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1. Introduction 
 

The concept of using optical instruments in order to see into body cavities is by no 

means a new one, but until the end of the 20th century the endoscope did not belong to 

the usual instruments of a standard neurosurgical theatre as it was the case in other 

surgical specialties such as orthopedic surgery, urology or head and neck surgery. 

It had been used by some pioneers such as Walter Dandy at the beginning of the 20th 

century but was soon abandoned because of insufficient illumination and difficulties in 

controlling the operating field as compared to opened techniques. Thanks to its 

application in the treatment of obstructive hydrocephalus it made its re-entry in our 

discipline in the late 80s and became a routine instrument for the neurosurgeons 

dealing with this pathology in greater centers, especially in children hospitals. In the last 

two decades the endoscope has been increasingly applied in the treatment of 

pathologies of the anterior skull base. Its applications here have been diverse, either as 

an adjunct during classical microscopic procedures or as the sole visualization tool. The 

localization of the pathologies that can be reached through an endoscopic approach 

range from the frontal sinus to the odontoid process. The progressive developments 

have been made either by teams of neurosurgeons (Cappabianca, Cavallo in Naples) or 

by hybrid teams of neurosurgeons associated with endoscopic rhinologists (as in the 

following institutions, visited by the author: Kassam-Snyderman, Jho-Carrau in 

Pittsburgh, Bojanowski-Lavigne in Montréal, Bresson-Herman in Lariboisière, Paris). 

In the Department of Neurosurgery at the Cantonal Hospital in St Gall the endoscope 

was first introduced for the treatment of obstructive hydrocephalus in 1998 and as the 

sole visualization instrument for transsphenoidal operations in 2004 in collaboration 

with the ENT Department. 

This work presents the cranial endoscope applications that have become routine for 

most neurosurgical centers in the last decades and have been introduced in the 

Department of Neurosurgery of the Cantonal Hospital in St Gall since 1998 by the 

author; it analyzes the results of these first series as compared with those of the  

literature. Finally it exposes the challenges that neurosurgeons have to face when 

learning to work with the endoscope and presents some possible solutions to improve 

teaching for young neurosurgeons who, in contrast to their ENT colleagues, have very 

few opportunities at an early stage of their training to use the endoscope or to see 

endoscopic procedures regularly. 
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2. History of neuroendoscopy and training simulation in 
neurosurgery 

 

 

As mentioned in the introduction the routine use of the endoscope in neurosurgery was 

made possible by two essential applications: the treatment of obstructive hydrocephalus 

on one side and the resection of tumors of the anterior skull base, essentially pituitary 

adenomas, on the other side. These two applications have a different development 

history: the modern treatment of obstructive hydrocephalus began in the late 80s and 

was made purely by neurosurgeons including pediatric neurosurgeons, whereas the 

endoscopic resection of tumors of the anterior skull base was often developed in centers 

where neurosurgeons and rhinologists cooperated and did the whole procedure 

together, thus producing an invaluable “cross-fertilization” as quoted by 

Snyderman[344]. It also really started only 20 years ago. Another difference is that these 

two applications differ completely in the way and in the milieu they are performed: 

cerebral endoscopy is done “under water” with tiny instruments through one and 

recently two narrow, coaxial working channels, whereas transsphenoidal endoscopic 

surgery is performed through the paranasal air sinuses using one or two instruments  

besides the endoscope itself. Both techniques aim at treating intracranial lesions by 

using the endoscope as the sole vision tool; however, they developed sequentially in 

time, so their respective histories have to and will be treated separately hereafter. 

 

First endoscopes in the history of medicine 

 

The first model of a tube associated with a light source to look into body cavities was 

developed in 1806 by a German doctor, Philipp Bozzini, who named his instrument the 

“Lichtleiter”[18]. Although his instrument was tried to look through several body 

cavities it never reached wide use. In 1853 a urologist, Antonin Jean Desormeaux 

combined a 45 degree mirror with a kerosene lamp that burned alcohol to look into the 

bladder. His system would know much more success and he is recognized as “the father 

of cystoscopy”[398]. In 1879 Maximilian Carl-Fredrich Nitze made the next 

improvement when he created an endoscope where several lenses were placed in series 

to which he associated a platinum filament lamp at the end of the instrument. He is 

quoted as saying that “in order to light up a room one must carry the lamp inside”[338]. 

In the following years a variety of light system were developed in order to reduce the 

problems associated with their use, especially the heat at the tip of the instruments with 

the risk of causing burns. This led to experiments not only with diverse sources of light 

but also to develop cooling systems. In 1883 David Newman used an Edison light bulb 

which did not need any cooling system[171]. Due to these improvements the endoscope 

had by the end of the 19th century become a routine instrument to perform 

examinations such as bronchoscopy, gastroscopy or cystoscopy[338]. In 1889 Boisseau 
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du Rocher introduced another improvement which would become very important for 

intraventricular endoscopy: he developed the first endoscope with an outer sheath and a 

working channel, allowing safe use of different instruments during cystoscopy[1]. 

 

Transsphenoidal endoscopic surgery 

 

The history of transsphenoidal endoscopy has to be replaced in the larger context of the 

history of pituitary surgery as a whole. Surgery for pituitary tumors occupy a small 

chapter in general neurosurgery as they constitute 5% of intracranial tumors. 

Nevertheless, due to the wide spectrum of clinical manifestations they have aroused 

much interest from the beginning of neurosurgery at the end of the XIX.th century. The 

history of pituitary surgery itself has been subdivided in 3 periods by Landolt: the early 

period from Sir Victor Horsley to Norman Dott; the period of the reintroduction of the 

transsphenoidal approach initiated by Gérard Guiot to the introduction of 

bromocriptine, the first effective antisecretory drug; and the period of refinement of the 

individual treatment methods lasting until today[217].  

1 From Sir Victor Horsley to Norman Dott. 

Sir Victor Horsley in London is recognized as a pioneer in intracranial surgery for 

cerebral tumors and is credited for being the first who addressed successfully a tumor of 

the pituitary region in 1896. Before him Caton and Paul had tried, without success, to 

extirpate a pituitary tumor through a subtemporal approach[44]. Horsley published a 

first series of 10 cases operated successfully through an intracranial subfrontal 

approach[169]. 

In 1904 Fedor Krause in Berlin used a transfrontal exposure to the pituitary with an 

extradural subfrontal approach and published in 1912 the first description of the 

transfrontal exposure of the pituitary[212]. He later preferred the transsphenoidal 

procedure because he estimated that the transcranial exposure was “dangerous and 

serious and should only be used for large tumors”[217]. In the beginning of the XX.th 

century other pioneers contributed with their modifications to technical improvements 

of the procedure: McArthur, a general surgeon in Chicago, included the orbital ridge in 

his frontal flap, thus improving the access to the sellar region and minimizing trauma to 

vital structures[243]. Charles Frazier also used a right frontal craniotomy with resection 

of the supraorbital ridge if necessary; he performed an extradural approach with dural 

opening in the area of the planum sphenoidale but later moved on to an intradural 

approach[104]. He also used the transsphenoidal method and stated that surgeons 

dealing with pituitary lesions should be familiar with both methods[105]. Finally he is 

also credited for a visionary statement, considering the development of medical 

treatment of prolactinomas when he wrote that “the mere acquisition of fat with sexual 

impotency is a phrase which of itself scarcely justifies resort to surgical therapy, at least 

until the influence of glandular feeding has been given a Thorough trial”[104]; 

Heuer developed in May 1914 an approach to the chiasm which differed from the trans-

frontal exposures used so far. Called to the front in 1917, his method was described by 



7 
 

Walter Dandy in 1918[159] and consisted in a fronto-lateral craniotomy with exposure 

of the pituitary along the sphenoid ridge. 

Harvey Cushing tried the subtemporal approach to the pituitary in 6 patients, moved on 

to the transsphenoidal technique and finally made his mind for what he called a 

“unilateral osteoplastic transfrontal method”[60]. He had operated on 231 patients 

transsphenoidally with a mortality rate of only 5.6% , a very good figure for that time. 

Among the arguments which motivated him to abandon the transsphenoidal approach 

he mentioned the improvements of visual disturbances which were more often 

observed after the transfrontal approach as compared to the transsphenoidal (21% vs 

9% respectively) and the fact that many patients had already been operated on their 

noses thus adding difficulties for the approach.  Because of his dominance in the field, 

his negative statements prompted many neurosurgeons to abandon the transsphenoidal 

approach. One of his pupils, Norman Dott from Edinburgh, did not follow his advice. 

However, the transcranial surgery for pituitary tumors was still associated with high 

mortality and morbidity rates, from 30 to 70%, and these facts motivated other pioneers 

to search for a less traumatizing and less dangerous approach. 

 

2 Reintroduction of the transsphenoidal approach initiated by Gérard Guiot 

In 1897, Giordano in Italy, was the first to describe an experimental technique on 

cadavers for a transglabellar supranasal approach[120]. Hermann Schloffer, Professor of 

Surgery at the University of Innsbruck, wrote an article in 1906 in which he debated 

about the feasibility of pituitary surgery[324]. One year later in 1907 he was the first to 

perform the approach described by Giordano successfully on a patient[325]. The 

approach consisted of a lateral rhinotomy with complete rotation of the nose to the right 

side followed by removal of the septum, all turbinates and the medial wall of the orbit 

and of the maxillary sinus; the ethmoidal and the sphenoid sinus were exenterated. The 

patient died however 2 and a half months later[326] and the autopsy showed a large 

tumor rest blocking the foramen of Monroe[325]. Schloffer deplored the fact that 

preoperative evaluation consisting only of neurological examination and skull 

radiographs did not suggest such a large tumor and whished a technique which would 

allow for better selection of the cases for surgery. His wish could not be fulfilled until 

Dandy introduced the pneumoencephalography years later. In 1909 Theodor Kocher in 

Bern added the submucosal resection of the septum[203]. 

In 1904 Hajek, a rhinologist from Vienna, described a method to drain the sphenoid 

sinus for the treatment of empyema[139]. The access to the sphenoid sinus was 

achieved with removal of the middle turbinate and resection of the posterior ethmoid 

cells with specially designed punches bearing his name until today. Oskar Hirsch from 

Vienna used Hajek’s approach and was the first to introduce in 1910 an exposure of the 

sella entirely through the nasal cavity[162]. He performed this procedure for the first 

time on August 4th 1914, on the very same day where Cushing performed an identical 

procedure in Baltimore.  Hirsch changed later to the transseptal exposure, the technique 

associated with his name. He changed to this transseptal technique in order to work in 

clean areas as postoperative meningitis was at that time the most feared complication of 



8 
 

transnasal pituitary surgery as most of the patients would die of it. The created 

interseptal space of the transseptal technique has with the exception of the incision in 

the antrum no communication with the nasal cavity[163]. Nearly simultaneously to 

Hirsch’s work Halstead pioneered the sublabial approach[142]. 

As mentioned above one of Cushing’s pupils, Norman Dott in Edinburgh, continued to 

perform the operation he had learned in Baltimore. He operated 120 adenomas without 

mortality. As he mentioned in a letter he wrote to and published by Alex Landolt from 

Zurich[217], Gérard Guiot suspected that Norman Dott did not publish his series out of 

respect for his mentor Harvey Cushing who had condemned so strongly this approach. 

Nevertheless Gérard Guiot could learn the technique in Edinburgh and introduced some 

modifications, as for example the semi-sitting position, thus operating in front of the 

patient, whereas Norman Dott was operating with the patient recumbent, himself sitting 

during the procedure with the head of the patient between the legs. Gérard Guiot is also 

credited for introducing the image intensification, thus gaining an intraoperative 

information of the position of his instruments in the sagittal plane (trouver la référence). 

He was also the first to explore the sellar region with an endoscope[136]. Together with 

Derome they operated more than 5000 cases of pituitary adenomas, thus gaining a 

worldwide reputation and they also developed an enlarged transsphenoidal approach as 

well as well as a trans-frontal and transsphenoidal combined approach for invading 

large skull base tumors[73]. 

3 Refinement of the method 

In fact it was accidentally that Jules Hardy came to pituitary surgery. He had the 

opportunity to become a fellow of the McLaughlin foundation in Toronto and was sent to 

Paris in 1961 to improve his knowledge in stereotactic surgery for involuntary 

movements, a technique developed also by Gérard Guiot. During his stay  at the hospital 

Foch he was also introduced to the transsphenoidal procedures and brought both 

techniques back to Montréal in 1962[146]. After exploring the sellar region with the 

pediatric cystoscope in order to look for tumor rests he found the microscope more easy 

and useful and introduced the use of the microscope combined with radiofluoroscopy 

which became the gold standard[148]. The introduction of the microscope allowed him 

to differentiate between adenoma and normal gland tissue, something judged 

impossible so far and leading to panhypopituitarism after resection of pituitary tumors. 

This capacity to distinguish these different tissues under magnification allowed him 

then to treat hormone active microadenomas efficiently[145, 147] thus introducing the 

concept of selective adenomectomy of microadenomas under preservation of the normal 

pituitary gland. 

At the end of the XX.th century many technological innovations have been applied to the 

field of transsphenoidal pituitary surgery in order to decrease morbidity, such as 

neuronavigation[85], Doppler ultrasonography[11] and intraoperative magnetic 

resonance imaging[351]. Even if Bushe and Halves reported in 1978 the first application 

of the endoscope for pituitary surgery[34] the method did not get its popularity until the 

mid 1990s, when open techniques were superseded by endoscopic sinus surgery with 

its excellent visualization and good surgical results, thus motivating neurosurgeons to 
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evaluate its use in transsphenoidal surgery. There are several ways in which the 

endoscope has been initially used for transsphenoidal pituitary surgery. One of the 

possibilities is to use the endoscope for the nasal approach, then switch to conventional 

microscopic technique for the adenoma resection and finally returning to the endoscope 

for final inspection looking for tumor rests, as described by Yaniv and Rappaport[393]. 

This combined technique allows for decreased morbidity for the nasal phase while 

taking advantage of the 3 dimensional vision of the microscope for the tumor resection, 

and finally using angled endoscopes to look for regions normally outside of the 

microscope view. 

Jho and Carrau reported the same year their early experiences[185] and some months 

later the first large series of transsphenoidal operations for pituitary adenomas 

performed exclusively with the endoscope[184]. The technique presented consisted of 

an approach done with the endoscope hold in the non-dominant hand and with one 

instrument in the other during the approach until the anterior sphenoidotomy was 

performed followed by a phase of tumor resection during which the endoscope would 

be fixed to a holder allowing the surgeon to operate with both hands. The authors 

claimed that one of the main advantages of the endoscope was the excellent panoramic 

visualization of the sellar and suprasellar regions as well as the better anatomy[185]. 

Anatomical studies performed on cadavers confirmed that the volume of exposure 

provided by the endoscope was significantly larger than by the microscope[348]. The 

authors also reported on shorter hospitalization and faster postoperative recovery but 

this was challenged at that time[218, 219]. 

 

One of the regularly claimed drawbacks of the endoscope is the lost of the third 

dimension and thus of the depth evaluation. However, studies have demonstrated that 

the dimensional image do not lead to a reduction of the performance. In an experimental 

study, Tasman even demonstrated that manipulations were performed faster under the 

endoscope and more faults in point sequences were done under the microscope than 

with the endoscope[357, 358]. He argued that various monocular phenomena obviously 

allow sufficient spatial orientation so that monocular vision under the endoscope does 

not appear to be a real disadvantage.  

 

Cerebral endoscopy 

 

An understanding of the pathophysiology of the cerebro-spinal fluid (CSF) was only 

possible after elementary works about this topic were done by Key and Retzius in 

1875[197], which opened the door to the development of causal therapy.  Later on, in 

1913, Dandy and Blackfan were able in their work to calculate the daily production of 

CSF which they evaluated between 160 and 400 ml and postulated its production in the 

plexus choroideus and its resorption in the arachnoid granulations of Pacchioni[65].  

A first attempt to treat hydrocephalus endoscopically was made by a urologist from 

Chicago, Lespinasse, in 1910 but his contribution to early neuroendoscopy was only 

published in 1936 by Davis in his textbook Neurological Surgery[66]. The idea of the 
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treatment was to introduce a cystoscope and fulgurate the choroid plexus on both sides 

in order to reduce CSF production and thus perform what Lespinasse called “an intern’s 

shunt”[127].  

The concept of re-establishing a communication between the internal and external 

subarachnoid spaces in patients with obstructive hydrocephalus has been established 

by the neurosurgeon who is actually considered as the father of neuroendoscopy, Walter 

Dandy. He coined the terms ventriculostomy and ventriculoscope and also described the 

perforation of the lamina terminalis via a subfrontal craniotomy in order to achieve 

communication between the third ventricle and the basal cisterns. After having 

published his paper on ventriculography at the end of his residency in 1918[63] he 

described in 1922 a technique for third ventriculostomy using a primitive endoscope for 

the treatment of hydrocephalus[64]. He performed actually choroid plexus resections 

with a cystoscope in two infants but had to admit after some years of enthusiasm that 

the vision provided by the endoscope could not be compared with the images given by 

the pneumencephalogram[124, 159]. In 1923 a urologist, Wiliam Mixter, reported the 

first endoscopic third ventriculostomy performed using a urethroscope for the 

treatment of obstructive hydrocephalus in a 9-month-old girl[248]. The perforation was 

enlarged to 4 mm; the membrane around the perforation was floating with the pulse and 

the bulging of the fontanels decreased rapidly, thus proving the patency of the opening 

which was double checked by the injection of dye found in the CSF at a lumbar puncture 

half a minute later. The bulging of the fontanels decreased also rapidly. Edwin Payr, a 

professor of surgery at the university of Leipzig presented in 1919 the preliminary tests 

and feasibility of “Enzephaloskopie” and was considered in Germany as the pioneer in 

neuroendoscopy[70], although he is better known for his works using vein grafts to 

drain CSF from the ventricles into the sagittal sinus and jugular vein[274]. Another 

German professor of surgery, John Volkmann from the university of Halle, developed a 

special “Enzephaloskop” which he tried first on frozen and fresh cadavers before his first 

inspection of the choroid plexus of a 3 years old child with hydrocephalus[374]. The 

“Enzephaloskop” presented an outside diameter of 6mm and 2 irrigation channels, it 

was 22cm long[375]. The same year Fay and Grant from Philadelphia took an picture of 

the dilated ventricle of a child, using a camera fixed on a cystoscope[95]. 

Tracy J. Putnam in 1934 made modifications on Mixter’s urethroscope for better intra-

ventricular use and cauterization of the choroid plexus[289]. Various efforts were made 

in vain in order to reduce morbidity and high mortality rates, which were reported to be 

as high as 30%, often caused by intracranial hemorrhage[378]. Scarff, head of the 

department of Neurological Surgery at Columbia University in New York, published in 

1951 a series of 19 patients treated with a new device he called ventriculoscope. In 

order to avoid the ventricular collapse observed by Dandy the system was connected to 

an irrigation to maintain the intraventricular pressure. A moveable probe was used to 

perforate the floor of the third ventricle under clear vision. Of the 19 patients 15 

improved with permanent reduction of their intraventricular pressure, 3 did not 

improve and 1 died[319]. In Paris, Feld improved Scarff’s ventriculoscope by 

introducing 2 new elements: one was a fixation device connected to the operation table 
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and allowing to fix the endoscope and the other was the development of a working 

channel for the introduction of an instrument, as for example a biopsy forceps[96]. In 

1961 Dereymacker reported on 15 patients who received a ventriculostomy using a 

pleuroscope; the perforation was done with the blunt tip of the pleuroscope and was 

successful only in 2 of the 15 cases[72]. Gérard Guiot from Paris is considered as one of 

the pioneer in the revival of modern neuroendoscopy. In his publication on intracranial 

endoscopic explorations[136] he presented not only the intraventricular application but 

also presented the endoscope as an instrument for the exploration of other intracranial 

cavities and pathological cavities as well as for the sellar region.  He presented a newly 

designed instrument, the so-called universal endoscope, that was to be applied to these 

different pathological conditions. These new applications were allowed in particular by 

the technical improvements with a much more intense illumination than in previous 

ventriculoscope models (“several hundred times more”). Moreover he mentioned in this 

article that the technical improvements of surgical instruments made of the endoscope 

not only a diagnostic but also a therapeutic tool. In this paper he mentions in particular 

his conviction that the development of the endoscopic applications observed in other 

medical specialties can also be applied to neurosurgery. 

In spite of all these innovations, neuroendoscopy was still considered too risky by most 

surgeons and fell out of favor, in particular as new valve-regulated shunt systems 

seemed at first to offer greater safety with less complications[1].  

however, with a persistent high rate of shunt malfunction associated with regular 

operative revisions and the rapid development of endoscopic technologies, the 

motivation for developing a more physiological and anatomical diversion for CSF has 

gained once again more attention, so that finally in the late 1970s and 1980s 

neuroendoscopy would know its renaissance, mainly due technical advancements and a 

wide use for minimal invasive inspections of different body cavities[378]. 

In 1959 Harold H. Hopkins a British optical scientist filed a patent application for the 

invention of air-in glass rod lens systems allowing an eighty times greater eighty times 

improved light and image transmission[167, 378], allowing improved visual control 

over anatomical structures. The application of this decisive technical improvement was 

first done for neurosurgery by Griffith form Bristol who developed the first 

neuroendoscope based on Hopkins optic systems and applied it to the treatment of 

hydrocephalus by children[130, 131]. Furthermore technological integration of fibre-

bundle-endoscopy in neurosurgery led to the development of the “Ventriculofiberscope” 

by Takanori Fukushima from Tokyo in 1973[108, 262]. These two major improvements 

can still be found in rigid and flexible endoscopes today. 

 

Optimization of orientation and trajectory planning in ventricular endoscope 

applications was achieved with the introduction of the neuronavigation based on 

preoperatively acquired patient specific magnetic resonance imaging (MRI)[123]. Of 

course can a simple endoscopic third ventriculostomy (ETV) for the treatment of 

hydrocephalus due to aqueductal stenosis safely be conducted by the experienced 

neurosurgeon without neuronavigation[297].  
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The use of neuronavigation for ETV is more likely beneficial in combined surgical 

treatment of obstructive hydrocephalus caused by a tumor, causing elevated intracranial 

pressure (ICP) due to obstruction of cerebrospinal fluid (CSF) outflow pathways. In 

these cases the double burr whole technique is often applied, using one burr hole for 

ETV, and a more anterior burr hole permitting better access to structures lying further 

posterior. The discussion whether ETV should be performed before or after the tumor 

resection or biopsy is still ongoing since major bleeding from tumor resection can 

obscure vision permanently and make a safe perforation of the floor of the third 

ventricle impossible. Some surgeons favor ETV before treating the tumor, while others 

do see some benefit in raised ICP due to hydrocephalus in controlling bleeding from 

tumor biopsies or resection, resulting in the ETV being conducted at the end of 

combined operations. The author in his personal experience preferred to perform the 

ETV at the beginning of the procedure as intraventricular pressure can be adequately 

controlled with modern irrigation devices and there is no need to take the risk not to be 

able to perform the ETV at the end of the procedure because the vision is obscured by 

tumor bleeding. 

Nowadays ETV has become a well-established procedure and is the treatment of first 

choice for of obstructive hydrocephalus due to aqueductal stenosis or intraventricular, 

tectal, pineal, or posterior fossa tumors[6, 113, 134, 156, 179, 254]. 

Though there have been many technological developments in order to make ETV a safe 

and simple procedure a well-known risk for perioperative complications remains[28, 

166, 251]. These very same developments came along with a responsibility for the 

neuroendoscopic trainee on one hand to familiarize himself with the complex 

instruments and their combined use, and on the other hand, a responsibility for the 

teaching senior neurosurgeon to supervise the mastery during operations performed by 

trainees. 

 

History of training simulation in neurosurgery and its place today 
 

Training in medical education can be traced back as far as to the first efforts made in the 

6th century BC by Alcmaeon of Croton and later by Galenus who gave first dissection 

descriptions[276] . The first extensive publication on human anatomy based on cadaver 

dissection was published by Andreas Vesalius during the 16th century under the famous 

title “De humani corporis fabrica”[376] (Online interactive French version by Jaqueline 

Vons and Stéphane Velut from the University of Tours: 

http://www3.biusante.parisdescartes.fr/vesale/debut.htm). 

 

However, several aspects of cadaveric model training have limited and still limit until 

today their application such as financial aspects, legal and religious obstacles, unregular 

availability so that the development of physical models for medical education has been 

encouraged[303]. Moreover, in recent years, the introduction and application of 

working hours regulations in the US[250, 288] and in Europe[220, 361, 402] has led to a 

dramatic reduction of the surgical exposition of trainees in all specialties, sometimes 

http://www3.biusante.parisdescartes.fr/vesale/debut.htm
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with debated or even negative effects on patient’s outcome[164]. For this reason it 

became progressively clear in the last 2 decades that the traditional education system 

had to evolve from the usual “see one, do one” to a more elaborated “see one, simulate 

one, and do one under supervision”, as stated by Whitfield and colleagues[400]. 

But the reduction of duty hours for residents is by far not the only factor that motivated 

the development of simulation for surgical training in recent years. At least 3 other 

factors have motivated the development of training opportunities out of the theatre in 

recent decades: improvement in educational methods, economical pressure to optimize 

operating room and safety issues. 

 

Advances in educational theory have demonstrated that the traditional way of surgical 

teaching based on observation, sheer volume exposure and graded responsibility is not 

the most efficient. This German-style residency training system was introduced at Johns 

Hopkins Hospital by Sir William Halsted in 1889[41] and remained until recently the 

cornerstone of surgical training. Theories of the ways in which motor skills are 

transmitted and acquired have been developed. One of those widely accepted concepts 

is the three-stage theory of motor skill acquisition (Table 1.1) developed by Fitts and 

Posner[98]. 

 

Fitts-Posner 3 stage theory of motor skill acquisition 

Stage Goal Activity Performance 

Cognition Understand the task Explanation, 

demonstration 

Erratic, distinct 

steps 

Integration Comprehend and perform 

mechanics 

Deliberate practice, 

feedback 

More fluid, fewer 

interruptions 

Automation Perform task with speed, 

efficiency and precision 

Automated 

performance, focus 

on refining 

Continuous, fluid, 

adaptive 

 

Table 1.1: adapted from Fitts and Posner[98] 

 

One of the consequences of the application of this model for surgical practice has been 

the move of the earlier stages outside of the operating room. The practice with 

repetition and acquisition of automatisms will allow the trainee to master basic skills so 

that when moving into the theatre he will be able to focus on more complex issues, 

technical or nontechnical[301]. The mastering of technical skills outside of the operation 

room will avoid a possible cognitive overload with too high demand on working 

memory with diminished performance of other processes which can lead to errors or 

simply to unnecessary prolonged operation times in novices[21, 387]. 

 

Among this learning process, deliberate practice seems to play a key role. Deliberate 

practice implies repeated practice focused on a defined task with coaching and 
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immediate feedbacks. It has been extensively described and contains 9 decisive 

elements[98]: 

1. Motivated learners 

2. Defined objectives 

3. Appropriate level 

4. Focused and repetitive practice 

5. Reliable measurements 

6. Informative feedbacks from supervisors 

7. Promotes learning and corrects errors 

8. Evaluates performance against the final standard and also to ensure completion 

of minimal outcomes for all trainees 

9. Progression in training 

 

Some authors such as Ericsson even argue that the number of hours spent in deliberate 

practice might be a more important determinant of the level of expertise than just the 

hours spent in surgery[86]. Thus, since the early 2000s great support has been given to 

this deliberate practice with formative debrief and feedbacks and several instances have 

supported this type of training before supervised practicing on patients be allowed. 

 

Another stimulating factor which has led to the reduction of exposition of trainees is the 

economic pressure that has led hospitals to optimize the occupation of the operating 

theatres thus limiting again the opportunities for trainees to practice. 

 

Moreover, increasing complexity and the greater emphasis put on medical errors have 

also limited the supervisor’s possibilities to train their residents. This phenomena is 

particularly important in neurosurgery where errors can lead to devastating 

consequences. Not surprisingly, neurosurgery ranks as the most liable of all medical 

specialties to malpractice suits; in the US for example, 19.1% of neurosurgeons are 

facing at least a claim a year[75]. 

 

Finally a boost has been given to the development of these training simulators by 

technological developments in 2 main domains: computerized virtual reality (VR) and 

3D printing technologies. These 2 types of technologies can also serve as the main 

criteria for classifying neurosurgical training simulators into physical and VR 

simulators[208]. 

 

Most if not all the above mentioned factors and technical developments have in fact 

taken place in the last decade, a fact which is reflected by the increase of the publications 

on the subject of training simulation in neurosurgery since the 2000s. in a PubMed 

search, Konakondla and Schirmer found 124 publications, the vast majority of them 

being published after 2000 or even after 2005[208]. Exploring associations among sets 

of terms they found a high level concurrency between the concepts of “neurosurgery”, 

“medical simulation” and “virtual reality”. 
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Physical simulators 

These include cadaver models, live animal models, animal tissues and synthetic models. 

Cadaveric models 

If cadaveric dissections have been historically the gold standard they can no longer be 

considered as real training units with its one-time use limitation in the light of modern 

educational concepts. Nevertheless they undoubtedly provide a unique opportunity to 

verify anatomic knowledge and to apply the skills acquired elsewhere with deliberate 

practice, thus diminishing the waste of precious anatomic dedicated material by 

insufficiently prepared trainees.  

Animal models and animal tissues 
Living rats (in vivo rodents) are classically used in microsurgical training programs in 

neurosurgery, typically in vascular training for anastomosis[172, 277]. Alternatively, 

prepared animal parts such as chicken wing arteries[172], porcine arteries[327] or 

turkey necks[55] have also been used. 

Physical 3D printed simulators 
The regular improvements in 3D printing processes has allowed for a great deal of 

possibilities in neurosurgery to create reproductible models that can be manipulated. 

One of the advantages of these physical models is that they allow real tools and 

instruments to be used by the trainee thus gaining an appreciation for their physical 

properties and proprioception. Amongst the other advantages of the physical 3D models 

one can mention the reduced costs as compared to expensive software and hardware 

simulators, they are often easily portable and reusable and carry minimal risks. The 

production of patient specific models is also possible, thus going from basic skill 

learnings to specific procedures simulation or rehearsal. These improvements in the 3D 

printing could also in the future reduce one of the recognized disadvantage of these 

models which is the low fidelity towards reality. Several examples demonstrate that 

modern 3D printing possibilities with continuous improvement of materials tend more 

and more to approach reality. This is for example the case for the training of endoscopic 

third ventriculostomy[30, 97, 388]. Some of these devices are so affordable that they 

allowed the development of full education programs as for example in Africa[280]. 

Another organ which allows for realistic training is the spine. One example has been 

established as a spine course by the Simulation Committee of the Congress of 

Neurological Surgeons in 2012 already. The simulator for anterior cervical discectomy 

and fusion provides physical models that mimic the soft tissue and the bony elements 

and allows the trainees to use real-world surgical instruments such as Kerrison 

rongeurs or drills[293]. Other models have been developed to focus on complication 

avoidance in spinal surgery[384]. Even the training of the management of specific 

events that should be avoided during spinal surgery can be trained such as the 

management of cerebrospinal fluid leaks[119]. 

The author had himself regular experiences with modern spinal training models in the 

setting of instruction courses for the training of the implantation of the annular closure 

device “Barricaid” (Fig. 1.1). 
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Figure 1.1: illustration showing the principle of the Barricaid annular closure device 

 

He organized three internal training sessions for the residents and registrars of the 

neurosurgical department of the Cantonal Hospital of St Gall in 2016 and two 

international symposium in 2017, one for German speaking colleagues and one for 

English speaking colleagues coming from abroad. The training sessions were organized 

with the use of the physical model “Realspine” for the training of microscopic lumbar 

disc herniation operations developed by Realists® in Leipzig, Germany.  

 
Figure 1.2: Realspine model for training of lumbar discectomy with fluoroscopic simulation 

using navigation data. 

 

The model (Fig. 1.2) offers an extremely realistic environment to train interlaminar 

fenestration and discectomy with everyday instruments and microscope. It allows also 
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the implantation of the annular closure device “Barricaid” which is made normally 

under lateral fluoroscopy. In order to allow for a similar guidance possibility and to 

avoid irradiation during simulation training a combination with a navigation system has 

been developed which delivers similar imaging information.  

 

 

 
Fig.1.3: intraoperative view of the Realspine model with bleeding simulation. 

 

The model allows also for realistic stearable bleeding simulation (Fig. 1.3) and even for 

dural tear with cerebro-spinal fluid leak in case of durotomy. 

 

Virtual reality simulators 

Virtual reality simulators present several advantages as compared to physical models: 

first they do not suffer from the issue of repetition with material consummation. As a 

result their cost can be possibly reduced substantially over time. Due to programming 

possibilities and the absence of graphical limitations they can not only simulate normal 

anatomy but also variations and pathological states. One drawback remains that they 

often do not allow the use of real tools and instruments in order to acquire their 

proprioception. However, this is an evolving situation as recent models not only offer 

improved haptic feedbacks but also tend to integrate standard instruments whenever 

possible. 

Historically one can distinguish three types of VR simulators: 

The simplified VR systems such as the Dextroscope (Braco, Princeton, NJ, USA) creates a 

3D patient-specific holographic image to create a virtual anatomy of a specific 

patient[205]. Other examples of these types include the “Virtual Dissector” developed by 

Bernardo et al and focused on skull base approaches[22]. 

The augmented VR systems enable some computer-user interaction through an 

interface as in the “Robo-Sim-Endoscopic neurosurgical simulator” developed for 

ventriculostomy simulation[291]. 
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Finally the immersive VR systems are the most recent and elaborated types. They 

provide a physical perception in a virtual world including haptic and kinesthetic 

modalities. 

One of the first and best documented immersive VR systems is the NeuroTouch[71]. It 

was developed in 2008 by the National Research Council in Canada. It incorporates 

bimanual tools with haptic feedback and a real-time computer-generated virtual tissue 

that reacts to manipulation. The binocular vision of the operating field is provided by a 

stereoscope. Instruments that can be used include an ultrasonic aspirator, suction, 

bipolar cautery and microscissors that closely approximate real tools. The instruments 

can interact with the real-time virtual tissue in such a manner that the user is able for 

example to differentiate between normal and tumorous tissue which will  be oozing 

blood when resected. The tissue pulsate at a rate of 60 beats per minute. Although this 

system represents a clear step forward several authors argue that it still is not identical 

with real tissue and sensations[21, 208]. Initially focused on oncology,  the system 

meanwhile includes several modules allowing for the training of cranial, 

endoscopic[307] and spinal procedures. 

Another system, the ImmersiveTouch, was introduced in 2005 by the University of 

Illinois in Chicago for performing ventriculostomy and meanwhile provides diverse 

simulation for neurosurgical trainees[9]. With its high-resolution screen and 3D glasses 

it provides a realistic interactive stereoscopic environment with haptic feedback tools. It 

offers several training modules developed from real MR data for normal anatomy and 

diseases. There 3 different packages that can be purchased: base, pro and premium, 

offering increasing complexity. Modules have been developed for cerebral aneurysm 

clipping, spine surgery, hemostasis, percutaneous spinal fixation, percutaneous 

trigeminal rhizotomy, anterior clinoidectomy and ventriculostomy[4]. 

Finally the “Temposurg” was developed at the University of Hamburg, Germany, and is 

dedicated to temporal bone surgery[204]; Like the Voxelman© [371]developed for the 

ENT trainees it provides a 3D virtual surgical field of the temporal bone with haptic 

feedback and offers a realistic training tool to acquire surgical skills for temporal bone 

surgery. 

Another advantage of the VR systems is that with the definition of standardized metrics 

they will provide immediate feedbacks with scores. This possibility will probably allow 

in a near future the deliberate training with electronic feedback, thus increasing the 

opportunities for deliberate training independently from the availability of mentors, 

which will in turn reduce one part of the costs and organization limitations. 

 

The question of the financial aspects of these training simulation programs remains 

quite obscure. There is some intuition that the investment should finally benefit 

patients, however little research has been made regarding the financial feasibility of 

these training programs. To date, only the simulation curriculum offered at the 

University of Texas, Galveston, has been studied precisely regarding its costs. The 

program offers 68 exercises per year and per resident, including cadaveric simulations, 

physical simulator products and haptic feedback simulators. The yearly costs for one 
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resident reached 341,978 $ to start and 27,876.36 $ the following years to 

continue[117]. Even if these figures are hardly transposable to other institution they 

might serve as a framework for future evaluations. 

A dark side of the financial aspects, besides technical and equipment costs, which is also 

difficult to evaluate is the cost of providing training simulation: the time allocated by the 

trainees and by the trainers has a price and besides the training sessions trainers also 

have to be instructed to some degree[400]. 

 

One recent study comparing VR and 3D printed models for training of endoscopic 3rd 

ventriculostomy found that, in their present state, 3D printed training models seem 

superior for familiarizing trainees with the endoscope, the instruments used and the 

techniques, while VR simulators were superior to improve three-dimensional 

anatomical knowledges[31]. One of the relevant differences was the fact that physical 

training models provided superior instrument handling, allowed the trainees to use 

usual instruments, try and compare different ones and even have the opportunity to try 

new instruments. This also seems to meet the preference of trainees who, in an 

evaluation of laparoscopic training, preferred to use “box trainer” with normal 

instruments as compared with VR simulators, with a majority of 80%[235]. 

 

Neurosurgical training simulation in 2017 

 

In spite of numerous contributions, the field of training simulation with modern VR 

simulators or physic 3D printed models remains relatively new  in neurosurgery as 

demonstrated by Konakondla and Schirmer[208]. Moreover several reviewers in recent 

publications still consider that the current models are less than ideal for real-life 

translation, but recognize that significant strides with haptic feedback have been 

encouraging[21, 200, 208]. In 2014, in the first systematic review of the literature about 

the use of simulation in neurosurgical education and training, Krikman and colleagues 

found 28 articles describing a simulation-based intervention used in an educational 

context and presented outcome data. Overall they found a poor quality of the studies 

with significant shortfalls in methodology and design of most of the works and stated 

that future studies should improve study design and provide long-term follow-up data 

on simulated and/or patient outcomes[200]. In particular, if some studies, especially the 

more recent ones[16, 264]s, did use the 3 classical dimensions of training model validity 

(face, content and construct), several studies did not provide systematic evaluation of 

their model regarding these dimensions. Face and content are subjective measurements, 

the former deals with the quality of the replication of working conditions, level of 

difficulty as compared with the reality and possibility of being successful in completing 

the training task whereas the latter, content validity, concerns the potential of the model 

to improve the ability of the trainees or in other words, if the model is able to teach the 

trainees the skills targeted. 

Construct validity regards the ability  of the model to distinguish between the beginner 

and the experienced participants. 
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As stated above, the whole field of training simulation is still young in neurosurgery, as 

compared with other surgical specialties such as general surgery, ENT or urology and 

has not yet taken hold[208]. There is a clear trend to establish it in neurosurgical 

curricula[5, 140, 150, 241, 321, 335] but its place still has to be clearly defined. 

Another critical point regarding training simulation remains the fact that so far no study 

has been able to demonstrate the translation of simulation training to real surgery. So 

future studies, ideally large, randomized, prospective and controlled, should aim at 

demonstrating the degree of translation from simulation to the patient by measuring its 

impact on outcome[200, 208], which will facilitate its optimal integration into residency 

programs[200]. 

 

In spite of all these limitations, there is no doubt that the traditional model of surgical 

education with endless hours of passive observation of a mentor into the operating 

room has definitely come to an end. Advances in imaging, computing power, interface 

technology as well as 3D-printing processes and materials will contaminate the field of 

neurosurgical training simulation which will become readily available, affordable and 

more effective. 
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3. Transsphenoidal surgery 
 

Pituitary surgery 

 

Introduction 

Pituitary adenomas account for 10-15% of all intracranial tumors and present an overall 

prevalence of 16.7%[92]. Pituitary tumors can become symptomatic through their mass 

effect or via their hormone disturbances. If producing one type of hormone so-called 

secretory adenomas will become relatively rapidly symptomatic because of a 

hypersecretory syndrome, non-secretory adenomas on the other hand will not come to 

clinical attention until they cause a mass effect. Mass effect itself will be acting either on 

the normal pituitary gland itself, which will present a reduced function, or on 

surrounding structures, the most classically involved in this case being the chiasm with 

a superior quadrantanopsia progressing to a classical bitemporal hemianopsia. 

The most frequent type of functioning pituitary adenoma is the prolactinoma (Table 3.1) 

accounting for approximately 40% of all pituitary tumors[369]. Their clinical 

presentation will vary with the gender of the patient. Women will present with the 

classical association of amenorrhea and galactorrhea, men will usually harbor a history 

of impotence and decreased libido, very seldom galactorrhea though this has been 

observed in males too. Prolactinoma remains the only subtype of pituitary adenoma 

where medical therapy is the first-line therapy. Surgery will be performed in cases with 

apoplexy or with difficulty in the medical treatment, be it intolerance or resistance with 

either persistent high levels of prolactin or persistent mass effect. Another particular 

situation is the development of a CSF fistula in the first weeks of the treatment of a 

voluminous prolactinoma[32, 271]. 

The second most frequent subtype of pituitary adenoma which accounts for 30% of all 

pituitary tumors are the so-called nonfunctioning adenomas. Even if they are 

characterized by the absence of relevant hormone production the majority of them will 

be positive for some kind of pituitary hormone as can be demonstrated in 

immunohistochemical examinations. Most frequently they will be positive for 

gonadotrophins in as many as 80% of the cases and only 6% will be true “null-cell” 

tumors[315]. Nevertheless, as they do not produce a clinical relevant amount of 

hormone they will be revealed by symptoms mostly due to their mass effect. These can 

include headache and visual fields defects. The compression of normal pituitary tissue 

will result in partial or complete anterior pituitary insufficiency and in cases with 

extension into the cavernous sinus cranial nerve palsies can be observed. These tumors 

can also be associated with an elevation of the prolactin level due to compression of the 

pituitary stalk (so-called stalk effect). 

The second most frequent subtype of hormone-secreting pituitary adenoma and the 

third most frequent type of pituitary adenoma is the growth hormone (GH)-secreting 
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adenoma, accounting for 20% of all pituitary tumors. They are more frequent in males 

and present with acromegaly in adults and gigantism in children. The patient with a 

classical acromegaly presents an enlargement of the hands, feet, and bones of the face. 

Other features include development of carpal tunnel syndrome, arthritis and arthralgias, 

hypertension, diabetes mellitus, and hyperhidrosis[370]. The morbidity and mortality of 

the disease is increased in these patients because of the development of associated 

pathologies such as diabetes, hypertension and organomegaly. In spite of recent reports 

favoring medical therapy, the first choice therapy remains surgery in these 

patients[245].  

Adrenocorticotropic hormone (ACTH)-secreting adenomas represent the last frequent 

group and account for 10-12% of the adenomas. It remains the most common source of 

endogenous overproduction of cortisol, responsible for 60-80% of the cases and is then 

called Cushing’s disease. They present with the classical features combining weight gain 

with hyperglicemia, hypertension and purple striae. They are prone to osteoporosis. 

Cognitive and psychiatric disorders are also observed as well as amenorrhea and thin 

skin. Surgery is indicated and reaches remission rates of 75%[342]. 

 

 % (ca) 1st line Therapy 

PRL 40 Medical 

Nonfunctioning 30 Surgery 

GH 20 Surgery 

ACTH 10 Surgery 

Table 3.1 : frequency of the different subtypes 

 and 1st line therapy. 

 

Surgical approach to pituitary adenomas 

The removal of a tumor located in such a central region as the sella and moreover 

surrounded by vital structures such as the carotid arteries, optic nerves, hypothalamus, 

cavernous sinus with cranial nerves and finally the normal pituitary gland itself 

represents a significant challenge as this has to be done through a deep and narrow 

space using relatively long instruments. The transsphenoidal route remains the safest 

and most efficacious to reach pathologies in the sellar region and independently of the 

adopted technique, if microscopic or endoscopic, the procedure consists in 3 main steps: 

1° the approach and exposure of the lesion 

2° the removal of the pathology 

3° the reconstruction phase. 

Although there still are indications for craniotomies, predictors of successful resection 

have been identified, such as the size of the tumor, the degree of extension and the 

experience of the surgeon[12]. In order to identify the limitations of the transsphenoidal 

approach, Zada and colleagues have reviewed the cases where both approaches, 

transsphenoidal and open craniotomy, had been taken into consideration and have 

identified 8 factors that limited the extension of resection, limited the risks of the 

operation and contributed to perioperative complications[397].  
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These factors included :  

_ significant suprasellar extension 

_ lateral extension 

_ retrosellar extension 

_ brain invasion with edema 

_ firm tumor consistency 

_ involvement or vasospasm of the arteries of the circle of Willis 

_encasement of the optic apparatus 

_invasion of the optic foramina. 

 

There are 3 main goals of pituitary surgery : normalization of secretion of excess 

hormones, suppression of the mass effect and preservation of normal pituitary function. 

The suppression of the mass effect is demonstrated by the improvement in the visual 

symptoms which can be reached in 70-80% of  cases with preoperative compression of 

the optic chiasm.[396] Preservation of pituitary function depends of course on the 

extent of the initial tumor and is usually possible with up to 65% of cases that may even 

recover lost function[94]. 

 

Advantages and limitations of the endoscopic technique 

 

Endoscopic neurosurgery has been gaining popularity in the last two decades as the first 

choice technique for transsphenoidal resection of sellar lesions[180, 211, 238, 246, 

259, 309, 320, 354]. From a technical point of view, endoscopic (E) resections are 

expected to be better than microscopic (M) resections due to improved visibility[354]. 

One of the most important advantages of endoscopy is by no doubt the panoramic 

picture provided, allowing for a rapid and safe orientation into the sphenoid sinus with 

identification of classical landmarks such as the opticocarotid protuberances or the 

opticocarotid recess which are rarely visualized in the limited field of view provided by 

the microscope[180]. The identification of these landmarks might not be important or 

even necessary when resecting small adenomas but will be of critical importance when 

addressing larger and more invasive tumors. Another advantage of the endoscope relies 

in the capacity to change the line of sight. The microscope provides a clear three 

dimensional view of the sella but once set in place does not allow many further 

movements whereas the endoscope remains mobile and allows one to see « around the 

corner ». This can be a clear advantage when removing tumors reaching the region of 

the optic chiasm, invading the cavernous sinus or in close inspection of the interface 

between the tumor and the normal pituitary tissue. If necessary, vision around the 

corner can be improved with angled optics, such as 30 or 45° optics. It is also expected 

that the endoscopic approach obviates the need for sublabial or trans-septal approach, 

thus avoiding the associated complications. Still so-called extra-cranial complications of 

the endoscopic approach do exist[341] but they can be minimized by techniques such as 

septal pushover and direct sphenoidotomy[181]. 
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Another difference between microscope and endoscope is the type of illumination: 

whereas the microscope delivers a cone of light which tapers from the source until it 

reaches the target, the endoscope delivers light and magnification via an inverted cone 

of light and the light source itself can be brought in the immediate vicinity of the target. 

 

Among the limitations of the endoscopic technique the loss of the third dimension is 

regularly mentioned. Although this might be a problem at the beginning of a learning 

curve it has been demonstrated that there were no majors differences between the skills 

under a microscope (binocular vision) and an endoscope (monocular vision) for simple 

tasks[357, 358]. Another element to which neurosurgeons have to get used to is that the 

endoscopic image presents a kind of deformation increasing with the distance from the 

central point. For example, looking at a plane surface such as a printed page, the 

microscope shows a perfect representation all the letters with absolute conservation of 

the parallelism (Fig 3.1 left), whereas the endoscope will present some distortion with 

an increasing loss of the parallelism as one leaves the central point (Fig. 3.1 right). 

 

 
Fig 3.1: Microscopic image (left), endoscopic image (right) of a plane surface. 

 

Looking into a cavity, one of the advantages of the endoscope with its more important 

field depth becomes obvious and this despite the above mentioned deformation (Fig 3.2) 

 

 
Fig 3.2: Microscopic (left) and endoscopic (right) images of a cavity. 
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Despite the fact of this clear advantage of the endoscopic image when looking into 

cavities the beginner neurosurgeon will need some time to get used to this kind of 

representation. 

Introduction of the endoscopic technique 

There are several ways to use the endoscope for transsphenoidal pituitary surgery. 

These range from endoscopic-assisted microscopic surgery using a speculum, single-

surgeon single-nostril endoscopy with limited sellar opening, single-surgeon dual nostril 

endoscopy with extended exposure and finally to dual surgeon dual nostril endoscopy 

with expanded exposure (so-called expanded endonasal endoscopic approach, EEEA) 

[392]. The endoscope can also be used to perform the anterior sphenoidotomy prior to 

inserting the speculum and then performing the rest of the procedure under 

microscope. In our institution we adopted the EEEA in 2004 without a period of 

transition. A period of transition is certainly mandatory in institutions where a single-

surgeon technique is adopted or when the surgeons have no experience with the 

endoscope. In our situation we could directly switch to the EEEA because of previous 

experience with other endoscopic operations. As stated by several authors, these factors 

are decisive to reach a less steep learning curve [176, 347]. 

 

Introducing the endoscopic technique in a neurosurgical unit can be done mainly in two 

ways. One possibility is to use the endoscope at the end of or during a classical 

microscopic procedure; although this will not add supplementary risks for the patient, 

this can be quite cumbersome, the endoscope representing a certain nuisance during the 

standard microscopic procedure[176].  

The second way is to work in team with an experienced endoscopic rhinologist. This 

solution has the advantage of accelerating some of the operative steps as the rhinologist 

performs the transnasal approach rapidly, and gives the team security in the 

manipulation of the endoscope itself during resection of the tumour[176]. 

In our institution two neurosurgeons perform transsphenoidal surgery. The younger 

was encouraged by the experienced to develop the endoscopic technique and 

introduced it in cooperation with an endoscopic rhinologist. We have collected our 

observations over the last 8 years, in order to have a quality control and to make sure 

the introduction of the new technique had not been associated with more risks for the 

patients. 

 

Surgical techniques 

In our institution the patients operated microscopically were operated with a classical 

microscopic technique[79] beginning with a submucosal transseptal approach and 

placement of a nasal speculum. This approach is done by an otorhinolaryngologist who 

leaves the theatre during the so-called neurosurgical resection phase. Fluoroscopic 

imaging is used to improve accuracy, giving sagittal information about the localization of 

the speculum in relation to the sellar floor. The resection is conducted bimanually. The 
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otorhinolaryngologist returns at the end of the procedure for the septal reconstruction 

and closure.  

 

The patients operated endoscopically were operated by a team during the whole 

operation, which is composed of one experienced endoscopic rhinologist and a 

neurosurgeon (the author) with some microscopic experience in pituitary surgery and 

more than 5 years of experience in cerebral endoscopy at the beginning of the series but 

no previous experience in transsphenoidal endoscopy.  

 

Material and Instrumentation 

For standard endoscopic procedures through the nose the same endoscope models as 

those used by ENT colleagues can be used. The system consists of rigid endoscopes 18 

cm in length including 0°, 30° and 45° (Karl Storz ® & Co, Tuttlingen, Germany) 

connected to a HD flat screen via a full HD camera using a 3CCD Xenon light source. 

Storz ® produces also an irrigation system (Clear Vision) that can be activated with a 

foot pedal, but depending on the technique some operators will prefer to irrigate 

directly using syringes, especially if performing a 4 hand technique as is the case in our 

team. A holder can also be used but one has to be aware of the loss of the depth 

impression given by a dynamic use of the endoscope. 

Even if it uses the same corridor as the microsurgical procedure the endoscopic 

procedure requires dedicated instruments that are straight, non bayonet and whose 

articulation is kept in the rear of the instrument with a straight and thin element going 

through the nasal cavity, be it a scissor, a rongeur or a forceps as for example the 

Cappabianca bipolar forceps (Fig. 3.3: left). These so-called single shaft coaxial 

instruments (Fig. 3.3: right) allow for maximizing angle of rotations and minimizing at 

the same time the obstruction in small working corridors, which is definitely more 

limited with standard 2-shafted microsurgical instruments[349]. Ideally the head of the 

instrument should also be rotatable so as to allow the hand to take a natural position 

and there is no need for the hand to take a twisted position to modify the position of the 

tip. The development of single-shaft low profile instruments is not an phenomenon 

limited to endoscopic neurosurgery: also in microsurgery the development of new 

approaches with very limited or no brain retraction has motivated the development of 

such instruments[231].  
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Fig. 3.3: Above left: example of single-shaft bipolar forceps with pistol grip designed for 

endoscopic surgery. Above right: example of coaxial scissors with rotatable blades and 

coaxial biopsy forceps. Bottom left: bipolar forceps allowing simultaneous aspiration at the 

upper tip of the forceps. Bottom right: same as above left but with curved tips, allowing for 

para-axial coagulation. 

Patient positioning and preparation 

The patient under general anesthesia is placed in a recumbent position with a minimal 

elevation of the head. The right shoulder is positioned at the right upper corner of the 

operating table. Some authors will turn the head 10° towards the operating side, we 

prefer to keep it straight. During the preparation phase the head is fixed in a Mayfield 

clamp as the navigation is used in most of the procedures. If a limited procedure is 

planned and no navigation is needed the head can be supported on a horseshoe, which 

avoids the pain of the fixation pins of the Mayfield and allows for some lateral 

movements of the head during the procedure which can in some instances increase 

visualization. The nasal mucosa is decongested with cotton pledgets soaked in 

adrenaline 1:5000 (1ml of adrenaline 1mg/ml diluted in 4 ml saline) placed in the 

middle meatus. In addition, the mucoperiosteum of the lateral nasal wall and the 

mucoperiosteum and mucoperichondrium of the septum are infiltrated with a Lidocaine 

/ Adrenaline solution (1% lidocaine and 1/200.000 adrenaline). The endotracheal tube 

is fixed on the left side in order not to disturb the operators who will stay on the right 

side. At this moment an oro-gastric tube is placed in order to allow suction and 

evacuation of the blood that can flow down during the procedure. The oral cavity is also 
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packed with gauze around the oro-tracheal tube to further prevent blood from reaching 

the stomach. This is important as blood into the stomach will act as a potent emetic and 

will thus be responsible for postoperative vomiting that can lead to unnecessary 

measures, even emergency CTs because of undue suspected acute intracranial 

complication. 

Lumbar drains are not routinely placed but are reserved for special situations such as 

revision surgery or in the presence of an expected large basal defect with planned 

extensive reconstruction of the skull base including a naso-septal vascularized 

pediculated flap, as for example in the case of a giant adenoma. More detailed 

description regarding the different reconstruction options and their indication are not 

the subject of this chapter and will be discussed in the chapter dealing with the so-called 

non-pituitary pathologies of the anterior skull base. 

During the induction phase a bolus of Solu-Cortef 100mg is given according to the 

standard stress-prophylaxis schema established by the colleagues of the endocrinology 

department. The patient also receives a bolus of A single dose of cefamandole (2nd 

generation cephalosporine) is given prior to starting the procedure.  

The nose and region of the upper lip are prepped with Betadine®. The entry of the nasal 

cavities is also prepped with cotton woods soaked in Betadine®. The draping is made 

with a U-shaped drape folded around the crest of the nose and with a straight drape 

taped at the upper lip. Depending on the planned reconstruction the periumbilical 

region and the right lateral thigh are prepped and draped for fat or fascia lata 

harvesting. 

 

Nasal phase 

The procedure usually starts with a 0° Storz endoscope. The approach is performed 

under induced hypotension (< 110 mmHg syst.) and begins with an inspection of the 

nasal cavities to recognize the anatomic landmarks. The arch of the choane, the lower 

and medial turbinates and the nasal septum are identified (Fig. 3.4) as well as 

irregularities such as septal deviation. Moving more posteriorly under the inferior 

turbinate the medial border of the choane can be seen, consisting of the vomer which 

constitutes a medial landmark. Once the orientation is made the procedure begins with a 

gentle lateralization without resection of the medial turbinate on both sides with care 

not to disrupt the mucosa. Gentle handling of the mucosa will avoid bleeding with 

repeated blurred vision from permanent oozing blood. We do not perform a systematic 

complete right middle turbinectomy as usually recommended[194] or even a resection 

of the inferior half of the middle turbinate as proposed as a limited alternative[341] 

because we usually had sufficient working space with the bilateral lateralization of the 

middle turbinate in most of the cases of pituitary tumors. Only in particular situations 

with septal deviation or particularly narrow anatomy we have found it necessary to 

resect the middle turbinate. Nonetheless it is important not to apply excessive force 

during the mobilization of the middle turbinate as this could lead to breaking its 

insertion and in extreme cases to a fracture of the anterior skull base with risks of CSF 

leak.  
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If a large arachnoid defect is expected the sphenopalatine artery is identified and a 

nasoseptal flap prepared for watertight closure[137].  

At this stage of the operation the sphenoid ostiae should be visualized, they can be found 

1.5cm above the upper limit of the choane. Sometimes the ostiae are covered with 

mucosa and in this case they will be identified with a blunt instrument such as a freer.  

 

         
Fig.3.4a: Right nostril with middle turbinate (MT) and nasal septum (NS). 

Fig. 3.4b: same nasal cavity after lateralization of the MT and identification of the ostium 

sphenoidale (blue arrow). 

Sphenoid phase 

After identification of the sphenoid ostiae the sphenoethmoidal recesses and the region 

around the ostiae are coagulated in order to minimize bleeding from septal branches of 

the sphenopalatine artery. Both ostiae are widened using Cloward punches. We have 

found it practical to use 2 or 3 mm punches with turnable head for this phase. After 

widening of the ostium sphenoidale on both sides an anterior sphenoidotomy with 

posterior septectomy is performed. This can also be performed with Cloward or Hajek 

punches or with a high speed drill. For the resection of the posterior part of the nasal 

septum the back-biting punch developed by professor Stammberger from the ENT 

department of the University of Graz in Austria is a very convenient instrument. Another 

possibility is of course to use a soft-tissue shaver. Some authors have recommended to 

perform a superior window in the septum rather than a complete posterior septotomy 

as a more limited approach[341]. 

The anterior sphenoidotomy has to be large enough as this will be the most narrow part 

of the long working corridor to the sphenoid sinus and the opening should provide 

enough space for the endoscope itself and for at least two instrument and is needed if a 

two nostril four hand technique is to be used[43]. It should also allow for the use of long 

instruments that may be angled which have to be used with larger tumors[232] and it 

has to allow inferiorly for the placement of the suction under the sella and superiorly for 

visualization up to the planum sphenoidale. However care must be taken as not to 

extend the anterior sphenoidotomy too far infero-laterally in order not to injure the 

sphenopalatine artery. The resection of the posterior part of the nasal septum is 
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important not only to provide space but also because it will avoid that the instruments 

introduced on one side push the mucosa of the septum to the contralateral side against 

the tip of the endoscope thus causing repetitive blurring of the vision. At the beginning 

of our series as we did rather limited opening we regularly encountered this problem 

that was rapidly solved by adopting a more radical resection of the posterior part of the 

nasal septum. At the same time care must be taken not to extend the septotomy too far 

anteriorly; the anterior margin of the middle turbinate is recommended as the anterior 

limit of the septotomy[232]. 

Once the access to the sphenoid sinus is achieved the anatomical orientation can be 

done (Fig 3.5). In order to see the bony landmarks clearly and to avoid oozing blood 

during later phases the mucosa of the sphenoid sinus is stripped off with a rongeur. 

Usually we resect the whole mucosa of the spehnoid sinus but again some authors do 

only resect the mucosa in the immediate perisellar region and resect beyond these 

margins  only if the parasellar anatomy is not obvious on primary inspection[341]. 

 
Fig. 3.5: panoramic view of the sella after resection of the mucosa with identification of the  

sella (S), clivus (C), internal carotid artery (ICA) under the carotid protuberances on both 

sides, planum sphenoidale (PS). 

 

The bony septum of the sphenoid sinus, the so-called intersphenoid sinus, is also 

resected. Here care must be taken as to its orientation because not rarely they are 

asymmetrical or even lead laterally to one of the carotid protuberances. This will best be 

evaluated preoperatively on the bone window of a CT scan as other anatomical 

particularities such as presellar conchal sphenoid sinus or Onodi cells which will be 

recognized on coronal CT images as a horizontal septum in the upper part of the 

sphenoid sinus. The midline will be appreciated by looking at the mid-point between the 

carotid protuberances or opticocarotid recesses. Once the sella is opened the mid-point 

between the medial walls of the cavernous sinuses can also be used to localize the 

midline. 

Sellar phase: 

If the approach up to the sellar floor is done by the ENT member of our team, at this 

point the real team work starts with the 3 hand technique. The opening of the sella is 
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done either with 2 and 3mm Cloward punches or with a diamond burr. When opening 

with punches the initial perforation can be done with a small bone chisel allowing then 

to introduce the small Cloward punch. In the presence of a macroadenoma the sellar 

floor can be so eroded that a blunt opening with a dissector is also possible. Seldom in 

the presence of an acromegaly, the bone can be so thickened that it has to be opened 

with the diamond burr. If possible a square piece of bone should be saved as this can 

eventually be used at the end of the procedure for the sellar reconstruction, either by 

using it simply as an element for the reconstruction of the sellar floor[80] or as a 

“buttress” in the gasket-seal closure as described by Schwartz et al[222]. 

The opening of the sella is extended inferiorly to the sellar floor and laterally up to the 
proximal margin of the ICAs as identified anatomically, with the neuronavigation (Curve, 
BrainLab, Germany) and with intraoperative micro-Doppler[82]. The identification of 
skull base structures during endoscopic sinus and anterior skull base surgery has been 
demonstrated in a study on mental workload and ergonometric to be one of the phases 
of these procedures that benefit the most from the navigation (Stelter and 
colleagues[352]: oral presentation at the 21. Jahrestagung der Gesellschaft für 
Schädelbasischirurgie, Tübingen, 11-13th October 2013. Mentale Arbeitsbelastung und 
Ergonometrie bei endoskopischen  Nasennebenhöhlen- und Schädelbasiseingriffen). 
Superiorly the bluish color of the dura will eventually allow for identification of the 

superior intercavernous or circular sinus[47] and the resection is done so as to offer 

enough working space for the instruments without going too close to the tuberculum 

sellae in order to avoid a dural tear and CSF leak at this place. As the suprasellar 

arachnoid is close to the superior intercavernous sinus one will avoid coagulating too 

aggressively in its proximity, again in order to avoid a CSF leak. Instead passive 

hemostats can be used to control this venous bleeding, such as oxygenated cellulose 

(Tabotamp ®) or collagen (Helitene ®). In some instances a small dural vessel can be 

identified which provides reliable localization of the midline[232]. 

Opening of the dura 

The dura is opened sharply, using either N° 11 or 15 blades or dedicated micro blades or 

scissors. Some recommend to introduce these sharp instruments through a nasal 

speculum so as not to avoid unnecessary injuries to the nasal mucosa[232]. The incision 

should cut only the dura and keep the underlying tissue, in particular pituitary capsule 

and the tumorous pseudocapsule, intact. Different types of incisions have been 

described, for example H- or reverted U-shaped. Here also care has to be taken in order 

not to go too far superiorly and incise the arachnoid fold. If a wide exposure is necessary 

the corners of the dural window can be incised diagonally. Cauterization will result in 

shrinkage of remaining dural folds or corners. 

Tumor resection 

The resection of the adenoma is performed with two hands using suction and dissectors, 

rarely curettes. No endoscope holder was used in order to keep the pseudo-depth 

perception given by the dynamic movements of the endoscope[357, 358] and apply thus 

the three-hand technique recommended by Kassam[194]. In most of the procedures the 

neuronavigation was used. During the last 2 years of the series a micro-Doppler[82] was 
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systematically used to confirm the information of the navigation regarding of the 

internal carotid artery (ICA).  

It is accepted that a so-called pseudocapsule can be found at the interface between the 

normal pituitary gland and the tumorous tissue, an observation already made at the 

beginning of last century[56]. Lee et al could identify a clear pseudocapsule in more than 

55% out of 616 cases of pituitary adenomas[221]. They also observed that a 

pseudocapsule was more often present in prolactinomas (70%) than in GH- (55%) or 

ACTH-secreting adenomas (40%). As it has been observed that tumor cells are present 

in the pseudocapsule and even into the adjacent pituitary gland it is recommended to 

use this plan to perform a so-called extra-capsular dissection[195]. This dissection is 

best performed using a traction-countertraction technique with either 2 instruments or 

with microcttonoids and will start logically inferiorly then proceeding laterally and 

finally cranially. The control for tumor remnants can be done using 30 or 45° 

endoscopes as these will allow to look around the corner and inspect for example 

upwards in the direction of the optic chiasm or laterally towards the medial wall of the 

cavernous sinus. The medial wall of the cavernous sinus is a structure that can be readily 

seen at the end of the resection using an angled endoscope. Controversy remains as the 

exact composition of this medial wall[76, 394] and some author think that most large 

adenomas do not invade the cavernous sinus but merely compress its medial wall 

(Kassam, notes at the course on “Minimally Invasive Endoscopic Surgery of the Cranial 

Base and Pituitary Fossa“, Pittsburgh, 23. – 25. September 2007). Further the inspection 

can be optimized by performing it underwater while infusing saline under light pressure 

into the sella and tumor cavity. This will optimize the vision, facilitating the 

identification of the tumor-gland interface and eventually also mobilize tumor remnants. 

Once the margins of the tumor are clearly defined it can be mobilized en-bloc or in the 

case of a macroadenoma it will be entered sharply and debulked before fragments are 

mobilized. In many cases the relative fluid consistence of the macroadenoma will 

facilitate the descent of the cranial elements and the arachnoid will soon appear into the 

field of view but sometimes the tumor is so rigid that no spontaneous descent happens. 

In these cases the operator can ask the anesthesiologist to perform a Valsalva maneuver 

in order to increase lightly the intracranial pressure which will force the most cranial 

remnants to descend. 

Hemostasis and closure 

Once the resection is completed the resection cavity is rinsed abundantly with saline. In 

general satisfactory hemostasis can be achieved without the application of any further 

material, especially if the tumor resection is complete. In cases where bleeding sources 

remain active the hemostasis will be reached with the application of topic hemostats 

such as Tabotamp or Helitene as most of the remaining bleeding sources are venous. 

Another hemostatic mean recommended by Kassam and Carrau (personal notes during 

course on endoscopic skull base surgery, Pittsburgh 2008) is the use of warm Ringer 

solution. Seldom have we found it necessary to use more elaborated materials such as 

FloSeal or Surgiflo which combine gelatin with human thrombin and are more 

expansive. They can however be very helpful in the presence of diffuse oozing without 
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clearly identified sources. Even if bleeding remains minor in most of the cases it remains 

of concern as it will obscure the field and thus diminish precision and security. In order 

to better control this permanent “oozing” of blood with its consecutive blurred vision, 

Locatelli and colleagues[228], from the  Universitiy of Pavia in collaboration with the 

group of Paolo Castelnuovo from the Department of Otorhinolaryngology of the 

University of Insubria, in Varese, Italy, have developed a special technique which they 

called “diving technique”. They have applied it in more than 350 surgeries and claim that 

by performing part of the procedure under water or performing an intrasellar 

hydroscopy, they get better control of the small bleedings otherwise regularly 

disturbing pituitary surgery, especially from the cavernous sinus. They also report to 

find more easily a plane of dissection between normal pituitary gland or cavernous sinus 

and tumor tissue by using continuous flushing as water dissection. So the technique 

offers an optimization of the visualization through better bleeding control and is an 

adjunct for careful dissection. 

Once a satisfactory hemostasis has been achieved the reconstruction is done using a 

variety of materials. For smaller lesions and without the observation of intraoperative 

CSF we have proceeded initially to fairly simple closure using mainly gelatin and fibrin 

glue. If CSF was observed intraoperatively and the leak was not identified or very small 

we have generally found it useful to use small autologous free mucosal graft taken either 

at the septum or at one of the middle turbinates. In the presence of a large arachnoid 

defect we have harvested fascia lata and fat from the lateral right thigh. In the presence 

of very large tumors where the risk of intraoperative CSF leak was primarily judged to 

be high the pediculated vascularized flap after Hadad-Bassagasteguy[137] was prepared 

at the beginning of the procedure as well as a piece of fascia lata and the patients 

received a lumbar drain for 4 days preoperatively. A recent study demonstrated with the 

systematic use of intraoperative fluorescein that the occurrence of an intraoperative CSF 

leak during classical pituitary surgery was much more frequent than expected[178], 

reaching 44% in tumors <2cm and 72% in tumors >2cm. They concluded that tumor 

diameter and volume were the best predictors of intraoperative CSF leak, becoming 

significantly more frequent at a diameter of 2cm and above a volume of 1.5cm3 and 

recommended the use of a decision algorithm including the systematic use of lumbar 

drain and HBF for lesions >2,5cm. This recommendation is in accordance with the 

attitude we adopted from the beginning. The only element that was modified during the  

second half of the series is the introduction of a solid element in the reconstruction of 

the sella even in the absence of intraoperative visible CSF leaks because we have 

observed cases of delayed leaks after high pressure maneuver as for example sneezing 

causing a tear in the arachnoid. In order to avoid these very frustrating occurrences we 

have adopted  a more systematic reconstruction of the solid part of the sella, as 

recommended for example by Dufour et al[80]. 
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Own experience 

Material and methods 
Data were collected retrospectively of all the patients operated primarily for a sellar 

lesion microscopically or endoscopically in our institution between November 2004 and 

August 2012. Patients operated on transcranially for a sellar pathology were not 

included. Data collected included demographics, diagnosis, characteristics of the lesion, 

perioperative and postoperative course including complications, evaluation of the 

pituitary function and resection rate. Clinical data collected included age, sex, weight, 

height, time of onset of the first symptoms, time of diagnosis, neurological signs, time of 

first imaging and the presence of relevant associated diseases. All the images were 

reviewed to collect the data about the lesion itself which included dimensions of the 

lesion, the presence of bleeding, compression of the chiasm, deviation of the pituitary 

stalk, cavernous sinus invasion and surrounding of the internal carotid artery; the 

lesions were classified on preoperative MR-images according to the Knosp-Steiner 

classification[202]. Procedure characteristics such as duration of the procedure, blood 

loss and intraoperative as well as postoperative complications including cerebrospinal 

fluid leaks and persistent fistula and the way they were managed, bleeding, diabetes 

insipidus, pituitary insufficiency, infection and presence of a tumor rest were collected; 

evaluation of the resection and tumor rest was done in 3 months postoperative MR-

images. The tumor rests were measured and classified in small and large rests 

depending if the volume of the rest measured more or less than one ml. Statistics were 

conducted by Fisher’s exact and student’s t-tests. 

Results, comparison with the literature 
In total 116 patients have been operated on transsphenoidally between November 2004 

and August 2012; 52 were operated endoscopically and 64 microscopically.  (E: n=52, M: 

n=64; +/- 10-19 cases/yr.). There was no randomization of the patients between the two 

techniques; they were operated on according to the availability of the surgeons and, at 

the beginning, according to the feasibility of the procedure by the endoscopic team. Age 

and gender distribution did not differ between the two groups (mean=54yrs, 67% 

male). Mean follow up was 35 months (range 01.4-95). 

 

During the first 3 years of the observation period the colleagues of the Department of 

Endocrinology have compared the results obtained endoscopically and microscopically 

in order to have a first evaluation of the new technique and also in order not to miss any 

unfavorable development. The charts of patients who were referred for transsphenoidal 

pituitary surgery during this period were reviewed. Descriptive and nonparametric 

(Mann-Whithney-U-test) statistics were used for analysis of these data. 

During these first 3 years of observation 31 and 26 patients were operated 

microscopically (M) and endoscopically (E) respectively. Pituitary lesions consisted of 

endocrine inactive tumors and cysts (17M/18E), GH-producing tumors (11M/3E), 

ACTH-producing adenomas (3M/2E) and prolactinomas (0M/3E). Percent tumor 

volume reduction (82 vs. 93%, M vs. E) and the percentage of patients with small (<1ml) 
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residual tumors (88 vs. 79%) were comparable (Fig. 3.6) as were the effects on pituitary 

function (Fig. 3.7) (unchanged 21M vs. 18E, improved 7M vs. 5E, deteriorated 3M vs. 

3E). Resolution of hormone excess was achieved in 36% (M) and 38% (E) of the 

patients.  

 

 
Fig. 3.6: Tumor resection; small is < 1ml. 

 

 
Fig. 3.7: Pituitary function in postoperative course. 

 

During this initial observation period of 3 years, observed complications can be 

summarized as follows: transient postoperative diabetes insipidus occurred more 

frequently in the endoscopic group (33% vs. 7%), whereas no difference was observed 

for other perioperative complications (SIADH 3 vs. 7%, cerebral salt wasting 0 vs. 4%, 

postoperative liquorrhea 13 vs. 15%, postoperative infections 3 vs. 11%, revision 

surgery 13 vs. 12%, M vs. E) (Fig. 3.8). Our colleagues from the endocrinology 

department thus concluded that during this initial transition period a similar extent of 

tumor resection and cure from hormone excess in endocrine active tumors could be 

achieved. Besides the transient postoperative diabetes insipidus that was higher in the 

endoscopic group, no other complication was increased in the endoscopic group as 

compared to the microscopic group. 
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Figure 3.8: Postoperative complications. 

 

After these first observations the technique was further implemented and during the 

rest of the observation period the proportion of endoscopic procedures steadily 

increased (Figure 3.9). Neuronavigation was used in 80% of E-cases, but never in M-

cases where fluoroscopic imaging was used systematically. 

 

 
 

Figure 3.9: increasing proportion of endoscopic procedures during the observation period. 

  

The most frequent pathology was hormone inactive adenoma (60% E, 51% M, see Table 

3.2). The endoscopic group (E-group) consisted of larger and more invasive lesions, 

although not significant (Table 3.3). 
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Pathology Microscopic Endoscopic 

Hormone 

inactive 

33 31 

PRL* 1 9 

ACTH** 5 4 

GH*** 14 3 

Rathke’s cyst 5 3 

Others 6 2 

Total 64 52 

 

Table 3.2: Distribution of the pathologies in the 2 groups. 
*Prolactinoma **Cushing *** Growth hormone secreting adenoma 

 

 

 Micro Endo 

Giant : >40mm 8% 19% 

Knosp Grade IV 8% 20% 

Bilateral cav. sin. invasion 16.1% 31.4% 

 

Table 3.3: Incidence of giant, Knosp Grade IV and bilateral cavernous sinus invasion. 

 

The duration of the procedures (Figure 3.10) was stable in the experienced M-group 

(+/- 94 min). The E-group showed a clear learning curve in mean operation-time (2004-

2007: 154 min, 2008-2012: 93 min). 

 

 
Figure 3.10: learning curve. 

o Endoscopic 

∆ Microscopic 
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Intraoperative CSF leaks were seen in 31% (E) vs. 42% (M) of cases (Table 3.4). More E-

cases were re-operated, however more M-cases received a lumbar drainage (5 vs. 1, 8 

vs. 19 patients respectively). In both groups 2 patients had to be re-operated because of 

a large residual tumor. The ICA was damaged in 1 E-case where a large calcified 

macroprolactinoma invaded the wall of the ICA. After rapid tamponnade the vessel 

lesion has been treated endovascularly with success and the patient showed very mild 

residual symptoms after 1 year follow-up. Transient postoperative diabetes insipidus 

(DI) occurred significantly more often after an endoscopic operation (17 vs. 5%, 

p=0.03), however, there was no significant difference in long term with persistent DI in 

2 endoscopic cases and 3 microscopic cases. Postoperative anterior pituitary 

dysfunction rate in formerly intact patients was higher in the micro group (25% vs. 

19%). Improved visual outcome was similar in both groups with 46%, although patients 

in the E-group had longer preoperative visual deficits and more chiasm compression 

(mild or severe chiasm compression in 72.55% (E) and 51.57% (M)). Total resection 

was better in microscopic patients (48% vs. 42%) by trend, whereas after endoscopic 

operations a small residuum (<1ml) was seen more often (38% vs. 29%). A large 

residuum (>1ml) was seen in 20% (E) vs. 23% (M) of patients. 

 

 

Complication Microscopic Endoscopic 

CSF intraop. 27 (42.2%) 16 (30.8%) 

CSF leak postop, 2 (3.1%) 5 (9.6%) 

Infection 1 (1.6%) 1 (1.9%) 

DI1perioperative 2 (3.1%)* 9 (17.3%)* 

DI1permanent 3 (4.7%) 2 (3.8%) 

SIADH2 7 (10.9%) 2 (3.8%) 

ICA3 injury 1 (1.6%) 1 (1.9%) 

 

Table 3.4: Complications. 
1DI: diabetes insipidus. 2 SIADH: syndrome of inappropriate diuretic hormone. 3 ICA: internal carotid artery. 

*Statistically significant: P<0.05 

 

Discussion 
Our retrospective study shows that the introduction of the endoscopic technique was 

not associated with a relevant higher incidence of complications. It presents several 

limitations as it is a retrospective study comparing two surgical teams in a low volume 

center.  

 

Although long-term results from the literature comparing outcomes with microscopic 

and endoscopic techniques are still missing, a systematic review of the reported 

literature on endoscopic pituitary surgery analyzing 9 studies and pooled data from 
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>800 patients suggests that endoscopic transsphenoidal surgery is similar in 

effectiveness and risks as compared to traditional approaches[354]. Evidence is lacking 

of proof of the supposed superiority of endoscopic transsphenoidal surgery.  

Another systematic review of the literature comparing microscopic versus endoscopic 

surgery in the treatment of pituitary adenomas[309] showed that major outcome 

measures (extent of tumor resection, changes in hormone levels) did not differ between 

the two approaches. Other factors like complications, time in the operating room, length 

of hospital stay and patient discomfort were significantly less in the endoscopic 

approach. However 10 of the 11 studies compared groups <30 subjects. Regarding the 

improvement in functioning pituitary adenomas one study showed that the endoscopic 

technique was superior in non-invasive macroadenomas but did not differ in 

microadenomas or invasive macroadenomas[61]. 

 

Some of the marginal differences in the rate of resection observed between the two 

groups can be at least partially explained by the slight differences in the two groups, 

with a tendency for larger and more invasive tumors associated with longer duration of 

visual deficits as well as more preoperative hormonal deficits in the E group. Regarding 

the CSF fistulas, although the E series had less intraoperative leaks there were more 

postoperative revisions. The incidences of revision and lumbar drainage reflect the 

different approaches regarding their management. The experienced M surgeon 

preferred to try to get patients dry with the application of a lumbar drain in the 

postoperative period if CSF leak would persist or appear. The E team tried to avoid the 

patient the discomfort associated with lumbar drainage for several days and if the 

reconstruction technique was not optimal from the beginning it improved with 

experience: 4 of our 5 postoperative CSF fistulas concerned the group of the first 26 

patients, in the second half of the series only one case presented a postoperative fistula. 

This reflects the improved reconstructive technique of the sellar defect adopted, an 

observation also reported by other authors[83]. The pediculated vascularized septal flap 

after Hadad was performed in patients with very large lesions where the probability of 

CSF fistula was assessed as high and seemed to have a protective effect, as only 1 out of 

6 cases with large lesions and Hadad flap had to be revised. With an incidence of 

postoperative CSF fistulas of 9.6% our endoscopic series is comparable with data of the 

literature, as shown by the systematic review by Rotenberg which showed a mean 

incidence of 14.3%[309] or by the meta-analysis of Ammirati (Ammirati 2012) where it 

was evaluated to be 7.00% (4.84% to 9.52%). 

In contradiction with other observers[339] we observed a higher incidence in transient 

postoperative DI in the E group, but the incidence of persistent DI was consistent with 

observations of the Ammirati analysis[7] where an incidence of 2.31% (1.41% to 3.41%) 

was reported. 

 

There are several ways to use the endoscope for transsphenoidal pituitary surgery. 

These range from endoscopic-assisted microscopic surgery using a speculum, single-

surgeon single-nostril endoscopy with limited sellar opening, single-surgeon dual nostril 
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endoscopy with extended exposure and finally to dual surgeon dual nostril endoscopy 

with expanded exposure (so-called expanded endonasal endoscopic approach, EEEA) 

[392]. In our institution we adopted the EEEA in 2004 without a period of transition. A 

period of transition is certainly mandatory in institutions where a single-surgeon 

technique is adopted or when both surgeons don’t have any experience with the 

endoscope. In our situation we could directly switch to the EEEA because of previous 

experience with other endoscopic operations. As stated by several authors, these factors 

are decisive to reach a less steep learning curve[176, 347]. 

Even if reduction of postoperative discomfort is not the most important issue, it is a 

point that has also to be taken into consideration. In our series, 3 of the endoscopic 

operated patients had been operated on microscopically years before and their 

reactions to the new procedure was unanimous: one of the patients, when visited on the 

intensive care unit on the afternoon of the procedure, asked when he would be at least 

operated on and could not believe he was already operated. The 2 others also reported 

that there was no comparison regarding the pain and breathing discomfort. 

As for today, even if the endoscopic technique has become the standard technique in 

most larger neurosurgical clinics, the results of published studies were able to 

demonstrate its safety stated that the results were comparable with the traditional 

microscopic technique but with the exception of the noninvasive functioning 

macroadenomas a clear superiority in functional outcome has not been demonstrated. A 

recently published large series from Pittsburgh with retrospective analysis of 555 

patients operated endoscopically concluded that the remission and complication rates 

were comparable to those of previous microscopic and endoscopic series and that an 

ideal comparison between the two techniques would only be provided by a randomized 

controlled trial, something they judged as very unlikely to ever happen[269]. 

Conclusion 
Between 2004 and 2012 endoscopic technique was not better, yet not worse in its 

introduction phase. Considering the small sample size and the comparison of a learning 

endoscopic team with a very experienced microscopic neurosurgeon better results are 

to be expected in the future with increasing experience and the refinements of operative 

techniques. 

 

Other “non-pituitary” lesions of the anterior skull base 

Introduction 

In the past years endoscopic neurosurgery has gained much popularity in transnasal 

and other minimal invasive approaches to intracranial lesion. In anterior skull base 

surgery the use of the endoscope transnasally represents an attractive alternative to 

classical bifrontal craniotomies for evident reasons of avoiding large incisions, 

craniotomy and brain retraction. On the contrary, opponents of endoscopic 

neurosurgery have pointed out correctly that the implementation of this technique has 

not led to a decrease of complications such as CSF leaks and infections[206]. However, 
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Kassam et al. showed in 800 patients that endoscopic transnasal neurosurgery is 

equivalent to transcranial approaches concerning CSF leaks and infections, although 

there seemed to be a learning curve as was also shown in transcranial approaches in the 

past[192]. 

Skull base lesions that have been operated endoscopically through the nose, either 

transsphenoidally or trans-ethmoidally, include in first line meningiomas of the anterior 

skull base; these meningiomas arise either from the tuberculum sellae region or from 

the olfactory groove/ethmoidal region. In the same region rarer tumors such as 

esthesioneuroblastomas can also be reached. Clivus chordomas also represent a lesion 

that can be reached directly through the transsphenoidal approach. Remaining on the 

midline the cranio-cervical junction can be reached and represents the inferior limit of 

the accessible area via the endoscopic transsphenoidal route. This approach represents 

an alternative to the gold standard transoral approach for lesions of the rostral 

craniocervical junction and it avoids the disadvantages of the transoral route[58]. It will 

allow the resection for example of the odontoid process as it can be indicated in 

rheumatoid arthritis with craniocervical settling or in the presence of an expanding 

pannus or the resection of extradural or intradural tumors involving the rostral 

craniocervical junction[193, 328, 390]. It can also be indicated in the case of 

malformations of the craniocervical junction such as basilar invagination[122, 272] or 

Chiari[144] or in the setting of post-traumatic lesions as with nonunion or odontoid 

fractures[91]. 

Meningiomas of the anterior skull base 

The anterior skull base is made of 3 bones: the ethmoid bone with its lamina cribrosa, 

the frontal bone with the posterior wall of the frontal sinus limiting anteriorly the 

anterior skull base and the sphenoid bone with its lesser wing being the posterior 

margin of the anterior skull base[298]. 

The medial wall of the orbit representing the lateral limits for an endoscopic transnasal 

resection, meningiomas of the anterior skull base amenable to endoscopic pituitary 

surgery will be located in the vicinity of the midline (Fig 3.11). These so-called “anterior 

midline skull base (MASB) meningiomas” constitute 12-20% of all intracranial 

meningiomas[290] and comprise, from posteriorly to anteriorly, tuberculum sellae 

meningiomas, meningiomas of the planum sphenoidale and olfactory groove 

meningiomas. Already in 1938 in one of the first large publications on meningiomas 

Cushing and Eisenhardt noticed the differences between olfactory groove and 

tuberculum sellae meningiomas, separated in space by 2 cm and harboring very 

different clinical presentations, the tuberculum sellae meningiomas presenting 

classically quite early with visual symptoms whereas olfactory groove meningiomas 

were more insidious and could reach a much larger size before causing headache or 

mental changes. 
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Fig. 3.11: region of interest for “midline anterior skull base meningiomas”. 

 

Because tuberculum sellae and planum sphenoidale meningiomas are operated via the 

same transsphenoidal approach and present similar complications they will be 

regrouped in the group of the so-called “parasellar” meningiomas (Fig.12). Olfactory 

groove meningiomas are operated via a transethmoidal (or transcribriform) route and 

present different specific difficulties and complications. 

 

 
Fig. 3.12: Transsphenoidal (blue) and transethmoidal (red) routes for respective parasellar 

and olfactory groove meningiomas. 

Approaches for midline anterior skull base meningiomas 
Traditionally meningiomas of the anterior skull base have been approach via different 

types of craniotomies including a classical pterional or a subfrontal (unilateral, 

supraorbital, and oblique approach), bifrontal, lateral supraorbital, and lateral 

suboccipital craniotomy. An anterior interhemispheric approach has also been used and 

still has its advocates today who claim a decreased risk for the olfactory nerves because 

of the absence of  retraction of the subfrontal brain surface from the orbital roof as well 

as a decreased surgical risk to the microvascualture[59]. Finally with the development 

of endoscopic pituitary surgery these lesions have also been resected via either a 

transsphenoidal or transethmoidal route, depending on their location in the anterior 

skull base. The raising interest for the endoscopic technique was greatly motivated by 
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the obvious avoidance of brain retraction. However, since the publications of endoscopic 

series or reports at international meetings on skull base surgery for meningiomas who 

made it clear that the main problem of the endoscopic technique remained the water-

tight reconstruction, other minimal invasive techniques have regained in interest. For 

example the fronto-temporal craniotomy combined with an orbital osteotomy (removal 

of the supraorbital bar) and optic canal unroofing (bilaterally, if needed) or a small 

frontolateral craniotomy, or a craniotomy performed through an eyebrow or an eyelid 

incision represent modern alternatives[334, 360]. 

Parasellar meningiomas 
Tuberculum sellae meningiomas and planum sphenoidale meningiomas represent ideal 

targets for endoscopic transsphenoidal surgery both from an anatomic point of view and 

also as a didactic new target for surgeons who have mastered the endoscopic pituitary 

technique: they are located just above or in front of the pituitary gland, the most 

frequent target for the technique otherwise. As mentioned by Kulwin et al the 

transsphenoidal route represents an attractive alternative to the transcranial route 

because it is “a subchiasmatic approach for a subchiasmatic lesion”[214]. 

As these tumors tend to develop in the immediate vicinity of the optic nerves and 

chiasm, one of the decisive outcome factors will be the vision. One of the recognized 

difficulties in treating these lesions is the fact that some patient will still present some 

deterioration of their vision postoperatively.  Because the transsphenoidal approach 

needs less or no manipulation of the optic structures it is expected to be more efficient 

regarding visual recuperation. It has already been demonstrated that visual decline after 

endoscopic surgery was lower than after open surgery[26, 77] but these results have 

been criticized because it was thought that meningiomas considered for endoscopic 

surgery were smaller than for open surgery thus minimizing the risks of postoperative 

visual decline[214].  The approach to parasellar meningiomas does not differ from the 

classical approach for pituitary tumors and thus will not be described here again. 

Regarding the closure, of course this step will have to be managed with great care as it 

will be systematically a grade 3 CSF leak (intradural nerves and vessels visible). 

Olfactory groove meningiomas 
Olfactory groove meningiomas are by definition based on the olfactory cribriform dura 

and can be accessed via a so-called transcribriform route. This approach involves a 

different sinonasal approach than perisellar meningiomas and their approach as well as 

their resection and the final reconstruction represent a kind of culmination in the 

spectrum of the pathologies addressed by the endoscopic interdisciplinary team. 

Gardner et al recommend that they be addressed by an experienced team, late in the 

learning curve[115]. The specific challenges of this lesion are due to its more anterior 

localization with specific approach and closure difficulties requiring anatomic 

knowledge and the necessary intradural microdissection with possible involvement of 

the anterior cerebral complex. 

The goal of the sinonasal approach will be to create a working channel to the lamina 

cribrosa. This will require bilateral uncinectomies and ethmoidectomies associated to 
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bilateral sphenoidotomies joined by the resection of the rostrum and the 

intersphenoidal septum. 

Own experience 

Material and methods 
Due to reports such as that from Cappabianca, Kassam or Neubauer the endoscope is 

becoming a valuable established tool that should be part of basic neurosurgical training 

in order to use the best approach possible in each case[37, 45, 192, 256]. In accordance 

with these innovations in the neurosurgical field, endoscopic transnasal resection of 

intracranial lesions was implemented in 2004. At first only pituitary tumors were 

operated with this technique as described in the previous chapter. After building up 

experience with pituitary lesions other pathologies of the anterior fossa were 

approached this way. We have reviewed our first 21 patients for complications as to 

whether endoscopic transnasal techniques are feasible at a small volume neurosurgical 

department.  

A special permission of the BAG (Federal Office of Public Health) was obtained due to 

the retrospective nature of this study, as well as regular approval of the ethics 

committee of St. Gall.  

Data were collected retrospectively of all the patients operated endoscopically for a 

lesion anterior of the sella in our institution between November 2005 and August 2012. 

Patients operated on transcranially were not included. Data collected included 

demographics, diagnosis, characteristics of the lesion, perioperative and postoperative 

course including complications, evaluation of the pituitary function and resection rate. 

Clinical data collected included age, sex, time of onset of the first symptoms, time of 

diagnosis, neurological signs, time of first imaging and the presence of relevant 

associated diseases. Preoperative images were reviewed to describe dimensions and 

invasiveness of the lesion, compression of the chiasm/optic nerves, deviation of the 

pituitary stalk, infiltration of the cavernous sinus invasion and encasement of the 

internal carotid artery. Intraoperative and postoperative data were collected: duration, 

blood loss, intraoperative as well as postoperative complications (< 30 days), bleeding, 

pituitary insufficiency, infection and resection grade. Final evaluation of the resection 

rate was conducted in 3 months postoperative MR-images. Residual tumor was 

measured and classified in small (<1 ml) and large (>1 ml) depending if the volume of 

the rest measured more or less than one ml. Statistics were conducted by Fisher’s exact 

and student’s t-tests. 

Surgical technique 

All procedures were performed by a team of one neurosurgeon (the author) and one 

endoscopic rhinologist (PD Dr. Jan A. Tasman). The author had 5 years of experience 

with cerebral endoscopy and microscopic pituitary surgery at the beginning of the series 

and 2 years of experience with endoscopic pituitary surgery. Dr. Tasman is an 

experienced endoscopic rhinologist. The procedure is conducted under induced 

hypotension (< 110 mmHg systolic blood pressure). The skull is fixed in a Mayfield 

clamp and the nasal mucosa is decongested with cotton pledgets soaked in adrenaline 



45 
 

1:5000 (1ml of adrenaline 1mg/ml diluted in 4 ml saline) placed in the middle meatus. 

In addition, the mucoperiosteum of the lateral nasal wall and the mucoperiosteum and 

mucoperichondrium of the septum are infiltrated with a lidocaine / Adrenaline solution 

(1% lidocaine and 1/200.000 adrenaline). The procedure always starts with a 0° Storz 

endoscope; depending on the situation a 45° endoscope is sometimes used. The first 

step consist in the lateralization of the middle turbinate on both sides; only in a few 

cases the size of the lesion or the local anatomical situation made the resection of one 

middle turbinate necessary. If a large arachnoid defect is expected the sphenopalatine 

artery is identified on one side and an HBF prepared for watertight closure[137]. After 

identification of the ostium sphenoidale on both sides an anterior sphenoidotomy with 

posterior septectomy is conducted. Then the neurosurgeon takes over and after 

identifying the surface of insertion of the lesion with the neuronavigation a diamond 

burr as well as 2 and 3mm Cloward punches are used to open the skull base. The 

resection of the pathology is performed with two hands using suction combined with 

dissectors or scissors and, depending on the consistency of the tumor the ultrasound 

aspirator can be used in some cases. No endoscope holder was used in order to keep the 

pseudo-depth perception given by the dynamic movements of the endoscope[357] and 

thus apply the three-hand technique recommended by Kassam[194]. In most of the 

procedures neuronavigation was used. During the last 2 years of the series a micro-

Doppler was systematically used to confirm the information of the navigation regarding 

the position of the internal carotid arteries (ICA). 

Results 
In total 18 patients were operated endoscopically transnasally for lesions of the anterior 

skull base, excluding pituitary lesions. Seven patients were male. In 11 patients a 

resection was conducted and in 8 patients only a biopsy. One patient received first a 

biopsy and after diagnosis confirmation a resection was conducted a few weeks later. 

Mean age was 56 years for biopsy patients and 53 years for resection patients.  

Perioperative details of biopsy cases are summarized in Table 3.5, resection cases in 

Table 3.6. The most often resected pathology was meningioma (n=9) as shown in Figure 

3.13. Size of the operated lesions have been calculated in ml and are shown in figure 

3.14. As usually olfactory groove meningiomas reach a much larger size before they 

become symptomatic as compared with Tuberculum sellae meningiomas, which are 

diagnosed when they are small as they will rapidly cause some chiasmatic compression 

with visual disturbances. 

Mean duration of surgery was 228 min (range 45 to 480 min). Nine of 11 resections had 

a Level IV complexity[192]. Eight tumors could be resected radically or only a small 

residue was left behind.  
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Pathology 

 

Size SBI Approach Complications Clinical 

presentation 

JOF Spread through 

whole rhinobase 

+ Trans nasal No Headache 

Petrous schwannoma, 

type Antoni A 

42*22*22 + Trans nasal No Diplopia, 

blurred vision 

Uterine 

leimomyosarcoma 

metastasis 

22*22*7 + Trans nasal No VI palsy 

Squamous cell 

carcinoma metastasis 

31*10*26 + Trans maxillar, 

via F. rotundum 

First biopsy non 

diagnostic, 

second biopsy 

Trigeminal 

hypesthesia, VI 

palsy 

Neuroblastoma 

metastasis 

52*23*20 + Trans nasal No Visual loss 

Tuberculosis right 

orbit 

31*20*11 - Transorbital No Exophthalmos 

Dural enhancement of 

unknown origin 

Dural thickening - Transplanum No Diplopia, facial 

pain 

Bronchus carcinoma 

metastasis 

30*20*24 - Trans nasal No Diplopia, facial 

pain 

Table 3.5: Biopsy cases. 
SBI: skull base infiltration. JOF: juvenile ossifying fibroma.  

 

 
Pathology 
 

Size Level Approach Resection rate Further treatment 

Clivus chordoma 25*30*15 III Transclival / 
transsellar 

large residue Proton beam 

Schwannoma 42*22*22 III Transclival / 
transsellar 

large residue Gamma-Knife 

JOF  49*39*30 III transorbital radical  
TSM 9*9*4 IV transtuberculum small residue  
OGM 14*22*20 IV transcribriform large residue Gamma-Knife 
PSM 13*10*6 IV planum 

sphenoidale  
radical  

OGM 40*44*24 IV transcribriform large residue Stereotactic 
radiosurgery  

OGM 40*40*30 IV transcribriform radical  
TSM 13*12*12 IV transtuberculum radical  
OGM 33*33*28 IV transcribriform radical  
TSM 10*9*6 IV transtuberculum radical  
OGM 20*34*40 IV transcribriform small residue  

Table 3.6: Resection cases. 
JOF: juvenile ossifying fibroma. TSM: Tuberculum sellae meningioma. OGM: olfactory groove meningioma. PSM: 

Planum sphenoidale meningioma 
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Fig. 3.13: List of the 19 pathologies: 9 meningiomas, 1 schwannoma (biopsied and then 

operated), 2 JOF, 1 clivus chordoma, 4 metastasis, 1 tuberculosis, 1 dural enhancement of 

unknown origin. 

 

Complications, use of lumbar drainage (LD) and re-operations indications for the 

resection operations are listed in Table 3.7. 

 

Pathology 
 

Complication LD HBF Re-operation Indication 

clivus 
chordoma 

- - - -  

Petrous 
schwannoma 

- - - -  

JOF - - - -  
TSM - + - -  
OGM - + + -  
PSM - + + -  
OGM - - + -  
OGM CSF leak, transient 

hydrocephalus 
- + + CSF leak: transnasal 

TSM - + - -  
OGM postop hematoma, 

pneumocephalus 
+ + + hemorrhage: transnasal 

TSM CSF leak + + + CSF leak: transnasal 
OGM pers CSF leak, 

persistent 
hydrocephalus 

- + + 1: CSF leak: transnasal, 
2:CSF leak, 
pneumocephalus: 
craniotomy 

Table 3.7: Complications of resection cases. 
JOF: juvenile ossifying fibroma. TSM: Tuberculum sellae meningioma. OGM: olfactory groove meningioma. PSM: 

Planum sphenoidale meningioma. HBF: pediculated vascularized flap after Hadad-Bassagasteguy. 

 

Olfactory groove
meningiomas

Tuberculum sellae
meningeomas

Planum sphenoidale
meningioma

Skull base
schwannoma, Antoni A

Juvenile  ossifying
fibroma (JOF)

Clivus chordoma

Lung cancer metastasis
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Fig. 3.14: Size of the operated lesions (in ml). Note the clear difference in size between TSM 

and OGM. 
TSM: Tuberculum sellae meningiomas. OGM: olfactory groove meningiomas. PSM: Planum sphenoidale meningioma. JOF: 

juvenile ossifying firbroma. 

 

Three postoperative CSF leaks, 2 pneumocephalus and 2 hemorrhages occurred in 4 

patients. Preventive measure by lumbar drainage of CSF was conducted in 6 patients, of 

which 2 developed a persistent CSF leak. Two patients received an external ventricular 

drainage (EVD), one after intraoperative subarachnoid hemorrhage and consecutive 

hydrocephalus, another one because of extensive swelling of the frontal lobes. The first 

one eventually needed a ventriculo-peritoneal shunt. In spite of the other preventive 

measure by HBF, applied in 7 patients, 4 patients suffered from postoperative CSF 

leakage and/or pneumocephalus. These four patients all had to be reoperated at least 

once, as shown in Table 3. Two patients had to be reoperated a second time 

transcranially. In total 2 postoperative infections occurred, one due to a CSF leak, the 

other one probably EVD-associated. One patient was treated prophylactically with 

antibiotics after implantation of an LD. There were no procedure-associated vascular or 

nerve injuries. Anosmia was already present preoperatively in the 3 patients with large 

olfactory meningiomas; none of the other patients developed anosmia postoperatively.  

Mean follow up after resection was 30 months. Only a subjective outcome could be 

extracted from the charts. Good outcome was seen in 8 patients. Two patients presented 

neuropsychological deficits after they had developed a fistula with tension 

pneumocephalus, one of them also had suffered meningitis. One patient reported 

unspecific twitches without evident epilepsy. 
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Illustrative cases 

Case 1 

Case history 

A 43 years old lady presented with a 3 months history of progressive diplopia to the left 

and a diminished sensitivity of the left ear. The neurological examination revealed left 

abducens palsy and a diminished sensation of the left pinna. 

Imaging study 

The MRI of the head revealed a 5 cm lesion of the petro-clival region with homogenous 

contrast enhancement (Fig. 3.15). 

 

 
 

Fig. 3.15: Axial T1 weighted contrast-enhanced MRI (a) showing homogenous 

enhancement of the petro-clival lesion on the left-hand side (navigation images: “left is 

left”) and vicinity of the ICA. Axial (b), and sagittal (c) CT demonstrating extensive 

erosion/destruction of the left petrous bone and clivus. 

Approach 

An endoscopic transsphenoidal biopsy was performed and the histological examination 

found a schwannoma Antoni Type A. An endoscopic transsphenoidal resection was 

performed and in order to reach the most postero-lateral parts of the schwannoma a 

suction tube was curved and integrated into the navigation system (Fig. 3.16).  
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Fig. 3.16: Suction tube with curved tip and navigation tracking device (Left). 

Intraoperative navigation screenshots shoeing position of the suctions ’tip (Right). 

 

With this navigated suction tube and the 45° optic the most lateral part of the lesion 

could be reached and thanks to the rather smooth consistency of the lesion a nearly total 

resection could be achieved with tumor rests limited to capsular elements adherent to 

the left ICA (Fig. 3.17). 

 

 
 

Fig. 3.17: Postoperative axial contrast enhanced MRI images demonstrating resection 

cavity and minimal tumor rest along the horizontal segment of the left ICA (red arrow). 

 

The postoperative course was uneventful and radiological follow-up showed a small 

recurrence in the vicinity of the hypoglossal foramen 2 years after the operation. This 

recurrence could be controlled with gamma-knife radiosurgery which caused 

intermittent slight tongue palsy for less than 6 months. The follow-up over the next 4 

years showed thus far no further evolution. 

Discussion 
Our data show that implementation of endoscopic transnasal resection of anterior skull 

base lesions is feasible in a low volume center with similar complication rates as 

compared to large volume centers in their beginning phase; however, as mentioned by 

experienced authors, special attention to training and cooperation with ENT must be 

paid[176]. Biopsies of lesions of the anterior skull base can be performed without 

problems in cooperation with an ENT surgeon. 

Patients benefit increasingly of the minimal invasiveness offered by endoscopic 

approaches. Training programs should be adapted accordingly so that young 

neurosurgeons will be trained early in using an endoscope alike young neurosurgeons in 

the 60s and 70s after the implementation of the microscope. Kassam and colleagues 

showed that in a large volume center there was no difference between transcranial and 

endoscopic transnasal techniques as far as complications are concerned[192]. 

The central problem in transnasal anterior skull base surgery remains the incidence of 

postoperative fistula. This complication plays an even larger role in the resection of 

more anteriorly situated lesions[209]. In our study postoperative fistula of CSF and/or 

air occurred in 4 of 11 patients. In all of these patients a meningioma was removed, of 

which 3 were olfactory groove meningiomas with a diameter > 3 cm (58%,[209]). 

Nonetheless, others have reported lower CSF leakage rates of 20-33 % before 
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implementation of the HBF[78, 102, 209]. After consistent HBF application a reduction 

of 30% could be accomplished [191, 209]. In our experience, HBF was introduced after 

the team visited a course on “minimally invasive endoscopic surgery of the cranial base 

and pituitary fossa” in Pittsburgh in September 2007. Between the years 2004 and 2012 

in total 13 HBF were applied in primary transnasal skull base procedures, including 

pituitary pathologies. As confirmed during the revision operation, the fistulas all had 

developed at the anterior border of the reconstruction, where the flap was possibly too 

short. This is an identified drawback of the HBF for lesion reaching the posterior wall of 

the frontal sinus[244]. 

Two of our patients with postoperative fistula suffered a tension pneumocephalus, 

which was presumably also due to malfunctioning of the HBF causing a kind of valve 

mechanism. This complication is considered as rare after transsphenoidal pituitary 

surgery[316] and is possibly underreported in cases of anterior skull base surgery. It 

can lead to visual disturbances[36, 174, 395] or compression of the frontal lobes with 

decreased consciousness[312, 317]. For these reasons it has to be recognized as a 

potentially dangerous complication and therefore patients should be monitored closely.  

Next to HBFs, a preventive measure of postoperative CSF fistula is the LD placed directly 

postoperatively. Five of our patients received a lumbar drain, of which only 1 patient 

developed a postoperative CSF leak. None of the four patients with a postoperative CSF 

leak received a lumbar drain as treatment, but were reoperated instead, because the 

surgical team aimed at minimizing the daily discomfort caused by an LD. Kassam 

showed that in 23.6% of patients with a postoperative fistula, treatment with lumbar 

drain only was an alternative, but 76.4% of patients were operated anyway[209]. As this 

small series shows an advantage of perioperative lumbar drains, the surgical team has 

changed their protocol accordingly.  

Persistent postoperative fistula are the most important risk factor for infections[209]. In 

our series 2 postoperative infections were diagnosed, both in patients with 

postoperative fistula, although one patient probably developed an EVD-associated 

meningitis. This stresses furthermore the importance of not only precise (intradural) 

resection but also precise closure, which is an easier task in transcranial approaches 

than transnasal. Therefore teamwork with an experienced endoscopic ENT surgeon is a 

decisive adjunct for small volume centers, especially during the implementation 

phase[176]. 

Regarding the resection of meningiomas of the anterior skull base, the most important 

complications happened with the largest lesions, with the exception of one case with 

postoperative CSF fistula after resection of a 1cm Tuberculum sellae meningioma that 

could be controlled with lumbar drainage for 4 days. Even if no strict limit in size can be 

given, the experience of the author and some data of the literature seem to plead for 

caution with the indication for transsphenoidal resection of lesions where the diameter 

of the skull base defect will be over 2.5 or 3 cm. this limit of 3 cm had already been 

mentioned in 2007 by Tabae and colleagues[355]. Some recognized skull base surgeons 

with large endoscopic experience have even mentioned that they have completely 

stopped with endoscopic resection of intradural lesions of the anterior skull base, 
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typically meningiomas. This is the case for example of Prof. André Grotenhuis from 

Nijmegen, Holland, who told the author during the 14th International Workshop on 

Endoscopic Neurosurgery held in Gent in December 2008 that he had experienced so 

often postoperative fistulas despite the application of multilayer technique that he 

thought of abandoning this approach for these pathologies. Another endoscopic 

neurosurgeon performing endoscopic pituitary surgery 4 days a week, Prof. Henry 

Dufour from Hospital La Timone in Marseille, said during his presentation on 

endoscopic pituitary surgery at the meeting of the “Société de Neurochirurgie de Langue 

Française” in November 2013 in Versailles that he abandoned this technique for 

meningiomas of the anterior skull base because he experienced too many fistulas. 

In their meta-analysis of 60 studies regrouping 1426 patients reported after operations 

for anterior skull base meningiomas and comparing endoscopic endonasal versus open 

transcranial resections, Komotar and colleagues concluded that the transcranial 

resection resulted in higher rates of total resections with lower postoperative CSF leak 

rates[207]. They also mentioned that if the endoscopic transnasal approach might be 

safe and effective in certain skull base meningiomas, careful patient selection and the 

use of multilayer closure techniques were essential. This survey showed that during the 

analyzed period the use of multilayer techniques and of pediculated vascularized 

mucosal flaps was not yet systematic and it can be anticipated that more recent series 

with a more systematic application of these reconstruction techniques will show 

different results. 

Besides the size, the expected consistency and the clear encasement of neurovascular 

structures should also motivate the preoperative reflection. In the light of these 

experiences and of the latest data of the literature, the author’s endoscopic team has 

decided to restrain endoscopic transnasal resection of anterior skull base meningiomas 

for lesions where the expected defect at the end of the resection will clearly remain 

below 3 cm of diameter. Because of the different clinical presentations of the 2 groups, 

one can reasonably expect that the number of transnasal endoscopic operations for 

olfactory groove meningiomas will rather decline in the next years whereas those for 

Tuberculum sellae meningiomas will remain stable, as they have greater chances of 

being diagnosed at a reasonable size where operators will find themselves confident 

regarding the water-tight closure. Moreover, as mentioned below in the detailed 

description of the pediculated vascularized flap after Hadad-Bassagasteguy, one of the 

limitations of this excellent reconstruction technique resides in its sometimes limited 

anterior extension which can become critic in olfactory groove meningiomas extending 

far anteriorly. This could be a second argument against this procedure and another 

cause of further decline of the endoscopic application for these lesions. 

 

Another recognized risk factor for infection is the duration of surgery in which the cut-

off of 4 hours has been proven to be important by the National nosocomial infections 

surveillance system in 2004[336]. This is in accordance with the observation that 

procedures with a higher level of complexity (IV and V;[192, 345]) have a higher risk for 

postoperative infections[209]. 
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Our mean operation time of 3h48 hours was not optimal. Operating time of the patients 

that developed meningitis was indeed > 4 hours (480 and 240 min). Meaning that these 

patients had 2 risk factors for developing an infection: fistula and OR time > 4 hours. 

However, the mean operating time was significantly increased by one case with 

coagulation disorders not detected by routine preoperative testing. This led to 

permanent oozing during the nasal phase at the beginning and end of the procedure, 

whereas the meningioma resection itself was less of a problem. By further training 

duration of surgery should decline, as shown previously in a group of 54 endoscopically 

operated pituitary patients[100]. 

 

Vascular injuries, especially of the ICA, during microscopic pituitary surgery are 

reported in about 1% of the cases[52, 294] but have a higher incidence in anterior skull 

base surgery with more extended approaches where it can reach up to 5- 9%[57, 103, 

114]. There were no vascular injuries in the series. Two patients showed abnormal high 

blood loss.  

As mentioned above, one patient presented an undetected coagulopathy and another 

one bled uncommonly from the mucosa.  

Cranial nerve injuries can occur in up to 1.8% of cases during endoscopic anterior skull 

bases surgery[192] but none were observed in our series. 

Our study is limited by the small sample size and retrospective design, which made 

statistical comparisons of our data with previously published series impossible. 

It was decisive for the author and is certainly wise to have performed a fair amount of 

endoscopic “standard” procedures such as pituitary adenomas. The author suggests 

more than 30 procedures, in order to acquire routine in team work with ENT and in 

endoscopic handling for the neurosurgeon before proceeding to the next step. 

Future research should focus on broad exposure and training of endoscopic techniques, 

especially for neurosurgical residents who have few opportunities to familiarize 

themselves with the endoscopic environment. This problem has already been 

recognized, as shown by the efforts made to offer other training options including 

simulation models[19, 106, 161, 256]. 

Conclusion 
Our series shows that endoscopic transnasal resection of anterior skull base tumors 

such as meningiomas can be implemented in a low volume center after acquiring routine 

with endoscopic pituitary adenoma surgery. It can be safely conducted for lesions < 3 cm 

and represents an elegant and safe alternative to transcranial approaches. 

Complications are more frequent in lesions > 3 cm, and/or located maximally anteriorly 

so that for these situations alternative techniques have to be taken into account, be it 

another reconstruction flap based more anteriorly or a transcranial approach. Early 

lumbar drainage seems to protect against fistula more than HBFs in the learning-phase. 

In order to reduce the learning-phase in patients, simulation training will play an 

increasing role in the future. 
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Repair of CSF leak and anterior skull base reconstruction 
CSF leak can be spontaneous or traumatic, the latter being further divided into 

accidental or iatrogenic. Finally iatrogenic fistulas, which are more common than 

accidental fistulas, can be either involuntary as a complication of a surgical procedure or 

they can also belong to the surgical approach, as is the case in anterior skull base tumor 

surgery. 

The importance of a perfect reconstruction has become the major subject of concern, as 

postoperative fistula represents one of the most frequent relevant complications of 

endoscopic approaches to the anterior skull base and remains the main drawback when 

compared to open techniques. Recognition and management of a fistula is of utmost 

importance because of the potentially devastating complications associated with 

meningitis and pneumocephalus. Regarding unintentional CSF fistulas it can be 

observed after endoscopic sinus surgery, neurosurgical procedures and during 

endoscopic anterior skull base surgery. 

Endoscopic sinus surgery belongs to one of the most frequent procedures performed by 

rhinologists and an incidence of 0.5% postoperative CSF leaks has been observed in a 

large series[350]. The most prone areas for this complication are the cribriform plate, 

the posterior fovea ethmoidalis, the recessus frontalis and the upper part of the 

sphenoid sinus. Besides transsphenoidal procedures for sellar region pathologies 

neurosurgery presents several other procedures which can be associated with this 

complication. Besides the procedures addressing directly skull base pathologies, 

basically all fronto-basal craniotomies with opening of a frontal sinus are also 

potentially at risk and Deschler et al found a CSF leak rate of 13% after major open 

anterior skull base surgery[74].  

In the past most neurosurgeons would have repaired these defects via a craniotomy, but 

in the last decades endoscopic rhinologists have been increasingly involved in the 

management of these skull base defects since the first description of endoscopic CSF 

leak repair by Wigand in 1981.  These revision procedures were probably among the 

first opportunities for interdisciplinary collaboration in the field and have demonstrated 

neurosurgeons the benefits of the endoscopic approach as compared to the open 

craniotomies with avoidance of large scalp incisions and avoidance of brain retraction, 

thus reducing the risks of postoperative anosmia, seizures and various neurological 

deficits. 

Regarding endoscopic skull base surgery, as mentioned above the incidence of 

postoperative CSF fistulas has stimulated the development of new closure techniques 

that have reduced the incidence of this complication. Many authors consider especially 

the contribution of the vascularized pedicled nasoseptal flap as decisive[129]. 

Confirmation and localization of the CSF leak 

In many instances of CSF leaks, the cause and the suspected location of the leak are 

obvious, as for example after surgery for anterior skull base lesions and no extensive 

investigations are needed. However, in certain circumstances the diagnosis of CSF leak 

has to be confirmed and sometimes the localization of the defect is not obvious. 
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To confirm the diagnosis a sample of the leaking material is collected and sent for 

analysis in order to identify CSF-specific proteins in nasal secretions. Although simple, 

cheap and convenient, the diagnostic sensitivity and specificity of Glucose oxidase are  

considered unsatisfactory: bacterial contamination may cause false negative results and 

the test is frequently false positive in diabetic patients. Specific CSF biomarkers such as 

beta-2-transferrin (beta-2-trf) or beta trace protein (beta TP) are needed for reliable 

diagnosis[239]. If spontaneous leak occurs as soon as the patient leans forward there 

will be no difficulty in gathering enough fluid for chemical analysis. In some instances 

with intermittent or very scarce leak it can be more difficult to get a usable sample. In 

these instances a pledget can be placed endoscopically in the immediate vicinity of the 

previous operating site and left in place for one night. 

Regarding localization of  the leak different radiological investigations have been used, 

including CT, MRI cisternography and MRI cisternography in combination with single 

photon emission tomography or radioisotopic imaging. Another helpful localization tool 

is represented by fluorescein (Akorn Inc., Buffalo Groove, IL) administered intrathecally 

prior to the revision. Prior to intubation, the anesthesiologist performs a lumbar 

puncture, takes 10 ml of CSF in which he dilutes 0.25ml of a 10% fluorescein solution. 

The solution is then re-injected slowly intrathecally in 10-15 minutes in order to avoid 

adverse reactions[281] such as seizures or neurotoxic effects as described with higher 

concentration. The site of the leak will be readily identifiable as an intense green fluid 

under microscopic or endoscopic vision without additional filter (Fig. 3.18). 

 

          
 

Fig. 3.18: intraoperative view of a patient presenting bilateral CSF fistula 8 years after 

completion of radiotherapy for recurring non-functioning pituitary adenoma. 

Grafting materials 

A large variety of materials has been used to repair defects or the seal the 

reconstruction. Reconstruction materials include autologous material and collagen 

matrix, acellular human dermis have also been used in the past but have become less 

popular because of the very theoretical risk of infectious disease transmission that has 

not been observed in more than 2 million applications[386]. 
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Autologous material 

Repair of anterior skull base defects have been performed using fat, fascia lata, mucosal 

graft, either free or as a pedicled flap. Rigid materials such as bone or cartilage have also 

been applied, generally in combination with the abovementioned materials. Autologous 

tissues remain popular because of their safe biocompatibility, availability and low costs. 

The drawbacks are represented by some donor site morbidity with the need for a 

separate incision and the time needed to harvest them. Sometimes concerns are also 

made regarding the limited tissue supply. 

Fat 
Fat tissue is generally used to fill some empty space or to obliterate the sphenoid sinus 

and is thus considered as an adjuvant material. In this setting it is generally used in a so-

called “plug” fashion. Harvesting the abdominal fat is done via a small incision; in our 

department we perform a small incision of maximal 2 cm in the umbilicus region in 

order to minimize pain and cosmetic issues. One option that can facilitate the 

manipulation of the fat plug and stabilize its position is to place it in square piece of 

oxidized cellulose gauze (Tabotamp®, Johnson & Johnson, Spreitenbach, Switzerland) 

closed over the plug with a suture[173]. 

Interestingly fat pad has also been used to perform a so-called hypophysopexy in order 

to allow better delimitation of the normal pituitary tissue from remaining tumoral tissue 

in the cavernous sinus prior to radiotherapy[359]. 

Fascia 

For the repair of larger defects fascia lata is the traditional material. An alternative is 

represented by the fascia temporalis. Multilayer application of fascia has been shown to 

be an efficient option in the management of high-flow fistulas for example with opened 

cisterns[233]. The first layer was traditionally placed as a so-called inlay (or underlay) 

intra-cranially, between the dura and the bone of the skull base. After application of 

some kind of sealant, generally fibrin glue, a second layer was placed as an overlay 

extra-cranially[287]. With the advent or more elaborated multilayer reconstruction 

procedures, especially with the introduction of pedicled vascularized flaps that would be 

placed as the last layer, the disposition of the different layers has been modified and will 

be described in the section dedicated to endoscopic reconstruction. 

Mucosa 
Free mucosal flaps can often be harvested during the approach, from the septum, one of 

the turbinates or the nasal floor. If the resection of the middle turbinate belongs to the 

planned approach, harvesting its mucosa will not add morbidity to the procedure.  

Some care must be taken when harvesting mucosa from the middle turbinate in order 

not to cause a CSF leak at the superior part of the turbinate, where it is attached to the 

skull base. One also has to be aware that removing the septal mucosa will expose 

cartilage that may take long to heal and also it can compromise later use of a nasoseptal 

flap[353]. The harvested piece should be larger than the defect as there is some 

contraction of the graft and it should ideally cover the borders of the defect by some 
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millimeters. For very small defects or intraoperative limited CSF leaks free mucosa is an 

ideal material with limited harvest time and simple harvesting technique as well as the 

possibility of customizing the size, up to a certain degree. In such situations mucosal free 

flap covered with fibrin glue was the only material used by the author’s team and some 

others do also manage these defect with this simple limited method[364]. For larger 

defects some rigid support might be required and here a piece of septal cartilage or bone 

placed intracranially will do. 

In order to assure a successful reconstruction a meticulous placement of the mucosal 

graft remains essential and some details have to be kept in mind: the glandular mucus-

secreting surface of the graft has to be placed on the external or sinusal side, directed 

towards the nasal cavity, as incorrect placement can result in the development of an 

intracranial mucocele[379]. If a multilayer technique is applied, as the mucosal graft 

should never be placed intracranially another material such as fascia or collagen fleece, 

has to be used as underlay graft. 

Bone and cartilage 
These autologous materials are not applied for sealing per se but rather in order to give 

the reconstruction more rigidity; as such they are usually used in combination with 

other soft materials. They are discussed with non-autologous rigid materials in the 

section dealing with the controversial issue of rigid support. 

Collagen-based products 
Innovation has been made in the preparation and the combination of collagen in order 

to provide ideal dural substitution material. They present the advantages of avoiding 

donor site morbidity and do not necessitate any complex preparation as they are “ready 

to use”. These materials are provided in different forms such as fleeces or sponges and 

consist of engineered collagen of animal origin, either bovine or equine. The preparation 

consists in removing the cells and the antigens from the animal’s tissue, usually Achilles 

tendons. A chemical treatment will then stimulate the creation of cross-links among the 

fibers, thus creating a porous structure that will enhance in-growth of fibroblasts and 

angiogenesis[39]. Meanwhile there are nearly 20 types of such products and only 2 of 

them, tried by the author’s endoscopic team, will be presented here.  

The first type, DuraGen® (Integra Neurosciences, Plainsboro, NJ, USA), is a matrix of 

bovine collagen type I that can be handled directly and has been used by various authors 

as one layer in multilayer reconstruction, in combination with a sealant. 

The second type, Tachosil® (Takeda, Pfäffikon, SZ, Switzerland) is a product that was 

actually initially developed for hemostasis in the setting of liver and general surgery. 

Because of its adhesive properties and despite the fact that it was not authorized for this 

indication, neither FDA nor CE approved, neurosurgeons rapidly adopted it as an 

adjunct for dural closure. It consists of a glue-coated sponge of horse tendon collagen 

type I. the originality of the product consists in the combination of the collagen fleece 

with, on one side, a layer of human fibrinogen and thrombin and bovine aprotinin as 

plasmin inhibitor. Once humid, either with Ringer solution or with the blook oozing out 

of the operation field, the clotting factors are activated: fibrinogen (factor I) and 
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thrombin (factor IIa) react together, thus proceeding to the last step of the coagulation 

cascade on the adhesive side applied to the dural defect or to seal a approximating dural 

suture[242]. Although the author has made very positive experience with the 

application of this product in open cranial neurosurgery, its application in endoscopic 

pituitary surgery was rather disappointing due to the fact that the least contact of the 

fleece with the humid nasal mucosa would initiate the coagulation cascade on the 

adhesive side and cause the fleece to retract, preventing adequate application. 

Nevertheless there are authors that still apply it, especially in microscopic pituitary 

surgery where the presence of the speculum avoids contact between the fleece and the 

mucosa until it is adapted at the skull base. 

Sealants 
As the described repair techniques do not offer immediate watertight closure most of 

them are associated with adjunct measures, including the use of sealants. Until the 

advent of vascularized mucosal flaps it was claimed that these sealants would increase 

graft adherence. Basically 2 types of sealants can be used: biological and artificial. The 

most widely used biological sealant, Tisseal® (Baxter, Deerfield, Ill, USA), consists of 2 

components, human fibrinogen (or so-called sealer protein) and thrombin, made from 

pooled human plasma. When mixing the sealer protein and the thrombin, soluble 

fibrinogen is transformed in fibrin, forming a rubber-like mass that adheres to the 

wound surfaces. Interestingly this is also a product developed for hemostasis and used 

as a sealant for colonic anastomoses. Its use as a sealant for dural waterproofness is 

theoretically off label[287].  

The most commonly artificial sealant used in neurosurgery is represented by DuraSeal® 

(Covidien, Mansfield, Mass, USA) and consists of a hydrogel based on polyethylene-

glycol and trilydin amine. In contrast to Tisseal it has been approved by the FDA as dural 

sealant, but only for spine surgery, although it is also noted to be neurotoxic by the 

manufacturer! It has been used in pituitary surgery in many procedures without adverse 

reaction[215]. It can either be applied directly with the provided syringe or with the use 

of a special air-pump system which will allow applying the small amount on a much 

larger surface, a relevant improvement in face of the quite elevated price of the product. 

In order to facilitate transnasal application of both products, a double lumen needle is 

provided by both manufacturers. However, despite their biocompatibility and the 

absence of relevant inflammatory reaction or of foreign body reaction, these 2 liquid 

sealants still present some limitations in their application: because of the short optimal 

polymerization period and the suboptimal application angle in transsphenoidal 

endoscopic surgery their application “under” the skull base can at times be somewhat 

cumbersome. In open cranial surgery it is used to seal leaky sutures, in endoscopic skull 

base reconstruction it is used at the borders of the different types of grafts applied. 

Rigid support 
Rigid reconstruction belongs to supportive measures and its indication remains a 

subject of controversy[287]: if some authors, such as Dufour[80], feel that all types of 

skull base repair for fistula should have a rigid component, others claim that the use of 
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vascularized flaps does not need to be associated with complementary rigid 

reconstruction and, moreover, it will prevent the formation of sequestra sometimes 

observed with large rigid grafts[89]. Some authors, such as Tabae et al[355] indicate a 

rigid reconstruction depending on which layer of the skull base have been removed, 

while others will make their indication depending on the size of the defect, although no 

strict criteria regarding the size of defect requiring rigid support could ever been 

defined. The incidence of CSF fistula does not help to solve the controversy, on the 

contrary: large series of first-attempt CSF leak closure rates were as high as those found 

in series where no routine rigid reconstruction was used. 

Both, autologous and synthetic materials are available. Bone and cartilage can often be 

harvested during the approach procedure thus preventing additional donor site 

morbidity as with calvarial grafts, iliac crest or ribs that all have been described. 

Cartilage can be harvested during the approach for example from the septum, whereas 

bone can be taken from the septum or sometimes from the sphenoid anterior wall or 

from a well-developed intersphenoidal septum. 

Synthetic material are divided into so-called “bone substitute” and plates. 

Bone substitute are represented by PMMA (polymehtylmethacrylate) or hydroxyapatite. 

PMMA is probably more convenient because of its shorter duration to become hard as 

compared with hydroxyapatite as well as its ability to harden under water. 

Titanium mesh is the most commonly employed plate type followed by expanded PTFE 

(polytetrafluoroethylene). The obvious advantages of availability without necessary 

harvesting site there is some concern regarding infection and artefacts on imaging. 

The author’s team has practically only experience with autologous rigid material, 

especially in the setting of the so-called “gasket seal” technique described further in the 

endoscopic reconstruction techniques section. 

Lumbar CSF drainage 
The placement of a CSF drainage also belongs to supportive measures and its indication 

remains very variable. If CSF diversion during the postoperative period can maintain a 

lower intracranial pressure and thus theoretically reduce the incidence of postoperative 

CSF fistulas, its systematic use does not seem to be reasonable in the light of the 

imposed discomfort for the patient as well as what regards possible associated 

complications, including infection, over-drainage, retained tip of the catheter or bed-rest 

associated thrombosis or embolism. Some authors use it as a first line therapy in 

patients developing postoperative CSF leaks and claim a high success rate and avoid 

thus a revision operation in most of the cases. This was the case for example in the 

larges series by Tabae et al where out of 127 patients 11 developed a postoperative CSF 

leak which responded in 10 cases to lumbar drainage for 3-5 days[355]. Others are more 

aggressive and in the presence of a postoperative CSF leak will take the patient back to 

the operating room for a direct revision and decide in favour of a lumbar drainage only 

in cases where a high flow leak is observed during the revision[399]. In such cases they 

would also place the drainage for 3 to 5 days, with maximum 10ml/h. As described 

above in the section describing the experience with endoscopic pituitary surgery in St 
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Gall, the author’s endoscopic team adopted this attitude in order to avoid the risks and 

discomfort of lumbar drainage. 

Endoscopic reconstruction techniques 

Choice of material and technique 
Given the spectrum of the defect types and size a wide variety of reconstructions have 

been developed and their application has to be tailored to the situation encountered. 

This has led to the development of different algorithms. In summary simple defects are 

dealt with simple techniques and complex defects involving several structures of the 

skull base and dural layers will need more elaborated reconstructions. 

One of these algorithms was proposed in 2007 by Tabae et al[355] and distinguished 5 

types of defects with adapted closure techniques which are summarized hereafter: 

 

Type of 

defect 

Definition Reconstruction 

I Small CSF leak or bony defect single layer, fat (“bath plug”)or fascia 

IIA Sella, no CSF Gelfoam, bone, sealant 

IIB Sella with CSF Fat in tumor cavity, bone, sealant 

IIIA Suprasellar, anterior fossa Fat, fascia inlay, bone overlay, sealant 

IIIB Ventricular space open Fascia inlay, bone overlay, sealant 

 

 

Another type of CSF leak classification with tailored reconstructions has been presented 

by Esposito et al[89]. It distinguishes 3 types of intraoperative CSF leaks with 

corresponding increasing reconstruction complexity, summarized in the following table: 

 

Grade  Definition Reconstruction 

0 No CSF, confirmed by Valsalva Collagen sponge only 

1 Small “weeping” leak 

Small diaphragmatic defect 

 

Single layer collagen sponge 

Titanium mesh buttress wedged intrasellar 

Second layer collagen sponge 

2 Moderate CSF leak 

Obvious diaphragmatic defect 

Collagen sponge over fat 

Intrasellar titanium mesh buttress 

Fat in sphenoid sinus 

3 Large CSF leak Same as 2 + CSF drainage 
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These 2 algorithms present tailored reconstruction procedures, depending on the 

degree of the intraoperative observed CSF leak. In many situations this degree can be 

preoperatively anticipated, allowing better preparation of the surgical team. Some risks 

factors for CSF leak have been clearly identified and for example Tabae et al mentioned 

complex procedures with longer operating time as well as anticipated defects >3 cm, 

conversely the absence of  intraoperative CSF identification was identified as a strong 

predictor for the absence of a postoperative fistula[355]. Zanation et al identified 6 

factors for increased risk of intraoperative CSF leak: 

1. patients with a high body mass index as it is associated with higher intracranial 

pressure 

2. pathology : lesions involving the arachnoid cisterns, craniopharyngiomas 

3. intraoperative penetration of ventricles or cisterns 

4. size and site of the defect. procedures involving the anterior cranial base are 

much more likely to leak 

5. poor tissue healing, especially in extensive ACTH-producing adenomas 

6. tissue availability reduced for reconstruction, such as after prior surgery or 

radiotherapy 

 
As far as factor 1 is concerned, high body mass index, this can be in fact extended to any 
situation with increased intracranial pressure, especially hydrocephalus, as this 
condition is encountered not so rarely, either with the initial pathology or in the setting 
of revisions. It represents an obvious factor for repair failure and must therefore 
sometimes be treated with derivation or ventriculostomy. 
Regarding factor 6, radiotherapy should not only be considered if the patient has already 
been irradiated but if radiotherapy is anticipated one can also expect poor tissue 
healing. 
The preoperative recognition of all these factors is of utmost importance, as it can 
determine strategic decisions regarding repair technique, and some of them have to be 
taken prior to starting the procedure: after a classical approach with coagulation 
branches of the sphenopalatine artery the option of a nasoseptal flap will be lost. 

Free graft reconstructions 
In reconstructions with free graft material the first fascia lata layer is usually placed as a 

subdural inlay (between brain and dura) that should extend beyond the dural margins 

by 5 to 10 mm in all directions; the second fascia layer is then placed as the first overlay 

in the epidural space (between dura and skull base). Finally the pedicled flap will build 

the overlay. Only if bony edges are insufficient to hold the second fascia layer adequately 

in place it will be placed as an overlay extra-cranially, on the nasal side of the defect 

[399]. After each layer application a biological or a synthetic type of glue is applied on 

the margins. If some author recommend the application of absorbable gelatin sponge 

layers in order to hold the grafts in place, we did not find it necessary and usually fixed 

the graft materials with a standard nasal tamponade such as Rhinotamp®  (Vostra, 

GmbH, Aachen, Germany), made of thermally stable foam endowed with an adhesion 

resistance coating. The features of the coating prevent adhesion to the nasal mucosa and 

will ensure easy atraumatic removal. 
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Pedicled vascularized flap reconstructions 
The remaining high incidence of postoperative CSF fistula after endoscopic endonasal 

surgery, especially in the presence of high flow intraoperative CSF leaks and despite 

multilayer reconstruction and the application of adjunctive measures such as nasal 

packing or balloon catheter for external support and perioperative lumbar drainage  to 

lower CSF pressure have stimulated the development of alternative reconstruction 

techniques. The introduction of the vascularized naso-septal flap after Hadad-

Bassagasteguy (HBF) has allowed for a significant reduction in postoperative fistulas 

from an incidence of nearly 30% for anterior cranial fossa meningiomas to less than 

5%[137]. 

The HBF is reserved for situations where a large skull base defect is planned or a high 

flow CSF fistula is anticipated. In contrast to the other reconstruction techniques, the 

decision has however to be taken prior to starting the procedure as in case of a standard 

approach the posterior septal artery might be coagulated and thus prevent the 

preparation of a vascularized flap. Basically, its mobility allows it to be used for skull 

base defects that extend from the frontal sinus to the clivus. However, our experience 

with anterior skull base meningiomas has demonstrated that it can be sometimes rather 

just to reach adequately the anterior part of the ethmoid plate.  

A previous history of septal or sinus surgery or pituitary surgery is not an a priori 

contraindication to the use of the HBF. In the presence of a large sphenoidotomy the 

preservation of the vascularization of the septal mucosa can be assessed with a Doppler 

probe at the beginning of the surgery. Either side can be chosen depending on different 

factors such as the presence of a septal deviation, side of the anticipated dural defect or 

preference of the surgeon. It can be prepared only on one side in order not to completely 

devascularize the septal cartilage. 

Preparation of the flap 
After “push over” of the turbinates the sphenoethmoidal recess is exposed and the 

bridge of mucosa containing the vessel and located between the ostium sphenoidale and 

the choane is identified. An angled monopolar needle is used to perform the incisions. 

The inferior incision is made at the bottom of the septal mucosa, just above the junction 

between the septum and the nasal floor, starting from the margin of the posterior 

choane and reaching anteriorly the anterior margin of the septal mucosa as it ends 

behind the vestibular skin. The superior incision is performed parallel to the nasal roof 

but has to be kept at least 1 cm below the top in order not to cause lesion of the olfactory 

mucosa. Finally the superior and inferior incisions are connected anteriorly, behind the 

muco-cutaneous junction. At this point the septal mucosa can be elevated in a 

subperichondral and subperiostal fashion starting anteriorly and going back to reach the 

anterior wall of the sphenoid sinus. After prolonging the inferior incision to the lateral 

nasal wall, the pedicle of the flap can be carefully elevated from the underlying bone at 

the base of the pterygoids up to the vidian canal laterally. The mucosal flap is then 

placed into the nasopharynx or antrum during the rest of the procedure. 

As it is recognized that free cartilage can need time to heal or patients can complain of 

“feeling cold air”, my rhinologist colleague, Dr. Jan A. Tasman, has developed a technique 
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to cover the defect by flapping anteriorly and suturing the contralateral posterior septal 

mucosa to the anterior margin of the remaining mucosa on the flap side after the 

posterior septectomy has been completed.  

Reconstruction 
At the end of the tumor resection phase, the flap is mobilized out of the choane. Care has 

to be taken in order to prepare the pedicle without avulsions; the flap can in the 

meantime have become so adherent to the surrounding structures, especially if the 

resection phase has taken a long time, as to necessitate a new dissection! 

In order to facilitate the placement of the flap at the base of the skull, we have found it 

helpful to perform a resection of the sphenoid floor on the side of the flap during the 

approach phase after the mobilization of the anterior wall and rostrum of the sphenoid 

sinus, as this floor could otherwise be an obstacle to posterior mobilization of the 

pedicle, thus maintaining a longer distance to the skull base and reducing the useful 

surface of the flap. 

On the other hand, in case of reconstruction of the ethmoid region, the flap can be 

sometimes rather short, as already mentioned above. One possibility to compensate for 

this shortness is to fill the sphenoid sinus with large autologous fat plugs in order to 

provide a more direct trajectory and avoiding the flap to follow the contours of the 

sphenoid sinus. 

Any torsion of the pedicle region of the flap has to be avoided and the periosteal surface 

must be placed in contact with the dura and bone of the skull base, the mucous-secreting 

surface remaining towards the sinusal cavity. In a course on Minimally Invasive 

Endoscopic Surgery of the Cranial Base and Pituitary Fossa visited by our endoscopic 

team at the UPMC (University of Pittsburgh Medical Center) in September 2007, Amin 

Kassam and Ricardo Carrau insisted on the fact that no synthetic material be placed 

between the mucosal flap and the skull base, a precaution also considered as imperative 

by Prevedello[286]. Some authors still prefer to perform a two layer reconstruction and 

use synthetic dural substitute. We have maintained the principle of no synthetic 

material and perform a 3 layers reconstruction with application of a fascia inlay 

between the brain and the dura, a fascia overlay if possible between bone and dura and 

extracranially in the presence of insufficient bone margins. The margins of all these 

layers are covered with fibrin glue. Once correctly in place, the flap can be covered with 

Tabotamp® and Spongostan® can be applied in order to maintain the achieved 

conformation at the base of the skull. Finally, in order to counter-balance the pressure 

exerted by CSF some kind of external support has to be applied. The Pittsburgh team 

applies an inflated Foley balloon catheter, under endoscopic vision in order to avoid any 

exaggerated pressure intracranially. We have had positive experience with the standard 

tamponade introduced only on one side so as to avoid the discomfort associated with 

full nasal obstruction. Occasionally 2 tamponades where needed to maintain the flap in 

place, bilateral tamponades have only been placed in case of bleeding nasal mucosa on 

both sides. The tamponade is removed on the 4-5th postoperative day. 
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Other complications 
If CSF fistula remains the major concern in anterior skull base endoscopy other 

complications have to be avoided. Some of them remain minor but still have a relevant 

impact on the patient’s quality of life and others can be devastating and life-threatening. 

Extracranial or otorhinolaryngological complications 

If major complications are not encountered during the endonasal approach phase, some 

postoperative complications will be disturbing or painful for the patient, thus spoiling 

the success of the rest of the procedure. 

The occurrence of postoperative synechiae will impair normal air circulation through 

the sinusal cavities and can be avoided with respectful handling of the mucosa during 

the preparation and, depending on the anatomical situation, with application of an 

adhesion resistant coated tamponade. 

Following cranial nerves can be at stake during preparation: 

_ branches of the trigeminal nerve with consecutive local anesthesia or hyperesthesia 

(midfacial and palatal numbness). 

_ Filae olfactoriae with potential anosmia 

Their lesion can be avoided with careful preparation, but sometimes the sacrifice of a 

neural structure belongs to the approach, as for example the filae olfactoriae when 

approaching an olfactory meningioma via a transethmoidal/transcribriform route or the 

vidian nerve in a transpterygoid approach. In case of sacrifice of the vidian nerve, an 

ipsilateral loss of emotional tear is observed but a dry eye is seldom of concern, 

excepted in elderly patients and patients with concomitant loss of the function of the 

ophthalmic branch of the trigeminal nerve. 

Epistaxis due to a lesion of a branch of the external carotid artery can be readily 

managed intraoperatively, but can be more dangerous when happening postoperatively. 

The author’s endoscopic team have observed only one such case in the last 10 years 

with an epistaxis occurring more than 2 weeks after the operation, due to the reopening 

of a coagulated branch of the sphenopalatine artery that had to be managed emergently 

in another hospital. 

Intracranial or neurosurgical complications 

Besides the major issue of CSF leak addressed in the previous section neurosurgical 

complications are mainly represented by lesions of neuro-vascular structures.  

Neurological complications 
During procedures in the sellar region the cranial nerves contained into the cavernous 

sinus can be damaged, with sensory deficits in the corresponding trigeminal territory 

and the 3 cranial nerves for eye motion with consecutive diplopia associated with ptosis 

and mydriasis if the oculomotor nerve is concerned. Because of its more medial course 

into the cavernous sinus the abducens nerve is most frequently concerned and has been 

shown to occur in 1 of 400 cases of pituitary surgery[292]. In case of large suprasellar 

extension of expansive mass the compressed optic nerves can become so thinned that 

great care must be taken and any manipulation avoided as this would result in a 

dramatic visual loss. If these nerves are anatomically preserved the slight intraoperative 
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manipulation can be enough to cause a postoperative disturbance that should recover 

with time.  

In case of procedures for intradural processes the inferior cortical surface of the brain 

will have to be exposed and eventually dissected from the tumor. Here the analysis of 

preoperative MRI images will offer indications on the potentially difficulty of the 

dissection, depending on vessels encasement or if a thin remaining CSF layer can be 

observed or not. 

Vascular complications 
During pituitary surgery for large adenomas bleeding from the cavernous sinus can be 

controlled with local application of hemostatic materials such as oxidized cellulose as for 

example Tabotamp® or a gelatin sponge like Spongostan® (both products 

manufactured by Ehticon, Somerville, NJ, USA). If the venous bleeding is abundant the 

application of hemostatic matrix composed of animal-derived gelatin and human 

thrombin such as Floseal® (Baxter, Deerfield, Ill, USA) or Surgiflo® (Ethicon, 

Somerville, NJ, USA) can be ineffective because of washing effect. In such respect these 

“foam” preparations can reveal themselves disappointing for transsphenoidal 

application as the surgeon will not be able to apply immediate compression of the 

material over the bleeding as is the case in open surgery where the efficacy of these 

products can be remarkable. Another simple mean to control venous bleeding and often 

forgotten by neurosurgeons by readily used by rhinologists is gentle rinsing with warm 

water (40°). 

Finally the last but not least structure at risk is the cavernous internal carotid artery 

(ICA). The lesion of this structure remains one of the most feared and stressful 

complications of transsphenoidal pituitary surgery. Clearly pre-defined decision trees 

have been developed in order to manage this life-threatening complication, such as the 

Sofferman protocol[249]. Its incidence in transsphenoidal pituitary surgery has been 

reported by Raymond and colleagues to be 1.1%[294] and can reach 5 to 9% in 

extended endoscopic anterior skull base surgery for parasellar lesions as demonstrated 

by Coudwell and colleagues[57]. Several risk factors for ICA injury have been identified, 

including anatomical variations, prior surgery or radiotherapy, prior therapy with 

bromocriptine, acromegaly and tumor encasement[346, 368]. As the occurrence of this 

type of lesion remains fortunately low, the efficacy of the different hemostatic 

techniques are difficult to assess and in order to gain more information an animal model 

has been developed where 5 different techniques have been tried[367]. Muscle patch 

and the use of U-clip anastomotic device have been shown to be able to achieve 

hemostasis while preserving vessel patency, whereas Floseal®, oxidized cellulose and 

Chitosan, a gel combining chitosan and dextran used in sinus surgery[366],  were not 

effective. This model has also been used for training of endoscopic teams. 

The author’s endoscopic team had one such complication that was managed with nasal 

packing, transfer to the angiography suite and embolization of the internal carotid 

artery. The 67 years old patient suffered from a 4 cm calcified prolactin-producing 

macroadenoma diagnosed 2 years earlier during investigations for painful gynecomastia 

with a prolactin level over 1700 micro g/L. Already at the time of diagnosis the tumor 
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presented a relevant compression of the optic chiasm with beginning visual 

disturbances. Because of unsatisfactory response to medical treatment with 

bromocriptine and progressive visual loss, the case was presented at the local monthly 

interdisciplinary pituitary board and intervention was decided. The MRI images 

demonstrated a large suprasellar extension with encasement of both ICAs (Fig. 3.19). 

 

 
Fig. 3.19: preoperative MRI, contrast enhanced coronal (a) and sagittal (b) T1 images, 

axial T2 images (c) showing ICA encasement and axial CT (d) demonstrating multiple 

calcifications. 

 

Because of the calcified nature of the lesion as well as the presence of evident risks 

factors (ICA encasement, bromocriptine therapy) a preoperative CT including 

navigations sequences to be fused with MRI images and a CT angiogram was performed, 

the latter to formally rule out a suprasellar calcified aneurysm. As this could be ruled 

out, the operation was performed in the usual manner. Because of the extremely 

calcified nature the ultrasonic aspirator (Söring GmbH, Quickborn, Germany) was used 

in combination with smooth aspiration cannulas. During the resection of the peripheral 

upper left part of the tumor, the mobilization of a calcified element with the smooth 

cannula triggered a massive intraoperative arterial bleeding causing the so-called “japan 

flag” on the video screen. After rapid nasal packing with Rhinotamp, the patient was 

brought to the angiographic suite where the perforation of the ICA could be localized 

a b 

c d 
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(Fig. 3.20a). As expected efficient nasal packing does not resolve the bleeding but 

achieves local control and thus offers the time window necessary to perform the 

angiography. As preservation of the local circulation, in particular of the ophthalmic 

artery, with application of a covered stent in the cavernous ICA remains technically 

difficult[346], permanent occlusion of the ICA with coils is the most frequent chosen 

option, as was in our case. 

 

 
 
Fig. 3.20: Initial angiogram (a) of the left ICA demonstrating the site of the ICA lesion, right 
ICA angiogram with compression of the left carotid (b) with demonstration of good 
anterior communication, post-interventional angiogram (c) with obliteration of the left 
ICA and slight contrast enhancement of the retina (ii). 
 

In spite of occlusion of the ophthalmic artery there was no blindness because of 

sufficient collateralization through branches of the external carotid artery, as can be 

seen on Fig 3.15c on the post-interventional angiography with visible contrast 

enhancement of the retina. 

 

Conclusions and observations regarding training issues 
Transsphenoidal endoscopy has been established as the standard procedure for 

pituitary adenomas in our low-case center thanks to its interdisciplinary 

implementation. 

Its application to other pathologies such as midline anterior skull base meningiomas still 

necessitates a thorough preoperative analysis of the pros and contras as compared with 

either traditional open craniotomies or minimally invasive approaches to the anterior 

skull base. As demonstrated by our meta-analysis of the literature over the years 2011 

to 2013 as compared to the meta-analysis of Komotar et al, the technique reaches a 

similar safety regarding the main complication of postoperative CSF fistula and there is a 

certain trend to apply more often minimally invasive techniques; a consequence on the 

selection of the meningioma types, especially as to the size, could not yet be clearly 

identified. 

Finally, direct endoscopic transsphenoidal biopsy represents a very simple and efficient 

tool to rapidly obtain diagnosis and can even be performed in an ambulatory setting. In 

a b c 
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several instances, the diagnostic information was extremely useful in order to determine 

therapeutic strategies and we seldom regretted to have performed it. 

 

Still, the acquisition of the endoscopic skills for a “microsopic” neurosurgeon, even 

experienced, remains a challenge for several reasons: he will have to get used to the 

distorted 2-dimensional image, the indirect view, the work in a narrow space and the 

use of specialized single-shaft instruments. Especially the combination of indirect view 

and confined working space has been identified as a potential for technical errors[307] . 

Moreover he will have to learn to work in team, be it with another neurosurgeon or, as 

we did it at our institution, with an endoscopic rhinologist. All these difficulties cannot 

be mastered at once and altogether. As a consequence there is clearly here an indication 

for a “decomposition” of the skills that have to be mastered. One part of it, the basic 

haptic skills, should be acquired out of the operating room because it has been 

demonstrated that this can be done in a reliable fashion[301]. 

Several training models for endoscopic sinus surgery have been developed already 

decades ago by endoscopic rhinologists[46] who have early identified the potential of 

these training models. The need for “out of the theatre” training options has been 

recognized also in the last decades because of the increasing pressure on the clinical 

environment, on one side because of the reduction of teaching opportunities in the 

operating room due to shorter workweek and the growing importance of limiting 

medical errors[301]. Some institutions have already included endoscopic endonasal 

approach to the sella as one of their modules into their neurosurgical residency training 

curriculum[226, 307]. 
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4. Cerebral endoscopy 
 

Obstructive hydrocephalus and endoscopic third ventriculostomy 

Obstructive hydrocephalus is the most frequent indication for cerebral endoscopy and 

thus endoscopic third ventriculostomy (ETV) the most frequently used endoscopic 

procedure[156]. As mentioned in the historical chapter, neuroendoscopy really started 

with obstructive hydrocephalus at the beginning of the 20th century and, after a period 

of regression, technical improvements have allowed its renaissance in the 1980s and 

early 1990s. 

Neuroendoscopes and instruments 

Classical neuroendoscopic systems 
Classical endoscopes for cerebral endoscopy have followed several improvements since 

their “re-introduction” 30 years ago. If initial versions presented relative narrow 

working channels and had a reduced image quality as compared to so-called “inspection 

optics”, modern versions have excellent image quality despite 2 working channels. 

In order to illustrate this development the 2 systems used in the neurosurgical 

department of the Kantonsspital St Gallen will be presented. Both are produced by the 

firm Storz (Tuttlingen, Germany). 

The first system which meanwhile belongs to the oldest generation was introduced in 

1999 as the first ventriculostomies were performed. 

The Gaab system (Fig 4.1) comprises a working sheath with an external diameter of 

6.5mm, an inspection optic with an outer diameter of 4mm and a 6° working optic with 

only one 3mm working channel. The main disadvantage of this system was that the 

working optic was grieved with a certain loss of image quality due to the room taken by 

the working channel and to the fact that the working optic hat to replace the inspection 

optic after anatomic orientation. All those manipulations are time consuming and 

associated with some risks. 

 

 

  
 

Fig. 4.1: Gaab 6° working optic with its single 3mm working channel. 
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The more recently acquired Lotta system (Fig.  4.2) presents several advantages: besides 

the fact that the working optic has an excellent image quality, even slightly better than 

the inspection optic of the Gaab system, it allows for performing the puncture of the 

ventricle under direct vision, without the need for a supplementary sheath for 

performing the puncture, and it has 2 working channels. This last characteristic is 

expected to facilitate all procedures where manipulations are performed such as in 

biopsies or tumor removal. When working with only one channel the tumor has always 

some tendency to be pushed by the instrument, be it scissors, a biopsy forceps or an 

ultrasonic aspirator. With 2 channels the surgeon can work in a more “microsurgical” 

fashion, grasping the tumor on one side and cutting or puncturing on the other side. 

 

 
Fig. 4.2: Lotta system with 2 working channels and one third for rinsing. The endoscope is 

directly mounted with the reflecting balls for the navigation tracking system. 

 

Other neuroendoscopic systems 
Even if most of the procedures will be done with classical rigid endoscopes with one or 

more recently 2 working channels the diverse applications of the endoscopic technique 

in cerebral endoscopy allows the use of different types of endoscopes. In the so-called 

endoscope assisted procedure where microsurgical instruments are used next to the 

endoscope special versions of rigid endoscopes have been developed. As the problem in 

these procedures is that the endoscope uses part of the instrument’s working space they 

have been developed so as to offer the best image quality with the narrowest diameter. 

Of course they don’t have any working channel as surgical instruments will be used 

besides the endoscope. 

Instrumentation 
The number of instrument utilized in neuroendoscopy remains limited but is under 

constant evolution and improvement. For the most frequent and basic procedure, the 

ventriculostomy, a balloon catheter is indispensable. There are several models on the 

market, some with only one balloon and others with a double balloon. The difficulty of 
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dilating a perforation at the base of the 3rd ventricle with only one balloon comes from 

the fact that in the presence of a relative stiff floor the balloon will slip forward or 

backward without causing any dilation of the perforation. The advantage of the double 

balloon is that it will be blocked at the level of the perforation and thus be in a stable 

position to perform the dilatation (Fig. 4.3). 

 

 
Fig. 4.3: double (left) and simple (right) balloons for endoscopic ventriculostomy. 

 

Regarding cutting instruments various types of microscissors are available. Models with 

one blunt side are regularly preferred as they can be used as blunt instruments and are 

less dangerous when kept closed. 

Biopsy forceps of various diameters will be used to perform tumor biopsies or 

resections of smaller lesions (Fig. 4.4) 

 

 
Fig. 4.4: Example of forceps for endoscopic biopsy. 

 

One of the problems of endoscopic tumor resection is that the working channel being of 

a maximal diameter of 3mm a piecemeal resection will become very time consuming as 

soon as the tumor diameter reaches 2cm. in these situation 2 possibilities can be tried in 

order to accelerate the resection: one is the grasping of larger pieces and taking the 

whole endoscope with the large piece, leaving the working sheath in place. The other 

possibility is to use a specially designed ultrasonic aspirator that fits into the narrow 
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working channel. One of the drawbacks of these very thin ultrasonic aspirators can be 

that they get quite rapidly stuck with tumor material. 

Finally a coagulation probe is of course mandatory. Even if the use of a coagulation 

probe will be avoided as long as possible, especially when working in regions with 

sensible surrounding structures, it belongs to the armamentarium of endoscopic 

surgery. During the firs decade monopolar probes have been used but rapidly bipolar 

probes have been developed. As no forceps can be used through the narrow working 

channels blunt single shafts probes with an extremity made of 2 half spheres were 

designed, some of them even rotatable, as the one used in our department (Fig. 4.5). 

The probe was initially purchased for endoscopic lumbar discectomy procedures but 

revealed itself much more user-friendly than the straight probe initially used: in order to 

reach bleeding spots at the periphery of the field of vision, the endoscope doesn’t have 

to be displaced, an always uncomfortable measure, but just has to be bent and 

orientated in the desired direction, a much more stable was to reach the bleeding spot. 

  
 

Fig. 4.5: Trigger Flex bipolar probe with curved tip (left), monopolar rigid probes (right). 

Anatomical considerations 

Even if performing a ventriculostomy can be seen as a fairly simple procedure consisting 

after all  only in “making a hole”, the very location of the structure to be perforated 

makes it a non trivial procedure and a clear knowledge of the local anatomy is 

absolutely mandatory before starting and corresponding references works are 

recommended[299]. Classical landmarks must be identified as soon as the tip of the 

endoscope enters the lateral ventricle: the interventricular septum or septum 

pellucidum attached at the corpus callosum, the choroid plexus with its typical 

appearance will readily be recognized. When coming through a classical frontal burr 

hole for a ventriculostomy the operator will see 2 compartments of the lateral ventricle: 

the frontal horn and the body or atrium of the lateral ventricle separated by the foramen 

interventricualre[333]. The frontal horn is limited by 5 walls: the inferior, anterior and 

superior are made by the rostrum, genu and body of the corpus callosum respectively. 

The head of the nucleus caudatus builds the lateral wall and the septum pellucidum the 

medial wall. The atrium is limited by 4 walls: the body of the corpus callosum builds the 

superior wall, the septum is medially, the body of the nucleus caudatus laterally and the 
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thalamus forms the floor of the atrium. It is important to note that the frontal horn is 

devoid of choroid plexus, whereas it is present in the atrium, a distinction which can be 

helpful for the orientation in difficult situation as for example with blurred vision due to 

bleeding. 

If arteries are used for orientation in open microscopic surgery, in the ventricles the 

veins will be more reliable anatomical landmarks in spite of their variability. Arteries 

will readily not be visible at endoscopy as for example the anterior choroidal artery 

which runs through the choroidal fissure, the cleft between the fornix and thalamus. 

Thus in the lateral ventricle the subependymal veins will be used[300]: the thalamo-

striate vein running postero-anteriorly and the anterior septal vein converge towards 

the posterior border of the foramen of Monroe (53% of cases) where they will end into 

the internal cerebral vein can be used as landmarks. Operators not only have to know 

the topographical ventricular anatomy, they will have to be aware of the functional 

regions they are passing by: as the goal of the procedure is the perforation of the 3rd 

ventricle the endoscope will have to be passed through the foramen of Monroe, the 

anterior limit of which is formed by the fornix. Lesions of this structure can be 

associated with dramatic short-term memory deficits and thus it has to be spared from 

any exaggerated pressure, especially during the period of the ventriculostomy where the 

shaft of the endoscope remains into the foramen of Monroe. This can be easily forgotten 

as this structure will lie behind the tip of the endoscope and will not be visible anymore 

 and this precisely during the time where the operator will be fully absorbed by doing  

the perforation of the floor. For the same reason undue movements of the tip of the 

endoscope into the 3rd ventricle are not allowed as they could cause tears of the fornix. 

The roof of the 3rd ventricle is formed by different structures including the fornix, the 

hippocampal commissures and the tela choroidea; hanging at the roof are the medial 

posterior choroidal arteries, the internal cerebral veins and the plexus. The posterior 

wall is very narrow and formed, from top to bottom, by the suprapineal recess, the 

habenular commissure, the pineal recess, the posterior commissure and the opening of 

the aqueduct. The lateral walls are formed by diencephalic tissue, the larger part being 

the thalamus and the inferior part the hypothalamus. The anterior wall is formed by the 

anterior commissure and the lamina terminalis above the optic chiasm. 

The anatomy of the floor of the 3rd ventricle does not present any difficulty and the two 

decisive structures, the infundibular recess with its funnel shape, corresponding to the 

implantation of the pituitary stalk and the mammillary bodies, are readily 

identified[332]. However, the aspect of the floor can be very different from one patient 

to the other, in some instances being so transparent that the basilar artery will be seen 

at first glance, in other instances being so opaque that the recognition of even the 

mammillary bodies can become difficult. Moreover longstanding hydrocephalus with 

chronically elevated intracranial pressure can lead to relevant anatomical changes of the 

floor with loss of usual anatomical landmarks, as for example in association with an 

empty sella [253]. Finally the membrane described in 1956[224] by Liliequist has to be 

identified as its persistence could lead to failure of the procedure. This membrane 

extends from the upper border of the dorsum sellae and presents posteriorly two 
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leaflets, one mesencephalic reaching the mammillary bodies and a diencephalic leaflet 

reaching the tip of the basilar artery[107]. Its identification at the end of the procedure 

is of utmost importance as its persistence could lead to failure of the procedure[35]. 

Etiologies 
Obstructive hydrocephalus can be caused by a variety of pathologies and the success 

rate of the procedure is related to the underlying cause as well as to the age of the 

patient, increasing age at onset or age at the intervention both being positive factors for 

success. Among classical causes of obstructive hydrocephalus acquired acqueductal 

stenosis has the best success rate, in particular higher than congenital acqueductal 

stenosis[186]. Regarding other causes some are recognized to be associated with a 

higher failure rate, especially postinfectious and posthemorrhagic obstructive 

hydrocephalus[93, 385]. Finally ETV can be applied in the setting of tumors involving 

the posterior fossa, the 3rd ventricle or the midbrain. Some controversy remains as to 

the timing and indication for tumors of the posterior fossa as the operation of the tumor 

itself can resolve the obstruction, nevertheless it provides a rapid and safe solution[15]. 

Care must be given to the preoperative study of the anatomy, especially regarding the 

position of the basilar artery and the configuration of the prepontine space[372]. In the 

presence of tumors of the pineal region, third ventricle and midbrain the ETV can be 

associated to a biopsy and will thus allow for the diagnosis. Depending on the location of 

the tumor a second burr hole will have to be planned. 

Although some authors have tried to use it in normal pressure hydrocephalus 

(NPH)[111] it remained a controversy because NPH is a communicating form of 

hydrocephalus and ETV should not help in this situation, at least as far as common 

understanding of CSF pathophysiology can explain it. A recent study has also showed 

that the results of the ventriculo-peritoneal derivation are clearly better than the ETV in 

these patients[279] thus sustaining the intuition that it shouldn’t be effective in this 

setting. Nevertheless the diagnosis of long standing overt ventriculomegaly of adulthood 

(LOVA) should not be missed as these patients who present with a triventricular 

hydrocephalus due to an aqueductal stenosis and sometimes have an associated 

macrocephaly will clearly benefit from ETV[261]. 

Preoperative planning 
Ideally all patients should have an MRI of the head prior to surgery as it is the ideal tool 

for planning, diagnosis and it will also be used for follow-up. If particular anatomy or 

narrow foraminae of Monroe are present a navigation sequence will also be performed. 

Attention will first be focused on the possible etiologies of the obstruction of course and 

cardiac-gated cine sequences are helpful to make a correct diagnosis of obstructive 

hydrocephalus[236]. Once the etiology is identified and there is an indication for the 

ETV the attention will be focused on the particular anatomical characteristics of the 

patient, looking for the size of the interventricular foraminae, the position of the basilar 

artery as related to the floor of the 3rd ventricle, the mammillary bodies and the 

infundibular recess; the width of the space between the dorsum sellae and the pons will 

also be evaluated. Even if the distance between the infundibular recess and the tip of the 
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basilar artery remains fairly comparable between normal subjects (10.5+/-2.3mm) and 

patients with hydrocephalus (12+/-3.7mm) as measured by Hayashi[151], there are 

relevant anatomical variations whose preoperative recognition is decisive to increase 

the safety of the procedure. Here midsagittal sequences will allow to study 

neurovascular structures beneath the floor. 

In the presence of a tumor or a cyst as a cause of obstruction any asymmetry will be 

checked in order to choose the most appropriate side to perform the ventriculostomy or 

the side which will allow to perform a biopsy through the same trajectory, if possible.  

Surgical technique 

Preparation 
The procedure is done under general anesthesia. The patient is placed in a recumbent 

position with the head elevated 15° and fixed in a 3 pin holder even in the cases done 

without neuronavigation. The region of the incision is minimally shaved; the scalp 

prepped with a propanol solution and the patient is aseptically draped. A single dose of 

cefamandole (2nd generation cephalosporine) is given prior to starting the procedure.  

Trajectory and image guidance 
A standard midpupillary coronal burr hole can be used but optimization of the trajectory 

can be achieved with preoperative planning on the neuronavigation system (Vector-

Vision, Brainlab AG, Feldkirchen, Germany). Pioneers of neuroendoscopy have used 

stereotactic guidance in order either to plan the trajectories or to plan a biopsy of an 

intraventricular tumor to be performed during the same session[154]. By analyzing the 

data of 17 patients treated with stereotactic-guided ETV, Kanner found that the ideal 

localization for the burr hole was 28mm from the midline and 8mm anterior to the 

coronal suture, thus not corresponding exactly to Kocher’s point[190]. Nevertheless 

they stated that the trajectory be oriented to the individual anatomical relationship and 

nowadays this is best done using neuronavigation. 

At the neurosurgical department of the Kantonsspital St Gallen neuronavigation has 

been introduced in 1999 and rapidly replaced stereotactic surgery for brain biopsies 

because of practical aspects: thanks to the separation of the imaging planning process 

and the biopsy procedure the reservation of the operation theatre for a brain biopsy was 

reduced by a factor 4 with the navigation. Still, in small and deep seated lesions 

stereotactic biopsy remains the technique of choice. 

The neuronavigation will allow the surgeon to place the burr hole on the line defined by 

the spot of the ventriculostomy and the center of the non-dominant foramen of Monroe 

(Fig. 4.6). This optimal positioning of the burr hole is essential in all cases where the 

anatomy is irregular with atypical or enlarged ventricles, when the foraminae of Monroe 

are narrow and when the CSF is expected to be bloody or blurry[69]. Use of 

neuronavigation in those situations will help reduce inadvertent or unnecessary traction 

to vital structures[165, 297]. 
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Fig 4.6: Planning of the burr hole (green) and trajectory. 

 

The graduated operating sheath (outer diameter 6.5mm) with its obturator or trocar is 

used to directly puncture the lateral ventricle. This sheath can be integrated into the 

navigation system to be introduced free hand but under navigation guidance along the 

planned trajectory until the perforation of the ventricle wall is felt (Fig. 4.7) and further 

guidance with direct endoscopic vision can be done. 

 
 

Fig. 4.7: working sheath for the Gaab system mounted with reflecting balls for the tracking 

system of the neuronavigation. 

 

Even if most of ETV can be easily done without navigation because the structures are so 

dilated that the ventricles won’t be missed we have found it useful to combine it because 

of training issues for the surgeon and the operating personal. The combination of the 

navigation introduces another complex element into the operative field and by using it 

only in the situation where they are needed because of difficult orientation it will 

eventually not be a help but an added problem in an already complex case. Moreover, in 

case of even slight intraoperative bleeding the CSF becomes blurred and orientation can 

be lost. In these situations the surgeon will have to stop movements and he will be 

happy of the supplementary orientation information offered by the navigation system, 

as the position of the endoscope’s tip will be precisely known (Fig. 4.8). 
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Fig. 4.8: The integration of the endoscope into the navigation system offers information on 

the position of the endoscope during the whole procedure, a technical adjunct 

storzespecially appreciated during phases with blurring of the CSF. 

 

Once into the ventricle the sheath is fixed to a holder and the trocar is removed. The 

endoscope and camera still have to be hold by either operator or assistant but just to be 

stabilized. The assistant will appreciate the relief offered by the holder, especially if the 

procedure should last longer than planned. If needed CSF is obtained for desired studies, 

intracranial pressure is not routinely measured. A 0° diagnostic optic with an outer 

diameter of 4.0 mm (Karl Storz GmbH & Co., Tuttlingen, Germany) is introduced for 

orientation. After identification of the usual landmarks the optic is advanced through the 

foramen of Monroe into the third ventricle and the operating sheath is fixed with an 

articulated holding arm. The 0° optic is changed for the wide angle working endoscope 

with its 3mm working channel (Gaab Neuro-Endoscope 6°, Karl Storz GmbH & Co., 

Tuttlingen, Germany). The slight 6° angled channel allows for the instrument to be 

visible into the center of the image. 

Perforation of the floor of the 3rd ventricle 
The most dangerous part of the procedure remains the perforation of the floor of the 3rd 

ventricle because of the vicinity of the basilar artery. The procedure is not seldom also 
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complicated by the fact that the floor is resistant and opaque after longstanding 

hydrocephalus[302]. 

During the development phase of neuroendoscopy, a great variety of instruments have 

been used to do the perforation. Guiot used a leucotome to puncture the floor under 

television control[135], a technique also used by Pierre-Khan[278]. Sayers[318] or 

Vries[377] have used a puncturing needle, with stereotactic guidance and with a flexible 

endoscope, respectively. Others have used directly the endoscope as a blunt instrument 

to do the perforation[175]. Laser have also been used[54] as well as an ultrasonic 

cutting probe[267] or electrocoagulation and cutting probes[157]. Grotenhuis 

developed a device, the non-through perforator and dilator, which combines the use of a 

suction probe fixing the floor of the 3rd ventricle to a perforator and dilator thus 

allowing for maximal security[133]. 

With time a tendency to abandon sharp instruments as well as monopolar coagulation 

probes can be noted and nowadays most operators will perform a blunt perforation 

using a closed forceps or the bipolar probe sometimes preceded by a small coagulation 

spot with a bipolar probe[372]. 

In our series too a blunt perforation was performed, using the double balloon version of 

a 3 French Fogarty-type catheter (Integra Neurosciences, Plainsboro, NJ, USA) or later 

on the steerable bipolar probe in order to better control the exact site of perforation. 

With other non-steerable instruments we sometimes experienced situations where a 

small perforation was initially made paramedially and it was then impossible to get one 

in the midline as the Fogarty catheter would fall back into the first perforation. The 

paramedian location of the perforation is not acceptable as it could favor a compression 

lesion of the oculomotor nerve during the inflation of the balloon.  

Then the perforation is dilated to reach an estimated diameter of 4-5 mm. Small venous 

bleeding from the margins of the perforation is controlled either with gentle tepid 

irrigation or the inflated balloon for 1 to 2 minutes. Only in rare cases the bipolar 

coagulation directional probe had to be used. In one case the bipolar probe was used 

without current to do the perforation, using its greater rigidity as compared to the 

balloon catheter which was bending itself over a very stiff floor. Once the perforation is 

done the tip of the endoscope is pushed forward to see the basilar artery and make sure 

that no relevant trabeculations remain.  

The endoscope is then retired, an external ventricular drain is not routinely inserted but 

only in cases where there has been bleeding and removed after 24-48 hours. A 

systematic postoperative MRI is done on day one to verify the patency of the 

ventriculostomy. 

During the whole procedure the drainage channel has to remain opened;  an inadvertent 

closure of this channel with a persistent irrigation would lead to a rapid elevation of the 

intracranial pressure with initially tachycardia and hypertension followed by 

bradycardia and hypotension as noted by Van Aken in 6 patients out of the analyze of 

the charts of 67 patients who had undergone ETV for obstructive hydrocephalus[2]. 

These observed changes were clearly the result of an increased in intracranial pressure, 

a manifestation of the so-called Cushing reflex which Harvey Cushing investigated in 
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during his time as a visiting physician working at the Physiology Institute of the 

University of Berne where he worked under the mentorship of Kronecker and 

Kocher[160]. 

Management of intraoperative bleeding 
As CSF is rapidly obscured by blood, hemostasis is of paramount importance during 

endoscopic intraventricular surgery and everything has to be done to avoid any 

bleeding. Already with a concentration of 1ml blood per liter of CSF the vision will be 

blurred.  One acute problem will be impossible orientation and thus any excessive 

movements must be avoided. It is recommended to approach the tip of the endoscope 

from the bleeding source in order to identify precisely the spot of  origin of the bleeding. 

In most of the cases bleeding during an ETV will be coming from a lesion of the septal, 

thalamostriate or ependymal veins or from small vessels at the floor of the 3rd ventricle. 

As soon as the source of the bleeding is identified, coagulation with the bipolar probe is 

attempted in order to keep the vision clear. If it is not successful or the source has not 

been identified abundant rinsing with tepid Ringer lactate solution (37-38°) is 

attempted and in many cases this measure can also be sufficient. If not, it will at least 

restore vision in order to localize the bleeding source. Bleeding from small vessels at the 

base of the 3rd ventricle can be controlled without bipolar coagulation using the inflated 

balloon in the ventriculostomy for 1-2 minutes. Another possibility for uncontrolled 

situation is the so-called dry field technique can be applied: the CSF is sucked out of the 

ventricles and thus the coagulation enhanced[372]. This measure has been employed 

successfully in some cases as explained in the illustrative case of cystic 

craniopharyngiomas presented below in the section on intraventricular tmors. 

Own experience 

Material and methods 
Data were collected retrospectively of all patients operated endoscopically in our 

institution between January 1999 and December 2012 for the treatment of obstructive 

hydrocephalus.  A special permission of the BAG (Federal Office of Public Health) was 

obtained due to the retrospective nature of this study, as well as regular approval of the 

local ethics committee. 

Only those interventions were included that had been performed by the author, who at 

the end of his residency introduced and established neuroendoscopic surgery in the 

Department. Clinical data collected include age, sex, height, weight, time of onset and 

type of first symptoms, time of diagnosis, diagnosis (Table 4.2), co-morbidities, as well 

as pre- and postoperative neurological status. Pre- and postoperative MRI-images 

and/or CT scans were reviewed by JYF and HAL. 
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Indications for ETV Number of cases  

Aqueduct stenosis 28 
Tumor 16 
Arachnoid cysts 3 
Colloid cysts 3 
Posttraumatic hemorrhage 2 
Subarachnoid / intraventricular 
hemorrhage 

1 

Total 53 

 
Table 4.2: Treated pathologies as a cause of obstructive hydrocephalus. 
 

Indication, diagnosis, duration of operation and hospitalization and intraoperative, early 

postoperative (<30d) and late postoperative (>30d) complications were analyzed.  

Outcome was categorized in four groups: unchanged, better, worse, worse due to other 

cause (i.e. primary tumor progress), screening records for follow-up interviews, 

patients’ statements, work abilities, neuropsychological and physical examination 

results. 

The possible significance of the learning curve on those factors was evaluated. 

Statistical analyses were conducted by Fisher’s exact and student’s t-tests. 

Results 
In total 55 interventions were performed in 53 patients. Male/female ratio was 1.65:1. 

Age ranged from 1 to 87 years (mean age 49.5 years), including three children. Sixty-two 

percent of operations were elective. The operation indications / diagnoses are shown in 

Table 1.  In all patients a systematic postoperative MRI performed within 24 hours of the 

procedure demonstrated a patent ventriculostomy with flow void artefact (Fig. 4.9). 
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Fig. 4.9: Left: pre-operative sagittal MRI demonstrating classical features of obstructive 

hydrocephalus, due in this case to aqueduct stenosis and including dilatation of 3rd 

ventricle with downwards bulging of its floor, dilatation of the supra-pinealis recess and 

fenestrated interventricular septum. Right: post-operative MRI within 24 hours 

demonstrating the flow artifact through the hole at the floor of the 3rd ventricle which has 

also ascended in its original position. 

 

Forty operations were straightforward ETVs, 8 were associated with placement of an 

EVD in case of preoperative or possible postoperative hydrocephalus treatment and 5 

ETVs were performed prior to tumor resection or biopsy. During 29 interventions 

navigation was applied. 

Operating time (OT) for all interventions was 40 minutes with a mean of 59 minutes 

during the first half of the inclusion period and 30 minutes during the second half. For 

non-navigated procedures the learning curve analysis of operating time shows a steep 

curve with a mean OT of 62 minutes. With neuronavigation the learning curve starting 

in 2005 was even steeper (mean OT 49 min). The shortest OT (17min) was measured 

during the second half of the observation period for a straightforward non-navigated 

ETV (Fig. 4.10). During the so-called transition time, implementation of neuronavigation 

was at first associated with longer OT (Fig 4.11). 
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Figure 4.10: Showing mean OT over years of gaining clinical expertise. At the beginning of 
the observation period the learning curve for simple ETVs is steeper for non-navigated 
procedures with a relatively long OT (approx.: 62min.) in the beginning in contrast to 
shorter OT (approx.: 49min) when beginning to associate neuronavigation. The shortest 
OT (17min.) was measured while performing a simple non-navigated ETV. 
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Figure 4.11: During transition time (green line) when neuronavigation was added to the 
E3V procedure the learning curve was inverted at first. 
 

In total 11 perioperative complications occurred (Table 4.3) without severe adverse 

events. Mortality rate was 0%. Four times the procedure was aborted intra-operatively 

due to blurred vision and consequently the placement of a ventriculoperitoneal shunt 

was necessary. 

 

 

Age(y) / gender  Underlying 
disease 

Type of 
complication 

Type of 
intervention 

Intraoperative complications 
72y, female aqueductal stenosis bleeding due to 

injury of thalamus 
ETV 

26y, male colloid cyst damage to fornix 
with transient short 
term memory 
impairment 

combined approach 
for colloid cyst 
resection with ETV 

Early complications (<30 days postoperatively) 
57y, male aqueductal stenosis damage to 

oculomotor nerve 
resulting in self-
limited third nerve 
palsy 

navigated ETV 

59y, female aqueductal stenosis IVH three days 
postoperatively 

nETV, VA-shunt 
removal , VP-
shunting 

59y, male colloid cyst acute SDH first day nETV, EVD 
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postoperatively 
after second 
surgical 
intervention for 
treatment of acute 
HC 

Late postoperative complications (> 30 days postoperatively) 
79y, male colloid cyst bilateral hygroma 

33 days 
postoperatively 
after second 
intervention for 
treatment of acute 
HC  

ETV, removal of 
blood clots from 
foramen of Monroe 

Stoma closures 
57y, male aqueduct stenosis stoma closure after 

6 weeks 
navigated ETV 

62y, male glioma of the pineal 
gland WHO III 

stoma closure 10 
days 
postoperatively 

ETV, tumor 
resection was four 
days prior to ETV 

73y, male aqueduct stenosis stoma closure days 
after procedure  

ETV 

57y, female aqueduct stenosis partial closure of 
stoma 4 days 
postoperatively 

navigated ETV 

80y, female aqueduct stenosis Stoma closure 33 
days 
postoperatively 

ETV 

 
Table 4.3: Complications: categorized in intraoperative, early (<30 days postoperatively), and late (>30 
days postoperatively) postoperative complications. Stoma closures occurred as procedure independent 
complications, since patent stomas with actual flow – void signals were seen in all individuals on early 
(within 24h) postoperative MRI. 

 

Early postoperative complications (<30 day) included one case of temporary third nerve 

palsy (< 1 month), one acute subdural hematoma after a navigated double burr-whole-

access combined ETV and tumor resection and one intraventricular hemorrhage after 

combined ETV and lesion biopsy via double burr-whole access. Ventriculitis occurred in 

2 patients who were in the ICU with an EVD for a prolonged period of time due to acute 

illness prior to final diagnosis and ETV (2 patients with traumatic brain injury and 1 

patient with brainstem glioma).  

Late postoperative complications (>30d postoperatively) consisted of one case of 

persisting symptoms despite patent stoma and one chronic subdural hematoma 

requiring surgical evacuation. One patient had a lesion of the fornix resulting in a six 

months period of impaired short-term memory. There was no significant difference in 

perioperative complications and outcome when comparing navigated and non-

navigated procedures. 
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Overall stoma closure rate was 10.9% (n=6). Four patients presented an early closure 

(<30 days) of the stoma, 2 patients with persisting symptoms could be re-operated with 

Redo ETV and 2 patients obtained a VP-shunt. Late symptomatic stoma closure (>30d) 

occurred in 2 patients after 46 and 82 days and was treated by VP-shunt. Though in one 

patient Re-Do ETV was technically successful as postoperative flow-void MRI images 

confirmed, symptoms did not resolve clinically. 

Follow-up period of 52 (98%) patients ranged from 1.5 to 90 months (mean follow-up 

20.5 months). One Patient was lost to follow-up. One to six months postoperatively 35 

patients (85%) had clinically improved, four remained unchanged (10%), one worsened 

due to primary disease progression and one patient temporarily worsened (2.5%) 

(Fornix lesion). Postoperative outcome more than half a year later was still improved in 

27 cases (80%), 5 cases (15%) were worse due to underlying pathology, worsened in 

one case (2.5%) and unchanged in another case (2.5%). 

Discussion 
Our results show a reduction of operation time, especially for non-navigated ETV as a 

result of acquired experience. The combination with neuronavigation was associated 

with a temporary slowing down of the learning curve and no significant better outcome. 

Our operation time in the first half of the series was longer than in the literature[187], 

whereas it was comparable to the literature at the end of the second half of our 

observation period (in general 30 min). 

Limitations 
The limitations of our observation are its retrospective character and the limited 

number of cases.  Remaining a rare procedure, comparison of ETV results with the 

literature is limited as well. 

Complications 
During the first half of the period 3 procedures were aborted due to bad visibility, and 

resulted in shunt placement. With the introduction of a new rinsing system (ClearVision, 

Karl Storz GmbH & Co., Tuttlingen, Germany) and the experience gained these visibility 

problems could be reduced to one single abortion during the second half. 

The overall incidence of neurologic complications for the series reached 3.6%, which is 

in the lower range when compared to Bouras et al (2.9% to 16.1%)[28]. The only 2 cases 

of temporary neurologic deficits due to a lesion of the third nerve and of the fornix 

occurred in the first half of the observation period. Such complications were not 

observed during the second half of the series due to training effects and implementation 

of neuronavigation in trajectory planning.  

There were 2 cases of EVD associated cases of ventriculitis in patients with prolonged 

ICU stay, which had one or more EVDs for longer periods before ETV was considered. 

Both of these complications occurred in cases with complex circumstances where the 

ETV-procedure itself was not responsible. These complications were not observed in 

patients with ETV for aqueductal stenosis. Postoperative bleedings did not occur in 

straightforward ETV, but only in procedures including biopsy or resection. 
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Outcome 
Our overall stoma closure rate of 10.9% (n=6) is similar to rates reported in the 

literature (8 - 22%)[149, 155, 237]. Surgeon independent late stoma closure with 

necessity for shunting occurred twice whilst early closure occurred during the first half 

of the period following incomplete inspection of the interpeduncular cistern due to 

inexperience. Though technically successful in all 4 redo ETVs as shown in the 

postoperative flow-void sequenced MRI studies, only one patient benefited clinically 

from the procedure. 

Clinical status improved in 86% of cases, which is comparable to the reported success 

rates in the literature where more than 80% improvement is expected[51, 182]. 

However, we performed and included only pathologies, proven to benefit from an 

ETV[6, 112, 134, 156, 179]. Therefore ETV was not performed in patients with normal 

pressure hydrocephalus (NPH)[279]. Therefore the main indication for ETV remains 

obstructive hydrocephalus, which is the least frequent subtype of hydrocephalus in 

adults[113, 166, 187, 213, 304].  

Neuronavigation 
Regarding the combination with neuronavigation Rhode and colleagues analyzed 126 

endoscopic procedures and found that if ETV could be performed without navigation it 

should be routinely integrated for more complex procedures such as tumor resections 

or cyst fenestrations[297]. Our series shows that the combination of both techniques 

slows down the procedure at first. This implies that training the combination of 

neuronavigation with endoscopy during straight-forward cases will facilitate its 

application in more complex cases. 

 

Conclusion 
Our series illustrates the learning curve for ETV. The combination with neuronavigation 

was associated at first with slowing down of the procedure, and did not lead to a better 

outcome. However, routine with this co-application should be acquired during 

straightforward ETV to avoid slowing down the less frequent, complex, ETV procedures. 

 

 

Other indications associated with hydrocephalus or cystic formations 

Complex hydrocephalus 

The management of complex hydrocephalus with multiloculated isolated compartments 
remains a challenge despite technological advances in imaging and operative 
procedures. The main cause remains infection and intraventricular hemorrhage. No 
ideal procedure will be able to solve all types of pathologies encountered but the 
therapeutic strategy will have to be tailored to each situation. Among the possible 
procedures that can be used, endoscopy offers the opportunity to reach one of the main 
goals of the management: to make the different compartments communicate in order to 
limit the number of necessary ventricular catheter for the ventriculo-peritoneal 
derivation system in cases where shunt-independency cannot be achieve. Another 
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important objective of the treatment can be, in a minority of patients harboring 
multiloculated hydrocephalus, shunt independency. 
In order to achieve these goals a variety of procedures can be offered, including 
endoscopic septum pellucidum fenestration (septum pellucidotomy), endoscopic third 
ventriculostomy (ETV), choroid plexectomy-fulguration and aqueductal plasty. 
Sometimes these procedures will have to be combined or to be planned in several 
stages. 
Applying the above-mentioned principles, Teo and colleagues[362] made following 
observations in their retrospective study of 114 patients with 143 endoscopic 
procedures harboring different types of complex hydrocephalus, including isolated 4th 
ventricle, arachnoid cysts and multiloculated hydrocephalus: 

- Therapy could be reduced to one single shunt in 82 (72%) of the cases 
- Shunt independency was achieved in 32 (28%). 

 
Another advantage of the use of the endoscope is that it will finally reduce the number of 
necessary procedures. In their retrospective analysis of 93 patients with only 
multiloculated hydrocephalus, Zuccaro and colleagues[401] looked at the number of 
procedures and could achieve treatment in 55 patients with only one procedure, in 30 
patients with 2 procedures and in 8 with 3 or more. 
One technical difficulty during endoscopy in this setting is the lack of classical 
anatomical landmarks with rapid loss of orientation, especially in very large cavities. In 
order to palliate this difficulty different types of adjuncts can be used. The combination 
of neuronavigaton with endoscopy has allowed for better preoperative planning of entry 
sites and trajectories as well as improved intraoperative orientation[165, 330]. 
As navigation images might not reflect the reality any more as soon as the ventricular 
system is opened and CSF is aspirated or flees out with consecutive brain shift, some 
authors have combined endoscopy with intraoperative imaging in order to actualize 
navigation imaging. If ultrasound remains the less expensive method for intraoperative 
imaging it is more often used by pediatric neurosurgeons and has some limitations 
regarding image quality. Another imaging modality represented by CT is more expensive 
but still more affordable than the intraoperative MRI. Its disadvantage lies in the 
associated irradiation, ruling it out for pediatric applications, one of the main 
populations concerned with multiloculated hydrocephalus. Finally, intraoperative MRI 
offers the best image quality bur also the highest costs. One of the other drawbacks of 
this modality is prolonged operating time, which is not negligible. In their feasibility 
study on combination of intraoperative magnetic resonance imaging with navigated 
endoscopy, Paraskevopoulos and colleagues[270] estimated the average added time for 
setup to be 40 minutes. Moreover, besides the acquisition cost there are also some 
limitations or at least some supplementary costs regarding dedicated MR imaging-
compatible instruments. As a whole the method remains extremely expensive and there 
is little doubt that it will be compensated by the money saved because of some shorter 
hospital’s stays or a couple of avoided shunt revisions. 

Endoscopic shunt placement 

The introduction of the ventricular catheter in patients with hydrocephalus can benefit 

from technical assistance as neuronavigation or XperCT-guided methods[118]. The 

benefits of inserting ventricular catheters under endoscopic vision have been challenged 

in an international multicenter study that demonstrated lack of benefit[196]. 
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Arachnoid cysts 

Arachnoid cysts are defined as benign cystic lesions filled with CSF and that do not 

communicate with the ventricular system[158]. The most common localizations are in 

the middle fossa near the temporal pole (50-60%) and in the posterior fossa with the 

most frequent being the cerebello-pontine angle (10%)[265]. It is best identified on MR 

images where they appear as sharply delineated round or ovoid extra-axial cysts with 

CSF attenuation that displace brain structures. 

Modern therapeutic options include microsurgical approaches, endoscopic approaches 

and cystoperitoneal shunting. In their evaluation of these different options Wang and 

colleagues[380] found the endoscopic approach highly effective for most of the cases of 

the suprasellar and quadrigeminal regions. Microsurgical approach was rather 

recommended for cortical arachnoid cysts or for cysts with possible cystic tumor or 

cyst-related epilepsy. Finally cystoperitoneal shunting was found to be effective for very 

large cysts. 

Regarding temporal arachnoid cysts, as the treatment consists in the marsupialization of 

the cyst into the basal cistern and will imply a fine dissection of often thickened and/or 

opaque arachnoid membranes at the medio-basal part of the cyst, the author found it 

safer to perform under microscopic 3-dimensional vision with standard micro-

instruments. The mobilization and incision of adherent arachnoid membranes in the 

vicinity of the internal carotid artery, the optic or oculomotor nerves can become quite 

challenging under 2-dimensional vision and with an instrumentation that cannot match 

the standards of the microsurgical ones. For this reason it is doubtful if the patient really 

has much to gain from a small burr hole endoscopic approach with suboptimal 

precarious dissection of neurovascular structures at the skull base as compared to a 

minimal craniotomy with safe microscopic dissection. The incision and mini-craniotomy 

needed for the microscopic procedure will be minimally larger than that of the 

endoscopic approach and there won’t be any brain retraction, so that it also remains 

minimal invasive and remains the preferred approach of the author. 

The situation is different for suprasellar or quadrigeminal arachnoid cysts, where the 

lesion is deeply located and necessitates a long approach in microscopic surgery 

whereas it will be easily accessed endoscopically. 

 

Intraventricular tumors 

Intraventricular tumors or cysts are ideal candidates for neuroendoscopic surgery: they 

are located in the cavity of the ventricle filled with CSF; the often associated dilatation of 

the ventricular system will also allow for the needed working space. In cases where 

dilatation is not present frameless stereotactic guidance will help in reaching the target 

so that ventricular dilatation is not considered an indispensable condition any more[38]. 

The endoscope can be used to perform principally 3 types of applications: it can be used 

to perform a biopsy, to treat the hydrocephalus by either performing an ETV or a 

cystostomy and finally in selected cases it can allow for tumor resection. Even if 

technical improvements such as the development of endoscopes with 2 effective 

working channels or the endoscopic ultrasonic tumor aspirator have increased the 



89 
 

possibilities of tumor resections through the endoscope the ideal candidates should 

meet some of the following criteria: the tumor should present a moderate vascularity; it 

should have a rather soft consistency so as to be removable with aspiration; the greater 

diameter should not exceed 2 or maximally 3 cm[109]; location into the ventricle itself, 

ideally with associated hydrocephalus, rather low histological grade[363]. From these 

conditions results that the list of tumors that are good candidates for a purely 

endoscopic complete resection remains short: colloid cysts, intraventricular cystic 

craniopharyngiomas and some other rarer entities such as intraventricular central 

neurocytomas or small plexus papillomas are recognized candidates for endoscopic 

transventricular resection. 

Illustrative case 

Cystic craniopharyngioma 

An 8 years old boy presented at the local children’s hospital with acute headache and 

vomiting. He rapidly deteriorated after admission and the emergency head CT showed a 

4 cm sellar and suprasellar cystic formation filling the 3rd ventricle with some basal 

calcifications and massive obstructive hydrocephalus with bilateral obliteration of the 

foramen of Monroe (Fig. 4.12). 

 

 
 
Fig. 4.12: Non-enhanced emergency CT. Axial (a) images demonstrate massive 
hydrocephalus with tranependymal CSF resorption. Coronal (b) and sagittal (C) images 
demonstrating filling of the 3rd ventricle, bilateral Monroe blockade and some basal 
calcifications. 
 
After emergency placement of an external ventricular drainage an MRI was performed 
and confirmed the cystic nature of the lesion with a very thin enhancement of the 
capsule (Fig. 4.13). 
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Fig. 4.13: T2 weighted sagittal (a), T1 contrast enhanced sagittal (b) and coronal (c) 
images demonstrating 4 cm cyst in the 3rd ventricle with obstructive hydrocephalus and 
minimal enhancement of the thin capsule. 
 
The endocrinological examination could rule out hormonal disturbances and an 
endoscopic fenestration through a classical approach was planned on the 
neuronavigation system. A 5 mm burr hole was performed in the left frontal region 
under navigation guidance, thus exploiting the remaining dilatation of the lateral 
ventricle on that side. On entering the ventricle the aspect of the cyst capsule showed 
typical aspects of a craniopharyngioma, in particular with its multiple small 
calcifications (Fig. 4.14). 
 

 
 
Fig. 4.14: Endoscopic view of the left foramen of Monroe obstructed by the cystic 
craniopharyngioma (a). Sagittal (b), and (c) coronal navigation images showing 
endoscope position. 
 
After coagulation and opening of the cyst, an oil-like liquid could be aspirated and a 
partial resection of the upper half of the capsule as well as opening of the base of the 
cyst with endoscopic 3rd ventriculostomy was performed. Because of strong adhesion 
and failing to find a dissection plan between the lateral walls and the hypothalamus, 
resection of the lateral walls had to remain partial. During the resection with the 
endoscopic ultrasonic aspirator, vision was regularly blurred due to very minimal 
bleedings. In order to be able to work under clear vision, the ventricular system was 
completely cleared of its CSF and further resection was performed under “dry” 
circumstances (Fig. 4.15). 
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Fig. 4.15:  Beginning of resection of the base of the tumor above the 3rd ventricular floor 
(a). Failure to performing blunt ventriculostomy with the tip of the balloon catheter 
because of too fibrous arachnoid membrane (b); note the slight fog over the optic and 
causing slight blurred image, due to the warm air into ventricle and basal cistern after 
aspirating the CSF in order to operate in so-called dry technique. Sharp opening of 
arachnoid membranes right of basilar artery (c).  Final situation with small aperture of 
basal cisterns. Note the entry of the right abducens into Dorello’s canal (arrow) and visible 
perforating arteries through the fenestration, in front of the pons. 
B: basilar artery. DS: Dorsum sellae. P1: 1st segment of the posterior cerebral artery. Perf: 
perforating arteries arising from the basilar artery in front of the pons. SCA: superior 
cerebellar artery. 
 
The patient’s postoperative neurological examination showed no alteration, in 
particular no diplopia and the postoperative MRI (Fig. 4.16) showed the collapse of the 
cyst with opened foraminae of Monroe and free opening of the aqueduct. For safety 
reasons a second external ventricular drainage was placed into the 3rd ventricle but 
remained closed on purpose, in order to constrain the CSF to use the new way through 
the ventriculostomy. 
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Fig. 4.16: Postoperative MRI on day 1. T2 weighted sagittal (a) and axial (b) images 
demonstrating flow void in the aqueduct and reduction of ventriculomegaly with persisting 
air into frontal horns. Coronal T1 weighted contrast images (c) showed as expected 
remaining lateral cyst walls and opened foraminae of Monroe. 
 

Colloid cysts 

Introduction 
Colloid cyst endoscopic resection was first described in 1983[285] and since then they 

remained the intraventricular lesions that has been the most often resected 

endoscopically. They are histologically benign lesions that represent o.5-to 2% of all 

intracranial neoplasms[67] and they develop in the anterior part of the roof of the third 

ventricle where they are attached to, sometimes more posteriorly but rarely at other 

locations. Among the other reported rare locations these include the septum pellucidum, 

the lateral ventricles, the fourth ventricle and the prepontine region[143]. They can be 

responsible for intermittent blockade of the foramen of Monroe. Because of this 

occlusive potential they can cause acute deterioration and have been associated with 

sudden death due to acute raise of intracranial pressure[313, 343, 365]. Classically 

patients operated on are symptomatic, presenting neurological and/or 

neuropsychological deficits but without acutely increased intracranial pressure[227]. 

The treatment from asymptomatic colloid cysts remains controversial[283]. The gold 

standard treatment remains one of the microsurgical approaches, either the 

transcortical-transventricular approach or the transcallosal approach. With 

improvement of the endoscopic material and the trend of minimal invasive procedures 

endoscopic resection of colloid cysts has become a true alternative to microsurgery. The 

advantages of the endoscopic over the endoscopic approach have been documented and 

are a lower morbidity, a shorter operation time and a shorter hospital stay[223, 363]. 

Colloid cysts become symptomatic as the cyst enlarges and cause a variety of 

presentations that can be classified in 3 groups: chronic headaches as the leading 

symptom, fluctuating dementia with or without raised intracranial pressure and 

intermittent paroxysmal attacks separated by symptom-free intervals. Other symptoms 

include nausea, short-term memory deficits (related to fornix compression) and the 

classical Hakim triad seen otherwise in NPH. A consensus does exist as to the treatment 
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of symptomatic cysts and growing cysts on radiological follow-ups. Rapidly progressive 

headache should be seen as an emergency. 

Preoperative work-up include MRI of the head and ideally in a non emergency situation 

a neuropsychological examination should be obtained. The classical location and 

appearance of the cyst will confirm the diagnosis and a navigation sequence is obtained 

for trajectory planning. 

Surgical technique 

Material requirements 
A rigid endoscope with a working channel of 2-3mm is necessary. Ideally two working 

channels are much better as they will allow for a two hand surgical technique, avoiding 

the lesion to tend to go away from any instrument used to resect it, be it suction, a 

scissors or an ultrasonic aspirator. Because of these difficulties encountered with the 

first purchased one channel working endoscope (Gaab endoscope, Storz, Tuttlingen, 

Germany) the neurosurgical clinic of the Kantonsspital St Gallen has recently adopted a 

two working channel system (Lotta endoscope, Storz, Tuttlingen, Germany) (Fig 4.17)  

 

 
Fig. 4.17: Biportal endoscope (Lotta) with tracking balls for integration into the 

neuronavigation system. 

 

Usual grasping tools and biopsy forceps as well as a bipolar probe are needed and 

microscissors with only one mobile branch are preferred as they are easier to control in 

endoscopy. A suction tube is also needed to aspirate the viscous content of the cyst. A 

surgical ultrasonic aspirator compatible with the endoscopic working channel can also 

be of help but is not mandatory. The use of a holding arm is generally recommended as 

the procedure will last more than one hour in most cases. Finally an irrigation system is 

also important as with time the CSF will be obscured by blood and tumor debris. 
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One important adjunct to the endoscope system is the combination with the 

neuronavigation system. This will allow for trajectory planning and for intraoperative 

control of the endoscope shaft in periods with blurred vision. To be able to navigate the 

endoscope, the shaft is equipped with tracking balls allowing the axis of the endoscope 

with its length and width to be calibrated (Fig 4.2). 

Everybody will agree that a ventricle system, especially in the presence of massive 

hydrocephalus, can be punctured without neuronavigation using classical external 

landmarks. However the use of the image-guidance allows for optimal placement of the 

burr hole as well as optimal angulation of the sheath[149]. Intraoperative differences of 

some millimeters or a suboptimal angulation can create additional difficulties and 

should be absolutely avoided. 

Preparation 
The procedure is done under general anesthesia with the patient in recumbent position. 

The head is slightly elevated with a flexion of approximately 20° and as neuronavigation 

is used a three-pin head holder is used. Prophylactic antibiotic is given during 

preparation. the shaving and prep is done after determination of the exact entry point 

which is determined with the navigation after registration. If navigation for any reason 

is not used the entry point will be placed more anteriorly as for an ETV because the 

region of interest where the surgical work will be done is not the floor of the 3rd 

ventricle but the foramen of Monroe and the anterior part of the roof of the 3rd ventricle 

where the cyst is attached. So in the absence of navigation the burr hole and hence the 

incision would be planned 4 cm lateral to the midline and 4 cm in front of the coronal 

suture[67]. Some authors recommend a less anterior burr hole, only 1cm anterior to the 

coronal suture but even more laterally, 5 to 7 cm lateral from the midline[84]. The non-

dominant side is chosen, unless special considerations such as cyst extension or 

ventricular size impose the other side. The region is shaved and prepped with propanol 

solution and the patient is aseptically draped. 

Procedure 
After performing the burr hole the dura is coagulated and incised and a small 

coagulation and incision of the cortical surface is performed prior to the insertion of the 

working sheath with its trocar. Once the ventricular wall has been pierced the trocar is 

retired and the 0° endoscope is introduced for orientation: the cyst will be identified 

without difficulties, occluding the foramen of Monroe. At this point the working sheath is 

fixed to the holder as the optic will remain into the lateral ventricle during the whole 

procedure. The 0° optic is changed for the working endoscope. With the bipolar probe 

the visible part of the cyst capsule is coagulated and then opened with scissors. The 

liquid can be aspirated though it can be quite viscous and sometimes larger cannulas 

have to be used. Once the semi-liquid material has been aspirated and the capsule is 

practically empty it can be tried to pull gently on it. In some instances the capsule can be 

mobilized that way allowing thus a total resection. In cases where the capsule is firmly 

attached it is recommended not to tear as this will cause bleeding. The region of 

insertion has then to be coagulated and cut, leaving a small piece of capsule at its 
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insertion which will be coagulated. Longatti et al insisted on the fact that particularly the 

productive inner layer of the capsule should be coagulated[230]. After multiple 

perforations of the capsule they inserted a Fogarty catheter into the cyst and inflated the 

balloon to squeeze the residual material that would stick to the balloon and be removed 

with it before ending their procedure with a coagulation of the cyst. 

If needed other procedures can be performed during the same session as needed, mainly 

a fenestration of the septum pellucidum and an ETV. The working endoscope is changed 

for the inspection 0° endoscope for a last inspection and finally the endoscope is retired 

with the working sheath. External ventricle drainage is left in place in cases where 

relevant bleeding was observed. A systematic postoperative MRI is obtained to evaluate 

the rate of resection, the ventricular size as well as the patency of the eventually 

performed ETV or septostomy. 

Postoperative complications and long term results 
In a retrospective series of 90 cases operated on in Paris and Nijmegen during 11 years 

and presented at the “Société de Neurochirurgie de Langue Française” in 2007 following 

complications were observed: 1 death of unknown causes and one case of persistent 

short-term memory deficits as permanent morbidity and transient complications 

included one case of septic meningitis, 10 cases of aseptic meningitis, 9 transient 

memory deficits, 2 psycho-organic syndromes, 1 wound infection, 1 CSF leak, 1 

hemiparesis and 2 visual deficits. With a mean follow-up of 50 months (range: 70 days-

11 years) recurrences occurred in 6 patients who were reoperated endoscopically. 

Another series by Longatti et al including 61 patients of the Cooperative study by the 

Italian neuroendoscopy group on the treatment of colloid cysts[229] with a mean 

follow-up of 32 months (range 1-132 months) found 1 septic meningitis, 1 temporary 

hemiparesis, 3 early intraventricular hemorrhages and 1 trajectory hematoma. 

Own experience 

Material and methods 
A retrospective chart review of all patients who underwent endoscopic resection of a 

third ventricular colloid cyst (TVCC) in the Department of Neurosurgery of the Cantonal 

Hospital of St. Gall between August 2006 and October 2012 was conducted. Pre- and 

postoperative clinical courses, details of the surgical procedure as well as radiological 

data were evaluated. Diagnosis of colloid cysts was based on magnetic resonance 

imaging (MRI) and postoperative histological examination. The extent of resection has 

been assessed on the basis of the initial postoperative MRI, performed within 6 months 

after surgery. The last follow-up MRI of each patient was used to evaluate recurrences. 

Clinical outcome was evaluated directly after the operative procedure and during 

outpatient follow-ups. Standard neuropsychological testing was performed, whenever 

the patient assessment or family interview raised suspicion of memory impairment. 

Results 
During the time of interest, 9 patients (1 female and 8 male) have undergone endoscopic 

resection of a TVCC at our institution. The mean age of patients was 53 (range 25-79). 
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Presenting symptoms included primarily headache (44%), memory deficit (33%), 

nausea and vomiting (22%), as well as gait disturbance (22%). Singultus, balance 

disturbance and normal pressure hydrocephalus symptomatology were all observed in 

one patient (11%). The time from symptom onset to treatment ranged from 2 weeks to 

4 years (median 2 months). One patient was asymptomatic, and the colloid cyst was an 

incidental finding.  

 

All cysts were associated with biventricular hydrocephalus. The diameter of the cysts 

ranged from 7 to 27 mm (mean 16 mm). 

The Approach was performed from the right side in 6, and from the left side in 3 

patients. Operating time ranged from 100 to 170min (mean= 132min).  Clamped 

external ventricular drainage was kept systematically for a few days after surgery. In 4 

patients occlusive hydrocephalus due to obstruction of the mesencephalic aqueduct 

entry by blood clots (2/4) or cyst fragments (2/4) occurred. As EVD weaning was 

unsuccessful in these patients, endoscopic third ventriculostomy (ETV) was performed 

in a second procedure. One of these repeat endoscopic procedures was complicated by 

an acute subdural hematoma requiring craniotomy. The patient recovered completely 

from a mild hemiparesis and aphasia within weeks. However, he suffers from residual 

postoperative short-term memory deficits. Transient postoperative memory deficits 

were observed in one patient. The oldest patient developed symptomatic bilateral 

hygromas requiring burr-hole drainage four weeks after the endoscopic intervention. 

No patient required a ventriculoperitonal shunt. The interventions did not cause 

symptomatic epilepsy in any case and no postoperative infection occurred. Data 

regarding patient characteristics and results are summarized in Table 4.5. 

The preoperative clinical manifestation improved in all patients. 

 
Table 4.5: Clinical summary of the patients who underwent endoscopic resection of a 

third ventricular colloid cyst. 

 

Post-discharge follow-up ranged from 9 to 67 months (mean= 34 months). Complete 

cyst removal was achieved in five patients, while in the remaining four patients 

remnants of the cyst wall were visible on postoperative MRI. The annual radiological 

follow-up scans showed evidence of cyst re-growth (8mm) in one patient, which was 

asymptomatic one year after the initially radiologically complete resection.  Only 
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subtotal cyst-removal was achieved by an endoscopic re-operation. Since then (3 years), 

the 5mm measuring remnant has again expanded to 8mm without causing any 

symptoms.  

 

All patients were operated on using the Gaab endoscope system described in the chapter 

on ETV in 6 cases the approach was made on the right side, in 3 on the left. 

Neuronavigation was used to plan the entry point and a rotatable bipolar probe was 

used to coagulate the capsular rests. MRI follow-ups showed a complete removal in 5 

patients (55%), a small residual cyst in 3 (33%) and a large rest in one patient (11%). 

Neurological outcome was worsened in one patient with persistent memory deficits and 

improved in the 8 other patients (88%).  

During the time of interest, 9 patients (1 female and 8 male) have undergone endoscopic 

resection of a TVCC at our institution.  

Surgery was performed through a right side approach in 6, and from the left side in 3 

patients. Operating time ranged from 100 to 170min (mean, 132min). In 4 patients 

occlusive hydrocephalus due to obstruction of the mesencephalic aqueduct entry by 

blood clots (2/4) or cyst-wall fragments (2/4) occurred after removal of the external 

ventricular drainage in the days after surgery. In these patients endoscopic third 

ventriculostomy (ETV) was performed in a second procedure. One of these repeat 

endoscopic procedures was complicated by an acute subdural hematoma requiring 

craniotomy. The patient recovered completely from mild hemiparesis and aphasia 

within weeks. However, he suffers until today from postoperative short-term memory 

deficits. Transient postoperative memory deficits were observed in one patient. The 

oldest patient developed symptomatic bilateral hygromas requiring burr-hole drainage 

four weeks after the endoscopic intervention. The preoperative clinical manifestation 

improved in all patients. External ventricular drainage was kept systematically for 1 to 3 

days after surgery.  

No patient needed a ventriculoperitonal derivation. The interventions didn’t cause 

symptomatic epilepsy in any case and no postoperative infection occurred. 

Post-discharge follow-up ranged from 3 to 67 month (mean, 31month). Complete cyst 

removal (Fig. 4.18) was achieved in five patients (56%), while in the remaining four 

patients remnants of the cyst wall were visible on postoperative MRI (44%). The annual 

radiological follow-up controls showed no evidence of cyst-regrowth in all but one 

patient. In the latter case, asymptomatic cyst recurrence one year after the initial 

radiologically complete resection (0 mm -> 8mm) has led to an endoscopic re-do. This 

time, only subtotal cyst-removal was achieved. Since then (two years), the 5mm 

measuring remnant has again expanded to 8mm without causing any symptoms. 
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Fig. 4.18: Sagittal (a) and axial (b) MRI view of a third ventricular colloid cyst; sagittal (c) 

and axial (d) MRI after endoscopic resection demonstrating radical resection. 

Discussion 
The most frequent transient postoperative complication in our series that occurred in 4 

patients (44%) was symptomatic occlusive hydrocephalus due to obstruction of the 

mesencephalic aqueduct entry, either by blood clots (2/4) or cyst-wall fragments (2/4). 

As a clamped EVD was routinely left in place, the drainage could be opened on the ward. 

In all four patients ETV was performed in a second procedure, as EVD weaning was 

unsuccessful. One of these repeat endoscopic procedures to perform an ETV in one of 

the cases of obstructive hydrocephalus was complicated by an acute subdural 

hematoma requiring craniotomy. The patient recovered completely from mild 

hemiparesis and aphasia within weeks. However, he suffers until today from 

postoperative short-term memory deficits. As macroscopical damage of the columna 

fornicis was not observed intraoperatively, it remains unknown if the forniceal damage 

resulted from the first or second endoscopic procedure. In order to reduce the risk for 
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invaliding memory deficits, the neuronavigation should be used to choose an optimal 

work-trajectory. A shallower trajectory with a more lateral starting point may help to 

avoid relevant traction on the columna fornicis[168].  

The high incidence of postoperative occlusive hydrocephalus raises the question 

whether or not to perform ETV in a routine manner. While some groups perform ETV 

under specific circumstances such as non-resectable posterior remnants of the cyst[27, 

84], others complete systematically the procedure with an ETV[216]. However, Kwiek et 

al. report two transient oculomotor nerve palsies from routinely performed ETV in 18 

endoscopic removals of TVCC’s[216]. Therefore, supplementary risk of ETV has to be 

weighted against the generally low risk of subsequent occlusive hydrocephalus. 

Moreover performing an ETV through the antero-laterally placed burr hole as 

recommended for the resection of TVCC will either place the fornix at stake for undue 

traction or necessitate a second burr hole to avoid this. For these reasons we would not 

recommend to perform systematically an ETV. None of our patients required a 

permanent ventriculoperitonal derivation.  

 

One of the explanations for the duration of the procedure in our series is the use of the 

original Gaab endoscope system. This system has only one working channel, a certain 

disadvantage when performing more than a ventriculostomy and after this series the 

Lotta neuroendoscope was adopted. The difficulty with handling tumors with only one 

working channel is that the operator cannot fix the tumor when trying to apply 

instruments like scissors or aspiration because the tumor tissue will have a tendency to 

be pushed away by the instrument thus diminishing its efficacy. This will cause a loss of 

time trying to get the tumor into a position where the instrument can be applied 

efficiently. 

The proportion of total resection will probably increase with experience and also with 

improved material. The introduction of a second working channel will definitively 

improve tumor control and hence the region of the insertion will become better 

accessible. Nevertheless, the diminished ability to perform a complete resection with the 

endoscopic technique as compared to open microscopic technique is one of the main 

arguments of its opponents. The question of the meaning of the residual cyst is also 

interesting: despite a great variety in the total resection rates reported in endoscopic 

series one observation is readily made: even in the presence of a relevant cyst rest the 

need for a reoperation remains very low. In the series by Horn et al, from 21 patients 9 

had a rest but only 2 needed a reoperation[168]. In the series by Decq et al 12 out of 15 

had some rest but none needed a reoperation[68]. In the series of Hellwig et al, most of 

the 20 patients had residual cysts but only one patient needed a reoperation after 1 

year[153]. In the series by King et al a complete resection was achieved in 80% of the 

cases and after a follow-up of 2 years no patient developed a recurrence, independently 

of the resection rate[199]. In one study comparing 27 patients operated on through the 

transcallosal approach with 28 patients operated on endoscopically Horn observed that 

if more patients of the endoscopic group presented a residual cyst there were no 

recurrences in both groups with a follow-up of less than one year[168].  
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However most of these series have to be interpreted prudently as the follow-ups remain 

rather short. 

Regarding the complication one has to remain aware of despite being minimally invasive 

the endoscopic resection of colloid cyst can be associated with neurological 

complications, some of which are severe, as hemiparesis or short-term memory 

deficits[153, 199, 223]. 

Particularly at stake during manipulation in the vicinity of the foramen of Monroe is the 

fornix, the lesion of which can produce the short-term memory deficits described, 

transient or permanent. In order to minimize manipulations in this region different 

trajectories haven been recommended. One proposed alternative is to place the burr 

hole more anteriorly in order to see more of the tumor and thus less mobilization of the 

tip of the endoscope will be needed; another advantage of more anterior burr holes is 

that the region of insertion of the cyst at the roof of the 3rd ventricle will be eventually 

seen thus facilitating the coagulation of the rest or the separation of the capsule from its 

attachment at the plexus or veins. Another variation is to place the entry point more 

laterally than for an ETV. This will bring the tip of the endoscope in front of the plan of 

the foramen of Monroe and the endoscope further inferior to the fornix; this positioning 

of the endoscope and instruments should also lead to reduced retraction of this 

structure[168]. 

Para- and intraventricular tumors, intraventricular cysts 

Neoplastic lesions of the lateral or third ventricle 
The applications of the endoscope in the setting of neuro-oncology include endoscopic 

tumor biopsies, endoscopic treatment of obstructive hydrocephalus and tumor 

resection. In some instances the endoscope can be a very elegant tool to perform a 

biopsy in the presence of hydrocephalus caused by intra-axial tumors located in the 

vicinity of the ventricular system and at the same time a ventriculostomy. 

A lesion will be considered as suitable for an endoscopic resection if it bulges into the 

ventricle, can be reached with a straight trajectory, is not multifocal and does not 

exceeds 2 cm in diameter[38, 109].  In their series Gaab and Schroeder reported that 2 

of their 30 patients operated endoscopically had to be re-operated subsequently 

because the tumor size was exceeding 2 cm[109]. A small implanted base would also be 

a very favorable condition. The endoscopic resection of larger tumors through the 

relative narrow working channels will be very time consuming and the benefits of the 

minimal invasive character of the procedure will be lost.  

Depending on the location of the lesion a third ventriculostomy can be performed during 

the same procedure through the same hole or a second burr hole can be needed to reach 

the tumor for a biopsy. This can be best planned preoperatively on a navigation system 

(Fig 4.19). 
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Fig 4.19: Example of navigation planning in a 22 years old patient for an endoscopic third 

ventriculostomy (yellow arrow) followed by an endoscopic biopsy of a tumor obliterating 

the upper aqueduct of Sylvius (red arrow), both trajectories passing through the right 

foramen of Monroe (magenta circle). The histology revealed a low grade glioma (WHO gr 

I), the hydrocephalus resolved and the patient was controlled yearly with MRI of the head. 

 

Besides colloid cysts, a list of rarely encountered intra- or para-ventricular lesions can 

be considered for an endoscopic procedure, be it a partial tumor resection, a biopsy or a 

marsupialization and include: para-ventricular low grade gliomas, choroid plexus 

tumors, central neurocytomas, subependymal giant cell astrocytomas, 

subependymomas or craniopharyngiomas with predominantly intraventricular 

development, intraventricular subependymal cysts.  

As these pathologies are quite rare, the theoretically advantages of the endoscopic 

technique such as lower morbidity, shorter operation time and shorter hospitalization 

duration have not been demonstrated for these types of lesions[363] as it was the case 

with colloid cysts. 

Endoscopic biopsy 
The main advantage of this technique as compared to stereotactic biopsy is that it offers 

the operator a direct view of the lesion. This will secure a positive diagnosis, will allow 

to choosing the best visible place to take the probe and finally allow a controlled 

hemostasis in case of bleeding. In their series of endoscopic biopsies, Cappabianca et al 

reached a positive diagnosis in 90% of the cases. This high rate of positive diagnosis was 

also reported by other groups[109, 234, 257]. The diagnosis included gliomas, 

lymphomas, neurocytomas, germinomas, pinealomas, epidermoids, teratomas and 

craniopharyngiomas[38]; they had only one relevant postoperative bleeding in their 37 

cases thus confirming the low incidence of hemorrhagic complications as observed by 

others[234], although the risk of a fatal complication is not zero[275]. In the presence of 

large ventricles with a clear bulge of the lesion the biopsy can be performed free-hand; 

in the presence of a small lesion, narrow ventricles or without any bulging the 

endoscope can be combined with the neuronavigation. In case of bleeding, usually a 
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small oozing at the spot of the biopsy, this can be controlled with passive measures such 

as irrigation or light compression with in inflated balloon. Only if these measures do not 

work, coagulation with the rotatable bipolar probe at a low intensity can be tried.  

Tumor resection 
The decision to perform an endoscopic tumor resection has to be carefully taken, as 

there are numerous vital structures at stake in or around the ventricles such as the deep 

cerebral veins or the basal ganglia, hypothalamus or fornix. The ideal trajectory to the 

tumor will best be simulated on the planning station of the neuronavigation system as in 

some instances it can be advantageous to go through the contralateral ventricle. The 

burr hole has to be large enough to allow some movements of the endoscope shaft. The 

resection itself will be done using instruments that allow removal of large fragments or 

the aspiration, depending on the tumor consistency.  

If the tumor tissue doesn’t present a high bleeding tendency after a biopsy has been 

taken and location as well as volume are reasonable a partial resection can be attempted 

using the dedicated ultrasonic tumor aspirator (CUSA ® or Söring ®) through the 

working channel (Fig 4.20). This will be often the case in low grade tumors as these are 

nearly avascular and a resection of a large portion will be done safely. 

 
Fig. 4.20: Endoscopic ultrasonic aspirator system: working endoscope (A), transducer (B), 

mounted system (C). 

 

Should a bleeding occur, the same methods as mentioned in the section about 

endoscopic biopsy will be applied. Cappabianca et al presented the possibility to insert a 

small cotton pad be introduced through the working channel after the endoscope has 

been retired so as to apply the pad on the bleeding region with slight pressure for a 

couple of minutes[38]. The attached string allow for removal of the pad. 

The presence of an intraventricular tumor without concomitant hydrocephalus 

represents a particular situation. Although it should be avoided because of obvious 

difficulties with puncturing the ventricle and then with intraventricular orientation, 

Cappabianca et al have exposed the technique making it possible to work in normal 

A	

B	

C	
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sized ventricles. The prerequisite with this kind of surgery is of course a great deal of 

experience of the operator with endoscopic and neuronavigation systems. In order to 

maintain a working space the procedure is done under continuous irrigation to inflate 

the ventricular system. In order to avoid any elevated pressure the operation has to be 

done with a constant open purge. This can be achieved either with un unused opened 

working channel or with an endoscope smaller than the sheath[38]. 

 

In our limited experience most of these intra-axial tumors being located in or very close 

to eloquent areas, the procedure will generally be limited to a biopsy priory associated 

to a third ventriculostomy in the presence of obstructive hydrocephalus. Controversy 

exists as to which procedure should be done first. One argument in favor of doing the 

biopsy at first is that the ventricular system could become narrow in the presence of an 

acute hydrocephalus, rendering the puncture of the ventricle for the biopsy more 

difficult. The argument in favor of performing the ventriculostomy first is that the biopsy 

can cause some bleeding which would cause the vision to be blurred thus rendering the 

ventriculostomy difficult. We found this argument stronger and perform first the 

ventriculostomy, the filling of the ventricular system being assured with Ringer infused 

carefully. 

Endoscopic marsupialization of intraventricular cysts 
Besides colloid cysts other intraventricular cysts can become symptomatic and need a 

therapeutic intervention, as for example ependymal cysts, cysts of the velum 

interpositum, of cavum vergae or epidermoid cysts. Ependymal cysts are rare congenital 

lesions that can be observed in the third or lateral ventricles[121, 273], the most 

common site being the trigone of the lateral ventricle. It can be seen on MRI images as a 

non-enhancing thin-walled cyst with CSF intensity. They remain most of the time 

asymptomatic but can sometimes be the cause of headache, seizures or symptoms and 

signs of raised intracranial pressure. In such cases an endoscopic marsupialization can 

be performed. Here care must be taken not only to perforate the superior wall of the 

cyst, as the persistency of the basal part of the cyst could cause further obstruction of 

the Foramen of Monroe. For this reason it is recommended to try, as far as it is possible, 

to perforate also the basal part of the lesion. 
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Illustrative cases 

Case 1 

A 22 years old female patient was admitted for acute headache, vomiting and minimal 

facial palsy on one side. She also presented a history of previous fatigue and weight loss 

of 12 kg over one half year. The neurological examination revealed double vision on the 

left side and a bitemporal hemianopsia. On the emergency CT scan (Fig. 4.21) a 3cm 

round lesion with a density superior to that of the CSF was identified into the 3rd 

ventricle with consecutive obstructive hydrocephalus.  

 

 
 

Fig. 4.21: Emergency non-enhanced axial (a), coronal (b) and sagittal (c) CT scan with 

large sellar and supra-sellar mass causing obstructive hydrocephalus. 

 

After the placement of external ventricle drainage, the MRI scans (Fig. 4.22) 

demonstrated a 4.5 cm high cystic sellar and supra-sellar mass extending from the sellar 

floor to the elevated corpus callosum with bilateral Monroe blockade and with thin 

peripheral contrast enhancement.  

 

 
 

Fig. 4.22: T2-weighted axial (a), T1 gadolinium enhanced coronal (b) and sagittal (c) MRA 

demonstrating the cystic nature of the lesion with capsular contrast enhancement and 

bilateral Monroe blockade. 
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The endocrinologic examinations (Tab. 4.6) revealed a panhypopituitarismus, a 

marginal hyperprolactinemia and no diabetes insipidus. 

 

 

Hormone tested Value Normal values 

PRL 38.0 µg/l <20 

T3 frei 3.53 pmol/l 3.2-6.0 

T4 frei 5.6 pmol/l 6.8-18.0 

TSH 1.19 mU/l 0.25-4.0 

IGF-1 4.2 nmol/l 15.08-46.54 

a-Fetoprotein 1.3 µg/l <13 

β-HCG <0.5 U/l  

 

Tab. 4.6: Hormone values. 

 

The ophthalmologic examination confirmed the severe bitemporal hemianopsia and 

found a papilloedema as well as a compressive neuropathy in the visual evoqued 

potentials (VEP).  

A transventricular endoscopic fenestration was performed with consecutive rapid 

resolution of the obstructive hydrocephalus (Fig. 4.23) and progressive complete 

resolution of the visual disturbances. The panhypopituitarismus persisted. 

 

 
 

Fig. 4.23: T2 weighted axial (a), T1 gadolinium contrast enhanced coronal (b) and sagittal 

MRI images demonstrating resolution of obstructive hydrocephalus and T2 weighted 

sagittal images showing opened aqueduct. 
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Case 2 

This 28 years old female patient presented with progressive bilateral parieto-occipital 

headache and dizziness. The neurological examination was normal and the preoperative 

MRI images (Fig. 4.24) revealed a 6.5 cm intraventricular cystic formation with 

obstructive hydrocephalus. 

 

 
Fig. 4.24: T1 weighted axial image demonstrating large intraventricular cyst of the velum 

interpositum. 

 

A navigation sequence was performed and an endoscopic image-guided fenestration 

planned (Fig. 4.25). 

 

 
 

Fig. 4.25: Planning for image-guided endoscopic fenestration of a 6.5 cm large 

intraventricular cyst of the velum interpositum. 

 

The intervention allowed for performing a large fenestration with consecutive 

intraoperative collapse of the cyst (Fig. 4.26) thus alleviating the necessity of further 

antero-basal perforation as normally recommended. 
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Fig. 4.26: Intraoperative endoscopic view (upper left) of the fenestration with navigation 

images showing position of the endoscope (green line). 

 

The headache resolved within the next 24 hours. Postoperative collapse persisted in the 

last 6 years as demonstrated on the last radiological examination (Fig. 4.27) performed 

5 years after the procedure at the beginning of the patient’s second pregnancy and the 

patient has remained asymptomatic thus far. 

 

 
 

Fig. 4.27: T1 weighted axial (a), T2 weighted coronal (b) and sagittal (c) MRI images 5 

years postoperatively demonstrating persisting cyst collapse and resolution of the 

obstructive hydrocephalus. 
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Training issues 
From the literature it is often not clear how many procedures each surgeon performs 

per year and how many are needed to reach an ‘experienced’ level. In a systematic 

review of complications after ETV, even in large series the number of procedures per 

year per surgeon varied greatly (n=1.3 to 12) but remained generally below 12 

procedures with a mean value of 5.6 which represents clearly less than one procedure 

per month (Table 4.4). 

 

Author 
 

Total 
operations 
(N°) 

Time period 
reviewed 
(yrs.) 

Operations 
per year 

Surgeons/ 
Institution 
performing 
procedure 

Cases/ 
year/ 
surgeon 

Ersahin[88], 
2008 

155 7 24 NA  

Hader[138], 
2008 

131 8 16 NA  

Baykan[13], 
2005 

210 10 21 NA  

Sacko[314], 
2010 

368 8 46 NA  

Grunert[134], 
2003 

171 8 21 NA  

Jenkinson[18
2], 2009 

190 8 23 NA  

Kadrian[189], 
2005 

203 22 9 7 1.3 

Van 
Beijnum[14], 
2008 

202 9 22 2 11 

Schroeder[32
9], 2002 

193 8 24 NA 12 

Naftel[255], 
2011 

151 14 11 7 1.5 

Abhaya[213], 
2009 

618 17 36 12 3 

Durnford[81], 
2011 

181 16 11 2 5.5 

Rhode 2012 126 9 14 3 4.6 

 
Table 4.4: Case load in large series. The mean number of yearly ETV per institution was 21.5 and where 
available, the number of ETV performed yearly by the involved surgeons was calculated. The mean 
number of ETVs per surgeon per year was 5.6. 

 

A recent global survey of the usage of endoscopy in neurosurgery showed that an annual 

average of 27 intraventricular procedures are performed per surgeon per year, rarely 

exceeding 2 interventions per month[90]. This leads ultimately to the questions of 
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which centers should perform this procedure in regards to patient’s safety and 

expertise. Only after answering this question the best training approaches can be 

developed. Due to these low numbers there is an even greater lack of exposure and 

opportunity to train for residents and young neurosurgeons. Training haptics and 

handling an endoscope, outside of patients, in training models, will therefore be a 

helpful aid in training [141, 225, 305]. 

As the consequences of the rare major complications can be devastating, further 

research in simulation training models is necessary[322]. In conformity with the 

debates about necessity of competence center formation, the need for standardized 

specialized neuroendoscopic training becomes evident. 

 

Regarding the acquisition of the endoscopic skills, it was much slower than for the 

transsphenoidal endoscopy, mainly because the number of obstructive hydrocephalus 

cases remain a minority of overall hydrocephalus pathologies. On the other hand the 

elements that have to be acquired are not as complex as for the transsphenoidal 

applications: 

The anatomy is well known and the instruments are moved within the working channel, 

thus keeping the azimuth angle (angle between the instrument and the optical axis) near 

to 0°[161]. Because of this low azimuth angle there are less refined psychomotor skills 

to be acquired as compared with transsphenoidal endoscopic applications. Nevertheless, 

these few basic haptic skills can be acquired out of the theatre and several types of 

models have been developed after our learning period[30, 97, 388], either using virtual 

simulation or 3D printed models. Because of the rarity of the procedure with less than 2 

cases per months in most of the centers there is no question that these teaching models 

will clearly have their place in future skills laboratory curricula. 

 



110 
 

5. Difficulties in the introduction of spinal endoscopy as a 
solitary starter without backup 

  

The introduction of a new procedure or technique in a surgical department represents a 

challenge whose difficulty is largely dependent on the degree of innovation. The 

acquisition of some new spinal procedures for a neurosurgeon that has performed more 

than 1000 spinal procedures including stabilization represents for example a limited 

challenge: the 3 dimensional anatomy is mastered and the orientation with fluoroscopy 

belongs to daily practice. In this setting the introduction for example of balloon 

kyphoplasty can be done after an efficient learning process as offered in short courses 

with theoretical introduction, hands-on cadaver course and seeing one procedure. A 

clinical visit with performance of one procedure under supervision would ideally 

complete such a course. 

Introducing endoscopic surgery, be it transsphenoidal or intraventricular or even for 

interlaminar full endoscopic discectomy, represents a greater amount of innovation. It 

includes a different type of vision and new surgical instruments, and moreover the 

number of procedures performed for intraventricular pathologies and for anterior skull 

base processes does not reach the figures of spinal procedures. Finally the anatomical 

knowledge has to be optimized because of the extremely sensible neurovascular 

structures encountered. All these elements make out-of-theatre training an absolute 

pre-requisite. 

As a solitary starter no one in the department masters the procedure or the technique 

and so the question rises regarding supervision or back-up. Regarding the transnasal 

endoscopic procedures, a large amount of difficulty can be reduced by the collaboration 

with a motivated endoscopic rhinologist. In their study, Stelter and colleagues have 

investigated the mental stress of rhinologists during endoscopic sinusal and skull base 

procedures[352]. The whole procedure was monitored using a bio-feedback 

instrumentation (NeXus 10, MindMedia) which registered the cardiac frequency during 

the different situations encountered. Not only could they demonstrate that the most 

mentally demanding phase was the orientation at the skull base with the 45° where 

navigation played a relieving role, but also that the presence of a neurosurgeon at the 

table was a clear relieving factor. This was thought to be due to workload shift 

associated with his presence for one part and to the shared responsibility on the other 

side. These results can reasonably be transposed to the reverse situation for the 

neurosurgeon performing an endoscopic pituitary adenoma resection.  

As far as the intraventricular endoscopy is concerned, such a support will not be at 

disposal if introducing the technique from the very beginning. 

The presence of a more experienced colleague at his side will have an important 

influence on the learning curve of any beginner for evident reasons of security. The 

stress experienced by an individual surgeon is not only connected to the difficulty grade 

of the procedure but also to his degree of responsibility within the team. The same 
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devastating complication as intraoperative rupture of the intracavernous internal 

carotid artery during pituitary surgery will have a more intense stressing effect if being 

the sole operator in charge as if being called to help a colleague who is in principle in 

charge of the procedure. 

Own experience: Evaluation of the absence of a backup on the learning curve for 
fully endoscopic interlaminar discectomy 
Even if spinal endoscopy does not belong to the topic of this work, its application for the 

treatment of lumbar disc herniation offers a much more regular opportunity to use the 

endoscope and thus allowed to gather more information regarding learning curves 

associated with the introduction of the endoscope into the Department also from a 

starting point where nobody had any experience with it. 

The influence of the presence or absence of a backup could be evaluated and 

demonstrated its decisive influence on the learning curve for fully endoscopic 

discectomy in the Department. 

At our institution we perform 500 micro-discectomies (MD) for lumbar disc herniation 

per year. The author started with interlaminar full endoscopic discectomy (IL FED) in 

selected cases in 2007 and was followed one year later by a registrar. Both surgeons had 

participated in a training course for full endoscopic discectomy prior to clinical 

application. The author had to participate in a second course, because of the time 

elapsed between the first course and the moment where the spinal endoscope and 

instruments were actually delivered. 

The goal of the study was to analyze the surgical results in view of the surgeon’s 

individual learning curves. We tested the following two hypotheses:  

- Surgeon #2 had a faster learning curve than Surgeon #1 as he was supervised by 

Surgeon #1 and benefitted from his experience. 

- Significantly more recurrences and complications/conversions occurred before a 

steady state of the learning curve was reached. 

The data about recurrences and pain are presented very briefly but are not discussed 

here as they are out of this work’s topic. 

Materials and Methods 

Patient Population & Follow-up 
All charts of patients (n=76) who were operated on by Surgeon #1 (n=53) and Surgeon 

#2 (n=23) using IL FED between April 2007 and April 2012 were reviewed with respect 

to operation time (primary endpoint), incidence of intraoperative complications and 

need for intraoperative conversion from IL FED to MD, postoperative infections, 

recurrent LDH and opioid use, leg- and lumbar back pain pre- and postoperatively 

measured with the visual analogue scale (VAS), length of postoperative hospitalization 

as well as need for stationary rehabilitation. Additionally to this retrospective data 

collection, all patients who underwent successful IL FED without conversion were 

prospectively asked to fill out a mailed questionnaire. The questionnaire assessed 

current leg- and lumbar back pain (using the VAS scale), need for opioid medication, 

ability to work, need for revision surgery (including date of relapse and date of revision 
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surgery) for recurrent LDH at the same level confirmed by MRI and any kind of 

postoperative complications, which may have been observed at other neurosurgical 

clinics). The functional status was assessed with the German version of the North 

American Spine Society (NASS) outcome assessment[62] which is partly based on the 

Oswestry Disability Index and uses 11 items to assess pain-related disability and 6 items 

to assess neurogenic symptoms – each item ranging from 1 (best) to 6 (worst). The 

short-form 12 (SF-12) questionnaire[252] was used to assess Health-related Quality of 

life (HrQoL). Patients were also asked, whether they would have the same operation 

performed again provided they had the same outcome. 

All retrospective variables were compared between the patients who underwent 

surgery before (group A; n=43) and after (group B; n=25) a steady state of the surgeon`s 

learning curve (determined by the operation time) was reached. The same analysis was 

performed for HrQoL and long-term pain intensity for those patients who returned the 

questionnaire. Patients scheduled for IL FED who were intraoperatively converted to 

MD were taken into consideration for the analysis of possible complications only, but 

excluded from analysis of secondary outcomes. 

Ethical Considerations 
Written informed consent was requested from all included patients. The study was 

approved by the cantonal ethics committee of St Gall. 

Inclusion & Exclusion Criteria 
All included patients had radicular leg pain irresponsive to conservative therapy with or 

without neurological deficit corresponding to a single-level mediolateral disc herniation 

of either the level L4-5 or L5-S1. Diagnosis was confirmed by magnetic resonance 

imaging (MRI) in all cases. Exclusion criteria were any kind of previous lumbar surgery 

(except diagnostic/therapeutic infiltrations), symptomatic LDH of any level other than 

L4-5 or L5-S1, multi-level LDH, foraminal or extraforaminal LDH, lumbar stenosis, 

lumbar instability and advanced degeneration of the involved segments. 

Surgical Technique 
Surgery was performed under general anesthesia in knee-chest position. A <10 mm long 

skin incision was made guided by anterior-posterior fluoroscopy approximately 1cm 

lateral to the midline. A Kirschner wire aiming at the inferior edge of the superior lamina 

was inserted to guide the introduction of the dilator. Once the dilator was placed at the 

superior border of the interlaminar window it was then replaced by an oblique cannula. 

A 30° working endoscope (Richard Wolf GmBH, Knittlingen, Germany) was inserted and 

the ligamentum flavum identified, irrigated and bluntly perforated. When necessary the 

perforation was enlarged with scissors. Under constant irrigation and protection of the 

nerve root with the bevelled cannula, the sequester was removed in one piece or in 

fragments. After thorough inspection for any remaining sequester or bleeding, the 

cannula was removed and the skin closed. 



113 
 

Results 

Patient Characteristics 
A total of 76 patients were identified who had received IL FED surgery at our institution. 

After exclusion of eight patients who were converted from IL FED to MD 

intraoperatively, a total of 68 patients were asked to participate in the study. Of those, 

47 returned their mailed questionnaire for the long-term clinical outcome analysis. Time 

of follow-up ranged from one to six years (mean 3.37 years). 

 

Baseline data of included patients such as sex, age, level and side of LDH were equally 

distributed between patients of group A and group B (patients who underwent surgery 

before and after the asymptote of the learning curve) while an overall preponderance of 

left-sided lumbosacral disc herniation in male patients was noted (Table 5.1). 
 

 Group A n=43 Group B n=25 Σ n=68 p-value 
Sex Female 15 35% 10 40% 25 37% 

0.795 
 Male 28 65% 15 60% 43 63% 

Age (years) mean ± SD 38.5 ± 10.8 40.7 ± 11.1 39.3 ± 10.9 
0.571 

 range 17.2 -62 24.7 – 58.8 17.2 – 62 

Level L4-5 3 7% 4 16% 7 10% 
0.409 

 L5-S1 40 93% 21 84% 61 90% 

Side Right 11 26% 12 48% 23 34% 
0.069 

 Left 32 74% 13 52% 45 66% 

Pain duration 
(days) 

mean ± SD 98.5 ± 108.4 135.6 ± 138.7 112.2 ± 120.8 
0.265 

range 5 – 360 4 – 360 4 – 360 
VAS leg pre-op mean ± SD 4.5 ± 2.6 4.4 ± 2.6 4.5 ± 2.5 0.858 
VAS lumbar pre-op mean ± SD 2.1 ± 1.9 2.3 ± 2.6 2.2 ± 2.1* 0.875 

Opioid use pre-op 14 33% 13 52% 27 40% 0.131 

 

Table 5.1: Patients characteristics 

Analysis of the Primary Endpoint 

Operation Time 
The operative case numbers comprise all patients originally intended for IL FED (n=76). 

The analysis of the primary endpoint, operation time, however, is solely based on the 

patient cohort of 68 patients who received IL FED, thus excluding the patients who were 

converted to MD intraoperatively. Surgeon #1 reached an average operation time of 

42.7 minutes after 40 operations (including 5 patients who were converted to MD 

intraoperatively). Surgeon #2 had a shorter learning curve, reaching an average of 47.3 

minutes after 16 operations (including 2 patients who were converted to MD 

intraoperatively) (Figure 5.1).  
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Figure 5.1: Average operation time becomes an asymptote with 42.7 minutes after 40 
operations (35 IL FED + 5 conversions to MD) for surgeon #1 and 47.3 minutes after 16 
operations (14 IL FED + 2 conversions to MD) for surgeon #2. The unconnected dots 
represent converted patients, which count as operative case numbers but are omitted for 
the analysis of the operation time. 
 

Operation time decreased significantly for both surgeons with 65.5 ± 26.5 minutes 

before and 47.2 ± 17.9 minutes after a steady state of the learning curve was reached 

(p=0.001; Table 5.2). 

 

 
*missing data - only 47 out of 68 patients returned their follow-up questionnaire 
 

 Group A n=43 Group B n=25 Σ n=68 p-value 
Operation duration 
(minutes) 

mean ± SD 65.5 ± 26.5 47.2 ± 17.9 58.8 ± 25.2 
0.001 

range 28 – 165 20 – 90 20 – 165 

Blood loss (ml) mean ± SD 2.6 ± 2.6 1.8 ± 2.9 2.3 ± 2.7 
0.075 

 range 0 – 10 0 – 10 0 – 10 
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Post-op hospi-
talisation days 

mean ± SD 3 ± 1.3 2.8 ± 1.2 3 ± 1.3  
0.712 

range 2 – 7 2 – 6 2 – 7 

Recurrent disc herniation 14 33% 5 20% 19 28% 0.401 

 Early (< 4 weeks) 6 4 10 53% 
0.303 

 Late (> 4 weeks) 8 1 9 47% 

Revision operation  11 26% 5 20% 16 24% 0.768 

 Early (< 4 weeks) 6  4  10 63% 
0.608 

 Late (> 4 weeks) 5  1  6 37% 
 

Outcome – Pain 

 

V
A

S
 l
e

g
 

1
st
 post-op day mean ± SD 1.1 ± 1.3 2.0 ± 1.9 1.4 ± 1.6 0.048 

2
nd

 post-op 
day 

mean ± SD 1.3 ± 1.8 1.2 ± 1.4 1.2 ± 1.7 0.916 

follow-up* mean ± SD 
2.1 ± 2.9 1.9 ± 2.4 2.0 ± 2.7 

0.940 

(mean 3.37 years) 

V
A

S
 l
u

m
b

a
r 

1
st
 post-op day mean ± SD 0.7 ± 1.1 1.4 ± 1.5 1 ± 1.3 0.252 

2
nd

 post-op 
day 

mean ± SD 0.4 ± 0.7 0.7 ± 0.8 0.5 ± 0.7 0.397 

follow-up* mean ± SD 
2.5 ± 2.8 1.9 ± 2.0 2.3 ± 2.6 

0.605 

(mean 3.37 years) 

Opioid use follow-up* 1 2% 0 0 1 1% n/a 

 
Outcome – Life Quality & Work Ability 
NASS 
Pain/Disability* 

mean ± SD 1.92 ± 1.03 2.03 ± 1.16 1.96 ± 1.07 
0.682 

range 1 – 5.18 1 – 5.36 1 – 5.36 

NASS 
Neuro* 

mean ± SD 2.36 ± 1.34 2.27 ± 1.08 2.33 ± 1.25 
0.891 

range 1 – 5.17 1 – 4.16 1 – 5.17 

SF-12 
MCS* 

mean ± SD 55.66 ± 6.05 54.82 ± 8.7 55.38 ± 6.95 
0.99 

range 42.28 – 64.9 34.86 – 67.09 34.86 – 67.09 

SF-12 
PCS* 

mean ± SD 47.46 ± 11.22 48.38 ± 7.75 47.77 ± 10.12 
0.492 

range 19.93 – 58.38* 31.24 – 55.91 19.93 – 58.38 

Reduced Work Capacity* 2  1  3 6% n/a 

 

Table 5.2: Perioperative Parameters & Follow-up 

Analysis of the Secondary Endpoints 

Perioperative Parameters & In-patient Follow-up 
Blood loss was similar between both groups and ranged between none and a maximum 

of 10 ml (Table 5.2). No patient required a blood transfusion or a drain. Six patients of 

surgeon #1 and two patients of surgeon #2 were intraoperatively converted from IL 

FED to MD due to technical difficulties (two), complications (three) or surgeon’s 

uncertainty (three) (Table 3). Thus, conversion rate was 10.5%. Comparing the 

conversion rates before (group A) and after the steady state of the learning curve (group 

B) no statistically significant difference was shown (p=0.704). This was attributed by the 

larger patient cohort of group A. In addition to the complications that led to conversions, 

one small dural tear without consequences was documented in group B, adding the 

complications up to an absolute number of four (5%). Further difficulties encountered 

during IL FED leading to extended operation times are listed in table 3. Among these 

were reduced visibility, orientation loss, demanding anatomical obstacles (e.g. 

hypertrophied facet-joints) during the surgical approach and one technical problem 

with the endoscope. No infections were registered. 
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The post-operative hospitalization time was 3 ± 1.3 days on average without group 

differences (group A: 3 ± 1.3 and group B: 2.8 ± 1.2). Only one patient was discharged to 

a stationary rehabilitation due to pre- and postoperative leg paresis. 

Recurrences 
Nineteen patients (28%) experienced radiologically (MRI) confirmed recurrent LDH. 

Postoperative MRI was not routinely performed but always in cases of recurrent 

sciatica. Five out of these 19 recurrent LDH patients had more than one recurrent LDH. 

There was no statistically significant difference in the incidence of LDH recurrences 

before (14 patients in group A) and after (5 patients in group B) the asymptote of the 

learning curve was reached (p=0.401). The majority of recurrences (n=10) occurred 

within 4 weeks after first IL FED. Sixteen patients were re-operated either using IL FED 

(n=6) or MD (n=10). Three of these operations were performed at another neurosurgery 

clinic. Finally one patient required a spondylodesis after four years and lumbar disc 

prosthesis due to discopathy after 15 months. Of note, 50% of all recurrent LDH were 

treated surgically within four weeks after symptom onset - one patient was revised 

endoscopically on the first post-operative day. 

This high rate of recurrences lead the authors first to interrupt the performance of IL 

FED and it is only after an analyze of the literature on the subject that it could be re-

introduced. The literature about recurrence of lumbar disc herniation reports an overall 

rate of about 11% but as shown by Carragee[40] the risk of recurrence can be very 

different depending on several factors, the most important being the disc height and the 

size of the annular defect as measured intraoperatively. These findings have been 

recently confirmed by the study of Kim[198] which also demonstrated the importance of 

disc height and size of the annular defect on the incidence of postoperative herniation 

recurrences. In the series of Carragee the risk of recurrences in the so-called “fragment-

defect” group reached 27%.  

As we intended to introduce the endoscopic technique we were very much aware of the 

technical difficulties of introducing this new technique and of the shallow learning curve 

mentioned in the literature as quoted above. Because of these well documented 

difficulties following measures have been undertaken: one visit of 2 days in the 

department of Dr. Sebastian Ruetten in Aerne, Germany, followed a couple of months 

later by a course with hands-on cadaver workshop at the Université René Descartes in 

Paris; as the delay between the last cadaver workshop and the arrival of the spinal 

endoscope was more than 6 months a second course with again practical anatomical 

training was visited in Cologne short before the first procedure. Finally, simple cases 

have been chosen and the vast majority of the selected cases were young patients with 

large sequesters, high discs and no degenerative changes in order to have a nice window 

for the endoscope. However, by choosing these cases we selected precisely the 

population with the highest recurrence risk. This is probably the decisive factor for the 

high incidence of recurrences we observed in our series. 
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Pain 
The intensity of leg- and lumbar pain on postoperative day one and two as well as for 

follow-up (mean 3.37 years) was equal between both study groups as shown in table 2. 

While 40% of the patients were on opioid medication preoperatively, only 2% required 

them at the time of follow-up. It should be noted that one patient in group A completed 

his follow-up questionnaire while he suffered from severe pain (VAS 10) due to a LDH 

relapse. Notwithstanding, he was subsequently admitted for revision surgery and 

included in the statistics. 

HrQoL & Working Capacity 
The NASS pain/disability score (1.96 ± 1.07) and NASS neuro score (2.33 ± 1.25) 

showed no significant difference amongst patients in both groups (n=47) at the time of 

follow-up (Table 5.2). The same held true for the SF-12 mental component summary 

(MCS), (55.38 ± 6.95), as well as for the SF-12 physical component summary (PCS) 

(47.77 ± 10.12), (table 2). 

Only three patients had a reduced working capacity at the time of follow-up. One further 

patient was on maternity leave and two patients were pensioners.  

Discussion 

Our study is an analysis of the introduction period of IL FED into a neurosurgical 

department with spinal focus. The learning curves demonstrate a total number of about 

40 procedures needed for an experienced spinal surgeon (surgeon #1) to reach a steady 

state operation time without internal supervision. In addition to professional courses, 

internal supervision is by no doubt is helpful to shorten the learning period: surgeon #2, 

who was supervised by surgeon #1, reached similar operation times after only 16 

procedures. Our data indicate that the total number of problems and complications is 

higher in the “learning phase” for both surgeons. However, the mid- to long-term clinical 

outcome of patients operated during that period was not negatively affected. 

Learning curve 
IL FED has previously been shown to be associated with a significant learning curve[42, 

116, 170, 183, 258, 306, 311, 382, 391]. It is a well-known fact from minimally invasive 

surgery training, that the learning phase can be shortened and thus complications be 

reduced when surgeons are supervised by a more experienced colleague[258]. Longer 

operation times in our series were predominantly caused by difficulties in the 

anatomical orientation, which was found to be most challenging in the early stages of IL 

FED introduction. Apart from the new adoption of the two-dimensional endoscopic 

view, the correct and safe identification of the ligamentum flavum was one major hurdle 

at the beginning of the introductory phase of IL FED. It appears white under endoscopic 

view as opposed to yellow when using the microscope. Other authors have analyzed 

their learning progress in IL FED using the operation time as a primary endpoint. 

Ruetten et al[311] and Nowitzke et al[258] described an asymptote of the learning curve 

after approximately 30 cases. Rong et al[306] showed that operation time became 

steady after the 19th case. Because of this relatively long learning phase, IL FED is highly 

debated amongst specialists in spinal surgery and the assessments of learning curves 
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considered as critical[17]. Wang et al.[381] pointed out that the introduction of new 

techniques associated with shallow learning curves but without clear superiority over 

the ‘gold standard’ treatments should be questioned. 

In our opinion it is mandatory to visit an endoscopic training course in order to 

maximize patient’s safety at the beginning of the learning curve. Ideally, a spinal surgeon 

well-experienced with endoscopic lumbar discectomy assists a learner until the steady 

state of the learning curve is reached. 

Conclusion 

The analysis of the learning curves of the author and of his colleague showed that the 

presence of a backup has an influence on the learning curve in that the presence of a 

more experienced colleague will give confidence to the beginner and avoid him to fall on 

the same stumbling blocks. We recommend every spinal surgeon interested in learning 

IL FED to be aware of the shallow learning curve and be mentored by a spinal surgeon 

who is well experienced in IL FED.  During the learning phase cases should be selected 

very carefully according to skill level. 
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6. Teaching / Trainings problems 
 

Changes in surgical training concepts 
If traditional surgical training relied mainly on hours spent as assistants into the 

operating room observing their mentors, several developments have made this type of 

training for residents of the 21st century completely obsolete [284], inclusive in 

neurosurgery[225]. 

 Due to the combination of advances in educational theory and the increase from diverse 

pressures  the reliability and opportunity of the method has been questioned. 

Due to regulations the workweeks of residents have become shorter[220] and this 

factor is considered as the main one[225]. Besides, the trend for an optimization of the 

operating room occupation have reduced the time for training into the theatre. 

Moreover the will to limit medical errors as well as the increasing complexity of cases 

also reduce the faculty’s opportunities to assist their residents. As a consequence 

interest for training opportunities out of the operating room grew. 

Parallel to these developments new theories on the way to teach surgical skills have 

been developed which no longer sustain a system relying only on sheer volume of 

exposure but rather on dedicated training activities. Fitts and Posner thus defined a 

three-stage theory of motor skill acquisition which is recognized by the motor skill 

literature as well as the surgical literature[99, 210]. 

 

The Fitts-Posner Three Stage Theory of Motor Skill Acquisition 

Stag Goal Activity Performance 

Cognition Understand task Explanation, 

demonstration 

Erratic, distinct 

steps 

Integration Comprehend and 

perform mechanics 

Deliberate practice, 

feedback 

More fluid, less 

interruptions 

Automation Speed, efficiency, 

precision 

Focus on refining 

performance 

Continuous, fluid, 

adaptive 

 Table 2.1 Fitts and Posner stages[98] 

 

There seem to be a clear consensus that earlier stages of skill acquisition should take 

place outside the theatre[3, 48, 225, 301, 307] which, when mastered, will allow the 

trainee in the theatre to focus on more complex issues[301]. Thus the concept of 

deliberate practice was developed in which the trainee focuses on a defined task to 

improve a specific skill; this task, defined by a teacher, is repeated with coaching and 

immediate feedback. Experts such as Ericsson argue that deliberate practice rather than 

hours spent into the theatre are decisive for the improvement of performance[87]. This 

evolution in the understanding of skill acquisition has led to the elaboration of surgical 

skills laboratory and dissection curriculum for neurosurgical residency training[49, 201, 

226, 268]. 
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Training transsphenoidal endoscopy 
Transsphenoidal endoscopic surgery has gained popularity in the last 2 decades and is 

becoming one of the standard techniques for resection of tumors of the anterior cranial 

base, the most frequent lesion here remaining pituitary adenomas. Professor 

Stammberger from Graz, a famous pioneer endoscopic rhinologist,  even stated at the 

21st meeting of the German Society for Skull Base Surgery on 11-12th October 2013 in 

Tübingen, that endoscopic pituitary surgery is the standard and stated that “the 

endoscopic approach is meanwhile so established that one should nearly be ashamed to 

say that he is able to do it endoscopically”. 

In contrast to their ENT colleagues, neurosurgical residents have practically no 

endoscopic experience when they reach the stadium of transsphenoidal procedures. 

ENT trainees will have the possibility to use the endoscope daily for routine controls and 

operations with limited risks within the nasal cavity. When they reach the stadium 

which allows them to operate on larger tumors under the skull base they have done a 

large number of procedures in pure endoscopic nasal surgery. When one observes the 

two types of work done by ENT surgeons and neurosurgeons, it is obvious that the type 

of fine motor skills remains slightly different: ENT surgeons have to work on mucosa, 

cartilage and bone, all structures with some degree of resistance where often some 

degree of pressure has to be applied with instrument such as dissectors or rasps. In 

contrast neurosurgeons move themselves in a terrain where these types of movements 

are forbidden, as the encountered structures would often not resist even a slight 

pressure.  

On the other side, neurosurgery does not offer the possibility to their trainees to 

perform many endoscopic operations as most of the procedures done endoscopically in 

neurosurgery concern the central skull base with important neurovascular structures in 

the immediate vicinity of the pathology where a false manipulation can be potentially 

associated with devastating consequences for the patient. Even in large centers with 

ENT tutors motivated to train young neurosurgeons in combined routine operations 

such as pituitary adenomas, these tutors have complained how difficult and 

discouraging it can be to assist young neurosurgical trainees who have no experience at 

all with the endoscopic work (personal observation, Hôpital Notre Dame, CHUM, 

Montréal, QC, Canada, June-September 2013). 

Another factor reducing the number of possibilities for neurosurgical trainees to acquire 

endoscopic skills is the fact that the number of procedures done transsphenoidally with 

the endoscope can vary greatly from one center to the other but remain quite low. In a 

global survey of 2012, Esposito et al found out that endoscopic neurosurgeons working 

endoscopically perform 27 per year per surgeon[90]. As a consequence it can be difficult 

in many centers to train young colleagues for procedures which are performed less than 

2 or 3 times a month. 

The emphasis on OR efficiency has also contributed to reduce the time available for 

surgical instruction[295]. 

The last factor with negative influence on training opportunities is the combination of 

high profile error cases with ongoing restrictions in residents duty (and training) hours 
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associated with work regulations as observed in general surgery[110]. As trainees are 

not allowed to work for 24 hours or 7 days without interruption any more the teams 

had to be increased in order to fill on call programs. This increase in the number of team 

members combined with the reduction of working hours has led to a dramatic reduction 

of surgical exposure for trainees. At the same time high profile error cases with life-

threatening complications in introducing minimal invasive surgery (MIN), especially in 

early stages of laparoscopic cholecystectomy, in the UK and the USA have led to consider 

other training paradigms. 

As a consequence all these factors have stimulated the interest for simulation based 

medical education (SBME) in order to offer training possibilities outside the operating 

theatre and this at the earliest stage of education as it has been clearly demonstrated 

that fine motor skills are acquired more rapidly and more precisely at an early age[373]. 

 

Ideal training simulation remains the anatomic laboratory where the neurosurgeon can 

be directly confronted with the normal anatomy. However, cadaveric workshops remain 

expensive and cannot be repeated very frequently and thus cannot be used as training 

tool to acquire specific skills. In some instances cadaver cannot be used as they lack the 

necessary minimal ventriculomegaly and thus are clearly not an option[152]. However, 

anatomic labs still belong to medical education and are decisive instruments to 

consolidate anatomical knowledge.  

Another modern possibility for surgical training is offered by computer technology. 

Simulation software allow the surgeon to simulate an endoscopic procedure on the 

screen and even to simulate patient-specific procedure and to be confronted with 

pathological anatomy. If first models using virtual reality lacked the tactile feedback 

needed in surgical skills training, the lately developed systems have tactile feedback[71, 

305]. 

The National Research Council Canada has described a training program with 

standardized training modules for surgical skills acquisition in neurosurgical oncology 

using a system with virtual reality (VR), the NeuroTouch[50].  The five modules allow to 

train 5 different surgical skills or tasks including 1° ventriculostomy, 2° endoscopic 

nasal navigation, 3° tumor debulking, 4° hemostasis and 5° microdissection. It 

represents a fist attempt to develop a standardized program for the acquisition of 

fundamental skills in neurosurgery. First experiments have shown that neurosurgical 

trainees obtained better score than medical students but further work is needed to 

validate the use of the different modules in a training curriculum. Still these systems 

remain quite expensive, are not at disposal at once and will need regular software 

updates, which will also bring some supplementary costs. With their diffusion and wider 

use some cost reduction can be expected. 

Some authors in other discipline have already addressed the question and developed 

models using quail eggs in order to train for example sinus surgery for ENT 

trainees[260]. A simpler training model for transsphenoidal neurosurgery using eggs 
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has been developed in Japan[263]. This model uses a commercially available skull model 

(3B Scientific, Niigata, Japan) with an approximated simulation of the nasal cavities 

harboring only the bony elements and lacking the mild parts of the face, thus not re-

creating a realistic length of the anatomical working channel through the nose to the 

skull base. Moreover they performed a quite wide opening of the egg shell and of the 

anterior egg white, thus not allowing the training “around the corner” which is one of 

the key advantages of the endoscope as compared to the microscope. Other authors have 

developed a “hybrid” model using cadaver heads and silicone material simulating a skull 

base tumor[125]. Even if this model is one of the most realistic it remains as expensive 

as other cadaveric workshops and does not allow repetition. 

Own experience: development of a training model for transsphenoidal endoscopy 
In order to offer neurosurgical trainees a realistic alternative to these training options 

we developed a project with following objectives: to develop an affordable method for 

repetitive training of endoscopic skills in a narrow channel, allowing training of the 

movements needed for resection of pituitary adenoma. 

In a first stage a very simple and schematic model of the nasal cavity using Styropore 

was designed in which a cavity was prepared to receive a boiled egg (Figure 6.1). 

 

 
Figure 6.1: Styropore model. 

 

In a second step and in collaboration with ENT surgeons and with engineer of the firm 

Inspire, a spin-off firm of the technical university of Zurich (Eidgenössische Technische 

Hochschule, ETH ZH) we developed a 3 dimensional model of the head with particular 

attention to the nasal cavities and with a fixation device designed to be able to receive 

the egg. The model (Figure 6.2) consists of 3 elements: 

1° A hard 3D reconstruction of the head. 

2° A softer removable part reproducing the region of the nose and sphenoid sinus.  
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3° A specially designed device to receive a boiled egg. 

 

 

 
Fig. 6.2: Left: model’s 3 elements: hard 3D reconstruction of the head (a), soft part for nose 

and sinuses (b), box for the egg (c). Right: mounted model with rigid endoscope interacting 

with soft nasal part. 

 

The softer part has been developed in order to allow some mobility as it is the case in 

reality and also in order to avoid lesion of the endoscope in a rigid structure. As the 

model has been developed to train neurosurgeons, the nasal cavity has been 

reconstructed as it is at the end of the approach: 2 channels have been prepared through 

the nasal cavity up to the anterior wall of the sphenoid sinus, with enlarged sphenoid 

ostiae and resection of the posterior nasal septum. 

Regarding the tactile feedback we have chosen boiled eggs which have the advantage of 

presenting a fragile shell and 2 structures of different consistencies allowing for training 

fine motor skills. 

For the insertion of the boiled egg at the level of the sella a dedicated device had to be 

developed. This device consists of a solid box with a softer filling with a cavity for the 

egg to be worked on. We have developed 2 types of soft filling in order to have the 

possibility to insert either a small variant of commonly found chicken eggs (45 gram) or 

a quail egg (Fig 6.3). 
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A B  

Fig. 6.3: A: soft fillings for chicken (L) and quail (R) eggs. B: egg worked in position. 

 

In order to get a stable fixation of the egg within the solid head model a device had to be 

constructed which could receive the soft fillings. This device consisted of one rigid frame 

to hold the 2 fillings halves (Fig. 6.4) and a box incorporated to the rear of the solid 3D 

reconstruction of the head with a locking system to fix the frame with the fillings and the 

egg in the box (Fig. 6.5). 

  
Fig. 6.4: Above: rigid frame (grey) containing the egg and the 2 soft fillings (brown). Below: 

photographs of soft fillings and frame opened(left) and mounted (right). 
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Fig. 6.5: Fixation box opened (left), introduction of the frame with the fillings (right). 

 

 
Fig. 6.6: Schematic representation of the fixation box closed and photograph of the rear 

side of the mounted model. 

 

Finally studies were made in order to get the lower part of the egg at the level of the 

sellar floor in order to recreate the normal working distance (Fig. 6.7). 
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Fig. 6.7: Studies to place the “bottom” of the egg holding device at the level of the sellar 

floor. 

 

The model allows for training under endoscopic (or microsopic) vision through a 

narrow approach at a depth of 12 cm; the boiled egg itself offers the possibility of 

training the careful opening of the fragile shell, either with a “Meissel” and a punch or 

with a diamond burr. In order to increase the difficulty a 10 mm square can be marked 

at the base of the shell and the exercise can consist in remaining within the marked 

square without touching of the line. To standardize this square marking a curved rubber 

stamp with the curvature of the inferior part of the chicken egg was also developed (Fig. 

6.8). 

 

   
 



127 
 

Fig. 6.8: rubber stamp for egg marking. 

 

Thanks to the different consistency between the egg white and the yolk, the next step of 

the exercise consists into resecting the yolk without any lesion of the posterior part of 

the white, the anterior part of the white having to be partially resected in order to access 

to the yolk. 

With this combination of the model with the boiled egg a realistic simulation of the 

movements done under the endoscope through a narrow approach at a depth of 12 cm 

can be done and thus the fine motor skills needed for careful resection of sellar 

processes can be trained (Fig. 6.9). 

 

 
 

Fig. 6.9: Training model with 0°endoscope on its fixation device, HD screen. 

 

The production of the model remains affordable (3,500.00 CHF = 3,898.37 USD) 

especially as they have to be invested only once. 

The model allows frequent repeated trainings for neurosurgical residents starting with 

endoscopy (post-graduate year 2-3). 

The aspects or skills that can be trained include handling of the endoscope with indirect 

view onscreen, the work in a 12 cm narrow channel and the bimanual coordination. 

The aspects or skills that cannot be trained are the transnasal approach phase and as the 

egg yolk remains a schematic artificial structure the recognition of anatomic landmarks 

is not necessary and thus not trained. 

 

Evaluation of the model 

In order to evaluate the model a study involving neurosurgical trainees was designed in 

which a 2 phases task was defined. The first task consisted in opening of the egg shell 
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within the 10mm square marking. The second task consisted in the resection of the egg 

yolk with minimal or no lesion of the posterior half of the egg white. In order to evaluate 

the precision of the work a score was developed (Fig. 6.10), evaluating the precision of 

the opening of the sella, the completeness of the egg yolk resection and the resection  

precision with respect of the posterior white egg. The best score would be 0 and the 

worst 18 points. 

 

 
Fig. 6.10: Score for endoscopic transsphenoidal egg yolk resection. 

 

Results: 

In total, eight residents from St. Gall and nine from Basel completed both sessions of the 

test. Due to a change of residents more than the planned 15 could be included. An 

analysis between the St. Gall and Basel groups showed a significant difference in 

operation time, but not in the other metrics. 

Consequently, the data shown below are medians of all participants. Two experienced 

pituitary surgeons, one using the endoscopic technique and the other the microscope 

technique, were used as references. 

Opening 

The opening of the eggshell within the margins did not show a significant learning effect. 

Resection 

The resection of the egg yolk showed a decrease of 4 points between the first (median 

13, range 1–16) and second test (median, 9, range 0–16) and a further statistically 

insignificant decrease of 1 point between the second and third (median 8, 0–16) test 

using the microscope (p=0.02 and p=0.2, respectively). 
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Overall the egg yolk resection score was on average 5 lower with endoscopy (median 7, 

range 0–16) than with microscopy (median 12, range 0–16; p<0.0001) (see Fig. 6.11 A). 

This suggests that using the known microscopic technique fewer learning effects were 

observed and that even using the new endoscopic technique the residents benefited 

from the larger angle of view. 

 

 

 

 
 

 

Fig. 6.11: Comparison of scores within and between the microscopic (red) and endoscopic 

(blue) techniques. The expert value has been inserted as a line (microscopic red line, 

endoscopic blue line) in all graphs. A Resection of egg yolk (° ■ # are significant between 

the microscopic and endoscopic technique; * is significant within the microscopic 

technique). B Preservation of egg white (° is overall significant difference between the 

microscopic and endoscopic technique). C Operation time (no significant differences).  

D Total score of opening, resection and preservation (° is overall significant difference 

between the microscopic and endoscopic technique) 
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Preservation 

The preservation of egg white, symbolizing preservation of normal surrounding tissue, 

did not show a statistically significant difference in microscopy among the first (median 

2, range 0–6), second (median 2, range 0–8) and third test (median 2, range 0–6) 

(second test vs. first test: p=0.8; third test vs. second test: p=0.7). However, egg white 

preservation with endoscopy (median 3, range 0–8) was about 1 point higher on 

average than with microscopy (median 2, range 0–6, p=0.003) (see Fig. 6.11 B). This 

suggests that using the new endoscopic method interfered with available fine surgical 

motoric performance. 

Operation time 

Operation time showed a slight reduction using the microscope only between the first 

(median 45, range 29–45) and second test (median 42.5, range 22–45; p=0.08) and 

increased again slightly in the third test (median 45, range 18–45; p=0.7). With the 

endoscope, the new technique for all residents, time was slightly but not statistically 

significant longer by an average of 3 min (endoscope: median 42, range 22–45; 

microscope: median 42, range 18–45; p=0.02; see Fig. 6.11 C). This suggests that the 

cutoff of 45 min was not adequately chosen for this test. 

Total score 

The total score for opening, resecting the egg yolk and preserving the egg white showed 

a reduction in microscopy between the first (median 16, range 3–21) and second test 

(median 12, range 3–19; p=0.003) and a further statistically insignificant reduction by 

0.5 between the second and third test (median 11.5, 2–20; p=0.09). The use of the 

endoscope (median 12, 2–21) was associated with a 2-point lower total score compared 

with the microscope (median 14, 4–21; p=0.0005; see Fig. 6.11 D). This suggests that the 

endoscopic technique has benefits due to the wider angle of view, even though this was 

the technique in which the participants had no previous experience. 

 

Validation 

All participants started with the microscopic technique, in which all had experience. This 

could be considered an impure method because the first microscopic is also a learning 

tool for the endoscopic test. However, as all participants performed the test the same 

way, this bias should have been minimized in the end. There was a standard explanation 

at the beginning of the test and a minimum of didactics during the test. For actual 

training of residents and not only validation of a model, the didactic component should 

play a major role. 

Our validation results show that there is a difference between the familiar microscopic 

and the new endoscopic technique. A trend toward faster learning is shown by a steeper 

egg yolk in the endoscopic graph. However, the resection rate was immediately better 

with the endoscope. This was probably due to the better range of vision with an 

endoscope. 

Preservation of the ‘normal tissue’ was worse in the endoscopic tests, showing that 

three repetitions is not enough to be as good at fine tasks as with a microscope. In our 

opinion, this underlines the necessity of repeated training. 
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The opening of the eggshell did not show a learning curve. Possible reasons for this are 

the technique of using a chisel, hammer and Cloward punches. Using the chisel and 

hammer was a technique most residents had never used before, but fine-tuning of the 

opening was done with Cloward punches, which are often used in spinal procedures. 

The egg shell breaks relatively easily into larger fragments compared to human 

bone, making the need for positioning of the Cloward punches much more important 

than in spinal cases. Training in opening with a diamond drill might be a better approach 

for future training modifications. 

Operation time differed significantly between the two groups of residents. There is no 

clear explanation for this. All participants were told they had a maximum of 45 min 

for each egg. Possibly the motivation for prestige differed between both groups. 

Some residents outperformed the experts (shown in Fig. 6.11). This is best explained by 

evidence from laparoscopic studies. Ou et al.[266] showed that video game experience 

improves laparoscopic skills. This was especially true for games with high video spatial 

elements, which improve laparoscopic skills in terms of completion time, efficiency and 

fewer errors[323]. Some authors even found that past and present video game  

experience was a superior predictor of laparoscopic skills compared to the level of 

training[308]. As the trainees in our experiment belong to a younger generation, several 

of them might have regular experience in video games, which could at least partially 

explain their better performance. 

Limitations 

As the two groups were rated by two different raters, recording every test on video 

instead of taking photos of the egg cut in half at the end of the test would have enabled 

better inter-rater variability checks. In addition, learning from watching your 

own videos is advantageous. 

From a statistical point of view, a power calculation was necessary. The design of the 

study was planned as closely as possible to known criteria for such validation 

studies[101, 296]. 

A true power calculation was not possible as new metrics were used, and a limited 

number of participants was available. As described earlier, the inability to detect and 

handle unexpected complications makes this model less close to reality. 

 

Future developments and diffusion of the model 
The relatively simple conception our training model does not prevent further 

developments: the egg fixation device could be filled with a “customized” product which 

could represent a real macro-adenoma. Such models have already been used[126] and 

could be applied or integrated into our model thus offering the possibility of training on 

a patient-specific model at an affordable cost as the volume of 3D printing remains 

limited to a small cube. Costs and time should not be a problem in the future as 3D 

printing technologies continue to improve, becoming faster, easier, cheaper and more 

accurate over time[10]. One of the challenges with 3D printing of cerebral models 

remains the quality of the material. If the rendering is very realistic for organs such as 

bone, the vasculature, or the heart, it remains difficult to reach for soft organs like the 
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brain. But here too the technology advances and recent improvements have allowed to 

create 3D patient specific brain models which are graspable and present realistic 

anatomical features[282].  

 

The model has been patented by the European Patent Office and in order to promote its 

use a joint venture is currently under finalization with the endoscope-producing firm 

Storz: the sales manager responsible for neuro-endoscopy want to take the so-called 

“the EGG” model on their portfolio (Fig. 6.12). Thanks to this collaboration with one of 

the leader on the endoscopic European market we hope that numerous young 

neurosurgeon will have the opportunity to acquire their basic endoscopic skills out of 

the theatre as it should be today. As quoted above, there is at this time no argument to 

spend more money or to wait for the development and the diffusion of complex high-

fidelity models and waiting for prices to go down. 

 

Regarding other training opportunities, the author intends to combine his experiences 

in endoscopic lumbar disc sequestrectomy[188] and in training workshops for the 

annular closure device “Barricaid” in order to evaluate the possibility of using the 

Realspine training model of Realists® to train endoscopic sequestrectomy. Precisely 

because of the learning difficulties of this method[310, 383, 389], the possibility of 

acquiring the necessary skills out of the theatre seems to represent an ideal field of 

application. 
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Fig. 6.12: Storz’ leaflet project.  
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Conclusions 
The model developed allows for the training of basic endoscopic skills and is designated 

for experienced trainees or young registrar who are going to start with transsphenoidal 

endoscopy and truly are “juniors” in endoscopy at that stage of their training. As we 

developed the model in our low-volume center we had to favor the solution of an 

interdisciplinary team thus leaving the nasal phase of the procedure to our rhinologist 

colleague. For this reason there is no anatomic detail of the model regarding the nasal 

phase.  

It allows for frequent repeated trainings of: 

 Handling the endoscope with indirect view onscreen  ✓ 

 Working in 12 cm narrow channel     ✓ 

 Distinguishing between 2 different tissue consistence  ✓  

 Training of bimanual coordination    ✓ 

 Working with an certain azimuth angle    ✓ 

 Use of standard instruments     ✓  

 It does not allow training of the following elements: 

 blood flow 

 recognition of anatomic landmarks 

 Weight of metric points chosen arbitrarily 

 

One could argue that because of its non-anatomical character and the absence of 

bleeding it is suboptimal for training and lacks fidelity. However, high-fidelity models 

have a price and the question is, if  the investment does make sense. Fidelity might not 

be as important as one could think: as demonstrated in other specialties, there is no 

need at a junior level to have a high level of fidelity to reach improvement in 

performance. For example in urology, the use of high-fidelity-video endoscopic urology 

systems did not provide more improvement in performance as compared with simple 

bench model[240]. The effectiveness of simulation training has been demonstrated 

primarily for trainees of the lower levels[8, 128, 132, 240, 337]. 

So despite its relatively simple conception our training model seems to meet exactly the 

needs of “juniors” neurosurgical endoscopic trainees. 

 

 

7. Future technical developments, perspectives 
The establishment of the endoscope in daily neurosurgical practice is an established 

fact. Technological improvements in the next decade will concern the endoscope itself as 

well as the arsenal of instruments that can be used either through the working channels 
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of neuroendoscopes or besides the endoscope in all transsphenoidal or endoscope-

assisted procedures. 

Endoscope improvements 
One of the repeatedly mentioned drawbacks of endoscopes is the 2-dimensional vision 

with loss of the depth precision. Despite the fact that it has been demonstrated that this 

loss of the 3rd dimension is not as decisive an issue as initially thought efforts are 

constantly made in order to improve vision and especially depth perception. The first 

so-called 3D endoscopes have therefore been developed[33, 356]. First experiments 

have already been made[340] and have shown in a training model that it improved the 

performance and the depth perception of young trainees; experienced surgeons on the 

other hand did not like the initial learning curve but in the few cases of nasal and skull 

base operated on with the 3D endoscope it was felt to be very beneficial especially 

during vascular dissection. The fact that depth perception and task performances were 

improved in novices was expected to ultimately improve the learning curve. 

Repair material and techniques 
The ideal characteristics of material for repair of skull base defects can be deducted 

from the disadvantages presented by the different materials in use today: it should be 

widely available, user friendly, inexpensive, free of risks regarding toxicity and should 

cause no or only minimal regional inflammation or immunological response[23]. Finally 

it should be at the same time a dural substitute on the cerebral side and provide a matrix 

for remucosalization on the sinusal side. 

As far as the reconstruction of anterior skull base defects is concerned, the major 

drawback of all the techniques applied today is that none of them provides immediate 

waterproofness and all of them also necessitate therefor some kind of supplementary 

adjunctive measure, such as lumbar CSF drainage, prolonged nasal packing and sealants. 

In transcranial procedures, immediate waterproofness is usually obtained by 

combination of a meticulous tissue apposition and (seldom) watertight suture of the 

dura with some adjunctive measure, be it fibrin glue or collagen fleeces. The 

environment encountered in transnasal endoscopic surgery remains presently 

unfavorable for suture techniques and it is improbable that things are going to change 

greatly in this field in the next years. An innovative technique that could provide 

immediate waterproofness is represented by laser tissue welding. In this technique laser 

energy is applied to a chromophore doped biologic solder at the wound edge. The issues 

regard the strength of the welding and the possible collateral damage, mainly thermal 

tissue injury. As this technique is applied successfully in vascular surgery to perform for 

example superficial temporal to middle cerebral artery[177] where the  pressure values 

are higher, one would expect it to be applicable to mucosal suture where it should 

withstand the hydrostatic forces. Experimental studies have demonstrated that the 

technique is capable of achieving an immediate burst strength over four times that of 

normal human intracranial pressure or significantly higher than those of suture 

repair[24, 25]. These studies have also demonstrated the absence of thermal collateral 
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injury. A study to assess safety and feasibility in human limited to sinus surgery for 

repair of mucosal injuries has already been performed successfully. 

In the light of these results laser tissue welding represents a promising future 

development for anterior skull base repair. 

Neuronavigation and intraoperative imaging 
The co-application of endoscopy and neuronavigation for intraventricular pathologies 

and skull base procedures has been recently reviewed and showed a wide range of 

indications for the use of the co-application, varying from always to never[90]. Besides 

the debate on when and how this combined application should be done, both techniques 

continue to be improved separately. One of the most recent improvements in navigation 

systems is the possibility of using electromagnetic tracking systems. On the contrary to 

optic tracking systems, electromagnetic tracking systems eliminate all the issues of line 

of sight or pin fixation of the head, which are of particular concern in endoscopic 

procedures and is one of the reason why some surgeons are reluctant to use navigation 

more systematically during endoscopic procedures. Probably the more systematic use of 

this type of tracking system will facilitate the combination of the techniques and 

increase its use. 

Regarding intraoperative imaging, a growing number of centers are equipped with 

intraoperative MRI (iMRI) and use it among others during transsphenoidal pituitary 

surgery, mainly with the microscopic technique[20, 53]. However, if studies tend to 

demonstrate that iMRI probably increases resection rates for standard microscopic 

pituitary procedures, some authors consider that these improvements do not compare 

with those that can be achieved by the adoption of the endoscope with the extended 

approaches, a technique which does not increase operating time and thus consider that 

the considerable costs associated with this technique are at the present time not 

justified[331]. An alternative to iMRI is presented by intraoperative CT, but its 

application to neurosurgical procedures is not comparable to that of iMRI because of the 

much lower definition of soft tissues. However, its much more reasonable costs and the 

development of so called morphing software will eventually in a near future allow to 

produce “artificial” intraoperative MR images by using pre-operative fused CT and MRI 

images combined with the intraoperative CT  (iCT) images. The iCT would then become 

a very attractive alternative modality of intraoperative imaging, not only because of its 

much lower costs and simpler application with less interruption of the surgical 

workflow, but also because the same installation could be used for other intraoperative 

imaging, as for example for control of screw placement in spinal fusion procedures, thus 

increasing the applications of the whole installation. Furthermore the installation of an 

iCT requires much less building modifications[247]. This kind of development would 

become more attractive for clinics working on soft and hard tissue and would allow for a 

much better return on investment. 

Instrumentation improvements 
The instruments dedicated to endoscopic applications are also under constant 

optimization. One of the main drawbacks of cerebral and intraventricular 
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neuroendoscopy is that the surgeon has to work into a rigid channel and thus most of 

the instruments will be rigid and neither angled nor rotatable. This will for example 

prevent the grasping of a structure not lying in the center of the vision field, in  line with 

the working channel or will also not allow the relative positioning of one instrument as 

related to the other in the case of optics with 2 working channels. 

At the moment with the exception of some bipolar probes as the one used in our 

department most of the other instruments are not steerable or rotatable. One rotatable 

biopsy forceps has been recently acquired in order to facilitate the separation of small 

biopsies with rotation of the tip of the forceps instead of tearing, thus reducing the risk 

of unwanted avulsions. 

During a course on cerebral endoscopy in Gent (14th International Workshop on 

Endoscopic Neurosurgery, 7-10 December 2008) Professor Caemert presented a 

concept for steerable endoscopic instruments. These type of instruments work following 

diverse principles as for example the principle of the spatial parallelogram-

mechanism[29]. While the central part of the instrument remains rigid and is exactly the 

length of the working channel of the rigid endoscope, the proximal and distal extremities 

can be bended in such a way that when the proximal extremity is bent to the right or 

backwards, the distal extremity will bend forwards or to the left and vice versa. If such 

instruments are not yet at disposition it is foreseeable that they will soon belong to the 

standard armamentarium of neuroendoscopic procedures. 
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8. Conclusions 
 

Within the last 15 years the use of the endoscope has been implemented progressively 

in the Department of Neurosurgery of the Cantonal Hospital in St Gall., The endoscopic 

third ventriculostomy for obstructive hydrocephalus has allowed the author to make his 

first steps with this new technology and has become the standard intraventricular 

procedure. During the observation period, increasing experience and assimilation of the 

continuous technical improvements as well as integration of other technologies, in 

particular the neuronavigation, has allowed for an extension of the indications to more 

rare pathologies such intraventricular tumors and cystic lesions. 

In the field of transnasal procedures, the author has had the opportunity to collaborate 

with an experienced rhinologist which allowed for a safe and shorter learning period. 

The endoscopic transsphenoidal surgery has become the standard in the institution and 

has allowed to extend the indications to most of the procedures included in difficulty 

levels I to IV of the Kassam classification[192] with the exception of transclival 

procedures. The experiences with anterior skull base meningiomas have shown the 

feasibility of the procedures but the risk of CSF remains a concern and will limit the 

indications to processes where the anticipated resulting skull base defect remains 

clearly below 3 cm. 

As endoscopic procedures are not as frequent as microscopic ones and often involve 

sensible regions, the teaching of these procedures to trainees submitted to strict work 

regulation policies will represent a challenge in the future and has already motivated 

some countries to develop “out of the theatre” training modules. Thus far these training 

programs rely on high technological and expensive systems. In order to offer today a 

training option for young neurosurgeons who are interested in endoscopic 

neurosurgery an affordable training model has been developed and evaluated. It offers a 

reasonable option until more sophisticated and affordable models will be on the market. 

It might even be sufficient for the training of basic skills as studies have demonstrated 

that there was no significant differences between expensive high sophisticated VR 

simulators and rather cheap physical models to transmit basic skills to early learners, 

and advanced neurosurgical trainees starting with pituitary endoscopic surgery are 

clearly endoscopic “beginners”. 

Even if neurosurgery was one of the last specialties to adopt it, the endoscope has 

unmistakably made its way into this discipline in the last 2 decades and the author 

encourages young trainees to make this tool one of their armamentarium in order to be 

in a position where they can offer their patient good options. 
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