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 In June 2009, I had the pleasure and honor of hosting the 5th World Congress 
of Neuroendoscopy in Athens, Greece, under the auspices of the International 
Federation of Neuroendoscopy (IFNE). The luxurious surroundings and the 
classical elegance of Hotel “Grande Bretagne,” a place synonymous with the 
history of modern Greece, provided the perfect setting for a rich scientifi c 
program, full of innovative ideas, which covered all the aspects of neuroen-
doscopy. Colleagues from all over the world brought their best work and their 
most spectacular endoscopy videos and shared them with us all. The social 
program included a fantastic classical guitar concert by the neurosurgeon Dr. 
Alvaro Cordoba, who is in fact an accomplished classical guitarist giving 
concerts in some of the biggest music halls worldwide. Under the heavy 
shadow of the Acropolis monument, in the courtyard of the fi rst building of 
the University of Athens, circa 1837, Dr. Cordoba held our breath with his 
amazing sounds. The Congress was closed with the gala dinner, which was 
held at the Zappeion Megaron, the place where the ascension treaty of Greece 
joining the European Community was signed. 

  Pref ace   
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 This book contains the keynote lectures of the Congress. Each main topic 
was covered conclusively by a renowned neurosurgeon considered a world 
authority on the subject. Having listened to these lectures during the meeting, 
I considered appropriate that they should be collected in a book, which will 
identify the state-of-the-art standard in neuroendoscopy, at the end of the fi rst 
decade of the twenty-fi rst century. 

 I hope that the reader will enjoy reading this book, as much as I enjoyed 
compiling and editing it. 

 Athens, Greece Spyros Sgouros          

Preface
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       It is a great honour for me to give the laudation on 
Professor Axel Perneczky, laureate on occasion 
of the Vth World Congress of IFNE. I hope to 
succeed in conveying his human and professional 
dimension. I am well aware that such attempt will 
fall short of a true refl ection. 

 Professor Axel Perneczky was born November 
1, 1945, in Krasnogorsk, Russia, near Moscow 
(Fig.  1.1 ). From 1946 to 1965, he lived in Budapest 
and started studying medicine at the University 
Medical School of Budapest in 1964. In 1965, he 
left for Austria and continued his medical stud-
ies at the University of Vienna. After graduation 
from medical school at the University of Vienna in 
1971, he spent 2 years at the departments of gen-
eral surgery and traumatology. In 1973, he started 
training in neurosurgery at the Neurosurgical 
University Department in Vienna with Professor 
Kraus. Because of his very early interest in micro-
surgery and surgical anatomy, he spent 1 year 
with Professor G. Yasargil as assistant surgeon in 
Zürich. In 1980, he became Associate Professor 
for neurosurgery in Vienna under Professor Koos. 
In October 1988, he was elected and appointed 
Professor of Neurosurgery and Chairman of the 
Neurosurgical Department of the Medical School, 
University of Mainz, Germany.

   His main fi elds of activity were  microsurgical 
anatomy and the implicating surgical strategies 
in neurosurgery, aneurysm and angioma surgery 
and skull base surgery with special consider-
ation of the cavernous sinus. The development 
of microsurgical strategies resulted in a fur-
ther refi nement of surgical technique, and so 
since 1989, he was working on the application 
of endoscopy in neurosurgery. A special tech-
nique has been developed for the extended use 
of the keyhole strategy. He organised the “First 
International Congress on Minimally Invasive 
Techniques in Neurosurgery” (Wiesbaden, 
June 1993), and he was the Editor in Chief of 
the  International Journal of Minimally Invasive 
Neurosurgery  (MIN). Hands-on courses on 
microsurgical planning and neuroendoscopy 
were held six times per year in Mainz and 
Tuttlingen. He has been the President of the 1st 
International Congress on Endoscope-Assisted 
Microsurgery in June 1998 in Frankfurt. During 
the last year, his interest was focused on the 
intraoperative imaging modalities used for surgi-
cal planning and navigation. 

 His published scientifi c contributions count 
more than 250 papers. He is co-author of the 
 Colour Atlas of Microneurosurgery  (Thieme, 
1984 and 1993) and  Endoscopic Anatomy for 
Neurosurgery  (Thieme 1993); he is also the 
author of the book  Keyhole Concept in 
Neurosurgery  including  Endoscope-Assisted 
Microsurgery  (Thieme 1999). 

 A new centre for “Minimally Invasive 
Neurosurgery” at the University of Mainz is now 

        B.  L.   Bauer ,  MD, PhD    
     Department of Neurosurgery , 
 The Spine Clinic ,   Celle , 
 Germany   
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under construction, including a special concept 
for development and application of new concepts 
and technologies in the neurosurgical operating 
unit with special innovation in intraoperative 
visualisation and imaging. 

 We remember his passion and brilliance as 
member of the “Skull-Base-All-Stars” band 
playing jazz guitar. Gifted with talent beyond 
neurosurgery, we remember him as a painter and 
last but not least as a sportsman on the tennis 
court, in the swimming pool and skiing snowy 
mountains. 

 Professor Axel Perneczky had a brilliant 
career in academic neurosurgery, devoting him-
self to solving many of the problems that existed 
with microsurgery and neuroendoscopy. He 
took a truly intellectual approach to these prob-
lems, starting with basic laboratory work, devis-
ing ingenious surgical methods, carefully 
applying new concepts and a new technique to 
previously unmanageable neurosurgical prob-
lems in patients and doing all of this with the 
kindness, compassion and consummate skill of 
a great physician and surgeon. No one who has 
met him and has read his writings could not fail 
to feel a growing respect for his wide knowl-
edge, his directness and his broad cultural 
background. 

 He devoted himself to the education of young 
neurosurgeons; in large numbers, they are his 
scholars and reside worldwide. 

 His proposal to reconcile microsurgery and 
neuroendoscopy as the minimal invasive and 
tissue- saving procedure called “keyhole surgery” 
shall be connected forever with his name. He has 
moulded modern-day neurosurgical practice. 

 The minor and major setbacks and sad 
moments in his life did not manage to hinder this 
man’s work and did not infl uence his character 
negatively. He was able to control the situation 
and continue onward both externally as well as 
with his spirit. 

 He has given neuroendoscopy worldwide 
a solid reputation. We, his colleagues and the 
great family of former scholars are thankful and 
indebted. His name and his work occupy a worthy 
and honourable place in the annals of IFNE and 
a special place in our heart. World Neurosurgery 
has lost an invaluable teacher and a great master 
of neurosurgery. 

  Remembrance of Dr. Philipp Bozzini  
 Inventor of the Endoscopy 200th Anniversary 
 Before the end of the last century, there has 

been little interest in the endoscopic visualisa-
tion of the cerebrospinal fl uid-fi lled cavities. CT 
and MRI scanning had made endoscopy almost 
obsolete in neurosurgery. Only very special stud-
ies on evaluating the nature and degree in inter-
nal hydrocephalus by neuroendoscopy were 
reported. Shunting procedures had overgrown 
surgical endoscopic technique and procedures. It 
would seem that endoscopy was about to follow 
pneumoencephalography, ventriculography and 
some other techniques to vanish from clinical 
practice. 

 When I started neuroendoscopy in 1985, I was 
convinced that it had a signifi cant potential. The 
ultimate promise of the technique was the poten-
tial of the endoscope to provide a change of para-
digms in certain fi elds of neurosurgical practice. 
Future applications of neuroendoscopy have the 
greatest potential to combine both microsurgery 
and endoscopy. Additionally, the use of virtual 
reality as a teaching tool promises a revolution in 
medical education techniques. The virtual clinic 
trains physicians to perform less invasive surgery 

  Fig. 1.1    Professor Dr. Med. Axel Perneczky (1949–2009)       
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without having to practise on animal models or 
assist other surgeons. 

 M.L. Apuzzo [ 1 ] wrote in 1977: “These tech-
nologies will include electronics like neuronavi-
gation, ultrasound, robotics, lasers, and other 
technologies. So we can approximately attain a 
precise discipline which can best exploit tech-
niques such as the endoscope. Computer systems 
coupled to endoscopic surgical instrumentation 
will make signifi cant future advances possible. 
Use and incorporation of these techniques into 
neurosurgical procedures will depend on hav-
ing access to the know-how necessary to bring 
these applications into the neurosurgical theatre. 
Problem is only a few neurosurgeons will have 
the time and/or the technical knowledge to be 
truly effective in this area. Therefore, instrument 
designers and computer scientists must become 
part with a close affi liation with neurosurgi-
cal departments involved in neuroendoscopy. 
Together they will provide the tools for the future 
of neuroendoscopy. Surgeons will provide the 
guidance necessary by telling instrument makers 
what we need and what is useful”. 

 We must take care not to overwhelm the 
surgeon with highly sophisticated surround-
ings which hinder his concentration. Free the 
neurosurgeon to his true scope to operate on. 
New instruments like the endo-spatula will 
offer access to transfrontal, pterional and poste-
rior fossa space-occupying lesions and vascular 
processes. 

 Philipp Bozzini [ 2 ] a German-Italian physi-
cian demonstrating the “Lichtleiter” in 1806 to 
the Academy of Medicine in Vienna wrote: 
“Although our eyes can deceive us more than 
other senses, optical deception rarely prevents 
real proof of a matter. The eyes lead all the other 
senses, and guide their impressions to the point 
of conviction. Rarely do the eyes need their coop-
eration, and rarely can the other senses do with-
out the eyes help. Even when the other sense of 
touch has already informed us suffi ciently, the 
sense of sight is more reliable, and the more 
senses are focused on one object the less the lat-
ter is able to deceive us. Until now, we have com-
pletely lacked the ability to see into the inner 
cavities and spaces of the living body; in anatomy 

the scalpel taught us only about their shape, and 
conclusions about their functions could only be 
suspected. This is the main reason why our 
knowledge of the important laws of motion in the 
animal organisation is still so retarded, since no 
change can take place in all of nature other than 
by increased or decreased motion!” 

 From the beginning, ventriculoscopy and 
treatment of hydrocephalus was a domain of 
intraventricular endoscopy. V.D. L’Espinasse 
[ 3 ,  4 ] (1878–1946) from Chicago succeeded in 
carrying out ventriculoscopy with coagulation of 
the choroid plexus in two infants. One of the 
patients died 5 years after the operation. The sec-
ond patient did not survive the operation for rea-
sons that were not clarifi ed. L’Espinasse 
performed the procedure with a rigid Uroscope. 
The lens system he used was developed in 1878 
by M. Nitze [ 5 ] (1849–1906) in collaboration 
with the instrument builder Josef Leiter [ 6 ] 
(1830–1892) in Vienna, Austria. This system 
consisted of a metal tube and an appropriate 
obturator. The incandescent platinum wire light 
known since 1845 served for illumination. After 
the discovery of the electric light bulb by T.A. 
Edison, it could be replaced by the more effective 
mignon lamp at the distal tip of the endoscope. 

 On April 3, 1922, Walter Dandy [ 7 ] from the 
Johns Hopkins Hospital reported on occasion of 
the session of the Medical Society on two diag-
nostic ventriculoscopies he had carried out. 
Dandy described the topographic conditions in 
the lateral ventricles, the location of the interven-
tricular foramen, the pellucid septum and the 
choroid plexus. His comment was given with dis-
cretion: “How useful operating ventriculoscopy 
will be can scarcely be predicted”. 

 Fay and Grant from the Neurosurgery Division 
in Philadelphia were the fi rst to combine ventric-
uloscopy with intraventricular photography. 
Their case report from 1923 [ 8 ] showed that the 
suggestion to use ventriculoscopy as a means of 
imaging pathological lesions was already made 
in September 1921. Unfortunately, only line 
drawings of the photographs are preserved. 

 Fay and Grant concluded from their investiga-
tions that intraventricular photography is feasible 
when the ventricles are enlarged. This operation 
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has few complications when it is carried out 
according to the rules of the medical art. The 
diagnostic value consists in direct inspection of 
the ventricles and determination of the location 
and size of lesions in and surrounding the 
ventricles. 

 On February 6, 1923, W.J. Mixter [ 9 ] from 
Boston performed the fi rst ventriculostomy in a 
baby with congenital hydrocephalus. The fl oor of 
the third ventricle was observed and located with 
a urethroscope and afterwards perforated with a 
fl exible probe. Mixter reported that the operation 
was not associated with any complications. He rec-
ommended therefore ventriculostomy with perfo-
ration of the fl oor of the third ventricle as a means 
of treating noncommunicating hydrocephalus. 

 In his paper presented in front of the Society 
of Neurology and Psychiatry on May 17, 1934, 
Tracy J. Putnam [ 10 ] suggested that this method 
should be used. He concluded that characteristics 
such as the focal length of the lens system, the 
restricted visual fi eld and the size of the endo-
scopes used at that time were an impediment to 
plexus coagulation. The coagulation manoeuvre 
lasted between 5 and 20 min. In one session, the 
plexus of both lateral ventricles were obliterated 
as far as possible. In 1938, Putnam presented the 
results of surgery with communicating hydro-
cephalus which had been treated by endoscopic 
plexus coagulation. He rated the outcome as 
being “overall encouraging”. 

 In 1935 and later, John E. Scarff [ 11 – 14 ] from 
the Department of Neurological Surgery at the 
Columbia University Hospital, NY, published his 
experiences with endoscopic cauterisation of the 
choroid plexus. The essential feature of his surgi-
cal technique was the permanent direct commu-
nication between the ventricle and a lavage 
system with physiological saline attached to the 
endoscope. This enabled a constant intraventricu-
lar pressure to be maintained during the opera-
tion so as to prevent a collapse of the ventricle 
and a potential postoperative complication asso-
ciated with it. As with Putnam, the duration of 
the coagulation process was about 15 min. 
According to Putnam’s experience, the most radi-
cal cauterization had the most prognostically 
favourable outcome. 

 Of 20 babies that were operated endoscopi-
cally by Scarff, 3 babies died immediately after 
the procedure; 7 survived without sustained elim-
ination of the intracranial pressure symptoms. 
A lasting reduction of intracranial pressure could 
be achieved by the operation in 10 babies. In his 
series from 1966, Scarff reported of a further 
19 babies that he had operated on in the period 
from 1946 to 1951. In these cases, the results of 
surgery were very much better than in the fi rst 
series from 1936. In 1952, Scarff concluded that 
this was owed to a greater routine in the applica-
tion on the new method. What we call “learning 
by doing” or “learning curve” is coincident with 
Putnam and Scarff which were involved towards 
the problems of hydrocephalus. At the same time 
J.L. Pool [ 15 ] focused his whole interest into the 
spinal endoscope and he succeeded in the endo-
scopic demonstration of the cauda equina and 
its roots. 

 During the time of the Second World War and 
a long time after, any development in this special 
fi eld of neuroendosurgery was suspended. The 
development of the rod lens system by Harold H. 
Hopkins in 1959 [ 16 ] and its installation in a Karl 
Storz (1911–1996) Endoscope (1965) resulted in 
a revolution in the fi eld of endoscopy. The intro-
duction of the cold light (1960) and bipolar cut-
ting and coagulation technologies led to a 
renaissance of endoscopy in neurosurgery in the 
subsequent years. 

 The external diameters of the rigid endoscopes 
were reduced to less than 3 mm with a larger visual 
angle up to 70° and a ten times greater light con-
duction. With the introduction of the “cold light 
source” also by Karl Storz which replaced the 
Nitze system that had been used up to that time, 
the new endoscopic system could be optimised. 
This enabled an extension of the indication spec-
trum usual up to that time. Until today, the Hopkins 
lens system has served as a basis for the develop-
ment and manufacturing of rigid endoscopes. 

 Ogata et al. [ 17 ] from Kyoto presented in 1964 
a rigid “encephaloscope”. The new details of the 
system consisted of two components: a glass- 
fi bre light bush and a camera system. 

 The external diameter of the endoscope was 
3.1 mm; the length was 220 mm. The outer trocar 
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had a diameter of 3.6 mm. As a light conductor, 
10,000    glass fi bres with a diameter of 18 mm 
were arranged circularly around the lens. For that 
time, this ultrathin instrument was an excellent 
construction, but it was to my knowledge tested 
only in animal experiments. 

 The next step of importance in the development 
of the endoscopic technique and indications we 
owe to G. Guiot [ 18 ] from the “Centre National de 
la Recherche Scientifi que” in Paris. He is recog-
nised to have used the endoscope in transphenoi-
dal approach likely for the fi rst time. Guiot used 
also an external light source adapted to the endo-
scope and a bi-ventricular approach to the third 
ventricle in hydrocephalus surgery. In his series 
from 1973, he successfully operated on nine 
patients with Mixter’s technique and had no serious 
complications and no deaths. We should remember 
also the very early (1978) endeavours from Bushe 
and Halves [ 19 ] to use the endoscope in para- and 
suprasellar pituitary space- occupying lesions. 

 In a technical note “Ventriculofi berscope: a 
new technique for endoscopic diagnosis and 
operation”, T. Fukushima [ 20 ] from Tokyo 
University (1973) described for the fi rst time the 
prototype for a fl exible ventriculofi brescope of 
which the specifi cations correspond to those of 
the fl exible endoscopes used today in neuroen-
doscopy. The photographic documentation of 
ventriculoscopic operations as well as operations 
on cystic and solid intracerebral space-occupying 
lesions in 37 cases published in the  Journal of 
Neurosurgery  was of excellent quality and was a 
milestone in the development of    minimally inva-
sive endoscopic neurosurgery. 

 Very early in 1977, M.L. Apuzzo contributed 
to neuroendoscopy in various fi elds. He recog-
nised the endoscope as a helpful complement to 
microneurosurgery and practised the combina-
tion of endoscopic and stereotaxic neurosurgery 
for the fi rst time. L.M. Auer [ 21 ,  22 ] from    Graz, 
Austria, extended the spectrum of indications 
using endoscopic treatment of intracranial haem-
orrhages and cystic brain lesions and bestowed 
much care upon the use of the ultrasound in 
neuroendoscopy. 

 F. Oppel and G. Mulch [ 23 ] in 1979 reported 
for the fi rst time on endoscopic interventions in 

the cerebellopontine angle for selective trigemi-
nal root section and endoscopic section of the 
vestibular nerve by transpyramidal retrolabyrin-
thine approach in Meniere’s disease. 

 The utilisation of ultrathin fl exible-steerable 
endoscopes and the miniaturisation of instru-
ments as well as the application of laser were 
introduced in 1980 from DiMagno et al. [ 24 ] and 
Stephen K. Powers [ 25 ] from Chapel Hill, 
University of North Carolina. 

 Upon this fundament, further development 
could take place. So the time has come for the fi rst 
synopsis in minimally endoscopic neurosurgery. 
H.B. Griffi th [ 26 ,  27 ] from Bristol, UK, impresses 
in his overview “Endoscopic Intracranial 
Neurosurgery” the term endoneurosurgery. 

 Robert F.C. Jones [ 28 ] from the Prince of 
Wales Children’s Hospital Sydney, Australia, 
readopted the endoscopic “third ventriculos-
tomy” in treatment of obstructive hydrocephalus. 
Between 1979 and 1990, he operated on 59 
patients with this method. He presented the 
method of third ventriculostomy in detail in his 
paper in 1992 on occasion of MIEN II in Marburg, 
Germany. He specifi es the indications for the 
procedure in detail. His description of the preop-
erative workup and the surgical technique, as 
well as the possible complications, is to be 
regarded as an important contribution to the state 
of the art in minimal endoscopic neurosurgery. 

 Alan R. Cohen [ 29 ,  30 ] performed in the years 
between 1989 and 1990 in Boston endoscopic 
fenestrations of ventricular cysts and in eight 
babies with obstructive hydrocephalus pellucid 
septum fenestration. A fl exible endoscope was 
his instrument. For dissection of the cyst walls 
and for coagulation of small blood vessels, he 
used a monopolar dissection needle. 

 Kim H. Manwaring [ 31 ] from the Phoenix 
Children’s Hospital gave with his technical 
inventions and advices of the “saline torch” 
(monopolar RF endoscopic dissector) and the 
“peel-away introducer” new impetus in the devel-
opment of neuroendoscopy. Besides the content 
of the publications (1992) mentioned above, 
Manwaring has also investigated the endoscopic 
fenestration and dissection of ventricular lesions 
resulting in compartmentation and septation of 
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the ventricular system. Also to mention is his 
endeavour with magnetic fi eld guided endoscopic 
dissection. He perceived with regard to the opera-
tive indication the difference between congenital 
unilateral hydrocephalus, plexus cysts, colloid 
cysts and septum formation by bacterial and post-
hemorrhagic ventriculitis. 

 At the same time, Lewis and Crone [ 32 ] from 
Cincinnati Children’s Hospital Medical Center 
analysed the problem of the treatment of colloid 
cysts endoscopically. Remarkable contributions 
in theory and practice of the development of 
neuroendoscopy we owe J. Camaert, J. Abdullah 
and L. Calliauw from Ghent, Belgium [ 33 ,  34 ]. 
Their refl ections on technique and instrumenta-
tion in endoscopic diagnosis and treatment of 
para- and intraventricular cystic lesion should 
be compulsory lecture for every beginner in 
neuroendoscopy. 

 Since the beginning of the 1990s, the spec-
trum of indications in neuroendoscopy has been 
extended to cover also the treatment of spinal 
lesions. To H.M. Mayer and M. Brock from 
Berlin, Germany [ 35 ], the credit is principally 
due that they have extended the indication of neu-
roendoscopy in the fi eld of endoscopic 
discectomy. 

 The early rudiments of a fundamentally new 
aspect in the practice of neuroendoscopy is due 
to A. Perneczky [ 36 ] with his “keyhole con-
cept” in neurosurgery. He used the endoscope 
as an adjunct to the microscopic technique as 
endoscope- assisted microsurgery. The essence 
was less brain tissue traumatisation and better 
outcome concerning morbidity and mortality. 
That is in contrary to a pure endoscopic approach 
in which the endoscope is the only device for 
visualisation and tissue dissection. 

 This way of approaching the skull base is con-
vincingly demonstrated by E. de Divitiis and P. 
Cappabianca [ 37 ] from Naples. They used the 
endoscope not only as an additional tool to the 
microscope. On the contrary, they moved to a pure 
endoscopic approach. The term “functional endo-
scopic pituitary surgery” (FEPS) summarised 
their basic contributions to indication, develop-
ment of instruments and critical assessment of the 
outcome after pituitary surgery. Rodziewicz et al. 

[ 38 ] outlined the endoscopic approach to pituitary 
surgery and stated: “The authors experiences with 
this technique suggest that, properly used, endo-
scopes can increase the safety and decrease the 
postoperative facial discomfort of transphenoidal 
pituitary surgery”. Coincident with the presenta-
tion of the keyhole concept, Al Benabid from 
Grenoble, France [ 39 ], opened a new chapter in 
neuroendoscopy and discussed the potential use 
of robots in endoscopic neurosurgery. 

 Bauer and Hellwig [ 40 – 45 ] initiated 
 international workshops on “Minimally Invasive 
Neurosurgery, MIEN I and II and Minimally 
Invasive Techniques for Neurosurgery”. Neuros-
urgeons from all over the world  interested in 
neuroendoscopy came together for the fi rst 
time. New and better understanding of the 
 anatomy of the ventricles and changes in the 
operative strategy has been focus of discus-
sions. Neurosurgeons demonstrated how highly 
sophisticated microinstruments, laser equipment, 
ultrasound guidance and neuronavigation have 
converted the endoscope from a pure “visualis-
ing instrument” into a real “surgical instrument”. 
The results of the meetings have been published 
in Acta Neurochirurgica and pushed neuroen-
doscopy towards the forefront of neurosurgical 
interest. It was already at that time agreement 
and absolutely clear that endoscopic procedures 
have to be evaluated according to the standards 
of classical microneurosurgical operations. 
Contrasting views of various authors make it dif-
fi cult to come to a consensus still today because 
there is a lack of a clear-cut list of indications 
for endoneurosurgical procedures. We still miss 
prospective randomised trials for most indica-
tions to be compared with the outcomes of the 
evaluated results of microneurosurgery. Last but 
not least, it was the aim of the workshops to come 
to a modest list of basic recommendations for the 
use of the endoscope in neurosurgery. Minimally 
invasive endoscopic neurosurgery requires 
besides new techniques and technologies also a 
better understanding concerning physiology and 
pathophysiology of CSF circulation system. The 
piecemeal resection of intra- and extracerebral 
space-occupying lesions is not the last attempt 
to introduce this  technology into brain surgery. 

B.L. Bauer
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Such consideration is to be commended, not least 
because medical history provides many examples 
of failed surgical approaches and techniques. 

 The current extended endoscopic approaches 
(EEA) are dominated by those who are pushing 
the frontiers. Some papers of the last years that 
come forward are of high neurosurgical interest. 
Only a few of the procedures are convincing in 
comparison with the established prospective and 
randomised standards of microneurosurgery. More 
recently comments given from authors experienced 
in extended endoscopic skull base surgery (EESS) 
delineate a careful optimistic glance of the future of 
EESS and may illustrate the actual discussion. 

 Some papers of the last year deal with the 
extended endoscopic skull base surgery. Surgical 
and nonsurgical problems should be emphasised 
in the context of pure endonasal endoscopic 
tumour resection. As with all new techniques that 
come forward for analysis when compared with 
the established microsurgical procedures a pro-
spective critical review of the complications must 
be undertaken. Should extended endoscopic 
transphenoidal surgery be left in expert surgeon’s 
hand? Is it surgery for every neurosurgeon? Is 
this approach (method) for the virtuosi only? 
Questions are up to now not answered. We    have 
to keep in mind that space-occupying lesions of 
the skull base and processes in and surrounding 
the brain decide the fate and the destiny of the 
patient and not only the surgeon. 

 In most publications, EEA and EESS is a 
well-tolerated procedure, and the vast majority of 
the patients do well after tumour resection. Fewer 
   papers published are about ophthalmological and 
endocrine functions; functions were reasonably 
well preserved and/or maintained. The problem 
not solved up to now concerns the rate of CSF 
leakage and its management.

  Well selected midline    lesions that may be amenable 
to endonasal surgery will be treated in this way with a 
decrease in morbidity, it must be emphasized that this 
procedure should only be considered once the surgi-
cal team and surrounding equipment has acquired the 
appropriate experience (Kassam et al. [ 46 ]). 

   In well selected cases this technique may provide an 
adjustive method for microsurgeon. It must be 
emphasized, however, that principles    of microsurgi-
cal repair were strictly followed (Kassam et al. [ 47 ]). 

   The majority of the patients underwent planned 
complete resection. In these patients, 73% had a 
gross-total resection without recurrency during a 
mean follow up of 34 months. No patient in this 
series experienced visual worsening. Postoperative 
rate of permanent diabetes insipidus (DI) was 8%. 
CSF leaks were documented in 58 % of patients. In 
1 patient, a stroke occurred from a perforating ves-
sel from a posterior cerebral artery injury. The 
authors conclude the Expended Endonasal Approach 
(EEA) for the resection of craniopharyngeomas 
provides acceptable results and holds the potential 
to improve outcomes (Gardener et al. [ 48 ]). 

   Years ago I would have thought such an approach 
to the “retrochiasmatic” craniopharyngeoma 
would have been impossible. Now, with the advent 
of the techniques that have been uniquely shared 
by Neuroendoscopists and ENT surgeons cranio-
pharyngeomas of most types can be the target of 
EEA. The EEA in this series was performed in 
adults. As craniopharyngeomas commonly occur 
in children, it would be interesting to use this 
approach in the child with a craniopharyngeoma. 
Limitations are small nares, nonpneumatized    sella, 
smaller midline corridor between the carotid arter-
ies. One can argue that the EEA may be a ben-
efi cial approach over craniotomy and subfrontal 
or pterional approaches to craniopharyngeomas 
(Rutka [ 49 ]). 

   Limitations should not be underestimated. He 
emphasized    the need for an incremental acquisi-
tion of skills before becoming confi dent with the 
peculiar anatomy and the manipulation of all struc-
tures. Necessity for dedicated instruments, all of 
which as yet are not available. Lack of initial skill, 
which makes the operative times longer. 

 In the meantime there will be those who will be 
playing the role to push the frontiers and others 
who will move in subsequent advancements, trying 
to be at the same time in the game and in the posse, 
which is not always easy or even possible. We have 
to keep in mind sometimes it is the lesion and not 
the surgeon that decides the course of the disease 
and the destiny of the patient” (Cappabianca [ 50 ]). 

   Endoscopic resection may be technically feasible 
for intraparenchymal brain tumors. Minimizing 
both corticotomy volume and white-matter dissec-
tion required to resect the tumor. Using dynamic 
retraction of the port and piecemeal extirpation   , 
tumors much larger than the conduit itself can 
be effectively removed. In appropriately selected 
patients the port may offer a valuable option to 
achieve the goals of surgery – that is cytoreduction 
or radical tumor removal with an acceptable level 
of morbidity. Further prospective, randomized 
studies are essential and will help to delineate the 
applicability and safety of the procedure (Kassam 
et al. [ 51 ]). 

1 Historical Trends of Neuroendoscopic Surgery
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   Tabaee et al. in 2009 [ 52 ] summarised in their 
clinical article: “The results of this meta- analysis 
support the safety and short-term effi cacy    of 
endoscopic pituitary surgery. Future studies with 
long-term follow-up are required to determine 
tumor    control”. 

 So far up to the turning point of the millen-
nium, the basic development of modern minimal 
endoscopic neurosurgery (MIEN) was far from 
being complete. Unresolved problems require 
future provision of well-organised workshops and 
meetings. Planning well-designed prospective, 
randomized trials to establish the results against 
standardised and proved outcomes of microneu-
rosurgery is mandatory. The foundation of the 
“International Study Group on Neuroendoscopy” 
ISGNE in 2001 and since 2009 International 
Federation of Neuroendoscopy IFNE serves as an 
international platform for teamwork and develop-
ment last but not least as a forum for international 
discussions and interchange of ideas. 

 Bernard of Chartres († 1124 a.c.), the 
Scholasticist, can clarify our actual standing: 
“We are dwarfs, sitting on the shoulders of giants. 
We can see more and further than they can, not 
because we have a superior vision or a superb 
conformation, but because their size causes, that 
we are lifted and carried”.    

   References 

    1.    Apuzzo ML (1977) Neurosurgical endoscopy using 
the side-viewing telescope. J Neurosurg 46(3):
398–400  

    2.   Bozzini P (1806) Lichtleiter, eine Erfi ndung zur 
Anschauung innerer Theile und Krankheiten nebst 
der Abbildung. In: Hufeland CW (ed) Neues Journal 
der praktischen Heilkunde und Wundarzneykunst. 
Commission bei LW Wittich, Berlin, pp 108–124  

    3.    Grant JA (1996) Victor Darwin Lespinasse: a bio-
graphical sketch. Neurosurgery 39(6):1232–1233  

    4.    L’Espinasse VD (1936) Hydrocephalus and Spina 
bifi da. In: Davis L (ed) The principles of neurological 
surgery. Lea et Febiger, Philadelphia, p 405  

    5.    Nitze MCF (1998) Das Zystoskop mit distaler 
Beleuchtung als Schrittmacher der Endoskopie. In: 
Reuter MA (ed) Geschichte der Endoskopie. K. 
Krämer Verlag, Stuttgart, pp 170–222, 238  

    6.    Leiter J (1998) Nachruf. In: Reuter MA (ed) Geschichte 
der Endoskopie. K. Krämer Verlag, Stuttgart, p 194  

    7.    Dandy WE (1922) Cerebral ventriculoscopy – an 
operative procedure for hydrocephalus. Johns 
Hopkins Hosp Bull 33:189–190  

    8.    Fay T, Grant F (1923) Ventriculostomy and intraven-
tricular photography in internal hydrocephalus. 
JAMA 80:461–463  

    9.    Mixter WJ (1923) Ventriculoscopy and puncture of 
the fl oor of the third ventricle. Boston Med Surg J 
188:277–278  

    10.    Putnam T (1934) Treatment of hydrocephalus by 
endoscopic coagulation of the choroid plexus. N Engl 
J Med 210:1373–1376  

    11.    Scarff JE (1935) Third ventriculoscopy as the rational 
treatment of obstructive hydrocephalus. J Pediatr 6:
870–871  

   12.    Scarff JE (1952) Nonobstructive hydrocephalus; 
treatment by endoscopic cauterization of the choroid 
plexus; long term results. J Neurosurg 9(2):164–176  

   13.    Scarff JE (1963) Treatment of hydrocephalus: an his-
torical and critical review of methods and results. 
J Neurol Neurosurg Psychiatry 26:1–26  

    14.    Scarff JE (1966) Third ventriculostomy by puncture 
of the lamina terminalis and the fl oor of third ventri-
cle. J Neurosurg 24(5):935–943  

    15.    Pool JL (1938) Myeloscopy, diagnostic inspection of 
the cauda equina by means of an endoscope. Bull 
Neurol Inst N Y 7:178–189  

    16.    Hopkins HH (1976) Optical principles of the endo-
scope. In: Berci G (ed) Endoscopy. Appleton Century 
Crofts, New York, pp 3–27  

    17.    Ogata M, Ishikawa T et al (1965) Encephaloscope: 
basic study. J Neurosurg 22:288–291  

    18.    Guiot G (1973) Ventriculo-cisternostomy for stenosis 
of the aqueduct of Sylvius. Puncture of the fl oor of the 
third ventricle with a leucotome under television con-
trol. Acta Neurochir (Wien) 28(4):275–289  

    19.    Bushe KA, Halves E (1978) Modifi ed technique in 
transsphenoidal operations of pituitary adenomas. 
Technical note (author’s transl). Acta Neurochir 
(Wien) 41(1–3):163–175  

    20.    Fukushima T, Ishijima B et al (1973) Ventriculo-
fi berscope: a new technique for endoscopic diagnosis 
and operation. Technical note. J Neurosurg 38(2):
251–256  

    21.    Auer LM (1985) Endoscopic evacuation of intracere-
bral haemorrhage. High-tech-surgical treatment – a 
new approach to the problem? Acta Neurochir (Wien) 
74(3–4):124–128  

    22.    Auer LM (1992) Ultrasound stereotaxic endoscopy in 
neurosurgery. Acta Neurochir Suppl (Wien) 54:34–41  

    23.    Oppel F, Mulch G (1979) Selective trigeminal root 
section via an endoscopic transpyramidal retrolaby-
rinthine approach. Acta Neurochir Suppl (Wien) 
28(2):565–571  

    24.    DiMagno EP, Buxton JL et al (1980) Ultrasonic endo-
scope. Lancet 1(8169):629–631  

    25.    Powers SK (1986) Fenestration of intraventricular 
cysts using a fl exible, steerable endoscope and the 
argon laser. Neurosurgery 18(5):637–641  

B.L. Bauer



9

    26.    Griffi th HB (1975) Technique of fontanelle and persu-
tural ventriculoscopy and endoscopic ventricular sur-
gery in infants. Childs Brain 1(6):359–363  

    27.    Griffi th HB (1986) Endoneurosurgery: endoscopic intra-
cranial surgery. Adv Tech Stand Neurosurg 14:2–24  

    28.    Jones RF, Kwok BC et al (1994) Neuroendoscopic 
third ventriculostomy. A practical alternative to extra-
cranial shunts in non-communicating hydrocephalus. 
Acta Neurochir Suppl 61:79–83  

    29.    Cohen AR (1993) Images in clinical medicine. 
Endoscopic laser third ventriculostomy. N Engl J Med 
328(8):552  

    30.    Cohen AR (1993) Endoscopic ventricular surgery. 
Pediatr Neurosurg 19(3):127–134  

    31.    Manwaring KH (1992) Endoscopic ventricular fenestra-
tion. In: Manwaring KH, Crone K (eds) Neuroendoscopy. 
Mary Ann Liebert, New York, pp 121–152  

    32.    Lewis AI, Crone KR et al (1994) Surgical resection of 
third ventricle colloid cysts. Preliminary results com-
paring transcallosal microsurgery with endoscopy. 
J Neurosurg 81(2):174–178  

    33.    Caemaert J, Abdullah J (1993) Diagnostic and thera-
peutic stereotactic cerebral endoscopy. Acta Neurochir 
(Wien) 124(1):11–13  

    34.    Caemaert J, Abdullah J et al (1994) A multipurpose 
cerebral endoscope and refl ections on technique and 
instrumentation in endoscopic neurosurgery. Acta 
Neurochir Suppl 61:49–53  

    35.    Mayer HM, Brock M (1993) Percutaneous endo-
scopic discectomy: surgical technique and prelimi-
nary results compared to microsurgical discectomy. 
J Neurosurg 78(2):216–225  

    36.    Perneczky A, Fries G (1998) Endoscope-assisted 
brain surgery: part 1 – evolution, basic concept, and 
current technique. Neurosurgery 42(2):219–224; dis-
cussion 224–225  

    37.    Cappabianca P, Alfi eri A et al (1998) Endoscopic 
endonasal transsphenoidal approach to the sella: 
towards functional endoscopic pituitary surgery 
(FEPS). Minim Invasive Neurosurg 41(2):66–73  

    38.    Rodziewicz AS, Kelley RT (1998) Endoscopic pitu-
itary surgery: present and future. In: Hellwig D, Bauer 
BL et al (eds) Minimally invasive techniques for neu-
rosurgery. Springer, Berlin/Heidelberg, pp 121–152  

    39.    Benabid AL, Lavallee S et al (1992) Potential use of 
robots in endoscopic neurosurgery. Acta Neurochir 
Suppl (Wien) 54:93–97  

    40.    Hellwig D, Bauer BL (1991) Endoscopic procedures 
in stereotactic neurosurgery. Acta Neurochir Suppl 
(Wien) 52:30–32  

   41.    Hellwig D, Bauer BL (1992) Minimally invasive neu-
rosurgery by means of ultrathin endoscopes. Acta 
Neurochir Suppl (Wien) 54:63–68  

   42.    Bauer BL, Hellwig D (1994) Minimally invasive 
endoscopic neurosurgery – a survey. Acta Neurochir 
Suppl 61:1–12  

   43.    Bauer BL, Hellwig D (1995) Intracranial and intra-
spinal endoscopy. In: Schmidek HH, Sweet WH 
(eds) Operative neurosurgical techniques. Indication, 
methods and results. W.B. Saunders Company, 
Philadelphia, pp 695–713  

   44.    Hellwig D, Bauer BL (1998) Three-dimensional- 
endoscopy: a useful tool for neuroendoscopy? An 
anatomical study using MRI and three–dimensional 
endoscopy. In: Minimally invasive techniques for 
neurosurgery. Springer, Berlin/Heidelberg, pp 37–45  

    45.    Hellwig D, Grotenhuis JA et al (2005) Endoscopic 
third ventriculostomy for obstructive hydrocephalus. 
Neurosurg Rev 28(1):1–34; discussion 35–38  

    46.    Kassam AB, Mintz AH et al (2006) The expanded 
endonasal approach for an endoscopic transnasal 
clipping and aneurysmorrhaphy of a large vertebral 
artery aneurysm: technical case report. Neurosurgery 
59(1 Suppl 1):ONSE162–ONSE165; discussion 
ONSE162–165  

    47.    Kassam AB, Gardner PA et al (2007) Endoscopic 
endonasal clipping of an unsecured superior hypophy-
seal artery aneurysm. Technical note. J Neurosurg 
107(5):1047–1052  

    48.    Gardner PA, Kassam AB et al (2008) Outcomes fol-
lowing endoscopic, expanded endonasal resection 
of suprasellar craniopharyngiomas: a case series. 
J Neurosurg 109(1):6–16  

    49.      Rutka JT (2008) Endonasal resection of craniopha-
ryngiomas. J Neurosurg 109:1  

    50.   Cappabianca P, Cavallo LM et al (2008) Cranio-
pharyngiomas. J Neurosurg 109:1–3  

    51.    Kassam AB, Engh JA et al (2009) Completely endo-
scopic resection of intraparenchymal brain tumors. 
J Neurosurg 110(1):116–123  

    52.    Tabaee A, Anand VK et al (2009) Endoscopic pitu-
itary surgery: a systematic review and meta-analysis. 
J Neurosurg 111(3):545–554    

1 Historical Trends of Neuroendoscopic Surgery



11S. Sgouros (ed.), Neuroendoscopy, 
DOI 10.1007/978-3-642-39085-2_2, © Springer-Verlag Berlin Heidelberg 2014

          2.1  CSF Dynamics (Production, 
Flow, and Absorption) 

 The study of CSF dynamics is scientifi c area of 
interest of both basic researchers and clinicians 
with many still existing problems to be solved 
associated with signifi cant expectations for 
improvement of the clinical outcome [ 2 ,  6 ,  10 ,  15 , 
 16 ,  18 ,  19 ,  48 – 50 ,  53 – 55 ,  57 ,  61 ,  62 ,  75 ,  76 ,  84 ]. 

 Cerebrospinal fl uid (CSF) represents the natu-
ral optimal environment for the central nervous 
system (brain and spinal cord). CSF dynamics, 
being an integrated part of the intracranial dynam-
ics, is reciprocally dependent on the dynamics of 
the brain and the intracranial blood (arterial and 
venous). The continuum of CSF dynamics includes 
three simultaneous and continuous processes: CSF 
production, CSF fl ow, and CSF absorption [ 10 ]. 

 CSF is produced mainly (50–70 %) by the 
choroid plexus in both lateral ventricles as well 
as in the third and fourth ventricles. The remain-
der is produced by the ventricular ependyma, pia- 
arachnoid capillaries, and brain parenchyma. The 
overall rate of daily CSF production is about 
500 ml or 0.35 ml/min, with three to four times 
turnover of the persistent CSF volume in man, 

which is about 140 ml with 25 ml intraventricular 
and 115 ml extraventricular volumes. 

 CSF fl ows from the lateral ventricles through 
the foramina of Monro (interventricular foramens) 
into the third ventricle. Then the CSF circulates 
consecutively through the aqueductus sylvii (cere-
bral aqueduct) into the fourth ventricle and leaves 
the intraventricular space through the foramina of 
Luschka (lateral apertures) and through the fora-
men of Magendie (medial aperture). After enter-
ing the cisterns of subarachnoid space, the CSF 
reaches the arachnoid granulations in the regions 
adjacent to the superior sagittal sinus. 

 CSF absorption or transfer from the subarach-
noid space to the venous system is mainly realized 
by the arachnoid villi. The extra-arachnoid sites 
for CSF absorption include ventricular ependyma 
(subependymal veins), leptomeninges (cortical 
veins), pia-arachnoid capillaries, choroid plexus, 
and perineural space (lymphatic channels).  

   2.2  Disorders of CSF Dynamics 

 The pathophysiology of altered CSF dynamics is 
subject of numerous scientifi c studies [ 48 – 50 , 
 53 – 55 ,  57 ,  62 ,  75 ,  76 ]. 

   2.2.1  Disorders of the CSF 
Production 

 The only one known, clinically signifi cant 
 disorder of the CSF production is the CSF 
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 overproduction by choroid plexus papilloma. 
Usually, in these cases the CSF fl ow and CSF 
absorption are intact initially but excessively 
overloaded. However, later due to the tumor 
growth and CSF metastases, the risk for obstruc-
tion of the CSF fl ow increases. 

 Abnormal, clinically signifi cant CSF hypo-
production is not described in the literature up to 
date.  

   2.2.2  Disorders of the CSF Flow 

 The disorders of the CSF fl ow could be classifi ed 
according to the point of obstruction. The critical 
points of potential obstruction are four: foramen 
of Monro, aqueductus sylvii, fourth ventricle 
foramina, and the transition between spinal and 
cranial subarachnoid space. The obstruction 
could be as a result of congenital atresia or steno-
sis; ventriculitis; tumor; subarachnoid hemor-
rhage; choroid plexus hyperplasia or cyst; AVM 
of the choroid plexus; basilar artery aneurysms or 
ectasia; functional changes following ventriculo-
peritoneal, ventriculoatrial, or lumbo-peritoneal 
CSF shunts; and Arnold-Chiari malformation.  

   2.2.3  Disorders of the CSF 
Absorption 

 Disorders of CSF absorption are caused by 
obstruction of the arachnoid granulations/villi as 
a consequence of infection or hemorrhage or by 
venous hypertension due to sinus thrombosis and 
pseudotumour cerebri.   

   2.3  Neuroendoscopic Treatment 
of the Disorders of CSF 
Dynamics (Table  2.1 ) 

      2.3.1  Neuroendoscopic Treatment 
of the Disorders of CSF 
Production 

 Currently neuroendoscopic treatment of the dis-
orders of CSF production does not exist.  

   2.3.2  Neuroendoscopic Treatment 
of Disorders of CSF Flow 

 The historical trends of neuroendoscopic surgical 
technique in the treatment of hydrocephalus were 
thoroughly discussed by the authors in a previous 
paper [ 17 ]. 

   2.3.2.1  Neuroendoscopic Treatment 
of Obstruction of Foramen 
of Monro: Unilateral or Bilateral 

   Neuroendoscopic Foraminoplasty of 
Foramen of Monro (NEFPFMO) 
  Indications . NEFPFMO, although infrequently 
applied in clinical practice, represents the most 
physiologic surgical approach in the treatment 
of isolated obstruction or stenosis of foramen of 
Monro caused by membranous occlusion of the 
interventricular foramen, leading to restoration 
of the natural CSF fl ow. In cases with unclear 
ventricular landmarks and diffi cult intraopera-
tive orientation, neuronavigation is extremely 
valuable in defi ning the margins of obstructed 
foramen of Monro and the neighboring elo-
quent neurovascular structures, thus preventing 
procedure- related injuries. 

  Operative technique . The surgical technique 
of NEFPFMO is straightforward without any sig-
nifi cant nuances. The burr hole for NEFPFMO is 
usually positioned 2–3 cm laterally to the midline 
and 2–3 cm in front of the coronal suture. After 
penetration of the dilated lateral ventricle, the 
obstructed foramen of Monro could be found by 
tracing up the choroid plexus from the body of 
the lateral ventricle to its passage to the third ven-
tricle, just behind the fornix. Another landmark is 
the junction point of the choroid plexus, the thal-
amostriate vein and the septal vein. However, in 
complicated cases neuronavigation could be a 
very useful adjunct. The fenestration of the mem-
brane is usually bluntly performed with or with-
out prior coagulation of the ependyma. The next 
step is the dilatation with a micro balloon cathe-
ter. In patients with high risk of re-occlusion, the 
implantation of interventricular stent is reason-
able and must be judged. 

  Clinical experience.  NEFPFMO is not fre-
quently reported in the literature. 

Y.P. Enchev and S. Oi
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 In 1996, Mohanty et al. [ 42 ] reported a case of 
unilateral hydrocephalus caused by membranous 
occlusion of the ipsilateral foramen of Monro. 
NEFPFMO was successfully performed simulta-
neously with fenestration of septum pellucidum. 

 In 1999, S. Oi et al. [ 58 ] in their series 
described one case with post-shunt monoven-
tricular unilateral hydrocephalus handled effec-
tively by NEFPFMO and neuroendoscopic 
septostomy (NESS). S. Oi, fi rst in the literature, 
introduced the term “foraminal plasty of fora-
men of Monro.” 

 In 2000, T.T. Wong and and L.S. Lee [ 85 ] 
reported two cases of membranous occlusion of 
the foramen of Monro with a consequent lateral 
ventricle dilatation as a complication of ventric-
uloperitoneal CSF drainage. The patients under-
went NEFPFMO of the affected foramen of 
Monro (in one case NEFPFMO of both foramina 
of Monro) and neuroendoscopic third ventricu-
lostomy (NETV). The result was excellent in 
one case, and shunt insertion followed in the 
other. 

 In 2001, J. Javier-Fernandez et al. [ 33 ] 
described an adult patient with isolated mono-
ventricular unilateral hydrocephalus due to 
the obstruction of the foramen of Monro by 
a thin membrane. NEFPFMO was performed 
successfully. 

 In 2007, H. Moriet al. [ 43 ] described a case 
of endoscopic stent placement for treatment of 
 secondary bilateral occlusion of the Monro 
foramina following endoscopic third ventricu-
lostomy in a patient with aqueductal stenosis. 
From the very beginning of her clinical history, 
the patient was treated by ventriculoperitoneal 
shunt for tri- ventricular hydrocephalus due to 
aqueductal stenosis. Six years later an MR 
imaging demonstrated slit-like ventricle with 
the ventricular catheter and dilated contralat-
eral and third ventricles. NESS and NETV 
were performed with excellent postoperative 
clinical recovery and with restoration of the 
normal ventricle confi guration on control post-
operative MR images. However, 2 years later 
the patient’s complaints reappeared and MRI 
revealed dilatation of both lateral ventricles 
with a patient stoma on the third ventricle fl oor. 

The patient underwent re-NESS and NEFPFMO 
by fi berscope as well as implantation of stent 
through one of the foramina of Monro with 
excellent clinical and radiological recovery at 
3-year follow-up. 

 In 2008, S. Oi and and Y. Enchev [ 52 ] in their 
detailed study of NEFPFMO in the treatment of 
isolated unilateral hydrocephalus presented two 
personal cases, thoroughly reviewed the litera-
ture, and analyzed the applied surgical tech-
niques. S. Oi and Y. Enchev described the fi rst 
neuronavigational NEFPFMO performed alone 
without any additional neuroendoscopic proce-
dure. The neuronavigation was used to point the 
most appropriate entry point and to outline the 
borders of the obstructed foramen of Monro 
(Fig.  2.1 ).

   In 2008, De Bonis et al. [ 13 ] presented an 
adult patient with idiopathic occlusion of the 
foramina of Monro. NEFPFMO was performed 
unilaterally due to the observed wide fenestration 
of septum pellucidum. At the end of the proce-
dure, an intraventricular catheter with subcutane-
ous Rickham reservoir was inserted. Six months 
later the patient was without any complaints and 
follow-up MRI demonstrated gradually decreas-
ing ventricular size. 

 In 2010, Sharifi  et al. [ 74 ] described a case of 
adult post-shunt bilateral occlusion of foramina 
of Monro treated successfully by simultaneous 
NESS and bilateral NEFPFMO. 

 In 2011, S. Kalhorn et al. [ 36 ] reported a case 
of an idiopathic bilateral stenosis of the foramen 
of Monro treated effectively by image-guided 
NEFPFMO and NESS. The authors approached 
the narrower lateral ventricle in order to enable a 
safer penetration into the contralateral frontal 
horn during NESS. 

 In 2012, El Refaee et al. [ 14 ] published a 
unique case of bilateral occlusion of the foramina 
of Monro as a consequence of third ventriculos-
tomy performed with clinical success 30 months 
ago. Since the septum pellucidum was perforated 
as a result of chronic hydrocephalus, the patient 
underwent unilateral NEFPFMO together with 
implantation of a silicon stent through the 
restored interventricular foramen. To prevent the 
intraventricular stent migration, it was fi xed to 
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  Fig. 2.1    Navigational 
neuroendoscopic foraminal 
plasty of foramen of Monro, 
clinical case. ( a ,  d ,  e ) 
Navigational guidance to the 
occluded foramen of Monro. 
( b ,  c ) The ventricular 
puncture needle and the 
transparent peel-away sheath 
with the navigational 
reference star. ( f ) Freehand 
maneuver of a small-diameter 
rigid-rod neuroendoscope 
[ 56 ] with the navigational 
reference (Reproduced with 
permission from Enchev and 
Oi [ 17 ])         
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subcutaneous Rickham reservoir. Ten months 
postoperatively, the clinical and image result was 
excellent. 

  Conclusion . In the cases with unilateral or 
bilateral obstruction or stenosis of foramen of 
Monro, NEFPFMO as a stand-alone procedure or 
in combination with NESS represents safe and 
reliable treatment option.  

   Neuroendoscopic Septostomy (NESS) 
  Indications . NESS is indicated in patients with 
isolated monoventricular hydrocephalus due to 
unilateral obstruction of the foramen of Monro 
associated with distorted intraventricular anat-
omy landmarks of the effaced foramen and thus 
expected risky NEFPFMO. If both foramina of 
Monro are occluded and septum pellucidum is 
intact, NESS is preferable to bilateral foramino-
plasty because the former procedure is techni-
cally easier and the latter has the risk of bilateral 
fornix injury. In symptomatic cavum septum pel-
lucidum, NESS is the treatment of choice. 

  Operative technique.  NESS could be per-
formed as a single procedure or simultaneously 
with NEFPFMO. In cases indicated for NESS 
alone, the burr hole is usually positioned in front 
of the coronal suture and 5–6 cm off the mid-
line, ipsilaterally to the enlarged ventricle. 
Frameless stereotaxy could be useful in defi ning 
the optimal position of the entry point, in guid-
ing the trocar through the parenchyma and in 
selecting the most secured fenestration site. 
Usually, the septostomy is performed bluntly in 
a thin avascular part followed by balloon dilata-
tion. The eventual bleeding from septum pellu-
cidum vessels could be controlled by continuous 
irrigation or by bipolar cautery. The resulted 
communication between both lateral ventricles 
must be wide enough to reduce the risk for 
re-occlusion. 

  Clinical experience.  NESS is more frequently 
reported in the literature than NEFPFMO. 

 In 1991, C. Heilman and A. Cohen [ 30 ] 
described two NESS performed by the so-called 
saline torch. In the follow-up period, no addi-
tional treatment was required. 

 In 1994, M. Walker et al. [ 82 ] reported a series 
of nine NESS. Unsatisfactory results, in long 

follow-up period, were attained in only two 
patients. 

 In 1998, M. R. Gaab and H. W. Schroeder [ 22 ] 
described 4 patients with NESS. In 10 months 
mean follow-up reduced ventricular volumes 
were observed in all cases. 

 In 1999, three series of NESS were published. 
In the study of M. Gangemi et al. [ 24 ], fi ve 
patients with monoventricular hydrocephalus 
underwent NESS. Within a follow-up period of 
almost 3 years, the clinical results were excellent 
in all cases, which were asymptomatic. 

 S. Oi et al. [ 58 ] reported fi ve cases with differ-
ent forms of hydrocephalus successfully treated 
by NESS (with clinical and radiological improve-
ment at follow-up). 

 J. U. Choi et al. [ 7 ] described ten patients with 
NESS for obstructed ventricles due to various 
pathologies. The authors found that NESS makes 
shunting possible and reasonable in all cases. 

 In 2002, M. Fritsch and M. Mehdorn [ 20 ] in 
their paper “Endoscopic intraventricular surgery 
for treatment of hydrocephalus and loculated 
CSF space in children less than 1 year of age” 
presented a case of failed NESS with a conse-
quent CSF shunt insertion. 

 In 2003, H. Hamada et al. [ 29 ] reported a 
series of 20 patients with isolated monoventricu-
lar hydrocephalus treated by NESS. NESS was 
unsuccessful in two adult patients due to thick 
septum pellucidum and limited working space. 
NESS was repeated in two children. In the 
remaining patients, good results were achieved 
without septostomy-related morbidity. 

 In 2003, P. Aldana et al. [ 1 ] published their 
experience with 43 NESS in 32 patients. During 
the mean follow-up of 2.5 years, the primary 
septostomies persisted in more than half of the 
cases. Ten patients underwent second NESS 
following the re-occlusion of their initial septal 
fenestration, with clinical success in 9 of them. 
The repeat NESS on the last follow-up revealed 
septostomy failure rate of less than 20 %. Based 
on these results, it was summarized that NESS 
represents effective and reliable treatment option 
for both initial and recurrent isolated lateral ven-
tricle hydrocephalus, preventing insertion of CSF 
shunts. 
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 In 2004, T. Beems and J. Grotenhuis [ 3 ] in 
their study of long-term complications of neuro-
endoscopic procedures presented a series of 21 
NESS with or without NETV with 95 % success 
rate. Procedure-related complications were 10 % 
and mortality rate 0 %. 

 In 2008, S. Oi and Y. Enchev [ 52 ] described a 
case of congenital isolated unilateral hydroceph-
alus successfully treated by NESS in combina-
tion with NEFPFMO. 

 In 2009, J. Oertel et al. [ 45 ] in their series of 
134 neuroendoscopic procedures in children pre-
sented 13 NESS in 12 patients. NESS was associ-
ated with NETV in fi ve cases, with tumor biopsy 
in 3, with stent insertion in 2, with cystoventricu-
lostomy in 1, and with aqueductoplasty in one. 
Clinical and radiological benefi t was achieved in 
6 patients. Four patients became shunt depen-
dent. Clinical and radiological success rate was 
worst in children younger than 6 months of age. 

 In the same year, same authors [ 46 ] described 
a series of 32 NESS performed in 30 patients. 
The CSF fl ow disorder was caused by neoplasm 
(16 cases), multiloculated cystic hydrocephalus 
(8 cases, including 2 revisions), septum pellu-
cidum cysts (3 cases), membranous or infl amma-
tory isolated lateral ventricles (3 cases), and giant 
aneurysms (2 cases). NESS was combined in one 
stage with 13 endoscopic tumor biopsies/resec-
tions, 9 NETV, and 9 other neuroendoscopic pro-
cedures. During the mean follow-up period of 26 
months, 26 patients improved clinically. 

 In 2011, F. Vaz-Guimaraes Filho et al. [ 80 ] 
reported seven adult patients with unilateral 
hydrocephalus, selected out of their almost 800 
neuroendoscopic procedures in a 15-year period. 
All but one case (6/7) were with intraventricular 
cysticercosis and one (1/7) with congenital steno-
sis of foramen of Monro. NESS restored the CSF 
fl ow in all seven patients with uneventful postop-
erative period and excellent clinical outcome dur-
ing the mean follow-up of 66 months. 

 In 2012, G. Tamburrini et al. [ 77 ] described a 
series of 63 patients (50 adults and 13 children) 
which underwent NESS during the period of 10 
years. In 46 of the patients, all adults, hydro-
cephalus was due to neoplasm; in 11 the etiol-
ogy was postinfectious and/or posthemorrhagic; 

and in the remaining 6 patients, hydrocephalus 
was malformative. The authors succeeded to per-
form NESS in all but 2 posthemorrhagic cases, 
presenting with a dense multilayered septum; 37 
out of 63 patients underwent simultaneously one 
or more additional neuroendoscopic procedures. 
During the mean follow-up of 2 years, all but one 
patient demonstrated clinical and radiological 
improvement. 

  Conclusion.  NESS is a reasonable treatment 
option for selected cases of isolated lateral ven-
tricle with negligible procedure-related morbid-
ity and mortality. Hence, NESS as a stand-alone 
procedure or in combination with NEFPFMO 
must be the treatment of choice of these forms of 
disordered CSF dynamics. Neuronavigation is 
usually dispensable. Diffi culties in performing 
NESS could be expected in postinfectious ven-
tricle causing thickening of the septum.   

   2.3.2.2  Neuroendoscopic Treatment 
of Obstruction of Aqueductus 
Sylvii 

   Neuroendoscopic Aqueductoplasty (NEAP) 
  Indications.  NEAP with or without aqueductal 
stenting is indicated in cases with membranous 
aqueductal stenosis. NEAP could be performed 
alone or in combination with NETV. 

  Operative technique.  The position of the entry 
point is selected based on detailed analysis of CT 
and especially MR images or with the aid of neuro-
navigation. Most frequently its coordinates are 
about 2 cm off the midline and 3–5 cm in front of 
the coronal suture, depending on the width of the 
foramen of Monro. Following the inspection of the 
fl oor of the third ventricle and the proximal part of 
the aqueduct, the NEAP is performed by the tip of 
Fogarty balloon catheter. If it is necessary a deli-
cate dilatation of the perforation could be accom-
plished by infl ation of the micro balloon. Further 
inspection of the distal aqueductal part and the 
foramina of the fourth ventricle could be performed 
by fl exible neuroendoscope but with substantial 
risk for iatrogenic injury of the tectal region. 

  Clinical experience.  NEAP is one of the infre-
quent neuroendoscopic procedures in treatment 
of disordered CSF fl ow. The idea for aqueducto-
plasty belonged to Dandy [ 11 ] as he was the fi rst 
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to perform aqueductal reconstruction by open 
surgery in 1920. 

 In 1993, Oka et al. [ 60 ] described a series of 
seven anterograde NEAP, performed by fl exible 
neuroendoscope, simultaneously with NETV in 
patients with obstructive hydrocephalus due to 
aqueductal stenosis. Procedure-related complica-
tions were not observed. All but one patient did 
not require CSF shunt insertion during the fol-
low- up period. 

 In 1999, Oi et al. [ 58 ] reported the fi rst 2 cases 
with NEAP as a stand-alone procedure for distal 
membranous aqueductal stenosis. One of the 
patients underwent anterograde and the other ret-
rograde NEAP. However, subsequent restenosis 
occurred. 

 In 1999, H. W. Schroeder and M. R. Gaab [ 70 ] 
presented a heterogeneous series of 17 NEAP: 
NEAP as a stand-alone procedure, NEAP in 
combination with NETV, and NEAP plus subse-
quent aqueductal stenting. In 6 of the patients 
diplopia was observed as a procedure-related 
complication. Within the mean follow-up of 1.5 
years, the clinical results were satisfactory in all 
but 6 of the cases. 

 In 1999, C. Teo et al. [ 78 ] described their 
experience with neuroendoscopic treatment of 
trapped fourth ventricle, including 4 NEAP, one 
of them via suboccipital approach. In two of the 
cases restenosis was successfully treated by com-
bination of NEAP and aqueductal stenting. 

 In 2004, M. Fritsch et al. [ 21 ] reported 8 
patients with NEAP as a stand-alone procedure 
and 5 patients with NEAP plus aqueductal stent 
implantation. In the fi rst group 6 restenoses were 
observed. However, in the second group no com-
plications were found. 

 In 2004, H. Schroeder et al. [ 72 ] described a 
series of 39 NEAP in 33 patients with noncom-
municating hydrocephalus due to aqueductal ste-
nosis. NEAP was combined with NETV in 13 
patients and with aqueductal stenting in 1. The 
success rate in the whole group was 76 % and 
higher (82 %) in the group with NEAP alone. In 
22 patients radiological improvement was 
noticed. During the follow-up period of 40 
months, aqueductal restenosis occurred in seven 
cases. The authors concluded that even the initial 

success rate of NEAP was comparable to that of 
NETV; with longer follow-up the aqueductal 
restenosis rate became higher. 

 In 2005, J. Sansone and B. Iskandar [ 65 ] pre-
sented 11 NEAP by trans-foramen magnum 
trans-fourth ventricle approach in 9 patients with 
membranous aqueductal stenosis. At the end of 
the almost 2-year-long follow-up period, all the 
patients were symptom-free. One case underwent 
two subsequent re-NEAP procedures as an 
attempt to treat the restenosis. However, aque-
ductal stenting was needed ultimately. The 
authors recommended their technique to be 
applied by experienced neuroendoscopist for 
selected cases. 

 In 2005, Gavish et al. [ 25 ] reported a series of 
5 NEAP through a “tailored craniocervical 
approach.” The selected patients presented with a 
distal membranous aqueductal stenosis. The 
postoperative course was uneventful with excel-
lent clinical and radiological outcome in all 
patients. Based on these excellent results, the 
authors advocated their approach as a reliable 
alternative to other neuroendoscopic techniques. 

 In 2006, G. Cinalli et al. [ 9 ] described 7 com-
plicated cases with posthemorrhagic and postin-
fectious loculated hydrocephalus previously 
treated by CSF shunting and in 5 of them by other 
neuroendoscopic procedures for supratentorial 
isolated compartments. Three of the patients 
underwent NEAP alone and the remaining 4 
NEAP plus aqueductal stenting. Supratentorial 
approach was used in 5 cases and infratentorial in 
2. All patients improved clinically and radiologi-
cally. Two of the patients without aqueductal 
stent experienced restenosis. 

 In 2009, J. Oertel et al. [ 45 ] reported 14 NEAP 
in 14 children. NEAP was combined with NETV 
(9 cases), aqueductal stenting (5 cases), NESS (1 
case), and tumor removal (1 case). Excellent out-
come was achieved clinically in 57 % and radio-
logically in 43 %. Restenosis of the cerebral 
aqueduct was confi rmed in 3 patients. During the 
follow-up period, 53 % needed CSF shunting. 
Permanent procedure-related complications were 
observed in 2 patients. 

  Conclusion.  NEAP is a tricky procedure with 
signifi cant potential hazards for the fornix, the 
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fl oor of the third ventricle, and especially for the 
periaqueductal parenchyma. NEAP is indicated 
in cases with short or membranous proximal 
(anterograde NEAP) or distal (retrograde NEAP) 
aqueductal stenosis as well as in cases in whom 
NETV is contraindicated due to a dense and thick 
third ventricle fl oor or to an atypical position of 
the basilar tip at the prospective fenestration site. 
In most of the cases, if available, neuronavigation 
could be useful for planning and guiding. 
Aqueductal stenting as an addition of NEAP 
most probably reduces the restenosis rate.  

   Neuroendoscopic Third 
Ventriculostomy (NETV) 
  Indications.  NETV is indicated in any case of 
obstruction of the CSF fl ow distal to the fl oor of 
the third ventricle, including the patients with 
aqueductal stenosis and occlusion. 

  Operative technique.  The preoperative analysis 
of sagittal and coronal MR images is of utmost 
importance for the precise planning of the burr 
hole position in a trajectory line with the foramen 
of Monro and the optimal position of the ventricu-
lostomy. Important consideration is full awareness 
of the relation between the third ventricle fl oor and 
the basilar artery. Neuronavigation is highly rec-
ommended if it is available. The entry point is usu-
ally 2–3 cm off the midline and in front of the 
coronal suture. After entering the lateral ventricle, 
the endoscope is advanced through the foramen of 
Monro. The fl oor of the third ventricle is inspected, 
and the infundibular recess and mamillary bodies 
are identifi ed (Fig.  2.2 ). According to the individ-
ual anatomical peculiarities, the best position of 
the stoma is defi ned in order to prevent neurovas-
cular injury. Usually, the safest perforation site is in 
the center of the triangle with angles of the mamil-
lary bodies and infundibular recess, just behind the 
clivus [ 73 ]. The blunt perforation by rigid instru-
ment is the preferred method. Schroeder et al. [ 73 ] 
recommend avoidance from perforation of the 
fl oor by the tip of balloon catheter, because of the 
risk of slippage of the tip and eventual consequent 
neurovascular damage (Fig.  2.3 ). In cases with 
dense thick fl oor in which the blunt perforation 
could be associated with signifi cant hypothalamic 
traction, the reasonable approach is the bipolar 

cauterization. The initial perforation is dilated by 
Fogarty balloon catheter, infl ated with fl uid, to 
dimensions of 3–6 mm in diameter [ 73 ]. The 
underlying interpeduncular and pontine cisterns 
could be inspected and the Liliequist membrane is 
perforated.

     Clinical experience.  Currently, NETV is the 
most frequently performed neuroendoscopic 
procedure. 

 The fi rst NETV in history was performed by 
William Mixter, a urologist, in 1923 [ 41 ], using a 
urethroscope. Despite the technical imperfec-
tions, the postoperative course in his child patient 
with noncommunicating hydrocephalus was 
uneventful, and the clinical result was excellent. 

 The next reports of NETV were 12 years later 
in 1935 and 1936, by J. Scarff [ 66 ,  67 ]. Scarff 
used a sophisticated endoscope equipped with an 
electrode for coagulation, system for irrigation, 
and special tip for performing the third ventricu-
lostomy. Based on his clinical results and autopsy 
studies, Scarff concluded that simple puncture 
fenestration was not functionally enough and that 
further dilatation of perforation was necessary. 

 In the 1960s, J. Scarff published his long-term 
results with NETV and choroid plexus coagula-
tion [ 68 ,  69 ]. 

 In 1968, G. Guiot reported NETV by leuco-
tome with ventriculographic guidance with satis-
fying results [ 28 ]. 

 In 1976, H. J. Hoffman described a series of 
NETV under stereotactic guidance and made 
extensive review of the literature with 797 cases 
of NETV [ 32 ]. Hoffman found that stereotactic 
NETV was a reliable minimal invasive treatment 
option of obstructive hydrocephalus. 

 In 1978, J. Vries [ 81 ] reported the fi rst hydro-
cephalic patients who underwent NETV by fl ex-
ible fi berscope. Unfortunately, all fi ve cases later 
became CSF shunt dependent. 

 In 1990, R. Jones et al. [ 34 ] presented a series 
of NETV in 24 patients with different forms of 
hydrocephalus. Half of the patients did not 
require CSF shunt insertion. In 1994, R. Jones 
reported clinically successful NETV in 61 % of 
103 patients [ 35 ]. 

 In 1996, A. Rieger et al. [ 63 ] described 
ultrasound- guided NETV for noncommunicating 
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hydrocephalus in 12 patients. Intraoperative ultra-
sound guidance was suffi ciently effective and reli-
able tool in defi ning the optimal trajectory through 
the foramen of Monro. The method was equally 
accurate to stereotaxy but more rapid and intuitive. 
No procedure-related complications were reported. 
The clinical outcome was excellent in 75 % of the 
patients and acceptable in the rest. During the 
long-term follow-up, MR examinations demon-
strated the existence of ventriculostomy. 

 In 1998, V. Rohde et al. [ 64 ] reported neuro-
navigational NETV in ten patients with hydro-
cephalus. The entry point, the target point, and 

the optimal trajectory through the foramen of 
Monro were neuronavigationally preplanned. 
The neuronavigational NETV was performed 
frameless but arm based. In all but one patient 
with very small third ventricle, NETV were suc-
cessfully performed without any procedure- 
related complications. In that series 
neuronavigational guidance was safe, reliable, 
and effective. The authors summarized that neu-
ronavigational guidance of neuroendoscope 
ensured intraoperative neurovascular protection. 

 In 1999, G. Cinalli et al. [ 8 ] presented 119 
cases of NETV compared with 94 cases of third 

a

c

b

  Fig. 2.2    High-resolution neuroendoscopic surgical fi eld 
approach to the fl oor of the third ventricle. ( a ) Note the 
choroid plexus, septal vein, and the foramen of Monro. 
( b ) Note the landmarks of the third ventricle fl oor. ( c ) The 

fl oor of the third ventricle with the mamillary bodies and 
the infundibular recesses. Note the partial transparency 
of the fl oor (Reproduced with permission from Enchev 
and Oi [ 17 ])       
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ventriculostomy performed by the aid of ventric-
ulographic guidance for the treatment of aque-
ductal stenosis. The success rate of whole series 
was 72 % (6-year follow-up period) as 29 patients 
became shunt dependent and re-NETV was per-
formed in 9 cases. 

 In 1999, M. Gangemi et al. [ 23 ] described a 
series of 125 NETV for obstructive hydrocepha-
lus, using fl exible neuroendoscope. The overall 
success rate (shunt independency) was 86 % with 
rare and frequently transient procedure-related 

complications and absent mortality. The authors 
suggested widened indications of NETV in every 
case of distorted CSF fl ow distally to the third 
ventricle fl oor and preserved CSF absorption. 

 In 2000, S. Oi et al. [ 59 ] defi ned a new form of 
hydrocephalus, “long-standing overt ventriculo-
megaly in adults” (“LOVA”). Eight patients with 
LOVA underwent NETV and one aqueducto-
plasty (Fig.  2.4 ). During follow-up of 6 months to 
13 years, all cases demonstrated clinical improve-
ment in different degree independently of the 

  Fig. 2.3    Neuroendoscopic third ventriculostomy (NETV). Note the fenestration of Liliequist membrane ( c – f ) as addi-
tional and separated procedure after NETV ( a ,  b ) (Reproduced with permission from Enchev and Oi [ 17 ])         

a

c

b

d

 

2 The Application of Neuroendoscopic Techniques in Improving Altered CSF Physiology



22

  Fig. 2.4    NETV in “LOVA” [ 59 ]. ( a ), Bottom right: the inlet of the cerebral aqueduct, with membranous occlusion; Top 
right: the transparent fl oor of the third ventricle. ( b ), NETV by Fogarty balloon catheter         

a

e f

Fig. 2.3 (continued)
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radiologically persistent ventriculomegaly as 
arrested hydrocephalus.

   In 2000, J. Burtscher et al. [ 5 ] introduced the 
virtual endoscopy for planning of 10 NETV 
procedures in 9 patients with tumors and idio-
pathic aqueductal stenosis. The virtual endolu-
minal MR views perfectly corresponded with 
the real-time intraoperative neuroendoscopic 
images of the ventriculoscope in all but one 
patient who underwent NETV. Virtual neuroen-
doscopy demonstrated the relations between 
the landmarks of the anterior part of the fl oor of 
the third ventricle, the underlying major arter-
ies, and the clivus. Thus, preoperative virtual 

endoscopy planning increased neurosurgeon’s 
safety and comfort. 

 In 2002, H. Schroeder et al. [ 71 ] presented a 
series of 193 NETV in 188 patients. The suc-
cess rate was 66 % and the mortality rate 1 % 
(1 SAH and one 1 infection). The authors con-
cluded that a steep learning curve of NETV 
existed, because of the predominance of the 
serious procedure- related complications in their 
early cases. The incorrect positioning of the 
fenestration site was the leading cause for the 
signifi cant complications. 

 In 2002, A. Krombach et al. [ 39 ] reported com-
bined application of neuronavigational  guidance 

b

Fig. 2.4 (continued)
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and virtual neuroendoscopy (MR ventriculos-
copy) for performing NETV. NETV trajectory 
was planned by neuronavigation. Virtual endos-
copy was successfully accomplished in most of 
the cases retrospectively. Obvious advantage 
of virtual neuroendoscopy was the demonstration 
of the relation between the neurovascular struc-
tures at risk. However, its important drawback was 
that septum pellucidum and the fl oor of the third 
ventricle were not well visualized. Hence, even-
tual anomalies could not be evaluated properly. 
An advantage of neuronavigation was the ability 
to modify the trajectory simulated by virtual 
endoscopy in accordance with the anatomical 
reality and in this way to reduce additionally the 
risk of neurovascular injury. 

 In 2003, P. Grunert et al. [ 27 ] described a 
series of 171 NETV in 159 patients with 
obstructive hydrocephalus, caused by aqueduc-
tal stenosis, tumors, cysts, intraventricular 
hemorrhages, and other reasons. NETV was 
assisted by frame- based stereotaxy in 31 cases 
and by neuronavigation in 4 patients. The suc-
cess rate was 71 %, worse results were achieved 
in children younger than 1 year. The clinical 
outcome was not infl uenced by the stereotaxy. 
Complications were observed in 6 patients and 
all but one was not permanent. No procedure-
related mortality was found out during the fol-
low-up period. 

 In 2003, K. Nishiyama et al. [ 44 ] demon-
strated a series of 15 shunt-dependent patients 
with occlusive hydrocephalus, whose shunt mal-
functions were treated by NETV and consequent 
removal of the CSF shunt system. Within 1 week 
after NETV, the shunt-dependent CSF dynam-
ics transformed to a shunt-independent state. 
However, simultaneous reduction of ICP was not 
demonstrated in all cases. 

 In 2004, T. Beems and J. Grotenhuis [ 3 ] pre-
sented a series of 339 NETV as a stand-alone 
procedure with 80 % success rate within a fol-
low- up period longer than 5 years. Procedure- 
related complications were 8 % and mortality 
was 0 %. In a separate group of 41 NETV in com-
bination with biopsy of intraventricular/paraven-
tricular neoplasm, the complication rate was 
much higher, 20 %. The authors summarized that 

the majority of post-NETV complications are 
transient and the mortality rate is very low. 

 In 2004, M. Zimmerman et al. [ 86 ] fi rst 
reported robot-assisted NETV in a series of 6 
patients with aqueductal stenosis. The robot- 
assisted NETV were successfully performed 
without any device-related and/or procedure- 
related complications. The advantages of the 
robot assistance were the secure guiding and pre-
cise movement of the neuroendoscope. Notable 
disadvantage of the technique was the additional 
time needed for setting of the robot, which 
decreased during the learning curve. However, 
the duration of the procedure alone was compa-
rable to that of the standard freehand NETV. 

 In 2005, Oi et al. [ 56 ] presented a newly 
designed rigid-rod neuroendoscope and proposed 
a new neuroendoscopic surgical technique as 
“frameless freehand maneuver” combined with 
high-resolution imaging. The device and the 
technique were initially applied in 20 cases of 
NETV with excellent clinical and radiological 
results and without device and/or procedure- 
related morbidity or mortality [ 56 ]. 

 In 2005, B. Warf [ 83 ] reported a large series 
of 550 NETV as a primary treatment of hydro-
cephalus of various etiologies in African children. 
In 284 patients NETV was performed as a stand- 
alone procedure, and in the remaining 266 cases, 
neuroendoscopic cauterization of the choroid 
plexus (NECCP) was simultaneously done along 
with NETV. The data pointed the superiority of 
the combined NETV and NECCP procedures over 
the NETV alone in patients younger than 1 year 
of age, especially for those with myelomeningo-
cele or noninfectious origin of hydrocephalus. 

 In 2005, D. Hellwig et al. [ 31 ] published a 
thorough review on all aspects of NETV. NETV 
indications, operative techniques, and techno-
logical adjuncts, surgical series, clinical and 
radiological outcomes, and postoperative com-
plications were discussed and analyzed in depth. 

 In 2006, S. Oi and C. Di Rocco [ 51 ] published 
a milestone paper for the CSF dynamics (Fig.  2.5 ). 
In an attempt to explain the higher failure rate of 
NETV in neonates and infants with obstructive 
hydrocephalus, they hypothesized that the CSF 
dynamics evolve from a predominance of the 
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minor CSF pathways in the immature brain to a 
predominance of the major CSF pathways in the 
matured brain. Their evolutional theory of CSF 
dynamics was supported by the ventriculo-cister-
nography data which confi rmed the predominance 
of the minor CSF pathways (intraparenchymal pat-
tern) over the major one in neonates and infants. 
Thus, the authors proposed that the hydrocephalus 
in this age group be called “minor pathways 
hydrocephalus.”

   In 2009, J. Oertel et al. [ 45 ] reported a series 
of 76 NETV in 73 children. NETV was per-
formed simultaneously with NESS (5 cases), 
NEAP (9 cases), NEFPFMO (1 case), tumor 
excision (11 cases), cysts fenestration (4 cases), 
and removal of blood clot (1 case). The NETV 
success rate was clinically 70 % and radiologi-
cally 56 %. Re-NETV was applied in 4 %. During 
the follow-up period in 26 % of the patients, CSF 
shunt insertion was needed, most frequently in 
the age group less than 6 months. The permanent 
procedure-related complications were 3 %. 

 In 2011, T. Bouras and S. Sgouros [ 4 ] 
 presented a systematic Medline-based meta-anal-
ysis of NETV-related complications. The authors 
reviewed 34 series of NETV, with 2985 NETV 
procedures in 2884 patients of all age groups 
and with heterogeneous etiology of obstructive 
hydrocephalus. The procedure-related complica-
tions were 8.5 %, the permanent morbidity rate 
2.38 %, mortality rate 0.21 %, and the frequency 
of delayed “sudden death” 0.07 %. 

  Conclusion.  NETV represents the most fre-
quently performed neuroendoscopic procedure in 
the treatment of disordered CSF fl ow. Generally, 
NETV is the neuroendoscopic treatment of choice 
in cases with distal to the third ventricular fl oor 
CSF obstruction and reasonable alternative of CSF 
shunts. The technological assistance of NETV by 
virtual neuroendoscopy, neuronavigation, and 
robotic devices is obviously benefi cial for the clini-
cal outcome and for the patients’ safety. New fi nd-
ings in the CSF physiology would be able to change 
our attitude for NETV in neonates and infants.  

CSF Dynamics Maturation [CSFDM] Stages I–V in Human

CSF Dynamics Maturation [CSFDM] Stages

Minor CSF Pathway  (Interstitial Space)

Major CSF Pathway  
(Ventricle-Subarachnoid space)

Arachnoid Villi
(Pachionian Body)

Lepto-meninges

Choroid Plexus

Embryo Fetus Neonate

40 (gestational weeks)

Stage I Stage II Stage III Stage IV Stage V

0 4 8
0 1 2 (years)

Infant Toddler

  Fig. 2.5    The “evolution theory in CSF dynamics” [ 51 ]       
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   Neuroendoscopic Lamina Terminalis 
Fenestration (NELTF) 
  Indications.  NELTF is a surgical method of 
choice in the cases in which NETV is indicated 
but not feasible or functionally insuffi cient. A 
 conditio sine qua non  is the visibility of the 
neighboring anterior cerebral arteries through 
lamina terminalis. The decision to perform 
NELTF as a rule is intraoperative. 

  Operative technique.  In patients with wide fora-
men of Monro, rigid neuroendoscope could be 
used. However, in cases with narrow intraventricu-
lar foramen, fl exible neuroendoscope is required to 
avoid procedure-related damage of the fornix. The 
entry point is usually the same as for NETV, in 
front of the coronal suture and 2–3 cm off the mid-
line. After entering the lateral ventricle, the endo-
scope is advanced through the foramen of Monro. 
The fl oor of the third ventricle is inspected, and if 
NETV is too risky, lamina terminalis is examined. 
The fenestration is bluntly performed and subse-
quently dilated by Fogarty micro balloon catheter. 

  Clinical experience.  NELTF is sporadically 
mentioned in the literature. 

 In 1922, W. Dandy [ 12 ] reported for the fi rst 
time perforation of lamina terminalis for the 
treatment of noncommunicating hydrocephalus. 
The procedure was performed nonedoscopically 
by craniotomy and trans-frontal approach. 

 In 2007, H. Schroeder et al. [ 73 ] described 
the operative technique of NELTF as a vital 
option of the endoscopic treatment of CSF fl ow 
obstruction. 

 In 2012, J. Torres-Corzo et al. [ 79 ] reported a 
series of 25 NELTF in patients with obstructive 
hydrocephalus caused by neurocysticercosis 
(11 cases), tumors (6 cases), aqueductal stenosis 
(3 cases), and other (5 cases). The decision to 
perform NELTF was taken intraoperatively due 
to risky or non-applicable ETV, insuffi cient basal 
subarachnoid cisterns, and adhesions in the third 
ventricle. Within the mean follow-up period of 
more than 5 years, the clinical and radiological 
success rate was 76 % (19 cases). The rest 
6 patients became shunt dependent. The authors 
concluded that adequate intraoperative assess-
ment was crucial to identify the patients that 
would benefi t. 

  Conclusion.  NELTF represents valuable alter-
native of NETV in selected cases.   

   2.3.2.3  Neuroendoscopic Treatment 
of Obstruction of Fourth 
Ventricle Foramina 

   Neuroendoscopic Foraminoplasty 
of Foramen of Magendie (NEFPFMA) 
(Anterograde and Retrograde), 
Neuroendoscopic Foraminoplasty 
of Foramen of Luschka (NEFPFL) 
(Anterograde and Retrograde), and 
Neuroendoscopic Fourth 
Ventriculostomy (NEFV) 
  Indications.  Neuroendoscopic techniques for 
treatment of obstruction of the 4th ventricle 
foramina are indicated in cases with their mem-
branous occlusion. 

  Operative technique.  The restoration of the 
CSF fl ow through the foramina of the fourth 
ventricle could be performed in both antero-
grade and retrograde manner. In the anterograde 
mode, a fl exible neuroendoscope is needed and 
the approach is via the lateral ventricle, the fora-
men of Monro, the third ventricle, and the cere-
bral aqueduct. The retrograde method being quite 
less complicated and less risky is accomplished 
by rigid neuroendoscope and transcerebellar 
approach. 

  Clinical experience.  These techniques are the 
most rarely reported in the literature. 

 In 1999, S. Oi et al. [ 58 ] presented 3 cases of 
“disproportionately enlarged fourth ventricle” 
unsuccessfully treated by NEFPFMA. Two cases 
underwent NEFPFMA plus fourth ventriculos-
tomy and one patient NEFPFMA simultaneously 
with NETV and fourth ventriculostomy. 

 In 2006, P. Longatti et al. [ 40 ] reported a case 
of endoscopic opening of membranous obstruc-
tion of the foramen of Magendie using transaq-
ueductal navigation. The procedure was 
performed by fl exible neuroendoscope, intro-
duced through a precoronal burr hole, the fora-
men of Monro, and the cerebral aqueduct to the 
fourth ventricle. After identifi cation of the 
obstructed foramen of Magendie, the membrane 
was perforated by monopolar cautery and 
dilated by Fogarty balloon. The postoperative 
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course was without complications with excel-
lent clinical outcome. The authors suggested 
that the proposed technique is indicated in cases 
of distorted CSF fl ow due to obstructed 4th ven-
tricle foramina associated with collapse of the 
prepontine cistern and therefore with eventual 
risky NETV. 

 In 2011, A. Giannetti et al. [ 26 ] described a 
case of transcerebellar neuroendoscopic fourth 
ventriculostomy (NEFV) for treatment of hydro-
cephalus caused by atresia of the fourth ventricle 
foramina and shunt malfunction. The entry point 
was positioned in the suboccipital paramedian 
region. The rigid endoscope was introduced into 
the fourth ventricle, and the anatomical land-
marks of the fourth ventricle fl oor were inspected. 
The membranes obstructing the foramina of 
Luschka and the foramen of Magendie were 
bluntly perforated by the tip of the monopolar 
cautery and subsequently dilated by Fogarty bal-
loon. CSF fl ow was restored. Within the follow-
 up period of 3 years, excellent clinical and 
radiological result was accounted. The transcer-
ebellar neuroendoscopic opening of the 3 foram-
ina of the fourth ventricle, termed by the authors 
as NEFV, surpass the technique suggested by 
Longatti et al. [ 40 ] in being less risky for the neu-
rovascular structures and more feasible for 
application. 

  Conclusion.  The neuroendoscopic techniques 
for restoration of the CSF fl ow through the 
obstructed foramina of the fourth ventricle repre-
sent potentially valuable surgical techniques, 
which need further evaluation in larger clinical 
series.  

   Neuroendoscopic Third 
Ventriculostomy (NETV) 
 NETV most frequently is the treatment of choice 
of obstructed fourth ventricle foramina if the 
cerebral aqueduct is passable. 

 In 2003, C. Karachi et al. [ 37 ] reported a 
series of three patients with idiopathic steno-
sis of foramina of Magendie and Luschka and 
 consequent four-ventricular hydrocephalus, 
treated by NETV. All patients became asymp-
tomatic post operatively, and the 3-year follow-up 
term was uneventful.   

   2.3.2.4  Neuroendoscopic Treatment 
of Obstruction of the Transition 
Between Spinal and Cranial 
Subarachnoid Space 

   Neuroendoscopic Third 
Ventriculostomy (NETV) 
 In 2003, U. Kehler and J. Gliemroth [ 38 ], in attempt 
to explain the successful NETV in communicating 
hydrocephalus, proposed a hypothesis for the exis-
tence of extraventricular intracisternal obstructive 
hydrocephalus. Their series included fi ve cases 
with patent CSF fl ow in the ventricles to cisterna 
magna. MRI demonstrated dilated ventricular sys-
tem, caudal displacement of the third ventricular 
fl oor, anterior displacement of lamina terminalis, 
and unchanged basal cisterns. All the patients 
underwent NETV with clinical success. Based on 
these results, the authors suggested the existence of 
intracisternal obstruction in such patients that 
could not be directly visualized up to date. 

 In 2010, J. Oertel et al. [ 47 ] reported their 
experience with endoscopic diagnosis and treat-
ment of far distal obstructive hydrocephalus. In 
20 patients with obstruction of the CSF fl ow dis-
tal to the fourth ventricle were performed 20 
NETV in combination with transaqueductal 
inspection of the posterior fossa by fl exible neu-
roendoscope in 16 cases. The overall success rate 
was 75 % with signifi cant difference between the 
pediatric (50 %) and adult (83 %) group. A radio-
logical benefi t was observed in 50 %. Five 
patients became shunt dependent.    

   2.3.3  Neuroendoscopic Treatment 
of the Disorders of CSF 
Absorption 

 Unfortunately, up to date noneuroendoscopic 
treatment options exist for the disorders of CSF 
absorption.   

    2.4 Future Perspectives 

 The future trends of neuroendoscopic treatment 
of altered CSF dynamics are most probably asso-
ciated with refi ned neuroendoscopic devices 
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and sophisticated integration with intraopera-
tive imaging, neuronavigation, and neurosurgi-
cal robots in an attempt to develop completely 
automated operating theaters allowing the per-
formance of robotic tele-neuroendoscopic pro-
cedures [ 2 ,  15 ,  16 ]. The fetal neuroendoscopic 
treatment is another direction with a signifi cant 
clinical potential if the concomitant surgical 
complications are limited.     
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3.1            Introduction: Hydrocephalus, 
VPS, and ETV 

 Pediatric hydrocephalus is one of the most 
common neurosurgical conditions. It is the 
leading cause of brain surgery for children in 
the USA. The ventriculoperitoneal shunt (VPS) 
is the classic treatment for pediatric hydro-
cephalus since the early 1960s. Shunts are the 
“bread and butter” of pediatric neurosurgery. 
Shunts have modifi ed the prognosis of hydro-
cephalus from a lethal disease to a curable dis-
ease with a relatively good prognosis according 
to etiology [ 1 – 4 ]. 

 Hydrocephalus is a heterogeneous dis-
ease. Shunts are able to resolve almost all 
cases of hydrocephalus, whatever the etiol-
ogy, with almost no contraindications. Many 
different types of shunts have been developed 
and are in use, including pressure-regulated, 

 volume- regulated, externally regulated, shunt 
assistants, and  dual-switch valves [ 5 – 24 ]. When 
shunts fi rst appeared in our fi eld, the advantages 
were clear and far outweighed the disadvan-
tages; they enabled a relatively normal life with 
a relatively simple procedure. 

 It took some time to realize and acknowledge 
that the shunt failure rate is signifi cant, that com-
plications are common, and that children with 
shunts are dependent upon surgical maintenance 
throughout their lives [ 1 ,  25 – 34 ]. 

 Shunt complication rates are unacceptably 
high. Children with shunts have an increased 
likelihood of seizures, they can develop  slit ven-
tricle syndrome , and some of them suffer from 
under- or over-shunting [ 35 – 53 ]. 

 With all these complications in mind, the 
arrival of neuroendoscopy on the scene was 
greeted with great enthusiasm. Neuroendoscopy 
was seen as a means of solving the challenges 
of hydrocephalus without the issues of the 
hardware. 

 Endoscopic third ventriculostomy (ETV) was 
designed primarily for hydrocephalus cases in 
which there is a blockage at the level of the aque-
duct of Sylvius. In these cases, the endoscope is 
guided to the fl oor of the third ventricle, and an 
opening is created between the third ventricle and 
the interpeduncular cistern. This is a straightfor-
ward diversion procedure; no hardware is usually 
left in place, and fl uid can egress from the third 
ventricle to the base of skull and ultimately arrive 
at the normal absorption sites at the convexity of 
the brain.  
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3.2     Technical Challenges of ETV 

 There is no single standardized technique 
defi ned for ETV. The same basic procedure is 
implemented with considerable technical vari-
ability in different medical centers. Technical 
nuances include the use of rinsing fl uid, use of 
navigation, scope types (rigid or fl exible), tech-
niques for creating and widening the hole in the 
base of the third ventricle, and even basic con-
cepts of how to close the skin and open the bone 
[ 54 – 57 ]. 

 Endoscopic third ventriculostomy and all 
other neuroendoscopic operations are advanced 
procedures that are heavily dependent on sophis-
ticated technology. ETVs require a learning 
curve, substantial experience, and careful coach-
ing of young neurosurgeons. Every case should 
be carefully discussed between the participat-
ing neurosurgeons, analyzing the indications 
and contraindications, following a close inspec-
tion of the specifi c microanatomical details on 
the MR. The professional discussions must be 
accompanied by a discussion with the family of 
the available alternatives, their advantages, and 
disadvantages. 

 Morbidity from endoscopic third ventricu-
lostomy may be underreported. The nightmare 
of every neuroendoscopist is massive bleeding, 
mainly arterial, during the procedure. Perforation 
of the basilar artery has been reported from even 
the best of medical centers [ 58 – 72 ]. Smaller 
bleeds, mainly of venous origin, usually stop by 
themselves with either simple rinsing or a short 
burst of mono- or bipolar coagulation. Tissue 
damage during insertion and manipulation of the 
endoscope, subdural hematomas, endocrinologi-
cal abnormalities, infections, cranial neuropa-
thies, and other complications are also reported 
[ 60 ,  71 ,  73 – 82 ]. 

 Although most failures from endoscopic third 
ventriculostomy occur in the early period after the 
procedure, late obstruction of the stoma may lead 
to increased ICP and even sudden death [ 83 – 92 ]. 
It is therefore strongly advised that patients who 
undergo a successful ETV should be clearly told 
that they are not  cured  from the hydrocephalus 
and that symptoms can reappear and may have 

dangerous consequences [ 93 ]. These patients 
should be followed on an ongoing basis, and the 
medical center should have an open door policy 
that encourages the patients to call or come back 
if any related symptoms are appearing. It is still 
not known if those patients with no fl ow void at 
the third ventricle stoma on postoperative MRI 
may be at a higher risk to develop a clinical syn-
drome and should be followed even more closely.  

3.3     ETV: Meeting the Standard 
of Evidence-Based Medicine 

 Series on the results of ETV in the pediatric age 
group started to appear in the 1980s, developed 
during the 1990s, and continue to appear in the 
literature to this day [ 56 ,  60 ,  91 ,  94 – 118 ]. 

 However, even with all the series that have 
been published to date, it is hard to extract mean-
ingful research data or operative guidelines. 
There are too many inconsistencies in the basic 
“ground rules” used by these  researchers [ 119 ]. 
For example, success rates of endoscopic third 
ventriculostomy are usually defi ned as one or 
more of the following factors: the disappear-
ance of hydrocephalus symptoms, no signs of 
intracranial hypertension evident, and/or a tech-
nically successful procedure. Perhaps partially 
as a result of this wide range of defi nitions for 
the term “success,” large disparities are found 
when looking at the results of ETV in children. 
Success rate varies widely, ranging from a low 
35 % success rate in a series from Toronto [ 116 ] 
up to a high of 83–89 % in other series [ 106 , 
 108 ,  120 ,  121 ]. 

 Analyzing the differences between successful 
series and series with less promising results 
shows that most of the differences can be traced 
to a gap in the early failure rate. Early ETV fail-
ures could be due to wrong technique, different 
selection criteria in recruiting the patients or in 
defi ning failure, and also the multifactorial etiol-
ogy of the hydrocephalic process itself [ 122 ,  123 ]. 
It is essential, therefore, to defi ne a uniform set of 
selection and failure criteria in order to objec-
tively and meaningfully compare results among 
different centers. 
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 Since the 1990s, ETV has been recognized as 
a valid alternative to shunt implants, mainly for 
patients with obstruction at the level of the aque-
duct, the tectal plate, and the pineal region. ETV 
quietly developed into a mainstream, common 
procedure in pediatric neurosurgery without  any  
prospective randomized trials (and certainly no 
multicenter trials) proving its effi cacy compared 
to shunt procedures. Unfortunately, it seems 
apparent today that a classic randomized trial 
is no longer possible, since most of us treating 
these patients would not agree to expose a classic 
candidate for ETV to randomization between two 
alternatives. 

 As ETV technology continues to evolve and 
improve, and as we collectively accumulate more 
experience and confi dence with ETV, indications 
for ETV have broadened, introducing more chal-
lenges in understanding the pathophysiology of 
hydrocephalus and in proving the effi cacy of a 
new procedure (ETV) over the more standard 
alternative (shunts). 

 This was one of the reasons that in 2001 we 
established the International Study Group for 
Neuroendoscopy (ISGNE). The goal of this 
organization (more recently transformed into the 
International Federation for Neuroendoscopy 
(IFNE)) is to promote neuroendoscopy research 
and education. 

 There are many pathologies for which treat-
ment with ETV is debatable. These include 
hydrocephalus in infants, patients with menin-
gomyelocele and Chiari, Dandy-Walker mal-
formation, fourth ventricular outlet obstruction, 
during tumor surgery, and patients who have had 
a hemorrhage or an infection in their past [ 39 , 
 124 – 171 ]. 

 Over the course of 10 years of collaboration 
within the IFNE, we have learned to appreciate 
the advantages of cooperative multicenter stud-
ies. Our fi rst attempt was with a study on repeat 
ETV for those patients for whom the original 
ETV initially succeeded. We pooled our experi-
ences with 20 patients recruited from four centers 
[ 114 ]. Another collaboration involved a multi-
center study on the effi cacy of ETV in patients 
who had previously experienced an infection 
and/or hemorrhage. For this study, we pooled 

our experiences with 101 patients from seven 
 medical centers around the world [ 161 ]. We are 
currently analyzing the results of the International 
Neuroendoscopy Biopsy Study (INEBS) which 
included 293 patients from 13 medical centers 
(submitted for publication). In addition to these 
clinical series, our group has led several major 
multicenter epidemiological papers that have 
recently been published. These papers analyzed 
meta-results obtained by merging data from the 
very large number of patients recruited through a 
combination of other series, focusing on specifi c 
variables and how they affect success or failure in 
pediatric ETV [ 55 ,  93 ,  100 ,  109 ,  110 ,  172 ,  173 ].  

3.4     Uncertainty Regarding ETV 
in Infants 

 For infants, the potential benefi t of ETV is sub-
stantial, due to the admittedly high complication 
rate of shunting. Common complications include 
a high rate of mechanical failure, high rate of 
infection, slit ventricle syndrome, and seizures. 
Shunt complication rate (both mechanical and 
infectious) is age-dependent. Infants usually have 
more complications compared to older patients. 
Shunted infants generally require many surgi-
cal revisions. Twenty to forty percent of infants 
require revisions in the fi rst year following inser-
tion and, in subsequent years, generally add 
another 10–15 % per year [ 28 ]. 

 There are other concerns regarding ETV in 
infants. Is ETV more dangerous for infants? 
Safety concerns fall into three areas:  short term  
(during the surgery itself),  intermediate term  
(e.g., postoperative leaks or infections), and  long 
term  (e.g., perhaps due to unforeseen risks to 
development or stoma closure leading to a sud-
den hydrocephalus emergency). Another unre-
solved concern is whether the CSF absorption 
mechanism in infants with aqueductal stenosis 
is mature enough to handle the CSF after the 
obstruction is bypassed. 

 Even if all the technical/physiological issues 
were resolved, another major concern is that 
some of the infants considered to have been suc-
cessfully treated with ETV may actually have 
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been transformed from  active  hydrocephalus to 
an  arrested  type. We might be paying a neuro-
logical price for such “successes” by adversely 
affecting their long-term development. This 
theory is based on the observation that children 
who have had their hydrocephalus treated with 
ETV almost always have ventricles considerably 
larger than children who were treated with VPS 
[ 174 ]. At least one study has shown a direct cor-
relation between decreased ventricular volume 
and clinical improvement [ 175 ]. Unfortunately, 
nobody, so far, has been reviewing systematically 
the relevant developmental variables in children 
following ETV. No study has attempted to cor-
relate the size of the ventricles to any neurode-
velopmental measurement. So this belief has not 
been scientifi cally proven or refuted. 

 Conversely, other surgeons advocating ETV 
are concerned with the long-term complications 
of  shunting  on the developing brain, especially 
the cumulative risk of shunt infections due to 
multiple operations. The theory for this correla-
tion is based on the observed link between shunt 
infection and reduction of IQ, as well as mea-
sured memory defi cits among shunted children 
[ 94 ,  169 ,  176 – 186 ]. Advocates for ETV also 
claim that it is a more “physiological solution” 
and therefore is better for the infant brain. 

 Having reviewed the papers that appeared on 
this subject over the last 10 years, 32 papers 
reported an average success rate from 50 to 55 %. 
However, this “average” success rate does not 
really refl ect the wide range of results found 
when analyzing the studies to date. 

 Results from around the world ranged from 
25 % shunt independence [ 108 ,  126 ,  187 – 190 ] 
up to 89 % shunt independence [ 59 ,  191 – 197 ]. 

 Two-thirds of the studies reviewed con-
cluded that age is a signifi cant predictor of suc-
cess, suggesting that for infants up to 1 year of 
age, the ETV success rate is strongly age-
dependent [ 27 ,  55 ,  79 ,  80 ,  99 ,  100 ,  106 ,  108 , 
 113 ,  116 ,  149 ,  167 ,  191 ,  198 – 203 ]. On the 
other hand, one-third of the studies found no 
correlation between age and success rates [ 97 , 
 132 ,  134 ,  150 ,  168 ,  192 ,  197 ,  204 ]. 

 There is also a very wide range of failure defi -
nition after ETV in this age group. Some would 

shunt every post-ETV infant who still has a full 
fontanel, while others would wait for more overt 
signs of high ICP before declaring a failure [ 22 , 
 55 ,  59 ,  60 ,  78 – 80 ,  82 ,  93 ,  94 ,  96 ,  97 ,  100 ,  102 , 
 106 – 113 ,  116 – 118 ,  126 ,  132 ,  134 ,  141 ,  149 ,  150 , 
 152 ,  156 ,  161 ,  166 – 169 ,  172 ,  173 ,  177 ,  185 , 
 187 – 256 ]. 

 With all these very plausible theories and 
beliefs,  there has never been a direct controlled 
comparison of the two types of treatment ,  study-
ing their impact on the intellectual development 
of children , and certainly not of infants.  

3.5     The International Infant 
Hydrocephalus Study (IIHS) 

 Because ETV in infants is so controversial, with 
strong, plausible arguments on both sides of the 
divide, we concluded that a randomized prospec-
tive study in this group would be morally justifi ed 
and well accepted by our community. This was 
why more than 4 years ago we initiated the 
International Infant Hydrocephalus Study (IIHS). 

 IIHS is a multicenter prospective randomized 
study on infants up to 2 years of age with no fl ow at 
the level of the aqueduct. IIHS represents a major 
departure from most published works on the value 
of neuroendoscopy in the treatment of hydroceph-
alus. Whereas most studies focus on the survival 
of the created stoma or implanted shunt and surgi-
cal complications, this study focuses primarily on 
the effect of treatment on the neurodevelopmental 
outcome at 5 years, including a comprehensive 
assessment of relevant risks and benefi ts [ 257 ]. 

 IIHS is the fi rst randomized study of the long- 
term outcome for patients with infantile hydro-
cephalus due to aqueductal stenosis. Due to the 
lack of clear superiority of either surgical tech-
nique, it became obvious that randomization 
to shunt or ETV groups, in the clearly defi ned 
population of infants under 2 years of age with 
obstructive hydrocephalus due to pure aqueductal 
stenosis, is not only ethical but also a duty for all 
medical personnel involved in the management 
of such patients. Nevertheless, families who are 
presented with both options in a non-biased way 
and elect to choose one, possibly on the basis of 
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information that they have already gathered on 
their own, are also included in the study. This 
option (termed “parental preference”) does not 
violate the statistical validity of the study and is 
built into the study design, based on a compre-
hensive cohort design model [ 257 ,  258 ]. 

 Given the complexity of the study outcomes, it 
is possible that there might not be a single, clear, 
unambiguous set of fi ndings. For example, it may 
well prove that one type of treatment enjoys a con-
siderably better neurodevelopmental outcome but 
possibly at the “cost” of a higher complication 
rate. Ultimately, we may decide that in the future, 
it may be up to the parents, together with the treat-
ing neurosurgeon, to choose one or the other treat-
ment, with full awareness and understanding of 
the facts and details. With this in mind, IIHS is 
also analyzing other factors as secondary outcome 
measures, such as complication rates, hospitaliza-
tion time, the need for repeat surgeries, and imag-
ing use. This dual-level approach will ultimately 
provide a unique opportunity to directly compare, 
under controlled circumstances, the management 
consequences of ETV and VPS. 

 Until now, such a comparison has not been 
possible. Currently, when neurosurgeons counsel 
patients and their families before surgery, we 
quote complication rates from different studies. 
Unfortunately, the studies available to date are 
not even directly comparable because, at the very 
least, they are not based on comparable patient 
populations. And of course, the reality is that 
with all the uncertainty surrounding the question 
of ETV vs. VPS, we all have our own personal 
beliefs and biases. It is only human nature for the 
neurosurgeon to choose, perhaps subconsciously, 
the statistics most supportive of a preferred 
choice. Hopefully, one of the outcomes of the 
IIHS will be to provide a more objectively bal-
anced set of data to discuss with the families.  

3.6     How Does the IIHS Work? 

 Information about the IIHS administrative and 
organizational details, (steering committee, study 
coordinator, etc.), as well as the study principles, is 
provided on the study web site   www.IIHStudy.org    . 

IIHS principles are also presented in a paper by 
Sgouros, Kulkarni, and Constantini [ 257 ]. 

 Participating medical centers must meet a stiff 
set of inclusion criteria. IIHS participation requires 
medical centers have strong neuroendoscopic orien-
tations with at least fi ve infant ETV operations per 
surgeon annually and a philosophical acceptance of 
the underlying principles of the study. IIHS demands 
a strong commitment to timely patient follow-up 
and data submissions, combined with the ability to 
follow patients for at least 5 years. Research ethics 
requirements are per institutional rules. 

 Recruited infants must meet their own set of 
inclusion criteria. Children must be under 2 years 
of age, the product of a full-term pregnancy, and 
newly diagnosed with untreated obstructive 
hydrocephalus. Ventricular enlargement and no 
fl ow at the aqueductal level must be clearly visi-
ble on the MR. Local logistics and social com-
plexities must be considered – it must be possible 
for the medical center to follow the child and 
schedule follow-up exams for at least 5 years. 
Exclusion criteria include children who are either 
prematurely born or have other major structural 
neurological and brain abnormalities. 

 Eligible patients and their families must have a 
long discussion with the treating neurosurgeon. 
After an explanation of the study and the different 
arms, they may be either randomized or categorized 
according to “parental preference.” All children are 
subject to continuous follow-up until they reach the 
age of 5 years. The 5-year outcome measurements 
are based on a complete test battery, including three 
questionnaires completed by the parents and two 
questionnaires completed by professionals. These 
tests have being translated and validated in eight dif-
ferent languages. A number of secondary variables 
refl ecting more standard secondary outcome mea-
sures will also be documented.  

3.7     What Has the IIHS Achieved 
So Far? 

 IIHS patient recruitment began about 4 years ago, 
following a major design process. Forty- three inter-
national centers have joined the IIHS. The majority 
(27) are from Europe, with other participants from 
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North America, Latin America, and other 
 continents. Twenty-fi ve centers have already con-
tributed over 150 patients. Most of our patients were 
recruited at under 1 year of age. An interim analysis 
showed a similar rate of adverse surgical affects 
between the two arms. Our monitoring committee 
therefore authorized continuing the recruitment 
process. Outcome results will be analyzed only 
after study recruitment is completed. Patient recruit-
ment will probably continue for another 3 years and 
follow-up for another 5 years after that. 

 Four years into the IIHS, we can conclude the 
following: We are dealing with a rare disease. 
Even very busy centers usually recruit no more 
than two to four patients yearly. So maintaining a 
high recruitment rate is an ongoing challenge. 
Randomization of a surgical procedure is a diffi -
cult challenge as well. This is a culture change 
and requires time and effort from the participat-
ing centers. Since our study is only modestly 
funded, a strong determination and certain “ide-
alism” is part of the participation motivation. 

 One more point is as follows: While it  is  
important to try to provide informative, objective, 
prospective data, the signifi cance of the IIHS is 
much more than that of a single important study. 
The fact that we have the commitment of so many 
colleagues around the world, who are all equally 
passionate about treating and hydrocephalus, is 
very encouraging. This group of centers and 
investigators can be used for other collaborative 
hydrocephalus studies in the future. IIHS is, 
therefore, laying the groundwork for a future of 
global collaborative studies that may just change 
the way medical research is conducted.  

3.8     Other Challenges in Infant 
Neuroendoscopy 

 ETV in infants with aqueductal stenosis is only one 
of the scientifi c and clinical dilemmas facing us 
today. Several other controversial indications exist. 

 ETV combined with Choroid Plexus Coagu-
lation (ETV/CPC) has been rejuvenated by 
Benjamin Warf, who has contributed enormously 
to the body of research through his Uganda 
 experience. He and others have reported on the use 

of CPC, mainly in post-meningitis hydrocephalus 
and in those with MMC [ 22 ,  141 ,  166 ,  168 ,  169 , 
 200 ,  253 ,  254 ,  259 – 261 ]. In the coming years, the 
challenge will be to see if the huge African expe-
rience can be extrapolated to developed nations. 
It has been proposed that ETV/CPC can play an 
important role in post-hemorrhagic hydrocepha-
lus, for example. This condition is rarely seen in 
sub-Saharan Africa, but very  common in devel-
oped nations. A prospective study designed to 
advance our knowledge in this direction is about 
to start soon. 

 ETV for Dandy-Walker syndrome is a valid 
option, but only small series are available in the lit-
erature [ 124 ,  126 ,  146 ,  148 ,  150 ,  164 ,  262 – 268 ]. 

 ETV for obstruction of the outlet of the fourth 
ventricle is another clinical front. Theoretically, 
ETV should work to bypass such an obstruction. 
Nevertheless, several obstacles in defi ning this 
entity and the role of ETV exist. First, the MR cri-
teria to differentiate those who have a combined 
obstruction of the Luschka and the Magendie vs. 
those with “communicating” hydrocephalus are 
not clear. Most clinicians will not expose their 
patients to invasive preparatory imaging such as a 
dynamic ventriculography. When performing this 
study on several candidates, we realized the low 
predictive ability of MR in selecting the right can-
didates for this procedure. While initial results are 
promising [ 39 ,  53 ,  128 ,  129 ,  131 ,  133 ,  136 ,  138 –
 140 ,  143 ,  147 ,  149 ,  153 ,  155 ], the jury is out on the 
indication for ETV in this situation. 

 ETV for hydrocephalus in dysraphic patients is 
also an option. Although it makes sense in selected 
patients, it has not yet become too popular as a 
fi rst measure to control hydrocephalus in infants 
following closure of their MMC [ 127 ,  132 ,  134 , 
 137 ,  141 ,  142 ,  145 ,  154 ,  163 ,  166 – 170 ,  269 ].  

    Conclusion 

 Neuroendoscopy in infants poses a special 
clinical research challenge. Available data is 
accumulating rather slowly. The IIHS offers 
some hope of providing more reliable data in 
infants with aqueductal stenosis. Other indica-
tions for endoscopy in this age group need to 
be better studied to expand our understanding 
of the indications, dangers, and benefi ts.     
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4.1            Introduction 

 Endoscopic third ventriculostomy (ETV) is 
 nowadays considered the preferred treatment in 
case of obstructive hydrocephalus [ 1 ]. Indications 
to prefer ETV rather than a shunt operation 
increased in the last years. Initially prerequisite 
for ETV were [ 2 ,  3 ] acquired aqueductal steno-
sis, adequate size of third ventricle (at least 1 cm 
bicoronal diameter), extension of the fl oor of the 
third ventricle behind and below the dorsum 
 sellae, and potential patency of subarachnoid 
spaces. Recently, there has been a tendency to 
include patients with myelomeningocele, Chiari 
malformation, congenital aqueductal stenosis, 
previous meningitis, age younger than 2 years, 
and prior ventriculoperitoneal shunt [ 4 – 8 ]. 
However, the success rate of ETV and the risk of 
complications vary according to the context in 
which ETV is performed, with some authors pre-
ferring alternative treatments. Controversies do 
surround not only the etiology of hydrocephalus 
but also other factors: the age of the patient, the 
role of ETV in case of posterior fossa tumors, the 
role of ETV in shunt malfunction, the role of 

ETV redo in case of obstruction of the stoma, and 
the infl uence on intellectual outcome of persis-
tent ventricular dilatation following ETV.  

4.2     ETV and Aqueductal 
Stenosis 

 Intrinsic aqueductal stenosis may be idiopathic or 
associated with other condition such as intracra-
nial hemorrhage, bacterial or viral infections, and 
genetic diseases [ 9 ]. Hydrocephalus secondary to 
idiopathic aqueductal stenosis should be consid-
ered purely obstructive, without the infl uence of 
other factors on the mechanism of resorption of 
cerebrospinal fl uid (CSF). 

 Despite the fact that the success rate of ETV 
in case of aqueductal stenosis does not approach 
100 % in the series of the literature, there is unan-
imous consensus to propose ETV as  fi rst-line 
treatment in these cases. The reported success 
rate is quite homogeneous and stable, being 
above 60 % [ 10 – 12 ]; probably the high number 
of unsuccessful cases refl ects the inclusion of 
patients with other factors, such as hemorrhages 
and infections. 

 Tumors arising within or around the aque-
duct are responsible for the onset of secondary 
obstruction of the aqueduct. Usually tectal glio-
mas or hamartomas induce hydrocephalus when 
they are small, whereas pineal region tumors, 
inducing distortion of the whole mesencepha-
lon from outside, are usually much larger by the 
time hydrocephalus is diagnosed. ETV has been 
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shown effective in treating this form of hydro-
cephalus in large series of patients.  

4.3     ETV in Infants with 
Aqueductal Stenosis 

 The role of ETV in children younger than 1 year is 
very controversial in the literature. Many authors 
claim that ETV results in infants are as good as 
those in adults, ranging from 70 to 100 %, and do 
not consider age as a limiting factor in proposing 
ETV, even in newborns [ 10 – 17 ]. Other authors 
describe intermediate results, ranging from 47 to 
52 % [ 18 – 21 ] and others have experienced very 
poor results (10–30 % success rate). These authors 
consider an age younger than 12 months as a con-
traindication to ETV [ 22 – 24 ]. These data should 
be considered with criticism; in fact, analyzing 
only patients with primary aqueductal stenosis, the 
success rate generally corresponds with an aver-
age of 50–70 %, with few exceptions (Table  4.1 ).

   However, a trend in lower success rate in very 
young infant (under 6 months of age) is notice-
able, probably correlated with a higher tendency 
to form new arachnoid membranes in younger 
patients [ 20 ] or an immature CSF absorp-
tion capacity [ 12 ,  25 ]. Considering that shunt 
 surgery is burdened by higher rate of failures and 

 complications in very young children [ 26 ], ETV 
should be preferred in well-selected cases of 
obstructive hydrocephalus also in this age group. 

 In conclusion, ETV should be proposed in 
infancy only in well-selected patients, in which 
preoperative diagnostic imaging confi rms the 
obstructive nature of hydrocephalus and other 
factors that can impair the mechanisms of CSF 
absorption, in particular, infection, are excluded.  

4.4     ETV in Infants with 
Myelomeningocele 

 The results of ETV in patients affected by myelo-
meningocele are not satisfactory in very young 
children [ 8 ], while they are good in older children 
and adolescents (>70 % success). 

 The presence of a neural tube defect with the 
consequent CSF leak before birth and its rapid 
closure immediately after birth may explain 
impaired development of the subarachnoid spaces 
and Pacchioni granulations. This could add the 
factor of poor resorption to the CSF pathways 
anatomic obstructions (aqueductal stenosis, 
Chiari II malformation). Later in life, subarach-
noid spaces and Pacchioni granulations could 
develop and allow normal circulation and resorp-
tion, thus leaving only the anatomic, obstructive 

 Author  No. of patients  Age  Successful ETV 

 Jones et al. [ 3 ]  15  <6 months  7 (47 %) 
 Buxton et al. [ 22 ]  4  <1 year  2 (50 %) 
 Cinalli et al. [ 10 ]  21  <6 months  Same outcome 

(measured using 
Kaplan–Meier survival 
analysis scoring) as did 
children older than 
6 months 

 Beems and Grotenhuis 
[ 13 ] 

 16  <2 years  14 (87 %) 

 Gorayeb et al. [ 11 ]  11  <1 year  6 (55 %) 
 Fritsch et al. [ 16 ]  3  <1 year  3 (100 %) 
 Koch- Wiewrodt and 
Wagner [ 24 ] 

 13  <1 year  7 (54 %) 

 Baldauf et al. [ 18 ]  8  <2 years  4 (50 %) 
 Faggin et al. [ 15 ]  5  <6 months  4 (80 %) 
 Sufi anov et al. [ 17 ]  2  <2 years  2 (100 %) 
 Ogiwara et al. [ 19 ]  11  <6 months  4 (36 %) 
 Elgamal et al. [ 14 ]  37  <1 year  28 (77, 4 %) 

   Table 4.1    Results of ETV 
in younger children, 
including only patients with 
idiopathic aqueductal 
stenosis   
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component of hydrocephalus and explaining the 
good results of ETV performed during shunt mal-
function in older meningomyelocele patients.  

4.5     ETV in Postinfectious 
and Posthemorrhagic 
Hydrocephalus 

 At the beginning of the experience with endo-
scopic surgery, patients who suffered CSF infec-
tion or intraventricular hemorrhage were 
considered poor candidates for ETV because of 
the fear for impairment of mechanisms of CSF 
absorption. Actually some forms of CNS infec-
tion, such as congenital toxoplasmosis, mumps 
meningoencephalitis, and tuberculous meningi-
tis, can be complicated by obstructive hydro-
cephalus that can be successfully treated by 
ETV [ 1 ]. Also some cases of hydrocephalus sec-
ondary to intraventricular hemorrhage may be 
attributable to organization of the clot in the 
aqueduct with secondary aqueductal stenosis. 
Recent studies report that endoscopic third ven-
triculostomy is effective in approximately two-
thirds of the patients who suffered meningitis, 
shunt infection, and subarachnoid and/or intra-
ventricular hemorrhage [ 1 ,  27 ]. These data were 
fi rst shown by the multicenter study of Siomin 
and colleagues that evaluated the safety, effi cacy, 
and indications of ETV in patients with a history 
of subarachnoid hemorrhage or intraventricular 
hemorrhage and/or CSF infection [ 7 ]. These 
authors underlined the concept that patients with 
obstructive hydrocephalus with a history of either 
hemorrhage or infection may be good candidates 
for ETV, while patients who suffered both hem-
orrhage and infection should be poor candidates.  

4.6     ETV in Hydrocephalus 
Secondary to Posterior Fossa 
Tumors 

 Hydrocephalus may complicate posterior fossa 
tumors during all phases of the disease. Most 
often hydrocephalus is already present at diagno-
sis, but it may also occur following surgical 
removal of the tumor, in case of tumor recurrence 

and in case of spreading of malignant tumors in 
the cerebrospinal fl uid (CSF) [ 28 ]. 

 Surgical options to manage this kind of hydro-
cephalus include steroids and early surgery, 
external ventricular drainage (EVD), placement 
of ventriculoperitoneal (VP) shunt, and ETV. 
Theoretically ETV offers the same advantage of 
implantation of ventriculoperitoneal shunting, 
such as rapid normalization of raised ICP, 
improvement of the patient’s general condition, 
prevention of postoperative ICP elevation, and 
long-term control of hydrocephalus, without the 
shunt-related complications and the complication 
related to external ventricular drainage. At the 
beginning of the 2000s, since the publications of 
the group of Hôpital Necker-Enfants Malades of 
Paris [ 29 ], ETV obtained great popularity in this 
context, because it was considered able not only 
to control hydrocephalus in emergency but also to 
reduce incidence of postoperative hydrocephalus 
and to improve postoperative course following 
tumor removal reducing complications such as 
cerebellar swelling, pseudomeningocele, and 
CSF leak. However, subsequent studies repro-
duced only partially the initial good results of 
Sainte-Rose et al. [ 29 ], questioning, above all, the 
possibility of ETV to provide long-term control 
of hydrocephalus [ 30 – 32 ]. Moreover, some con-
cern was raised about the systematic preoperative 
use of ETV in posterior fossa tumors, because a 
percentage of patients would be submitted to an 
unnecessary procedure [ 30 ,  31 ,  33 ], considering 
that ETV is not without risk [ 34 ] and that in most 
patients hydrocephalus can be resolved with sur-
gical removal of posterior fossa tumor alone [ 35 ]. 
Therefore, the role of preoperative ETV still 
remains controversial [ 30 ,  31 ]. Moreover, it 
should be considered that preoperative ETV is at 
risk of secondary closure by blood products and 
tumor debris following operation for tumor 
removal. The risk of postoperative ETV failure 
might also depend on an impaired CSF absorp-
tion within the peripheral subarachnoid spaces 
because of infl ammatory reactions secondary to 
the operation [ 34 ]. 

 Recent orientation is to reserve preopera-
tive ETV to those tumors with higher risk of 
 postoperative hydrocephalus and only in cases 
where urgent management of hydrocephalus 
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is required. Tumors of the midline,  involving 
the fourth ventricle, especially if malignant 
and obstructing the foramina of Luschka and 
Magendie are at high risk of postoperative hydro-
cephalus and usually present with acute intracra-
nial hypertension. The presence of papilledema 
at diagnosis is also considered to be signifi cant 
in a recent study carried out to evaluate the risk 
of persisting hydrocephalus [ 36 ]. This study 
proposes a risk score where under the age two, 
the presence of cerebral metastases and the pres-
ence of initial hydrocephalus and its severity are 
confi rmed to be the most important features to 
predict the persistence of postoperative hydro-
cephalus. The presumed histology of medullo-
blastoma, ependymoma, or dorsally exophytic 
brainstem glioma as well as the presence of pap-
illedema seem also to have a role, even if less 
important. 

 In our center, patients with midline solid tumors 
and severe hydrocephalus are considered candi-
dates for preoperative ETV, while patients with 
hemispheric cystic tumors undergo steroid therapy 
and early surgery. Urgent ETV is also important to 
obtain time to conclude the diagnostic workup and 
schedule tumor surgery in the fi rst available surgi-
cal session, following improvement of signs and 
symptoms of intracranial hypertension. 

 This practice is in line with the more recent 
publication of the group of Hôpital Necker- 
Enfants Malades of Paris, in which it is under-
lined that correct indication for preresectional 
ETV concerns essentially tumors involving the 
fourth ventricle [ 34 ]. Preoperative ETV should 
also be avoided when CSF metastases are sug-
gested by the neuroimaging investigations. 

 Recently, El-Ghandour [ 37 ] reported the fi rst 
study specifi cally addressed to midline posterior 
fossa tumors (medulloblastomas and ependymo-
mas) in pediatric patients with advanced hydro-
cephalus. He compared preresectional ETV vs. 
ventriculoperitoneal (VP) shunt. He concluded that 
the lower incidence of morbidity, the absence of 
mortality, the lower incidence of procedure failure 
of ETV as compared to VP shunt, and the signifi -
cant advantage of not becoming shunt dependent 
render endoscopic third  ventriculostomy the fi rst 

choice in the  treatment of pediatric patients with 
marked obstructive hydrocephalus due to midline 
posterior fossa tumors. 

 More agreement in the neurosurgical commu-
nity is present in considering postoperative 
hydrocephalus obstructive in nature and to offer 
ETV as an alternative to shunt insertion to such 
patients [ 29 – 31 ]. 

 Tamburrini et al. [ 38 ] recently have proposed 
a different strategy for management of hydro-
cephalus in posterior fossa tumors: perioperative 
external ventricular drainage positioned at time 
of tumor removal, postoperative ICP monitoring 
through the external ventricular drainage, ETV in 
case of persistent ventricular dilation and abnor-
mally high ICP values, and VP shunt implanta-
tion in case of ETV failure. 

 In case of failure of ETV following posterior 
fossa tumor removal, a redo ETV can allow con-
trolling the hydrocephalus when the failure is due 
to a closure of the stoma; conversely, in case of 
permeable ETV, the hydrocephalus must be 
treated with an extrathecal shunt [ 34 ].  

4.7     ETV in Shunt Malfunction 

 At the beginning of the experience with ETV, 
patients previously shunted were considered as 
poor candidates. The shunt, diverting CSF away 
from the site of CSF absorption (Pacchioni 
granulations), was believed to impair the mech-
anism of CSF absorption. This belief led to the 
assumption: “once a shunt, always a shunt.” 
More recent observations did not confi rm this; 
on the contrary, it is now believed that a shunt, 
diverting CSF away from the ventricular sys-
tem, may allow the CSF spaces around the brain 
to re-expand, increasing the likelihood of CSF 
resorption following an ETV [ 39 ]. Moreover, 
it was shown that the anatomy of initially com-
municating hydrocephalus may change over 
time following shunt insertion, increasing the 
likelihood of success of an ETV after a shunt 
malfunction [ 4 ,  6 ,  40 ]. Following shunting of 
originally  communicating hydrocephalus, an 
acquired aqueductal stenosis may develop: the 
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continuous CSF diversion from the lateral ven-
tricle may create a pressure gradient between the 
supratentorial and infratentorial compartment, 
causing an anterior rotation of the upper ver-
mis, with subsequent aqueductal stenosis. The 
results of Siomin in 2002 [ 7 ] and O’Brien [ 6 ] in 
2005 support this hypothesis: Siomin reported 
an increase in ETV effi cacy in posthemorrhagic 
hydrocephalus from 60.9 to 100 % in primary 
and secondary ETV, and O’Brien reported an 
increase of success rate from 27 to 71 % in 
posthemorrhagic hydrocephalus and from 0 to 
75 % in post-meningitic hydrocephalus. Also, 
in patients with myelomeningocele, a better out-
come after secondary ETV has been reported by 
Teo (84 % vs. 24 %) [ 8 ]. 

 In summary, candidates for ETV as alternative 
to shunt revision are those patients who present 
an obstructive hydrocephalus at the time of shunt 
malfunction, regardless of the original cause and 
radiological appearance of the hydrocephalus. 
Etiologies of hydrocephalus in which secondary 
ETV may be considered include aqueductal ste-
nosis, meningomyelocele, obstruction caused by 
tumor, and posthemorrhagic or post-meningitic 
hydrocephalus with secondary aqueductal steno-
sis. We do not agree with those authors who per-
form ETV whatever radiological appearance of 
hydrocephalus at time of shunt malfunction. 

 Preoperative evaluation by magnetic reso-
nance imaging is mandatory to assess anatomical 
suitability and the patency of the aqueduct and 
fourth ventricle outlets. MRI T2 sagittal images, 
with CISS or DRIVE sequences (which are par-
ticularly useful in defi ning structures with two 
CSF interfaces), should be carefully checked in 
order to verify the patency and morphology of 
the prepontine cisterns and, above all, the ana-
tomical features of the third ventricle fl oor, to be 
sure that there is enough space to perform the 
perforation of the fl oor. 

 Overall, successful ETV in selected patients 
who had previously undergone shunt placement 
has been reported in 42–100 % of patients in dif-
ferent studies [ 4 ,  6 ,  40 – 44 ]. In most series the 
results of secondary ETV are not different from 
those of primary ETV. It should be remembered 

that a higher number of complications and aban-
doned procedures are reported [ 27 ,  44 – 46 ]. 
Performing ETV for malfunctioning or infected 
shunts, in fact, is more diffi cult than in primary 
cases because presentation is usually acute, with 
less severe ventricular dilatation and a third ven-
tricular fl oor thicker than those seen in chronic 
hydrocephalus. Moreover, other anatomical abnor-
malities can be found [ 39 ,  47 ]. The CSF, in case of 
infection, may be not clear, affecting the surgeon’s 
view through the optic device. Considering these 
factors, ETV in shunt malfunction should be per-
formed by expert neuro-endoscopists.  

4.8     ETV in Shunt Infection 

 The usual management of shunt infection con-
sists of shunt removal, external ventricular 
drainage placement, and antibiotics administra-
tion, until CSF sterilization. ETV may be per-
formed as alternative to shunt reinsertion in case 
of compatible anatomy. In case of distal shunt 
infection (i.e., abdominal pseudocyst or ascites) 
without ventriculitis (normal CSF sampling), 
ETV may be performed at the time of shunt 
removal. There are few reports in the literature 
specifi cally addressing the role of ETV in shunt 
infection. However, preliminary results are 
encouraging [ 4 ,  48 – 50 ]. Recently, Shimizu et al. 
retrospectively reviewed children with shunted 
hydrocephalus extracting data on CSF shunt 
infection. They observed a 30 % risk of CSF 
reinfection in the patients treated with shunt 
reinsertion and a 11 % risk in the patients in 
which ETV was performed as alternative to 
shunt reinsertion. There were no signifi cant dif-
ferences between the longevity of the reinserted 
shunt and of ETV. ETV allowed to completely 
remove the shunt in only a minority of cases 
(<20 %). The authors conclude that even if a 
high number of ETV fi nally fail, the reinserted 
VP shunt has signifi cantly better longevity than 
a VP shunt reinserted without using ETV [ 51 ]. 

 In conclusion, shunt infection should not be 
considered a contraindication to ETV, in case of 
compatible anatomy. ETV may help in managing 
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those diffi cult cases of chronic bacterial shunt 
colonization, avoiding reimplantation of foreign 
material [ 4 ].  

4.9     ETV in Communicating 
and Normal Pressure 
Hydrocephalus 

 ETV is the treatment of choice of obstructive 
hydrocephalus, with limited role in case of com-
municating hydrocephalus. However, reports 
attesting its effi cacy also in case of communicat-
ing hydrocephalus have been published, with a 
successful rate of 45–70 % [ 52 ,  53 ]. 

 The rationale of effi cacy of ETV in case of 
communicating hydrocephalus is more diffi cult 
to understand. Differently from obstructive 
hydrocephalus, where the treatment is aimed to 
bypass the obstruction, the primary goal in 
chronic communicating hydrocephalus is to 
restore intracranial compliance: after opening the 
ventricle into the basal subarachnoid space, there 
is an increased expulsion of ventricular CSF dur-
ing systole, thus reducing the intraventricular 
pulse pressure, the transmantle pulsatile stress, 
and the ventricular size. As a consequence, the 
subarachnoid spaces and their contents expand 
including the cortical veins, thus restoring intra-
cranial compliance, cerebral blood fl ow, and per-
fusion pressure. ETV decreases the transmantle 
pulsatile stress, thereby reducing the resistance to 
CSF reabsorption [ 53 ,  54 ]. However, these results 
should be considered with caution, because in 
these series a number of patients with shunt mal-
function or blockage at the level of the fourth 
ventricle outlet or basal cistern may be included. 

 In series of ETV performed in case of nor-
mal pressure hydrocephalus (NPH), the success 
rate is surprisingly high, usually exceeding 65 % 
[ 53 ,  55 ]. This can be explained with the same 
physiopathologic considerations as for commu-
nicating hydrocephalus. In patients with NPH, 
the brain elasticity is lost due to multiple fac-
tors, including an insuffi cient transcortical sub-
arachnoid space, fi brosis meningitis, and, above 
all, periventricular ischemic lesions that weaken 
the cerebral ventricles. Fenestration of the fl oor 

of the third ventricle results in a decrease in the 
intraventricular pressure, consequently increas-
ing cerebral blood fl ow and perfusion pressure. 
However, these cases should also be considered 
with skepticism, because some cases classifi ed as 
NPH actually are secondary to a condition known 
as LOVA (long-standing overt ventriculomegaly 
in adults) [ 56 ]. This is a form of chronic obstruc-
tive hydrocephalus with its roots in childhood but 
that manifests in middle-aged adults: the patients 
had severe triventriculomegaly and macrocepha-
lus and become symptomatic during adulthood, 
mimicking a normal pressure hydrocephalus 
syndrome (dementia, gait disturbances, and uri-
nary incontinence). In these cases, ETV usually 
restores CSF dynamics.  

4.10     ETV Redo in Obstruction 
of the Stoma 

 ETV may fail if the stoma becomes blocked by 
clot, debris, or development of new membranes 
[ 57 ]. A repeat ETV can be proposed in alterna-
tive to shunt insertion in well-selected cases: in 
patients that had experienced excellent clinical 
response to the fi rst ETV and have favorable 
radiological presentation (disappearance of the 
fl ow artifact on sagittal T2-weighted MRI 
sequences and presence of typical anatomic 
deformation of the third ventricle) [ 58 ]. In these 
cases reopening or enlargement of the stoma car-
ries the same success rate as the primary treat-
ment (>65 %) [ 57 – 59 ]. The presence, at surgery, 
of membranes and arachnoid adhesions in the 
subarachnoid cisterns and age younger of 2 years 
at fi rst ETV are important predictors of failure of 
the second ETV [ 58 ].  

4.11     ETV in Faciocraniosynostosis 

 Various forms of syndromic faciocraniosynosto-
sis are associated with hypertensive ventricular 
dilation in about 20 % of cases. Traditionally this 
form of hydrocephalus is treated by shunting. 
The nature of the hydrocephalus is not  completely 
understood, with multiple factors implicated. 
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Hypoplastic subarachnoid spaces over the cere-
bral convexities and venous hypertension caused 
by jugular foramina stenosis may affect CSF 
absorption mechanisms. Recently, Di Rocco 
et al. [ 60 ] stressed the importance of obstructive 
cofactors in pathogenesis of hydrocephalus. In 
particular, the sylvian aqueduct may be restricted 
or distorted because of the abnormal anatomy 
within the posterior cranial fossa. The posterior 
fossa cisterns may be reduced in volume or be 
completely obliterated. A caudal dislocation of 
the cerebellar tonsils may affect the CSF fl ow at 
the level of the craniocervical junction and/or cis-
terna magna. In singular cases, the contribution 
of obstructive and non-obstructive factors may be 
variable in pathogenesis of hydrocephalus. 

 Di Rocco et al. [ 60 ] reported their preliminary 
and encouraging results on a group of selected 
patients treated with ETV. On 46 patients with 
craniosynostosis and hypertensive hydrocepha-
lus, they selected 11 patients in which, on the 
basis of MRI fi ndings, an obstructive nature of 
hydrocephalus was assumed. These fi ndings 
included not only aqueductal stenosis (that was 
present in three cases) but also a small and 
“crowded” posterior fossa, with absence of the 
cisterna magna and small fourth ventricle and/or 
cerebellar tonsils herniation, especially when 
they were associated with downward displace-
ment of the fl oor of the third ventricle. A long- 
term success rate of 60 % was obtained. This can 
be considered a good result, because it was 
achieved in a group of patients diffi cult to treat, 
mostly younger than 1 year of age and more 
prone to shunt complications.  

4.12     Combined ETV and Choroid 
Plexus Cauterization (CPC) 

 Endoscopic cauterization of the choroid plexus 
(CPC) can be combined with ETV in order to 
reduce the CSF production and increase the suc-
cess rate of ETV. The most important experience 
is that of the group of Warf in Uganda, who, since 
the beginning of 2000s, has adopted the policy to 
treat hydrocephalus endoscopically whenever 
possible, regardless of the patient’s age or the 

cause of hydrocephalus. Most of their cases were 
postinfection hydrocephalus and hydrocephalus 
associated with myelomeningocele. This choice 
was determined by the high risk of shunt depen-
dence in the context of rural Africa, because of 
the inability to obtain timely treatment in case of 
shunt malfunction. The overall success of com-
bined ETV/CPC in those younger than 1 year of 
age was signifi cantly better than that for ETV 
alone, (reaching 66 %) except in those with 
postinfectious aqueduct obstruction, for whom 
there was no signifi cant advantage. There was 
also no signifi cant effect of adding CPC to ETV 
in children older than 1 year of age, in which the 
success rate was 80 %. For hydrocephalus associ-
ated with myelomeningocele, the effect of adding 
CPC to ETV was particularly evident (35 % suc-
cess for ETV alone and 76 % success for com-
bined ETV/CPC) [ 21 ,  61 ]. There was no 
increased morbidity or mortality over ETV alone. 
The neurocognitive outcome of children treated 
by ETV/CPC was as good as those whose hydro-
cephalus had been shunted [ 62 ]. 

 Combined ETV/CPC may be effective in 
avoiding shunt dependence in the majority of 
infants presenting with hydrocephalus in the con-
text of a developing country. However, other 
studies are necessary in order to assess this effi -
cacy also in other geographic contexts.  

4.13     ETV Versus Shunt 

 The main advantages of shunting are that it can 
be used for all types of hydrocephalus whatever 
the etiology, it is technically straightforward, and 
the intraoperative mortality is very low. The ben-
efi ts of ETV are that the mechanical problems of 
shunt such as disconnection, occlusion, overd-
rainage, and valve dysfunction can be avoided. 
Also, the risk of infection is signifi cantly lower. 

 The most important difference between ETV 
and shunt is the effect on the volume of the cerebral 
ventricles as demonstrated by neuroimaging. The 
ventricular size usually decreases rapidly and sig-
nifi cantly following the shunt implantation, while 
it decreases much slower and smaller after ETV 
[ 63 ,  64 ]. This is cause for concern regarding 
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 neuropsychological outcome. Hirsch et al. [ 65 ] 
observed a similar postoperative IQ in patients 
affected by aqueductal stenosis treated with ETV 
and shunting. Also, Sainte-Rose and Tuli [ 26 ,  66 ] 
did not fi nd statistical difference between the two 
groups. 

 De Ribaupierre et al. [ 67 ] observed less revi-
sions and larger revision-free time in children 
treated with ETV. At 5 years of follow-up, the 
failure rate of ETV was 26 % and that of VP 
shunt 42 %. 

 The group of Kulkarni et al. studied the effect 
of ETV on quality of life. They observed [ 68 ,  69 ] 
that the relative risk of ETV failure is initially 
higher than that for shunt, but after about 3 months 
following surgery, the relative risk becomes pro-
gressively lower for ETV. Furthermore, patients 
treated with ETV had less frequently repeat sur-
gery, had larger ventricle size at last follow-up, 
spent fewer days in hospital for CSF obstruction, 
and spent fewer days per year in hospital for any 
hydrocephalus-related complications. The out-
come measures of quality of life and IQ scores 
were slightly lower in the ETV group, but these 
data were not statistically signifi cant.     
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5.1            Introduction 

 Pituitary tumours and craniopharyngiomas are 
benign midline skull base lesions, which fre-
quently involve adjacent structures such as the 
pituitary stalk, optic apparatus, major blood ves-
sels and hypothalamus. Following the evolution of 
the concept of “minimally invasive surgery”, the 
endoscopic endonasal technique has been applied 
for pituitary adenomas and craniopharyngio-
mas in both endoscope-assisted and endoscope- 
controlled modality with encouraging results [ 3 , 
 7 ,  11 ,  16 ,  19 ,  24 ,  25 ,  29 ,  30 ,  34 ,  45 ,  49 ]. During the 
last decade, the use of the endoscope through the 
nose underwent a progressive optimization, driven 
not only by the development of superior optic sys-
tems but also by the contemporary improvement 
of image-guided surgery techniques, dedicated 
instruments, haemostatic materials and dural and 
bone substitutes. Technological advancement 
of the endoscopic endonasal technique allowed 
progressive extension of the endonasal route to 
lesions which have been regularly treated tran-
scranially [ 1 ,  19 ,  20 ,  23 ,  26 ,  29 ,  37 ]. In order to 

maximize such technique, the main preconditions 
are thorough anatomic knowledge, endoscopic 
surgical skill, familiarity with haemostasis tech-
niques and reconstruction strategies.  

5.2     Management of Pituitary 
Tumours 

 The endoscope has become part of the standard 
equipment in most neurosurgical operating the-
atres; several studies demonstrated that the endo-
scopic endonasal transphenoidal technique to 
treat pituitary adenomas is superior or at least 
equal to the microsurgical approach in terms of 
vision of the relevant surgical targets, exposure of 
the tumour-brain/gland interface, complication 
rate and results [ 4 – 7 ,  21 ,  27 ,  32 ,  50 ]. It has to be 
underlined that in the management of pituitary 
adenomas the indications for surgery by means of 
the endoscopic transphenoidal technique are the 
same used since the 1960s, as with the micro-
scopic transphenoidal route [ 31 ]. 

 Surgical excision of hormonally inactive ade-
nomas has a low morbidity and leads to an 
improvement of visual symptoms in the majority 
of cases; in patients with macroadenomas and pre-
operative normal pituitary function, the endo-
scopic close-up view may increase the chance to 
identify and preserve residual pituitary gland. 
Patients with hormonally active prolactinomas are 
referred for surgery for cystic lesions, after failure 
of medical treatment or for complications related 
to it (CSF leak, pituitary apoplexy) or when they 
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refuse long-term medical therapy. Furthermore, 
possible deleterious effects of cabergoline on 
heart valve abnormalities have been recently 
investigated [ 18 ], and endocrinologists are refer-
ring PRL adenoma patients to experienced pitu-
itary surgeons in a greater number than in the 
previous recent years. In patients with acromeg-
aly, despite advances in pharmacological suppres-
sion of GH levels by means of somatostatin 
analogues or GH-receptor antagonists [ 2 ,  17 ,  47 ], 
transphenoidal surgery remains the fi rst- line ther-
apy [ 32 ]. In experienced hands, surgery has the 
advantage of immediate lowering of the growth 
hormone excess, with endocrine remiss ion rates 
of 70 % for microadenomas and 50 % for mac-
roadenomas [ 40 ]. In recurrences of GH-secreting 
pituitary adenomas, 48 % of cases can achieve 
remission with repeated transphenoidal surgery 
[ 41 ], and the endoscopic technique has proved to 
be safe and effective for such purpose [ 3 ]. In 
ACTH-secreting pituitary adenomas, surgery is 
offered as a primary therapy. Management of 
recurrences is still controversial [ 22 ,  42 ,  46 ]; we 
favour repeat surgery and, in case of failure, 
radiosurgery, with reported encouraging results 
[ 33 ]. Medical therapy with cabergoline has been 
proposed as an adjuvant therapy in selected 
patients [ 44 ]. 

5.2.1     Operative Technique 

 The patient’s nasal anatomy, the characteristics 
of the lesion and the surgeon’s preference deter-
mine the side of approach. For microadenomas 
that are off the midline, and for those macroade-
nomas extending into the medial cavernous sinus, 
the contralateral nasal cavity allows a better 
exposure. More recently, a binostril approach 
with a partial posterior septectomy has been 
favoured since it allows for more than one instru-
ment to be inserted in addition to the endoscope, 
which is used freehand during the whole proce-
dure (“two nostrils-four hands technique”) [ 12 , 
 14 ,  35 ]. The surgical corridor between the nasal 
septum and the middle turbinate is enlarged by 
pushing laterally the middle turbinate. The appro-
priate trajectory toward the sphenoid sinus is 

maintained running the endoscope parallel to the 
nasal fl oor, toward the choana, and then angling it 
up along the sphenoethmoid recess. Failure to 
adhere to this principle may result in misdirec-
tion superiorly, into the ethmoid sinus and/or the 
anterior cranial fossa. After anterior sphenoidot-
omy, careful identifi cation of the anatomic land-
marks over the posterior wall of the sphenoid 
sinus guides the opening of the sellar fl oor. 

 After meticulous haemostasis of the endona-
sal corridor, dural opening and tumour removal 
are tailored to the lesion extension. 

 In case of microadenoma, the endoscope can 
highlight its pseudocapsule and enable a radical 
en bloc resection. When a surgical plane cannot 
be developed, adenomatous tissue, yellowish and 
softer than normal pituitary gland, is easily aspi-
rated and/or piecemeal removed. When decom-
pressed, pituitary tissue appears yellowish-orange, 
thanks to its microvasculature. In case of intra- 
and suprasellar macroadenoma, during tumour 
removal the diaphragma may descend rapidly 
while pockets of tumour are left behind; to avoid 
such side effect, a gradual emptying technique 
should be used: tumour debulking should start 
from the bottom of the sella, then from the lateral 
tumour extension and fi nally from the suprasellar 
component (Fig.  5.1 ). When the suprasellar cis-
tern is thinned and infi ltrated, a capsule remnant 
may be left in place to avoid CSF leakage. After 
tumour removal, the suprasellar cistern should be 
explored all around to check for eventual retained 
tumour and/or CSF leakage.

   Intra- and suprasellar fi brous adenoma and 
giant adenomas with a prevalent suprasellar 
extension can be unlocked through an extended 
endoscopic approach to the planum, by expand-
ing the bone window upon the tuberculum sellae 
and planum sphenoidale. After internal debulk-
ing, the tumour is gently pulled downward and 
removed through an extracapsular dissection. 
The endoscopic multiangled close-up view 
allows precise and effective dissection of tumour 
capsule from the arachnoid covering the optic 
pathway and anterior cerebral artery-anterior 
communicating artery complex. 

 The endoscopic approach offers the possibil-
ity to manage even wide parasellar adenomatous 
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extension; in such cases, the medial wall of the 
cavernous sinus has been already fenestrated by 
the tumour, mainly at level of its superior aspect, 
which is thinner, thus representing a “natural 
gate” toward the medial compartment of the cav-
ernous sinus [ 48 ]. The venous bleeding indicates 
the completeness of tumour removal and is easily 
controlled with warm saline irrigation, cottonoid 
compression and, if brisky, with thrombin- 
gelatine matrix (Floseal, Baxter BioSurgery, 
Vienna, Austria) [ 10 ]. 

 When the pituitary adenoma extends to the 
lateral compartment of the cavernous sinus, it can 
be delivered through an ipsilateral transethmoid 
transpterygoid route [ 13 ,  25 ,  36 ]. The endonasal 
corridor is widened along the coronal plane by 
removing the posterior ethmoid and drilling the 
root of the medial pterygoid process; the lateral 
recess of the sphenoid sinus is exposed, and the 
lateral compartment of the cavernous sinus is 
entered through a quadrangular safety area, bor-
dered superiorly by V2, inferiorly by the vidian 
nerve and posteriorly by the parasellar and para-
clival carotid artery [ 13 ,  39 ]. 

 After tumour removal, the sellar reconstruc-
tion is required mainly when an intraoperative 
CSF leak has occurred. Autologous or heterolo-
gous materials, either resorbable or not, are used, 
if necessary, to achieve a safe and effective sellar 
reconstruction. The aim of the repair is to provide 

a watertight closure, reduce the dead space and 
prevent the descent of the chiasm into the sellar 
cavity. Overpacking and subsequent damage to 
the optic chiasm should be avoided. In addition to 
accurately packing the sellar cavity, it is neces-
sary to close the sellar fl oor. Different techniques 
are used (intra- and/or extradural closure of the 
sella and packing of the sella with or without 
packing of the sphenoid sinus), depending on the 
size of osteodural defect and of the dead space 
inside the sella [ 9 ,  15 ].   

5.3     Craniopharyngiomas 

 The current management of craniopharyngioma 
aims for complete resection, which remains the 
gold standard, although recurrence is a common 
event [ 8 ,  16 ,  19 ,  26 ,  28 ,  29 ]. The multitude of 
operative approaches to these midline deep- 
seated lesions refl ects their challenging nature. 
Several factors can guide a case-specifi c choice 
of the approach:
•    Patient’s characteristics: age, pituitary func-

tion and ophthalmologic status, degree of 
hypothalamic dysfunction, primary or recur-
rent pathology and in the latter, history of pre-
vious surgery and/or radiosurgery  

•   Lesion’s confi guration: consistency, presence 
of cysts and calcifi cation, dimension, growth 

a b

  Fig. 5.1    Endoscopic view of the surgical fi eld after the 
removal of a large pituitary adenoma. Note the resid-
ual gland pushed toward the left wall of the sella 

( a ). Endoscopic close-up view of the suprasellar cistern 
( b ).  D  dorsum sellae,  Sc  suprasellar cistern,  Pg  pituitary 
gland       
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direction, lateral extension, relationship with 
the ICA and with the third ventricle, pial 
invasion  

•   Surgeon’s personal experience    
 Systematic review of these factors has a criti-

cal role when designing the appropriate surgical 
approach. 

 A pure intrasellar lesion with enlargement of 
the sella turcica is a well-established indication 
for the standard transphenoidal approach. 

 In case of intra-suprasellar infradiaphragmatic 
lesion, the sella turcica is enlarged, and the dia-
phragma sellae is pushed upward. In the majority 
of cases, a standard transphenoidal approach 
allows the removal of the lesion since the supra-
sellar part usually collapses down into the sella 
after the removal of the intrasellar compartment 
of the lesion. In case of suprasellar craniopharyn-
giomas, some selected cases can be treated using 
the transtuberculum-transplanum approach. The 
main steps of the procedure are:
•    Creation of a wide endonasal corridor with 

middle turbinectomy (uni- or bilateral), poste-
rior septectomy and a wide anterior sphenoid-
otomy [ 35 ].  

•   Drilling of the sellar fl oor and of the tubercu-
lum sellae, with bone removal extended 
between the medial opto-carotid recesses 
(Fig.  5.2 ). We routinely use some additional 
tools (neuronavigator, dedicated instruments, 
micro-Doppler probe) that improve safety and 
effectiveness of the procedure.
      Among supradiaphragmatic lesions, Kassam 

has recently proposed an approach-based classifi -
cation useful when removing the craniopharyn-
gioma from the endonasal route; he brings out 
four main types: pre-, trans- and retroinfundibu-
lar and lesions isolated to the third ventricle [ 37 ]. 

 In suprasellar prechiasmatic preinfundibular 
lesions, the transtuberculum-transplanum sphe-
noidale approach provides a direct midline expo-
sure of the tumour, which is seen immediately 
after dural opening. The optic nerves and chiasm 
are usually stretched superiorly by the tumour, 
and the endoscopic view from below highlights 
in a safe way the distal branches of the superior 
hypophyseal arteries, which supply the inferior 
surface of the optic chiasm and the pars tuberalis 

of the pituitary; their preservation is critical for 
the visual and endocrine outcome. As for tran-
scranial techniques, tolerance of the optic sys-
tem to surgical manipulation depends on its 
preoperative status: an optic nerve or chiasm 
already stretched and distorted by adjacent 
tumour is extremely sensitive to any type of 
manipulation; however, the endoscopic endona-
sal technique offers the opportunity to early 
decompress the nerves and to dissect the tumour 
from the nerve and not vice versa as usually 
occurs during transcranial procedures, thus min-
imizing the surgical manipulation over the optic 
pathways (Fig.  5.2 ). 

 Concerning retrochiasmatic retroinfundibular 
craniopharyngiomas, the number of surgical 
classifi cations and cranial approaches (subfron-
tal, pterional, transcallosal, transpetrosal) pro-
posed for such lesions over the years refl ects the 
diffi culty in exposing them widely through a 
single approach. The endoscopic endonasal route 
provides a coaxial route to the lesion extension. 
The starting gate is the pituitary stalk [ 37 ]; 
depending on the pattern of growth of the lesion, 
intra- and/or para-pituitary stalk routes can be 
followed toward the retrosellar and even intra-
ventricular area (Fig.  5.3 ).

   When dealing with retroinfundibular lesions, 
the pituitary stalk can be preserved by running 

  Fig. 5.2    Intra-op image shows suprasellar neurovascular 
structures after the removal of a suprasellar prechiasmatic 
craniopharyngioma.  A1  precommunicating segment of the 
anterior cerebral artery,  A2  postcommunicating segment of 
the anterior cerebral artery,  HA  Heubner’s artery,  GR  gyrus 
rectus,  ON  optic nerve,  asterisk  thickened arachnoid       
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the endoscope and instruments along the para- 
pituitary stalk corridors and/or by mobilizing 
the gland upward as proposed by Kassam et al. 
[ 38 ]. However, such procedure requires exten-
sive experience in endonasal skull base surgery. 
Furthermore, depending on downward exten-
sion in the posterior cranial fossa, retroinfun-
dibular lesions can also require drilling of the 
dorsum sellae and removal of the posterior cli-
noids [ 37 ]. 

 When the lesion grows into the infundibulum, 
the pituitary stalk is usually enlarged by the 
tumour, which creates a corridor to enter the ven-
tricular chamber; since it may be hard to under-
stand how the third ventricle can be unlocked 
through the nose, some considerations support-
ing such strategy have to be clarifi ed. When deal-
ing with a lesion inside the third ventricle, the 
possibility to apply the endoscopic endonasal 
technique depends on two main factors:
•    The position of the fl oor of the third ventricle  
•   The size and position of the infundibulum and 

of the pituitary stalk    
 A craniopharyngioma which displaces the 

fl oor of the third ventricle inferiorly and enlarges 
the infundibulum, pushing it over the sella, cre-
ates the surgical space needed to face the lesion 
just after the dural opening over the suprasellar 
area. 

 Some points have to be considered when 
approaching such intraventricular lesions:

    1.    The dura should be opened carefully in the 
suprasellar area since the chiasm may lie just 
behind the dura in a prefi xed position, pushed 
anteriorly by the intraventricular lesion; 
 preoperative MRI is of value to highlight the 
distance between the tuberculum sellae and 
the chiasm.   

   2.    When dissecting the tumour from the fl oor of 
the third ventricle, the latter should never be 
violated at the level of the mammillary bodies 
or even more posteriorly to avoid the risk of 
brain stem injury.   

   3.    Invasive fi ngerlike tumoural infi ltration and/
or gliotic tissue adherent to the hypothala-
mus represents a contraindication to further 
dissection.      

5.4     Reconstruction in Extended 
Approaches 

 After tumour removal and careful haemostasis, 
the reconstruction of the osteodural defect is tai-
lored in order to avoid CSF leakage. The latter is 
related to the degree of subarachnoid dissection 
and/or opening of the third ventricle. 

 In standard transphenoidal surgery, the 
integrity of the subarachnoid space is usu-
ally preserved, whereas in extended transpla-
num approaches wide arachnoidal opening 
is a prerequisite to a successful surgery. In the 

a b

  Fig. 5.3    Intra-op image during the removal of a suprasel-
lar retroinfundibular craniopharyngioma before ( a ) and 
after ( b ) tumour removal.  ON  optic nerve,  Ch  chiasm,  Ps  

pituitary stalk,  T  tumour,  Pg  pituitary gland,  A1  precom-
municating segment of the anterior cerebral artery,  TV  
third ventricle       
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transtuberculum- transplanum approach, the bone 
window has an irregular shape and is bordered by 
neurovascular structures such as the optic nerve 
and the internal carotid artery. The reconstruction 
technique comprises the following main steps:
    1.    Arachnoid sealing. A thin layer of fi brin glue 

(Tisseel, Baxter, Vienna, Austria) is injected 
intradurally to create a fi rst barrier to CSF 
leakage.   

   2.    The osteodural defect is reconstructed extra-
durally with a foil of collagen-derived dural 
substitute which exceeds the bone defect, held 
in place with a fragment of bone substitute 
(Lactosorb®, Walter Lorenz Surgical, INC., 
Florida, USA) which fi ts the bone opening.   

   3.    The whole skull base defect is then covered 
with a vascularized nasoseptal fl ap, which is 
designed preoperatively, depending on the 
size of the craniectomy; due to its shrinkage, it 
should be about 30 % larger than the defect 
(Fig.  5.4 ) [ 43 ].

5.5            Future Perspectives 

 Despite signifi cant improvements in medical 
therapy, surgery still has an important role in the 
management of pituitary adenomas and cranio-
pharyngiomas. Further development of the endo-
scopic techniques will be driven by several 
technological advances such as high-defi nition 

intraoperative digital imaging, three-dimensional 
endoscopy and dedicated instruments [ 47 ,  51 ]. 
Another important determinant in improving the 
global outcomes of such techniques is the 
advancement in the anatomic research, which is 
of utmost importance to defi ne the advantages 
and limits of skull base surgery with the endo-
scopic endonasal technique. At the same time, 
the evolution of reconstruction materials and of 
reconstruction techniques will greatly affect this 
still critical step of the procedure. 

 Among the sophisticated features of modern 
integrated operating rooms, the availability of 
advanced capabilities in telemedicine and live 
telesurgery allows surgeons to view any proce-
dure live all over the world. This possibility will 
further speed the widespreading of the endo-
scopic techniques: Distance education courses 
can be organized and more experienced neuro-
surgeons can be called for consulting during 
surgery.     
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6.1            Introduction 

 The use of the operating microscope    in neurosur-
gery has been well established since more than 
30 years. A major improvement in surgical results 
has been obtained by using microsurgical tech-
niques. Especially in complex skull base and vas-
cular surgery, the microscope is a prerequisite to 
achieve excellent outcomes for the patients. The 
microscope provides a superb stereoscopic view. 
However, in deep and narrow surgical corridors, 
there is a considerable loss of light at the entry 
site (Fig.  6.1a ). Furthermore, the surgeon is 
working within the light beam which further 
decreases the light intensity in the surgical fi eld. 
With the microscope, only structures which are 
visible in a straight line can be explored.

6.2        Rationale of Endoscope- 
Assisted Microsurgery 

 Compared with the operating microscope, the 
endoscope provides a completely different view. 
“State-of-the-art” endoscopes containing a 
Hopkins II® rod lens have a wide angle viewing 
fi eld resulting in a panoramic view (Fig.  6.1b ). 
Therefore, even lesions which are not located in 
front of the endoscope tip can be recognized early. 

This is a major advantage in narrow and deep sur-
gical approaches. Using endoscopes with angu-
lated optics gives the ability to look around a corner 
or behind neurovascular structures which is very 
useful in skull base surgery (Fig.  6.1c ). With the 
use of the endoscope, the surgeon brings the eye 
close to the target area with perfect illumination 
even in the depth. Another important advantage of 
the endoscope compared with the microscope is 
the excellent depth of fi eld. Refocusing which is 
frequently required with the microscope particu-
larly with high magnifi cation is rarely necessary. 

 Of course, the endoscope has also limitations. 
The major drawback of the endoscope is the lack 
of true 3D viewing. However, because of the fi sh- 
eye effect, the endoscopic image is distorted and 
provides a pseudo 3D impression. Furthermore, 
motion parallax which means closer objects 
move more than distal objects contributes to the 
pseudo 3D impression of an endoscopic image. 
Therefore, the lack of stereopsis is usually com-
pensated for with some training. Another disad-
vantage of the endoscope is the lower resolution 
compared to the microscope. Because of the 
smaller lens diameter of the endoscopes used in 
neuroendoscopy, the operating microscope has 
still better resolution than the endoscope. 
Furthermore, when using the operating micro-
scope, the surgeon has a very good resolution 
because he is looking directly through the lens 
system. The sensor is the retina which is much 
better then CCD chips in the mini video cameras 
which are attached to the endoscope. Although 
recently introduced high-defi nition cameras gen-
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erate images with 1080 lines and over two mil-
lion pixels, the image quality is still inferior when 
comparing with the direct look of the human eye 
through the microscope. 

 In conclusion, microscope as well as endoscope 
has advantages and disadvantages. Therefore, it 
sounds reasonable to combine the advantages of 
both optical instruments during neurosurgery.  

6.3     Endoscopic Equipment 

 For endoscope-assisted procedures endoscopes 
with angulated eye pieces are preferred to bring 
the video camera away from the surgical fi eld 

and avoid interference with the surgical 
 instruments (Fig.  6.2 ). Various angles of view 
(0°, 30°, 45°, and 70°) are available to be able to 
inspect any corner. The endoscope outer diame-
ter should not exceed 4 mm. For the cerebello-
pontine angle 2.7 mm scopes are recommended 
because of the narrow spaces between the cra-
nial nerves in this area. Angulated instruments 
are required for removing tumor tissue around a 
corner (Fig.  6.3 ). Xenon light sources provide 
the best illumination, since the color tempera-
ture of xenon light resembles that of sunlight 
(6,000 K) which improves the color fi delity. 
High-defi nition (HD) video cameras should be 
used whenever possible as the image quality is 

a b c

  Fig. 6.1    Schematic drawing of microscopic and endoscopic visualization. ( a ) Microscopic visualization. ( b ) Endoscopic 
0° visualization. ( c ) Endoscopic 45° visualization       

  Fig. 6.2    Endoscopes with 
angulated eyepiece with 
0°, 30°, and 70° of view       
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much better compared with the standard cam-
eras [ 12 ].

6.4         Surgical Technique 

 In endoscope-assisted microsurgery, usually the 
major part of the procedure is performed under 
microscopic view because of the better image 
quality and the 3D view. However, certain steps 
of the surgery are carried out under endoscopic 
view. The endoscope is mostly used to look 
around bony or dural corners as well as neuro-
vascular structures to avoid extensive skull base 
drilling and retraction. Furthermore, the endo-
scope is applied in deep and narrow surgical 
corridors to improve illumination and viewing 
fi eld. 

 Frequently, the endoscope is used freehand sim-
ply for inspection (Fig.  6.4a ). However, when 
bimanual dissection is required, the endoscope is 
fi xed to a self-retaining holding device, and the sur-
geon has both hands free for manipulation 
(Fig.  6.4b, c ). The monitor is placed straight in front 
of the surgeon for ergonomic purposes (Fig.  6.4d ).

   Care has to be taken when moving the endo-
scope and inserting or removing the instruments 
from the surgical fi eld to avoid damage to 
 neurovascular structures which are behind the tip 
of the endoscope and therefore not under endo-
scopic view. It is important to keep in mind that 
the tip of the endoscopes may become really hot 
which may damage neurovascular structures 
especially during prolonged dissections under 
endoscopic view. Therefore, frequent irrigation is 
recommended.  

a

b

  Fig. 6.3    Instruments for 
endoscope-assisted surgery 
with angulated tips. ( a ) 
Curettes of various sizes. ( b ) 
Close-up view of the tips       
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  Fig. 6.4    Use of endoscopes 
in endoscope-assisted 
procedures. ( a ) Freehand 
endoscopic inspection. 
( b ,  c ) Bimanual endoscopic 
dissection. Endoscope with 
self-retaining holding arm. 
( d ) Ergonomic positioning of 
the screen in straight line in 
front of the surgeon         

a

b

c

 

H.W.S. Schroeder



69

6.5     Indications 

 The endoscope-assisted technique has turned out 
to be particularly useful in skull base tumor sur-
gery, aneurysm clipping, and microvascular 
decompression [ 1 – 11 ,  13 ,  14 ]. 

6.5.1     Vestibular Schwannomas 

 Vestibular schwannomas with tumor extension 
deeply into the internal auditory canal are good 
indications for an endoscope-assisted retrosig-
moid approach (Fig.  6.5 ). When hearing preserva-
tion is demanded, the extent of drilling of the 
posterior wall of the internal auditory canal is lim-
ited by the vestibule and the posterior semicircular 
canal. The angle of viewing does not allow the 
direct inspection of the fundus of the internal audi-
tory canal with the aid of the microscope even 
after extensive drilling of the posterior wall of the 
internal auditory canal (Fig.  6.5f ). Therefore, very 
often a blind dissection of the distal tumor pole is 
performed with the aid of a hook dissector. Using 
a 30°, 45°, and 70° endoscope enables a perfect 
visualization of the fundus (Fig.  6.5e ). The endo-
scope can be used freehand for inspection after 
tumor removal to make sure that the tumor is 
totally removed or for dissection of the tumor in 
the fundus. After tumor removal, the drilled area 

of the internal auditory canal is inspected to fi nd 
open air cells which might cause CSF leak 
(Fig.  6.5d ).

6.5.2        Epidermoids 

 Epidermoids spread along the subarachnoid 
CSF spaces and have very often a considerable 
extension. Frequently, two or more compart-
ments are involved, e.g., posterior and middle 
cranial fossa. The endoscope is useful in remov-
ing tumor parts which are hidden behind dural 
(e.g., tentorium) or bony corners (Meckel’s cave) 
as well as neurovascular structures (Fig.  6.6 ). 
Epidermoids involving two compartments can 
be removed via a single craniotomy in one of 
the compartments.

6.5.3        Skull Base Meningiomas 

 In skull base meningiomas, the endoscope- 
assisted technique is mostly applied in tumors 
of the posterior cranial fossa to remove tumor 
parts hidden behind bony corners (e.g., jugular 
tubercle, Meckel’s cave, or internal auditory 
canal) in order to reduce the amount of drilling. 
In frontal skull base meningiomas, the endo-
scope is usually not required because standard 

d
Fig. 6.4 (continued)
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frontolateral or pterional approaches give 
enough space to inspect the entire frontal skull 
base with the microscope. However, when key-
hole supraorbital approaches are used, the 

endoscope is mandatory to achieve a radical 
resection (Fig.  6.7 ). Because of the limited 
viewing angle and the prominent orbital roof, 
the entire skull base cannot be visualized in a 

  Fig. 6.5    Intra-extrameatal vestibular schwannoma 
in a 58-year-old male presenting with hearing loss. 
( a ) T1-weighted axial MR image showing a contrast-
enhancing lesion ( arrows ) within the cerebellopontine 
angle. ( b ) Axial CISS MR image showing the accurate 
extension of the lesion with the internal auditory canal 
( arrow ). ( c ) Endoscopic image of the tumor. ( d ) Endoscopic 
inspection of the internal auditory canal after tumor removal 
showing preserved facial and cochlear nerve. ( e ) Endoscopic 

inspection of the  fundus proving gross total tumor resection. 
( f ) Axial bony CT scan obtained after surgery showing the 
extent of drilling of the posterior wall of the internal auditory 
canal with preservation of vestibule and posterior semicircu-
lar canal and the trajectory of the microscopic view ( arrow) . 
The fundus cannot be inspected with the microscope. ( g ,  h ) 
Axial T1-weighted contrast-enhanced ( g ) and axial CISS 
( h ) MR image obtained 4 years after surgery showing no 
recurrence         
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  Fig. 6.6    Epidermoid of the cerebellopontine angle in a 
45-year-old female presenting with trigeminal neuralgia 
and hearing loss. ( a – c ) Axial CISS MR images showing a 
large space-occupying lesion within the cerebellopontine 
angle. ( d ) Microscopic view of the pearly tumor. 
( e ) Bimanual microsurgical dissection. ( f ) Endoscopic 
inspection of the entrance of the internal auditory canal 

with tumor behind the nerves (arrow). ( g ) Endoscopic 
inspection    after microsurgical resection showing a tumor 
remnant behind the tentorium ( arrow ). ( h ) Endoscopic 
tumor removal. ( i ) Microscopic view after gross total 
tumor resection. ( j – l ) Axial CISS MR images obtained 2 
years after surgery showing the total tumor resection           
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straight line with the microscope; 30° and 45° 
endoscopes are required to visualize the sellar 
diaphragm, the depth of the olfactory grove, 
and the space behind the ipsilateral carotid 
artery.

6.5.4        Aneurysms 

 In aneurysm surgery, the endoscope is helpful 
when the aneurysm neck with parent and efferent 
arteries or perforators cannot be visualized with 

  Fig. 6.7    Tuberculum sellae meningioma in a 61-year-old 
female presenting with visual loss and visual fi eld defi cits. 
( a – c ) Sagittal, coronal, and axial T1-weighted MR images 
showing a contrast-enhancing lesion  arising from the 
tuberculum sellae. ( d ) Microsurgical approach via eyebrow 
incision and supraorbital craniotomy. ( e ) Microsurgical 
exposure of the right optic nerve ( arrows ) and tumor 
( T ). ( f ) Endoscopic  dissection of tumor remnants ( T ) at 

the sellar diaphragm close to the ipsilateral carotid artery 
( right arrow ), pituitary stalk ( middle arrow ), and contra-
lateral    carotid artery ( left arrow ). ( g ) Axial bony CT scan 
obtained after surgery showing the size of the craniotomy 
( arrows ). ( h ,  i ) Sagittal and coronal T1-weighted MR 
images obtained 5 years after surgery showing total tumor 
resection and no recurrence. ( j ) Excellent cosmetic result 
after 1 year         
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the microscope (Fig.  6.8 ). In keyhole approaches 
with nearly coaxial vision, the endoscope is often 
mandatory to make sure that a proper clip  position 

has been achieved. Using standard pterional 
approaches in aneurysms of the anterior circula-
tion, the application of endoscopes is rarely 

  Fig. 6.8    Unruptured anterior communicating artery 
aneurysm in a 57-year-old male. The aneurysm was an 
incidental fi nding. ( a ,  b ) CT angiography and 3D recon-
struction showing an anterior communicating artery 
aneurysm. ( c ) Microsurgical exposure of the aneurysm 
via a pterional approach. The neck cannot be visualized. 
( d ) Endoscopic inspection of the neck. ( e ) Microsurgical 

aneurysm dissection. ( f ) Microsurgical clipping of the 
aneurysm. ( g ) Clipped aneurysm. ( h ) Endoscopic 
inspection of the clip position. ( i ) Indocyanine-green 
angiography showing complete occlusion of the aneu-
rysm and patency of all vessels. ( j ) DSA obtained 5 days 
after surgery showing the complete obliteration of the 
aneurysm         
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required. However, for aneurysms of the poste-
rior circulation at the basilar tip, the endoscope is 
very benefi cial to get an overview of the anatomy 
before applying the clip and to check the clip 
position. I use the endoscope in aneurysm sur-
gery nearly always only for inspection before and 
after clipping. In my attempts of using the endo-
scope for visualization during the aneurysm clip-
ping, the endoscope mostly interfered with my 
suction and clip applicator.

6.5.5        Trigeminal Neuralgia 
and Hemifacial Spasm 

 The application of the endoscope in microvascu-
lar decompression for trigeminal neuralgia and 

hemifacial spasm is another good example of 
endoscope-assisted microsurgery (Fig.  6.9 ). 
After microsurgical exposure of the nerves and 
vessels, the endoscope is used to inspect the tri-
geminal nerve at the entrance into Meckel’s cave. 
Small veins which can compress the trigeminal 
nerve are frequently found at the entry point into 
Meckel’s cave. When a prominent suprameatal 
tubercle is present, a direct microscopic view to 
this area cannot be obtained. Using an endoscope, 
drilling of the suprameatal tubercle can be 
avoided. In hemifacial spasm, the compression 
site is often very medially located and direct 
microscopic visualization requires considerable 
retraction of the cerebellum. With the endoscope 
the compression site can be inspected avoiding 
any retraction.
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Fig. 6.8 (continued)
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  Fig. 6.9    A 63-year-old female presenting with typical 
trigeminal neuralgia on the right side. ( a ) Axial CISS 
MR image showing the juxtapontine compression of the 
right trigeminal nerve at the root entry zone by a loop of 
the superior cerebellar artery ( arrow ). ( b ) Microsurgical 
approach via    a superior retrosigmoid craniotomy show-
ing the superior petrosal vein ( P ) and the trigeminal 
nerve ( T ). ( c ) Microsurgical exposure of the offending 
branch of the superior cerebellar artery ( A ) at the root of 
the trigeminal nerve ( T ). ( d ) Endoscopic inspection with 

0° endoscope showing initially a similar image like the 
microscope with superior petrosal vein ( P ) and trigemi-
nal nerve ( T ). ( e ) However, after passing the petrosal vein 
with the endoscope tip, the compression of the trigeminal 
nerve ( T ) by the branch of the superior cerebellar artery 
( A ) is clearly visible. ( f ) Endoscopic inspection with 30° 
optic showing nicely the compression of the trigeminal 
nerve root ( T ). ( g ,  h ) Endoscopic dissection of the loop. 
( i ) Decompression with the aid of Tefl on wool         
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6.6         Future Developments 

 It is expected that high-resolution 3D video cam-
era systems will replace the surgical microscope 
in the future. Video cameras with resolution 
much beyond the resolution of the HD system we 
currently use will be developed. Chip technology 
will advance more and more, and the resolution 
will be even superior to the human eye. These 3D 
cameras will be adapted to the endoscopes too. 
The surgeon will look at only one screen where 
all information including navigation data and 
preoperative MR images will be displayed. 
Nowadays, however, the surgical microscope 
remains the most frequently used optical tool in 
neurosurgery which can be assisted by the endo-
scope in certain procedures.  

    Conclusion 

 Endoscope-assisted microsurgery combines 
the advantages of the microscope with those 
of the endoscope. For dissection of structures 
which are visible in a straight line, the micro-
scope with high resolution, excellent color 
fi delity, as well as stereoscopic vision is used. 
For working “around a corner,” the endoscope 
is applied to reduce the amount of retraction 
and skull base drilling.     
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7.1            Introduction 

 Neuroendoscopic surgery has evolved from an 
initially diagnostic modality over a treatment 
modality for obstructive hydrocephalus to a 
widespread neurosurgical technique. It refl ects 
the tendency of modern neurosurgery to aim 
towards minimum invasiveness, that is, access 
and visualization through the narrowest practical 
surgical approach with, at the same time, maxi-
mum effectiveness. Transventricular neuroendo-
scopic approaches allow the treatment of several 
pathologies inside the ventricular system, such as 
obstructive hydrocephalus and intra- and para-
ventricular tumors and cysts. 

 However, an endoscope may be used to assist 
microneurosurgery in virtually any kind of neu-
rosurgical procedures, particularly in aneurysm 
and tumor surgery. This endoscope-assisted 
microneurosurgery allows precise clipping of 
aneurysms and visual control to avoid inadver-
tent clipping of perforators and parent arteries 
and allows to “look around the corner” in tumor 
surgery to identify vital structures that are hidden 
behind the tumor itself or bony protrusions. 
Endoscope-controlled microneurosurgery is the 
replacement of the operating microscope by a 
larger lenscope. It is best illustrated by the rap-
idly evolving technique of endoscopic endonasal 

transphenoidal surgery that allows the treatment 
of pathologies of the sellar and parasellar region 
and frontal skull base such as pituitary adenomas, 
craniopharyngiomas, meningiomas, and clival 
chordomas, with the advantage of a wide vision 
of the surgical fi eld. 

 This evolution occurred in response to the 
reported benefi ts of endoscopic surgery com-
pared to conventional surgical procedures for 
patients. The use of neuroendoscopic surgery has 
increased exponentially during the past 10 years. 
Previously lengthy and diffi cult procedures now 
are being performed endoscopically. Advances in 
instrumentation, dissection and hemostasis tech-
niques, and improved camera technologies have 
simplifi ed these procedures and expanded the 
application of the minimally invasive neurosurgi-
cal approach. 

 The earliest reported endoscopic neurosurgery 
was performed in 1910 when two children were 
treated for hydrocephalus by endoscopic fulgura-
tion of the choroid plexus. By 1960, technologi-
cal advances in fl exible and rigid lens endoscopes 
allowed for additional endoscopic procedures, 
but it was not rapidly adopted by neurosurgeons. 
In the    1970s it was Fukushima (Japan) who used 
fi ber optics to inspect the ventricular system. 
Vries and Jones used it for the treatment of 
hydrocephalus and Prott and Oppel for the 
inspection of the subarachnoid space. 

 Further use of neuroendoscopy was hampered 
by the lack of dedicated endoscopes and dedi-
cated instruments for the specifi c needs inside the 
ventricular system and subarachnoid space. 
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 The Netherlands    
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When I started to use neuroendoscopy I used 
pediatric cystoscopes and fl exible bronchoscopes 
and makeshift instruments to perform fenestra-
tions and biopsies. But soon the development of 
such suitable and specially designed neuroendo-
scopic equipment started.  

7.2     Neuroendoscopes and 
Endoscopic Equipment 

 Requirements for modern endoscopes suitable 
for neurosurgery are brilliant visualization and 
illumination, high-quality equipment for intricate 
surgical manipulations, small outer diameter of 
the endoscope, and an ergonomic and convenient 
way of handling the endoscope and the instru-
ments in order to compete with minimally inva-
sive microneurosurgery. 

 In 1986 Jacques Caemaert, from the 
Department of Neurosurgery of the University 
Hospital of Ghent, Belgium, designed the fi rst 

prototype of a new multipurpose neuroendo-
scope. The requirements for this instrument were 
a maximum outer diameter of 6 mm, round in 
cross section to permit rotation around its own 
axis, a long rigid sheath suitable for freehand 
introduction with any stereotactic frame, simulta-
neous visual control and operating possibilities, 
and continuous irrigation via separate inlet and 
outlet channels which are themselves wide 
enough to take small auxiliary operating instru-
ments. He developed this endoscope together 
with the company Richard Wolf, Germany, and is 
still in production in an updated form (Fig.  7.1 ).

   Professor Michael Gaab, an endoscopic pio-
neer from Germany, developed an endoscopic 
system for intraventricular use in the early 1990s 
together with company Storz. It consists of a 
6.5- mm rigid shaft, which is equipped with three 
channels for instruments, suction, and irrigation 
(Fig.  7.2 ). There are the so-called diagnostic 
optics that are larger than the therapeutic optics. 
When the latter is used, it fi lls up less space inside 

  Fig. 7.1    Wolf rigid neuroendoscope, with 6-mm outer 
diameter, three working channels, and sheath of 25 cm, 
long enough to be used in conjunction with the Leksell 
stereotactic frame, designed by Prof J. Caemaert, origi-

nally introduced in 1986, and still in production in an 
updated form (Richard Wolf GmbH, Knittlingen, 
Germany) (Photograph courtesy of Dr S. Sgouros)       

  Fig. 7.2    Endoscope system 
Storz Gaab (Karl Storz 
GmbH & Co KG, Tuttlingen, 
Germany) (Photograph 
courtesy of Dr S. Sgouros)       
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the shaft and leaves more room for instruments. 
The same company offers a variety of specifi c 
neuroendoscopic systems, e.g., the LOTTA neu-
roendoscope for intraventricular use designed 
by Professor Henry Schroeder (Fig.  7.3 ), the 
universal endoscopy set designed by Professor 
Philippe Decq, the Oi HandyPro system designed 
by Professor Shizuo Oi for pediatric patients 
(Fig.  7.4 ), and the endonasal transphenoidal 
endoscope set with Thumfart suction and irriga-
tion system designed by Professor Martin Bettag 
and Peter Schäfer (Fig.  7.5 ). Each of these endo-
scope systems comes with a complete set of 
optics of different viewing angles (0° and 30°) 
and a multitude of purpose-designed instruments.

      Another important company in this fi eld, 
also from Germany, B. Braun/Aesculap, has 
 developed in close cooperation with Professor 
Axel Perneczky from the University Hospital 
in Mainz, Germany, until his untimely death in 
2009, several specialized endoscopic instru-
ments and endoscopes. This led to the develop-
ment of a modular system for all applications of 
endoscopic neurosurgery, called the MINOP ®  
Modular Neuroendoscopy System. 

 The MINOP ®  system is a multifunctional and 
modular neuroendoscopy system for intraven-
tricular indications and endoscope-assisted neu-
rosurgery. It consists of three trocars, with outer 

diameters 3.2 mm/4.6 mm/6 mm, for diagnostic 
and therapeutic purposes; several instruments; 
electrodes; accessories; and especially two FULL 
HD compatible endoscopes, outer diameter 
2.7 mm, viewing direction 0° and 30°. Its angled 
design makes the MINOP ®  system easy to handle 
and universal in use (Fig.  7.6 ). It has blunt distal 
tip of trocar and depth marking for atraumatic 
insertion and straight working channel for rigid 
instruments which increases control and preci-
sion. Its rigid instruments have steering wheel, 
which allows rotation of their tip without turning 
your holding hand and offers the possibility to 
work bi-instrumental with both hands. It has lat-
eral connection of cables for unhindered view 
along the trocar shaft.

   A disposable introducer set (also known as 
“peel away sheath,” manufactured by several 
companies) facilitates the process of introducing 
the endoscope through the brain parenchyma. 

 Although the neuroendoscopes can be held 
freehand, there are mechanical and pneumatic 
holder systems available. For short and straight-
forward procedures, like an endoscopic third 
ventriculostomy, they are not necessary, but 
they can help to facilitate dissection in proce-
dures like intra- and paraventricular tumor 
removal, when bimanual instrumentation is 
indicated. Such a holding arm is the Aesculap 

  Fig. 7.3    Endoscope system 
Storz Schroeder LOTTA, 
with main endoscope shaft, 
obturator, and optical rod 
lens. Some instruments 
(grabbing forceps and 
scissors) are shown as well 
(Karl Storz GmbH & Co KG, 
Tuttlingen, Germany) 
(Photograph courtesy of Dr 
S. Sgouros)       
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M-TRAC, which gives both a stable perfor-
mance (especially for FULL HD cameras) and 
excellent fl exibility and maneuverability for the 
neuroendoscope. It has an easy mechanical fi xa-
tion by clamping handle with small, fl exible 
joints for fi ne positioning and can be used for 
any surgical intervention when holding of, e.g., 
optical systems, cameras, instruments, and tro-
cars is needed. Other companies make similar 
holding arms for their endoscopes. 

 Other more sophisticated pneumatic systems 
are also available to hold the endoscope secure 
during operation. Such a system is the Aesculap 
UNITRAC ® , which is an aid for exact positioning 
of instruments and video endoscopic systems and 
for holding retractors in a stable manner over a 
long period. It is a pneumatic supported system 
with easy connection to the air supply in the OR 
with integrated safety systems that prevent 
 collapse of the holding arm if OR compressed air 

  Fig. 7.4    Endoscope system Storz Oi Handy Pro, 
designed mainly for pediatric work, shown with its instru-
ment set (grabbing forceps and scissors) (Karl Storz 

GmbH & Co KG, Tuttlingen, Germany) (Photograph 
courtesy of Dr S. Sgouros)       

  Fig. 7.5    Endoscope system 
Storz Bettag Schäfer with the 
Thumfart suction-irrigation 
system, specifi cally designed 
for transnasal skull base work 
(Karl Storz GmbH & Co KG, 
Tuttlingen, Germany) 
(Photograph courtesy of Dr 
S. Sgouros)       
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supply is interrupted. It is single-handed in use 
just by pressing the release button. Other compa-
nies make similar pneumatic holding arms for 
their endoscopes. 

 The Aesculap NeuroPilot ®  is a unique steering 
mechanism for neuroendoscopes offering precise 
steering of the neuroendoscope by the use of 
three screws in three dimensions allowing sub-
millimeter maneuvering. After positioning of the 
neuroendoscope in situ fi nest corrections or 
adjustments are often necessary to receive the 
optimal endoscopic image. With traditional hold-
ing devices only a rough positioning is possible; 
a precise and fi ne steering of the neuroendoscope 
is diffi cult or even not possible. 

 Altogether, these components allow safe 
bimanual endoscopic surgery through the 
endoscope. 

 For endoscope-controlled procedures like the 
endoscopic endonasal transphenoidal proce-
dures, dedicated systems have been developed 
such as the Storz Bettag-Schäfer system with the 
Thumfart suction-irrigation device (Fig.  7.5 ) or 
the Aesculap MINOP ®  TREND (Fig.  7.7 ). 

The MINOP ®  TREND (TRansnasal ENDoscopy) 
has a bright 4-mm optic in 0° and 30°. These sys-
tems not only are a good to start with transnasal 
endoscopy but also inspire advanced users to go 
further and perform extended approaches of the 
pituitary region and areas of the skull base.

   Most surgeons are using a particular system 
and acquire over the years signifi cant expertise 
over it. My personal experience with the MINOP ®  
TREND system allows me to say that it is a well- 
balanced endoscope system offering high ergo-
nomics, a brilliant picture, as well as specially 
developed instruments. It has an ergonomic handle 
design and optimum weight distribution, suction, 
and irrigation that prevents the optic from misting; 
a revolvable endoscope shaft with angled optics 
permitting direct visualization of hidden corners 
of the operating fi eld; and a slim handle for unim-
peded    panendoscopic manipulation (Fig.  7.8 ). 
It can be easily secured to a holding arm.

   One very important component of the whole 
endoscopic equipment is the camera. Compared 
to the one-chip cameras used in the 1990s, the 
present-day’s full high-defi nition three-chip 

  Fig. 7.6    Endoscope system Aesculap MINOP ® , shown with its complete instrument set, including obturator, diather-
mies, biopsy forceps, and scissors (Aesculap AG, Tuttlingen, Germany) (Photograph courtesy of Dr S. Sgouros)       
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 cameras give excellent views that are indeed 
comparable to what can be seen through the oper-
ating microscope. The full HD camera has a six 
times higher resolution than conventional stan-
dard cameras and delivers crystal clear images of 
the highest quality (1920 × 1080 pixels). The 

three- chip technology provides impressive color 
depth and brilliant red differentiation. The latest 
Full HD technology delivers lag-free images, 
even with rapid camera movements. The world’s 
fi rst 5× zoom in an endoscopy  camera shows even 
the tiniest details in perfect HD quality. 

  Fig. 7.7    Endoscope system Aesculap MINOP Trend, designed for skull base work (Aesculap AG, Tuttlingen, Germany) 
(Photograph courtesy of Dr S. Sgouros)       

  Fig. 7.8    Bimanual two-hand 
transnasal endoscopic work, 
using the Aesculap MINOP 
Trend system, and a bone 
drill, during a transnasal 
transphenoidal operation       
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 The light source should be a xenon light. 
Xenon technology achieves a higher effi ciency 
than halogen light sources. It gives extremely 
high light intensity and excellent color reproduc-
tion due to an absolute natural light with a color 
temperature of 6,000 K (daylight). Special inte-
grated UV fi lters reduce the highest amount of 
heat in the visible light. 

 Apart from the companies mentioned above 
(Wolf, Storz, Aesculap), other companies are 
making similar neuroendoscopic equipment sys-
tems, e.g., Rudolf, but obviously it is diffi cult to 
give full account of all systems that are currently 
commercially available.  

7.3     Neuroendoscopic Instruments 

 The MINOP ®  Modular Neuroendoscopy 
System comes with dedicated rigid tube shaft 
instruments with an outer diameter 2.0 mm, 
with a rotation knob for easy rotation of the jaw 
part for more precise action of the instrument 
tip and flexible instruments for bi-instrumen-
tal working with an outer diameter 1.0 mm. 
Sharp and blunt scissors, biopsy forceps, dis-
secting forceps, surgical micro-forceps, and 
several bipolar and monopolar electrodes are 
available. 

 All the neuroendoscope systems  manufactured 
by Storz company offer also a complete set of 
instruments, dissectors, scissors, and bipolar and 
monopolar diathermy electrodes. 

 Next to these instruments, balloon catheters 
can be used for widening of a small fenestra-
tion or for localized pressure on a bleeding point 
(Fig.  7.9 ).

   Other instruments have been developed for 
specifi c use in certain situations, like the 
Grotenhuis endoscopic fenestration system with 
a special perforator and dilator (Synergetics, Inc.) 
for third ventriculostomy and cyst fenestration. 

 There are also specialized instruments (tube 
shaft instruments) that are ideal for use through 
small approach, e.g., supraorbital keyhole 
 craniotomy or subtemporal and retromastoid 
 keyhole craniotomies. They need less space than 
the  conventional micro-instruments. In endo-
scopic endonasal surgery, straight instruments are 

preferable over the bayonet-shaped instruments 
used in the microscopic procedure. But other-
wise, the same array of instruments is available.  

7.4     Surgical Technique 

 Whether a neuroendoscope should be rigid or 
fl exible is an irrelevant question. The famous 
quote from Professor Jacques Caemaert is: “The 
endoscope should be rigid, the neurosurgeon 
should be fl exible.” The real problem is to know 
when to use a rigid instrument and when a fl exi-
ble one is preferable. In the vast majority of cases 

  Fig. 7.9    Integra NeuroBalloon, utilized to enlarge the 
stoma on the fl oor of the third ventricle and any other 
stoma created with the endoscope (Integra, Plainsboro, 
NY, USA) (Photograph courtesy of Dr F. Di Rocco)       
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a rigid endoscope is perfectly suitable to reach all 
targets and to perform a wide variety of actions. 
The action radius is mostly wide enough because 
of the 100° fi eld of view, the eventual use of an 
angled lens at the tip of the rigid telescope, the 
possibility of rotating the endoscope around its 
own axis, and the use of instruments with curved 
tips. In cases where a fl exible endoscope is neces-
sary, it is preferable to use a small fl exible and 
movable endoscope through the working channel 
of the rigid endoscope in what is called the 
“mother-and-baby” principle. 

 This permits visual control of the movements 
of the fl exible instrument. The problem when 
using a fl exible endoscope alone is that “you see 
what you see but you don’t see what you do.” The 
fornix might, for example, be damaged after 
entering the third ventricle through the foramen 
of Monro. Obviously two video cameras and two 
light cables are necessary. Direct visual control 
by the naked eye through the fl exible endoscope 
is not advisable for sterility reasons. 

 The neuroendoscope can be introduced ste-
reotactically, either frame-based or frameless or 
freehand [ 28 ,  38 ,  42 ]. In many cases guidance is 
used to reach the target after which procedure is 
then continued freehand. The angle of approach 
and the trajectory are of the utmost importance to 
be able to perform the planned operation. 

 The use of the different instruments will depend 
on the specifi c indications. Today’s challenge is to 
expand the range of working instruments available 
and to extend the operative possibilities both safely 
but also as simply as possible. 

 Endoscopy has revolutionized neurosurgical 
treatment modalities in many ways [ 1 ,  6 ,  8 ,  10 , 
 12 ,  13 ,  18 ]. Today, many cases of hydrocephalus, 
cystic lesions, and other intraventricular patholo-
gies are approached endoscopically. Endoscopy 
has also revolutionized our approach to sellar 
lesions, skull base tumors, aneurysm surgery, and 
microvascular decompression. 

7.4.1     Hydrocephalus 

 The most frequently performed endoscopic pro-
cedure is endoscopic third ventriculostomy in 
patients with obstructive hydrocephalus [ 9 ,  16 , 

 20 ,  21 ,  26 ,  27 ,  37 ,  40 ]. Here, a communication 
between the third ventricle and the prepontine 
cistern through the fl oor of the third ventricle 
reestablishes physiological CSF pressure 
dynamics and enables a shunt-free life for the 
patient. An additional indication for endoscopic 
surgery is asymmetric hydrocephalus, caused by 
unilateral obstruction of the foramen of Monro. 
A fenestration of the septum pellucidum, the so-
called endoscopic pellucidotomy, restores a 
communication between both lateral ventricles 
and avoids shunting or, in case of impaired CSF 
reabsorption, avoids a second shunt system. 
Furthermore, endoscopic shunt placement and 
endoscopic removal of adherent intracranial 
shunt catheters facilitate shunting procedures to 
a great degree and improve long-term function 
of the shunt system [ 30 ].  

7.4.2     Cystic Lesions 

 Indications for endoscopic surgery in intracranial 
cystic lesions include colloid cysts, choroid 
plexus cysts, and arachnoid cysts [ 2 ,  3 ,  11 ,  23 , 
 37 ]. The surgical goal is the removal or broad 
fenestration of the cyst wall. In the majority of 
arachnoid cysts, the cyst wall is adherent to the 
surrounding structures and has a tough consis-
tency. Therefore, endoscopic cyst fenestration is 
the preferred method in order to create a wide 
communication between the cyst and the CSF- 
containing spaces. Especially in suprasellar 
arachnoid cyst, endoscopic fenestration is the 
preferred treatment.  

7.4.3     Intraventricular Tumors 

 Endoscopes have been used in different ways 
in patients with intraventricular tumors [ 5 ]. The 
most useful technique is endoscopic biopsy. Other 
procedures include endoscopic tumor resection 
and endoscopic implantation of radioactive mate-
rial. Special ultrasonic aspiration probes have 
been developed for use through the endoscope, to 
facilitate endoscopic tumor removal. The advan-
tages of endoscopic  procedures for this indication 
are the ability to look and work around the corner 
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and the brilliant visualization and illumination of 
the structures in depth, especially in patients with 
hydrocephalus due to a tumorous lesion of the 
posterior third ventricle. Endoscopes enable defi -
nite treatment of hydrocephalus and histological 
verifi cation of tumors during the same procedure 
through a single burr hole approach. 

 Standard open microneurosurgery also has 
seen developments towards smaller access, e.g., 
with Vycor Medical’s ViewSite™ Brain Access 
System (Vycor Medical, Boca Raton, FL, USA) 
or the 11.5-mm endoscopic port, known as the 
Neuroendoport ®  (UPMC, Pittsburg, PA, USA), 
developed by Amin Kassam and Johnathan Engh 
in Pittsburgh. Here we can see that open micro-
neurosurgery and endoscopy are coming closer 
together.  

7.4.4     Aneurysm Surgery 

 Although nowadays endovascular procedures are 
used in the majority of aneurysm cases, the micro-
neurosurgical clipping has also changed over the 
past two decades. One of the developments was 
the introduction of the endoscope to facilitate dis-
section of the aneurysm and control around the 
aneurysm after the clipping without the need of 
additional retraction [ 17 ,  29 ,  34 ,  43 ]. The con-
cept of endoscope-assisted  microneurosurgery 
was pioneered by Professor Axel Perneczky in 
the early 1990s and has made a great change 
especially in surgery for posterior circulation 
aneurysms that usually are more  diffi cult to reach 
due to the deep and confi ned location [ 7 ,  14 ,  32 , 
 34 – 36 ].  

7.4.5     Pituitary Surgery 

 Transphenoidal surgery through a transeptal or 
sublabial microscopic approach has been the 
standard for decades with excellent results. The 
introduction of the endoscopic endonasal 
approach has brought the view directly into the 
sphenoid sinus without the need of septal or sub-
labial dissection [ 33 ,  41 ]. The excellent view pro-
vided by the endoscope has allowed to move into 
more extended and expanded approaches to skull 

base lesion, like frontobasal meningiomas, cra-
niopharyngiomas, and clival chordomas [ 4 ,  15 , 
 22 ,  24 ,  25 ,  31 ,  39 ].  

7.4.6     Microvascular Decompression 

 Treatment of cranial nerve compression syn-
drome like trigeminal neuralgia and hemifacial 
spasm by microvascular decompression is a 
highly successful procedure, albeit with some 
inherent risks. One of the godfathers of this tech-
nique, Peter Jannetta, described the moment of 
“turning the corner” (the retraction of the cere-
bellum to visualize the vascular confl ict) as the 
most dangerous part of the procedure. The use of 
a 30° optic allows visualization without the need 
of retraction, making this procedure safer [ 19 ].   

7.5     Future Developments 

 We can envisage the development of a new mod-
ular system of different shafts, the so-called 
working trocars for brain access with different 
diameters and shapes, according to the need and 
indication, e.g., a small trocar for one optic and 
one working instrument for endoscopic third 
ventriculostomy but a wider and larger trocar for 
the removal of an intraventricular tumor or col-
loid cyst, and further expanding towards the 
already available portal systems described above. 

 There will be an ongoing need for new instru-
ments for neuroendoscopic surgery. Most instru-
ments that are available nowadays are more or 
less miniaturized microsurgical instruments. We 
will need more versatile instruments that will 
make endoscopic dissection, tissue removal, and 
hemostasis more easy and safe. We should work 
towards the development of multimodality instru-
ments, the so-called smart tools that have more 
than one function. 

 When we learn and understand more of neuro- 
oncology, neurodegenerative diseases, and CSF 
dynamics and its disturbances, the targets and 
demand for endoscopic procedures will change 
accordingly. Telemanipulated neurosurgery, 
with supervisory-controlled robotic systems, 
or shared control systems or even fully robotic 
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telesurgery as well as the development in nano-
technology will be needed to address future indi-
cations for minimally or even ultramicro-access 
neurosurgery.     

  Disclosure   Dr. Andre Grotenhuis is a member of the 
advisory board for Neurosurgery for B. Braun/Aesculap 
AG, Tuttlingen, Germany.  
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8.1            Introduction 

 With their aim of minimising surgical trauma, so- 
called minimally invasive neurosurgical proce-
dures have gained in popularity over the last years. 
In this context, neuroendoscopy has undergone a 
renaissance following the development of suitable 
fl exible, steerable fi brescopes as well as highly 
developed rigid endoscopes. The refi nement of 
supplementary instruments, such as forceps, scis-
sors, dissectors, balloon catheters, laser technol-
ogy and electrosurgery, has opened a wide 
indication spectrum for neuroendoscopic interven-
tions, both in intracranial and intraspinal spaces 
[ 1 ]. The main indications for neuroendoscopic 
interventions are procedures in preformed intra-
cranial spaces, such as the ventricular [ 21 ], sub-
arachnoid [ 4 ,  26 ] or subdural [ 18 ] compartments, 
and in pathological cavities as brain cysts, intrace-
rebral haematomas [ 13 ] and brain abscesses. In the 
last years also endoscopy through the nasal cavity 
for pituitary processes [ 2 ] and skull base lesions 
[ 27 ] has been standardised. This report gives an 
overview of my own experiences from 1989 [ 15 ] 
to 2009 [ 5 ] to integrate neuroendoscopy into the 
environment of a modern operating room. 

 The evolution of endoscopic techniques is based 
on the specifi c description of the  topographical 

anatomy of preformed intracranial spaces and the 
development of useful endoscopes as well as sup-
plementary working instruments. The design and 
application of electrosurgical devices has been 
another milestone to establish this technique in 
daily operative routine. Furthermore, three-dimen-
sional approach planning using digital fl uoroscopy, 
CCT or MRI stereotactic guidance and neuronavi-
gation offer a high grade of safety and precision. 
All these components have contributed to make 
neuroendoscopic interventions acceptable as an 
alternative treatment option in well-defi ned indica-
tions. More than 500 neuroendoscopic interven-
tions have been performed by the author for 
treatment of intracranial pathologies. The main 
indications were endoscopic interventions on 
hydrocephalus [ 19 ,  24 ], biopsy for unclarifi ed 
space-occupying lesions [ 8 ,  9 ,  30 ], fenestration and 
evacuation of intracranial cysts [ 12 ,  29 ], evacua-
tion of intracranial haematoma [ 13 ] and brain 
abscesses [ 14 ] and evacuation of septated chronic 
subdural haematoma [ 11 ].  

8.2     Topographic Anatomy 

 Knowledge of the so-called endoscopic anatomy 
is a prerequisite and essential, because the endo-
scopic operative technique is different from the 
microsurgical approach [ 22 ]. Microsurgical 
preparation is performed from outside through 
different anatomical layers into cavities, whilst 
the endoscopic approach is performed from a 
preformed space into solid structures (Fig.  8.1 ). 
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All these structures are tissue covered and 
 sometimes not well identifi able, which can make 
endoscopic interventions risky.

   “Learning by doing” can have fatal 
 consequences because the possibility to manage 
intraoperative complications such as haemor-
rhage using the endoscope is limited. This means 
that an optimal targeting is essential without 
harming delicate structures.  

8.3     Endoscopes 

 Various rigid and fl exible, steerable endoscopes 
(encephaloscopes, ventriculoscopes and spinalo-
scopes) are available [ 10 ]. The specifi cations 
vary according to the planned operative applica-
tion. The optimal neuroendoscope has not yet 
been developed. It should have the fl exibility 
and the steerability of fi brescopes, combined 
with the optic resolution of Hopkins optics and 
optimal light transmission. Furthermore, it 
needs the integration of two or more working 
channels for bimanual preparation and the 
option for adaption to modern neuronavigation 
systems. The advantage of the rigid lens scope is 
the brilliant and bright optical quality; however, 
the working space is limited due to the straight 

predetermined trajectory. The fi eld of action can 
be enlarged by the use of different angled optics, 
which vary from 5° to 120°, depending on the 
endoscopic system. These angled endoscopes 
can also be used during endoscopy-assisted 
microsurgical interventions, such as cerebello-
pontine angle surgery, pituitary surgery or aneu-
rysm surgery. 

 Despite a lower optical quality, fl exible endo-
scopes offer the opportunity to “look around cor-
ners” and have a high degree of manoeuvrability, 
especially in the ventricular system. Ultrathin 
fl exible endoscopes can be used as “baby” 
endoscopes through larger endoscope working 
channels. 

 A new and very sophisticated technique, 
which will become available in the future, will 
integrate the third dimension into neuroendo-
scopes. We have tested several prototypes of rigid 
and fl exible 3D endoscopes with Hopkins optics. 
These endoscopes give a high quality of fi eld of 
depth and will provide a higher level of accuracy 
for neuroendoscopic interventions. 

 As a result of the long experience with differ-
ent neuroendoscopes, we designed a new ven-
triculoscope. The ventriculoscope has a working 
length of 180 mm. The outer diameter is 6.5 mm. 
The direction of view is 5°. There are three chan-
nels, one for instrumentation (2.8 mm), one for 
suction (1.4 mm) and one for irrigation (1.4 mm) 
(Fig.  8.2 ).

8.4        Fixation and Guiding Systems 

 To avoid uncontrolled movements during neuro-
endoscopic procedures and to free the endosco-
pist from fatigue, different fi xation devices have 
been developed and are available. The Marburg 
neuroendoscopy fi xation and guiding system 
consists of a retaining arm with joints, which 
allows movements of the instrument in all spatial 
directions. It provides the necessary stability to 
the whole endoscopic system during the opera-
tive procedure. The working depth is regulated 
by micrometre screws. The system is compatible 
to various stereotactic and microsurgical holding 
devices [ 20 ].  

f

tv

cp

  Fig. 8.1    Typical anatomic landmarks around the foramen 
of Monro – choroid plexus ( cp ), thalamostriate vein ( tv ), 
fornix ( f )       
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8.5     Video Camera System 

 Different light sources and camera systems are 
available with the newly developed charge cou-
ple device (CCD) technology. We use the 
Monolith Line ® Video Camera System with 
extremely light-sensitive 3xHD 1/3″ CCD sen-
sors.  The camera head  has special features: 2× 
multifunctional remote buttons preconfi gured for 
simultaneous control up to six special camera 
functions directly via camera head, standard 
c-mount connector and a high-quality optical 
zoom coupler ( f  = 21–36 mm).  The camera con-
trol unit  has a full HDTV resolution of 1920–
1080 pixel, 10× user application presets – 3 of 
these user settings are in addition individually 
programmable, excellent visual characteristics 
and a high-contrast colour reproduction.  

8.6     Picture Distribution and Video 
Transmission System 

  The 44 HD SDI OR - MATRIX   ® is, due to its function 
range, picture distribution from one or more OR 
camera systems to various diagnosis,  monitoring 

or operation monitors respectively documenta-
tion systems, which may be operated separately 
or simultaneously, as well as real-time transmis-
sion of surgical interventions through an enabled 
LAN network (e.g. intranet), a useful additional 
equipment for each operation room used for mini-
mally invasive or open surgery. It combines high-
defi nition video routing in full HDTV resolution 
of 1920 × 1080 pixel, system oriented, throughout 
continuous HD signal chain; latest H.264-based 
video transmission via LAN; programming and 
storage of video routes; live transmission from the 
operating theatre via LAN; and an IT-based solu-
tion for interactive consultation.  

8.7     Documentation System 

  The Monolith Line HDTV Documentation System  
( 1080 HD SDI Controltec ®) meets the demands 
for a simple yet comprehensive documentation of 
the course of operations, both of open and mini-
mally invasive surgeries, and it is also a solution 
based on the latest imaging and data storage. The 
features of this system are based on a consequent 
implementation of a consistent HD video chain. 

a b

  Fig. 8.2    ( a ) Multipurpose ventriculoscope according to Hellwig and ( b ) ETV-SET (Rudolf Medical Co.)       
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It uses digital video signals only, which provide a 
complete HDTV resolution. The information 
storage is in HDTV format. Consistent picture 
quality with a resolution of 1080 TV lines from 
the source or pictures up to their recording and 
saving is guaranteed. There are optional extension 
tools like network functioning. Figure  8.3  shows 
all the components of the Monolith Line System.

8.8        Supplementary Instruments 

 Moving endoscopes and instrumentation within 
preformed spaces through small working chan-
nels demands training. The working instruments 
enter the viewing fi eld at the tip of the endoscope 
anteriorly, posteriorly or laterally. It may be dif-
fi cult to watch the instruments; if the endoscope 
is too close to the target area, injury of brain tis-
sue is possible. It is advisable to have a safe dis-
tance of 5 mm, when the working instrument 
enters the region of interest. 

 A variety of supplementary working instru-
ments for neuroendoscopic interventions are now 
available (Fig.  8.4 ).

   Flexible instruments for fi brescopes have the 
peculiarity that they do not open gradually. They 
snap with a short delay between the action of the 
hand and the effect at the tip of the instrument. 
This is different from the action of rigid instru-
ments and also needs familiarisation.  

8.9     Electrosurgery 

8.9.1     Electrosurgical Unit (ESU) 

 Like in microsurgery the further development of 
electrosurgery contributed to the successful intro-
duction of endoscopy into neurosurgical tech-
niques. Together with the technical development 
and increasingly frequent use, there has been 
demand for more precise instruments and genera-
tors [ 17 ]. The technical problem has been the 

a b

c

  Fig. 8.3    ( a ) Complete Monolith Line System, ( b ) camera head, ( c ) camera control unit       
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regulation of the cutting depth, cutting speed, 
electrode size and cutting quality of differing tis-
sues. In practice, this often meant that an insuffi -
ciently low-power setting would deliver a less 
desirable cut and a rather mechanical “pulling 
up” of the tissue. This led to the use of a higher 
output power in order to ensure a safe cut. When 
a superfi cial cut was then made, the electrical 
voltage was too high, i.e. the applied power was 
too high for cut. The consequence was either car-
bonisation during incision or after cut, or the tip 
of the fi ne instrument could burn out. 

 An insuffi cient power setting for coagulation 
could result in insuffi cient haemostasis; a power 
setting that was too high resulted in the electrode 
sticking to the tissue, which could also lead to 
bleeding, when the electrode was removed. Another 
unintended effect was that carbonisation could 
occur. These problems were solved by the develop-
ment of an automatically controlled electrosurgical 
unit (ESU) and precise instruments made of novel 
materials. Thus, for the fi rst time, it was possible to 
achieve reproducible cutting and coagulation quali-
ties even using differing instruments. Modern 
microprocessor-controlled solid-state bipolar coag-
ulating and cutting systems contribute signifi cantly 
to the performance of major microsurgical and neu-
roendoscopical procedures, decreasing operative 
time and blood loss whilst facilitating outcome. 

 Recently an automatically controlled genera-
tor was designed where the output voltage and 
spark intensity remain constant, forming the 
basis for reproducible cut. According to the latest 
research, voltage regulation in neurosurgery is 

more relevant than spark regulation. Voltages can 
be preselected within a useful range, i.e. no volt-
ages below 200 V can be set which would make 
it physically impossible to cut, and no exces-
sively strong carbonisation and metallic erosion 
of the active electrodes can occur. Once the sur-
geon has preselected his individual setting, the 
preselected effects will automatically be held 
constant. By means of such regulation, the cut-
ting quality remains reproducible. Due to the 
voltage regulation, it is possible to achieve good 
cutting qualities with a relatively low voltage 
level. This is the prerequisite to being able to use 
the fi nest instruments as described below. 

 Different principal modes of coagulation are 
distinguished, of which soft coagulation is an 
extremely gentle coagulation mode. The electric 
voltage is relatively low (less than 190 V), so that 
there is no electric arc between active electrode 
and tissue. This results in the following advan-
tages: no unintended cutting effect, no carbonisa-
tion and signifi cantly reduced sticking effect 
between active electrode and tissue. These advan-
tages are particularly useful in neurosurgery. 

 In addition to “the soft coagulation”, there is the 
function “soft coagulation with auto stop”. In this 
mode, a sensor measures the optimal coagulation 
point occurring when intracellular and  extracellular 
liquids are converted to vapour. The generator 
switches off automatically before carbonisation or 
sticking of electrodes to the tissue can occur. 

 In summary, the described electrosurgical unit 
 VIO 300D-2  (Fig.  8.5 ) provides optimal  conditions 
for neuroendoscopic procedures.

a b c

d

  Fig. 8.4    ( a ) Grasping forceps, ( b ) biopsy forceps and ( c ) microscissors with diameters from 1.6 for ETV, tumour biopsy 
and dissection of membranes and cyst walls. These instruments are detachable and rotatable ( d ) (Rudolf Medical Co.)       
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8.9.2        Bipolar Microprobes for 
Endoscopic Neurosurgery 

 Due to technological advantages offered by auto-
matically controlled ESUs, it is possible to use 
fi nest bipolar instruments at a much higher safety 
level. These microprobes operate according to the 
 Plug and Act principle . With the help of the auto-
matic instrument recognition of the  VIO 300D-2 , 
the probes are immediately ready for use after 

connection to the system including automatic 
adjustment to the particular parameters of the 
unit coagulated and then cut with the same instru-
ment (Fig.  8.6 ). The unique bipolar microforceps 
(Fig.  8.7 ) is another newly developed instrument 
for ETV and endoscopic microdissection. The 
branches can be opened by 5–6 mm without 
deformation of the metal because the device is 
made of nickel–titanium alloy, which is charac-
terised by extremely high elastic elongation of 

  Fig. 8.5    Electrosurgical unit VIO 300D-2 for minimally invasive neurosurgery (MIN). The “N” (Neuro) programme 
provides fi nest power tunings for the requirement of MIN (Erbe Elektromedizin GmbH)       

  Fig. 8.6    Flexible Marburg ®  bipolar cutting and coagula-
tion probe (Erbe Elektromedizin GmbH) Specifi cations: 
diameter 0.9 mm, working length 600 mm, insulated, 

needle length adjustable from 0 to 3 mm, maximal operat-
ing voltage 500 Vp       
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10 %. All moving parts of the microforceps are 
located in the internal lumen of the sheath [ 25 ].

8.10          Laser Application 

 Thin laser probes and ultrathin bare laser fi bres 
can be used either for different purposes in endo-
scopic neurosurgery [ 3 ]. The main indications 
are ETV, septostomy and membranectomy [ 16 ]. 
When we started our neuroendoscopic activities, 
we preferred bare laser fi bres adapted to a 

Neodymium–YAG laser system (Fig.  8.8 ). How-
ever, the use of laser energy can have the 
 disadvantage of uncontrolled energy delivery, 
which can give disastrous thermal effects to the 
brain. After developing the above-mentioned 
new microdevices for ESU, we abandoned using 
lasers for neuroendoscopic interventions. This is 
in contrast to others who have reported their 
results from using laser technology in endoscopic 
neurosurgery recently without complications. 
They claim that with the new LASER technology 
a controlled application is possible [ 20 ].

12
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  Fig. 8.7    Novel multipurpose bipolar instrument for endoscopic neurosurgery       

a b

  Fig. 8.8    ( a ) Neodymium–YAG laser, ( b ) bare laser fi bre forwarded to the working channel of the fl exible, steerable 
endoscope       
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8.11        Intraluminal Ultrasound 
and Navigated Ultrasound 

 Intraluminal ultrasound has its main applications 
in endovascular, intraurethral and intrabiliary 
interventions. In 1996 the fi rst use of intraluminal 
ultrasound for endoscopic neurosurgery in cases 
of intracerebral space-occupying lesions has 
been published [ 20 ]. The ultrasonic system con-
sisted of the Siemens Sonoline SI 450, combined 
with the CVIS intravascular ultrasonic system. 
The ultrasonic probe has a 5F diameter and a 
length of 90 cm. The frequency is 30 Hz and the 
maximal radial penetration depth 15 mm. The 
ultrasonic probe is directed intraoperatively to 
the centre of the lesion under endoscopic control. 
In small solid or in cystic lesions, we are able to 
measure the diameter of the intracerebral lesion 
and to defi ne its relationship to normal brain tis-
sue. For the future ultrasound-navigated neuroen-
doscopy through a burr hole could also be an 
option in diagnosis and treatment of hydrocepha-
lus (Fig.  8.9 ).

8.12        Three-Dimensional Approach 
Planning and Intraoperative 
Orientation 

 Different technologies can be applied for 
approach planning and intraoperative orientation. 

 Frame-based stereotaxy for neuroendoscopy 
was described by us the fi rst time in 1990 [ 7 ] 
(Fig.  8.10 ). Today it is replaced by frameless neu-
ronavigational guidance [ 28 ].

   The exact three-dimensional approach 
 planning, localisation of the burr-hole approach, 
trajectory and localisation of the target point or 
region, as well as the maintenance of the trajec-
tory during endoscopy, reduce the risk of inad-
vertent damage of vital structures [ 9 ]. Especially 
in patients with large ventricles and in cases with 
bloody or blurry CSF or small foramen of Monro, 
image guidance using stereotactic techniques is 
very helpful (Fig.  8.11 ).

   In specifi c pathologies intraoperative dynamic 
digital subtraction ventriculography is a useful tool 
for intraoperative quality control of interventions in 

the ventricular system. With DDSV we are able to 
show in real-time mode the restoration of CSF fl ow 
in obstructive hydrocephalus after third ventricu-
lostomy or the improvement of CSF circulation in 
multiloculated hydrocephalus after septostomy. 

 Intraoperative fl uoroscopy is also helpful in 
cases with ventriculomegaly or multiloculated 
hydrocephalus, where intraoperative navigation 
through the distorted ventricular system is diffi -
cult (Fig.  8.12 ).

8.13        BrainSUITE 

 The so-called BrainSUITE integrates all facets of 
modern neurosurgery. Neuronavigation, opera-
tion microscope and intraoperative MRI can be 

  Fig. 8.9    ( a ) Siemens Sonoline probe (SI 450) for applica-
tion of intraluminal ultrasound ( b ) and ( c ) navigated ultra-
sound in endoscopic treatment of hydrocephalus         
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combined with neuroendoscopy. This is of 
 special value for brain tumour biopsy and pitu-
itary surgery (Fig.  8.13 ).

8.14        Virtual Reality Simulation 

 Advances in computer technology have permitted 
virtual reality images of the ventricular system. 
To determine the relevance of these images, we 

have compared virtual reality simulations of the 
ventricular system with endoscopic fi ndings. The 
virtual fl y-through can be simulated after defi ni-
tion of waypoints. Flight objects of interest can be 
viewed from all sides. Important drawbacks are 
that fi ligree structures may be missed and blood 
vessels cannot be distinguished clearly [ 6 ,  22 , 
 23 ]. However, virtual endoscopy can presently be 
used as a planning tool or for training and has 
future potential in neurosurgery (Fig.  8.14 ).

c

Fig. 8.9 (continued)
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  Fig. 8.10    Stereotactic 
neuroendoscopy: the fl exible 
endoscope is forwarded 
stereotactically into the 
ventricular system       
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  Fig. 8.11    Neuronavigation: 
( a ,  b ) Brainlab System, ( c ) 
vacuum    head rest, ( d ) 
three-dimensional planning 
of the operative trajectory for 
a cystoventriculostomy         

a

b c
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dFig. 8.11 (continued)

  Fig. 8.12    Intraoperative fl uoroscopy – ETV: ( a ) poste-
rior clinoid process as a bony landmark, ( b ) bipolar    
microelectrode touching the fl oor of the third ventricle, 

( c ) ventriculography shows an obstruction of the aqueduct 
( red      arrow ), ( d ) strong CSF fl ow into the interpeduncular 
cistern    after ETV ( yellow arrow )       

a b 
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a

c d

b

  Fig. 8.13    BrainSUITE   : ( a ) intraoperative MRI, ( b ) microscope, ( c ) neuroendoscope, ( d ) screen       

Fig. 8.12 (continued)

c d
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       Conclusion 

 Today, after a long developmental period, 
endoscopy is well integrated in the environ-
ment of the modern neurosurgical operating 
room. Neuronavigation    and microsurgery as 
well as intraoperative MRI or ultrasound are 
compatible techniques in special indications. 
However, these technologies are cost-intensive 
and very sensitive and tend to break. Knowledge 
of the endoscopic topographical anatomy and 
the availability of basic and useful instruments 
are therefore indispensable prerequisites.     
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9.1            Introduction 

 Hypothalamic hamartomas (HH) are rare 
 nonneoplastic congenital malformations con-
sisting of masses of ectopic neuronal tissue 
that arise from the inferior hypothalamus or 
the tuber cinereum [ 1 ,  2 ]. Hypothalamic ham-
artomas are often associated with an epileptic 
syndrome which usually begins in early child-
hood with gelastic seizures and continues with 
generalized epileptic encephalopathy, infantile 
spasms, cognitive decline, and behavioral dis-
orders [ 3 ,  4 ]. They are associated also with rage 
attacks, emotional liability, precocious puberty, 
and mental retardation [ 5 ]. Once the behavioral 
and cognitive problems appear, they usually 
become progressive. The epilepsy due to HH is 
usually refractory to antiepileptic drugs and if 
left untreated evolves into more sinister epilep-
tic patterns as the child grows [ 6 ,  7 ]. In these 
cases the video EEG monitoring is of limited 
benefi t and may lead to wrong conclusions. For 
this reason, the HH should be properly treated, 
often using more than one therapeutic option.  

9.2     Classifi cation 

 The HH are classifi ed anatomically according to the 
Delalande classifi cation based on size and amount 
of and laterality of attachment to the hypothalamus 
[ 8 ]. Type I has a horizontal  infi ltration plane and 
may be lateralized on one side. Type II has vertical 
insertion plane and intraventricular location 
(Fig.  9.1 ). Type III is a combination of I and II. Type 
IV includes all giant hamartomas (Fig.  9.2 ).

    Depending on the anatomical position, the 
surgeon has to choose the correct approach or a 
combination [ 9 ]. In most cases, the HH is primar-
ily attached to the hypothalamus on one side. 
Less often, an equal bilateral attachment is pres-
ent. Apart from the cases presenting only with 
precocious puberty that can be treated medically, 
all other patients usually demand a more invasive 
method [ 10 ,  11 ].  

9.3     Management Options 

 The various treatment options include surgical 
excision or disconnection through transcallosal 
interforniceal approach, orbitozygomatic 
approach or endoscopic approach, gamma knife, 
stereotactic radiofrequency ablation, stereotactic 
laser ablation, and deep brain stimulation [ 12 , 
 13 ]. Usually the surgery of HH is a multistep sur-
gery [ 14 ]. No single approach is the best or is 
appropriate in all cases [ 15 ,  16 ]. It is important to 
remember that a HH cannot be distinguished 
from normal hypothalamus under microsurgical 
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view. Only the abnormal anatomy that it forms 
allows the surgeon to determine where to stop 
resection. Hence, assistance from image guid-
ance is of paramount importance, regardless of 
surgical technique and approach. 

 The transcallosal, interseptal, interforniceal 
approach is the preferred approach for large HHs 
with a signifi cant intraventricular component 
located superior to the level of the optic tracts [ 17 ] 
(Fig.  9.2 ). This approach can be used alone to treat 
large type II lesions. Many type III and IV lesions 
require a staged approach. If the lesion is entirely 
medial to the line of sight down the wall of each 
hypothalamus, then a large type III or IV lesion can 
be disconnected during one operation. In young 
patients (<6 years old) and in patients with a small 
residual cavum septum, the leaves of the septum 
pellucidum are easily separated. This feature facil-
itates safe separation of the fornices. As the patient 
ages, the interforniceal dissection becomes more 
diffi cult (used until 12 years of age). It is a long 
reach to the inferior margin of large type III and IV 
HHs and often requires working at the tips of the 
microsurgical instruments with a reduced amount 
of control. A typical disadvantage of this approach 
is that the removal of very large lesions carries 
high risk of severe problems with sodium, but it 
is useful in moderate lesions in children especially 
when attached on both sides. Another problem 

  Fig. 9.1    Example of a small type II hamartoma suitable 
for endoscopic treatment. T-2-weighted sagittal ( left ) and 
coronal ( right ) MR images showing a hypothalamic 

 hamartoma with vertical insertion plane and intraventri-
cular location (Used with permission from Barrow 
Neurological Institute)       

  Fig. 9.2    Example of a big type IV hamartoma requiring 
multiple-step surgery. T-1-weighted coronal MR image 
showing a giant hamartoma with wide insertion bilaterally 
and an intraventricular extension       
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of this method is with adults who have been on 
 anticonvulsants all their lives and they have very 
thick skulls adherent to sagittal sinus. 

 The modifi ed orbitozygomatic craniotomy is 
another valid surgical option because it can maxi-
mize working space and light, minimize brain 
retraction, and achieve as low and lateral of an 
angle as possible to lesions with bilateral attach-
ment [ 18 ,  19 ]. The key to successful visualization 
of the inferior hypothalamus, mammillary body, 
optic tract, and pituitary stalk is achieving a very 
fl at or even upward-looking trajectory. This tra-
jectory is best obtained through a supraorbital 
craniotomy by extradural drilling of the ridges 
formed by the orbital part of the anterior skull 
base. In the case of the orbitozygomatic approach, 
it is performed by removing the orbital rim and 
orbital roof. The modifi ed orbitozygomatic 
approach and a wide sylvian fi ssure dissection 
allow the most lateral and upward angle for dis-
connection of lesions with bilateral attachments. 
Standard subfrontal dissection and wide splitting 
of the proximal sylvian fi ssure are performed. 

 Endoscopic resection is preferred as the 
 stand- alone surgical treatment for small type II 
HHs (Fig.  9.1 ) and as a stage in the treatment of 
small type III HHs [ 20 ,  21 ]. Stereotactic guid-
ance is required in these cases for three reasons. 
The entry point is chosen based on using the tra-
jectory views provided by the stereotactic soft-
ware. The trajectory of resection is determined 
by tracking the end of the endoscope and again, 
using the trajectory views to best estimate the 
course of the HH/normal hypothalamus interface 
(Fig.  9.3 ). Endoscopic entry into a small ventricle 
is often aided by stereotaxy. The entry point is 
determined by fi nding the point on the scalp that 
is intersected by a line drawn from the anterior 
edge of the side of HH attachment to the hypo-
thalamus and the anterior edge of the contralat-
eral Monro foramen. This is easily done using the 
trajectory views provided by the stereotactic soft-
ware. Thus, a right-sided HH will be approached 
from the patient’s left side (Fig.  9.4 ). Once the 
entry point is chosen, a generous burr hole is 
made, and the dura is coagulated and opened. 

  Fig. 9.3    Graphic illustration 
showing the endoscopic 
approach of disconnection 
of hypothalamic hamartoma 
(Used with permission from 
Barrow Neurological 
Institute)       
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The pia is also coagulated and opened. We then 
place a peel-away sheath into the brain along the 
appropriate trajectory and stop just short of the 
ventricle. Most patients do not have hydrocepha-
lus, and blindly placing a sheath in a small ven-
tricle is challenging. Once the sheath is placed, 
we use a stereotactically tracked 30° endoscope 
and endoscopic visualization to advance the tip 
of the scope into the ventricle. Once the ven-
tricle is entered, gentle irrigation is infused to 
induce mild ventriculomegaly, and the sheath is 
advanced over the endoscope until it is just inside 
the lateral ventricle. Placement of the sheath in 
the ventricle relieves the ventriculomegaly and 
leaves a small space within which to work. The 
choroid plexus and anatomy of the ventricular 
venous system guide the endoscope through the 
Monro foramen and into the third ventricle. Care 
must be exercised to avoid forcefully impinging 
on the fornix at the anterior margin of the fora-
men. While the tip of the endoscope is in the third 
 ventricle, the fornix is not visible. The entry point 
is chosen as described above because the fornix 
will not tolerate anterior “windshield wiping” of 
the endoscope. Gentle posterior “windshield wip-
ing” movements are better tolerated but should 
be minimized. Once the third ventricle has been 
accessed, gentle irrigation will separate the walls 
enough to provide a clear view of the anterior and 
posterior margins of attachment. The endoscope 

is secured in place using a robotic manipula-
tor arm. We then obtain microelectrode record-
ings in the HH for research purposes. A distinct 
cleft or indentation marks the border of the HH 
attachment to the hypothalamus (Fig.  9.5 ). Using 
this cleft as the starting point, we use the ste-
reotactic trajectory view to determine the angle 
of the disconnection. The resection begins by 
using a grasper through the working port of the 

  Fig. 9.4    T-2-weighted 
coronal MR image showing 
a type II hypothalamic 
hamartoma. The  black line  
and  arrow  show the ideal path 
of the endoscope and the site 
of the proposed disconnec-
tion. Such a path is designed 
with the neuronavigation 
software, to facilitate surgery 
planning and execution. 
Comparison can be made with 
the illustrative image of 
Fig.  9.3 . Reprinted from 
Wait SD, Abla AA, Killory 
BD, Nakaji P, Rekate HL: 
Surgical approaches to 
hypothalamic hamartomas, 
 Neurosurg Focus , 30(2): E2, 
2011, with permission from 
the American Association of 
Neurological Surgeons       

  Fig. 9.5    Endoscopic view of a biopsy forceps ready to 
take a biopsy from a hypothalamic hamartoma. A distinct 
cleft or indentation ( upper left part of image ) marks the 
border of the HH attachment to the hypothalamus       
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 endoscope (Fig.  9.6 ). We start at the posterior 
edge of the HH and work anteriorly. This cycle is 
repeated until the pial surface on the deep side of 
the HH is reached. As the disconnection  proceeds 
deeper, the remaining disconnected HH falls away 
medially from its hypothalamic attachment. We 
resist the temptation to pull out large chunks of 
the HH as it is disconnected. Doing so makes the 
interface swing laterally and increases the dif-
fi culty in disconnecting the most inferolateral 
attachment. Once the HH is disconnected, it is 
grasped and the endoscope/grasper complex is 
removed from the ventricle in one piece. If the 
HH is too large to fi t through the foramen, it is 
morcellized before it is removed. Irrigation with 
or without coagulation is used to stop any bleed-
ing. A ventriculostomy catheter is typically left 
in place and removed the next day. One surgical 
pearl needs to be emphasized: The HH cannot 
reliably be distinguished from the hypothalamus 
based on the difference in the color or consis-
tency. Hence, such clues cannot be relied upon to 
guide resection. It is best to think of the resection 
as a straight-line disconnection guided by the ini-
tial angle determined by stereotaxy and proceed 
down that line until the deep pia/arachnoid sur-
face is reached or the inferior margin of the lesion 
as determined by neuronavigation is reached. By 
not breaching the pial surface, deeper  structures 

such as the optic tract and perforating vessels 
remain beyond the reach of the instruments. 
Breaching this surface and damaging the per-
forating arteries can result in small  infarctions 
of the basal ganglia and internal capsule. Such 
infarctions are often, but not always, clinically 
silent. If any part of the HH is positioned superior 
to the mammillary body, the disconnection must 
be shallow over the mammillary body to avoid 
its injury [ 22 ]. However, many of these patients 
are so clinically and socially impaired that clini-
cally signifi cant damage to a mammillary body 
or fornix would not be evident. For this reason, 
it is reasonable to be more  aggressive in pursu-
ing resection or disconnection and in tolerating 
damage to relieve epilepsy in severely affected 
patients.

      Gamma knife surgery (GKS) can be also a 
valid alternative treatment [ 23 – 26 ]. It is more 
suitable for small lesions where it is more likely 
to succeed. The usual dose is 17 Gy centered on 
the interface with the hypothalamus. The optic 
chiasm and tract should possibly be avoided 
and it can only tolerate 8 Gy. Another advan-
tage of this method is that it can be repeated 
and it can be used as an adjunct to an incom-
plete tumor resection. The results are promising 
since one out of three is seizure-free at 2 years’ 
follow-up.  

9.4     Results of Surgery 

 Recently we reviewed 165 cases of symptomatic 
HH [ 15 ]. Of the 165 patients with symptomatic 
HHs, 14 underwent skull base approaches as 
their initial surgery. Of those 14 patients, 3 
required a second approach (endoscopic discon-
nection of residual HH). GKS was performed in 
14 patients as their initial treatment; three of 
these patients had subsequent endoscopic 
approaches. Ninety patients underwent endo-
scopic approaches as their initial surgery. Seven 
patients had additional procedures (GKS for 
residual HHs after orbitozygomatic craniotomy 
in 1 and transcallosal approach in 6). Overall we 
have had a 70 % rate of complete seizure freedom 
and 140/165 (89 %) with >90 % reduction in total 
seizure frequency. Six patients were not relieved 

  Fig. 9.6    Endoscopic view of hypothalamic hamartoma 
removal       
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despite complete tumor resection. The complica-
tions were diabetes insipidus in 30 patients (per-
manent in 8), 1 patient with basal ganglia injury 
from scope, and 1 death from injury of the supe-
rior sagittal sinus.  

    Conclusion 

 Usually the surgery of HH is a multistep surgery. 
The goal should always remain though the total 
resection, even if the disconnection leads to 
improvement of seizure frequency. Because of 
the catastrophic behavior of precocious puberty 
even without seizures and the nature of epileptic 
encephalopathy, early intervention must be war-
ranted. The use and the planning of one or more 
approaches depend on the characteristics of each 
lesion and can provide satisfactory results. The 
endoscopic disconnection of HHs seems to be 
safer and more effective than other modalities 
but requires a learning curve from a neurosur-
geon familiar with endoscopic techniques.     
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10.1            Introduction 

 Endoscopic surgery for intraventricular brain 
tumors is a logical application of endoscopic 
technology. Because of the central and deep loca-
tion of many childhood brain tumors intraven-
tricular, conventional neurosurgical approaches 
have a relative increase in potential morbidity. 
The location of intraventricular tumors being 
within a CSF compartment affords excellent light 
and image transmission. The fact that most chil-
dren with intraventricular tumors have concomi-
tant hydrocephalus makes endoscopic surgery 
particularly attractive since simultaneous proce-
dures can be employed both for CSF diversion 
and tumor management. In addition, the inherent 
benefi ts of minimally invasive techniques includ-
ing reduced surgical time, improved cosmetic 
results, shortened hospital stay, and reduced cost 
also factor into the appeal of neurosurgical endos-
copy for children with intraventricular tumors. 
Endoscopic procedures for children with brain 
tumors can be categorized into the main topics of 
tumor cyst fenestration, tumor biopsy, tumor 
removal, and metastatic assessment.  

10.2     Patient Selection 

 Patient selection is critical in optimizing the 
desired surgical goal, avoiding unnecessary pro-
cedures, and minimizing surgical morbidity. The 
intended surgical goal must be carefully estab-
lished prior to surgery. Many children that can 
undergo endoscopic surgery may not be logical 
candidates since they will ultimately require con-
ventional surgical tumor removal or no surgery. 
In selecting patients, the less experienced sur-
geon should begin with less demanding cases 
(septal fenestration and endoscopic third ven-
triculostomy) and eventually incorporate more 
complex cases (colloid cyst and solid tumor 
resection). Although endoscopic surgery can be 
accomplished in patients with normal-sized ven-
tricles, concomitant hydrocephalus affords eas-
ier ventricular cannulation and intraventricular 
navigation [ 1 ].  

10.3     Endoscopic Procedures 

10.3.1     Endoscopic Fenestration 

 Tumor cyst fenestration is an appealing therapeu-
tic option when a patient’s symptoms can be 
relieved by cyst decompression and when aggres-
sive tumor resection may be avoided. 
Craniopharyngiomas, hypothalamic/chiasmatic 
astrocytomas, and suprasellar germ cell tumors 
are examples of such tumors (Fig.  10.1 ) [ 2 ,  3 ]. 

        M.  M.   Souweidane ,  MD, FAAP, FACS     
  Neurological Surgery ,  Weill Cornell Medical College , 
  New York ,  NY ,  USA   
 e-mail: mmsouwei@med.cornell.edu  

 10      Endoscopic Management 
of Intraventricular Brain Tumors 
in Children 

           Mark     M.     Souweidane    



118

Transventricular endoscopic cyst decompression 
is a minimally invasive method for temporarily or 
permanently alleviating obstructive hydrocepha-
lus or visual loss.

   For most cystic tumors causing obstructive 
hydrocephalus at the level of the third ventri-
cle, a standard coronal approach is an ideal tra-
jectory. Tumor cysts in the region of the 
posterior third ventricle, typically being benign 
mesencephalic tumors, need to be approached 
from a far- precoronal entry similarly used for 
biopsy or removal of pineal region tumors 
(Fig.  10.2 ).

   Regardless of tumor position, one should 
attempt to create the largest fenestration possi-
ble to reduce any future occlusion of the opening 
(Fig.  10.3 ). Unlike a technique used for endo-
scopic third ventriculostomy, energy sources 
such as bipolar coagulation or laser are used 
to generously cut through the tumor cyst mem-
brane. Although rare, infl ammatory changes in 
the CSF from cyst contents are reduced with 
preoperative corticosteroids and continuous 
irrigation.

10.3.2        Tumor Biopsy 

 Endoscopic tumor biopsy is a well-established 
method for sampling intraventricular brain tumors. 
The results of these minimally invasive techniques 
can have a profound impact on the management of 
children with intraventricular brain tumors [ 4 – 7 ]. 
The diagnostic yield is high and the risk is low 
[ 8 ,  9 ]. In the author’s current series of 80 patients 
who have undergone endoscopic biopsy, the diag-
nostic yield was 98 % (78/80 diagnostic samples) 
with a 1.3 % risk of postoperative permanent neu-
rologic morbidity. Endoscopic tumor biopsy is 
of particular importance in patients in which the 
overall oncologic management may not require an 
aggressive or total tumor removal. Thus, a patient 
in whom the potential diagnosis includes a germ 
cell tumor, infi ltrative hypothalamic/optic pathway 
glioma, and Langerhans cell histiocytosis would be 
an ideal candidate for a minimally invasive endo-
scopic diagnostic sampling. Given that the majority 
of these tumor types occur in young patients, age 
is quite infl uential in the decision-making  process 
regarding the role of endoscopic tumor biopsy. 

a b

  Fig. 10.1    Contrast-enhanced MRI from a patient with a 
recurrent cystic craniopharyngioma who presented with 
visual deterioration. The preoperative image ( a ) demon-
strates the large dimension and mass effect from the tumor 

cyst. The postoperative MRI ( b ) after a right transven-
tricular endoscopic fenestration reveals the reduction in 
size and mass effect of the cyst       

 

M.M. Souweidane



119

A patient with a clinical suspicion of CNS germ cell 
tumor with positive serum tumor markers (βHCG, 
αAFP) represents a relative contraindication for 
endoscopic tumor sampling. The tumor morphol-
ogy also plays a role in assessing the potential for 
safe endoscopic biopsy. In short, only tumors that 
exhibit an exophytic component into the ventricle 
are logical candidates for  endoscopic tumor biopsy 

(Fig.  10.4 ). Subependymal tumors that do not pres-
ent into the ventricular system even though they 
may distort the ventricular walls can be diffi cult to 
locate intraoperatively and alternative methods of 
tumor sapling should be considered.

   Surgical planning with navigational guidance 
will result in less torque on cortical and subcortical 
tissues and hence is an important adjunct for endo-
scopic tumor biopsy [ 10 ,  11 ]. Once the tumor is 
visualized, cupped biopsy forceps are used to 

a b

  Fig. 10.2    Sagittal T2-weighted MRI before ( a ) and after ( b ) endoscopic fenestration of a cystic tumor at the rostral 
mesencephalon. This adolescent male required no further therapy for a biopsy-proven low-grade glial tumor       

  Fig. 10.3    Endoscopic view through a large fenestration 
created in a cyst of the right lateral ventricle. The wide 
margins of the fenestration ( arrows ) minimizes the poten-
tial for subsequent occlusion       

  Fig. 10.4    Endoscopic view into the frontal horn of the 
lateral ventricle demonstrates an ideal tumor for endo-
scopic biopsy or removal. The tumor is exophytic into the 
ventricular compartment and distinct from the ependymal 
surface       
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 sample the tumor (Fig.  10.5 ). Sites of sampling are 
chosen that most likely represent pathologic tissue, 
are relatively avascular, and require as little torque 
as possible. The small samples of tissue obtained 
with cupped forceps are challenging for accurate 
pathologic interpretation, and every attempt should 
be made to minimize artifact from electrocautery. 
Therefore, the use of coagulation on the tumor sur-
face, as logical as that may seem, should be avoided 
prior to sampling. Varying degrees of venous hem-
orrhage invariably occur with cupped biopsy for-
ceps. This degree of hemorrhage will typically be 
controlled with continuous irrigation, balloon tam-
ponade, or electrocautery. The number of samples 
should be governed by frozen specimen interpreta-
tion and no more tissue than is absolutely neces-
sary is taken in an effort to reduce intraventricular 
hemorrhage.

10.3.3        Simultaneous Tumor Biopsy 
and Endoscopic Third 
Ventriculostomy 

 The prominence of pineal region tumors in chil-
dren coupled with the high frequency of tumors 
that may not necessitate aggressive surgical 

resection converges nicely with endoscopic 
applications [ 12 – 15 ]. Notably, primary central 
nervous system germ cell tumors (CNS GCT), 
both pure germinomas and nongerminomatous 
germ cell tumors, can be effectively treated with-
out radical resection. Thus, children who present 
with noncommunicating hydrocephalus with a 
pineal region tumor should always be considered 
for primary endoscopic management by way of 
ETV and tumor biopsy (Fig.  10.6 ). Serum 
 biochemical analysis for alpha-fetoprotein (AFP) 
and human chorionic gonadotropin (HCG) 
should always precede endoscopic biopsy since 
marker-positive GCT should be initially man-
aged with neo-adjuvant chemotherapy.

   While the child with a pineal region tumor and 
noncommunicating hydrocephalus represents 
one of the best surgical candidates for endoscopic 
surgery, the situation can represent a challenging 
procedure. Navigating the endoscope into the 
limited space of the posterior third ventricle and 
sampling tumors that are variably hemorrhagic 
contribute toward this challenge. Since the opti-
mal trajectory for ETV (coronal entry) and pineal 

  Fig. 10.5    Cupped biopsy forceps are used for tumor sam-
pling in this posterior third ventricular/pineal region 
tumor. The tumor is clearly distinguished from the walls 
of the hypothalamus       

  Fig. 10.6    Sagittal T1-weighted MRI after administration 
of contrast agent reveals a cystic enhancing tumor in the 
pineal region. This adolescent male who presented with 
symptoms of hydrocephalus had no detectable serum 
markers (AFP, HCG) and thus underwent a simultaneous 
endoscopic third ventriculostomy and tumor biopsy. He 
was subsequently treated for a pure germinoma with no 
further surgery       
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region tumor biopsy (frontal-precoronal entry) is 
distinct, a single or dual entry site will need to be 
chosen if a rod lens endoscope is used (Fig.  10.7 ). 
It is advised to choose a technique that best suites 
the individual patient based upon the ventricular 
size, the relative position of the tumor, the dimen-

sion of the massa intermedia, and the surgical 
goal. Typically, a combined approach through a 
single burr hole mandates that the entry site be 
located midway between the optimal entry sites 
for either separate procedure. This single 
approach is best used when the tumor presents 
anterior to the massa intermedia, when the massa 
is small, when the degree of ventriculomegaly is 
severe, or when the tumor size obviates any con-
sideration for total tumor removal. Alternatively, 
when tumors that are recessed behind the massa 
intermedia, when the degree of ventriculomegaly 
is moderate, when tumors may be amenable to 
total removal (<2 cm), or when the massa inter-
media is large, two sites of entry are advocated; 
one being optimal for the tumor biopsy and the 
other being optimal for the ETV (Fig.  10.8 ). 
Although fi beroptic or steerable endoscopes are 
ideally suited for this combined procedure, the 
smaller working channels, the greater potential 
for disorientation, and the decreased image reso-
lution associated with these endoscopes all have 
limited their widespread appeal.

    When performing simultaneous ETV and 
tumor biopsy, it is preferred to perform the ETV 
prior to tumor biopsy. This order is advocated 
since the most pressing clinical condition of non-
communicating hydrocephalus should be defi ni-

  Fig. 10.7    This illustration depicts the ideal and separate 
trajectories for endoscopic third ventriculostomy (precor-
onal entry) and a pineal region tumor approach (frontal- 
precoronal). The use of a single or dual entry is determined 
by the characteristics of the tumor and the third ventricu-
lar anatomy (Illustration provided by Thom Graves of 
Thom Graves Media, New York, New York.)       

a b

  Fig. 10.8    Sagittal MRI of two different patients that 
underwent simultaneous ETV and tumor biopsy for 
hydrocephalus and a pineal region tumor. Tumors that 
extend anterior to the massa intermedia in patients with 

signifi cant ventriculomegaly ( a ) are good candidates for a 
single trajectory while smaller tumors or less hydrocepha-
lus ( b ) may require two different approaches       
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tively addressed prior to any visual potential 
obscuration by hemorrhage that invariably occurs 
with tumor biopsy. Thus far, the hypothetical 
concern of tumor dissemination from the intra-
ventricular compartment to the subarachnoid 
space following this simultaneous procedure has 
not been supported by retrospective clinical 
series [ 16 ]. However, metastatic spread of tumor 
at the endoscopic path has been documented and 
thus the actual risk of tumor spread remains 
undefi ned [ 17 ,  18 ].  

10.3.4     Solid Tumor Resection 

 Solid tumor removal, although a logical applica-
tion of endoscopic techniques, is somewhat lim-
ited due to the inadequacy of compatible 
instrumentation and the small caliber of current 
endoscopic portals. The success of endoscopic 
tumor removal is dependent upon the tumor char-
acteristics including size, density, and vascular-
ity. Tumors larger than 2 cm, those that have 
appreciable calcifi cation on computed tomogra-
phy (CT), and those that have signifi cant subep-
endymal infi ltration are not currently amenable 
to endoscopic removal. Variables that can limit 
complete endoscopic tumor removal are nearly 

impossible to predict based on current imaging 
techniques. When a patient is being considered 
for purely endoscopic tumor removal, noncon-
trast CT can be used to estimate the degree of 
mineralization based on the presence or absence 
of solid calcifi cations. 

 Thus far, most descriptions for tumor removal 
have focused on the colloid cyst, a rare tumor of 
childhood. The colloid cyst, unlike solid tumors, 
lends itself to endoscopic removal given the pri-
marily cystic nature of that mass [ 19 – 23 ]. 
However, children with small, non-mineralized, 
and avascular tumors are excellent candidates for 
primary endoscopic removal (Fig.  10.9 ) [ 24 – 30 ]. 
Larger tumors that are pedunculated at the epen-
dymal surface are also good candidates for endo-
scopic removal (Fig.  10.10 ). In this situation, the 
pedunculated aspect of the tumor is fi rst con-
trolled with coagulation and sharp dissection fol-
lowed by removal of the tumor in a piecemeal 
fashion or by delivering the tumor in total through 
the scope pathway.

    Integrated stereotactic navigational guidance 
is important to obtain a direct approach toward 
the tumor surface (Fig.  10.11 ). An angled rigid 
lens system is preferred to the variability in view-
ing angles within a restricted fi eld. The opti-
mal  surgical plan is obtained through careful 

a b

  Fig. 10.9    Sagittal MRI with contrast administration prior ( a ) and after ( b ) endoscopic total removal of a posterior third 
ventricular ependymoma       
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 inspection of high-resolution MRI scans in three 
dimensions. The T2-weighted sequences are 
very helpful in delineating tumor margins and 
potential sites of tumor attachment. For third 
ventricular and pineal region tumors, the later-
ality of the entry is governed by any asymmetry 
of the  ventricular size or relative eccentricity of 
the tumor within the third ventricle. If the tumor 

favors one side of the third ventricle, it is best to 
plan on a contralateral entry site to optimize visu-
alization of the tumor and tumor-brain interface 
(Fig.  10.12 ).

    At the time of tumor exposure, cupped biopsy 
forceps should be utilized initially prior to the 
application of any energy source to ensure the 
best opportunity for pathologic interpretation. 

a b

  Fig. 10.10    Axial ( a ) and sagittal ( b ) MRI of a 14-year-old male with an intraventricular choroid plexus papilloma. The 
small pedunculated attachment at the base of the tumor is an appealing feature for endoscopic removal       

  Fig. 10.11    Most endo-
scopes are easily integrated 
for use with navigational 
guidance. This image 
demonstrates how the 
refl ecting spheres for 
optically-guided stereotaxy 
are positioned away from the 
working channels of the 
sheath       
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Once the specimen has been obtained for histo-
logic diagnosis, the tumor is then removed 
sequentially, utilizing electrocautery or laser, 
cupped biopsy forceps, and suction aspiration. 
The application of electrocautery or laser within 
the tumor parenchyma alters the consistency of 
the tumor, so as to allow aggressive suction 
 aspiration. Again, suction should only be applied 
once the aspirator is placed within the 
 parenchyma of the tissue, so as to avoid CSF 

evacuation. Continuous irrigation is utilized to 
maintain a clear visual fi eld. Hemostasis is main-
tained as discussed above. Once the entire solid 
tumor has been removed, electrocautery is uti-
lized at the site of ependymal attachment to 
decrease any potential for microscopic residual 
tumor. The use of a ventricular drain is decided 
on an individual basis depending upon the degree 
of hemorrhage and preoperative condition of the 
patient.  

a b

c

  Fig. 10.12    This axial T2-weighted MRI ( a ) illustrates a 
pedunculated third ventricular tumor attached to the right 
hypothalamus. A left frontal entry site was used to offer 

direct visualization of the tumor-brain interface ( b ). The 
endoscopic view into the back of the third ventricle con-
fi rms a total removal of an ependymoma ( c )       
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10.3.5     Disease Staging 

 An important and unique physiologic feature of 
primary pediatric brain tumors is the potential for 
cerebrospinal fl uid dissemination. Only through 
accurate staging can children be assigned to 
appropriate therapeutic strategies. The neurosur-
geon’s role in diagnostic staging is considerable. 
Preliminary data exists to support the notion of 
using endoscopic inspection of the intraventricu-
lar system in children with certain brain tumors. 
Tumor dissemination observed during  endoscopic 
surgery has recently been highlighted in patients 
with germ cell tumors in which the preoperative 
magnetic resonance imaging failed to exhibit 
metastatic disease (Fig.  10.13 ) [ 31 ,  32 ]. This 
method is awaiting validation through  cooperative 
group studies and may be integrated into future 
diagnostic protocols in certain conditions.

        Conclusion 

 Endoscopic surgical management for intra-
ventricular brain tumors in children has bur-
geoned over the past decade to a fi eld with 
clearly defi ned surgical indications, dedicated 
instrumentation, and general acceptance by 

the  neurosurgical community. Patient selection 
requires a thorough understanding of neuro-
oncologic principles and the limitations of 
neuroendoscopic methods. Endoscopic tumor 
biopsy has been shown to be highly success-
ful while affording signifi cant advantages 
over conventional neurosurgical techniques. 
Simultaneous CSF diversion through ETV at 
the time of tumor biopsy further contributes 
to the appeal of endoscopic methods in chil-
dren with brain tumors. Endoscopic excision of 
solid intraventricular tumors, although feasible, 
remains challenging due to technical limitations. 
Intraoperative stereotactic guidance contributes 
greatly toward a safer and more effi cacious pro-
cedure and should be considered as an integral 
adjunct in patients undergoing endoscopic neu-
rosurgery for third ventricular brain tumors or in 
patients without hydrocephalus. The potential 
of endoscopic surgery for intraventricular brain 
tumors is expected to expand with technological 
advancements in compatible instrumentation.     
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11.1            Introduction 

 Colloid cysts are histologically benign tumors that 
represent between 0.5 and 2 % of all intracranial neo-
plasms. They are mostly located at the anterior part 
of the third ventricle and are able to cause occlusion 
of the foramen of Monro with resultant obstructive 
uni- or biventricular hydrocephalus. Because of their 
obstructive nature, colloid cysts can cause rapid neu-
rological deterioration and even sudden death [ 1 ]. 

 The usual symptoms of fi rst presentation are 
headache, a progressive or fl uctuating dementia 
with or without symptoms of raised intracranial 
pressure, nausea and vomiting, visual defi cit, gait 
disturbances, seizures, short-term memory defi cit 
(symptoms similar to the triad occurring in normal 
pressure hydrocephalus), and psychiatric symp-
toms (see Table  11.1 ). Sudden death is rare and 
lumbar puncture might be a precipitating factor [ 2 ].

11.2        Management of 
Asymptomatic Colloid Cysts 

 The management of the asymptomatic colloid 
cysts is still very debatable. Many neurosurgeons 
advise “prophylactic” surgical removal to avoid 
catastrophic neurological deterioration. However, 

long-term follow-up study of 68 subjects with 
asymptomatic colloid cysts suggests that only a 
few (8 %) subjects go on to develop symptoms at 
10 years [ 3 ]. To our opinion asymptomatic cyst 
should be monitored frequently (at least annually), 
and patients should be encouraged to report symp-
tomatology without delay. Small (less than 1 cm in 
diameter) asymptomatic cyst without related 
hydrocephalus can be managed safely conserva-
tively. If related hydrocephalus is present or the 
cyst is seen to enlarge on subsequent neuroimag-
ing, risk of deterioration and surgical risk should be 
balanced, taking into account the clinical condition 
of the patient and personal preferences.  

11.3     Management of 
Symptomatic Colloid Cysts 

 The management of symptomatic colloid cysts is 
always surgical, and the choice of the approach 
depends on the surgeon’s preferences. Several 
surgical approaches can be used. The microsurgi-
cal transcortical-transventricular and transcallosal 
approaches were considered gold standard in the 
days before endoscopy. For the last two decades, 
the endoscopic approach developed and gained 
acceptance as an alternative to microsurgical 
techniques [ 4 – 9 ]. It remains debatable if it can be 
considered as the preferential and primary surgi-
cal modality. Surgical expertise and preference is 
a dominant factor. During the last decade, a num-
ber of series on endoscopic removal appeared [ 1 , 
 10 – 18 ]. Due to the rarity of the disease, most series 
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are relatively small and with limited follow-up. 
However, many surgeons consider the endoscopic 
removal of colloid cysts as a valid fi rst-line treat-
ment for these lesions [ 7 ,  18 – 21 ].  

11.4     Neuroendoscopic Technique 
for Removal of Colloid Cysts 

 Colloid cysts are the ideal tumors for neuroendo-
scopic removal except of some limitations 
(Fig.  11.1 ): (1) the content of the cyst may be 
very thick and as a result make the removal 
 diffi cult [ 22 ]; (2) the cyst may be fi rmly attached 

to the ventricular walls and the ventricular veins, 
 requiring careful dissection; and (3) a part of the 
cyst may be hidden under ventricular structures 
and have a diffi cult identifi cation.

   With respect to the operative technique, after 
general endotracheal anesthesia is administered, 
the patient is positioned supine. We propose the 
use of an endoscope that takes large instruments 
(Fig.  11.2 ) and offers the possibility of simulta-
neous use of two instruments (Fig.  11.3 ) and 

    Table 11.1    Clinical symptoms of a series of 90 patients 
with colloid cyst of the third ventricle   

 Symptoms 
 Pre ( n  
patients) 

 Post ( n  
patients) 

 % (patient 
free of 
symptoms) 

 Headaches  83  22  73 
 Visual troubles  34  4  88 
 Sphincter 
troubles 

 8  4  50 

 Gait and 
balance 
troubles 

 22  5  72 

 Consciousness 
troubles 

 21  3  86 

 Memory 
troubles 

 53  23  56 

  Fig. 11.1    Coronal T1w MR image of a 40-year-old man 
with persistent headaches. A round mass is seen in the left 
aspect of the foramen of Monro, causing occlusion of the 
foramen and unilateral dilatation of the right frontal horn. 
This is a typical appearance of a colloid cyst       

  Fig. 11.2    Closeup photograph of the tip of the Storz Decq 
endoscope, showing the facility to introduce through it a 
special puncture needle with incorporated aspiration tube. 
This facilitates the aspiration of the viscous fl uid of the 
colloid cysts       

  Fig. 11.3    Closeup photograph of the tip of the Storz Decq 
endoscope, showing the facility to introduce through its 
two separate working channels a pair of scissors and the 
monopolar diathermy, simultaneously. This arrangement 
facilitates greatly the dissection of the cyst capsule from 
the ventricular walls       
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 irrigation (Fig.  11.4 ) [ 23 ]. The neuroendoscope is 
introduced into the ventricle under freehand 
guidance. The cyst is approached through a burr 
hole placed about 4–5 cm lateral to the midline 
and 1 cm at least (may be more) in front of the 

coronal suture depending on the ventricular 
 confi guration and cyst location. Neuronavigation 
or stereotactic guidance is only used when the 
 ventricles are small (see Fig.  11.5 ) [ 24 ]. A right- 
sided approach is chosen unless the cyst is far 

  Fig. 11.4    Setting of the 
Storz Decq endoscope with 
irrigation system       

  Fig. 11.5    Use of 
 neuronavigation to introduce 
the endoscope in a small 
lateral ventricle       
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more prominent through the left foramen of 
Monro or the right ventricle is too small. The cyst 
is exposed, coagulated, and punctured and the 
content aspirated. When possible, the cyst cap-
sule is coagulated at its attachment site, which is 
then sectioned or carefully pulled out with a for-
ceps to attempt total removal (depends on sur-
geon’s preference). The use of a supraorbital 
endoscopic approach to the colloid cysts has been 
proposed as well, advocating advantages in the 
visualization of the cyst adhesion to the roof of 

the third ventricle (Fig.  11.6 ) [ 25 ]. As a surgical 
advice we would recommend to stay always in 
the lateral ventricle, avoiding entry into the third 
ventricle; make safe maneuvering; and always be 
gentle on grasping and pulling [ 26 ].

11.5            Results 

 Recently we published a series of 90 cases 
between 1994 and 2007 with mean follow-up of 
51 months (4, 3 years) [ 1 ]. The symptoms can 
be summarized in Table  11.1 , before and after 
surgery. In this series the Evans’ index improved 
from 0.42 to 0.36, and only 3 % of the patients 
needed a permanent shunt. The postoperative 
result was evaluated with MRI and is divided in 
three groups radiologically: group A with no 
remnant visible (Fig.  11.7 ), group B with rem-
nant membrane or cyst (with CSF), and group C 
with remnant colloid cyst. The results are shown 
on Table  11.2  and the complications on 
Table  11.3 . The results are considered good, 
with high cyst removal rate, low reoperation, 
and complication rate, comparable if not better 
to the open craniotomy methods. Certainly, 
memory disturbance is less following endo-
scopic removal.

  Fig. 11.6    Diagrammatic illustration of the endoscopic 
approaches for removal of colloid cysts, classic and supra-
orbital, on a sagittal MR image. Directions of surgical 
approaches ( blue lines )       

  Fig. 11.7    Preoperative ( left ) and postoperative ( right ) coronal T1w MR image of a patient with colloid cyst, which was 
removed endoscopically       
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11.6          Discussion 

 In the last years many papers have been pub-
lished supporting the effi cacy and the safety of 
the endoscopic approach over to the classical 
transcallosal approach [ 5 ,  14 ,  21 ,  27 – 29 ] 

(Fig.  11.8 ). The endoscopic approach is 
 associated with a shorter  operative time, shorter 
hospital stay, lower infection rate, and lower 
seizure rate than the transcallosal approach. 
The only limitation of the endoscopic method is 
that in some cases there cannot be a total 
removal of the cyst. For this reason a neurosur-
geon must be familiar with both approaches. 
Given the rarity of the pathology, there is a 
need to concentrate surgical expertise, what-
ever the chosen approach is. On the other hand 
the diffi cult cases for endoscopy are also diffi -
cult cases for microsurgery. Another very 
important factor for successful endoscopic 
removal is the right selection of the instru-
ments. As a conclusion we can say that the 
endoscopic technique can be considered as a 
fi rst-line option for removal of colloid cysts, 
with the acceptance that a small number of 
these patients may need a transcallosal craniot-
omy to remove residual cysts.

        Acknowledgment   We would like to thank Dr C. 
Chamilos, of “Mitera” Children’s Hospital, Athens, 
Greece, for the signifi cant assistance in the writing of this 
manuscript.  

   Table 11.2    Postoperative results following endoscopic 
removal of the colloid cyst (90 patients)   

 Reoperations 

 A  41 (51 %)  46 (57 %)  2 
 B  5 (6 %) 
 C  34 (43 %)  4 

 6 (6 %) 

  Group A: no visible cyst remnant 
 Group B: remnant of cyst membrane 
 Group C: remnant of a frank portion of the colloid cyst  

   Table 11.3    Complications following removal of colloid 
cyst of the third ventricle (90 patients)   

 Meningitis  1 (1 %) 
 Memory defi cit  7 (8 %) 
 Organic psychosyndrome  2 (2 %) 
 Hemiparesis  1 (1 %) 
 Visual defi cit  2 (2 %) 
 Pulmonary embolism  1 (1 %) 
 Wound infection  1 (1 %) 
 CSF leak  1 (1 %) 
 Single postop seizure  1 (1 %) 

  Fig. 11.8    Postoperative sagittal MR images of patients who had colloid cysts of the third ventricle removed with trans-
callosal approach ( left ) and endoscopic approach ( middle and right )       
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12.1            Introduction 

 Enlargement of the brain ventricles is a com-
mon imaging fi nding: In the daily clinical 
practice, the challenge is to recognize a patho-
logical ventricular dilatation [ 1 ]. Several clas-
sifi cations of hydrocephalus have been proposed 
[ 2 ]. Noncommunicating hydrocephalus (NCH) 
is related to an obstacle on the CSF pathways, 
whereas communicating hydrocephalus (CH) 
concerns a pathological ventricular dilatation 
without identifi ed obstacle [ 3 ]. Some authors [ 2 , 
 4 ] consider that the term “obstructive” applies to 
all types of hydrocephalus as the defective CSF 
resorption related to a diffuse subarachnoid block-
age or a venous obstruction represents an obstacle 
to CSF fl ow even if it is not morphologically iden-
tifi able. “Normal pressure hydrocephalus” (NPH) 
is characterized by the clinical triad described by 
Adams and Hakim [ 5 ], namely, a dementia syn-
drome, gait disorders, and sphincter disorders.  

12.2     CSF Flow-Related Artifacts 

 The CSF signal is hypointense on T1-weighted 
sequences, hyperintense on T2-weighted 
sequences, and cancelled out on FLAIR sequences 
by using long inversion times. The CSF signal 
can be altered by fl ow artifacts such as time-of-
fl ight (TOF) signal loss, entry-slice phenomenon, 
or intravoxel dephasing [ 6 ]. Using T2-weighted 
spin echo sequences, TOF signal loss is due to 
protons that do not experience either the initial 
or the refocusing radiofrequency pulse. Entry-
slice phenomenon appears as a fl ow- related 
hypersignal due to unsaturated protons fl owing 
into the slice (Fig.  12.1 ). “Intravoxel dephas-
ing” is observed when fl ow velocities and direc-
tions result in a rapid dephasing and a signal loss 
(Fig.  12.2 ): Such a turbulent fl ow is commonly 
observed within the cerebral aqueduct.

12.3         Steady-State Free Precession 
(SSFP) Sequences 

 Using SSFP sequences, the residual transverse 
magnetization is conserved, participating in both 
the signal and the contrast. There are several vari-
ants in the family of steady- state echo gradient, 
according to the type of echo recorded and how 
the gradients are adjusted [ 7 ]. 

 True fast imaging with steady-state precession 
(true FISP) with dual excitation sequences (con-
structive interference in steady state (CISS)) is a 
combination of two true FISP acquisitions, with 
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and without excitation pulse phase alternation, to 
eliminate band artifacts. These sequences com-
bine strong T2 weighting, excellent spatial reso-
lution, and little sensitivity to CSF fl ow [ 8 ]. The 
3D CISS allows for a multiplanar morphological 
analysis; its clinical value has been demonstrated 

for the investigation of cerebellopontine and 
cochleovestibular disorders [ 8 ]. With post- 
processing it is possible to generate volume- 
rendering views of intracranial CSF, allowing 
volumetric assessment (Fig.  12.3 ). The 3D CISS 
sequence can point to the cause of hydrocephalus 
and contribute to the preoperative work-up [ 9 ].

   T2-enhanced SSFP sequences are fl ow-sen-
sitive 3D sequences [ 10 ]. These sequences 
combine a strong T2 weighting with an excel-
lent spatial resolution. By collecting a stimu-
lated echo (PSIF echo) with an effective TE 
above the TR [ 10 ], the PSIF sequence is highly 
sensitive to the CSF fl ow [ 11 ]. CSF fl ow below 
2 cm/s yields a void sign [ 12 – 14 ] (Fig.  12.4 ). 
This sequence has been reported to be useful 
for intracranial cysts detection [ 15 ] (Fig.  12.5 ) 
and endoscopic third ventriculostomy patency 
assessment [ 16 ].

    Balanced SSFP sequences (true FISP) use a 
coherent steady-state technique with a fully bal-
anced gradient waveform to recycle transverse 
magnetization. Contrast is determined by the 
ratio of T2 to T1 rather than the infl ow effect 
[ 17 ]. Relative to spoiled gradient echo methods, 
true FISP sequence has an excellent temporal 
resolution. This sequence allows for the detection 
of both the brain ventricular wall motion and the 
CSF fl ow turbulences [ 18 ,  19 ].  

  Fig. 12.1    CSF fl ow artifact. A 42-year-old patient with 
noncommunicating hydrocephalus. Axial FLAIR image 
through the lateral ventricles demonstrates the focal 
increased signal ( arrowheads ) within the lateral ventricles 
above the foramen of Monro, due to fl ow-related entry- 
slice phenomenon       

  Fig. 12.2    A 65-year-old patient with normal pressure 
hydrocephalus. Median sagittal T2 TSE with an extensive 
aqueductal fl ow-related void sign ( arrowheads )       

  Fig. 12.3    A 37-year-old patient with noncommunicating 
hydrocephalus due to aqueductal stenosis. Surface recon-
struction view obtained from the CISS sequence allowing 
the ventricular volume to be measured. The whole ven-
tricular volume was 620 cm 3        
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12.4     Phase-Contrast Imaging 
Sequences 

 In a constant magnetic fi eld gradient, dephasing 
occurs between stationary and circulating spins 
[ 20 ]. By using repeated bipolar gradients, a voxel-
wise calculation of velocities can be determined 
during the cardiac cycle [ 21 ]. The measured veloc-
ities correspond to a projection of the real veloci-
ties along the direction of the velocity- encoding 
gradient that can be perpendicular to the slice 
(through-plane acquisition) or to one of the two 
axes defi ning the plane of the image slice (in-plane 
acquisition). Through-plane imaging provides a 

quantitative approach to CSF fl ow velocity [ 22 ], 
especially at the cerebral aqueduct, but only 
explores a limited region. In-plane imaging is time 
effective and covers a large region, but quantitative 
analysis is prevented by the partial volume effect. 
The CSF fl ow is pulsatile: Craniocaudal fl ow sec-
ondary to the cerebral arterial systolic wave is fol-
lowed by caudocranial fl ow during diastole. Phase 
shifts should be within a range of 180° requiring a 
velocity encoding [ 23 ] that determines the highest 
and lowest detectable velocity encoded. This 
sequence may also have a predictive value for the 
surgical treatment of both communicating [ 22 ] 
and noncommunicating [ 24 ] hydrocephalus.  

a b

  Fig. 12.4    ( a ) A 67-year-old patient with communicat-
ing hydrocephalus. Midsagittal PSIF sequence. Note 
the CSF fl ow in the third ventricle, the cerebral aque-
duct, the fourth ventricle, and the foramen of Magendie, 
as shown by the fl ow-related void sign ( arrowheads ). 

( b ) A 32-year-old patient with communicating hydro-
cephalus. Coronal PSIF sequence. Note the CSF fl ow in 
the third ventricle and the foramens of Monro ( arrow-
head ) refl ected by the fl ow-related void sign       
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12.5     Imaging Findings 

 A transependymal resorption consists in the 
reversal of normal transependymal CSF fl ow that 
causes a rim of FLAIR/T2 signal hyperintensity. 
A thick periventricular resorption tends to refl ect 
rapidly progressive hydrocephalus. MR diffu-
sion imaging may demonstrate a periventricular 
increase in the ADC value without abnormalities 
on conventional sequences [ 25 – 27 ]. Brain ventri-
cle recess bulging is a common fi nding in patients 
with NCH (Fig.  12.6 ) [ 28 ]. The assessment of 
pericerebral CSF may also be of use in patients 
with hydrocephalus: Constricted subarachnoid 
CSF spaces at the brain midline convexity may 
be observed in patients with CH [ 3 ,  29 – 32 ].

   The detection of an obstacle that hinders CSF 
pathways is a clue for the diagnosis of NCH. The 
3D CISS sequence [ 8 ] allows for the detection of 
small lesions such as aqueductal membrane 
(Fig.  12.7 ). Phase-contrast and T2-enhanced 

SSFP sequences can be  performed to assess the 
patency of the CSF pathways. Using T2-enhanced 

a

b

  Fig. 12.5    ( a ) A 23-year-old 
patient with intraventricular 
cyst. Axial T2 TSE slice 
showing an asymmetric 
enlargement of the fourth 
ventricle ( arrow ). 
( b ) A 23-year-old patient 
with intraventricular cyst. 
Axial PSIF slice: the 
noncirculating intraventricu-
lar cyst (hyperintense, 
 arrowhead ) is distinguished 
from the residual CSF fl ow 
in the fourth ventricle 
(hypointense,  arrow )       

  Fig. 12.6    A 36-year-old patient with noncommunicating 
hydrocephalus due to aqueduct stenosis. Midsagittal slice, 
true fast imaging. Note the marked dilatation of the ante-
rior ( arrowhead ) and posterior ventricular recesses. Note 
to the extension of the anterior recesses to the sella tur-
cica, which appears to be widened       
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SSFP sequences, a lack of CSF fl ow-related void 
sign through the cerebral aqueduct can be observed 
in patients with aqueductal stenosis.

   Using gated balanced SSFP sequences, the 
lack of brain ventricular wall movement assess-
ment appears to be associated with NCH [ 18 ]. 
The patency of a third ventriculostomy can be 
also assessed using such sequence. 

 An increased aqueductal fl ow void is fre-
quently detected on the MR images of patients 
with CH [ 33 – 35 ]. This artifact is physiological 
but in NPH would be more extended beyond the 
aqueduct and foramens of Monro, up to V4. The 
extent of the fl ow void on T2-weighted sequences 
has been correlated with a favorable response to 
CSF diversion [ 36 ]. This artifact is related to the 
intravoxel dephasing that increases with the inten-
sity of the magnetic fi eld, the echo time, and when 
spin echo sequences are used [ 6 ]. Phase- contrast 
through-plane sequences can provide information 
about the CSF fl ow velocity [ 22 ]. Stroke volume, 
expressed in mL, is defi ned as the mean CSF vol-
ume moving craniocaudad during systole and 
caudocraniad during diastole. The clinical contri-
bution of stroke volume measurement is contro-
versial, but an increase in stroke volume appears 

to correlate with a favorable response to ventricu-
lar shunting in NPH [ 22 ,  37 ,  38 ]. Other studies 
have raised doubts as to its prognostic value [ 39 ].  

    Conclusion 

 The diagnosis of hydrocephalus relies on 
MRI. The fi rst step of the diagnostic work-
up consists in ruling out NCH using SSFP 
sequences. Phase-contrast imaging may pro-
vide additional information on CSF fl ow rate 
and can contribute to the management of 
patients with CH.  

12.6     Imaging Protocol 

 Data were obtained using 1.5-T MR (Siemens, 
Avanto, Erlangen, Germany). The MR protocol 
was as follows: 

 Gated true FISP MR sequence: midsagittal 
plane defi ned on a transverse slice from the cen-
ter of the lamina terminalis to the cerebral aque-
duct; TR/TE, 78 ms/3 ms; number of excitations, 
7; fl ip angle, 82°; fi eld of view, 160 mm; matrix 
size, 256 × 256; slice thickness, 2.5 mm; acquisi-
tion time from 2 to 4 min; and 20 phases during 
the R to R interval 

 Ungated 3D reversed fast imaging with 
steady-state precession (PSIF): coronal plane; 
TR/TE, 17 ms/6 ms; number of excitations, 1; 
fl ip angle, 30°; fi eld of view, 230 mm; matrix 
size, 192 × 256; slice thickness, 1 mm; and acqui-
sition time, 2 min 40 s 

 Gated cine 2D phase-contrast (cine PC) 
sequence had the following parameters: through 
plane; TR/TE, 78 ms/9 ms; number of excita-
tions, 3; fl ip angle, 30°; fi eld of view, 256 mm; 
matrix size, 240 × 256; slice thickness, 5 mm; 
encoding velocity, 10 cm/s; and acquisition time 
from 2 to 3 min 

 3D constructive interference in steady-state 
(CISS) sequence covering whole ventricular sys-
tem: TR/TE, 6 ms/3 ms; number of excitations, 1; 
fl ip angle, 70°; fi eld of view, 256 mm; matrix 
size, 303 × 512; slice thickness, 1 mm; and acqui-
sition time, 5 min 40 s 

 The diagnostic work-up including MR 
sequences and fi ndings is summarized Table  12.1 .

  Fig. 12.7    A 31-year-old patient with noncommunicating 
triventricular hydrocephalus due to an aqueductal steno-
sis. Oblique plane, CISS sequence that revealed an aque-
ductal membrane ( arrow )       

 

12 MRI of Patients with Hydrocephalus



138

         References 

    1.    Bradley WG Jr (2001) Diagnostic tools in hydroceph-
alus. Neurosurg Clin N Am 12:661–684, viii  

     2.    Mori K, Shimada J, Kurisaka M et al (1995) 
Classifi cation of hydrocephalus and outcome of treat-
ment. Brain Dev 17:338–348  

     3.    Barkovich AJ, Edwards MS (1992) Applications of 
neuroimaging in hydrocephalus. Pediatr Neurosurg 
18:65–83  

    4.    Greitz D (2004) Radiological assessment of hydro-
cephalus: new theories and implications for therapy. 
Neurosurg Rev 27:145–165; discussion 166–167  

    5.    Adams RD, Fisher CM, Hakim S et al (1965) 
Symptomatic occult hydrocephalus with “normal” 
cerebrospinal-fl uid pressure. A treatable syndrome. N 
Engl J Med 273:117–126  

     6.    Lisanti C, Carlin C, Banks KP et al (2007) Normal 
MRI appearance and motion-related phenomena of 
CSF. AJR Am J Roentgenol 188:716–725  

    7.    Chavhan GB, Babyn PS, Jankharia BG et al (2008) 
Steady-state MR imaging sequences: physics, classifi -
cation, and clinical applications. Radiographics 28:
1147–1160  

      8.    Casselman JW, Kuhweide R, Deimling M et al (1993) 
Constructive interference in steady state-3DFT MR 

imaging of the inner ear and cerebellopontine angle. 
AJNR Am J Neuroradiol 14:47–57  

    9.    Doll A, Christmann D, Kehrli P et al (2000) 
Contribution of 3D CISS MRI for pre- and post- 
therapeutic monitoring of obstructive hydrocephalus. 
J Neuroradiol 27:218–225  

     10.    Bruder H, Fischer H, Graumann R et al (1988) A new 
steady-state imaging sequence for simultaneous 
acquisition of two MR images with clearly different 
contrasts. Magn Reson Med 7:35–42  

    11.    Jolesz FA, Patz S, Hawkes RC et al (1987) Fast imag-
ing of CSF fl ow/motion patterns using steady-state 
free precession (SSFP). Invest Radiol 22:761–771  

    12.    Patz S, Hawkes RC (1986) The application of steady- 
state free precession to the study of very slow fl uid 
fl ow. Magn Reson Med 3:140–145  

   13.    Schellinger D, LeBihan D, Rajan SS et al (1992) MR 
of slow CSF fl ow in the spine. AJNR Am J Neuroradiol 
13:1393–1403  

    14.    Brooks ML, Jolesz FA, Patz S (1988) MRI of pulsatile 
CSF motion within arachnoid cysts. Magn Reson 
Imaging 6:575–584  

    15.    Hoffmann KT, Hosten N, Meyer BU et al (2000) CSF 
fl ow studies of intracranial cysts and cyst-like lesions 
achieved using reversed fast imaging with steady- 
state precession MR sequences. AJNR Am 
J Neuroradiol 21:493–502  

   Table 12.1    MR protocol   : 
12-min MR protocol 
proposed to rule out 
hydrocephalus   

 MR sequence  Plane  Findings 
 Acquisition 
time 

  FLAIR
Diffusion  

 Axial  Transependymal 
resorption? 

 2 min 30 s 

 True FISP with dual 
excitation sequences 
  CISS   3D covering 

whole brain 
 Third ventricle recesses?  3 min 40 s 
 Obstacle? 
 Pericerebral CSF 
distribution? 
 CSF volume? 

 Balanced SSFP 
sequences 
  True FISP   Sagittal  Ventricular wall 

movement? 
 3 min 

 3D fl ow-sensitive 
sequences 
  PSIF   3D covering 

brain ventricles 
 CSF pathways patency?  2 min 20 s 

 Phase-contrast 
imaging 
  Cine PC   Through plane  CSF velocities?  2 min 10 s 

 Stroke volume? 

   CISS  constructive interference in steady state,  true FISP  true fast imaging with 
steady-state precession,  PSIF  reversed fast imaging with steady-state precession  

J. Hodel et al.



139

    16.    Hoffmann KT, Lehmann TN, Baumann C et al (2003) 
CSF fl ow imaging in the management of third ven-
triculostomy with a reversed fast imaging with steady- 
state precession sequence. Eur Radiol 13:1432–1437  

    17.    Francois CJ, Fieno DS, Shors SM et al (2004) Left 
ventricular mass: manual and automatic segmentation 
of true FISP and FLASH cine MR images in dogs and 
pigs. Radiology 230:389–395  

     18.    Hodel J, Decq P, Rahmouni A et al (2009) Brain ven-
tricular wall movement assessed by a gated cine MR 
trueFISP sequence in patients treated with endoscopic 
third ventriculostomy. Eur Radiol 19(12):2789–2797  

    19.    Reubelt D, Small LC, Hoffmann MH et al (2009) MR 
imaging and quantifi cation of the movement of the 
lamina terminalis depending on the CSF dynamics. 
AJNR Am J Neuroradiol 30:199–202  

    20.    Moran PR, Moran RA, Karstaedt N (1985) Verifi cation 
and evaluation of internal fl ow and motion. True mag-
netic resonance imaging by the phase gradient modu-
lation method. Radiology 154:433–441  

    21.    O’Donnell M (1985) NMR blood fl ow imaging using 
multiecho, phase contrast sequences. Med Phys 12:
59–64  

       22.    Bradley WG Jr, Scalzo D, Queralt J et al (1996) 
Normal-pressure hydrocephalus: evaluation with 
cerebrospinal fl uid fl ow measurements at MR imag-
ing. Radiology 198:523–529  

    23.    Lotz J, Meier C, Leppert A et al (2002) Cardiovascular 
fl ow measurement with phase-contrast MR imaging: 
basic facts and implementation. Radiographics 
22:651–671  

    24.    Stivaros SM, Sinclair D, Bromiley PA et al (2009) 
Endoscopic third ventriculostomy: predicting out-
come with phase-contrast MR imaging. Radiology 
252:825–832  

    25.    Dorenbeck U, Schlaier J, Feuerbach S et al (2005) 
Diffusion-weighted imaging in the diagnostic evalua-
tion of the hydrocephalus in patients with acute or 
chronic increase in cerebral pressure. Rofo 177:
99–104  

   26.    Savoiardo M, Grisoli M (2001) Imaging dementias. 
Eur Radiol 11:484–492  

    27.    Tullberg M, Jensen C, Ekholm S et al (2001) Normal 
pressure hydrocephalus: vascular white matter 
changes on MR images must not exclude patients 
from shunt surgery. AJNR Am J Neuroradiol 22:
1665–1673  

    28.    Segev Y, Metser U, Beni-Adani L et al (2001) 
Morphometric study of the midsagittal MR imaging 

plane in cases of hydrocephalus and atrophy and in 
normal brains. AJNR Am J Neuroradiol 22:
1674–1679  

    29.    Gunasekera L, Richardson AE (1977) Computerized 
axial tomography in idiopathic hydrocephalus. Brain 
100:749–754  

   30.    Sasaki M, Honda S, Yuasa T et al (2008) Narrow CSF 
space at high convexity and high midline areas in 
idiopathic normal pressure hydrocephalus detected 
by axial and coronal MRI. Neuroradiology 50:
117–122  

   31.    Bradley WG Jr, Quencer RM (1999) Hydrocephalus 
and cerebrospinal fl uid fl ow. Mosby, St. Louis  

    32.    Kitagaki H, Mori E, Ishii K et al (1998) CSF spaces in 
idiopathic normal pressure hydrocephalus: morphol-
ogy and volumetry. AJNR Am J Neuroradiol 19:
1277–1284  

    33.    Jack CR Jr, Mokri B, Laws ER Jr et al (1987) MR 
fi ndings in normal-pressure hydrocephalus: signifi -
cance and comparison with other forms of dementia. 
J Comput Assist Tomogr 11:923–931  

   34.    Bradley WG Jr, Kortman KE, Burgoyne B (1986) 
Flowing cerebrospinal fl uid in normal and hydroce-
phalic states: appearance on MR images. Radiology 
159:611–616  

    35.    Quencer RM, Post MJ, Hinks RS (1990) Cine MR in 
the evaluation of normal and abnormal CSF fl ow: 
intracranial and intraspinal studies. Neuroradiology 
32:371–391  

    36.    Bradley WG Jr, Whittemore AR, Kortman KE et al 
(1991) Marked cerebrospinal fl uid void: indicator of 
successful shunt in patients with suspected normal- 
pressure hydrocephalus. Radiology 178:459–466  

    37.    Luetmer PH, Huston J, Friedman JA et al (2002) 
Measurement of cerebrospinal fl uid fl ow at the cere-
bral aqueduct by use of phase-contrast magnetic 
resonance imaging: technique validation and utility 
in diagnosing idiopathic normal pressure hydroceph-
alus. Neurosurgery 50:534–543; discussion 
543–544  

    38.    Poca MA, Sahuquillo J, Busto M et al (2002) 
Agreement between CSF fl ow dynamics in MRI and 
ICP monitoring in the diagnosis of normal pressure 
hydrocephalus. Sensitivity and specifi city of CSF 
dynamics to predict outcome. Acta Neurochir Suppl 
81:7–10  

    39.    Relkin N, Marmarou A, Klinge P et al (2005) 
Diagnosing idiopathic normal-pressure hydrocepha-
lus. Neurosurgery 57:S4–S16; discussion ii–v    

12 MRI of Patients with Hydrocephalus



141S. Sgouros (ed.), Neuroendoscopy, 
DOI 10.1007/978-3-642-39085-2_13, © Springer-Verlag Berlin Heidelberg 2014

13.1            Introduction 

 The microscope has been the main tool for 
 microsurgical work along the years. For the 
approach of intraparenchymal lesions, a corridor 
large enough to bring light and vision from out-
side has to be created. 

 In microscope, microsurgical techniques that 
help to reduce intraoperative retraction of normal 
intracranial neural and vascular structures contrib-
ute to improved postoperative results. The goal 
must be the reduction or avoidance of retraction of 
neurovascular structures, which is achieved with 
bone drilling and extensive dura opening, which, 
on the other hand, increases operating time and 
operation-related trauma [ 1 ]. The use of endo-
scopes may help materialize this goal while avoid-
ing extensive bone drilling and dural opening [ 1 ]. 

 The approach of deep-seated intracranial 
lesions, including intraventricular and intraparen-
chymal pathologies, traditionally has been per-
formed through direct microscopic visualization. 
Typically, microscope necessitates a  cone- shaped 
access pathway, which will offer vision to the 
lesion allowing microsurgical dissection [ 2 ]. 

 Microscope microsurgical techniques may 
require brain retraction to maintain the corridor 
created to reach the lesion. This is essential for 
optimal visualization throughout the intracranial 
procedure and enables bimanual dissection by 
freeing both hands. On the other hand, the occur-
rence of brain contusions or infarctions after the 
use of brain retractors is not uncommon. The 
incidence of brain retraction injury varies from 5 
to 10 %, with potential of clinical symptoms 
[ 3 – 5 ]. 

 As Oi has pointed out [ 6 ], neuroendoscopic 
surgery has become one of the major or leading 
procedures in “minimally invasive approaches” 
to intracranial lesions. The indication for neuro-
endoscopy has been expanded to almost all neu-
rosurgical procedures, as “endoscope- assisted” 
procedures. This concept was applied mainly to 
micro-neurosurgical procedures (endoscope- 
assisted microsurgery). He defi ned the realistic 
indication for “pure neuroendoscopic surgery” in 
many procedures like third ventriculostomy; sep-
tostomy; foramen reconstruction; fenestration of 
septations; removal or biopsy of tumor/cystic 
lesion, mainly in the intraventricular regions; and 
removal of hematoma involving the cerebral 
parenchyma. The author also observed that intra-
parenchymal or deep-seated intracisternal lesions 
would also be a realistic indication for “pure neu-
roendoscopic surgery” when the instruments had 
further developed in the future [ 6 ]. 

 More recently, the use of intraoperative neuro-
navigation has enabled the surgeon to precisely 
plan the craniotomy in order to reach lesions 

        L.  C.   de   Alencastro,   PhD   (*) •     L.  F.   de   Alencastro,   MD    
   A.  A.   Lodetti,   MD    
  Department of Neurosurgery,   Hospital Moinhos 
de Vento ,   Porto Alegre,   Brazil   
 e-mail: lcalencastro@me.com   

    M.   de   Barros   Faria ,  MD    
  Division of Neurovascular, Department of Neurology 
and Neurosurgery,   Hospital de Clínicas 
de Porto Alegre,    Porto Alegre,   Brazil    

 13      Neuroendoscopic Management 
of Intraparenchymal Lesions 

           Luiz     Carlos     de     Alencastro     ,     Luiz     Felipe     de     Alencastro     , 
    Ademir     A.     Lodetti     , and     Mário     de     Barros     Faria    



142

while traversing the least possible amount of 
 normal and eloquent nervous tissue. Nevertheless, 
in order to access deep-seated lesions, transcorti-
cal approaches require a corticotomy or corticec-
tomy and some degree of dissection of the over-
lying white matter. 

 The ability of endoscopes to drive illumination 
and vision into the area of interest has led to the 
possibility of working into body cavities through 
reduced access. In this way, managing lesions 
inside solid tissues obligates the creation of a 
working space – just a trajectory where light, 
vision, and surgical tools come into the working 
site. The direction and the small diameter of this 
corridor are critical to minimize brain damage [ 2 ]. 

 The concept of a keyhole craniotomy com-
bined with a selected trajectory can enable the 
approach of intraparenchymal lesions. However, 
the decision to use endoscopy must be individu-
alized based on the patient, site, and characteris-
tics of the lesion. 

 Complications associated with minimally 
invasive tumor neurosurgery have been similar to 
those associated with conventional neurosurgical 
approaches [ 7 ].  

13.2     Evolution of the Technique 

 There is a large amount of information in the litera-
ture regarding many variations of possible tech-
niques for the approach of intraparenchymal lesions. 
There is a consistent evolution of neuroendoscopic 
techniques, fi rst aiming at lesions in and around the 
ventricular system, then  progressing naturally to the 
treatment of intraparenchymal lesions. 

 Even working with the microscope, the same 
concept of creating a channel to reach deep- seated 
lesions was described by Kelly in 2004. He 
thought that using progressive dilatation of brain 
parenchyma with a sequence of enlarging diame-
ter tubes to create a working channel would be 
less harmful to the brain, although a 20-mm- 
minimum-wide channel would be necessary to let 
the microscope light come into the target area [ 8 ]. 

 This microsurgical technique was modifi ed by 
Ogura and described as “transcylinder approach.” 
A 0.1-mm transparent polyester fi lm was used to 

create a cylindrical surgical route. The fi lm was 
rolled into a thin stick and used to penetrate the 
brain with a computer-aided navigation system. 
This technique was employed in 11 cases. By 
avoiding unnecessary retraction, it signifi cantly 
reduced the risk of injury to surrounding brain 
tissue while facilitating precise microsurgical 
technique, as stated by the author [ 4 ]. 

 The early references on endoscopy in the 
approach of intracerebral lesions are described in 
the beginning of the 1990s by Hellwig and col-
leagues. They used a new endoscope prototype 
that was adapted to a stereotactic frame, perform-
ing biopsies of deep-seated lesions and drainage 
of intracerebral hematomas [ 9 ]. 

 The same author in 1992 reinforced the term 
“minimally invasive neurosurgery,” expanding 
the scope of these approaches to the treatment 
of subdural hematomas and also to spinal endos-
copy. The advantages of this technique were com-
pared to conventional neurosurgical approaches, 
highlighting the presence of less operative risk 
and reduced tissue trauma [ 10 ]. 

 In 1998, Wan and colleagues developed a special 
endoscope with a larger working channel so that he 
could operate on neoplasms and hematomas deep in 
the brain. They performed surgery in 30 patients, 13 
had intracranial tumor, 15 hypertensive intracere-
bral hematoma, 1 thalamic abscess, and 1 neurocys-
ticercosis, with accurate intraoperative localization, 
minimal invasion, and good recovery. He concluded 
that the indications for this intervention were small 
lesions deep in the brain parenchyma with well-
defi ned boundaries and light vascularity [ 11 ]. The 
same principle was also described by Tirakotai [ 12 ]. 

 Fiorindi also reported his experience of endo-
scopic biopsy of ventricular or paraventricular 
brain tumors and defi ned some criteria to use this 
technique: lesions not suitable for conventional 
surgical removal or lesions too risky for stereo-
tactic approach. Proper pathological diagnosis 
was achieved in 19/23 cases [ 13 ]. In the other 
hand, Nakano proposed endoscopic biopsy for 
solid deep-seated lesions to be considered as the 
fi rst option in selected cases [ 14 ]. 

 Until this moment, mainly biopsies were 
conducted through pure endoscopic approach. 
Operating through the endoscope’s working 
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channel made clear that the size of the lesion 
was very important for the success of the tech-
nique. Only very small or very soft lesions (e.g., 
abscesses) would be suitable for endoscopic 
resection. It was clear that it would be neces-
sary to create a wider channel to approach bigger 
lesions, so that more instruments could be used in 
parallel to the endoscope. 

 In 2000, Nishihara and his colleagues described 
the use of a transparent sheath for guiding an endo-
scope, a simple and unique tool for endoscopic sur-
gery, and described the preliminary results of its 
application in the evacuation of hypertensive intra-
cerebral hematomas. This tube was 10 cm long, 
made of clear acrylic plastic, which greatly 
improved visualization of the surgical fi eld through 
a 2.7-mm nonangled endoscope inserted within it. 
In nine consecutive cases in which the hematoma 
was larger than 40 ml in volume, nearly complete 
evacuation (86–100 %) of the lesion was achieved 
without complication. The transition between 
white matter and clot was clearly visible. [ 15 ] Chen 
and colleagues had experienced very similar results 
[ 16 ] with similar technique. 

 In 2005, Oi and colleagues corroborated this 
concept of using the endoscope inside an outer 
sheath, but they applied that only for ventricular 
lesions. In their system, a rigid scope was used in 
combination to an elliptic sheath, in order that the 
endoscope occupied one third of the space inside 
the sheath, and the other two thirds were used to 
introduce traditional endoscopic instruments 
(microscissors, biopsy forceps, grasping forceps, 
monopolar coagulation, etc.) to resect the lesions 
in the ventricle [ 17 ]. 

 In 2002, the authors of this chapter performed 
their fi rst endoscopic approach to a deep-seated 
brain tumor. A metallic tube was conducted to 
the lesion through neuronavigation. A 0° scope 
was introduced in parallel with a tumor forceps 
and/or a suction tube. Rod coagulation was also 
used whenever was needed. Multifocal biopsies 
were performed, establishing the diagnosis of 
lymphoma. Since that time, a total of 90 proce-
dures have been performed, including primary 
and secondary brain tumors, cavernous angio-
mas, intraparenchymal hematomas, cerebellar 
infarctions, sellar tumors, and brain abscess. 

 Akai and colleagues improved their technique 
already used for intraventricular and paraventric-
ular lesions. They combined a neuroendoscope to 
a navigation system and performed a series of 
three biopsies to intraparenchymal tumors 
through a transparent sheath. If bleeding was 
observed, aspiration and monopolar coagulation 
could be introduced through this sheath, but they 
discouraged this technique to known rich vascu-
larized lesions [ 18 ]. 

 Kassam and his group consolidated their 
experience with this same technique in 2009. As 
Nishihara, they used a transparent conduit, per-
forming the surgery in 21 patients (12 metasta-
ses, 5 glioblastomas, 3 cavernous malformations, 
and 1 hemangioblastoma). Image guidance was 
used to direct the cannulation and resection of all 
lesions. Total radiographically confi rmed resec-
tion was achieved in 8 cases, near total in 6 cases, 
and subtotal in 7 cases [ 19 ]. 

 Perneczky and Fries proposed a variation of 
the technique that could be helpful in many situ-
ations. They fi xed the scope with retractor arms 
fi xed to the Mayfi eld headholder. Thus, the sur-
geon was able to perform microsurgical manipu-
lations with both hands [ 1 ]. 

 Navigation systems have a special role in the 
development of pure endoscopic procedures in 
brain parenchyma. It undoubtedly contributes 
to the reduction of brain damage. As mentioned 
before, the earlier reports of association of the 
endoscope and stereotactic navigation date from 
1991 with Hellwig and colleagues [ 9 ]. Endoscopic 
approach of intraparenchymal lesions often lacks 
good orientation due to absence of landmarks, so 
that frameless navigation is specially important 
in those cases. 

 Navigation can be used in two different ways. 
First, as in microsurgery, the navigation probe is 
used to locate the target and plan the trajectory, so 
then the endoscope is inserted in the parenchyma. 
Conversely, in the second option the endoscope 
itself is connected to navigation system and 
works as a navigation probe. As the endoscope is 
inserted in the parenchyma, direct correction of 
the trajectory can be performed. 

 In 1998, Rohde reported the combination of the 
endoscope with a frameless navigation  system 
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when performing third ventriculostomies. It was 
pointed out that this technique allowed to establish 
an entry point and plan a safe trajectory to the tar-
get, avoiding inadvertent damage to vital structures 
[ 20 ]. Hopf and colleagues expanded this concept 
for patients harboring cystic lesions or intraven-
tricular tumors, with special signifi cance when 
anatomy distortion was observed [ 21 ]. Schroeder 
had also agreed with those same concepts [ 22 ]. 

 Alberti described his experience in the associa-
tion of neuroendoscopy and neuronavigation. He 
performed 44 surgeries in different lesions and 
considered that this association was useful when 
approaching narrow ventricles and localizing 
small lesions inside the brain parenchyma [ 23 ]. 

 During the last years, ultrasound has been used 
also as an aid in endoscopic procedures in brain 
parenchyma. As frameless navigation, ultrasound 
can orientate the endoscope and sheath towards 
the lesion in the parenchyma. And this concept is 
not new. In 1996, Froelich and colleagues used 
this technique to approach intraparenchymal 
tumors in two cases. It was described that a clear 
parenchyma-tumor interface could be well defi ned, 
as well as vascular structures along the trajectory 
could be avoided with transoperative ultrasound 
imaging [ 24 ]. Ultrasound can help overcome the 
problem of intraoperative brain shift. 

 In recent years, high-defi nition fi ber tracking 
has also offered an improvement of intraparen-
chymal endoscopic procedures. With this infor-
mation, the trajectory to the target can be 
performed in order to avoid crossing important 
projection tracts. 

 Miranda and colleagues used tractography to 
plan the endoscopic approach to an intraparen-
chymal dermoid cyst located in the mesial frontal 
lobe. Analysis of the proposed initial surgical 
route was overlaid onto the fi ber tracts and was 
predicted to produce substantial disruption to 
prefrontal projection fi bers (anterior limb of the 
internal capsule) and the cingulum. Adjustment 
of the cannulation entry point 1 cm medially was 
predicted to cross the corpus callosum instead of 
the anterior limb of the internal capsule or the 
cingulum. The postop images showed preserva-
tion of the fi bers in the anterior limb of the inter-
nal capsule as planned preoperatively [ 25 ]. 

 Ultrasonic aspiration has contributed also to 
the development of endoscopic resection of intra-
parenchymal lesions. Although this possibility 
was described in the late 1990s [ 26 ], recent 
improvement of this technique has been observed 
with the development of specifi c ultrasonic 
probes, narrower and longer than the previous 
ones, so that they can best be combined to endo-
scopic procedures. The experience of this tech-
nique has been mainly described for 
intraventricular procedures, but it will obviously 
get progressively more application in intraparen-
chymal approaches.  

13.3     Technique Description 

 The patient is carefully investigated through CT 
and/or MRI scan in order to establish the location 
of the lesion and understand the relations to the 
surrounding structures. Then, the approach is 
planned, determining an ideal entry point and a 
straight trajectory to the target. Fiber tracking can 
be very helpful in order to avoid important pro-
jection fi bers along the trajectory. 

 The patient is positioned according to the 
selected trajectory, and the head is placed in a 
headrest or fi xed in Mayfi eld headrest, depending 
on the need of neuronavigation or not. Aiming to 
position the head as to obtain a vertical trajectory 
to the lesion is helpful in order to prevent col-
lapse of the walls of the tunnel if the cannula is 
removed. It also helps if gravity produces brain 
shifting due to CSF drainage or brain shrinking. 

 A 1.2 cm trepanation is performed, which can 
be extended to an elliptical shape in order to 
facilitate some lateral movement of the sheath 
and endoscope. Dura mater can be incised in a 
cross or circular shape, so that it can be sutured at 
the end of the procedure. Brain cortex must be 
inspected to avoid as much as possible damaging 
cortical vessels. 

 The sheath with its internal obturator is then 
introduced progressively into brain parenchyma, 
with or without the orientation of a neuronaviga-
tion system, depending on each case. Once the tar-
get is reached, the sheath can be held in freehand 
technique or can be secured with Leila retractor 
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arms. As discussed above, different types of 
sheaths have been used, varying in shape, diame-
ter, length, and material. They have as a common 
characteristic the possibility to apply a homoge-
nous pressure to the parenchyma around the 
sheath, minimizing spot pressure and damage. 

 Once in position, the obturator is removed and 
the endoscope is introduced to confi rm the cor-
rect position. In most cases clear differentiation 
of normal and pathological tissue interface can be 
observed. 

 Resection is then performed introducing instru-
ments through the sheath, in parallel to endoscope. 
Multiple instruments can be used alone or in com-
bination (suction tubes, tumor forceps, microscis-
sors, monopolar or bipolar coagulation) in order to 
perform resection of the lesion. The number of 
instruments used at the same time and the maneu-
vers to be executed will depend on the instrument 
specifi cations, the internal diameter of the sheath, 
and its length. Hemostatic products and cottonoids 
can also be introduced to control bleeding and 
clean the surgical fi eld. 

 Partial or total removal of the lesion may be 
achieved, depending on its nature and the pro-
posed objectives. Once the intended resection is 
completed, the sheath is removed progressively 
with constant endoscopic visualization so that 
eventual bleeding at the pathway walls can be 
observed and controlled.  

13.4     The Movement-Driven 
Vision (MDV) Concept 

 In the recent years the authors have developed a 
variation of the standard technique, described as 
the “Movement-Driven Vision (MDV) concept.” 
The technique is described as follows: 

 Coupling the dissecting, cutting, and suction 
tools to scopes gives the ability to deal with intra-
cerebral lesions through very narrow corridors, 
mastering consolidated bimanual microsurgical 
techniques. 

 As the vision and light are at the tip of the surgi-
cal instrument, the necessary effective working 
space does not exceed a few cubic centimeters 
which are accessed through a few-millimeter- width 

tunnel. The purpose is to drive the surgical tool to 
the point where action is needed through the nar-
rowest pathway possible. In this way, the vision 
follows the movement where it is demanded as the 
endoscope is attached to the dissection tool. The 
brain structures in the access pathway are preserved 
maximally. 

 The tunnel-shaped approach has to be only a 
few millimeters in width, avoiding brain retrac-
tion, and may be performed through small cranial 
incision and bony opening. 

 Brain tumors, cavernous angiomas, intrapa-
renchymatous hematomas, abscesses, sellar 
lesions, and ischemic cerebellar damage are 
among the lesions that can be managed by this 
technique. Deep-seated small lesions resection is 
benefi ted by frame or frameless stereotactic guid-
ance in addition to the cannular technique. 

 Bimanual microsurgical dissection is facili-
tated by strong illumination and vision obtained at 
the tip of the surgical instrument. The endoscope 
is attached to suction tubes or dissecting tools. 
Distinct angled scopes and tool tips give access to 
structures according to demands of surgery. 

 The concept design brings a sheath that covers 
the optical rod putting together vision, illumina-
tion, and surgical tool. They are designed to work 
with 0° and 30° scopes. Different tips give the 
opportunity to the surgeon to elect the most 
appropriate instrument for each surgical time. 

 The sheath provides aspiration at the scope lens 
tip, keeping it clean and preventing frequent removal 
of the scope from the operating fi eld. It also houses 
a sulcus along its superior surface, which allows 
driving the tools coming from outside the operating 
fi eld until it gets into the scope vision (Fig.  13.1 ).

   The suction tube may act as a second dissect-
ing tool when the optimized suction intensity 
control is left opened.  

13.5     Surgical Technique 

 After defi ning the ideal trajectory, a burr hole is 
enlarged to 12 mm. For superfi cial lesion addi-
tional removal of 1–2 mm of the inner cortical 
bone of the skull may ease lateral movements. An 
arciform dural incision facilitates closure. 
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 Two techniques may be used to create a tunnel 
to reach the lesion:
    1.    A cannula with a blunt tip obturator is intro-

duced to the limit between the normal brain 
and lesion. After removing the obturator, 
visual identifi cation of abnormal tissue is pos-
sible, and sampling for intraoperative histo-
logic confi rmation may be obtained. The 
cannulas vary from 70 to 110 mm in length 
and have 9-mm external diameter. Dissection 
can be performed through the cannula, when 
several instruments may be used simultane-
ously under endoscopic view. A wider range 
of movements are obtained by removing the 
cannula and working through the parenchy-
mal tunnel left, which will remain open with a 

diameter of 7–8 mm. The maintenance of the 
opening of the tunnel may be benefi ted by 
anesthesia techniques and a vertical 
trajectory.   

   2.    A direct access by blunt dissection can also 
lead to the lesion. As mentioned above, work-
ing without a cannula gives additional liberty 
of movements. In this situation typical 
 bimanual neurosurgical microdissection is 
accomplished under bright illumination and 
high-defi nition imaging provided by the 
scope.     
 In typical cases, bleeding is very limited, as 

strong illumination, image amplifi cation, and 
wide-angle lens allow the vessels to be coagu-
lated before they bleed. When working through a 

  Fig. 13.1    ( a – c ) Depict the 
sheaths covering the scope 
harboring suction and 
dissecting tools constructed 
for 0° and 30° scopes. The 
sulcus present in the shaft 
guides additional instruments 
to the operating site. 
Continuous aspiration close 
to the lens provides clean 
vision. ( d ) Shows the handle 
cleft meant to control the 
suction intensity         

a

b
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bare tunnel, conventional bipolar coagulation 
ensures safe hemostasis. 

 This technique reduces incision and damage 
to the skin, bone, and dura mater, cutting down 
surgical time and costs, due to opening and clos-
ing of surgical wounds. 

 Once the scope brings light and vision to the 
tip of the instruments, brain retraction necessary 
to visualize from outside to the operating fi eld is 
obviated. 

 The experience, taken from 81 selected cases, 
including primary and secondary brain tumors, 

cavernous angiomas, intraparenchymal hemato-
mas, cerebellar infarctions, sellar tumors, and 
brain abscess, proves the technique as an accurate 
and safe procedure. Except for a transient third 
nerve paresis in a patient with mesial temporal 
metastasis, no additional neurological defi cit was 
produced in this series of patients. 

 The patients treated with this method had a 
shorter ICU and hospital stay when compared to 
similar cases treated by microsurgical technique 
by the same group of surgeons.  

c

d

Fig. 13.1 (continued)
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13.6     Illustrated Cases 

13.6.1     Intraparenchymatous Hematoma 

13.6.1.1     Case 1 (Fig.s.  13.2 ,  13.3 ,  13.4 , and  13.5 ) 

  Fig. 13.2    Left putaminal hematoma compressing the 
posterior limb of the internal capsule       

  Fig. 13.3    The corticospinal fi bers surround the clot. 
A posterior frontal approach was selected in order to 
avoid interrupting motor tracts       

  Fig. 13.4    Intraoperative 
motor monitoring. In 
( a ) there is no motor 
response to transcranial 
stimulation. ( b ) Immediate 
recordings after clot 
aspiration demonstrated 
recovery of the motor 
responses       

a
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  Fig. 13.5    Immediate postop DTI depicts decompression 
of motor tract. The  black arrow  shows air into the hema-
toma cavity       

Fig. 13.4 (continued) b
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  Fig. 13.7    Suboccipital trepanation for hematoma 
evacuation       

  Fig. 13.8    Complete evacuation of hematoma. 
Decompression of cisterns       

13.6.1.2            Case 2 (Fig.s.  13.6 ,  13.7 , and  13.8 ) 

  Fig. 13.6    Cerebellar hematoma       
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13.6.2            Brain Glioma (Fig.s.  13.9 ,  13.10 ,  13.11 , and  13.12 ) 

a b

  Fig. 13.9    (a, b) Preoperative images of left occipital GBM       

  Fig. 13.10    (a, b, c) Intraoperative dissection 
work: bimanual dissecting. No need for brain 
retraction       

a
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  Fig. 13.11    Operating fi eld at 
the end of surgery showing 
cerebral decompression and 
the 1 cm corticotomy needed 
for tumor removal. No brain 
retraction was necessary       

Fig. 13.10 (continued)

cb
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a

b

  Fig. 13.12    (a, b) Immediate postop images. A larger cra-
niotomy was performed for safety. Gross total removal 
was achieved       

13.6.3            Cavernous Angioma 

13.6.3.1     Case 1 (Fig.s.  13.13 , 
 13.14 , and  13.15 ) 

a

b

  Fig. 13.13    (a, b) Temporomesial cavernous angioma. 
Preop images       
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a b

  Fig. 13.14    (a, b) A 12-mm temporal bone opening and the trajectory of the scope to the locus of the cavernoma can be seen       

  Fig. 13.15    Cavernous angioma removed       
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13.6.3.2           Case 2 (Fig.s.  13.16 ,  13.17 , and  13.18 ) 

a b

  Fig. 13.16    (a, b) Putaminal cavernous angioma       

  Fig. 13.17    ( a ) The distribution of speech areas over the cortex is demonstrated. In ( b ) it is possible to see the relations 
of the uncinate and arcuate fascicles to the cavernoma. The relationship with the corticospinal tract is shown in ( c )       

a b
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a b

  Fig. 13.18    (a, b) Immediate postop scan demonstrating complete resection of the cavernoma, the direction of the 
approach, and the bony opening (12 mm)       

Fig. 13.17 (continued)

c
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13.6.4            Cerebellar Infarction (Figs.  13.19  and  13.20 ) 

a b

  Fig. 13.19    (a, b) Images of cerebellar infarction compressing lower brainstem       

a b

  Fig. 13.20    (a, b) Postop CT control showing bone opening and bulbar decompression after endoscopic aspiration of 
ischemic tissue. Bimanual microsurgical technique was ensured       
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13.6.5          Brain Tumor (Fig.  13.21 ) 

a b

  Fig. 13.21    (a, b) These images show endoscopic micro-
surgery of intraparenchymal gliomas. A small bone open-
ing and a narrow tunnel through the cortex and subcortical 
tissue brought light and vision coupled to the suction tube, 

while the second hand controls the forceps. In this way, 
bimanual microdissection is achieved, obviating soft tis-
sue, bone, and brain extensive damage       

13.6.6         Hematoma (Fig.  13.22 ) 

a b

  Fig. 13.22    ( a ) Aspiration of blood clot through a metal-
lic cannula that is used to create a pathway along brain 
cortex and white matter to reach the hematoma. ( b ) The 

tip of the suction tube (which is coupled to the endo-
scope) inside the hematoma cavity after blood clot was 
removed       
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13.6.7         Sellar Tumor (Fig.  13.23 ) 

a b

c

  Fig. 13.23    ( a ,  b ) Endoscopic endonasal approach when the suction tube coupled to the endoscope is held in one hand, 
while different tools are used in the other hand. ( c ) The pituitary gland during removal of the tumor       

         Conclusion 

 Expanding possibilities in neurosurgical treat-
ment of brain and skull base lesions with 
endoscopic techniques have been achieved in 
recent years. Microsurgical endoscopic 
approaches have added refi nement in removal 
of tumors, cavernous angiomas, hematomas, 

abscesses, ischemic tissue, and sellar lesions. 
The application of the concept of Movement-
Driven Vision has enhanced these possibili-
ties, giving the neurosurgeon a technique and 
technology that ensures safety, time, and cost 
saving. It provides an opportunity to treat 
endoscopically lesions in solid organs.     
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14.1            Introduction 

 In recent years the use of the endoscope is a 
valid alternative to the classical microscopical 
approaches for the treatment of the pineal tumors. 
It can be used for endoscopic tumor biopsy 
(ETB) as well as endoscopic-assisted complete 
tumor removal in some cases [ 1 ,  2 ]. At the same 
time, if there is coexisting hydrocephalus, this 
can be treated endoscopically with endoscopic 
third ventriculostomy (ETV) [ 3 ]. 

 The characteristics of the patient populations 
and as a consequence the therapeutic modalities 
differ between Japan and Korea on one hand and 
the rest of the world on the other [ 4 ,  5 ]. Our expe-
rience in Taipei is comparable to the Japan-Korea 
group (Table  14.1 ) [ 6 ].

   Since 1970 we have treated 176 patients with 
germ cell tumors and from them 85 have been 
pineal (Table  14.2 ).

   In the majority of patients, hydrocephalus has 
coexisted as shown on Table  14.3 . The simultane-
ous presence of active hydrocephalus is well 
reported in the literature and needs to be treated.

   At the pineal region a variety of lesions 
can occur, single or bifocal tumors, and with 

varying histology (pineoblastoma, pineocytoma, 
astrocytoma, meningioma, cyst, and also mid-
brain tumors) [ 7 ,  8 ] (Fig.  14.1 ).

14.2        Management of Pineal 
Region Tumors 

 The management of pineal region tumors can be 
summarized as follows:
    1.    In case of suspected germinoma or pineoblas-

toma with accompanying hydrocephalus and 
normal values of AFP and β-hCG, we pro-
pose endoscopic tumor biopsy and third ven-
triculostomy. At the same time an estimation 
of the tumor vascularity can be made as well 
as the presence of tumor seeding to the walls 
of the ventricles (Fig.  14.2 ). If the biopsy pro-
vides tumor-type diagnosis, further oncologi-
cal management is pursued as the next step.

       2.    In case of suspected mature teratoma, non- 
germinomatous malignant germ cell tumor 
(NGMGCT), or other tumors, we propose 
radical excision of the tumor, endoscopically 
assisted when needed and navigation assisted 
if necessary (Figs.  14.3  and  14.4 ).

        3.    In case of midbrain tumors, we propose endo-
scopic third ventriculostomy combined with 
biopsy in selected cases. In some cases, an 
endoscopic removal of the tumor can be 
achieved [ 9 – 11 ] (Figs.  14.5 ,  14.6 , and  14.7 ).
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14.3              Endoscopic Techniques 
in the Management of Pineal 
Tumors 

 Our endoscopic technique includes one burr 
hole in case of only ETV (coronal suture burr 
hole) and two burr holes (coronal and behind 
hairline) in case of combined ETV and ETB 
(Fig.  14.8 ). We use rigid rod lens endoscope (0° 
and 30°), transparent sheath introducer, micro-
forceps, and neuroballoon or angioplasty bal-
loon catheter (Figs.  14.9  and  14.10 ). In Taipei 
VGH we use also the basket perforator for per-
foration and dilatation of the fl oor of the third 
ventricle [ 14 ,  15 ].

   Table 14.3    Tumoral hydrocephalus with obstruction at 
   posterior third ventricle, pineal, and midbrain tumors, 
1970–2007   

 No. of 
patients 

 Hydrocephalus 
(%) 

 116  87.1 
  Pineal tumors   105  85.7 
  Germ cell tumors  85  83.5 
  Astrocytic tumors  2  100 
   Pineal parenchymal 

tumors 
 11  90.9 

  Embryonal tumors  2  100 
   No. of clinical/

histological Dx 
 6  83.3 

  Midbrain tumors   11  100 

  Excluding cases of questionable recording for hydrocephalus 
  Dx  diagnosis  

   Table 14.1    Confrontation 
of series   

 Types of tumors 

 Japan a   Korea a   TVGH b   Australia c  

  N  = 118   N  = 125   N  = 84 (8.5%)   N  = 37 

 1–25 years  1–12 years  1–18 years  1–16 years 

 Pineal tumors  74 (88.1 %) 
 Suprasellar-pineal 
tumors 

 10 (11.9 %) 

 Germ cell tumor  71.2 %  80.0 %  79.8 %  54.1 % 
  Germinoma  46.6 %  47.2 %  42.8 %  35.1 % 
  NGMGCT  26.2 %  16.2 % 
  MT  8.3 %  2.7 % 
 Neuroectodermal 
tumors/
pineoblastomas 

 15.2 %  16.8 %  9.5 %  16.2 % 

 Astrocytoma  2.4 %  8.1 % 
 No histological/
clinical Dx 

 5.9 %  16.2 % 

   a Oi et al. [ 12 ], multicenters    
  b Wong et al. [ 6 ], hospital series 
  c Drummond and Rosenfeld [ 13 ], hospital series  

   Table 14.2    Types of 
pineal GCTs in children 
series of Taipei Veterans 
General Hospital, 
1970–2007   

 Other sites GCTs  Pineal GCTs 
 Pineal GCTs 
seeding at Dx a  

  No .  of patients   91  85 
 Germinoma   58 . 2  %   58 . 8  %   5 . 6  % ( V 1 ,  IS 1 ) 
 Mature teratoma  1.1 %  8.2 % 
  NGMGCT   35.2 %  31.2 %  0 % 
  Immature teratoma  13.2 %  8.2 % 
  Mixed GCT  16.5 %  14.1 % 
  Yolk sac tumor  6.6 %  4.7 % 
  Dx by tumor marker  3.3 %  4.7 % 
  Unclassifi ed GCT   1.1 %  1.2 % 

   V  ventricular,  IS  intraspinal,  Dx  diagnosis 
  a Excluded double midline tumor  
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  Fig. 14.1    MR scans    with examples of pineal germinomas/NG-GCTs, single and bifocal tumors       

  Fig. 14.2    MR scans with examples of pineoblastoma (2  fi rst rows ) and pineocytoma ( third row )       
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     In case of small ventricles, we take some mea-
sures in order to avoid inadvertent penetration 
into the periventricular structures. For endo-
scopic third ventriculostomy (ETV), a precoronal 
burr hole is usually made in the midpupillary 
line. However, the entry point (burr hole), the tra-
jectory of cannulation of the lateral ventricle, and 
the depth of the puncture with a peel-away sheath 
introducer can be planned by measurement of the 
preoperative MR image (Fig.  14.11 ). Stereotactic 

placement of the sheath introducer (Fig.  14.12 ) 
and endoscope is also safe and convenient. After 
the sheath is fi xed in place, the stylet is removed. 
Thus, we can avoid inadvertent penetration into 
the periventricular structures such as the hypo-
thalamus, internal capsule, basal ganglia, as well 
as the veins around the foramen of Monro [ 16 ].

    The last years we have performed 44 ETV pro-
cedures (median age 9.8) for cases of obstructive 
hydrocephalus because of pineal and  midbrain 

Astrocytoma AT/RT

Meningioma Cyst

  Fig. 14.3    MR scans with examples of other tumor types and cysts in the pineal/juxtapineal region       

Fig. 14.2 (continued)
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tumors (Table  14.4 ). We performed both ETB 
and ETV in 27 cases (31 ETBs in total). We have 
done a follow-up from 9 months to 12.4 years 
(mean 4.8). At the last follow-up we observed 
that 9 (20 %) procedures of ETV malfunctioned. 
At seven we performed ventriculoperitoneal 
shunt and two had to be revised again with ETV 
(median time to failure 4.6 months). However, 
the long-term success rate remains high 79.5 %. 
There was also a failure of 6 out of 31 ETB 
(20 %). Our results are comparable to the series 
of O’Brien DF et al. [ 17 ], but we achieved a bet-
ter long-term success rate.

   We have performed also 10 ETV for mid-
brain tumors, 6 of them with tumor biopsy (4 of 
them were diagnostic). The long-term function-
ing ETVs were only two with median follow-up 
of 4 years.  

14.4     Complications 

 With respect to complications, we had 9 ETV 
malfunctions, 4 tumoral hemorrhages (2 cata-
strophic and 1 death of delayed hemorrhage), 

  Fig. 14.4    MR scans with examples of Juxtapineal tumors – midbrain tumors       
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4 subdural fluid collections (1 needed to be 
shunted), and no vascular injury (Fig.  14.13 ). 
Seeding of the tumor by the endoscopic proce-
dures has been a matter of concern by some 
authors. However, for their series of 12 patients 

with intracranial germinomas, Shono et al. [ 2 ] 
reported that the risk of tumor dissemination 
due to neuroendoscopic procedures appears to 
be minimal when the appropriate chemother-
apy and radiotherapy are provided postopera-
tively. Our opinion is that there is no correlation 
of endoscopic procedure and tumor dissemina-
tion/recurrence. In our series we had only two 
recurrences irrelevant to the use of endoscope 
(1 to a case with ETV performed but no ETB 
after 3.8 years and 1 thoracic spine dissemina-
tion to a case with ETV and ETB performed 
after 16 months) [ 18 – 20 ] (Fig.  14.14 ).

        Conclusion 

 As a conclusion we can say that endoscopic 
tumor biopsy with third ventriculostomy is 
becoming an important alternative for the ini-
tial surgical management of pineal region 
tumors [ 21 ]. These procedures can be per-
formed in a single step that achieves tumor 
biopsy for histological diagnosis, cerebrospinal 
fl uid sampling for tumor markers and cytologi-
cal diagnosis, and resolution of hydrocephalus. 
According to a multicenter study, the diagnostic 

  Fig. 14.5    Trajectories of coronal burr hole for ETV 
 ( yellow line ) and behind hairline burr hole for ETB 
( orange line ) (Drawings modifi ed from Martin C. Hirsch, 
Thomas Kramer)       

  Fig. 14.6    Endoscopic 
instruments. The STORZ 
DECQ endoscope is used, 
with the 0° and 30° rod 
lenses. At the  upper left  the 
Integra neuroballoon and 
urological basket perforator 
(KARL STORZ GmbH & 
Co., Tuttlingen, Germany; 
Integra, Plainsboro, NJ, USA)       
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capability and complication rate of neuroendo-
scopic biopsy and stereotactic needle biopsy 
are comparable [ 18 ]. For this reason, the ETB 
technique should be preferred especially for 
lesions within the ventricular walls [ 22 ]. The 
ETV technique has great results for the resolu-
tion of obstructive hydrocephalus due to lesions 
at the region of the posterior third ventricle, 
pineal, midbrain, and thalamus [ 23 ,  24 ]. At our 
hospital the trend of using ETV instead of VP 
shunt has changed the past decades and has 

turned to be the procedure of choice, and as a 
result fewer patients need a shunt (Table  14.5 ). 
ETV/ETB techniques are nowadays an impor-
tant tool in the modern neurosurgeon’s arma-
mentarium and useful for the treatment of 
pineal lesions [ 25 ,  26 ].

        Acknowledgment   We would like to thank Dr C. 
Chamilos, of “Mitera” Children’s Hospital, Athens, 
Greece, for the signifi cant assistance in the writing of this 
manuscript.  

  Fig. 14.7    View of the setup 
in the operating theater       

  Fig. 14.8    Surgical incision and trajectory planning without ( left ) and with image guidance ( right ), insertion of the 
endoscope using image guided neuronavigation       
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  Fig. 14.9    Insertion and anchorage of peel-away transparent sheath trocar        

  Fig. 14.10    Transcallosal interfoniceal approach for an 
8-year-old boy with bifocal IT/YST/EC, ↑ serum AFP/
HCG, endoscope-assisted gross total removal. ( a ) Preop 

( upper row ), postop ( lower row ) MR images. ( b ) 
Intraoperative view of the tumor, seen through the 
endoscope       

a
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Fig. 14.10 (continued)
b

  Fig. 14.11    Patient with midbrain tumor and hydrocephalus. ( a ) Preop ( upper row ) and postop images ( lower row ) after ETV. 
( b ) Intraoperative during ETV. The basket perforator has created the stoma at the fl oor of the third ventricle and is dilating it       

a

b
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a

b

  Fig. 14.12    An 11-month-old girl with midbrain anaplas-
tic astrocytoma, hydrocephalus, s/p VP shunt at 7mos 
(referral hospital), ETV/ETB → NTR → SP shunt → VP 
shunt. ( a ) Preop ( upper row ) and postop ( lower row ) MR 

images. ( b ) Intraoperative view of endoscopic biopsy. 
( c ) Intraoperative view of removal through occipital inter-
hemispheric transtentorial approach         
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cFig. 14.12 (continued)

   Table 14.4    ETV of 44 
pineal and midbrain tumors 
at Taipei VGH   

 Location/no. of 
cases 

 NTV related to tumor resection 

 Histological Dx  No./before  Along with  After 

 5/4  28  7 
  Pineal 34   3/3   22   6  GCT 27 
  Sellar-pineal 5   G 11, MT 2 

  NGMGCT 13 
  Unclassifi ed 2 
 Pineoblastoma 6 
 Ast. 1 

  Midbrain 10    2 / 1    6   1  Astrocytic T. 5 
 PNET 1 
 No hist. Dx 4 

   Dx  diagnosis  

  Fig. 14.13    A 21-year-old man with germinoma-YST. He died of delayed intratumoral hemorrhage 2 weeks after ETV 
and ETB       
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  Fig. 14.14    A 15-year-old boy with normal serum tumor markers, ETV without tumor biopsy. He had chemotherapy 
with complete response ( upper row ). He developed recurrence 3.8 years later at the third ventricular fl oor ( lower row )       

Fig. 14.13 (continued)
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15.1            Introduction 

 Sylvian fi ssure arachnoid cysts are different from 
similar lesions localized in other intracranial 
regions. In fact, while the occurrence of chias-
matic, quadrigeminal, and, to a less extent, inter-
hemispheric fi ssure cysts is nearly always 
recognized on the grounds of clinical manifesta-
tions of intracranial hypertension, a large propor-
tion of the temporal region arachnoid cysts are 
detected incidentally in asymptomatic subjects 
undergoing neuroradiological examination for a 
variety of intercurrent causes (head injuries, psy-
chomotor retardation, headache, and so on). 

 Furthermore, when “symptomatic,” these 
cysts present with symptoms and signs so non-
specifi c to prevent any reliable surgical indica-
tion and, even more, to anticipate the surgical 
result. In spite of such signifi cant limitations, the 
current debate among the neurosurgical commu-
nity is mostly centered on the choice of the surgi-
cal procedure rather than aimed at evaluating the 
actual need to surgically treat all the subjects 
with Sylvian arachnoid cysts, including the 
asymptomatic ones.  

15.2     The Limits of Surgical 
Indications 

 The surgical indication in cases of Sylvian fi ssure 
cysts is a challenging decision-making process. It 
can be easy in patients with symptoms or signs of 
increased intracranial pressure (Fig.  15.1 ) or in 
the presence of clear-cut focal neurological defi -
cits attributable to a mass effect of the lesion. 
Unfortunately, in the great majority of the so- 
called symptomatic patients, the clinical manifes-
tations referred to the cyst tend to be relatively 
nonspecifi c so as to make their causative relation-
ships with the lesion disputable. In fact, Sylvian 
arachnoid cysts have been reported in association 
with a variety of conditions which include head-
ache, epilepsy, psychomotor retardation, atten-
tion defi cit, hyperactivity, manic depression, 
schizophrenia-like symptoms, paranoia, psycho-
ses, anosmia, Ménière’s disease, and hearing loss, 
just to quote the most frequently described [ 5 ].

   Among the clinical manifestations of Sylvian 
fi ssure arachnoid cysts, three are considered to be 
particularly relevant for the surgical indication: 
headache, epilepsy, and psychomotor retardation. 

 Actually, about 70 % of “symptomatic” sub-
jects complain of headache, which is often of a 
chronic type. Unfortunately the characteristics of 
this symptom are nearly always nonspecifi c and 
not easily attributable to the presence of the cyst. 
The headache, in fact, does not appear to corre-
late with the size of the cyst or to phenomena of 
compression/distortion over the neighboring vas-
cular or meningeal structures. However, if not 
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interpreted differently, headache may be consid-
ered at least for justifi cation of further diagnostic 
work-up and even invasive intracranial pressure 
recordings [ 23 ]. 

 Prolonged ICP recordings may actually reveal 
an abnormally high mean CSF pressure or point 
out the occurrence of abnormally high pressure 
waves during physiological sleep as well as arte-
rial pulses of excessively large amplitude. On this 
ground, the results of a study we carried out on a 
series of pediatric patients with temporal cysts 
who underwent prolonged ICP recordings demon-
strated that Galassi type I cysts were almost always 
associated with a normal ICP, whereas abnormally 
high ICP pressure values were found in all the 
Galassi type III cysts [ 4 ]. Both normal and abnor-
mally high intracranial pressures could be detected 
in children with Galassi type II cysts, so making 

impossible to predict the values of intracranial 
pressure on the basis of neuroradiological investi-
gations in this specifi c subgroup of patients, that 
is, in a signifi cant percentage of cases. 

 Epilepsy is a common cause for performing 
neuroradiological exams; consequently it is pos-
sible that in some subjects these investigations 
may reveal the presence of temporal arachnoid 
cysts. However, a strict correlation of seizure dis-
order with the presence of the lesion is still lack-
ing in the literature. First of all, in the majority of 
cases, there is no direct concordance of the 
 seizures semeiology and the location of the cyst. 
Furthermore, in many children the electrophysi-
ological exams often reveal contralateral anoma-
lies, suggesting a high probability of associated 
diffuse developmental cortical anomalies involv-
ing also the opposite hemisphere. Finally, the sur-
gical excision of the cyst or its marsupialization 
is not necessarily followed by seizure disappear-
ance or reduction, even when the volume of the 
cyst is signifi cantly reduced postoperatively. 

 Mental retardation and behavior problems are 
also described frequently in association with 
Sylvian fi ssure arachnoid cysts. With regard to 
epilepsy, the relationships between the cognitive 
and behavioral anomalies and the presence of the 
cyst are far to be demonstrated. In the same way, 
the benefi t of surgical treatment over these symp-
toms is yet to be confi rmed. Only a single group of 
scientists reported an improvement of the cogni-
tive disorders on a series of adult patients [ 24 ]. In 
children, the majority of authors experienced dif-
ferent results: indeed, no signifi cant psychomotor 
improvement has been reported regardless of the 
surgical modality and, above all, the entity of cysts 
size reduction in more recent series [ 1 ,  20 ,  23 ]. In 
fact, a primary developmental hypoplasia of the 
temporal lobe rather than an atrophy or compres-
sion exerted by the lesion may be taken into 
account for the interpretation of the clinical mani-
festations. In favor of such a hypothesis is also the 
common observation of absent neuropsychologi-
cal impairment even in children with large cysts 
and those located into the dominant hemisphere. 

 Large percentages of patients having arachnoid 
cysts in the middle cranial fossa identifi ed by 
radiological means develop no symptoms at all 

  Fig. 15.1    Axial T2w MRI of left medium-size Sylvian 
cyst inducing a shift of midline cerebral structures with 
compression and distortion of the ipsilateral ventricle. 
CSF spaces of the convexity are reduced on the left side 
compared to the contralateral side. The volume of the left 
hemicranium is slightly bigger than the right one. The 
association of the abovementioned signs suggests a mass 
effect of the lesion       
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(Fig.  15.2 ) [ 21 ]. Indeed, as was pointed out from 
an international survey [ 23 ], most pediatric neuro-
surgeons (more than 60 %) would adopt a “wait 
and see” policy in cases of incidental diagnosis or 
at least would suggest further diagnostic examina-
tions, such as functional MRI, cine-MRI, SPECT, 
PET neuropsychological evaluations, and EEG to 
confi rm the pathological role of the lesion.

   No doubts concerning surgical indication arise 
when symptoms or signs due to increased intra-
cranial pressure are detected, namely, focal neu-
rological defi cit or decreased consciousness, 
often related to a hemorrhagic complication; 
however these are, actually, rare events. However, 
in the absence of specifi c symptoms related to a 
localized or diffused increasing intracranial pres-
sure, several authors advocate the use of a “pro-
phylactic” operation in order to prevent the risk 
of intracranial bleeding due to spontaneous or 
traumatic tearing of the cyst linings and their 
fragile vessels, resulting in intracranial hemor-

rhage and subdural fl uid accumulation. The 
actual incidence of spontaneous rupture of mid-
dle cranial fossa arachnoid cysts is still unknown: 
Bilginer et al. found a 2.27 % incidence of subdu-
ral hematoma requiring surgical therapy over a 
series of 132 pediatric patients [ 3 ]. In a retrospec-
tive review of 343 patients affected by Sylvian 
fi ssure arachnoid cysts, Sprung et al. found a 
series of 60 cases (17.4 %) admitted for subdural 
and/or intracystic effusions, among whom 54 
(15.7 % of the entire series of 343 patients) 
required surgical intervention [ 21 ]; they found 
also that most of the cysts (41/60) fulfi lled the 
criteria for type II cysts, that subdural effusions 
were mostly ipsilateral located and occurred after 
traumatic events, and that almost half of the 
patients were younger than 19 years of age. This 
occurrence rate of subdural collections is signifi -
cantly higher than those reported by other authors 
[ 25 ] and was interpreted as due to the large num-
ber of cases who were referred to the center as 
well as to the common availability of a CT scan 
examination. 

 Overall, according to the available data from 
the literature, the incidence of subdural fl uid col-
lections in the set of untreated temporal arach-
noid cysts may be estimated from about 2–17.4 % 
of cases, which does not differ signifi cantly from 
the occurrence rate described in most series after 
surgical operation, challenging so far the prophy-
lactic value of the surgical treatment of temporal 
arachnoid cysts for such type of risk [ 5 ]. In par-
ticular, in the series by Spacca et al., four patients 
suffered a head injury 3–60 months after success-
ful surgery resulting in hemorrhagic complica-
tions [ 20 ]. Moreover, spontaneous disappearance 
of even large middle cranial fossa cysts has been 
described [ 2 ,  18 ,  26 ].  

15.3     The Choice of Surgical 
Technique 

 The main goals of the surgical treatment of 
Sylvian fi ssure arachnoid cysts are the elimina-
tion of the mass effect of the lesion and the pre-
vention of its recurrence in order to improve or 
normalize the CSF dynamics. These goals can be 

  Fig. 15.2    Axial T2w MRI of left medium-size Sylvian 
cyst showing no mass effect on the adjacent cerebral 
parenchyma. This patient was followed for 4 years after 
diagnosis, and neither symptoms nor signs which could be 
referred to the lesion were exhibited by the patient during 
that period       
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pursued with a variety of surgical procedures: 
extra-thecal shunts from the cyst to the peritoneal 
cavity, shunting of the cyst content into the ven-
tricular system, microsurgical opening (marsupi-
alization) of the cyst linings into the adjacent 
arachnoid spaces and cisterns, cyst lining exci-
sion, and endoscopic opening of the cyst into the 
basal cisterns. 

 According to a recent international survey 
among pediatric neurosurgeons [ 23 ], craniotomy 
and cyst wall marsupialization/removal was con-
sidered the primary surgical treatment in 66 % of 
the obtained responses; 28.8 % of the neurosur-
geons interviewed would prefer an endoscopic 
approach (pure 15.5 % and assisted 13.3 %, 
respectively). Only 6.6 % would consider, nowa-
days, cysto-peritoneal shunt as the fi rst-line treat-
ment in Sylvian fi ssure arachnoid cysts. 

 In recent years, the cysto-peritoneal shunt, 
once regarded the most simple and effective 
procedure to treat Sylvian fi ssure arachnoid 
cysts, has been progressively abandoned 
because of the known complications of shunt 
surgery (shunt malfunction, occlusion, infec-
tion) [ 1 ,  11 ,  19 ] and, in particular, the late devel-
opment of shunt dependency and acquired 
Chiari type I malformation, even though the 
procedure is associated with the higher evidence 
of objective results, that is, the cerebral paren-
chyma re-expansion. 

 Consequently, cyst lining excision and cyst 
membrane marsupialization have become the 
most utilized techniques worldwide. 
Unfortunately, the degree of cerebral parenchy-
mal re-expansion associated with these types of 
surgical procedure as shown by computed tomo-
graphic (CT) scan or magnetic resonance imag-
ing (MRI) is not so obvious as in cases managed 
by cysto-peritoneal shunt. As a result, the “suc-
cess” of the surgical treatment is more diffi cult to 
establish when using these techniques. 

 Paradoxically, the comparative analysis of 
series focusing on the surgical outcomes may 
only defi ne the percentage of “failure,” that is, a 
cyst whose size remains unchanged after the sur-
gical treatment with certainty. On the other hand, 
successes are considerably more diffi cult to be 
assessed in the large majority of patients, that is, 

in cases where the cyst decreases in size only 
partially. 

 Indeed, some authors simply report “satisfac-
tory” reduction of the cyst without referring to 
the relative decrease in size of the lesion or to 
absolute numeric values defi ning the entity of the 
surgical “success.” Others group into the cate-
gory of good outcome all the cases in which the 
size of the lesion appears to be diminished after 
the operation using, however, adjectives such as 
“minimal,” “partial,” “moderate,” and 
 “incomplete” which obviously do not allow a 
reliable evaluation or comparative analysis. 
Actually, the “complete” resolution of the cyst is 
rarely reported. Furthermore, only exceptionally 
the postoperative modifi cations of the cyst vol-
ume, which defi ne the surgical outcome, have 
been associated with the effects of the treatment 
on the clinical manifestations. It is evident how, 
in the absence of objective evaluation criteria, the 
defi nition of outcomes might be biased by the 
subjective judgment of the neurosurgeon. The 
neuroradiologist could contribute to alleviate 
such a limitation not only by measuring the 
degree of the cyst reduction objectively but by 
furnishing also additional data with regard to the 
cerebrovascular compression, stretching, and dis-
tortion. Unfortunately, even though the introduc-
tion of progressively more effective neuroimaging 
tools to calculate the volume of the cyst might 
provide more sound fi gures in the future, until 
now no objective measurements are available to 
relate the “success” of the surgical treatment 
based on the variations of specifi c pre- and post-
operative parameters. 

 Historically, the principal debate over tempo-
ral arachnoid cysts management has focused on 
the comparison of microsurgical techniques and 
shunt implantation [ 1 ,  8 ,  14 ,  16 ,  19 ,  28 ], endo-
scopic procedure being applied increasingly on 
temporal arachnoid cysts cases “only” in the last 
10 years [ 6 ,  7 ,  9 ,  10 ,  13 ,  15 ,  20 ]. 

 The implantation of a cysto-peritoneal shunt 
has been considered for long time the less inva-
sive surgical procedure to treat temporal arach-
noid cysts in terms of perioperative morbidity 
with a higher success rate of signifi cant decrease 
in size or complete obliteration of the cyst [ 19 ]. 
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Cysto-peritoneal shunts, however, are weighted 
by the constant risk of shunt infections/malfunc-
tions, occlusions, as well as shunt dependency [ 1 , 
 11 ,  19 ]. Later on, the occurrence of hindbrain 
caudal and upward herniation may be observed 
due to a progressive craniocerebral dispropor-
tion, especially in subjects operated on in early 
age [ 5 ]. Differently from a ventriculoperitoneal 
CSF shunt, the cysto-peritoneal shunt should, at 
least theoretically, drain from a close cavity, con-
sequently making diffi cult to understand why the 
induced change in size of the lesion may differ in 
the various patients, without considering a coex-
isting primary hypoplasia of the temporal lobe. 
Some attempts have been made to investigate the 
action of this type of shunt. Arai et al. in a series 
of 77 subjects with temporal arachnoid cyst who 
had undergone the implantation of a cysto- 
peritoneal shunt device monitored the intracystic 
pulse wave by puncturing the shunt system [ 1 ]. 
They found that the intracystic pressure and the 
amplitude of the intracystic pulse wave increased 
when the shunt was closed to subsequently 
decrease when it was open. The authors con-
cluded that the action of the shunt in decreasing 
the cyst volume was not limited to the fl uid sub-
traction but also at diminishing a possible patho-
genetic factor for cyst enlargement, namely, the 
intracystic pressure pulsations. They also pro-
posed the removal of the outer membrane of the 
cysts wall to avoid shunt malfunction, consider-
ing that the outer membrane detaches easily from 
the dura mater after the shunt procedure, causing 
plugging of the shunt tube. 

 On the other hand, open craniotomy and cyst 
fenestration with or without cyst wall removal are 
considered an aggressive approach, being 
weighted by major complications, namely, sub-
dural hematomas or hygromas, oculomotor palsy, 
meningitis, hemiparesis, seizures, and even death 
[ 22 ]; however, this type of procedures allows 
marsupialization of the cyst under direct micro-
scopic vision, avoiding stripping of the arachnoid 
membrane so reducing the risk of bleeding [ 9 ]. 
Actually, in recent reports, perioperative mortal-
ity and morbidity are similar in comparison with 
shunting procedures [ 23 ]. According to some 
authors [ 19 ], the complete removal of the cyst 

wall is neither possible nor necessary to obtain an 
effective decompression of the cyst. However, 
despite anecdotal reports suggesting that a lim-
ited partial excision of the cyst wall might be an 
effective and suffi cient treatment, fenestration of 
the cyst into the basilar cisterns has widely 
proved to offer a greater chance of successfully 
dealing with the condition and restoring normal 
CSF dynamics, resulting in the elimination of the 
need of a shunt in many cases [ 16 ]. 

 The keyhole microsurgical approach 
 performing a minicraniotomy has proved to be 
effective in treating temporal arachnoid cysts 
with a success rate over 80 % [ 17 ] (Fig.  15.3 ).

   With the advent of neuroendoscopy and the 
progressive improvement of neurosurgeons’ 
expertise in approaching intracranial pathologies 
endoscopically, the debate has been extended, 
further focusing on the possible advantage of the 
technique in creating alternative CSF pathways. 
However, the results reported in the literature are 
still controversial [ 6 ,  7 ,  10 ,  13 ,  15 ,  19 ,  20 ]. 

 The main criticisms to the endoscopic 
 management of temporal arachnoid cysts 
address its technical limitations mainly. The 
available instrumentation allows the use of 
only an  instrument at the time in the work-
ing channel or two instruments, in the case of 
larger diameter  endoscopes,  working in the 
same axis of the endoscope, so that the control 
of hemostasis (bleeding may reduce the vision, 

  Fig. 15.3    Microscopic visualization during the opening 
of the basal cyst’s membrane into the basal cisterns       
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 imposing the interruption of the procedure) or 
the action of pulling gently the thick arachnoi-
dal membranes may be diffi cult [ 6 ]. Another 
issue is related to the possibility of losing the 
orientation especially within large and dark 
cavities, whose topographic anatomy may be 
rather disorienting. Neuronavigation may be 
useful in this context in order to plan the best 
trajectory and to provide real-time control of 
the endoscope position, with the limit of pos-
sible modifi cations of landmarks due to intra-
operative CSF loss [ 20 ,  23 ]. However, type II 
cysts may be challenging for the endoscopic 
approach because the temporal lobe may con-
stitute an obstacle along the ideal trajectory 
line toward the basal cistern [ 19 ]. 

 If the endoscope bears the signifi cant limita-
tion of monocular vision compared to the micro-
scope, it has the advantage of allowing a better 
visualization of the different membranes in cases 
of loculated cysts that have to be opened to ensure 
a suffi cient fl ow (Fig.  15.4 ) [ 6 ]. When fl exible 
endoscopes are utilized, a further advantage is 
the possible shifting in the line of action accord-
ing to the specifi c morphology of the lesion.

   Johnson et al. reported the results of a series of 
91 reviewed cases from the literature, treated 

using endoscopic techniques with a 95 % 
 successful clinical improvement (74 % cyst 
reduction) [ 13 ]. Most recent series showed a 
 satisfactory clinical outcome in 90–92.5 % of 
cases, with a signifi cant cyst reduction in the 
range of 55–75 % of the cases [ 10 ,  15 ,  20 ]. 

 According to the review of 304 cases affected 
by temporal arachnoid cysts by Gangemi et al. 
over a cohort of 160 patients treated by craniot-
omy and cyst excision, 141 (88 %) had a  complete 
or partial clinical remission; among 94 patients 
treated with cysto-peritoneal shunt, 91 (96.8 %) 
had “good” clinical outcome, and among 50 
cases of endoscopic treatment, 35 (70 %) showed 
clinical improvement [ 9 ]. 

 If the aim of the surgical treatment is obtain-
ing cyst size reduction, some authors [ 1 ,  19 ] 
showed that CP shunt was the best option for the 
complete obliteration of large cyst in infants or 
young children, although with a high  shunt- related 
complications. 

 From a retrospective review of the last 34 
 consecutive cases of middle cranial fossa cysts 
randomly selected to be treated microscopically 
or endoscopically in a 6-year period at our institu-
tion (unpublished data), we observed that patients 
younger than 3 years of age at treatment presented 
a variable reduction of the cyst size (from a mild, 
less than 25 %, to a noticeable, more than 75 %, 
decrease in volume). None of the cysts of these 
very young children resulted unmodifi ed or 
increased in size at radiological follow-up after 
the operation. In particular, about one fourth of 
them (26.7 %) were noticeably reduced in size 
(more of 75 % of the preoperative volume) 
(Fig.  15.5 ) and a further fourth were minimally 
decreased (less than 25 % of the preoperative vol-
ume). The degree of reduction of the remaining 
cysts (46.6 %) ranged among these two extremes. 
On the other hand, about 1/3 (31.6 %) of the chil-
dren older than 3 years did not show any modifi -
cation in their volume after the operation 
(Fig.  15.6 ). Among this age group only 10.5 % of 
the children showed a more than 75 % cyst vol-
ume reduction. Another 31.6 % had a mild reduc-
tion (less than 25 %) and 26.3 % of the cysts had 
a volume reduction between 25 and 75 %.

    The two age groups, comparable for Galassi 
classifi cation, also showed a different rate of 

  Fig. 15.4    Endoscopic view during the fenestration of the 
basal membrane of a Sylvian fi ssure arachnoid cyst showing 
similar visualization to that provided by the microscopic 
approach. The fi ne delineation of the third cranial nerve and 
the perforating branches of the internal carotid artery is noted       

 

C. Di Rocco et al.



181

  Fig. 15.5    Preoperative ( left ) and postoperative ( right ) 
coronal T2w MRI images of right Sylvian arachnoid cyst. 
Brain re-expansion and cyst’s volume reduction after 

 marsupialization of cyst membrane. CSF is normally dis-
tributed within peripheral subarachnoid spaces and the 
midline shift is resolved       

  Fig. 15.6    Preoperative ( left ) and postoperative ( right ) 
coronal T2w MRI images of left Sylvian arachnoid cyst. 
Marsupialization of the cyst linings resulted in minimal 

re-expansion of the left lateral ventricle without signifi -
cant changes of the cyst volume. An associated minimal 
subdural fl uid collection is noted       
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long-term complications. Out of the older group, 
10.5 % of the children, two out of six of patients 
who had no cyst reduction, fi nally needed a 
cysto-peritoneal shunt insertion. Another 15.8 % 
of the patients older than 3 years of age devel-
oped a postoperative hygroma that needed a per-
manent subdural-peritoneal shunt. In contrast, 
only 1 out of 15 (6.7 %) patients in the younger 
age group (less than 3 years old) needed the 
insertion of a permanent subdural-peritoneal 
shunt because of postoperative subdural hygroma. 
These data seem to indicate that patients younger 
than 3 years of age have a higher chance of brain 
re-expansion and lower rate of long-term compli-
cations. In other words, age more than the type of 
surgical treatment infl uenced the results in the 
population considered. 

 Our data further support what was observed 
by Di Rocco et al. [ 6 ] who stated that among their 
series of 17 patients who underwent endoscopic 
procedure for fenestration of Sylvian fi ssure 
arachnoid cysts, children operated on before age 
1 had a complete reduction in volume of the cysts 
and an expansion of the temporal lobe at last neu-
roimaging follow-up. 

 An interesting hypothesis concerning the age 
factor is that by Zada et al. [ 27 ]. The authors 
observed that patients under 2 years of age 
affected by temporal arachnoid cysts are more 
prone to present with nonspecifi c macrocephaly, 
in some cases associated to mild ventriculomeg-
aly, confi rming previous observation by Levy 
et al. [ 17 ]. In a retrospective series of 22 patients 
under 2 years of age at diagnosis affected by tem-
poral arachnoid cysts, they found that these are 
more likely to become shunt dependent and pro-
pounded a direct relationship between the devel-
opment of an arachnoid cyst and an abnormal 
CSF dynamics, suggesting that the development 
and expansion of arachnoid cyst may be consid-
ered a form  frusta  of hydrocephalus. 

 Actually, most of the postoperative complica-
tions of the treatment of Sylvian arachnoid cysts 
appear to depend on the complex relationships of 
these cysts and CSF pathways, rather than on sur-
gical modality chosen [ 5 ]. In fact, even with com-
parable results in terms of clinical outcome, what 
endoscopy has not yet eliminated in comparison 

with microsurgical approach is the occurrence of 
postoperative subdural hygromas, reported in 
5–23.5 % of cases, which may end in the neces-
sary placement of a permanent subdural- 
peritoneal shunt in a signifi cant proportion of the 
operated-on subjects (4–6 % of the cases) [ 6 ,  7 , 
 10 ,  12 ,  15 ,  20 ,  22 ]. It is worth noting that these 
fi gures are two- to threefold higher than the inci-
dence of the same complication occurring in the 
natural history of the condition (following the 
spontaneous or posttraumatic rupture of the cyst). 
On the base of this high incidence of postopera-
tive subdural hygroma, Elhammady et al. pro-
posed a transcortical approach to minimize the 
risk of cerebrospinal fl uid diversion into the sub-
dural space, with the aim of avoiding extra-axial 
fl uid collections in the postoperative phase [ 7 ]. 
The effectiveness of the technique has not been 
confi rmed yet.  

    Conclusion 

 Temporal arachnoid cysts continue to repre-
sent a challenging lesion for the neurosurgeon 
faced with a diffi cult surgical indication in 
cases of incidental discovery in asymptomatic 
subjects or recognition in patients presenting 
with nonspecifi c clinical manifestations, 
whose relationships to the presence of the cyst 
is questionable. In symptomatic subjects for 
whom surgical treatment is advised, further 
diffi culties arise in the choice of the surgical 
option. Cysto-peritoneal shunting, once con-
sidered the most reliable and safe procedure, 
has been practically abandoned nowadays due 
to unacceptable rates of short-term and late 
complications. Consequently the current 
debate is about the comparison of microscopic 
and endoscopic techniques to be utilized in the 
fenestration of the cyst and the creation of 
alternative communication for the fl uid con-
tent to drain within the subarachnoid spaces of 
the cranial base. Both techniques have the 
same limitations and are associated with the 
same complications, in particular postopera-
tive subdural fl uid accumulation, which may 
require further surgical treatment in a signifi -
cant percentage of the cases. It is apparent that 
more than a technical advance the manage-
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ment of Sylvian fi ssure arachnoid cyst needs 
more reliable ways to identify the candidates 
for the surgical treatment, better understand-
ing of the surgical goals, and more objective 
evaluation tools to assess successes as well as 
failures.     
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16.1           Introduction 

 Current trends in surgical disciplines have been 
directed toward the use of minimally invasive, 
effective forms of diagnosis and treatment. 
Endoscopy represents one such modality in the 
spectrum of minimally invasive techniques. 
Although current interest in endoscopy is great, 
the application of endoscopic surgery for the 
treatment of neurosurgical disorders is not new. 

 The general components of instruments for 
neurosurgical endoscopy are identical to those of 
the instrumentation used in other surgical disci-
plines, except for the small size of the neurosurgi-
cal endoscope. Presently, two general types of 
endoscopes are available: rigid lens scopes and 
fi berscopes. Rigid endoscopes transmit images 
through a series of lenses, whereas fi berscopes 
transmit images through carefully arranged optic 
fi bers. Rigid systems give clearer images than 
fi berscopes, but fi berscopes can be bent or 
maneuvered without image distortion. In addition 
to the basic elements for viewing, other ports or 
working channels may be available for the inser-
tion of instruments, including energy delivery 
systems (i.e., laser fi bers or electrocautery sys-
tems) and irrigation apparatuses (with or without 
suction). The diameter of the working channel is 
the factor limiting the type of endoscopic instru-

mentation that can be developed. Rigid scopes 
that offer an assortment of different viewing 
angles are available but are useful only for 
 viewing. Preoperative planning determines the 
appropriate endoscope for a particular procedure. 
Although a procedure may be viewed directly 
through the endoscope, most surgeons (the author 
included) prefer to operate with the aid of a view-
ing system that comprises of a camera, a monitor, 
and a light source. The light source is connected 
to the endoscope via a fi beroptic cable and must 
be bright enough to illuminate the operative fi eld 
without transmitting excessive heat to the scope 
tip. Halogen, mercury vapor, and xenon light 
sources are available. The camera, which is con-
nected to the endoscope via an adaptor, transmits 
the image to a video monitor for viewing by the 
surgical team. Irrigation is essential during the 
operative procedure to clear the lens of debris, 
clear the operative fi eld of any blood, and help 
prevent collapse of the CSF spaces; care must be 
taken in the amount of irrigation. 

 Spinal endoscopic procedures were performed 
in cadavers by Burman in 1931 and Stern in 1936 
and were fi rst performed in patients by Pool in 
1938. Pool’s primitive instrumentation enabled 
the visualization of the intradural contents and 
the diagnosis of arachnoiditis and spinal neo-
plasms. Despite signifi cant advances in endo-
scope technology, few references exist between 
these early reports and recent ones that describe 
the application of endoscopy to the examination         A.   Cordoba ,  MD     
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of the various compartments of the spinal axis 
[ 11 ,  12 ,  15 ,  18 ]. Perhaps the greatest challenge to 
endoscopic applications for neurosurgery is pre-
sented by the extradural space.  

16.2     Endoscopic Applications in 
the Intradural Compartment 

16.2.1     Cyst Fenestration 

 The spinal axis can be divided into the intradural 
and extradural compartments. The intradural 
compartment can be divided further into the 
intramedullary and extramedullary components. 
Endoscopic applications in the intradural com-
partment include fenestration of both the extra-
medullary cysts and the intramedullary cavities 
commonly seen in hydrosyringomyelia. 

 Huewel and colleagues described the use of a 
fi berscope to inspect intramedullary cavities in 
syringomyelia [ 6 ]. After a myelotomy has been 
performed, a small-diameter fi berscope inserted 
into the spinal cord syrinx is used to visualize the 
many septations traversing the cavity and, in rare 
instances, the compartmentalization of the syr-
inx. Fenestration of the membranes permits com-
munication throughout the syrinx and facilitates 
its complete collapse. Biopsy of an intramedul-
lary tumor associated with a syrinx has also been 
performed, but complete resection of spinal cord 
neoplasms has not been reported. 

 For extramedullary applications, the sub-
arachnoid space permits introduction of small 
fi berscopes into the spinal canal. Potential appli-
cations include fenestration of either arachnoid 
cysts or postoperative cysts that originate from 
previous spinal procedures [ 2 ,  4 ,  8 ,  11 – 13 ,  18 ].   

16.3     Endoscopic Applications in 
the Extradural Compartment 

16.3.1     Endoscopic Discectomy 

 Within the extradural compartment, efforts have 
been directed at endoscopic discectomy, includ-
ing cervical discectomies, thoracoscopic removal 
of thoracic discs, posterolateral approaches for 

removal of L4–L5 discs, and laparoscopic 
approaches for removal of L5–S1 discs 
(Fig.  16.1 ). Paraspinal tumors in the thoracic and 
lumbar regions may also be approached with tho-
racoscopic and laparoscopic techniques, respec-
tively. The current surgical management for 
lumbar disc disease is microsurgical discectomy, 
a safe and effective procedure that requires a 
short hospital stay. Although percutaneous lum-
bar discectomy encompasses many techniques, 
its goal is to remove herniated nucleus pulposus 
in the dorsal portion of the disc space. However, 
if an endoscope is not used, most percutaneous 
techniques are limited to removal of the central 
disc contents. If subligamentous prolapse is 
included in the spectrum of indications, then 
endoscopic control is necessary. Single and 
biportal approaches as well as transforaminal 
discectomy with small fi berscopes have been 
described. The indications for these approaches 
at present are few, the essential instrumentation 
for surgery has not yet been perfected, and exten-
sive comparisons for their role as alternatives to 
microdiscectomy are not available. Despite these 
limitations, efforts to perfect percutaneous dorso-
lateral discectomy, laparoscopic lumbar discec-
tomy with fusion, and thoracoscopic discectomy 
are continuing. Certainly, these procedures will 
evolve to become the techniques of choice for 
spinal surgery in various clinical situations.

16.3.2        Epiduroscopy 

 The usefulness and effectiveness of this tech-
nique is a matter of discussion. It is most com-
monly applied in post-laminectomy peridural 
fi brosis [ 5 ,  14 – 17 ]. Via the hiatus sacralis and 
with the use of intraoperative radiology, a 0.9–
2.5-mm 0° semifl exible or fl exible neuroendo-
scope is introduced through a sheath (Fig.  16.2 ). 
Adhesiolysis is performed with a balloon cath-
eter and cauterization. No more than 120 ml of 
irrigation is recommended. Our series includes 
26 patients with confi rmed peridural fi bro-
sis on epiduroscopy despite negative MRI 
scans. Targeted adhesiolysis was performed 
in half of the patients, whereas the other half 
underwent nontargeted adhesiolysis. Epidural 
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adhesiolysis was followed by the injection of 
steroids ( triamcinolone) and local anesthetic 
( lidocaine) during epiduroscopy. In one patient, 

the  procedure was repeated 6 months later, and 
an epidural catheter was left in place for 3 days 
postoperatively.

a

c

b

  Fig. 16.1    Diagrams showing the possible endoscopic 
approaches that can be employed in the removal of cervi-
cal, thoracic, and lumbar herniated discs. ( a ) Anterior, to 
remove the herniated part of the disc. ( b ) Posterior, to 

decompress the spinal root canal as well, in the presence 
of a lateral osteophyte. ( c ) Lateral, to remove extraforami-
nal disc herniation       
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   After treatment, sciatic pain improved in all 
patients; however, low back pain was persistent, a 
fi nding that is concordant to previous literature 
reports. Based on the fi ndings during epiduros-
copy, 83.3 % of all patients with persistent pain 
after back surgery had severe (grade 3 or 4) epi-
dural fi brosis, while 91.0 % had signifi cant (grade 
2, 3, or 4) fi brosis. In patients who had undergone 
more extensive surgery, severe fi brosis was pres-
ent in 91.1 % and signifi cant fi brosis in 95.6 %. 
Using MRI, epidural fi brosis was diagnosed only 
in 16.1 % of these patients. All patients with 
severe epidural fi brosis had a fi lling defect on 
epidurography. Concordant pain was present in 
84.3 % of patients and was dependent on the 
severity of fi brosis. Epiduroscopy demonstrates 
that the prevalence of severe epidural fi brosis 
after back surgery syndrome is substantially 
higher than is generally reported in MRI evalua-
tions. Severe epidural fi brosis is the underlying 
pathology in most patients with failed back sur-
gery syndrome. Epidural adhesiolysis followed 
by the injection of steroids and local anesthetic 
during epiduroscopy alleviates pain and func-
tional disability and reduces dysfunction of A-β 
and A-δ fi bers in patients with chronic sciatica. 
Complication rate was about 2–7 % and included 
bleeding, visual loss and retinal hemorrhages, 
root injury, and infection. There are still some 
problems to be solved in the epiduroscope 

 development, but its dramatic effect in pain 
reduction has been recognized, and it is consid-
ered as an attractive diagnostic and therapeutic 
tool.  

16.3.3     Spinaloscopy 

 The lumbar and lower thoracic subarachnoid 
space of 26 human autopsy subjects was studied 
using rigid endoscopy by Blomberg in 1994 [ 1 ] 
with the aim to detect fi brous structures. This pro-
cedure is known as spinaloscopy. Fibrous attach-
ments were found between nerve roots and/or 
nerve roots and the arachnoid membrane at least 
at one spinal level in 16 subjects. The appearance 
and density of the structures varied and caused 
restriction of nerve root mobility in nine subjects. 
In three of them, the impeded mobility prevented 
the nerve root from yielding to the contact and 
pressure exerted either by the tip of the endoscope 
or by a spinal needle introduced into the sub-
arachnoid space. In another three subjects, a dis-
tinct membranous structure was identifi ed in the 
posterior midline of the subarachnoid space in the 
lower thoracic and upper lumbar regions. These 
fi ndings may be possibly associated with the vari-
ation in the extent of subarachnoid block and to 
the development of isolated nerve root trauma in 
connection with this procedure. The learning 

  Fig. 16.2    Semifl exible and 
fl exible spinal 0.9-mm 0° 
neuroendoscopy equipment 
used for epiduroscopy       
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curve for spinal endoscopy is steep, and the 
 procedure should not be attempted alone by a 
novice surgeon. Nevertheless, with training and 
experience, the spine surgeon can achieve better 
outcomes and reduced morbidity with spinal 
endoscopy, and the operating times are compara-
ble to open procedures. As technology evolves 
and more experience is obtained, neuroendos-
copy will likely achieve a more central role in 
spine surgery. In our clinical series we used fl ex-
ible and semifl exible 0.9-mm 0° neuroendoscope, 
in a minimal approach (small laminectomy) or 
percutaneous procedure in lumbosacral and dor-
sal lesion like tumor biopsy. We closed with fi brin 
glue. Different kinds of pathologies were 
approached by this technique. 

 Our clinical series consists of 30 cases within 
a 9-year period (2002–2010). We used a fl exible 
and semifl exible 0.9-mm 0° neuroendoscope 
either through a minimal surgical approach 
(small laminectomy) or as a percutaneous proce-
dure in the management of dorsal lumbosacral 
lesions. Fibrin glue was utilized during closure. 
Overall, there was no associated intra- or postop-
erative mortality or morbidity. Infection rate was 
1.6 %. Mean follow-up period was 48 months. 
Our total list of patients includes diverse 
pathologies:
•    13 arachnoid cysts, of which 8 are subdural 

and 5 are extradural. All of the arachnoid cysts 
were seen in pediatric patients (age range 
2–14 years) and 50 % in patients with MMC 
and secondary tethered cord. Only 2 patients 
demonstrated radiological improvement. 
Clinical and/or EMG improvement after 
endoscopy for arachnoid cyst varied from 
53.5 % in patients with previous MMC to 
87.4 % in patients without MMC.  

•   6 spinal tumors, of which 3 are less than 2 cm, 1 
extended dorsal tumor which was biopsied, 1 
meningioma, and 1 non-Hodgkin lymphoma. 
There are no previous reports of gross total resec-
tions of spinal tumors endoscopically. Published 
papers mention partial resections and biopsies.  

•   14 patients with syringomyelia (7 posttrau-
matic, 2 in the cervical region, 5 dorsolum-
bar). Success rate was 82 % in the management 
of posttraumatic syringomyelia. Sometimes a 
septated syringomyelia is treated with endo-

scopic fenestrations in order to achieve free 
communication of fl uid between the cavities 
and subsequent collapse with clinical improve-
ment. However, despite the fenestrations, very 
often the cavity remains unchanged in size. In 
a second operation under endoscopic view, a 
small tube can be inserted into the cystic cav-
ity to drain the fl uid. Its effi cacy is a matter of 
discussion and controversy.      

16.4     The Future: Stem Cell 
Implants Through 
Neuroendoscopy 
(Restorative Neurosurgery) 

 Experimental and clinical research [ 7 ,  9 ,  10 ,  20 ] 
has shown the plasticity of the multipotent adult 
progenitor cell (MAPC) in various conditions of 
tissue damage. It was observed that in some neu-
romuscular disorders, clinical improvement of 
the pathological condition can be reached after 
the transplantation of MAPCs. 

 Amyotrophic lateral sclerosis (ALS) is a 
degenerative disorder characterized by loss of 
upper and lower motor neurons resulting in pro-
gressive muscle weakness, respiratory insuffi -
ciency, and ultimately death. Up to now, there are 
no effective treatments to reverse the natural 
course of the disease that is fatal. Considering the 
devastating effects of the ALS, we have designed 
a trial in which stem cells were implanted in the 
spinal cord and in the CSF of patients with ALS 
through a minimally invasive neuroendoscopic 
procedure. We also utilized stem cell implants in 
7 patients with traumatic spinal cord injury and 1 
patient with Alzheimer’s disease.  

16.5     Our Experience in Patients 
with Amyotrophic Lateral 
Sclerosis (ALS) 

16.5.1     Materials and Methods 

 Twenty-four patients with ALS met the inclusion 
criteria for this study. Spirometry with a forced 
expiratory volume (FEV) and forced vital capac-
ity (FVC) ratio not inferior to 60 % was required. 
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All patients were measured with an ALS function 
scale to set an individual initial score. Based on 
this scale, all our patients with ALS were graded 
from a minimum of 0 to a maximum of 40 points. 
A minimum score of 17 points was a prerequisite 
for inclusion in the study. 

 Bone marrow was stimulated with fi lgrastim 
10 mg/kg 1 day before admission. Peripheral 
blood stem cells were collected from the patient 
through a central venous catheter by a continuous- 
fl ow apheresis equipment (Fig.  16.3 ). A buffy 
coat was separated from plasma, and CD34+ 
cells were tested and selected.

   Laboratory manipulation of peripheral stem 
cells was done immediately before neuroendos-
copy to preserve cell viability. Under general 
anesthesia, the fi rst step was to insert a spinal 
needle in the intervertebral space between L4–L5 
to obtain 4 ml of cerebrospinal fl uid (CSF) 
(Fig.  16.4 ). Two milliliter of stem cells was then 
suspended in the CSF sample, and the mixture 
was injected back into the subarachnoid space 
(Fig.  16.5 ). The second step is to locate the inter-
vertebral space between T8–T9 and to introduce 
percutaneously a semifl exible 0.9-mm 0° neuro-
endoscope. Once 1 mm deep in the posterior part 
of the spinal cord, 1 ml of concentrated stem cells 
is transplanted. Two milliliter of concentrated 
stem cells is then injected in the perispinal space 

before BioGlue is used to seal the dura mater 
(Fig.  16.6 ). The whole procedure lasted for about 
45 min. The remaining stem cells were injected 
through the central venous catheter which is then 
removed at the end of the procedure.

16.5.2          Results 

 Stimulation during 6 days with fi lgrastim 
increased the white cell count to an average of 
33.200/ml (range 24–55.000/ml). Mononuclear 
cells obtained were 8.13 × 10 ~ 8 per kg (range 
5.3–12). After purifi cation, CD34+ cells 
employed were 7.6 × 10 ~ 6 per kg (3.3–17.8). 

 No complications were observed during the 
stimulation period, the peripheral progenitor cell 
harvest, or the neuroendoscopic procedure. 

 Discharge from the hospital was 48 h after the 
transplantation with follow-up in the outpatient 
clinic. Periodic assessment of patients with the 
ALS function scale revealed that, at 6 months, 15 
patients improved their initial scores while 9 
patients remained stable with no progressive 
deterioration of their neurological performance. 
In all cases a remarkable decrease of the muscu-
lar fasciculations was observed. 

 The mortality rate of the treated group at 2 
years follow-up was 20.8 %. This compares 

  Fig. 16.3    Processing of 
peripheral blood stem cells       
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favorably with the reported 36.1–53.6 % in the 
control group. Three patients died with pulmo-
nary insuffi ciency in the fi rst 18 months after the 
treatment.  

16.5.3     Discussion 

 Since the introduction of stem cells as a potential 
therapeutic tool, their potential role in the treat-
ment of various clinical entities has been studied 
including neurodegenerative diseases, e.g., 

Alzheimer’s and Parkinson’s [ 19 ], cerebrovascu-
lar diseases, cerebral tumors, and traumatic spine 
injury. Different kinds of stem cells have been 
utilized like olfactory and mesenchymal stem 
cells. Other study employed neural stem cells in 
culture for 15 days which were implanted through 
neuroendoscopy. 

 The discovery of stem cells in the adult human 
brain and developing stem cell technology opens 
a possible future scenario of autotransplantation, 
where stem cells are harvested from the patient 
and propagated in vitro before they are used as 

  Fig. 16.4    Through a lumbar 
puncture, CSF is removed 
and used to suspend the stem 
cells       

  Fig. 16.5    The mixture of CSF and suspended stem cells is injected back into the subarachnoid space       
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transplants. Westerlund et al. [ 21 ] published a 
study in 2005 with the following objectives: (1) 
to investigate the feasibility of harvesting tissue 
containing neural stem cells by endoscopy, (2) to 
study the possibility of propagating and multi-
plying stem cells from this tissue effi ciently in 
vitro, and (3) to examine whether the stem cells 
differentiate into functional neurons. In 13 
patients undergoing routine neurosurgical endos-
copy procedures for hydrocephalus, the authors 
used an endoscope and a 3-mm biopsy forceps to 
harvest the small piece of the ventricular wall 
that was detached by the introduction of the 
endoscope. Cells were cultured as neurospheres 
and after induced differentiation, they were 
investigated with immunocytochemistry and 
whole-cell patch-clamp recordings. All cells 
characterized were propagated under strict clonal 
conditions. There were no complications in har-
vesting the part of the lateral ventricular wall that 
was penetrated with the inner lumen of the endo-
scope. Single cells, isolated and cultivated in 
vitro, multiplied to form neurospheres in a 
serum-free environment. Only 7 % of cells gen-
erated a new neurosphere. A single stem cell had 
the potential to give rise to approximately 63,000 
new cells after two passages. The total number of 
cells produced from a single biopsy was already, 
after the second passage, far beyond the number 
required for clinical effect in, for instance, 

Parkinson’s disease. Within 1 week of induced 
differentiation, cells expressing markers for neu-
rons (β-III- tubulin or NeuN), oligodendrocytes 
(RIP or 04), and astrocytes (glial fi brillary acidic 
protein) appeared. After 3 weeks, cells with a 
neuronal phenotype showed a fi ring pattern dis-
tinctive of mature neurons, including repetitive, 
short- lasting, and overshooting action potentials 
that were blocked by inhibiting voltage-depen-
dent Na+ channels with tetrodotoxin. These 
results indicate that it may be feasible to produce 
neural tissue for autotransplantation from endo-
scopically harvested stem cells [ 3 ], but further 
work is needed in refi ning culture protocols to 
control phenotype fate. 

 In Latin America, we are developing an 
Iberamerican stem cells working group with a 
common protocol with the cooperation of scien-
tists from Chile, Brazil, Uruguay, and Spain for 
the next 5 years. Our results in prognosis of ALS 
are similar in comparison to other methodologies.   

    Conclusion 

 The procedure is safe, feasible, and easy to 
reproduce. No complications or morbidity 
were observed. Improvement of neurological 
condition was registered in 15 patients and 
stabilization of the progressive disease in the 
other 9, not responding to the previous treat-
ments. We considered the possibility of 

  Fig. 16.6    Using the 0.9-mm 0° endoscope, concentrated stem cells are transplanted in the posterior part of the spinal 
cord and the perispinal space       
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repeating stem cell implantation several times 
in order to increase the stem cells’ population 
and to improve the results. In spite of the short 
follow-up, we think it is an encouraging new 
approach for an, up to now, always fatal 
disease.     
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17.1            Introduction 

 The surgical methods to treat craniosynostosis 
have evolved from a relatively simple strip crani-
ectomy to a diverse spectrum of partial or com-
plete cranial vault remodeling [ 1 ,  3 ,  9 ,  16 ,  18 ]. 
More complex procedures, such as the biparietal 
craniectomy [ 8 ], pi procedure [ 14 ], and partial or 
complete cranial vault remodeling [ 6 ] have 
shown excellent results but often with high 
comorbidity [ 13 ]. There is general agreement 
that the younger a child is, the less extensive a 
craniofacial procedure should be. This is espe-
cially true in case of scaphocephaly [ 1 ,  15 ]. 

 Recently, there is a renewed interest in early 
management for the correction of craniosynosto-
sis, now revitalized by means of an endoscopy- 
assisted strip craniectomy before the sixth month 
of age, and combined with postoperative helmet 
molding therapy [ 2 ,  4 ,  7 ,  9 ,  10 ,  12 ,  13 ,  17 ]. The 
philosophy underlying this technique is the pos-
sibility to perform extensive surgical procedures 
through minimal incisions, decreasing blood 
loss, decreasing operative times, and shortening 

the hospitalization period, thus rendering not 
only good cosmetic results but also limit peri- 
and postoperative morbidity [ 5 ,  9 ].  

17.2     General Principles 
and Surgical Technique 

 The main principle of endoscopy-assisted 
 craniosynostosis surgery (EACS) is the suturec-
tomy of the affected suture (Fig.  17.1 ). Since this 
was the primary treatment in the past for cranio-
synostosis with dissatisfying results overall, the 
suturectomy now relies on two additional con-
ditions: early surgery (age below 6 months, but 
preferably earlier) and additional skull molding 
by a helmet. Early intervention not only halts 
a progressive deformity but may also reverse a 
deformity [ 11 ]. EACS does not claim to reach 
better results than conventional surgical methods 
but intends to reach comparable results with less 
morbidity and fewer complications than other 
extensive surgeries.

   To perform endoscopy and thus claim 
a “ minimally invasive technique” is not a goal in 
itself. The use of the endoscope must be regarded 
as an additional tool that improves illumination 
and visibility, thus allowing small skin incisions 
without compromising optical control. The endo-
scope is used for dural dissection and relieving 
the dura from the bone and synostotic suture. 
This is usually easily done, since dura is hardly 
attached to a synostotic suture, which is in strong 
contrast to dura that is fi rmly attached to intact 
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  Fig. 17.1    Extent of suturectomy in ( a ) scaphocephaly, ( b ) trigonocephaly, and ( c ) frontal plagiocephaly       
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cranial sutures. The endoscopic control allows 
early optical control of emissary veins that then 
can be coagulated and cut. 

 EACS should be considered simple and easy 
surgery if it is well performed. 

17.2.1     Diagnostics 

 Craniosynostosis requires neurological, ophthal-
mological, radiological, and human genetics 
diagnostic evaluation, but these are nonspecifi c 
and independent of the type of surgery chosen. 
A skull X-ray does not contribute to the diagnos-
tics, but we consider a 3D CT scan of the skull 
obligatory. Not as much as to establish a diagno-
sis, since the diagnosis can be obtained by simply 
observing and investigating the patient, but to 
acquire as much information as possible to be 
optimally prepared for surgery. Attention should 
be paid to opacities in the bone that can be pres-
ent in the small baby so that inadvertent breaking 
or perforating of the skull can be prevented. 
Sometimes the affected suture is not completely 
synostotic. The open part of an otherwise synos-
totic suture does not necessarily have to be 
removed. Also, since the dura is more fi rmly 
attached to the open suture as compared to the 
synostotic suture, this should be known to pre-
vent the risk of dural laceration. The thickness of 
the skull that can be irregular should be addressed 
also, as usually a pair of scissors is used to cut the 
skull under endoscopic view. The skin incision 
should be determined paying attention to all these 
factors. 

 For evaluation of the surgical result, we do not 
want to rely on radiological examinations because 
of the irradiation. Therefore, we prefer 3D 
 stereophotogrammetry in the preoperative setting 
that can be repeated unrestrictedly during many 
years of follow-up.  

17.2.2     Timing of Surgery 

 Jimenez and Barone already found that the criti-
cal age for EACS seems to be 6 months. After 
that age the cosmetic results become worse, and 

insuffi cient correction of skull shape is reached. 
However, one should not wait until the infant 
reaches the age of 5 or 6 months. The earlier an 
EACS is performed, the better the result. This is 
of even more importance in case of plagioceph-
aly and trigonocephaly. Therefore, below the age 
of 4 months, we always offer EACS as the treat-
ment of choice, but, for infants of 5 or 6 months, 
we restrict EACS for mild and moderate cases 
and consider open remodeling procedures for 
severe cases. An optimal age for EACS is in our 
opinion 3 months. The child has grown after birth 
and acquired some weight, can tolerate some 
moderate blood loss, and is able to tolerate the 
molding helmet. Unfortunately, there is quite 
often a signifi cant diagnostic delay with general 
practitioners and pediatricians, because of which 
many patients are seen in a later phase and this 
goal of surgery at 3 months cannot be reached. 

 In syndromic cases diagnosis is usually 
obtained early after birth. This offers a window 
of opportunity for early treatment. We prefer to 
operate these children at an age of 4–8 weeks. 
The idea is not to offer a defi nitive treatment of 
for instance the brachycephaly but to reduce a 
progressive deformity and prevent increased 
intracranial pressure. Parents are informed that 
cranial vault expansion and bifrontoorbital 
advancement procedures may still be required 
at a later stage. Because of the very young age 
and additional problems, such as sleep apnea, 
redression helmet therapy is not added in these 
cases. At this moment, however, the experience 
in syndromic cases of craniosynostosis is 
evolving, which may change our policy in the 
future.  

17.2.3     Anesthesia, Monitoring, 
and Postoperative Care 

 Standard anesthetic monitoring techniques are 
used, including electrocardiography, noninvasive 
blood pressure monitoring, pulse oximetry, tem-
perature monitoring, and blood loss monitoring. 
EACS on the metopic and coronal sutures is per-
formed with the patient in a supine position. The 
sagittal suture is best operated upon with the 
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patient in a sphinx position (see Fig.  17.4a ), 
while the lambdoid sutures are reached with the 
patient in a prone position. 

 Since blood loss is usually minimal and OR 
times limited to 45–75 min, a central venous line 
is not required nor an arterial line. Two periph-
eral venous lines suffi ce in all cases. Antibiotic 
prophylaxis consists of 25 mg/kg cefazolin i.v. 
given 20 min before skin incision in all cases. 
All patients are monitored postoperatively in 
pediatric high dependency unit, and hemoglo-
bin/hematocrit is controlled at the end of surgery 
and 6 h later. ICU monitoring is never needed. 
Postoperative pain is treated with prophylactic 
paracetamol and low-dose i.v. morphine until the 
fi rst day after surgery. The patient is usually dis-
missed from the hospital on the fi rst or second 
postoperative day. 

 In our series postoperative blood transfusion 
was required in 15 % of cases, while intraoperative 
blood transfusion was never required. The only 
postoperative complication was a Norovirus infec-
tion in one case. We have not encountered infec-
tion, air embolus, hyponatremia, hypotension, 
injury to the sagittal sinus, dural tear, postoperative 

hematoma, seizure, coagulopathies, or mortality in 
40 successive cases of EACS.  

17.2.4     Instrumentation 
and Surgical Hemostasis 

 EACS can be performed with a standard arma-
mentarium. To limit blood loss, we use monopo-
lar cutting for galea and periosteum. The 
endoscope is a Storz 0° lens scope with a work-
ing shaft used for endoscopic facial lift surgery 
without irrigation or suction (Fig.  17.2 ). A sepa-
rate aspirator parallel to the endoscope performs 
blood aspiration. Craniectomy is performed with 
a high-speed drill initially and continued with 
different rongeurs and Kerrisons. In scaphoceph-
aly, a pair of strong scissors is used to cut the 
bone from one craniectomy site to the other in 
order to remove a piece of bone of 11 × 4 cm (see 
Fig.  17.4c, f ).

   Bleeding during surgery from the epidural 
space and bone edges is easily controlled with 
FloSeal ®  Matrix Hemostatic Sealant (Baxter 
Healthcare Corporation, Fremont, CA, USA).  

  Fig. 17.2    Endoscope, 
endoscope shaft, and 
instruments used in EACS       
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17.2.5     Helmet Molding Therapy 

 Within 2 weeks after surgery, a plaster imprint of 
the skull is taken, which serves as an initial tem-
plate for the fabrication of the custom-made 
helmet. 

 The children are wearing the helmet within 3 
weeks postoperatively. During follow-up special 
attention is paid concerning the development of 
pressure ulceration areas and/or other complica-
tions due to the wear of the helmet. 

 Changes in cranial shape occur immediately 
after initiation of the surgery and are noted espe-
cially postoperatively. The helmet corrects the cal-
varial growth pattern and, subsequently, the 
direction of growth. The plasticity of the infant 
cranial vault, along with rapid brain growth during 
the fi rst months of life, permits skull remodeling in 
the postoperative time. Whereas, our data also 
confi rmed that after approximately 6 months, the 
helmet is used to maintain the cephalic index and 
prevent or reduce a relapse of the deformity [ 13 ]. 

 There are different types of molding helmets 
on the market for positional occipital plagio-
cephaly. However, they may not all be suitable 
for treatment of craniosynostosis. We experi-
enced an improvement of our results, especially 

in case of scaphocephaly, after we changed 
from a  one- piece helmet to a two-piece helmet 
(Fig.  17.3 ). The advantage of the two-piece hel-
met is that these are thinner and lighter, better 
aerated, easier to put on and off, more stable on 

a
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  Fig. 17.4    ( a ) Sphinx positioning for scaphocephaly sur-
gery, ( b ) position and extent of skin incisions, ( c ) extent of 
bone removal in scaphocephaly, ( d ) epidural insertion of 

the endoscope and dural dissection, and ( e ,  f ) epidural 
placement of the endoscope from one incision site and 
bone cutting with scissors from the other incision       

  Fig. 17.3    Two-piece molding helmet       
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the head (less “sliding” of the helmet), and easily 
adjustable shaping by heating the helmet.

   In our series the helmet is worn for 10 months 
(range 6–16 months) on average. None of the 
patients developed pressure ulcer, whereas dry 
skin or development of eczema under the helmet 
was documented in two patients. These dermal 
problems were resolved after fi nishing the helmet 
therapy.   

17.3     Scaphocephaly 

 Scaphocephalic patients are positioned in a modi-
fi ed prone sphinx position bringing the synostotic 
sagittal suture in a horizontal plane (Fig.  17.4 ). 
The craniectomy is performed from the anterior to 
the posterior fontanelle but may be adapted in case 
a part of the suture is still open and patent. The 
removed strip should be 4–5 cm wide. Lateral bar-
rel stave osteotomies or wedge- shaped osteoto-
mies behind the coronal sutures and in front of the 
lambdoid sutures should assist in allowing an 
increased biparietal width (Fig.  17.4c ). A video 
demonstrating this surgery can be seen on   http://
www.youtube.com/watch?v=oUIEhPsKT3E    .

   Already in the fi rst days and weeks after sur-
gery and before administration of the helmet, the 
head shape is changing. Most prominent is the 
rounding of the occiput which is fi rst noticed by 
the parents. Later, the biparietal width increases. 
In contrast to these early changes, the correction of 
the frontal bossing is relatively delayed and more 
infl uenced by the redression helmet, than by sur-
gery itself. As with classical surgical techniques, a 
slight relapse may occur after some time with a 
mild decrease of the cephalic index. The redression 
helmet seems to assist in limiting this relapse.  

17.4     Trigonocephaly, 
Plagiocephaly, 
and Brachycephaly 

 In trigonocephaly, frontal plagiocephaly, and 
brachycephaly, the patients are in a supine posi-
tion, stabilized in a vacuum mattress, with the 
head contralaterally rotated (in plagiocephaly 

and brachycephaly cases) or in a neutral position 
(in trigonocephaly cases). For both indications a 
single 2–3 cm-wide skin incision within the hair-
line is made (Fig.  17.5 ). In trigonocephaly the 
skin incision is positioned close and anterior to 
the anterior fontanelle, and in plagiocephaly and 
brachycephaly the skin incision is made halfway 
between the anterior fontanelle and the pterion. 
A small craniectomy is performed with a high- 
speed drill. Subsequently, at the upper surface the 
periosteal layer is lifted from the bone and at the 
undersurface the dura is dissected from the syn-
ostotic suture under endoscopic guidance. The 
synostotic suture is removed with a width of 
1–1.5 cm from the anterior fontanel to the nasion 
(in trigonocephaly) or the pterion (in plagioceph-
aly and brachycephaly) in an osteoclastic fashion 
using rongeurs. If a partially patent suture is 
encountered, further removal of the suture is 
stopped.

   At the pterion or at the nasion, some thick can-
cellous bone can be encountered which may be 
responsible for some venous bleeding. This, 
however, is easily controlled by FloSeal®. In 
trigonocephaly one or two bridging veins can be 
encountered when nearing the skull base. This 
may need sometimes bipolar electrocoagulation. 
After surgery a head bandage for 1 day is applied 
to prevent postoperative subcutaneous hematoma 
development. Facial and periorbital swelling is 
usually mild.  

17.5     Syndromic and 
Nonsyndromic Multisutural 
Craniosynostosis 

 Jimenez and Barone have shown that nonsyn-
dromic multisutural craniosynostosis can be 
treated successfully in the same fashion as mono-
sutural synostosis with excellent results and 
reversal of the deformities [ 11 ]. They had no seri-
ous morbidity and only very few postoperative 
blood transfusions. However, there are hardly 
any other signifi cant surgical series confi rming 
these results yet. 

 We have little experience with multisu-
tural craniosynostosis, but our initial results are 
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 gratifying. In one patient with a severe brachy- 
plagiocephaly caused by bilateral lambdoid and 
unilateral coronal suture synostosis, a simple 
suturectomy followed by helmet molding therapy 
was suffi cient for a good cosmetic result, even 
though the initial goal for surgery was to halt 
a progressive deformity with the intention for 
defi nitive reconstructive surgery at a later stage. 
This, however, was not necessary anymore. 

 We are not aware of reports of EACS in syn-
dromic multisutural craniosynostosis. Nevertheless, 
we started to perform EACS in those cases. In syn-
dromic craniosynostosis, surgery is usually post-
poned to a later stage in which the children are 
9–12 months old. The reason is that early surgery 
goes with a higher incidence of relapse and conse-
quently repeat surgery. However, this means that the 

deformity will be progressive in the meantime and 
also may lead to an increased intracranial pressure. 
Some groups started to perform posterior cranial 
vault expansion as an intermediate solution before 
performing frontoorbital advancement later on. 

 It is our goal to try to halt the progressive 
deformity, prevent intracranial hypertension, and 
simplify reconstructive surgery at a later stage by 
performing EACS in a very early stage (6–8 
weeks of age) but without helmet molding. The 
idea is that this is very easy and simple surgery 
with very low morbidity. It is, however, not meant 
to be a replacement for conventional surgical 
techniques but a supplement treatment. Initial 
results in three Apert syndrome and one Muenke 
syndrome cases are promising, but we do not 
have long-term results yet.  

a
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  Fig. 17.5    ( a ) Positioning and skin incision for left frontal plagiocephaly, ( b ) positioning and skin incision for trigono-
cephaly, and ( c ,  d ) skin lifting and endoscope introduction in EACS for trigonocephaly       
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17.6     Future Developments 

 Although EACS already exists over 15 years, it is 
still a relatively new technique. Comparison of 
the technique and the results of treatment with 
classical techniques should not only be per-
formed with regard to the perioperative phase and 
results after 1 year but also be evaluated after 
10–15 years. Also, it should be evaluated whether 
EACS is ideal for all syndromic and nonsyn-
dromic cases or only for special subgroups. 

 Probably the easiest way of improving results is 
to get the patient as soon as possible under the 
attention of the surgeon and the surgery scheduled 
before 3 months of age. Therefore, information and 
education of general practitioners and pediatricians 
as well as training of all those paramedic profes-
sionals who are working with children with an 
“abnormal” head shape (pediatric physiotherapists, 
manual therapists, etc.) should be actively looked 
for if one intends to perform this kind of surgery. 

 3D CAD should enhance the making of the 
molding helmet, making it a more reliable tool, 
allowing easier adaptations, and giving the 
opportunity to the surgeon to interfere with the 
making process of the helmet. The technique is 
already available but at the moment is more 
expensive than handmade customized helmets. 

 Although custom available surgical 
 instruments are good enough to perform EACS 
safely and with success, there is also room for 
refi nement and development of dedicated instru-
ments for this specifi c type of surgery. One can 
think of new endoscope shaft, dedicated instru-
ments for surgical hemostasis, but especially of a 
craniotome that can be used below the skin under 
endoscopic guidance. At the moment, however, 
these instruments are not available. 

 Last but not least, EACS may become com-
bined with other surgical techniques as well. 
Spring expansion, internal and external distrac-
tion, and orbitofrontal advancement may all be 
combined with EACS, in which the combination 

of two techniques allows further improvement of 
the result. 

 This, however, requires the surgeon to refrain 
from dogmas and teaching schools and therefore 
will be a long way out.     
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18.1            Background 

 Cerebrospinal (CSF) rhinorrhea most commonly 
occurs as a result of trauma and iatrogenic disrup-
tion of the skull base and leptomeningeal mem-
branes and secondary to skull base erosion from 
infl ammatory, neoplastic, and pseudotumor syn-
dromes. Spontaneous lesions, as seen in cases of 
pseudotumor, are exceedingly rare and have been 
theorized to result from either increased ICP or 
preformed developmental pathways [ 2 ,  13 ,  40 ]. 
Progressive erosion of the skull base in patients 
with increased ICP and well- pneumatized sphe-
noid sinuses may result in focal areas of dehis-
cence and herniation of intracranial contents. This 
is often associated with primary empty sella in 
which the suprasellar arachnoid cistern is pro-
lapsed inside the sellar cavity [ 27 ,  35 ]. Errors in 

the embryological development of the  sphenoid 
bone may result also in congenital defects of the 
skull base and may present in adulthood as an 
incidental neuroimaging fi nding of meningoen-
cephalocele or symptomatically with CSF rhinor-
rhea and meningitis. The development of the 
sphenoid bone is complex and involves the fusion 
of multiple cartilaginous precursors into a single 
osseous structure. Incomplete fusion of the pre-
cursor of the greater wing of the sphenoid with the 
presphenoid and basisphenoid areas can result in 
a persistent channel termed the lateral craniopha-
ryngeal (Sternberg) canal [ 32 ,  36 ]. 

 Cerebrospinal fl uid leaks can be divided into 
post-traumatic, iatrogenic, and spontaneous, the 
fi rst of which generally resolve without surgi-
cal intervention. The latter two categories can 
be particularly challenging to repair due to their 
high volume of fl ow, the diffi culty in identifying 
the precise location of the leak, the potential for 
unrecognized mild increases in intracranial pres-
sure, or congenital thinning of the skull base. 
Surgical repair of encephaloceles and CSF rhi-
norrhea is recommended to prevent meningi-
tis, intracranial abscess, and pneumocephalus. 
Traditionally, CSF leaks have been managed via 
a craniotomy with a 70–80 % successful closure 
rate [ 15 ]. Advantages of the transcranial approach 
include direct visualization of the dural defect, 
the ability to address associated brain injury, and 
the potential to use a large vascularized pericra-
nial fl ap. However, many studies have reported 
a 40 % recurrence rate with this approach and 
signifi cant patient morbidity including  anosmia, 
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frontal lobe retraction, seizures, memory 
 defi cits, and intracranial hemorrhage [ 1 ,  30 ,  31 ]. 
In attempt to avoid these complications and 
improve closure rates, the endonasal endoscopic 
approach has evolved to address CSF leaks and 
encephaloceles of the anterior skull base involv-
ing pathology along the cribriform plate, fovea 
ethmoidalis, sphenoid bone, or temporal bone 
(Fig.  18.1 ). The endoscope not only provides 
excellent visualization, but outcome studies have 
demonstrated decreased morbidity and improved 
closure rates [ 4 ,  12 ,  30 ,  38 ]. The approach also 
allows for close postoperative surveillance of the 
wound site and the ability to identify recurrences. 
The endoscopic repair of CSF leaks is quickly 
becoming the most favored method for closure 
of anterior skull base CSF leaks. We have per-
formed over 43 endoscopic endonasal procedures 
for repair of CSF leaks and encephaloceles since 
2004 with a 94 % successful closure rate. The 
particular approach depended on the individual 
anatomy and location of the skull base defect.

18.2        Surgical Techniques 

18.2.1     Use of Intrathecal Fluorescein 

 The presence and site of a CSF leak can be 
 verifi ed using a combination of diagnostic meth-
ods including β-2 transferrin testing, nuclear pled-
get scan, rigid nasal endoscopy, CT imaging, MR 
imaging, cisternography, and intraoperative intra-
thecal fl uorescein. The intrathecal administration 
of fl uorescein to stain CSF has been described 
for over 40 years and is an important adjunct to 
endoscopic repair of CSF rhinorrhea [ 33 ,  34 ,  37 ]. 
Intrathecal fl uorescein is helpful in localizing the 
CSF leak, determine the extent of the defect, and 
ensure a watertight closure. It is equally of great 
value in facilitating closure of large defects fol-
lowing endoscopic skull base surgery. The green 
color is easily distinguished from the surrounding 
blood and secretions in the operative fi eld that may 
otherwise obscure the naturally clear,  translucent 
CSF. Although the use of  intrathecal fl uorescein 

a b
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  Fig. 18.1    ( a ) Representative fi gure demonstrating an 
intraoperative stereotactic system that displays the stan-
dard orthogonal views based on the preoperative MRI 
scan. A trajectory view or the intraoperative endoscopic 
high- defi nition video feed can be displayed also to cross 
correlate the anatomy. ( b ,  c ) Intraoperative view in a 

patient that received intrathecal fl uorescein prior to the 
start of surgery. The green-tinged cerebrospinal fl uid 
demonstrates the location of the arachnoid defect and the 
need for a watertight closure. The fl uorescein-stained 
cerebrospinal fl uid can be visualized with white light 
( a ) or with a blue light fi lter with a blocking fi lter       
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is generally considered safe [ 25 ], older reports 
have described complications, including seizures, 
radicular symptoms, and transient paraparesis or 
hemiparesis [ 22 ,  25 ,  26 ,  28 ]. The dosages of fl uo-
rescein varied in these reports, and patients were 
not always premedicated to avoid a reaction to the 
drug. With use of low-dose intrathecal fl uorescein 
with premedication, these complications have 
been avoided [ 24 ,  37 ,  38 ]. We have used low-dose 
intrathecal fl uorescein in over 300 endoscopic 
endonasal procedures without any adverse-effect 
incident. 

 Patients are generally premedicated with 
50 mg of diphenhydramine and 10 mg of dexa-
methasone following induction of general anes-
thesia. Prior to the procedure, a lumbar puncture 
is performed to enter the intrathecal space and 
withdraw 10 mL of CSF. This is mixed with 
25 mg of fl uorescein (0.25 mL of injectable 10 % 
solution, Akorn Inc., Buffalo Grove, IL) and is 
slowly reinjected into the intrathecal space. In 
patients undergoing planned lumbar drainage, 
the CSF is obtained following drain placement, 
and the lumbar drain is clamped following fl uo-
rescein injection. The intrathecal injection stains 
the CSF that is already in circulation. 

 Endoscopic visualization of the fl uorescein- 
stained CSF is performed throughout the surgery 
with either a white light or a blue light fi lter 
(465–495 nm) with a blocking fi lter (515–
555 nm). The operative fi eld is inspected at the 
time of the surgical approach to confi rm the loca-
tion and volume of any CSF leak in patients with 
suspected preoperative CSF leak or encephalo-
cele. In patients undergoing endoscopic tumor 
resection, the operative fi eld is inspected for CSF 
leak following complete tumor removal and fol-
lowing reconstruction [ 24 ,  37 ,  38 ].  

18.2.2     Endoscopic Repair of Skull 
Base Defects 

 The principles of endoscopic reconstruction of 
skull base defects are similar to those of tradi-
tional open craniotomy approaches, that is, to 
completely separate the cranial cavity from the 
sinonasal cavity and eliminate dead space. This 

closure, especially for large defects with high 
fl ow of CSF output, relies on a multilayered 
reconstruction to reestablish tissue barriers as is 
true in traditional open craniotomy techniques. 
The closure is achieved using a variety of tech-
niques based on the severity of the intraoperative 
leak as well as the location and size of the cranial 
base defect [ 29 ,  39 ]. The fi rst step of the surgery 
is to adequately expose the entire defect. The 
meningocele or encephalocele is resected, and the 
bony edges of the defect are defi ned circumferen-
tially. The herniated dura should be resected or 
reduced into the intracranial cavity. Brain that has 
herniated into the nasal cavity is rarely  functional 
and considered a potential source of intracranial 
infection if not resected. However, in certain rare 
instances of very large encephaloceles, the preop-
erative imaging must be carefully scrutinized to 
ensure that important vascular structures, such as 
the anterior cerebral arteries, have not herniated 
through the large defect. Another important step 
is to remove the mucosa surrounding the defect to 
allow the graft to adhere fi rmly to the skull base. 
These maneuvers will often worsen the CSF leak 
but is critical to obtain an eventual watertight seal 
and to defi ne the bony defect. 

 Small isolated CSF leak/encephaloceles with 
a small bony defect can be closed with a single 
layer of autologous fat or fascia placed through 
the defect as an inlay, followed by application 
of tissue sealant. We also like to use Duraguard 
(Biovascular, Inc., St. Paul, MN) since it is more 
rigid than fascia lata. In some situations we have 
placed Medpor (Porex Surgical, Inc., Newnan, 
GA) as an inlay to cover the defect with a fascia 
lata onlay. A fi nal layer of DuraSeal (Covidien, 
Hazelwood, MO) is helpful to maintain a water-
tight closure until a fi brotic seal can be obtained. 
Sellar lesions involving a bony skull base defect 
without arachnoid violation or intraoperative 
CSF leak can be closed by packing the cavity 
with Gelfoam and reconstructing the bony sella 
with vomer or Medpor graft. Reconstruction 
is achieved by placing the graft, which has 
been trimmed to size, as either an underlay or, 
more commonly, an onlay graft. Sellar recon-
struction in the presence of intraoperative CSF 
leak is achieved by packing the tumor  cavity 
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with  autologous abdominal fat followed by 
 reconstruction of the bony sella (with vomer 
or Medpor) and application of tissue sealant 
[ 24 ,  37 ]. 

 Patients with larger skull base defects after 
endoscopic endonasal surgery for sellar and 
anterior skull base tumors (suprasellar, fovea 
ethmoidalis, cribriform plate) with a high-vol-
ume intraoperative CSF leak require multilay-
ered closure [ 3 ,  5 – 10 ,  14 ,  16 – 20 ,  23 ]. This can 
be achieved often with an autologous fat graft 
in the tumor cavity followed by inlay placement 
of a fascial layer (harvested autologous fascia 
lata) and onlay placement of a bony buttress and 
application of tissue sealant. In cases involving 

direct communication between the ventricular 
spaces and the tumor cavity, packing of fat into 
the tumor cavity is avoided to minimize the risk 
of iatrogenic hydrocephalus [ 24 ,  37 ].  

18.2.3     Gasket Seal Closure 

 These larger skull base defects usually cre-
ated after endoscopic endonasal transphenoidal, 
transethmoidal, transcribriform, transclival, or 
transpterygoidal approaches to skull base tumors 
can be supplemented often with a gasket seal 
closure [ 24 ,  37 ] (Fig.  18.2 ). Gasket seal closure 
begins with elimination of any dead space with 

a

c d
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  Fig. 18.2    ( a ) Diagrammatic demonstration with a coro-
nal view of the suprasellar contents and closure of the 
skull base defect with a gasket seal. The countersunk 
rigid buttress is cut to the same size as the skull base 
defect and countersunk with overlying fascia lata for a 
 watertight seal. ( b ) Diagrammatic demonstration of the 

intraoperative view of a gasket seal closure similar to (c). 
( c ) Intraoperative image of a gasket seal reconstruction 
of the skull base. Note the large margin of overhanging 
fascia lata and the countersunk bone. ( d ) Intraoperative 
view demonstrating the nasoseptal fl ap secured in place       
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autologous fat to prevent pooling of CSF over the 
closure. A gasket seal closure is favored when 
the defect is >1 cm in diameter and consists of 
a soft tissue graft (generally fascia lata) cen-
tered over the defect with the edges of the graft 
exceeding the bony defect circumferentially. The 
radius of the graft must exceed the bone defect 
by at least 1 cm. If fascia lata is not available, we 
use bovine pericardium or AlloDerm (LifeCell 
Corp., Branchburg, NJ). These substances are 
suffi ciently thick to create the gasket seal. Next, a 
piece of rigid material such as vomer or Medpor 
(Porex Surgical, Inc., Newnan, GA) is fashioned 
to be roughly the size of the bony defect and is 
centered over the soft tissue graft so that there 
is at least 1 cm of tissue graft extending cir-
cumferentially around the rigid graft and gen-
tly countersunk into the bony defect, forming a 
watertight gasket seal around the rigid graft [ 24 ]. 
Bioabsorbable plates and cartilage are not recom-
mended; the former may not last long enough to 
ensure stable closure, and the latter is not suffi -
ciently rigid. The closure is inspected to make 
sure there is no leakage of fl uorescein-tinged 
CSF, which would indicate inadequate closure. If 
CSF is still leaking, either the closure is redone 
or a lumbar drain is placed. These types of large 
defects are then further covered with a vascular-
ized nasoseptal fl ap followed by a fi nal layer of 
DuraSeal to keep the fl ap in place.

18.2.4        Vascularized Nasoseptal Flap 

 The use of a pedicled nasoseptal vascular fl ap of 
the nasal septum mucoperiosteum based on the 
nasoseptal artery has become an important 
adjunct in the endoscopic reconstruction of large 
skull base defects. The nasoseptal fl ap is gener-
ally harvested at the beginning of the operation, 
before tumor removal and before the posterior 
septectomy is performed. The vascular supply of 
the nasoseptal fl ap is derived from the posterior 
septal artery, a terminal branch of the internal 
maxillary artery [ 11 ,  21 ]. The fl ap is raised by 
placing two parallel incisions within the septal 
mucosa, one along the nasal fl oor and the other 
just inferior to the most superior aspect of the 

septum. These incisions are joined anteriorly to 
create the fl ap, and posteriorly these incisions are 
extended over the rostrum of the sphenoid supe-
riorly and to the choana inferiorly. The fl ap is 
elevated anterior to posterior and lateral with a 
dissector and tucked out of the way of the sur-
geon into the nasopharynx. 

 During skull base reconstruction, the nasosep-
tal fl ap is incorporated as a fi nal layer of closure 
in addition to the previously placed gasket seal or 
bony buttress and inlay or inlay graft. The fl ap is 
secured in position with fi brin glue or DuraSeal 
ensuring that it is not twisted along its pedicle 
and that the mucosal surface is facing the nasal 
cavity. It is important that the fl ap abuts the skull 
base defect and surrounding bone and mucosa 
directly without any interposing hemostatic 
material. Furthermore it is important that the fl ap 
is planned large enough to cover all the edges of 
the skull base defect. After reconstruction and 
securing of the fl ap in position, Floseal (Baxter 
Inc., Vienna, Austria) is routinely placed into the 
sinonasal cavity, and small folds of Telfa are 
placed into the anterior nasal cavity and removed 
on the fi rst postoperative day.  

18.2.5     Ventriculoperitoneal Shunt 
and Lumbar Drain 

 A lumbar drain can be placed preoperatively in 
patients considered at high risk for failure of 
the endonasal skull base repair. Routine use of a 
lumbar drain is a widely debated subject. Patients 
considered at higher risk for failure of the skull 
base reconstruction include those that have failed 
prior attempts at encephalocele or CSF fi stula 
repair, a BMI >30, a particularly large defect, an 
empty sella syndrome or hydrocephalus identi-
fi ed radiographically, a history of pseudotumor, 
or had entry into the ventricular system during 
suprasellar tumor resection [ 4 ]. By diverting the 
cerebrospinal fl uid and maintaining a lower intra-
cranial pressure, the lumbar drain can facilitate 
the initial healing process where the graft material 
and nasoseptal fl ap are incorporated into the skull 
base. This is particularly helpful during patient 
extubation after the surgery where  coughing and 
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bucking will transiently increase the intracranial 
pressure and push the graft or CSF out through 
the skull base defect and jeopardize the repair. 
However, there is a signifi cant risk of develop-
ing pneumocephalus secondary to overdrainage 
in patients with anterior cranial fossa skull base 
defects. These patients must be monitored dur-
ing this period for any change in neurological 
condition and should undergo a postoperative 
CT or MRI scan. To minimize these risks lumbar 
drains, when placed, are opened at a low rate of 
approximately 5 mL/h and are generally removed 
at the end of the fi rst or second postoperative day. 
Patients noted to have pseudotumor, hydrocepha-
lus, or empty sella before surgery are at high risk 
for failure of the skull base repair and may ulti-
mately need placement of VP shunt in addition to 
the skull base repair to eliminate CSF rhinorrhea. 
We had to place a VP shunt for recurrent CSF 
fl uid rhinorrhea in less than 5 % of cases after 
endoscopic endonasal repair of the skull base 
defect.      
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19.1            Introduction 

 Neuroendoscopy was fi rst employed in the surgi-
cal treatment of neurosurgical diseases early in 
the twentieth century by pioneers such as Walter 
Dandy, but it did not become an established prac-
tice for a long time, mainly because of poor 
 technology and clinical results. We could call the 
1910–1920s the invention phase. After decades of 
neglect, a kind of ‘dark ages’, neuroendoscopy is 
enjoying a sustained resurgence. After a slow 
timid reappearance in the 1980s, the 1990s saw 
an expansion of techniques and instrumentation. 
We could call the 1980s the reinvention phase and 
the 1990s the expansion phase. As it is common 
with many other ‘inventions’, there was an early 
phase of enthusiasm, which lasted several years. 
This was followed by crystallisation of indica-
tions and success rates. We could call the 2000s 
the era of consolidation. This does not mean that 
endoscopy will not expand any longer, in the con-
trary. But expansion will follow a mature course. 

 The history of neuroendoscopy is paralleled 
by the evolution of neuroendoscope design. The 
current design of neuroendoscopes dates back to 
the early days of cystoscopes, at the beginning of 
the twentieth century. Despite advances in other 
fi elds of medical technology and the wide use of 

computer and robotic technology, the neuroendo-
scopes which are in wide use today have an ergo-
nomically disadvantageous design dating back to 
the early and mid-twentieth century, which in the 
author’s experience at times hampers rather than 
enhances the skills of the neurosurgeon. 

 Still, neurosurgeons have moulded gradually 
their skills to the existing equipment, accepting 
its limitations and expending their energy in 
maximising its use. Nowadays that, with the rou-
tine use of neuronavigation, craniotomy fl aps are 
smaller and microneurosurgery techniques have 
evolved, neuroendoscopy feels much less mini-
mally invasive way to perform neurosurgical 
operations in comparison to 20 years ago. 

 A critical review of the endoscope design 
shortcomings will be presented, and possible 
means to overcome them will be discussed.  

19.2     Brief History 
of Neuroendoscopy 

 In 1887, Nietze in Vienna operated for the fi rst 
time using a glass lens cystoscope, with the 
help of an incandescent light source. In 1910, L’ 
Espinasse used a cystoscope to perform a plexec-
tomy [ 1 ,  5 ,  7 ,  16 ,  17 ]. In 1922, Dandy used a cys-
toscope to perform plexectomy as treatment for 
hydrocephalus [ 1 ,  5 ,  7 ,  12 ,  16 ,  18 ]. He inserted 
it in to the brain using a gynaecological specu-
lum to retract the sides of a cortical  incision. In 
1923, Mixter is credited to have  performed the 
fi rst endoscopic third ventriculostomy [ 1 ,  5 ,  7 , 
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 16 ,  17 ]. Further developments came in 1931 
by Burman, 1936 by Stern, 1938 by Pool, and 
later in 1960 by Ooi and Morosaki. A major step 
forward came in 1966 when Harold Hopkins 
utilised a solid rod lens in the construction of 
endoscopes, and this remains today in their cur-
rent form [ 16 ,  18 ]. In 1973 Takanori Fukushima 
introduced the neurofi broscope in clinical prac-
tice [ 16 ]. Nevertheless, neuroendoscopy was 
held then in low esteem because of the poor out-
come of the operated patients. The combination 
of crude non- specialist equipment and primitive 
neuroanaesthetic techniques conspired against 
the establishment of neuroendoscopy as main-
stream technique at that early stage. Renewed 
interest was expressed in the 1980s by neurosur-
geons who are now considered modern day pio-
neers. Dr Bernhard Bauer who practised at the 
time in Hannover, Germany, recalls that when 
he fi rst discussed in meetings of the German 
Neurosurgical Society the use of the neuroen-
doscope, he was greeted by sincere scepticism 
(personal communication). It was the decade 
when the operating microscope was being 
established as mainstream prime neurosurgical 
instrument, and the comparison of the neuroen-
doscope with the small image of average quality 
to the microscope of the substantial illumina-
tion and large three-dimensional image, left the 
neuroendoscope wanting. After all, everybody 
was eager to learn to use the microscope, the 
new technological pride, which revolutionised 
neurosurgery, transformed operative outcome 
and brought neurosurgery in to a new era of 
increased surgical possibilities. It was not easy 
to have two technological revolutions at the 
same time. Nevertheless, in the late 1980s Huw 
Griffi ths in Bristol, UK, used systematically 
the endoscope to perform choroid plexectomies 
for hydrocephalus [ 5 ] and Axel Perneczky in 
Mainz, Germany, used it in a variety of proce-
dures as an adjunct to the microscope, creating 
the concept of endoscope-assisted neurosurgery. 
Neither of them are no longer with us, but most 
of us have fond memories of them presenting 
their work in international meetings. The 1990s 
saw a rapid technological improvement of the 
neuroendoscopic equipment, which paved the 

way for its increased use. Progress in the light-
ing source and camera systems has been partic-
ularly signifi cant.  

19.3     Knowledge Transfer 

 A quick overview of the development of neuro-
endoscopy identifi es a transfer of ‘know-how’ 
from urology to neurosurgery, possibly facili-
tated by a common similar fl uid medium (urine- 
CSF), which enabled the pioneers to embark on 
rather bold surgical experiments, which almost 
certainly would be impossible in today’s climate 
of medicolegal practice. 

 There have been other examples of simi-
lar ‘know-how’ transfer between surgical spe-
cialities. A good example is the use of the 
Cavitron Ultrasonic Surgical Aspirator (CUSA). 
Developed originally for the removal of liver 
tumours, soon it migrated in to everyday neuro-
surgical practice. This transfer of ‘know-how’ 
takes a long time in surgery. The new invention 
needs to establish itself before it is propagated 
to another discipline, and this may take a while. 
The necessarily conservative approach of neuro-
surgeons towards ‘progress’ is probably related 
to the stark effect a surgical complication has on 
the psyche of a surgeon.  

19.4     Reinvention 
of Neuroendoscopy 

 In the 1980s, the urological endoscopes were 
used again to revitalise interest in endoscopy, as 
there were no dedicated neuroendoscopes at the 
time. The modern day pioneers ‘swam against 
the tide’, enduring the criticism of their peers, in 
order to try again techniques that were fi rst tried 
70 years before! Only this time, in their favour 
was the evolution of neuroanaesthesia that could 
ensure better operating conditions and clinical 
results. The endoscope was used initially in the 
surgical management of hydrocephalus and grad-
ually expanded to skull base and spinal proce-
dures. In the 1990s, after the initial enthusiasm 
settled, the surgical techniques were crystallised 
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and the indications for the use of the endoscope 
were set. It became obvious gradually that the 
endoscope was not panacea and a solution to all 
problems but yet another tool in the armamen-
tarium of the neurosurgeon.  

19.5     Scientifi c Evolution 
of Neuroendoscopy 

 Two axes of progress in neuroendoscopy could 
be identifi ed, the scientifi c and the technical. The 
technological advance of the endoscopes infl u-
enced signifi cantly the scientifi c progress that 
resulted from its use. Having said this, scientifi c 
progress has been comparatively bigger than 
technical progress. 

 The use of the endoscope gave us new 
insights on CSF physiology. The characterisa-
tion of aqueduct stenosis in its full form came 
only after the widespread use of endoscopic 
third ventriculostomy in its treatment. Prior to 
that, all forms of hydrocephalus were treated by 
shunting, with only occasional use of stereotac-
tic third ventriculostomy guided by ventriculog-
raphy. The use of the endoscope and in parallel 
the use of MR imaging to assess the result of 
endoscopy gave us the knowledge to differenti-
ate between aqueduct stenosis and other forms 
of infantile hydrocephalus and greatly enhanced 
our understanding of CSF physiology [ 6 ,  8 ,  10 , 
 11 ,  15 ]. So the use of the endoscope in the man-
agement of CSF circulation disorders has been 
pathophysiology driven. Following the intro-
duction of the endoscope in the management of 
CSF disorders, the concepts of aqueductoplasty, 
septostomy and foraminoplasty of the foramina 
of Monro and Magendie emerged, which were 
previously unknown [ 8 ]. Similarly, the utilisa-
tion of endoscopic techniques in the surgical 
management of intracranial arachnoid cysts 
improved our understanding of their dynamic 
nature with respect to CSF movement in and out 
of them and the presence of a valve-like mecha-
nism on their wall. 

 On the other hand, the use of the endoscope in 
the surgical treatment of skull base pathology has 
been approach driven, another instrument that 

would help us achieve the task at hand better, as 
it takes the illumination and magnifi cation close 
to the point it is needed, for example, in pituitary 
surgery, in comparison to the microscope [ 9 ,  13 –
 15 ]. Thus, the use of the endoscope in extended 
skull base tumour resections improved access to 
diffi cult areas and technically made possible 
extent of surgery that was previously either not 
possible or carried signifi cant morbidity, and this 
is achieved with less complications and overall 
better clinical outcome.  

19.6     Technological Evolution 
of Neuroendoscopy 

 The progress and the evolution of the technology 
of the endoscopes although important, overall 
could be seen as modest, at least in some aspects, 
in comparison to the scientifi c progress that this 
technical evolution sparked. The dedicated neu-
roendoscopes of today do not look in shape and 
handling too dissimilar to the cystoscopes of the 
1920s that were used for neurosurgery (Fig.  19.1 ). 
A dramatic difference for the better is the pres-
ence of the rod lens since the late 1960s. 
Nevertheless, the rod lens has changed very little 
since its inception, and rod lenses are still hand 
polished today as they were then. Modern manu-
facturing techniques have allowed the creation of 
smaller diameter rod lenses, which enabled the 
reduction in size of the endoscopes. Now there 
are in the market endoscopes with external diam-
eter of 4 mm that include a working channel 
(Fig.  19.2 ) and even narrower without a working 
channel. This makes them more suitable for work 
in children and overall less traumatic.

    One small but important change has been the 
angle of the viewpiece. Originally in continua-
tion to the long axis of the rod lens (straight 
vision), in many endoscopes today the viewpiece 
is at an angle to it with the use of a coupling 
prism (angled vision) (Fig.  19.3 ), giving arguably 
better handling of the whole system.

   The light available at the operative fi eld at the 
tip of the endoscope has improved signifi cantly 
over the years with the advent of fi bre-optic 
cables that ‘conduct’ the light from the ‘cold’ 
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light source to the endoscope. The resulting 
improved illumination has made signifi cant dif-
ference to the operating surgeon and is one of the 
main advantages of the endoscope over the 
microscope. 

 The biggest improvement though has been on 
the camera system. In the 1920s, and even in the 
reinvention of endoscopy in the 1980s, the sur-
geon had to look directly through the eyepiece at 
the end of the rod lens (direct vision). From the 
early 1990s there is a digital camera coupled to it 
(vision by proxy), and this has improved dramati-
cally the quality of the image and the handling 
and ease of use of the whole endoscope system. 
The technological advance of the digital cameras, 
which goes hand in hand with the progress of 
computers and electronics, has made a dramatic 
change in neuroendoscopy [ 18 ]. Further improve-
ment is expected to come from miniaturisation of 
the camera. 

 The development of the fl exible endoscope 
has been less dramatic. Flexible endoscopes bor-
rowed technology from the gastroscopes using 

fl exible optical fi bres, but their application in the 
small narrow confi nes of the brain has not been 
very successful. Their picture quality is inferior 
to the rod lens rigid endoscopes, their manoeu-
vrability is limited and not user friendly, and they 
have only one side port for all uses (Fig.  19.4 ). 
They were in vogue in the early 1990s. Although 
they are still used by many neurosurgeons, over-
all it would be fair to say that they have fallen out 
of favour and certainly they have not been devel-
oped any further. Flexible endoscopes available 
in the market today are more than a decade old 
designs.

   Another fi eld of progress has been the devel-
opment of purpose-design surgical instruments 
for the neuroendoscopes (Fig.  19.5 ). The avail-
ability of suitable monopolar and bipolar diather-
mies can provide haemostatic control when 
working in the ventricular system. It has to be 
said though that this is limited in comparison to 
the microsurgical technique, and, often, intraop-
erative haemorrhage during a ventricular proce-
dure leads to the premature ending of the 

b

a  Fig. 19.1    Cystoscopes of 
1920s vs. endoscopes of 
2000s. ( a ) A collection 
of cystoscopes from 1923 
(Image courtesy of Dr J.T. 
Goodrich, from his private 
collection) ( b ) 
‘Ventriculoscope’. 
Neuroendoscope that was 
commercially available from 
Aesculap, until the mid-
2000s (Aesculap, Tuttlingen, 
Germany)       
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operation. Equally, suction through the endo-
scope is of limited power. In contrast, haemor-
rhage during transnasal skull base work is easier 
to control and has much less signifi cance as it 
takes place in an open space extracranially. It is 
rare to have to abandon a transphenoidal endo-
scopic hypophysectomy because of bleeding, 
unless the intracavernous part of the internal 
carotid artery has been injured. The development 
of other equipment such as scissors, biopsy for-
ceps and probes of various types gives the neuro-
endoscopist the ability to biopsy tumours or even 

remove them if they are not haemorrhagic (e.g. 
colloid cysts), divide adhesions and open cysts 
and in general perform a much wider spectrum of 
procedures, in comparison to what was possible 
30 years ago [ 4 ]. It should be said though that the 
endoscopic biopsy forceps have small ‘cup’ and 
can only yield small samples, with a correspond-
ing risk of false histology results.

   A signifi cant innovation, which has not materi-
alised fully as yet, is the integration of the neuroen-
doscopes with image guidance systems (Fig.  19.6 ). 
This gives increased abilities to  perform tasks that 

a

b

  Fig. 19.2    Narrow 
 neuroendoscopes (suitable for 
paediatric work). ( a ) Storz Oi 
endoscope system with 
external diameter 4 × 2 mm 
(Storz, Tuttlingen, Germany) 
( b ) Neuropen, 1 mm 
fi bre-optic endoscope in a 
rigid tube designed to go 
inside the lumen of a CSF 
shunt ventricular catheter 
with ‘fi sh-mouth’ opening, to 
aid visualisation of the fi nal 
position of its tip       
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otherwise would not be attempted, for fear of caus-
ing surgical damage. Multiloculated hydrocepha-
lus is easier treated endoscopically with image 
guidance, which allows confi dence of access in the 
presence of distorted ventricular anatomy. Equally, 
for extended skull base approaches image guid-
ance is of paramount importance [ 13 ]. Further 

improvement is likely to come in this fi eld as com-
mercial image-guided systems develop further.

   New developments such as robotic and 3D 
endoscopes are not in wide use yet; hence, one 
cannot comment on their contribution to neuro-
endoscopy. They are considered as the next fron-
tiers of progress [ 18 ].  

a

b

  Fig. 19.3    Endoscopes with 
the viewpiece at an angle to 
the rod lens. ( a ) Storz 
Schroeder LOTTA endoscope 
system with the viewpiece at 
45° to the rod lens. ( b ) 
Aesculap MINOP endoscope 
system with the viewpiece at 
90° to the rod lens       

  Fig. 19.4    Flexible  fi bre-optic 
neuroendoscope from Storz, 
with one working channel       
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19.7     Ergonomic Shortcomings of 
Neuroendoscopic Equipment 

 In its basic form the endoscope is ergonomically 
a fulcrum with disadvantageous biomechanical 
design from the operator’s point of view 
(Fig.  19.7a ). If one examines the use of the endo-
scope in a ventricular operation (e.g. ETV), the 
area of interest is approximately 1 cm from the 
tip of the rod lens, where only a few millimetres 
of movement is taking place throughout the sur-
gical procedure. The corner of the fulcrum is at 
the point where the endoscope enters the skull 
through the burr hole. The part inside the head 
typically is a few centimetres (6–7 cm). On the 
other end of the fulcrum, 15–20 cm away from 
the corner of the fulcrum, a heavy camera lies 
‘hanging’, reinforced by the traction that the 
camera and light cables exert. The operator is 
obliged to perform very fi ne manoeuvres of this 
heavy and ergonomically disadvantageous tail 

end in order to manipulate and move the front 
end for a few millimetres, and the region of the 
third ventricle is not forgiving at all. The avoid-
ance of technical disaster is only a testament of 
how adaptable humans are, as they can learn very 
delicate and awkward manoeuvres and perform 
them without thinking. Certainly, if an engineer 
was requested to design a new endoscope today 
from a ‘clean sheet’ (‘tabula rasa’) perspective, 
ignoring all the technological inheritance of the 
past, it is unlikely that he would design such a 
diffi cult-to-manoeuvre ergonomically disadvan-
tageous system.

   The ergonomics of the modern neuroendo-
scope system are improved with the development 
of the digital camera but require familiarisation 
through training. The surgeon has a large com-
puter screen directly in front of him with a big 
clear picture, but his line of vision is at right 
angle to the line of work of his hands (Fig.  19.7b ). 
This ergonomically is quite different to the way 

  Fig. 19.5    Instruments for 
neuroendoscopes. ( Top three ) 
Bipolar diathermy for the 
Aesculap MINOP endoscope. 
( Bottom three ) Biopsy 
forceps and microscissors 
used for ventricular surgery       
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a

b

  Fig. 19.6    Aesculap MINOP 
endoscope used in conjunc-
tion with the Brainlab 
neuronavigation system. 
( a ) Refl ective spheres 
attached to the endoscope 
make it “visible” by the 
cameras of the neuronaviga-
tion system. ( b ) Computer 
screen showing the simulta-
neous projection of the 
endoscope image and the 
reconstructed MR images 
annotated with the superim-
posed trajectory of the 
neuroendoscope, calculated 
by the neuronavigation 
software (Photograph 
courtesy of Dr A. Grotenhuis) 
(Brainlab, Munich, Germany)       
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we operate with the microscope, where the line 
of vision is parallel to the line of work of our 
hands. For this reason, a novice in neuroendos-
copy has a learning curve to ‘walk’ before he can 
embark unassisted.  

19.8     Minimally Invasive 
Techniques 

 Neuroendoscopy is commonly referred to as 
minimally invasive technique. Certainly, neuro-
endoscopic excision of ventricular tumours, such 
as colloid cysts, involves a much less traumatic 

approach in comparison to open transcortical 
excision [ 4 ]. Overall, compared to ‘traditional’ 
microneurosurgery techniques, neuroendoscopy 
offers a much less invasive approach to the ven-
tricular system and the skull base. But by today’s 
perceptions of safety, the word ‘minimally’ 
may be an exaggeration. Careful assessment of 
the MR scans of a child treated with ETV com-
monly reveals damage to the brain parenchyma 
in the area of insertion of the endoscope through 
the cortex, which looks at times impressive, 
especially when endoscopes of larger external 
diameter are used (Fig.  19.8 ). ‘Slimmer’ endo-
scopes have been developed, especially for use 

a

b

  Fig. 19.7    Ergonomical 
disadvantage of endoscopes. 
( a ) The heavy camera is 
situated too far posteriorly 
from the fulcrum point, the 
point where the endoscope 
enters the skull, making its 
manoeuvring diffi cult and 
open to errors. ( b ) Typical 
neuroendoscopic surgical 
setup. The surgeon is 
working with his line of 
vision at 90° degrees to his 
line of manual manipulation       
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in children (see Fig.  19.3a ), but they have some 
compromise in that they have limited capacity 
working channels only. Overall, if a lay person 
(non-neurosurgeon) looks at the front end of an 
endoscope, the part that enters the brain, cannot 
help but feel rather terrifi ed about the seemingly 
large size of an instrument that has to penetrate 
the brain substance. The tip of the endoscope is 
twice as large as the tip of a ventricular catheter 
and much sharper. It is not known yet to what 
extent this damage to the frontal cortex at the 
endoscope insertion site becomes an epilepto-
genic focus in later years.

   In addition, a small but appreciable risk exists 
of severe neurological damage after third ventric-
ulostomy, damage to the basilar artery, the fornix, 
the basal ganglia or the hypothalamus [ 2 ,  3 ,  6 ]. 
The risk of such damage is smaller than that for 
most open craniotomy procedures, but it is uncer-
tain if this merits the term ‘minimally invasive’. 

 Equally, during skull base procedures a sub-
stantial part of the skull base has to be drilled in 
order to reach the target. The complication rate 
from endoscopic extended skull base approaches 
can be high, with CSF leak being the most 
 frequent, but also risk of possible neurological 

damage of cranial nerves as they are exiting the 
skull base foramina [ 9 ,  13 ]. This hardly agrees 
with the perception of ‘minimally invasive’ pro-
cedure, at least how lay people perceive it, leav-
ing aside the possible neurologic complications 
from damage to various anatomical structures.  

19.9     Learning Curve 

 For most ‘new’ operative techniques, there is a so-
called learning curve. Studies have shown that a 
considerable number of procedures, as many as 
100, have to be performed by an individual sur-
geon before his results plateau at the lowest pos-
sible complication rate [ 14 ]. In neuroendoscopy, 
a major issue when it was introduced widely 
fi rst was the migration from the 3-D vision of 
the microscope to the 2-D vision of a television 
screen; the ability to operate with your eyes at 90° 
to your hands, as opposed to being parallel as with 
the microscope; and the ability to operate with the 
limited functionality and ability to manipulation 
that the endoscopic instruments offer, in contrast 
to the complete freedom of movement of the 
microsurgical instruments and techniques. An 
objective observer would notice that a lot of the 
learning curve was devoted by the surgeon to learn 
to adapt to the design shortcomings of the instru-
ments. This by engineering standards is unusual, 
and any new industrial design is commonly aim-
ing to enhance the functional possibilities of its 
operator, not limit them. On the other hand, the 
fact that the endoscopes are rather basic designs 
has helped them to withstand the test of time.  

19.10     Technological Challenge 

 With the exception of the electronic parts (cam-
era, electronic image processing), most, if not all, 
commercially available endoscopes are at least 
10-year-old designs, in fact mere evolutions of 
the 1920s and 1960s designs. Their cost is 
extremely high (tens of thousands of euros, the 
typical cost of an endoscopic system is at the 
order of 60,000 euros). By comparison, other 
technological goods which perform much less 

  Fig. 19.8    Sagittal T-1-weighted MR scan of the head of a 
child obtained after realisation of a third ventriculostomy. 
A sizeable track is seen that has been created by the endo-
scope. This is a result of destruction of brain parenchyma       
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critical tasks (e.g. cars, DVD players), certainly 
not life saving, have evolved dramatically in the 
last decade, are infi nitely more complex devices 
and cost considerably less than an endoscope 
(cars 1/3rd, DVD players 1/1,000th of an endo-
scope). This applies to most surgical instruments 
that commonly are manufactured by small com-
panies (in comparison to companies that manu-
facture commercial goods) who perhaps do not 
have the ability to invest the large sums of money 
necessary to develop and test radically new ideas. 
And obviously it is related to the annual numbers 
of sales, which are very small for endoscopes and 
other surgical instruments and very high for com-
mercial goods. Once a hospital has bought an 
endoscope system, that ‘customer’ ‘disappears’ 
for the manufacturing company for 10 years 
approximately (or more). It seems almost that 
society is willing to invest more in our entertain-
ment and less in saving our lives! 

 Development of a new medical product of 
course is related to the ability of the end users, 
the doctors, to absorb new technologies. Doctors, 
surgeons in particular, are creatures of habit, 
prone not to attempt to use a new very radical 
device, over and above the fact that it is com-
monly very expensive and most hospitals would 
have diffi culty in acquiring it. On the other hand, 
companies who manufacture surgical instru-
ments typically perform ‘market’ research to 
identify how well a new design might be 
received, before investing millions of euros/dol-
lars in the development of a new product, and 
during the development they use doctors as con-
sultants. This situation produces an almost cycli-
cal argument, the end result of which is slow 
progress, in comparison to other technological 
fi elds. 

 It is fair to say that the rod lens technology has 
reached its peak. It cannot be developed any fur-
ther. With the rod lens as a standard, the only 
progress can come from improving the camera 
system using computer technology. And this 
progress is likely to be small, because the camera 
technology is reaching its peak. With today’s 
technology, to improve the camera would require 
much bigger fi nal device, which is impractical. 
Only signifi cant improvement in miniaturisation 

will improve the handling properties of the cam-
era. The tools currently in use could be described 
as simplistic, but it is diffi cult to see how they 
could be improved substantially. Any quantum 
leap has to come from a radically new design, 
possibly from the fi eld of nanotechnology or 
robotics. 

 Having made all these criticisms, it would be 
unfair not to mention that the results of neuroen-
doscopy today are considerably better than the 
results of 20 or even 10 years ago and endoscopy 
is as safe as any other neurosurgical operation.  

    Conclusion 

 Considerable progress has been made in neu-
roendoscopy in the last 10 years, and this has 
made neuroendoscopic techniques safe and 
effective, but we need to keep striving for 
continuous improvement and radically new 
designs, rather than accept the current wisdom 
as a ‘status quo’. Otherwise, in 30 years from 
now the endoscopes will still look like those 
of the 1920s, where the rest of the environ-
ment will have changed around us completely.     
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