a
functioning third ventriculostomy.
In 5 patients the third ventriculostomy was performed when the
extracranial shunt blocked and it was successful in 4 patients.
One patient required a repeat third ventriculostomy after 32
months and this had been successful.
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Table 1. Ouctome After Third Ventriculostomy
Complete series Following previous extracranial shunt
Number Success Failure Number Success Failure
Onset under 6 months 25 9 16 3 1 2
Ventriculostomy under 6 months
Onset under 6 months 29 19 10 28 19 9
Ventriculostomy 6 months—18 years
Onset over 6 months 26* 21 5 10 7 3
Ventriculostomy 6 months to 19 years
20 years and over at presentation 23 14 9 8 5 3
Totals 103 63 40 49 32 17

2 Excludes 3 patients who had a third ventriculostomy successfully performed shortly before tumour resection.
Those patients lost to follow up, in whom the results were uncertain or who only improved have been classified as failures in the interest of

simplicity.

Group D

Patients 20 years or over at presentation. Twenty-three patients.

These were patients with aqueduct blockage of undetermined
aetiology except for one patient with a pineal tumour, one with
cerebellar metastases and one due to thrombosis of the basilar
artery presenting with a dilated, hypertensive ventricular system.

Eight patients had previously had extracranial shunts placed and
in these a third ventriculostomy was successful in 5—though one
required a second attempt before the raised intracranial pressure
was relieved.

Of the remaining 15 patients there were 9 successful outcomes
and 6 failures. Two of the successful ventriculostomies resealed, one
after 5 months and one after 38 months. Two patients died soon
after operation, one of a basilar artery thrombosis and one proba-
bly due to pneumonia. One was lost to follow up.

Discussion

We have modified our previous categories moving
the initial age division down to 6 months from 2
years® 1018 This was done as it seemed that the
infants over 6 months of age were more comparable
with the older than younger age groups.

In addition we have subdivided each age group into
one in which these was no shunt controlling the pro-
gression of the patients hydrocephalus prior to third
ventriculostomy and a group in whom a shunt had
been placed some years before third ventriculostomy.

In no instance was the shunt placed 6 weeks or so
before the third ventriculostomy as recommended by
Sayers!®.

All the shunts inserted were Heyer Schulte of vari-
ous pressure ranges with associated Antisiphon De-
vice (ASD). These shunts have been routinely used in
our unit since 1978°. Employment of this system has
resulted in an increased number of patients presenting

with ventricles of sufficient size to permit the safe
performance of a third ventriculostomy. It may have
contributed to improved function of the surface ab-
sorptive mechanism resulting in a higher success rate
following successful third ventricular fenestration.
This however is speculative and it will be necessary to
await the publication of other series in which third
ventriculostomy has been performed after the long
term control of hydrocephalus by other shunting
systems. Other series of third ventriculostomy follow-
ing long term shunt have been discouraging*:>.

The results in the group aged <6 months show a
poor success rate i.e., high incidence of shunts placed
shortly after third ventriculostomy. As only 1 patient
in this group had a preoperative shunt one cannot
draw any conclusions from the preshunted group.

The procedure can be used to simplify treatment
of shunt infections resistant to conventional treat-
ment8- 11,

However, it is noteworthy that some unexpected
success was encountered—one child was premature
(mass 1200G). A third ventriculostomy was performed
as the child had necrotizing enterocolitis with several
wound infections caused by staphyloccocus aureus. It
was thought a shunt stood a high chance of becoming
colonised. It was gratifying to achieve a successful
outcome.

The other groups shows a high incidence of success
for the procedure with no difference apparent between
the groups who were initially shunted and those who
were not. This is contrast to the experience of other
authors*®. Similarly, in contrast to others, we have
had a successful outcome in 2 of 3 patients who had
hydrocephalus secondary to meningitis>- 315
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A number of these patients did not have any other
structural study than a CT scan. Reliance was placed
in those on the relative size of the lateral third and
fourth ventricles. It is possible that some of these may
in fact have communicating types of hydrocephalus
and these would have contributed to the bad results.

Two patients were noted to have shunts that have
been assessed as functioning after third ventriculo-
stomy. These two clinically were thought to have
malfunctioning shunts at the time but as the shunts
have not been investigated by shunt function studies
since, they have categorised as failures.

Occlusion of the third ventriculostomy has been
recorded on 6 occasions. That is lower than reported
by other authors'?. In 3 patients a second attempt
at third ventriculostomy has been successful. Two of
these were done shortly after the initial procedure and
one was done 32 months after the initial third ventri-
culostomy. In one patient, bleeding was encountered
at attempted second ventriculostomy and this proce-
dure was not successful.

Although we have had no deaths due to the ventri-
culostomy, we have had serious complications.

Two patients have suffered hemiparesis and in one
the hemiparesis was permanent. Another patient has
had some midbrain damage.

One patient has had to have a subdural collection
treated and two have had infections, one a minor
skin infection and the other a ventriculitis which
responded quickly to treatment.

Detailed knowledge of the endoscopic anatomy
and insistence on a clear view of the structures prior
to any attempt at ventriculostomy is essential in the
prevention of neurologic complications. Illustrations
of the anatomy have been published'?!® or are in
press®.

Assessment of the success or otherwise of a third
ventriculostomy is difficult. It usually takes at least
four or five days for intracranial pressure to settle
down even in favourable cases such as acquired aque-
duct stenosis. In patients who have an earlier onset of
non-communicating hydrocephalus, the period can be
longer as in the patient illustrated in Fig. 1. This
patient improved very considerably after third ventri-
culostomy. The intracranial pressure became normal
and the ventricular dilatation stabilised. However, the
head circumference continued to increase at a rate
greater than normal for some six weeks before finally
settling down to run in parallel with the 98th centile.

To be categorised as successful, we feel that the

R.F.C. Jones et al.

Fig. 1. This head circumference chart demonstrates the rapid in-
crease in head circumference prior to third ventriculostomy (ar-
row). Thereafter, the child’s fontanelle remained soft and the lateral
ventricular ratio remained stable. The head circumference increased
progressively, slowed over 5-6 weeks and then progressed parallel
to the 98th centile. We interpret this as indicating that the subarach-
noid pathways too, much longer than the usual 4--5 days to become
functional. This is a further reason for not using isotope studies® or
infusion tests'* in selection of patients for third ventriculostomy

patient’s intracranial pressure should be within nor-
mal limits. We do not insist that the ventricular size
become normal and indeed it is unusual for it to do
so. The assessment of the intracranial pressure is
usually done clinically, supplemented at times with
direct measurement or indirect measurement such
as fontanelle tension or the tension of an artificial
fontanelle. In addition, we see decreased ventricular
size in the vast majority of patients often accom-
panied by increased fluid over the surface of the brain.

Magnetic resonance examination has proved very
useful in the selection of patients for operation as one
can visualise attenuation of the third ventricular floor
preoperatively and hence, can exclude those patients
in whom the third ventricular floor is unsuitable for
the procedure.

It is, however, still not possible to assess which pa-
tients will develop suitable subarachnoid pathways.
We have been able to get successful results in patients
who have previously been treated for acute meningitis
even in the neonatal period. However, we have under-
standably had some poor results in patients who have
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had previously communicating hydrocephalus or
chronic meningitis. It would seem reasonable to ex-
clude these patients, as the subarachnoid pathways
would be occluded in a high percentage.

Conclusion

We believe that endeavour to improve the success rate
by selection of patients should not be pursued too
vigorously as some patients who might benefit may be
excluded. However, chronic meningitis and previously
communicating hydrocephalus with later acquired
aqueduct stenosis seem to us to be contraindications
as an occlusion of the subarachnoid pathways has
already occurred.

Third ventriculostomy is now a proven successful
method of controlling noncommunicating hydro-
cephalus. In our hands it is successful also in those
patients who have previously had the progression of
their hydrocephalus controlled by long term shunt.
This has occurred even in some patients in whom
meningitis has been associated with the onset of
hydrocephalus.
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Endoscopic Surgery of Traumatic Intracranial Haemorrhages
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Summary

The results of endofiberscopic removal of traumatic intracranial
haematomas and hygromas in 180 patients are analysed. Peculiar-
ities of the surgical techniques using flexiscopes and original devices
in epidural, subdural, intracerebral, intraventricular haemorrhages
of various consistencies, size and location are reported.

A technique of the trephination access and delayed cranioplasty
for endoscopic removal of extensive subdural and intracerebral
haematomas is presented.

Indications, contra-indications for endoscopic haematoma sur-
gery, advantages, disadvantages, failures of the techniques are
discussed.

Kevwords: Brain injury; surgery; cranioplasty; endoscopy; epidural
haematoma; subdural haematoma; intraventricular haemorrhage.

Introduction

The main principle and aim of endoscopic haema-
toma neurosurgery is the removal of a great amount

of blood by spilling as little as possible blood. For
realization of this principle it is necessary to provide
multilevel endoscopic stereotopography, adequate
surgical technique and tools for precise actions in con-
ditions of a wide spread of blood about and restricted
visual field.

The surfaces of subdural and ventricular cavities
posses a very complicated shape. Therefore one
should prefer flexible endoscopes with bending tip
for safe parabolic tube insertion, precise space-
orientation and endoscopic navigation.

Our data on endoscopic subdural stereotopography
and our clinical experience on endoscopic neurosur-
gery of traumatic intracranial haemorrhages were
published in 19883 and 1994 for the first time. Now
we summarize the results based on clinical experience
of 233 endocranioscopic operations in neurotrauma.

Table 1. Distribution of Patients with Traumatic Intracranial Haemorrhages Operated on Endoscopically

Severity of state

Volume of haematomas (ml)

Forms of haemorrhages Mode-rate severe critic 50 51-100 101-150 151-200 Combined trauma
Epidural (21)

Acute (5) — 5 — — 1 3 1 —

Subacute (12) 8 4 — — 12 - — —

Chronic (4) 4 — — 2 2 — — —
Subdural (122)

Acute (26) 1 14 11 — 16 1 3

Subacute (47) 17 25 S — 23 11 7 —

Chronic (49) 30 16 3 1 19 20 9 —
Subdural hygromas (6) — 2 4 1 4 1 — 2
Intracerebral (8) 4 4 — 2 6 — — —
Intraventricular (3) — 1 2 3 — — — 1
Multiple? (20) 4 11 5 — 4 11 5 7
Total 180 68 82 30 9 87 61 23 13

%{__J
62.2%

Male/female—152/28; Age—16-93 (mean —44.6).

2 Bilateral (16): epidural-intracerebral; subdural-subdural (haematomas and hygromas); subdural-intracerebral; intracerebral-intracerebral.

Unilateral (4): epidural + subdural; subdural + intracerebral.
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Fig. 1. (a, b) The sketch of the device used for removal of large
clotted extracerebral haematomas including flexiscope, wide-
channel draining system and uniting nozzle. (b) Endoscopic
dissector
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This allows one to formulate the indications for
endoscopic removal of various kinds of intracranial
haemorrhages.

Patients and Methods

208 patients were operated on endoscopically: 180—endoscopic
surgery of traumatic intracranial haemorrhages; 28—diagnostic
endoscopic exploration through a small cranial opening, bilateral
in 4 cases. Patients of the last group were operated on in extremely
serious condition with primary brain stem lesions in addition to the
intracranial haematomas. This group is not analysed in the present
paper.

Distribution of clinical cases is presented in Table 1. General
methodology of neurofiexiscopy, techniques and equipment for en-
doscopic removal of intracranial haemorrhages have been reported
in our previous paper®. For evaluation of large clotted haematomas
the co-axial wide-channel nozzle was used (Fig. 1). This ensures
a free axial shift of all components, insertion of endoscopic for-
ceps (and) or original endoscopic ‘‘finger’-dissector* improving
instillation-aspiration procedures for removal of clots.

A method of access to the subdural space and delayed cranio-
plasty without the second operation has been worked out and ap-
plied. Having made the linear scalp incision (7-8 cm), coronal
trephination with bone disc removal is performed. The dura is
opened in a manner shown in (Fig. 2a). The dural opening ensures
subdural insertion of endofiberscope with co-axial draining system
(the diameter of each being up to 6-7 mm) through the cranial
opening of 2025 mm in diameter.

After endoscopic removal of the haematoma a wide drain is in-
serted and passed through the dural incision. The other cuts of the
dura are closed (Fig. 2b). Then the scalp area near the cranial open-
ing is separated from pericranium, the bone disc is inserted on its
outer surface under the scalp (Fig. 2b) and approximated to the
trephine well. To anchor it in position a stitch is passed through a
drill-hole in the bone disc and passed through the scalp.

To prevent damage to bridging pial vessels, drain insertion into
the subdural space is performed at some distance from the trephi-
nation opening under endofiberscopic control. This helps to detect
the number and location of these vessels (see Fig. 3).

The use of an optically translucent draining tube and the peri-
cranial placement of the bone disc about the cranial opening for a
distance not less than its diameter allows one to make: 1) a direct
visual assessment of the drained cavity by insertion of the thin

Fig. 2. Minimally invasive approach (a) and delayed nonsurgical
cranioplasty technique (b) for endoscopic surgery of the intracra-
nial haemorrhages. (a) Y-shaped incision of the dura; one long cut
for insertion of coaxial nozzle or wide-channel drain; (b) position of
bone disc and drain after clot removal and dural closure. Disc with
drill hole
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Fig. 3. Endoscopic subdural images of bridging artery (a) and veins (b) and sketch (c) retracting the cortical surface by superficial vessels

and covering arachnoid

flexible fiberscope through the drainage tube (ENF-P “Olympus”’,
3.7 mm of tube diameter with high optic resolution—Fig. 3), and 2)
ultrasonic sector scanning through the scalp for an evaluation of
ventricular system displacement.

After the removal of the draining tube the bone disc is ma-
noeuvred into the cranial opening and tying the ligature.

Results

Direct instillation-aspiration techniques using co-ax-
ial nozzle allows one to increase significantly the qual-
ity of endoscopic observation of blood-filled cavities
and visualization of structures, especially bridging ar-
teries and veins (Fig. 3). This ensures the reliable
clearance of intracranial spaces of blood and the pre-
vention of vessel/brain damage by the endoscopic tip
or endomicroinstruments.

Peculiarities of Endoscopic Surgical Technique in
Various Forms of Intracranial Haemorrhage

Epidural haematomas. Endofiberscopic technique
ensures the evacuation in toto of large epidural hae-
matomas of typical parieto-temporal (Fig. 4) as well
as fronto-polar (Fig. 5) or occipital-posterior fossa lo-
cations (Fig. 6). The surface of the clots in contact
with the inner table of the skull may exceed the plane
of the craniectomy 8 to 13 times. In occipito-posterior
fossa haematomas, depending on the haematoma ex-
tension, burr holes are placed near the fracture line
above and below the transverse venous sinus (Fig. 7).
This allows control of any bleeding from the sinus
after the subdural blood has been evacuated, without
enlargement of the trepanation.

Fig. 4. CT before (a) and after (b) endoscopic evacuation of large
epidural haematoma of typical localization

For prevention of new blood accumulation by
oozing into the evacuated haematoma cavity the dura
is made to stick to the inner table by use of fibrin glue
and temporary application of pressure from the sub-
dural side.

In acute forms (9, including 4 multiple haemato-
mas) bleeding from branches of meningeal arteries
was controlled by high-frequency coagulation beyond
the cranial opening via the endoscope’s instrumental
canal. For amelioration of an acute tentorial pressure
cone associated with severe midbrain syndrome a se-
lective brief hydrocompression of the herniated uncus
by endoscopic side-expanding microballoon* was
used with reassuring preliminary results.

Subdural haematomas. Clotted and mixed types
were completely removed endoscopically using aspi-
ration—directed instillation technique with the help
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Fig. 5. Preoperative (a, b) and postoperative (c) CT in case of endoscopic removal of fronto-polar epidural haematoma without glue
adhesion of separated dura to bone (free zone between dura and inner cranial surface (c))

Fig. 6. Serial CT before (a, b) and after (c,d) endoscopic removal of epidural occipital-posterior fossa haematoma using glue attach-

ment of separated dura

Fig. 7. The sketches showing the site of opening for endoscopic
removal of occipitopolar epidural haematomas depending on occi-
pital (a) or posterior fossa (b) spread

of the co-axial draining system, endoscopic dissector,
forceps in various modifications*. As to liquid chronic
haematomas (Fig. 8) endoscopy ensures the visualisa-
tion detection, of the dissector perforation and in-
cision of membranes (Fig. 8c—e) controlling blood
accumulations for effective drainage of united cavi-
ties. Moreover, endoscopic techniques also ensure the
submembraneous approach for separation of visceral
haematoma membrane from the arachnoid destroy-
ing the adhesions between them.

Subdural hygromas. Endoscopic technique allows
one to remove the fluid confined by cortical gyri be-
yond the cranial opening and ensures the drainage of
the cavity into subarachnoid space (usually lateral cis-
tern) through an arachnoid opening.



Fig. 8. The significance of the endofiberoscopic removal of liquid chronic subdural haematomas. (a, b) Preoperative CT pictures
showing septated form of haematoma; (c, d, €) endoscopic perforation and incision of intercavital membrane by endoscopic dissector;
(f) serial postoperative, CT control
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Fig. 9. Endoscopic and CT pictures before (a, c) and after removal
(b, d) of clotted haematoma from the lateral ventricle. After clear-
ance of ventricle from blood the atrial veins are detected (c)

Endofiberscopy provides also for the evacuation of
intracerebral haematomas in toto.

Intraventricular haemorrhages (Fig. 9). Knowledge
of endoscopic ventricular topography allows one to
remove the clotted and mixed haematomas from the
lateral and third ventricles, especially around the
interventricular foramen of Monro. This is a
typical localization of blood in intraventricular
haemorrhages!'*.
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Multiple haematomas. The conservative character
of the operative technique ensures the removal of
large bilateral haematomas shift.

General results are summarized in Table 2. Re-
lapsed haematomas were removed endoscopically.
Death rate (18 % at whole) chiefly depends on the
severity of the patient’s clinical state, less on the type
of haematomas and does not depend on their configu-
ration (Fig. 10). Nevertheless multiple haematomas
increase the mortality rate.

Failures. In several cases of acute subdural haema-
tomas it was difficult to reach endoscopically the layer
between big haematomas and the brain which pene-
tration resulted in difficulties of clot removal. This
required an enlargement of the cranial opening in 1
case. Osteoplastic trepanation has been performed al-
so in 9 cases with prolapsed brain or large cerebral
lacerations.

Complications such as damage to brain tissue or
its vessels by the endoscope and wound suppuration
were not recorded.

Discussion

The experience with more than 200 operations allows
one to formulate indications for endoscopic haema-
toma neurosurgery. These are the indications for sur-
gery in general with the exception of contraindications.
The contra-indications are the following (corre-
sponding to contemporary technical possibilities):

1. Widespread brain laceration
2. Large bleeding vessel

3. Brain prolapse

4. Calcification of a haematoma

The last point has only academic significance.

Table 2. Endoscopic Surgery of Traumatic Intracranial Haematomas ( General Results)

Haematomas Operated on Volume (ml) Relapse Died
Epidural 21 50-250 12 —
Subdural 122 60-200 42 20
Hydromas 6 60—120 — 4
Intracerebral 8 40-80 — —
Intraventricular 3 15-30 — 2
Multiple® 20 up to 230 — 7
180 (201 operations?®) 5(2,5%) 33 (18,3 %)

*Bilateral 16; relapse surgery 5.
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Fig. 10. Diagrams, delineating the mortality rate (hatched parts of columnes) after endoscopic removal of various forms of traumatic

intracranial haematomas

The main advantages of endoscopic surgery of
intracranial haematomas are:

1. Reduction of the surgical trauma by
— restriction of dural opening;

— minimal retraction of brain structures during
surgery;
— small skin incision.

2. Shortening of the period of inpatient care and cost
reduction.

3. Possibility to operate without assistance as well as
outside neurosurgical clinics (disasters, road acci-
dents), combining operative endoscopic with diag-
nosis and surgery.

Low recurrence (2.5 %) is possibly the result of the
application in most cases of the delayed non-surgical
cranioplasty technique described, providing for the
insertion of a wide-bore tube for intensive short-time
drainage with ultrasonic and endoscopic control of its
effectiveness. The exact definitive bone disc replace-
ment provides an anatomical completion of the oper-
ation, skull closure. This technique also prevents the
intracranial bone flap migration and postoperative
extradural haematomas. Dealing with the relapse rate

of intracranial and especially subdural haematomas,
the comparative assessment of our results and sum-
mary statistics of ““blind” burr-hole evacuation of
only liquid subdural haematomas (relapse rate was
6-24 %" %) shows the significant decrease of relapse
rate using endoscopic techniques. This technique en-
sures double visual control: 1) during surgery for pre-
cise manipulations; and 2) postoperative control of
the effectiveness of drainage and its duration.

And finally, the special advantages of endoscopic
evacuation of chronic subdural haematomas: 1) inci-
sion of membranes restricting the evacuation of blood
accumulation for effective drainage of several cavities;
2) withdrawal of remaining clots; 3) separation of
thick inner membrane from cortical arachnoid with
removal of connective tissue adhesions between them.

Thus, endofiberoscopic techniques optimize the op-
erative surgery of intracranial haematomas.
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Summary

Image-guided stereotaxis is an accurate and safe method of di-
recting therapy to target volumes defined in two-dimensional (2D)
multiplanes or three-dimensional (3D) perspectives using computer
reconstruction of image data. The major limitations of stereotactic
techniques are a lack of intraoperative visualization and direct
monitoring of the procedures, and changes of intracranial co-
ordinates after decompression of cystic lesions or aspiration of
cerebrospinal fluid in the management of intraventricular lesions.
Endoscopic laser stereotaxis (ELS) involves integration of rigid-
flexible endoscopy and Nd-YAG laser to 3D-2D multiplanar
image-guided stereotactic procedures. The major advantages of
ELS include: minimally invasive (burrhole or small craniotomy sur-
gery), direct intraoperative visualization, hemostasis, evacuation or
resection assessment, and wide exploration of intracranial cavities
or ventricles. ELS has been used in the management of 152 clinical
cases including biopsy, aspiration, resection and internal decom-
pression of deep and subcortical intracranial lesions, and different
types of fenestration procedures. Image-guidance combined with
endoscopic techniques may offer a safe, accurate alternative to con-
ventional neurosurgical procedures in treating small solid, cystic,
and intraventricular lesions as well as fenestration procedures.

Keywords: Endoscopy; fiberoptic; stereotaxis; laser; imaging.

Introduction

Image-guided stereotaxis is an accurate and safe way
to approach intracranial lesions, allowing treatment
to be directed at target volumes defined in two-dimen-
sional (2D) and three-dimensional (3D) computer re-
constructions of image data*>®7-!'5, With 2D multi-
planar or 3D image processing, the size, shape, and
main axis of intracranial lesions can be determined
along with the important surrounding anatomical
structures®®10:1417  Image preplanning goals in-
clude selection of the safest and optimal approach
for diagnosis and treatment of intracranial le-
sions?-11-13.14 This information can be transposed
into stereotactic space with mathematical accuracy.
Adequate methodology with 1 mm accuracy can be
achieved on both the x and y axis and 1.5 mm in z

axis®. Nevertheless, major criticisms and limitations
of image-guided stereotaxis include the lack of direct
visualization and intraoperative monitoring of the
procedures, morbidity and mortality due to hemor-
rhages associated with intraoperative blindness, and
changes in intracranial coordinates after aspiration
of cystic cavities or intraventricular lesions. To
overcome some of these limitations in addition to
increasing the scope of clinical usefulness of image-
guidance to a wider range of intracranial pathology,
we have adapted flexible and rigid endoscopy and
the Nd-Yag laser to stereotaxis for management of
cystic and intraventricular lesions and fenestration
procedures®:11:12:16,

Material and Method
Instrumentation

The basic instruments used are described in Table 1. These include
endoscopic instrumentation (rigid-flexible), a stereotactic frame
(Zamorano-Dujovny Multipurpose Neurosurgical Localizing Unit,
Fischer, Freiburg, Germany; hereafter, Z-D) and a cannula adapter
for a stereotactic arc. A rigid neuroendoscope was developed for
diagnostic and therapeutic endoscopy under stereotactic conditions
(Karl Storz, Tuttlingen, Germany). The instrument consists of a
rigid cannula with an outer diameter of 8 mm and a scale for depth
measurements. This cannula can be inserted using the adapter for
the stereotactic arc to achieve the image-defined trajectory; an
atraumatic mandrin is used to prevent damage to the surrounding
brain. Once the desired depth is reached level the mandrin is re-
placed by a one-piece instrument that includes the optical system
(0 degree optics and illumination), separate suction and irrigation
channels, and a 2 mm working channel for rigid instrumentation.
With a stopcock the irrigation channel can be used simultaneously
to harbour a laser fiber or flexible instrumentation.

Optics of 30 and 90 degrees may be useful in some cases. Endo-
scopic rigid instrumentation includes different biopsy forceps (punch
cup, alligator, etc), hook scissors, and bipolar coagulating elec-
trodes. Fiberoptic neuroendoscopy was performed with a flexible
Olympus fiberendoscope (ENT-1T10) (Olympus Corporation,
Strongsville, OH) and flexible instrumentation similar to the rigid
endoscope. A CCD videocamera attached to the neuroendoscope’s
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Table 1. Endoscopic-ND-YAG Laser Stereotaxis (ELS)

Requirements

CT, MRI, DA

Z-D (Zamorano-Dujovny) Multipurpose
Neurosurgical Localizing Unit
(Fischer, Freiburg, Germany)

Chavantes-Zamorano Endoscope
(Karl Storz, Tuttlingen, Germany)

grasping forceps, scissors, suction needle,
bipolar probe

Olympus ENT-1T10

grasping forceps, bipolar probe, suction
needle

Karl Storz, Tuttlingen, Germany

Image data
Stereotactic system

Rigid endoscope
Rigid instrumentation

Flexible endoscope
Flexible instruments

Xenon light source
(300 w)
Videocamera CCD
Nd-YAG laser
Contact laser fibers

Karl Storz, Tuttlingen, Germany
Sharplan 2100, Allendale, New Jersey
400, 600, 800 micron sculpted laser fiber;
conical, hemispherical, dual effect
(Sharplan Lasers, Allendale,
New Jersey)

optic allows display on a television monitor. A 600 micron Nd-Yag
laser disposable contact fiber (Sharplan Lasers, Inc., Allendale,
New Jersey) can be introduced through the irrigation channel of
both rigid and flexible endoscopes for coagulation, cutting, and
vaporization of lesions.

Technique

Endoscopic laser stereotaxis is a three-step process: 1) image data
acquisition, 2) 3D-2D image processing for stereotactic planning,
and 3) intraoperative stereotactic endoscopic procedure.

Image Data Acquisition

A computed tomography (CT)—and magnetic resonance imaging
(MRI)—compatible ring (Z-D base ring, F.L. Fischer, Freiburg,
West Germany) is fixed to the patient’s head in the standard low
position for supratentorial, diencephalic, and mesencephalic
lesions. An inverted high position is used for lesions located in the
infratentorial region or near the skull base. The ring is fixed to the
patient’s skull with three or four pins that can be placed on any
position to allow an unobstructed intraoperative surgical approach.
The ring defines the stereotactic coordinate system; the origin is the
center of the ring and coordinates are defined as x (right-left), y
(anterior-posterior), and z (superior-inferior) to this origin!3. Im-
age data acquisition is performed with the fixed ring. To interface
the image data with the reference system, different approaches can
be used depending upon the image modality, i.e. tomographic vs
projective. In the case of tomographic imaging (CT or MRI) there
are two main approaches: one alternative is the use of localizers
attached to the ring which provide landmarks for stereotactic local-
ization. The other approach is the use of an adapter to the CT table
or MRI coiler to bring the ring isocentric to the CT gantry or MRI
coiler. In projective images (X-ray, digital angiography, DA), thin
fidutial radiopaque markers contained in four transparent plates
are fixed to the ring; a special algorithm allows coordinates mea-
surements with the center of the ring as absolute origin, indepen-
dent of source-film distance or angulation!>.
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3D-2D Image Processing for Stereotactic Planning

Basic 2D surgical preplanning can be performed at the CT or MRI
console with available software. Two-dimensional multiplanar pre-
planning can be performed with axial and reformatted views in
coronal, sagittal, paraaxial, or oblique planes on CT images and
with axial, coronal, and sagittal planes using MRI. The location,
size, shape, main axis, and anatomical and vascular relationships of
the lesion can be visualized. Ideally, stereotactic procedures involve
multidimensional 3D and 2D multiplanar interactive surgical pre-
planning. A “real-time” image-based surgical planning utilizing
multimodality imaging (CT, MRI, DA) was developed at our insti-
tution using a Sun 4/370 workstation and specially developed hard-
ware and software that provide 2D multiplanar and 3D views of the
lesion for stereotactic procedures (NSPS, Stereotactic Neurosurgical
Planning System, Wayne State University). The 2D multiplanar
view includes reformatted vectors at any arbitrary plane of the pa-
tient’s lesion such as sagittal, coronal, transverse, paraaxial, and
free-tilt views, including oblique vectors. The 3D software includes
features for extracting a view of the target volume localized by
automatic segmentation, thresholding, manual contouring, and
boundary detection. Both 2D and 3D menus include ‘‘location”
functions with “‘real-time” coordinate measurements in stereotactic
conditions and surgical trajectory definition capabilities as well as
statistical functions for measuring distances, angles, areas, and
volumes!® 14,

A combined interactive 3D-2D menu allows simultaneous dis-
play of selected a trajectory, final optimization, and multiformat
2D display of free-tilt reformatted images perpendicular to selected
trajectory of the entire target volume corresponding to the sur-
geon’s eye-view perspective. For ELS preplanning, an automatic
thresholding or manual contouring technique is used to delineate
treatment areas on each of the axial slices. Treatment volume is
calculated and displayed in any desired perspective. Two dimen-
sional multiplanar reformatted images are generated on coronal,
sagittal, paraaxial, or oblique planes. The surgical trajectory of the
rigid cannula of the endosope is selected in 3D and 2D images,
taking into consideration the tumor’s axis, shape, size, number of
loculations, vascularity, and surrounding anatomy. Generally, the
surgical trajectory will follow the tumor’s main axis unless anatom-
ical or vascular considerations contraindicate such an approach.
With the interactive 3D and 2D menu, optimization and simulation
of the procedure is performed. Finally, a batch of reformatted im-
ages is generated at any desired spacing interval that corresponds to
the planes perpendicular to the endoscope’s trajectory. The aim is
to define the lesion and its anatomical relationships at different
depths of introduction of the endoscope, and to select the best tra-
jectory for the rigid cannula.

In summary, two-point coordinates that define the optimized tra-
jectory are generated at the time of preplanning and are transposed
into stereotactic space by using an algorithm that calculates angles
of the aiming device. The multiple slices corresponding to the endo-
scope’s perspective are generated and displayed into a video or
computer monitor located in the operating room.

Intraoperative Stereotactic Endoscopic Procedure
Aiming Device Settings

In the case of the Z-D aiming device the semi-arc device can
mounted on any four quadrants of the base ring (anterior, right,
posterior, or left) according to the surgeon’s preference, giving an
unobstructed surgical approach. The system is arc-centered and the
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target x, y, z coordinates can be set directly on the device. With a
special algorithm a trajectory is defined by calculating two angles at
specific mountings. The probe holder on the aiming device adjusts
the instrument depth above or below the target. An arc adapter is
used to hold the endoscopic cannula in place.

Endoscopic Procedure

By using a Mayfield adapter the patient is positioned as necessary
(supine, semilateral, lateral, prone, semiprone, etc), rotation as well
as flexion-deflexion. After the patient’s head is shaved at the entry
level, the head and ring are completely covered with sterile drapes.
At the level of the ring where the localizing unit will be mounted, it
is advisable to use transparent sterile drape. From now on, the
procedure will be performed under completely sterile conditions
which is fundamental in the management of intracranial lesions.

The sterile localizing device is mounted. Under local anesthesia,
a burrhole or a 2 cm diameter craniotomy is performed on the
image-defined entry area (transposed by the two calculated angles
of the device). The dura is incised in a cruciate fashion. The 2 mm
stereotactic probe is inserted up to the desired depth (usually the
center of a cystic lesion) to obtain diagnostic tissue and fluid for
cytologic or microbiologic studies. After removing the probe, the
metalic cannula (8 mm) with an obturador is inserted following the
same trajectory through the adapter connected to the stereotactic
arc. Rigid endoscopic optics is then introduced, and continuous
suction and irrigation are connected. Irrigation is performed with
37 centigrade saline solution controlled by a pump activated by a
switchpedal. The fluid component of lesions such as hematomas,
abscesses, cystic tumors, etc., are then easily evacuated under direct
visualization. Continuous irrigation keeps the optical system clean.
Through the working channel, biopsy forceps can be used to obtain
diagnostic tissue, scissors can be used to incise septations, and the
Nd-YAG laser fiber can be used for coagulation, incision, or vapor-
ization.

In some cases of a large cystic or intraventricular process, the use
of the flexible endoscope provides for tissue inspection, resection,
or vaporization in otherwise inaccessible lesions. This is accom-
plished by tip flexion-deflexion and rotation of the endoscope. With
flexible instrumentation, complete control of tumor cavities can be
achieved. The Nd-YAG laser fiber can be used for further hemo-
stasis or resection.

Clinical Experience

Our initial clinical experience with ELS on 152
patients has been encouraging. The technique has
proved to be accurate, safe, and resulted in low mor-
bidity (see Figs. 1-4). Our patients had mainly cystic
or small solid intraaxial lesions (tumors, hematomas,
benign cysts, abscesses, etc.); some had intraventricu-
lar lesions. Histological diagnosis has been obtained
in all cases as well as immediate internal decompres-
sion (Table 2). Operative mortality was seen in one
patient. This patient had an uneventful decompres-
sion of a large cystic metastatic adenocarcinoma of
the lung, but respiratory arrest occurred secondary to
probable intraoperative seizure or hypoxia. He was
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Fig. 1. Preoperative CT scan showing hyperdense colloid cyst of
the anterior third ventricle causing hydrocephalus

intubated and ventilated but died three days postop-
eratively due to irreversible brain hypoxic damage.

Discussion

Image-guided stereotaxis has proved to be an accu-
rate and safe method to approach intracranial lesions,

Table 2. Endoscopic ND-YAG Laser Stereotaxis (ELS): Indica-
tions and Diagnosis on 152 Patients

Biopsies and|/or resection/decompression of lesions

Tumors 99
Glioblastoma multiforme 25
Anaplastic astrocytoma 18
Astrocytoma 9
Mixed oligo-astrocytoma 6
Craniopharyngioma 11
Metastasis 21
Plexus papilloma 2
Pinealoma 4
Ependymoma 3

Colloid cysts 6

Radionecrosis 6

Hematomas 12

Abscesses 5

Criptic avm 3

Air 1

Fenestrations

Arachnoidal cysts 8

Third ventriculostomy 4

Septostomy 3

Ventricular cysts 5
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Fig. 2. Image simulation of endoscopic surgical approach; left: oblique 2D view showing planned trajectory of rigid endoscope through
lateral ventricle, foramen of Monro, and colloid cyst. Right: same trajectory in 3D image showing skull, ventricle, and cyst

directing therapy to target volumes defined in 2D and
3D using computer reconstruction of image data.
With 2D-multiplanar or 3D image reconstructions,
size, shape, and the main axis of intracranial lesions
can be determined to select the best approach for di-
agnostic and therapeutic purposes. This volumetric
information can be transposed into stereotactic space.
Integration of endoscopy with stereotaxis allows di-
rect intraoperative visualization and monitoring of
stereotactic procedures® !!'12:16, Main indications of
ELS technique include biopsy, internal decompres-
sion of cystic tumors or resection of small tumors (i.e.,
malignant gliomas, metastases, craniopharyngiomas),
benign cystic lesions such as arachnoidal cysts, colloid
cysts, abscesses, and intracerebral hematomas.

Other important indications for ELS are intraven-
tricular processes, such as intraventricular hemor-
rhage, tumors, and fenestrations. Flexible endoscopes
can also be used as a sole instrument in the manage-
ment of epi- or subdural collections, such as chronic
subdural hematomas, abscesses, etc., and in the

management of intraventricular pathology such as
hemorrhage and hydrocephalus. Hemostasis can be
achieved by laser photocoagulation. The potential ap-
plication of this technology for neurosurgery is signif-
icant. Technically some of the features of the Z-D
stereotactic system make it appear as a very useful
tool when coupled with endoscopy in biopsy, resec-
tion, internal decompression, and fenestration proce-
dures'?®. Multimodality imaging compatibility, free-
dom to choose intraoperative patient positioning,
unobstructed surgical approach by multiple alterna-
tive mounting of the aiming device, complete intra-
operative sterility, and accurate target and trajectory
transposition are some of the features. Also, we be-
lieve the use of image processing capabilities, such
as NSPS, represents an enormous advantage in any
intracranial procedure, allowing the neurosurgeon to
“simulate” different surgical approaches and select
the best one based on 2D and 3D images. Addition-
ally, once a plan is selected this can be accurately
transposed into the operating room, providing a “‘pre-
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Fig. 3. Series of slices perpendicular to trajectory corresponding to endoscope’s eyeview perspective at different depth

Fig. 4. Intraoperative endoscopic view showing colloid cyst at Fig. 5. Postoperative CT scan showing abscence of cyst and resolu-
foramen of Monro, choroid plexus, and anterior septal vein tion of hydrocephalus
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known’’ anatomy at any specific depth of the selected
surgical trajectory!® 14, Ultimately, all this represents
an initial step towards the implementation of real-
time interactive endoscopic stereotaxis.

We are currently working with an opto-electronic
system based on LEDs and three infrared cameras to
localize on real-time the position and trajectory of the
rigid endoscope. The position and orientation of the
endoscope with respect to the precaptured CT/MRI/
DA images can be displayed in 2D and 3D presenta-
tion on a computer monitor. This electronic coupling
can then serve as a precise guide to the performance of
an actual endoscopic procedure.

Conclusion

Endoscopic-Nd-YAG Laser Stereotaxis (ELS) is a
promising technique for resection (cytoreduction) of
some image-defined intracranial tumors and may be
valuable in the management of malignant tumors.
The impact of this therapeutic model as adjuvant to
other volume-depending treatment modalities, such
as brachytherapy, hyperthermia, phototherapy, etc.,
needs to be assessed®* 817 Integration of image-
guided lasers to treat intracranial tumors allows pre-
cise removal and vaporization of these lesions!. The
impact of this technology on patient survival needs to
be evaluated. However, beyond the precise ““‘cutting”
or ‘“vaporization” effect on tissues, and beyond the
photocoagulator effect (both responsible for lasers be-
ing considered precise surgical tools) applications of
laser technology in endoscopic stereotaxis will result
in new diagnostic and therapeutic modalities. The
combination of laser beam-tumor interaction and
image guidance may provide new ways to treat tu-
mors, such as accurate photodynamic therapy, and
photothermally-induced hyperthermia?#. Future ad-
vances in miniaturization of fiberoptics for endosco-
py, imaging, electronic control, and in lasers technol-
ogy will undoubtedly enhance and optimize the use of
endoscopic laser stereotaxis.
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Summary

Total resection of angiographically occult vascular malformations
was performed in four patients using stereotactic open-system en-
doscopy. The lesions were relatively small but localized deep in the
brain or involving eloquent cortex. Fiber-guided YAG laser coagu-
lation was efficient for haemostasis and no significant complication
was seen in any case. Endoscopic stereotactic laser surgery by open-
system endoscopy is considered a safe and promising treatment for
small AOVM’s located in deep or eloquent neural structures.

Keywords: Occult vascular malformation; endoscopic surgery;
stereotactic technique.

Introduction

Advent of CT and MRI discloses an increasing num-
ber of angiographically occult vascular malforma-
tions (AOVM’s), which may cause haemorrhages,
seizures and  progressive  neurological  defi-
cits*7-8:11,12,15.17.22.23 = Although the natural
prognosis of AOVM’s is not fully understood!!-16-24,
surgical excision is generally accepted for defi-
nite diagnosis and prevention of recurrent
haemorrhage® 13-16.19.20,

Surgical management of AOVM’s, however, is not
always simple since these lesions tend to be small and
located deep in the brain so that the localization of the
lesions by conventional surgery may be difficult.
Stereotactic radiosurgery, as an alternative to resec-
tive surgery, has met with limited success for AOVM’s
so far® 1322 Stereotactic needle biopsy of AOVM’s
for diagnostic evaluation may cause massive and fatal
haemorrhage on some occasions.

In order to resect small AOVM'’s with definite accu-
racy and minimal invasiveness, the authors utilized a
new stereotactic endoscopic approach using a stereo-

tactic guiding tube and fine endoscopes® °. This ap-
proach allows the surgeon to use various surgical
instruments including high power lasers so that endo-
scopic resection of solid intra-axial lesions becomes
possible.

In this report, our initial experience of endoscopic
resection in four patients with AOVM'’s are described.

Operative Technique

The details of the devices and techniques used for this operative
procedure were reported previously® 1°. Briefly, patients underwent
CT scanning of 2 mm slices with their heads fixed in a Leksell
stereotaxic frame. X'YZ coordination of the center of the lesions is
obtained and the trajectory is determined based on reconstructed
CT images. The depth and size of the lesions and the angle of
the trajectory are measured from reconstructed multiplannar CT
images.

A guiding tube, 8 mm in diameter, with an inner stylet is adapted
to the distal needle holder of Leksell's stereotaxic apparatus and
inserted stereotaxically to the targets through an ordinary burr
hole. At the target point, the stylet is removed and either a rigid or
flexible endoscope is inserted into the guiding tube (Fig. 1). The eye
piece of the rigid endoscope is fixed to the proximal needle holder
of Leksell’s frame, whereas that of the flexible endoscope to a spe-
cially designed holding apparatus is attached to the operating table.

Various flexible microsurgical instruments, such as suction tubes,
tumour forceps, dissectors or scissors, are inserted through the side
window of the guiding tube and manipulated so that the lesions
could be removed after dissection from the surrounding brain tis-
sue. A Nd: YAG laser beam at a power of 10—20 W is transmitted
through a quartz flexible fiber, which is inserted into a metal tube
and applied for coagulation and haemostasis.

Summary of Cases
Clinical Data

During the past year, four patients with angiographi-
cally occult vascular malformations were treated by
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Fig. 1. Basic concept of the stereotactic open-system endoscopy.
The stereotactically inserted guiding tube substitutes for the brain
retractors to expose the deep-seated lesions, which are visualized by
either rigid (left) or flexible (right) endoscope. Various flexible sur-
gical instruments including lasers can be inserted through the open
windows of the guiding tube

this method (Table 1). The patients included three
women and one man, aged 43 to 60 years old. Clinical
symptoms were acute headache or numbness in the
hand accompanied by minor haemorrhage. Another
two patients were referred to our clinic for histologi-
cal diagnosis.

Radiological Findings

All the patients underwent CT, MRI and cerebral an-
giography. The lesions were 10—18 mm in the maxi-
mal diameter on CT images and located in the lateral
ventricle (Fig. 2), centrum semiovale, sensory cortex
and deep frontal lobe. The angiogram showed no evi-
dence of abnormal vascularity in any cases. CT scan

Table 1. Summary of Cases
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showed homogeneous high density lesions in three
and mixed density in one case. Typical mixed high
and low signal intensities on MRI were recognized in
one case whereas homogeneous signal intensity was
shown in the remaining three cases.

Operative Procedure

Burr holes were placed in the parietal or the frontal
bone. The distance from the cortical surface to the
center of the lesions was 10-45 mm (average 32.5
mm). All the lesions were well-circumscribed and easy
to dissect from the surrounding tissue. The intraven-
tricular lesion was detached from the choroid plexus
using micro-scissors with YAG laser coagulation after
placing cotton pledgets around the lesion to prevent
blood accumulation within the lateral ventricle. The
operative fields were always kept clear by means of
irrigation and suction when required. Total removal
was achieved in all cases without experiencing critical
intra-operative bleeding.

Pathological Findings

Histological diagnosis was cavernous angioma in
three cases. Case 2 was diagnosed as destructed cryp-
tic AVM with a haematoma.

Complications

No significant complications were experienced. Post-
operative minor headache was observed in case 1,
which disappeared within a week.

Follow-up Results

All the patients have maintained their original social
activities without occurrence of any new symptoms
for the follow-up period (2.8-3.7 y). Follow-up radio-
logical studies have shown no recurrence of haem-
orrhage nor evidence of residual lesions.

Case Age Sex Symptoms + signs Location Size/Depth Histology
1 60 F none lateral ventricle 12/45 mm cavernous angioma
2 43 F acute headache centrum semiovale 18/37 mm hematoma
3 53 M acute numbness sensory cortex 11/10 mm cavernous angioma
4 55 F chronic headache deep frontal lobe 10/35 mm cavernous angioma
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Fig. 2. Pre-operative (a) and post-operative (b) CT scans and surgical specimen (c) of 60 year-old female (case 1). Stereotactic endo-
scopic resection was performed through a burr hole of the usual size in the parietal bone under general anaesthesia. Fiber-guided YAG laser
was used for coagulation and haemostasis. Histological diagnosis was cavernous angioma

Discussion

Angiographically occult vascular malformation
(AOVM) is defined as a vascular malformation of the
brain which cannot be detected by angiography’8.
The pathology of AOVM'’s may include any type of
vascular malformation such as cavernous angioma,
venous angioma, teleangiectasia, and true arteriove-
nous malformation (AVM). Cavernous angiomas are
hardly visualized by angiography since they are sepa-
rated from the main vascular supply. Small or cryptic
AVM’s with haemorrhage may not be detected by an-
giography because of compression by adjacent clots
or destruction at the time of bleeding.

In this report, the histological diagnosis of the
AOVM’s resected by endoscopy was cavernous an-
gioma in three cases and nonspecific haematoma in
one, the latter of which was considered to be the case
of an obliterated cryptic AVM.

Development of CT and MRI discloses increasing
numbers of AOVM’s incidentally or with minor
symptoms such as headache, seizures, or local symp-
toms caused by haemorrhage. Although AOVM’s
have been reported to show some characteristic ap-
pearances on CT and MR images!? !5 representing
haemosiderin deposits and haematomas in different
stages of evolution, some neoplasms can also show
an identical appearance that is indistinguishable from
that of AOVM’s?''8 The differential diagnosis of
these lesions includes intra-axial neoplasms, granulo-
matous lesions, and even a vascular meningioma8.
Recent reports suggest that AOVM’s do not have a

benign natural history as considered previously!® and
they are prone to cause recurrent haemorrhages and
persistent neurological deficits. Complete resection of
AOVM’s, therefore, is recommended for symptomatic
patients if the lesion is accessible® !3:1%:20 although
natural prognosis especially the rate of rebleeding of
AOVM’’s is not well known yet!!-16:24

Although the stereotactic endoscopic approach has
been considered an ideal method for resecting small
intracranial lesions with minimal invasiveness, endo-
scopic excision of intraparenchymal lesions has re-
mained difficult®> !* This is caused by the fact that
most conventional neurosurgical endoscopes were
modification of urological endoscopes, which were
originally developed for surgery in fluid-filled cavities
such as the bladder. The endoscopic approach utilized
in this report is based on a concept that the stereo-
tactically inserted guiding tube plays the role gener-
ally played by retractors in stereotactic microsurgery
and that the endoscopes act as microscopes for view-
ing the deep and confined operating field”'8. Since the
operating field is kept dry and exposed to air, this
endoscopic system can be regarded as an open system
versus the closed system previously employed in most
neurosurgical endoscopes.

In this report, total resection of AOVM’s was per-
formed in four patients using stereotactic open-
system endoscopy. The lesions were relatively small
but located in deep or eloquent brain structures.
Fiber-guided YAG laser coagulation was efficient for
haemostasis and no significant complication was ex-
perienced in any cases. Endoscopic stereotactic laser
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surgery by open-system endoscopy is considered a
safe and promising treatment for small AOVM’s
located in deep or eloquent neural structures.
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Summary

Treatment of brain abscess is still a subject of controversy. Cra-
niotomy with primary extirpation and resection of the abscess
membrane, burrhole craniotomy with puncture or insertion of a
drain, marsupialization, or stereotactic aspiration are different
therapeutic approaches. As a consequence of our experiences and
results with neuro-endoscopic interventions we have introduced en-
doscopic stereotactic techniques in brain abscess treatment.

Seven patients with brain abscesses were operated on stereotac-
tically using an endoscope. In all cases the abscess contents were
aspirated, while the abscess membrane was left in situ. The patients
received postoperative antibiotic therapy according to microbial
diagnosis. The longest follow-up period was 48 months. Six pa-
tients showed a marked improvement of neurological deficit after
treatment. One patient died from sepsis caused by a bacterial endo-
carditis.

The results emphasize that endoscopic stereotactic technique as a
minimally invasive neurosurgical method can also be used for treat-
ment of brain abscess.

Keywords: Brain abscess; endoscopy; stereotaxy.

Introduction

There is still a controversy whether brain abscesses
should be treated surgically or conservatively with
antibiotics. Different operative techniques for brain
abscesses have been established. Abscess puncturing
and evacuation through a simple burr-hole was first
reported by McEwen and improved by Dandy®2!.
This procedure was complemented by the use of
drain of different consistency for instance rubber
catheters!’. Other operative regimen favor the open
microsurgical intervention with abscess evacuation
and excision of the abscess membrane, or primary
total extirpation within the borders of normal brain
tissue, which could include a lobectomy3!8:1°,
Stereotactic aspiration techniques are another ap-
proach to brain abscess surgery. Stapleton recently
described the stereotactic technique and reported
about results?®,

In 1922 King was the first who performed evacua-

tion of a brain abscess under endoscopic control?*.

We have renewed this endoscopic operative approach
and combined it with a CT-stereotactic technique for
treatment of subacute and chronic membraneous
abscesses.

The endoscopic stereotactic evacuation of brain ab-
scesses has three main objectives.

1. Reduction of acute ICP elevation.

2. Sampling of infectious material for microbiologi-
cal examination.

3. Cure by means of serial puncturing and aspiration.

Methods
1. Instrumentation

For endoscopic brain abscess evacuation we use flexible fiberscopes
together with the rigid Marburg Endoscopy Fixation and Guiding
System (Martin Co. Tuttlingen). This combination has the advan-
tage to give the endoscope the necessary rigidity for penetration
and does not impair its flexibility, which is required for successful
abscess evacuation. For stereotactic guidance the CT compatible
Mundinger/Birg frame is used. Supplementary instruments for inci-
sion of the abscess membrane are microforceps, microscissors and
microcatheters with diameters of less than 1.2 mm, which can be
inserted through the endoscope’s working channel. Haemostasis, if
required, is done by ultrathin RF probes (diameter 1.2 mm) or bare
laser fibers.

2. Operative Technique

The abscess puncture could be done by free-hand endoscopic or by
endoscopic stereotactic technique. We prefer the stereotactic guid-
ance to be absolutely sure of hitting the target, especially in deep-
seated processes. CT stereotactic calculation offers data of the
target volume and the operative approach, for instance burr-hole
co-ordinates, and the way of entry. After a small burr-hole tre-
panation the flexible endoscope is guided under stereotactic condi-
tions with the help of the Marburg Endoscopy Fixation and
Guiding System to the abscess membrane. The membrane, which
might be thick and elastic, is perforated or incised with small scis-
sors under endoscopic control. Small haemorrhages, which may
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occur from the membrane’s surface, are controlled by the use of
radiofrequency (RF) or Laser-beam. After opening of the mem-
brane a small silicon catheter is inserted through the endoscope’s
working channel and the contents is aspirated under permanent
rinsing with saline solution. At the beginning of this procedure the
intra-operative picture quality is reduced by pus and cell detritus.
In the further course after extensive rinsing and suction the view
will improve and the extent of abscess evacuation can be judged. In
this manner it is possible, to evacuate the whole abscess. It is not
necessary to place a drain. The decision whether the abscess mem-
brane should be excised in ““a second look™ operation, depends on
the further clinical course of the patient especially taking into ac-
count the risk of late epileptic seizures.

Results

From August 1989 to August 1993 a total number
of seven patients with brain abscess were treated in
the Department of Neurosurgery, Philipps University
Marburg by the endoscopic stereotactic technique.
There were five males and two females. The age was
between 20 and 58 years. In six patients localization
was supratentorial, in one patient the abscess was in-
fratentorial intracerebellar (Fig. 1a and b). Microbio-
logical investigations revealed Staphylococcus in four
cases, Streptococcus and Bacteroides in one case. In
one case it was not possible to establish microbiologi-
cal diagnosis. The follow up period was between 3
and 48 months. The outcome was measured by the
Karnofsky Performance Scale. Six patients showed an
improvement of 30% and more compared to the Kar-
nofsky Score determined on admission. One patient
suffered postoperatively from seizures. One patient
died 11 months after abscess evacuation from sepsis

Fig. 1. CCT: (a) left cerebellar brain abscess after chronic suppura-
tive otitis media; (b) after endoscopic stereotactic intervention the
abscess size is markedly reduced
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Fig. 2. CCT: multiple right hemispheric brain abscesses (a) before
and (b) three weeks after endoscopic stereotactic evacuation and
consecutive antiobiotic treatment

caused by bacterial endocarditis. Postoperative CT or
MRI control examination showed in all patients a re-
duction of the abscess diameter (Fig. 2a and b). In 4
cases we performed a second operation after CT had
shown a residual abscess cavity with space occupying
effect.

Case Report

A 44 year old woman had been hurt by her husband with a bolt
shot. She had been admitted to our department in a sleepy state
with severe aphasia and slight hemiparesis. The wound and the
opened dura mater had been treated initially. Bone however had

Fig. 3. (a) CCT brain abscess after ‘“bolt-shot” injury with the de-
pressed bone fragment at the bottom of the abscess; (b) postopera-
tive control examination shows the residual abscess
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been left in situ deep in the white matter of the frontal lobe. Two
months after the injury the patient developed fever and neurologi-
cal symptoms. CT showed a huge frontal brain abscess with the
bony fragment at its bottom (Fig. 3a). CT guided stereotactic endo-
scopic evacuation of the abscess was performed. First the abscess
was punctured. The endoscope was guided stereotactically to the
bone fragment. The depressed bone and the attached hair were
removed with a special grasping device. Postoperative CT examina-
tion shows the remaining abscess membrane (Fig. 3b). Two weeks
later the neurological condition was improved and the patient
could be transferred to a rehabilitation unit.

Discussion
Etiology and Diagnosis

Brain abscesses can result from a variety of lesions.
Chronic suppurative otitis media is the typical source
for an “infection per continuitatem’?3. Today, early
diagnosis and consistent treatment of the primary in-
fection lowers the number of brain abscesses caused
by otitis. The other important cause in the develop-
ment of brain abscesses is haematogenous metastatic
spread from infectious lung disease?®, cardiac septal
defects or bacterial endocarditis'®. Brain abscesses
after open skull injuries® and iatrogenic causes after
brain surgery are less frequent?>.

With the introduction of CT and MRI diagnosis
and localization of brain abscesses has become more
easy?® 25, although CT diagnosis may fail in some
cases> 1. Two cases in our series were admitted to
our hospital with the diagnosis of a malignant glioma
based on CT examination which was a hazardous
misdiagnosis.

Therapeutic Considerations

Despite improvement of diagnostic possibilities, treat-
ment of brain abscesses remains a subject of contro-
versy. To cite F.C. Grant: “Of all the lesions involving
the brain, none requires judgement and experience in
its successful management more than an abscess”!°.
This statement of Grant has maintained its impor-
tance till today.

Horsley!® and MacEwen?! were the first to de-
scribe their operative technique in the treatment of
brain abscess. Over the years different neurosurgical
operative strategies have been proposed.

Osteoplastic or osteoclastic trepanation with the
“open’’ evacuation of the pus and the resection of the
abscess membrane is the conventional method in the
surgery of brain abscess'''® 1%, Some authors propose
to extend the resection into healthy brain tissue’. Oth-
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ers stress the importance of removing the abscess con-
tents but leaving the abscess capsule intact and in situ
in order to reduce the rate of postoperative epilepsy??.
However the open intervention bears the risk of major
damage to brain tissue on the operative route to and
around the lesion?®. Abscesses in deep-seated local-
izations should not be operated on using the open
approach. The mortality of primary exstirpation de-
pends on the state of the abscess. In the chronic state
it is around 12 %, in the subacute or acute stage it is
estimated to be between 50 and 60 %>'.

A simple less invasive but effective operative
method is the aspiration of the abscess contents
through a burr-hole®?7. The indications for this
puncture aspiration method are mainly encapsulated
abscesses especially in deep-seated localization (thala-
mus, brain stem) and in elder patients or patients in
poor physical condition!33°.

Botterell and Dandy*® reported a low mortality
rate using this method. However, there are some
marked disadvantages associated with free-hand aspi-
ration. The first is the problem of reaching the
abscess in a sure-hitting manner. The puncturing
probe may fail to perforate the abscess membrane and
can be misguided. Some authors describe serious
complications using the free-hand puncture-aspiration
method”-*°. The mortality rate of patients operated
on with this technique remains still at approximately
50 %31,

The insertion of drain into the abscess-cavity was
first described by Horsley and McEwen!*-2! and im-
proved over the following years with different kinds
of material such as gauzes, sponges or rubber-tubes'®.

CT guided stereotactic evacuation of brain ab-
scesses seems to provide some important advantages
compared to the procedures described above. Up to
now there are many studies about successful stereo-
tactic brain abscess treatment®-1#4:2%-32 In his recently
published report Stapleton highlighted its effective-
ness. CT-localization of the lesion and the passage of
the puncturing cannula are accurate, cortical damage
is minimized, the incidence of postoperative epilepsy
is low?®.

The main indications for neuro-endoscopic inter-
ventions are lesions localized in the so-called per-
formed intracranial spaces or cystic brain lesions!!-12,
The brain abscess with its cavity and surrounding
membrane is ideally suited to the use of the neuro-
endoscopic operative technique. We have combined
this with the stereotactic aspiration technique recently
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described by Stapleton. Postoperative antibiotic cover
according to antibiogram is obvious.

Our results are encouraging and emphasize endo-

scopic stereotactic abscess evacuation as an alterna-
tive operative method to conventional techniques.

The main advantages are:

. Minimized brain damage using a minimal invasive

approach.

Reliability and safety by CT-stereotactic calcula-
tion.

Evacuation under direct visual control.
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Summary

Previous studies of lumbar spinal spaces using endoscopy—epi-
duroscopy and spinaloscopy—are recapitulated in this presenta-
tion with emphasis on results and their clinical importance for
anaesthetic practice.

Keywords: Spinal canal; epidural space; epiduroscopy; spinalo-
scopy.

Introduction

In 1963, the Dutch neurosurgeon Luyendijk pre-
sented radiological evidence of a dorsal fold of the
lumbar dura mater and postulated that the dura ma-
ter was attached to the dorsal aspect of the epidural
space®. His results were however questioned in the
scientific literature. In an attempt to examine these
structures endoscopy of the lumbar epidural space,
epiduroscopy, was developed. The method was ap-
plied also to the subdural and subarachnoid spaces
and then called spinaloscopy. Cadaver studies as well
as examinations of patients were performed and pub-
lished according to the references listed below. The
following presentation is a summary of previously
published studies.

Methods and Material

For endoscopy a thin, rigid arthroscope, the Olympus Selfoscope,
was used, mainly the one with an external diameter of 2.2 mm. An
epidural needle was introduced into a lumbar interspace, usually
L3-4, and the endoscope into the next interspace cephalad. By
injecting small increments of air, the epidural space was expanded.
When favourable circumstances were at hand, it was possible
to view up to one lumbar interspace in both caudal and cranial
directions'. The method was used for examination of the lumbar
epidural space in autopsy subjects? and eventually in living man3.
Also the lumbar subdural space was studied in autopsy subjects®.
Finally, techniques for lumbar epidural puncture and catheter in-
troduction were studied in autopsy subjects®. The lower thoracic

and lumbar subarachnoid space has also been examined in a pilot

‘study and preliminary, unpublished findings are discussed.

Results

The lumbar epidural space was examined in 48 au-
topsy subjects’. A dorsomedian connective tissue
band consisting of strands of connective tissue with a
varying appearance and density was found in each
subject. The band caused a fixation of the dura mater
to the dorsal aspect of the lumbar space, i.e. the peri-
osteal layer covering the laminae and the flaval liga-
ments. Thereby, the mobility of the dura mater was
restricted. A dorsal fold of the dura mater was also
produced. When an epidural catheter was introduced
by the midline approach, the tip of the catheter caused
tenting of the dura before the catheter bent off, often
deviating laterally or caudally.

The lack of circulation as well as the very low or
equalized CSF-pressure in autopsy subjects made it
necessary to study the structures in living man3. The
lumbar epidural space was examined in 10 patients
prior to a partial laminectomy for a herniated lumbar
disc. 8 successful examinations were performed. Part-
ly in contrast to the findings in cadavers, the epidural
space in vivo was seen to be mainly a potential space.
Influences of a normal circulation and of the pressures
of CSF, thorax and abdomen were proposed to ac-
count for these differences. The space was easily es-
tablished by injection of air but returned to its origi-
nal state as the air disappeared. The dura mater was
found to be attached to the dorsal aspect of the
epidural space. A dorsal fold of the dura was also
seen, however not so prominent as that found in au-
topsy subjects.

The lumbar subdural space was examined in spina-
loscopy of 15 autopsy subjects*. The space was ex-



Epiduroscopy and Spinaloscopy

posed by injecting saline through the sheath as the
endoscope was slowly retracted from the subarach-
noid space. In this procedure, the arachnoid mem-
brane easily separated from the dura mater and the
otherwise closed but potential space was established.
The subdural space was thus found to be a potential
space that could easily be established as fluid was in-
jected. It was capable of containing the bevel of an
epidural needle. An epidural catheter could also be
introduced into the space.

The techniques of epidural puncture with the midline
and paramedian approaches were compared by epi-
duroscopy in 14 autopsy subjects®. The angle of the
needle to the dura mater was near perpendicular with
the midline approach. In the paramedian approach
the angle was found to be 120°-135°. Each needle
was advanced to contact with the dura mater and the
risk of dural perforation with further advancement
judged. An epidural catheter was also introduced
through each needle, one at a time, and the course of
the catheter described. There was an imminent risk of
dural perforation for all 14 midline needles with fur-
ther advancement. The risk was imminent for only
two and possible for one needle with the paramedian
approach. The catheter introduced with a midline ap-
proach caused tenting of the dura in all 14 instances
and only 4 of these catheters took a straight course
cephalad. The catheter passed through a needle by the
paramedian approach did not cause tenting in any
case and went on in a straight course cephalad in all
14 instances. The common factor in the behaviour of
needle and catheter was seen to be the difference in the
angle to the dura mater in combination with the influ-
ence of the restricted mobility of the dura mater.

Preliminary and unpublished data of spinaloscopy
of the lower thoracic and the lumbar subarachnoid
space were presented. Special attention was paid to
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connective tissue attachments causing restriction of
nerve root mobility and to any possible association
with complications of subarachnoid puncture.

Discussion

The studies presented here have demonstrated the ef-
fect of a dorsal fixation of the dura mater in the
lumbar epidural space called the dorsomedian con-
nective tissue band. In restricting the mobility of the
dura the band was shown to contribute to the risk of
dural perforation in epidural puncture when the mid-
line approach was used. Also, the introduction of an
epidural catheter with the midline approach was influ-
enced by the restricted mobility of the dura. Tenting
of the dura by the tip of the catheter was often caused.
The catheter course was then frequently deviated lat-
erally or caudally.
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Summary

The polyprojective microstereotopography of spinal canal struc-
tures at the cerebello-spinal, cervical, thoracic, lumbosacral and
cauda equina levels on 20 fresh cadavers is presented using flexi-
scopes 3.7-3.9 mm diameter. This is possible due to the space be-
tween spinal cord—vertebral canal which is about 10 mm at all
levels. This also allows one to insert the endoscopic tube by poste-
rior or interradicular approach. The subdural and subarachnoid
endoscopic examinations have been performed through small fora-
minotomic openings with resection of the base of the spinous pro-
cess. The anterior and posterior roots, the spinal cord, dural root
sleeves, cerebellar tonsils, orifice of the IV ventricle, vertebral artery
and its lower branches can be visualised.

On the stereotopographic basis the first operations in patients
with severe spinal cord injury (detection of multilevel cord com-
pression, removal of massive subarachnoid bleeding), syringomye-
lia and haemorrhage into the IV ventricle (clot removal by the
ascending cervical route) were undertaken. More than 10 real and
probable indications for operative spinal endofiberoscopy are
discussed.

Keywords: Spinal canal; endoscopy; surgery.

Introduction

The examination of lumbar part of the spinal canal
using the need endoscope is well-known!™* 79712,
New surgical possibilities can be developed with the
insertion of endofiberscopic tube through the micro-
surgical opening into spinal canal. But this canal

Table 1. Average Anterior-Posterior (A-P) and Lateral (Lat) Dia-
meters of the Spinal Cord and Vertebral Canal in Adults

Diameters (mm)

Cord?® Canal®
Segmental
level A-P Lat A-P Lat
Cervical (C 5-6) 7.2 13.2 14.7 24.5
Thoracic (Th 6-7) 6.5 8.0 16.8 17.2
Lumbar (L 5) 8.0 9.6 17.4 23.4

2Elliot HC (1945); ® Aeby C (1879).

already contains the natural tube—a spinal cord. It is
the challenge to the nature, isn’t it?

Stereotopometric data (see Table 1) show that aver-
age anterior-posterior (A-P)—Ilateral (lat) dimensions
of the spinal cord and vertebral canal at all levels are
distinguished in ten mm or more in adults. This justi-
fies a multilevel examination of spinal canal by endo-
fiberscopes of 3—4 mm tube diameter.

Material and Methods

20 fresh adult cadavers have been investigated endoscopically and
endoscopic procedures were performed in S patients with the
severe spinal cord injury—?2 (suspicion on multilevel cord compres-
sion, massive subarachnoid sac bleeding), syringomyelia-1, spinal
arachnoidal cyst-1, and retained clots in IVth ventricle-1.

Flexiscopes with bending tip were used: ENF-P (“‘Olympus’’)
with 3.7 mm tube diameter and PF-893 (‘*‘Aesculap’’) with 3.9 mm
one including 2 channels.

Investigations were performed through the microsurgical open-
ing with removal the base of spinous process, dural and arachnoi-
dal incisions and withdrawal of some CSF.

Traces of endoscopic examination (see Fig. 1a) were based on
key-directing structures (neural roots, dural sleeves etc.) ensuring
the precise flexiscope navigation. The level of observation was de-
tected by measurement of the length of endoscope insertion.

Results

Endoscopic traces stereotopography. Ascendent and
descendent accesses were used. At the cervical and
thoracic levels 3 approaches are outlined: posterior,
interradicular and preradicular (Fig. la). Lateral di-
ameter at the cervical level is predominant. There-
fore one can pass flexiscope between roots without
difficulties.

Cervical endofiberscopy. By lateral (interradicular)
approach endoscopic images (Fig. 1 b,c) allow to de-
tect posterior, and anterior spinal roots, their entry
zones and branches, dural sleeves, dentate ligaments,
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Fig. 1. The route of flexiscope (E) insertion at the cervical level (a) and endoscopic images (b, c) of the right lateral aspect of the spinal
cord (sc). The serial subarachnoid view in cranial direction (b — c). 4 denticulate ligament, f dural root sleeve, ar, pr anterior and posterior

roots. In center—arachnoid strand

spinal cord and inner dural surface. Posterior ap-
proach ensures recognition of the spinal cord relief,
its vascular network posterior roots, and its entry
zones, middle arachnoid septum. Trigon-like con-
tours of vertebral arc helps to stereoorientation. Up-
ward directions of this access lead to craniospinal
joint area.

Cranio-spinal joint endoscopy (Fig. 2). Assessment
of the lateral aspect of craniospinal zone allows to

detect the trace of the vertebral artery, beginning of
the posterior spinal and posterior inferior cerebellar
artery, lower group of cranial nerves. Examination of
posterior aspect of craniospinal zone shows the poste-
rior arc of the foramen magnum, cerebellar tonsils and
approach to IV ventricle between the tonsils and the
medulla oblongata. Endoscopic orientation within
cerebello-spinal region ensures the detection of clots
protruded from IV ventricle between cerebellar ton-

=

Fig. 2 (see p. 110). Endofiberoscopic stereotopography of the craniospinal joint zone (ascending subarachnoid postero-lateral approach).
(a—c) Endoscopic images and sketch of the right postero-lateral aspect of the cerebello-spinal junction. M edge of foramen magnum, ¢
cerebellar tonsil, sc spinal cord, a arachnoid strands. Arrows on the sketch show the traces of endoscope passing toward middle (d, e) or
lateral (f, g) parts of cerebello-spinal junction. (d) Both tonsils, medulla oblongata and orifice of the IV ventricle between them are
determined; (€) more upward and lateral view: edge of foramen magnum and supracerebellar space in addition are seen; (f) dural penetration
of the vertebral artery (VA) in contact with medulla oblongata and the posterior inferior cerebellar artery (short arrow). On the posterior

frontal plane the direction of endoscope (E) insertion is outlined
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Fig. 2. Legend see p. 109
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sils and removal of blood. For penetration into IV
ventricle endoscopic tip is inserted between uvula,
obex and loops of the posterior inferior cerebellar ar-
tery. One can see the floor relief, middle fissure, lead-
ing to aqueduct orifice and aqueductal canal. On the
other side the descendent approach via anterior horn
with perforation of premammillar area of the IIlrd
ventricle® allows one to penetrate into middle pontine
cistern and then to anterior arc of the foramen mag-
num, hypoglossal nerve and upper cervical anterior
roots.

Thoracic endofiberscopy (Fig. 3a—d). Lateral aspect
of visualization by descendent or ascendent approach
shows a typical roof-shaped roots configuration. As-
sessment of regional stereotopography including also
dentate ligaments, dural sleeves and spinal cord en-
sures a strict displacement of the roots by endoscopic
dissector.

Posterior approach allows to detect the oblique
radicular entry to the cord, posterior arachnoid sep-
tum, vascular network on the surface of the cord and
a gap between it and dural surface. In these condi-
tions endoscopic tube might be easily inserted in 100
or even 200 mm beyond the opening site. Spinal block
is recognized by disappearance of the subdural gap in
polyprojective examination. Block level is detected by
length of the tube insertion.

Lumbar and cauda equina level (Fig. 3e—h).
Through the small opening one can observe lumbo-
sacral part of spinal canal down to terminal segment
of the sac, presented in form of sunbeams. Assessment
of contours of lumbar canal ensures a stereoorienta-
tion (anterior, posterior walls of canal) among the
cauda roots. Dural sleeves and filum terminale also
are visualized. Root configuration depends on the
level of examination (Fig. 3f—h). Arachnoidal cyst is
detected by prolapsed arachnoid wall and adjacent
root displacement.

Spinal subarachnoid sac bleeding endoscopically is
presented as a dark area. After endoscopic blood as-
piration stereotopography becomes clear.

Intraspinal examination (Fig. 4). In syrinogomyelia
insertion of endoscopic tube 3.7 mm diameter into a
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wide cavity allows to investigate it, remove a fluid,
dissect adhesions avoiding cord injury with good clin-
ical outcome. This case shows the possibility of dam-
ageless insertion of the endoscopic tube into unseptated
wide syrinx cavity.

Discussion

Stereotopographic data and preliminary clinical re-
sults of flexiscopes usage ensuring good visualization
and actions (mobilization, dissection, perforation, as-
piration) justify the real and probable indications for
operative spinal endoscopy (Table 2).

1. We suppose that spinal access to IVth ventricle is
more simple than transoccipital in urgent cases
and may be useful for removal of remnant clots
from IVth ventricle in cases of wide-spread ven-
tricular haemorrhages.

2. Precision of multilevel compression and with-
drawal of the sac blood during operation in
severe cord injury may be the useful application
of spinal endofiberscopy.

3. Although the advantages of endoscopy for treat-
ment of hydromyelia already have been re-
ported>®, coaxial insertion of thick and ultrathin

Table 2. Real and Probable Indications for Operative Spinal
Endoscopy

Real
1. Clots in the IV ventricle
2. Multilevel traumatic cord compression and large subarachnoid
haemorrhage
. Syringomyelia
. Spinal arachnoid cysts and adhesions
. Meningoradiculocele
6. Transcanal removal of disc prolapses
Probable
7. Selective motor roots or DREZ incisions (for spasticity or
pain)
8. Transdiscal (transvertebral) lumboperitoneal shunting
9. Ventriculospinal shunting (through the IV ventricle or middle
pontine cistern)
10. Correction of acute tonsillar dislocation
[1. Tethered cord (filum terminale incision)
12. Spinal radiculo-vascular compression

[V I )

—>

Fig. 3 (see p. 112). Endofiberoscopic stereotopography of thoracic (a—d) and lumbosacral-cauda equina (e-h) levels (a, b, d—h—posterior
approach, (c) interradicular approach). (a) view of postero-lateral surface of the spinal cord (sc) and roots at the upper thoracic level on the
left; (b) delineation of the posterior arachnoid septum and superficial veins (D dural surface); (c) roof-shaped configuration of the anterior
and posterior (pr) roots at the upper thoracic level (d denticulate ligament, f dural sleeve); (d, ) oblique position of the spinal roots at lower
thoracic and upper lumbar levels (sc—spinal cord); (f-h) cauda equina visualization at the upper, middle and terminal sac levels. The plane

in profile shows a general topography of examination
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Fig. 3. Legend see p. 111
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Fig. 4. MRI (a, b) and microsurgical examination (c, d) in the case of large unseptated syringomyelia. (c) Insertion of the flexiscope 3.7
mm diameter into syrinx cavity (bright halo around the endoscopic tip is visualized); (d) intracavital advancement of the endoscopic
tube

endoscopes provide the significant decrease of
sizes of surgical access.

. The use of spinal endofiberscopy in cyst pathol-
ogy also may diminish the operative approach
with wide incision of cystic walls.

. Intraoperative endoscopic examination ensures
precise surgical strategy in meningoradiculocele.

. Usefulness of endoscopy for transcanal removal
of prolapsed discs is in control and clearance of
interbody cavity after removal of ruptured disc

and in withdrawal of displaced sequestrated
prolapses.

. Multilevel visualization of anterior or posterior

root/lets ensures the selective incision of them
endoscopically.

. Development of direct endoscopic way and

devices for communication between spinal canal
and posterior part of peritoneal cavity avoiding
the omentum may solve the problem of malfunc-
tioning of lumboperitoneal shunts.



114

9. Anterior or posterior shunting avoiding blocked
infracerebellar or interpeduncular cisterns using
ultra thin flexiscopes can improve draining tech-
niques (spare procedures directing the CSF flow
in liquor system).

Stereotopographic data show that endofiberscopy
indeed may unite intracranial and spinal spaces.

10. Visualization of descendent cerebellar tonsils by
spinal endoscopy and development of method of
selective endoscopic correction of tentorial pres-
sure cone® justify the trends of endoscopic inser-
tion of herniated tonsils.

11. Endoscopic identification and selective incision of
the filum terminale and arachnoid adhesions may
correct the tethered cord syndrome with minimal
surgical trauma.

And finally,

12. First of all it’s necessary to discover the existance
of neuroradicular pathologic cross-contacts by
means of polyprojective endoscopic examinations
on randomized cadavers. Then it might be recom-
mended the additional spinal subdural flexiscopic
assessment in cases with clear delineated low back
pain syndrome when epidural surgical examina-
tion isn’t satisfactory.

These points are the investigating topics of spinal
endofiberscopy in the future.
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